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TRANSCUTANEOUS ELECTROSTIMULATOR AND METHODS FOR ELECTRIC
STIMULATION

Technical Field

The present invention lies in the field of electrical stimulation devices. The present
disclosure relates to methods of electrical stimulation of anatomic structures such as nerves,
blood vessels, muscles, connective tissue, glands, individual organs, and organ systems and
devices that accomplish such stimulation using modulated electric current applied directly or
indirectly to tissue through external (non-invasive) or minimally invasive measures. In
particular, the present disclosure relates to methods and devices that use transcutaneous and
percutaneous methods of stimulating nerves to cause an array of therapeutic benefits, including
those dependent upon where the stimulation is directed.

It is known that the use of electric current to stimulate nerves and other anatomic
structures can have positive therapeutic benefits. The alteration of nerve activity through the
delivery of electrical stimulation has been defined as neuromodulation or neurostimulation,
which will be used interchangeably herein along with electrostimulation. One significant use is
for control of pain. Prior to such uses, for many decades, only medications were available.
Neuromodulation devices began with implantable systems and moved to transcutaneous ones.

Historically, neuromodulation devices have most effectively accomplished therapeutic
results by invasive measures. More specifically, the patient has an electrode or coil surgically
implanted directly onto the nerve being targeted for stimulation and also has a signal generator
surgically implanted under the skin. The signal generator is connected to the stimulation
electrode and passes current to the electrode. Medtronic, for example, developed a line of Deep
Brain Stimulation (DBS) implants under the names Soletra® and Kinetra®, but they are no
longer sold. Some of these implants that are currently being sold use the trade name Activa®
and mitigate symptoms of movement disorders, such as Parkinson’s Disease. These devices are
implanted typically in patients who are not able to use drugs for treatment.

Another system includes both implanted and external devices. In such a configuration,
the patient has an electrode or coil surgically implanted directly onto the nerve being targeted for
stimulation, and a signal generator separate from the electrode or coil is used to stimulate
transcutaneously the coil site by placing an active electrode on the skin in proximity to the
implant. The powered signal generator passes electromagnetic radiation or magnetic flux to,
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thereby, excite the passive coil and induce it to emit its own electromagnetic emission. These
systems employ induction measures for nerve stimulation, referred to as IMNS.

One type of neuromodulation using these implanted devices is vagus nerve stimulation,
a procedure that stimulates the vagus nerve with electrical impulses. The vagus nerve (Cranial
Nerve X) originates from the brainstem as two separate nerves, which travel down the neck and
chest and coalesce into one nerve with multiple branches that innervate organs in the thorax and
abdomen. Vagus nerve stimulation can be used to treat epilepsy when other treatments have not
worked adequately, for example. Vagus nerve stimulation has also been used as a treatment for
depression, and is being studied to treat other conditions such as multiple sclerosis, migraine,
weight loss, motion disorders, insomnia, management of pain, obesity, and Alzheimer's disease,
to name a few. Historically, with vagus nerve stimulation, a stimulation device is surgically
implanted at or about the vagus nerve and a signal generator is surgically implanted under the
skin, for example, near the clavicle in the chest. A wire is threaded under the skin connecting the
signal generator to the stimulation device at the vagus nerve. When activated, the signal
generator sends electrical signals along the vagus nerve, which can either travel to the brainstem
and have therapeutic effects on the brain, travel down the vagus to affect various end-organs that
are supplied by this nerve, block physiologic nerves signals traveling along the vagus, or send
signals simultaneously to the brain and to one or more end-organs normally supplied by the
vagus or to the brain only.

Electrostimulation can be used on any nerve or organ to have various therapeutic
benefits. Directing modulated current to any cranial nerve could be used to affect the brain due
to their natural anatomic connection to the brainstem. For example, electrostimulation of the
trigeminal nerve or its branches may be able to block the perception of pain of the head and face
or mitigate these symptoms by causing endorphin release from the electrical signal that travels
up to the brain.

Cyberonics, Inc., sells a set of vagus nerve stimulators, each being an implantable
device. They are sold under the trade names AspireHC™, pulse™, and Demipulse™.
Cyberonics received FDA approval for treatment of epilepsy with their implants in 1997. Any
implantable device carries the risks associated with anesthesia such as stroke and death, as well
as the risk of damage to vital structures surrounding the vagus and vocal cord paralysis, and the
risk of infection at the surgical site. If the device were to break or need to be adjusted, another
surgery would be required. Additionally, batteries that power the implanted generators for these
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devices eventually wear down and must be replaced, requiring surgery with associated risks for
each generator change.

Another implanted device uses induction as a means to send a signal to an implanted
device that is surgically placed on the vagus nerve. A removable collar is considered the device
charger and is worn around the patient’s neck. Therapy is planned and programmed from a
portable electronic tablet. With such a device, the risks of surgery, as listed above, still exist, in
addition to the unsightly and cumbersome nature of a dog-collar style necklace.

Less invasive devices that exist use transcutaneous needle arrays. One example of such
a system is disclosed in U.S. Patent Publication No. 2013/0150923 to Schnetz et al., and is sold
by Biegler GmbH under the trade name P-STIM®. A significant drawback of such systems is
that the needle electrodes break the skin, causing pain and the consequent patient aversion, as
well as an increasing risk of infection.

Non-invasive devices that are as or more effective would be desirable, for example, one
that is utilized transcutaneously. Some devices employ Vagus Nerve Stimulation (VNS)
transcutaneously in an attempt to reproduce the effects of implantable devices. For example,
electroCore developed a transcutaneous VNS device that looks like a stun-gun and is placed on
the neck over the vagus nerve. When activated, the device provides electric stimulation to the
neck when a patient feels the onset of a seizure. electroCore’s device is sold under the name
gammaCore®. Due to the depth of the vagus nerve at that treatment location, such devices place
a large electrical signal directly to the carotid artery when in use. Patients experience significant
intolerance to such high levels of electrical energy, as well as incur the possibility of closing the
artery, or dislodging plaque or a clot, if sufficient pressure is applied over the treatment period.
Additionally, it is known that electrical energy supplied to blood vessels can cause
vasoconstriction. Thus, there is the dangerous possibility that the physical pressure exerted on
the carotid could be enhanced by the electrical energy and shut the artery during treatment. In
addition, significantly more current is needed to traverse more interposed tissue, which is
accompanied with an increase in discomfort and can adversely affect other structures.

In contrast to the electroCore device, Cerbomed GmbH developed a transcutaneous
VNS device under the name NEMOS®. The cell-phone-like controller connects to a non-
adjustable earpiece that places two electrodes on the skin of the concha of the ear at two specific
points. The earpiece serves as scaffolding that retains the position of the electrodes and
maintains constant contact forces of the electrodes against the skin of the target area within the
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concha of the ear. The earpiece is retained with an “carbud-like” component that resides in the
ear canal inferiorly and under the “conchal ridge” superiorly. Retention is dependent upon
constant vertical spring forces that have to be substantially strong enough to avoid movement of
the apparatus. The force required to accomplish this is poorly tolerated over the prolonged
required treatment periods because of the very thin skin of the outer ear canal that the device is
contacting, as well as the high degree of sensitivity of the ear in this location. Such apparatuses
in or about the ear canal can impair hearing and negate the ability to use earphones for
simultaneously listening of music. Additionally, the superior retention point of the apparatus has
a very thin skin, has minimal subcutaneous “padding,” and is very non-compliant. Further, the
surface area of contact of the retention device is limited in comparison to the force required to
retain the device, making the retention forces very concentrated and painful. The limited surface
area contact causes high resistance, poor signal transmission, and increased pain. If the spring
force was reduced to gain comfort, the earpiece would no longer be retained well and the
electrode contact against the skin would become suboptimal or lost completely. Further, the
superior and inferior anchoring points only lend to placing the electrodes at a specific location on
the ear. This location may not be ideal for the therapeutic benefit that such devices are intended
to have. Therefore, the Cerbomed earpiece design does not lend itself to electrode placement at
any other anatomic locations about the ear. This apparatus is not resistant to motion from routine
human activity, such as walking quickly, running, collision with others and other objects, such as
tree branches, crowds, wind, etc. Furthermore, the cord interfacing with the earpiece is disposed
of inferiorly and applies a downward force not only due to its own weight but also when it gets
caught or snagged on other objects. The vertically grounded retention elements of the earpiece
submit to these forces and easily dislodge and subsequently disrupt proper contact or dislodge
the necessary electrode interfacing with the skin.

Transcutaneous VNS uses the fact that the auricular branch of the vagus nerve (ABVN)
supplies the skin of the concha in the human ear. The NEMOS® generator applies electrical
signals that are known in the art to these two points. To overcome the resistance of the skin, this
device provides a very high level of energy that patients find difficult to tolerate.

Another neuromodulation device for treatment of migraines takes the form of a
headband and is sold by Cefaly-Technology, Inc. It is known that most headaches and migraines
involve the trigeminal nerve. Its superior branch (supra-orbital) ends at the exit of the eye

socket, underneath the skin of the forehead. The Cefaly® headband connects to an adhesive
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electrode on the forehead. Through the electrode, the headband generates modulated electrical
signals to stimulate the nerve endings of the trigeminal nerve. Neuromodulation of the
trigeminal nerve with Cefaly® helps reduce the frequency of migraine attacks. Efficacy of this
device relies on maintaining proper contact to the skin during the entire treatment duration and
this is why the Cefaly® headband has significant negative characteristics. The adequacy of
maintaining electrical contact is very inconsistent and can vary based on the storage temperature
of the electrode, the ambient temperature during application and use, the stability over time of
the adhesive, relative humidity, skin thickness, skin oil levels, thickness of the underlying tissue,
and potential allergies to the substances within the adhesive. Also, the surface area of the
electrode is large, and resides on the forehead, making it unsightly, hot, and visually disruptive in
certain locations such as the workplace. Electrode removal can be painful as it strips underlying
hair from the forehead. It is also cumbersome to apply a large adhesive bandage to one’s own
forehead and then be required to interface it with a generator as a multistep process. Finally, the
device causes painful muscle contractions during use.

Current transcutaneous devices have not achieved good results for a multitude of
reasons. First, current transmitted through the skin in order to target an anatomic structure inside
the body results in poor signal strength to the target structure, poor localization of the target
structure, and difficulty with signal transmission through the barrier of the skin and surrounding
structures. Further, the high current has collateral physiological effects to the surrounding non-
targeted structures. In addition, the degree of user coupler apposition to the skin is not
maintained as a constant by present devices. This leads to variation in impedance, which can
adversely affect the degree of transmission of the electromagnetic signal through the skin and,
therefore, change the effectiveness of the signal in reaching the target structure. Moreover,
maintenance of position at the location where the user coupler is in contact to the external
portion of the body has been a challenge due to variability of adhesives that adhere to skin and
due to discomfort of any devices that use strong springs or other mechanical measures to
maintain position. Additionally, fixation of the user couplers that are secured secondarily to a
structure remote from the targeted skin interface location frequently lose their indexing due to
body motion and environmental contact. Loss of position on the skin by the user coupler leads to
the signal not being maintained on the targeted internal structure, which adversely leads to
ineffectiveness of the device. Furthermore, optimal locations at which stimulator user couplers

are recommended to be placed on the body surface are constantly changing due to ongoing and
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evolving scientific research, thus making obsolete user couplers that are designed only for a
specific anatomic location. For systems that do not include a coupler, the user then becomes the
coupling mechanism for the device, requiring steady hands to hold the device in a precise
location to deliver the electrical signal to the desired underlying nerve structure throughout the
duration of the therapy.

User couplers of prior art neuromodulation devices and systems are not scalable to
differing anatomies, require anatomies to be similar and/or consistent, are not universal, do not
maintain consistent and adequate contact during daily activities, are unsightly, and are
uncomfortable, and, when used about the ear, the prior art devices obstruct the auditory canal,
are dependent upon obstructing the ear canal, and preclude other auditory canal systems. With
regard to the generator elements of the prior art, they are not modulated or subject to external
input, they are not synchronized with audio signals, and there are no features to improve patient
tolerance.

As can be seen, there is a need for systems and methods that provide an external,
transcutaneous stimulator that maintains constant signal transmission to the desired target,
maintains electrodes at constant pressure and constant location for maximum efficacy, maintains
position of the user coupler on the body’s interface location, and can be modified easily to place
electrodes at alternate interface locations without the need for changing device hardware.

It is well known that effectiveness of central nervous system (CNS) stimulation by
sending electrical signals through the cranial, peripheral, or central nerves that are remote from
the brain has been demonstrated to treat various conditions such as epilepsy, depression, obesity,
systemic inflammatory disorders, depression, sleep disorders, tinnitus, poor concentration,
attention defecit disorders, heart disease, arrhythmias, pain, and chronic pain, to name a few.
Studies have shown that effectiveness, as well as effectiveness for any given disease or disorder,
relates to the type of electrical signal generated (i.e., wave type/wave geometry, pulse width,
dwell time, using pulse bursts, pulse duration, power, and patterns of administration of therapy
such as varying the amplitude of the current with or without variations of some or all of the
aforementioned parameters). A certain minimal power threshold must be met to have a
therapeutic benefit. As an upper power threshold has not been established, it is well accepted
that there exists a “therapeutic range” of power that, on the low end, is the minimal power
requirement to have any documentable therapeutic benefit. Increasing the power of the
electronic signal above that therapeutic threshold appears to have a greater benefit. The problem
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facing advancing neuromodulation devices and methods is whether or not an individual patient
can tolerate the discomfort associated with the delivery of a signal delivered at the power
necessary to maximize therapeutic benefit.

Due to the inconvenience of the application process of current transcutaneous
neuromodulation devices and the inability to deliver therapy in a discrete way, users may choose
to delay therapy until they have privacy and a dedicated amount of time for the treatment. This
additionally limits access to non-pharmacologic therapies that can treat a multitude of chronic
diseases, symptoms, and conditions.

It would be beneficial to provide systems and methods for allowing a patient to tolerate
uncomfortable electronic signals delivered. Thus, a need exists to overcome the problems with

the prior art systems, designs, and processes as discussed above.

Disclosure of the Invention

The invention provides systems and methods of electrostimulation that overcome the
hereinafore-mentioned disadvantages of the heretofore-known devices and methods of this
general type and that accomplish electrostimulation using modulated electric current applied
directly or indirectly to human or animal anatomic targets through external (non-invasive)
measures. In particular, the invention provides neuromodulation methods and devices by
transcutaneously stimulating anatomic targets to cause an array of therapeutic benefits depending
on where the stimulation is directed. Various embodiments described herein provide
electrostimulation at areas on the same side of the cranium, for example, a pair of electrodes on
the left or right side of the user’s head. Other embodiments can have electrodes placed on both
sides of the user’s head but each respective electrode pair (or set) is only on one side of the
user’s head. Finally, further embodiments can place the two or more poles of a respective
electrode pair or set on opposing sides of the user’s head to deliver trans-cranial electrical
stimulation.

There are additional advantages to transcutaneous measures that can consistently,
reliably, and universally deliver electrical signals for neuromodulation. One benefit provided by
such transcutaneous measures includes instances where surgical implantation is impractical
and/or could not be predicted as a future need, such as pain mitigation for an injured soldier, for
example. In this circumstance, it is advantageous to be able to effectively connect electrodes to a

soldier who is on the battlefield with ease, reliability, and resistance to environmental conditions,
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especially motion, and have the electrical signal be well-tolerated by the subject and be
consistently effective. Furthermore, the known positive effects that VNS has on mood elevation
and enhanced concentration are effects that may be beneficial in situations that are not otherwise
anticipated or require only intermittent therapy rather than the long-term therapy, such as
provided by an implantable device. An example of this benefit could be understood in the
military, in general, because keeping mood, morale, and concentration up is either more or less
difficult depending on the situation. For example, if a sniper just lost a fellow soldier or friend to
an improvised explosive device, it may be difficult for that soldier to have the will or
concentration to continue to discharge his/her duties as effectively as before. Having a device
available that can be interfaced quickly to that soldier, which not only will enhance his/her mood
but increase concentration when the need arises to take an accurate shot at the enemy, is clearly
advantageous. Other soldiers may have fluctuations in mood or concentration that can mitigated
on an “as needed” basis with a transcutaneous device.

One exemplary system and method herein utilizes a non-implanted signal generator
connected (by wire or wirelessly) to a user coupler located on the user’s ear. As used herein, a
user coupler, a patient coupler, an electrode coupler, a user coupling device, or a device coupler
all are devices that place the electrodes adjacent the tissue to be electrically stimulated. In one
exemplary embodiment, the user coupler places electrodes adjacent the auricular branch of the
vagus nerve. In other embodiments, the user coupler places electrodes adjacent to the trigeminal
nerve. Various advantages of the user couplers described herein is that they are able to be used
on varying overall ear anatomies by taking advantage of various anatomical features including
consistent anatomical features that are universal across a large portion of the population, they are
able to maintain consistent and adequate contact during daily activities, they have a progressive
look, they are comfortable, and they are not dependent on occluding the auditory canal to allow
other auditory canal systems (e.g., speakers for music) to function simultaneously.

Each of the prior art attempts to retain a user coupler have failed either because it was
designed to fit only one particular anatomical location and the progression of the technology
made such a design obsolete or the retention device was just too uncomfortable for daily use or
was designed for specific anatomic geometries that are quite variable causing poor fit, poor
retention, and poor contact in a large portion of the population. In contrast, the user coupler
configurations described herein are comfortable and can be used in the future even with

improved or different theories of use created. For example, as discoveries are made
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demonstrating that electrically stimulating new or different points on or in proximity to the ear
have increased efficacy or new benefits, it would be advantageous to use the same coupling
measures to serve as a universal fixation allowing electrode contact with any location on or near
the ear with minor modification to the electrode “extensions” or “booms.”

The user couplers, therefore, are independent of future research in the field of electrode
placement for neuromodulation. In the future, other points may be identified as beneficial and,
therefore, the user couplers can be modified to target such other points. The structure of the ear
that is targeted by exemplary embodiments of the device and methods described herein
maximize retention to place the electrode user coupler in a strategic location, for example, to
access all areas of the concha of the ear and its surrounding structures with use of electrode
booms or to access the ear canal. In exemplary embodiments, the electrode locations are radially
disbursed from a strategically located fixation point on the helix of the ear to facilitate excellent
electrode contact in all potential target locations of the ear and surrounding structures.

The various configurations of the user couplers utilize either or both of form-fitting and
force-fitting connectors. A form-locking or form-fitting connection is one that connects two
elements together due to the shape of the elements themselves, as opposed to a force-locking
connection, which locks the elements together by force external to the elements. In exemplary
embodiments of the user couplers described herein, a form-fitting clip follows anatomical
structures of the mid-helix or the ear canal that are substantially similar over vast patient
populations. In addition to such form-fitting structures, force-fitting structures provide a
connection adjacent the electrode locations that uses a mechanical or magnetic force to retain the
user coupler in place. One example is a pair of attractive magnets or a magnet-ferrous pair. The
form-fitting and force-fitting embodiments can be used together if desired in a particular
application.

Other embodiments include a positioning and retention structure that serves to maintain
the user interface members and electrodes about specific areas of the target anatomy, the target
anatomy being points where compression and/or electrical stimulation is intended to be targeted
for a desired effect. Anatomical structures targeted with the systems and methods described
herein include a nerve, a series of nerves, a bundle of nerves, blood vessels, muscular structures,
and/or organs. Some of the targeted nerves include all of the cranial and facial nerves including,
but not limited to, peripheral, central, sensory, motor, sensorimotor, and autonomic nerves and

all of their branches, in particular, the vagus nerve, the trigeminal nerve, the auricular nerve, the
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occipital nerve, the auriculotemporal nerve, and the trochlear nerve. In particular, embodiments
herein, the trigeminal or vagus nerves are used. This is not to be understood as limited to these
nerves and it is to be understood as being equally interchangeable with any cranial nerve, its
branches, or blood vessels of the head or neck. Some of the targeted arteries include all of the
cranial and facial arteries including, but not limited to, the temporal, auricular, maxillary,
occipital, and external carotid arteries and all of their branches. As used herein, a facial artery is
meant to include the artery that is coursing anterior to the tragus.

Critical areas of the systems and methods described herein directly contact the user.
There is one contacting member that connects the user couplers containing electrodes so that the
connection directs the contact points and maintains the contact points for consistent signal
delivery. This connecting structure may generate dynamic and static forces and/or torques
ideally suited to maintain position and pressure of the apparatus about specific points of the
human anatomy. In one exemplary embodiment, the contacting member is a headband or a halo-
like device that contains two user couplers interfacing with the ear canals bilaterally and making
contact with a cutaneously accessible portion of the vagus nerve. User couplers may also contain
speakers with removably attachable ear interface points that contain electrodes on one or both
user couplers. The speaker component contains an electrical interface point that allows electrode
to be interfaced with a speaker component. A removably attachable component may have
characteristics like malleability for comfort or may contain no electrodes at all. The halo may
contain rigid, semi-rigid, malleable, spring-like or stretchable material and may contain hinges
with passive, ratchet-like, frictional, spring loaded, or magnetic hinge points to size the halo
properly to individuals with different head geometries, ear positions, and ear canal geometries.
The halo provides varying degrees of inward force to achieve and maintain adequate coaptation
of the electrodes to the target structure, in this case, the ear canal. The halo may have
telescoping components that adjust in length or circumference of one or more parts of the
structure to optimize fit and maintain contact between electrode member and target organ for
signal delivery. Frames that contain contact points are connected to other contact points through
a common structure. This structure is customizable in length, angulation, and orientation to
optimize contact between the electrodes and the target structure as well as a position for the
duration of therapy. Some contact points may be just for indexing and not for signal delivery.
Contact points may or may not contain electrodes. In addition, contact points may contain
speakers and have disposable tips.
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One exemplary embodiment of the signal generator delivers a specific electromagnetic
signal at a predetermined or variable current, frequency, and impulse rate and duration through a
conduit that directs the signal to a location remote from the generator to at least one user coupler,
which user coupler includes an electrode that serves as the electrically positive contact point.
Additionally, there is a least one other electrode serving as the ground or electrically negative
point that tracks through the conduit and back to the generator to complete the circuit. This
configuration is not to be understood as limited to the specific orientation described. In such
embodiments, it is to be understood that, where multiple electrodes are used, polarity can be
switched at any time. In an exemplary embodiment, polarity can be switched rapidly so that one
electrode delivering current will not be more uncomfortable than another, which could occur if
the polarity of the electrodes always remained the same.

In exemplary embodiments, at least one of the electrodes contains a magnet and the
other of the electrodes contains ferrous material or an oppositely charged magnet allowing the
electrodes to be in reciprocal positions on or about the skin such that the target structure to be
stimulated is within the electromagnetic field generated by the signal generator. The magnetic
user couplers disclosed serve as improvements over present non-invasive, transcutaneous devices
because each user coupler includes two oppositely charged magnets (or magnetically attractive
materials) with integrated electrodes that are included in each separate circuit that is conveying a
transcutaneous energy emission to the user. All electrodes mentioned herein can be of either
polarity, as the generator can deliver alternating polarity. The magnetic electrodes are placed in
reciprocal locations with respect to the user’s surface anatomy, overlying a site that contains the
structure to be targeted. Targeted structures may be a nerve, a series of nerves, a bundle of
nerves, blood vessels, muscular structures, and/or organs. Using electrodes integral to magnetic
couplers results in an improved ease of placement with minimal training. The placement onto an
anatomic site is easily and precisely reproducible, allows for tissue compression to reduce signal
impedance, and resists movement of the electrodes off of their intended location due to constant
magnetic retention forces.

Wind, rain, moisture, environmental contact, and user motion are factors that can cause
electrodes to be moved inadvertently off their intended location on the body, thus making the
electrodes no longer an effective stimulating device for the target location. The systems and
methods described herein secure such electrodes in a manner to resist and prevent inadvertent

movement due to any environmental influence. One exemplary method for delivering
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electromagnetic neural stimulation to a person that addresses such factors comprises placing a
user coupler having a positive electrode onto the target skin location and placing a negative
(ground) electrode in the reciprocal position where a position of both electrodes is maintained by
the magnetic field of the two magnets or a magnet and a ferrous material. After tissue
compression between the magnets is maximized, which occurs after a relatively short period of
time, impedance of the circuit is maintained because the magnetic field is constant. With
pressure and distance at the electrode interface point maintained for a time consistent with
therapy duration, the impedance remains substantially constant and ensures a consistent and
predictable dose of electromagnetic signal at the target structure. Due to the maintained
magnetic forces and the tissue compression and indentation, the user coupler resists straying
from its original position, which movement may arise from sweat, user activity, or inadvertent
environmental contact. If, however, the user coupler(s) did stray from its/their prescribed
location, they can be easily repositioned by the user merely by placing the electrodes back onto
the area of visual skin compression, resulting in an instantaneous restoration of compressive
forces without the electrodes enduring any decrement of forces and, therefore, maintaining the
original impedance and signal at the target structure.

In yet another aspect, multiple user couplers containing oppositely charged electrodes
emanate from the electrostimulation conduit, thereby allowing multiple electromagnetic signals
to be transmitted through the skin to target one or more structures. This configuration allows the
generator to power multiple pairs of electrodes to stimulate multiple anatomic locations
selectively or simultaneously. If new or different anatomic locations are discovered to be useful
for the treatment of different ailments, this user coupler system can be placed easily onto
different external anatomic locations to maximize the device’s therapeutic benefit. Parallel or
sequential therapies can also be administered, i.e., both nerve stimulation and vasoconstriction or
one then the other, in one therapeutic period. All of the systems and methods described herein
with regard to electrostimulation of nerves are also applicable for vasoconstriction or
vasodilation treatments.

Other exemplary embodiments include a generator that sends a signal to one or more
user couplers including one or more electrode points or pairs, each electrode delivering a distinct
and independently adjustable signal. Once one or more of the user couplers are connected to the
body surface, the generator uses a sensing circuit to determine the electrical properties of the

target stimulation area such as impedance, resistance, capacitance, inductance, and any version
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of an equivalent circuit such as RC, LC, and LRC. For example, the generator uses a sensing
circuit to determine the impedance at the electrode-skin surface interface site. Once the
generator determines the impedance level, the generator increases power delivered to the specific
electrode or electrodes that have an impedance level deemed too high based upon a pre-
programmed software algorithm. In users with electrode impedance levels that are too low, the
generator may, conversely, individually lower power to the individual electrode or electrodes to
achieve proper signal strength delivered to the targeted structure. In other embodiments where
multiple electrodes are present, the generator can send no signal through the high-resistance
electrodes and only send signals through electrodes where the resistance is acceptable. The
generator may also give a visual or audible output to the user if the effectiveness of the signal
cannot be mitigated by generator adjustments. In these instances, the user may need to tighten,
reposition, or add conductive gel in order to achieve proper signal transmission. In the case of
embodiments with multiple user couplers, each electrode pair, or each individual electrode in the
case of a common ground, will remain constant or individually be given progressively increasing
power based on the individual impedance of each electrode. This allows the proper signal
strength to be delivered to the target structure or structures in circumstances where increased
impedance is registered by the impedance circuit contained within the generator. Levels of
electrical properties may occur in individuals with variations in thickness or character of their
skin or with skin contaminants, moisture level, or general tissue thickness related to genetics,
adipose content, amount of circulating blood volume, electrolyte levels in the serum, muscle
size, moisture content, as well as environmental factors such as rain, amount of compression
imparted on the skin by the magnetic retention forces, and exogenous conductive or non-
conductive materials such as dielectric compounds or exogenous topically applied substances
such as cosmetics or pharmaceuticals.

In another exemplary embodiment, systems and methods include user couplers that
have multiple, integrated electrodes that use a common or individual grounding points. In such
an embodiment, the “array” of electrodes is applied to the body surface as one unit. The array
comprises multiple electrodes that are positioned in a predetermined geometry so that the
electrodes come in contact with the targeted body surface location in a predictable,
predetermined geometry. This is advantageous in situations where it is desirable and most
effective to stimulate a target structure with multiple electrodes positioned at separate sites.
Application of the user coupler including electrode arrays can be more efficient, reproducible,
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and accurate during its application as opposed to placing multiple, individual electrodes to a
specific body surface that is in direct proximity or “signal proximity” to the organ being targeted
by the signal. Other advantages of having the electrode array is the ability to sweep the signal
among the various electrodes in different patterns, which increases user tolerance because there
is not a continuous signal at fixed locations, and may have a treatment benefit by covering a
broader area. Further embodiments of generators configured to function with such arrays may
include measures for determining electrical properties at the distinct locations of the electrodes
contained in the array and that respond by adjusting the signal strength to an increasing or
decreasing level to maximize the signal’s strength to the structure being targeted. Additionally,
inputs derived from a plurality of user data may serve to modify which individual electrodes the
generator inputs a greater or lesser signal. For example, if the generator is sending signals to a
electrode array, or to multiple, individual electrodes, user response to effectiveness of therapy
may cause the generator to increase the signal to one or more electrodes, decrease to one or other
electrodes, or even stop sending a signal completely to one or more electrodes to optimize
treatment effect to the structure being targeted. The user may be prompted by a visual or audible
queue, for example, to input whether the user is experiencing proper effectiveness for any given
therapy. If the user is inputting user interface data consistent with inappropriate effectiveness,
the generator may change the signal strength or character at one or more electrode sites. In
addition to the described user tolerance/comfort features, the user coupler may contain a
mechanical vibration device that transmits vibrations to the target location. Vibration on sensory
surfaces is known to distract a user from sensing pain and sometimes causes numbness. As such,
the systems and methods described herein can be augmented with a vibration system that
administers  vibrations or compression independently or in synchronization with
electrostimulation or inputs from devices such as audio.

As an additional feature of this feedback embodiment, the generator can be provided
with measures to respond to user input to optimize effectiveness of treatment and the generator
and/or user couplers can measure and optimize electrode signals by having sensors integral or
separate from the user couplers to measure at least one or more of heart rate, respiratory rate,
blood pressure skin/tissue moisture levels, oxygen saturation, motion, head position, cardiac
output and venous pressure, and/or to perform an electro-cardiogram and/or an electro-
encephalogram and/or electromyography (EMG) and/or electrodermal activity (EDA), or the

electrodes can sense and/or measure such parameters. The generator contains electronics and
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algorithms to measure these physiologic parameters and, in turn, adjust the signals through one
or more of the electrodes that the generator is driving to optimize the response to treatment.

In another exemplary embodiment, the generator device includes an ability to change
various qualities of the signal being generated. These qualities include number of signals
transmitted (in embodiments with multiple pairs of electrodes), which pairs of electrodes are to
be active (sent signals or off), amperage, voltage, amplitude, frequency, pulse duration, pulse
type, and modulation type. The changes are accomplished by using an adjustment device and by
confirming user inputs by audible or visual outputs.

Other exemplary embodiments include a user surge button that allows the user to
receive a higher dose of stimulation emission to mitigate symptoms that may “break-through” a
lower level of constant, pre-programmed emissions. For example, with a user whose treatment
for chronic back pain is auricular transcutaneous neural stimulation, the user may have adequate
pain control throughout the day at a predetermined generator setting, but, when lifting a heavy
object, the user experiences a heightened level of pain (i.e., breakthrough pain). At the moment
the breakthrough pain becomes apparent, the user depresses the user surge button to cause the
generator to send an increased level of signal through the conduit, with subsequent increased
stimulation of the target structure, thereby mitigating the user’s breakthrough pain. This can
apply to seizures as well if the user is cognizant of an aura.

In other exemplary embodiments, the software, circuit, or “chip” that determines device
functionality (i.e., number of signal types, power, amplitude, frequency and pulse duration,
selectability between user couplers) can be removably replaced with routines or chips having
other functionality or can be reprogrammable at the factory, or through the use of an app where
the device having the app communicates with the present systems or the device and can be
integrated into the device itself. In an exemplary chip configuration, the chip can be removed
and replaced into a specific socket or slot, or can be integrated into a sealed or partially sealed
battery pack that contains the chip, where the act of simply removing an existing battery pack
and replacing it with a new one having the same or different chip can instantaneously change or
maintain device functionality. This configuration reduces manufacturing costs as well as reduces
consumer costs as it is no longer necessary to produce distinctly different generator units with
different functionality or require the consumer to replace the entire device to alter its
functionality if that is desirable or indicated. The chip also can allow the same device to have

expanded applications.
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With the foregoing and other objects in view, there is provided, a transcutaneous
electrostimulation device comprising an electrostimulation generator providing at an output a
nerve electrostimulation signal, an electronic signal conduit conductively connected to the output
of the electrostimulation generator, and an electrode coupler shaped to form fit an ear canal of a
human ear and having at least one electrostimulation electrode conductively connected to the
electronic signal conduit to receive the nerve electrostimulation signal and positioned at the at
least one electrostimulation electrode coupler to contact tissue within an ear canal and apply the
nerve electrostimulation signal to the tissue transcutaneously.

With the objects in view, there is also provided a transcutaneous electrostimulation
device comprising an electrostimulation generator providing at an output a nerve
electrostimulation signal, an electronic signal conduit conductively connected to the output of the
electrostimulation generator, an audio source outputting audio signals, and an electrode coupler
shaped to form fit an ear canal of a human ear and having at least one audio speaker connected to
the audio source and receiving the audio signals for output into the ear canal when worn, having
at least one electrostimulation electrode conductively connected to the electronic signal conduit
to receive the nerve electrostimulation signal and positioned to contact tissue within an ear canal
and apply the nerve electrostimulation signal to the tissue transcutaneously, and supplying the
nerve electrostimulation signal while the audio signals are output.

With the objects in view, there is also provided a transcutaneous electrostimulation
device comprising an audio source outputting audio signals, an electrostimulation generator
providing at an output a nerve electrostimulation signal, an electronic signal conduit
conductively connected to the output of the electrostimulation generator, an electrode coupler
shaped to form fit an ear canal of a human ear and having at least one audio speaker connected to
the audio source and receiving the audio signals for output into the ear canal when worn, having
at least one electrostimulation electrode, conductively connected to the electronic signal conduit
to receive the nerve electrostimulation signal, and positioned to contact tissue within an ear canal
and apply the nerve electrostimulation signal to the tissue transcutaneously, and supplying the
nerve electrostimulation signal while the audio signals are output, and the electrostimulation
generator modulating the nerve electrostimulation signal based upon the audio signals.

In accordance with a further feature, the nerve electrostimulation signal is a vagus

nerve electrostimulation signal.
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In accordance with an added feature, the nerve electrostimulation signal is a trigeminal
nerve electrostimulation signal.

In accordance with an additional feature, the electrode coupler comprises an earbud
having an exterior surface and the at least one electrostimulation electrode comprises a
conductive surface on a portion of the exterior surface such that, when the earbud is inserted
within the ear canal, the at least one electrostimulation electrode contacts tissue within the ear
canal.

In accordance with yet another feature, the earbud has a speaker assembly and the
electronic signal conduit comprises a speaker conduit conductively connected to the speaker
assembly and having a standard audio jack shaped to be inserted into a standard audio output to
receive therefrom audio signals and an electrostimulation conduit conductively connecting the
nerve electrostimulation signal to the conductive surface.

In accordance with yet a further feature, the electronic signal conduit is a wireless
connection, the electrostimulation generator wirelessly transmits the nerve electrostimulation
signal, and the electrode coupler has a receiver receiving the nerve electrostimulation signal,
conductively connected to the at least one electrostimulation electrode, and providing the nerve
electrostimulation signal to the at least one electrostimulation electrode.

In accordance with yet an added feature, there is provided an audio source outputting
audio signals, the electrode coupler comprising at least one audio speaker connected to the audio
source and receiving the audio signals for output into the ear canal when the electrode coupler is
worn, and the electrostimulation generator sending the nerve electrostimulation signal to the
electrode coupler while the audio signals are output.

In accordance with yet an additional feature, the electrostimulation generator modulates
the nerve electrostimulation signal based upon the audio signals.

In accordance with again another feature, the at least one audio speaker is within the
earbud and the electronic signal conduit comprises a speaker conduit conductively connected to
the at least one audio speaker and having a standard audio jack shaped to be inserted into a
standard audio output to receive therefrom audio signals and an electrostimulation conduit
conductively connecting the nerve electrostimulation signal to the conductive surface.

In accordance with again a further feature, the electrostimulation generator receives the
audio signals from the audio source and modulates the nerve electrostimulation signal based

upon the audio signals.
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In accordance with a concomitant feature, the at least one audio speaker is one of
wirelessly connected to the audio source and directly connected to the audio source.

Although the invention is illustrated and described herein as embodied in systems and
methods of transcutaneous electronic tissue stimulation, it is, nevertheless, not intended to be
limited to the details shown because various modifications and structural changes may be made
therein without departing from the spirit of the invention and within the scope and range of
equivalents of the claims. Additionally, well-known elements of exemplary embodiments of the
invention will not be described in detail or will be omitted so as not to obscure the relevant
details of the invention.

Additional advantages and other features characteristic of the present invention will be
set forth in the detailed description that follows and may be apparent from the detailed
description or may be learned by practice of exemplary embodiments of the invention. Still other
advantages of the invention may be realized by any of the instrumentalities, methods, or
combinations particularly pointed out in the claims.

Other features that are considered as characteristic for the invention are set forth in the
appended claims. As required, detailed embodiments of the present invention are disclosed
herein; however, it is to be understood that the disclosed embodiments are merely exemplary of
the invention, which can be embodied in various forms. Therefore, specific structural and
functional details disclosed herein are not to be interpreted as limiting, but merely as a basis for
the claims and as a representative basis for teaching one of ordinary skill in the art to variously
employ the present invention in virtually any appropriately detailed structure. Further, the terms
and phrases used herein are not intended to be limiting; but rather, to provide an understandable
description of the invention. While the specification concludes with claims defining the features
of the invention that are regarded as novel, it is believed that the invention will be better
understood from a consideration of the following description in conjunction with the drawing

figures, in which like reference numerals are carried forward.

Brief Description Of The Drawings

The accompanying figures, where like reference numerals refer to identical or
functionally similar elements throughout the separate views, which are not true to scale, and
which, together with the detailed description below, are incorporated in and form part of the

specification, serve to illustrate further various embodiments and to explain various principles
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and advantages all in accordance with the present invention. Advantages of embodiments of the
present invention will be apparent from the following detailed description of the exemplary
embodiments thereof, which description should be considered in conjunction with the
accompanying drawings in which:

FIG. 1 is a diagrammatic representation of an electrostimulator with one pair of user
couplers for application to one body surface site;

FIG. 2 is a diagrammatic representation of the device in FIG. 1 with its single pair of
user couplers applied to a user target area about the ear;

FIG. 3 is a fragmentary illustration of a right human ear with anatomy indications;

FIG. 4 is a fragmentary, side perspective view of the ear with exemplary embodiments
of transcutaneous vagus nerve stimulation devices;

FIG. 5 is a fragmentary, rear perspective view of the ear of FIG. 4;

FIG. 6 is a fragmentary, lateral cross-sectional view of an upper portion the ear of FIG.
4 viewed from below;

FIG. 7 is a fragmentary, bottom perspective view of the ear of FIG. 4;

FIG. 8 is a fragmentary, side perspective and vertically cross-sectional view of the ear
of FIG. 4 with an exemplary embodiment of a transcutaneous vagus nerve stimulation device;

FIG. 9 is a front elevational view of an exemplary embodiment of a vagus nerve
stimulation generator and control device;

FIG. 10 is a rear perspective view of a transcutaneous vagus nerve stimulation system
with an electrode application device in a docked state;

FIG. 11 is a perspective view of the system of FIG. 10 from in front of a right side
thereof;

FIG. 12 is a fragmentary, perspective view of the electrode application device of FIG.
10 clipped onto a left ear of a user;

FIG. 13 is a perspective view of the system of FIG. 10 from in front of a right side
thereof;

FIG. 14 is a fragmentary, perspective and laterally cross-sectional view of the electrode
application device of FIG. 12 viewed from above the user with the application device in a

docked and implanting state of the electrodes;
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FIG. 15 is a fragmentary, perspective and laterally cross-sectional view of the electrode
application device of FIG. 12 viewed from above the user with the application device in an
undocked state of the electrodes post-implantation;

FIG. 16 is a perspective view of an exemplary embodiment of a form-fitting electrode
application device;

FIG. 17 is a fragmentary, diagrammatic view of a human left ear with the form-fitting
electrode application device of FIG. 16 installed thereon;

FIG. 18 is a fragmentary, horizontally cross-sectional view of the electrode application
device of FIG. 16 installed on a human left ear;

FIG. 19 is a fragmentary, diagrammatic view of a human left ear with respective nerve
target locations;

FIG. 20 is a fragmentary, diagrammatic view of the form-fitting electrode application
device of FIG. 16 installed on an ear and indications of vagus nerve stimulation locations;

FIG. 21 is a fragmentary, diagrammatic view of the form-fitting electrode application
device of FIG. 16 installed on an ear and diagrammatic representations of electrode booms to
vagus nerve stimulation locations;

FIG. 22 is a fragmentary, perspective view of the form-fitting electrode of FIG. 16 on a
left ear viewed from the below the rear of the ear;

FIG. 23 is a fragmentary, perspective view of the form-fitting electrode of FIG. 16 on a
left ear viewed from above a front of the ear;

FIG. 24 is a fragmentary, partially transparent, perspective view of the form-fitting
electrode of FIG. 16 on a left ear viewed from above the rear of the ear;

FIG. 25 is a fragmentary, partially transparent, perspective view of the form-fitting
electrode of FIG. 16 on a left ear viewed from above the front of the ear;

FIG. 26 is a perspective view of an exemplary embodiment of a form-fitting electrode
application device;

FIG. 27 is a fragmentary, horizontally cross-sectional view of an exemplary
embodiment of a form-fitting and force-fitting electrode application device in a natural open
configuration and displayed where an auricle would be located,;

FIG. 28 is a fragmentary, horizontally cross-sectional view of the form-fitting and
force-fitting electrode application device of FIG. 27 in a partially expanded configuration after

installed on an auricle;
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FIG. 29 is a fragmentary, horizontally cross-sectional view of an exemplary
embodiment of a form-fitting electrode application device with a liner;

FIG. 30 is a fragmentary, horizontally cross-sectional view of an alternative
embodiment of the form-fitting and force-fitting electrode application device of FIG. 29 in a
natural open configuration and displayed where an auricle would be located:;

FIG. 31 is a fragmentary, horizontally cross-sectional view f the form-fitting and force-
fitting electrode application device of FIG. 30 in a partially expanded configuration after
installed on an auricle;

FIG. 32 is a fragmentary, horizontally cross-sectional view of an exemplary
embodiment of a form-fitting electrode application device with a liner and a hinged frame in an
open configuration;

FIG. 33 is a fragmentary, horizontally cross-sectional view of the form-fitting electrode
application device of FIG. 32 with the hinged frame in a partially closed configuration;

FIG. 34 is a fragmentary, horizontally cross-sectional view of the form-fitting electrode
application device of FIG. 32 with the hinged frame in a partially closed configuration and with a
magnetic closure;

FIG. 35 is a fragmentary, horizontally cross-sectional view of the form-fitting electrode
application device of FIG. 34 with the hinged frame in a closed configuration;

FIG. 36 is a fragmentary, horizontally cross-sectional view of the form-fitting electrode
application device of FIG. 16 with an exemplary embodiment of an extending electrode
assembly;

FIG. 37 is a fragmentary, perspective view of the form-fitting electrode application
device of FIG. 36 with an exemplary embodiment of an electrode conduit and generator;

FIG. 38 is a fragmentary, horizontally cross-sectional view of the form-fitting electrode
application device of FIG. 16 with another exemplary embodiment of an extending electrode
assembly in an idealized non-flexed position;

FIG. 39 is a fragmentary, horizontally cross-sectional view of the form-fitting electrode
application device of FIG. 38 with the extending electrode assembly in a flexed position;

FIG. 40 is a fragmentary, horizontally cross-sectional view of the form-fitting electrode
application device of FIG. 16 with another exemplary embodiment of an extending electrode

assembly in a held-open position;
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FIG. 41 is a fragmentary, horizontally cross-sectional view of the form-fitting electrode
application device of FIG. 16 with another exemplary embodiment of an extending electrode
assembly in a natural closed position;

FIG. 42 is a perspective view of an exemplary embodiment of a form-fitting electrode
application device with boom connection areas;

FIG. 43 is a fragmentary, perspective view of the form-fitting electrode application
device of FIG. 16 with an exemplary embodiment of an earbud assembly;

FIG. 44 is a perspective view of a form-fitting and force-fitting electrode application
device in an open configuration;

FIG. 45 is a perspective view of the form-fitting and force-fitting electrode application
device of FIG. 44 in a partially open configuration;

FIG. 46 is a perspective view of the form-fitting and force-fitting electrode application
device of FIG. 44 in a partially open configuration;

FIG. 47 is a side elevational view of the form-fitting and force-fitting electrode
application device of FIG. 44 in a closed configuration;

FIG. 48 is a fragmentary, perspective view of the form-fitting and force-fitting
electrode application device of FIG. 44 closed on an ear and viewed from above the front of the
ear;

FIG. 49 is a fragmentary, partially transparent, perspective view of the form-fitting and
force-fitting electrode application device of FIG. 44 on an ear and in a partially closed
configuration;

FIG. 50 is a fragmentary, side perspective view of an exemplary embodiment of an
neurostimulator device with electrode booms extending to a trigeminal/temporal location;

FIG. 51 is a fragmentary, perspective and laterally cross-sectional view of the
neurostimulator device of FIG. 50;

FIG. 52 is a fragmentary, side perspective view of an exemplary embodiment of a
tragus neurostimulator device;

FIG. 53 is a fragmentary, rear perspective view of the tragus neurostimulator device of
FIG. 52;

FIG. 54 is a fragmentary, perspective and laterally cross-sectional view of the

neurostimulator device of FIG. 52;
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FIG. 55 is a fragmentary, perspective, partially transparent, and laterally cross-sectional
view of the neurostimulator device of FIG. 52;

FIG. 56 is a fragmentary, side perspective view of an exemplary embodiment of the
tragus neurostimulator device of FIG. 53 with an electrode boom;

FIG. 57 is a fragmentary, perspective, partially transparent, and laterally cross-sectional
view of the neurostimulator device of FIG. 56;

FIG. 58 is a fragmentary, side perspective view of an exemplary embodiment of an ear
lobe neurostimulator device;

FIG. 59 is a fragmentary, front perspective and vertically cross-sectional view of the ear
lobe neurostimulator device of FIG. 58;

FIG. 60 is a fragmentary, side perspective view of an exemplary embodiment of a
superior helix neurostimulator device;

FIG. 61 is a fragmentary, rear perspective and vertically cross-sectional view of the
superior helix neurostimulator device of FIG. 60;

FIG. 62 is a fragmentary, perspective view of an exemplary embodiment of an
electrode headset device;

FIG. 63 is a fragmentary, perspective view of the electrode headset device of FIG. 62;

FIG. 64 is a fragmentary, perspective view of the electrode headset device of FIG. 62;

FIG. 65 is a fragmentary, perspective and laterally cross-sectional view of an upper
portion of the electrode headset device of FIG. 62 viewed from below;

FIG. 66 is a fragmentary, partially transparent, perspective view of an exemplary
embodiment of an over-the-ear electrode headset device viewed from a side of the ear;

FIG. 67 is a fragmentary, side perspective and sagitally cross-sectional view of an
exemplary embodiment of a dual-purpose, earbud/neurostimulator device with leads and speaker
removed,

FIG. 68 is a fragmentary, side perspective and coronally cross-sectional view of the
earbud/neurostimulator device of FIG. 67;

FIG. 69 is a fragmentary, side perspective view of an exemplary embodiment of a dual-
purpose, earbud/neurostimulator device with leads and speaker removed for clarity;

FIG. 70 is a fragmentary, side perspective and sagitally cross-sectional view of the

earbud/neurostimulator device of FIG. 69;
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FIG. 71 is a fragmentary, side perspective view of an exemplary embodiment of a dual-
purpose, earbud/neurostimulator device with leads and speaker removed for clarity;

FIG. 72 is a fragmentary, side perspective and sagitally cross-sectional view of the
earbud/neurostimulator device of FIG. 71,

FIG. 73 is a fragmentary, side perspective and sagitally cross-sectional view of an
exemplary embodiment of an adjustable magnetic attachment force neurostimulator device;

FIG. 74 is a diagrammatic illustration of a exemplary embodiment of placement of an
electrode configuration;

FIG. 75 is a diagrammatic illustration of a exemplary embodiment of placement of
another electrode configuration;

FIG. 76 is a diagrammatic illustration of a exemplary embodiment of placement of
another electrode configuration;

FIG. 77 is a front elevational view of an exemplary embodiment of a neurostimulator
device within a packaging/charging station;

FIG. 78 is a front perspective view of the neurostimulator device and
packaging/charging station of FIG. 77 viewed from the right side thereof;

FIG. 79 is a rear elevational view of the neurostimulator device and packaging/charging
station of FIG. 77,

FIG. 80 is a front perspective view of the neurostimulator device and
packaging/charging station of FIG. 77 viewed from the left side thereof;

FIG. 81 is an enlarged, exploded, partially cross-sectional and partially hidden
perspective view of an exemplary embodiment of a dual-purpose earbud/neurostimulator device;

FIG. 82 is an enlarged, partially cross-sectional and partially hidden perspective view
of the earbud/neurostimulator device of FIG. 81 in an assembled state;

FIG. 83 is an enlarged, side perspective view of the earbud/neurostimulator device of
FIG. 81 in the assembled state;

FIG. 84 is an enlarged, side perspective view of an exemplary embodiment of the ear
piece of the earbud/neurostimulator device of FIG. 81;

FIG. 85 is an enlarged, side perspective view of an exemplary embodiment of the ear
piece of the earbud/neurostimulator device of FIG. 81;

FIG. 86 is an enlarged, side perspective view of an exemplary embodiment of the ear
piece of the earbud/neurostimulator device of FIG. 81;
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FIG. 87 is an enlarged, side perspective view of an exemplary embodiment of the ear
piece of the earbud/neurostimulator device of FIG. 81;

FIG. 88 is an enlarged, side perspective view of an exemplary embodiment of the ear
piece of the earbud/neurostimulator device of FIG. 81,

FIG. 89 is an enlarged, side perspective view of an exemplary embodiment of the ear
piece of the earbud/neurostimulator device of FIG. 81;

FIG. 90 is an enlarged, side perspective view of an exemplary embodiment of the ear
piece of the earbud/neurostimulator device of FIG. 81,

FIG. 91 is an enlarged, exploded, partially hidden, side perspective view of another
exemplary embodiment of a dual-purpose earbud/neurostimulator device;

FIG. 92 is an enlarged, top plan view of the body of the device of FIG. 91 with a first
exemplary embodiment of a connection configuration;

FIG. 93 is an enlarged, top plan view of the body of the device of FIG. 91 with a
second exemplary embodiment of a connection configuration;

FIG. 94 is an enlarged, cross-sectional view of an exemplary embodiment of the ear
piece of the earbud/neurostimulator device of FIG. 81,

FIG. 95 is a top plan view of an exemplary embodiment of a headband
earbud/neurostimulator device;

FIG. 96 is a fragmentary, enlarged top plan view of a distal end of the device of FIG. 95
with an earbud/neurostimulator device;

FIG. 97 is a diagrammatic perspective view of the device of FIG. 95 worn about a
user’s head;

FIG. 98 is a top plan view of an exemplary embodiment of another headband
earbud/neurostimulator device;

FIG. 99 is a top plan view of an exemplary embodiment of a further headband for an
earbud/neurostimulator device;

FIG. 100 is a fragmentary, exploded, perspective view of an exemplary embodiment of
an earbud-type neurostimulator device with a multi-electrode flower-shaped electrode coupler;

FIG. 101 is a fragmentary, enlarged, exploded, perspective view of portions of the
earbud-type neurostimulator device of FIG. 100 including a strain relief, a speaker assembly, a

speaker housing stud, and an earbud core assembly;



10

15

20

25

30

26

FIG. 102 is a fragmentary, enlarged, perspective view of the earbud-type
neurostimulator device of FIG. 100 with the earbud core assembly installed on the speaker
housing stud,;

FIG. 103 is an enlarged, perspective view of the earbud core assembly of the earbud-
type neurostimulator device of FIG. 100;

FIG. 104 is a fragmentary, exploded, perspective view of an exemplary embodiment of
an earbud-type neurostimulator device with a multi-electrode flower-shaped electrode coupler;

FIG. 105 is a fragmentary, enlarged, exploded, perspective view of portions of the
earbud-type neurostimulator device of FIG. 104 including a strain relief, a speaker assembly, a
speaker housing stud, and an earbud core assembly;

FIG. 106 is a fragmentary, enlarged, perspective view of the earbud-type
neurostimulator device of FIG. 104 with the earbud core assembly installed on the speaker
housing stud;

FIG. 107 is an enlarged, perspective view of the earbud core assembly of the earbud-
type neurostimulator device of FIG. 104;

FIG. 108 is a top plan view of an exemplary embodiment of an electrode coupling
subassembly for the multi-electrode coupler of FIG. 100;

FIG. 109 is a side elevational view of the electrode coupling subassembly of FIG. 124
with a differently shaped conductor;

FIG. 110 is a top plan view of the electrode coupling subassembly of FIG. 124 rotated
ninety degrees;

FIG. 111 is a side elevational view of the electrode coupling subassembly of FIG. 126
with the conductor of the subassembly of FIG. 109;

FIG. 112 is a partially cross-sectional, partially perspective view of an exemplary
embodiment of an electrode coupling subassembly for the multi-electrode coupler of FIG. 100;

FIG. 113 is a fragmentary, exploded, perspective view of an exemplary embodiment of
an earbud-type neurostimulator device with a multi-electrode flower-shaped electrode coupler;

FIG. 114 is a fragmentary, enlarged, exploded, perspective view of portions of the
earbud-type neurostimulator device of FIG. 113 including a strain relief, a speaker assembly, a
speaker housing stud, and an earbud core assembly;

FIG. 115 is an enlarged, perspective view of the earbud core assembly of the earbud-
type neurostimulator device of FIG. 113;
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FIG. 116 is a fragmentary, exploded, perspective view of an exemplary embodiment of
an earbud-type neurostimulator device with a multi-electrode flower-shaped electrode coupler;

FIG. 117 is a fragmentary, enlarged, perspective view of a speaker housing stud of the
earbud-type neurostimulator device of FIG. 116;

FIG. 118 is an enlarged, perspective view of an earbud core assembly of the earbud-
type neurostimulator device of FIG. 116;

FIG. 119 is a fragmentary, exploded, perspective view of an exemplary embodiment of
an earbud-type neurostimulator device with a multi-electrode flower-shaped electrode coupler;

FIG. 120 is a fragmentary, enlarged, perspective view of a speaker housing stud of the
earbud-type neurostimulator device of FIG. 119;

FIG. 121 is an enlarged, perspective view of the speaker housing stud of the earbud-
type neurostimulator device of FIG. 119;

FIG. 122 is a fragmentary, perspective view of the earbud-type neurostimulator device
of FIG. 116 in an assembled state;

FIG. 123 is a fragmentary, perspective view of the earbud-type neurostimulator device
of FIG. 119 in an assembled state;

FIG. 124 is a fragmentary, exploded, perspective view of an exemplary embodiment of
an earbud-type neurostimulator device with a multi-electrode flower-shaped electrode coupler;

FIG. 125 is a fragmentary, enlarged, perspective view of portions of the earbud-type
neurostimulator device of FIG. 124 in an assembled state without an earbud;

FIG. 126 is an enlarged, perspective view of the speaker housing stud of the earbud-
type neurostimulator device of FIG. 124;

FIG. 127 is an enlarged, top plan view of the earbud-type neurostimulator device of
FIG. 125;

FIG. 128 is a fragmentary, enlarged, side elevational view of the earbud-type
neurostimulator device of FIG. 125;

FIG. 129 is a perspective view of conductive leads of the earbud-type neurostimulator
device of FIG. 124;

FIG. 130 is a diagrammatic side elevational view of an exemplary embodiment of an
earbud-type neurostimulator device with an earbud removed,;

FIG. 131 is a diagrammatic side elevational view of the earbud-type neurostimulator
device of FIG. 130 rotated ninety degrees;
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FIG. 132 is a cross-sectional view of a an exemplary embodiment of an earbud-type
neurostimulator device;

FIG. 133 is a side elevational view of the neurostimulator device of FIG. 132 rotated
ninety degrees with the earbud removed;

FIG. 134 is a top plan view of the neurostimulator device of FIG. 132;

FIG. 135 is a top plan view of the neurostimulator device of FIG. 134 rotated ninety
degrees;

FIG. 136 is a block circuit diagram of an exemplary embodiment of a signal and
transmission architecture for providing neuromodulation with a combined generator and
controller and a remote device coupler;

FIG. 137 is a block circuit diagram of an exemplary embodiment of a signal and
transmission architecture for providing neuromodulation with a combined generator, controller
and device coupler;

FIG. 138 is a block circuit diagram of an exemplary embodiment of a signal and
transmission architecture for providing neuromodulation with a controller and a remote generator
and device coupler;

FIG. 139 is a block circuit diagram of an exemplary embodiment of a signal and
transmission architecture for providing neuromodulation with a combined generator and
controller, a remote device coupler, and an audio source;

FIG. 140 is a front perspective view of an exemplary embodiment of an
electrostimulation signal generation and transmission device;

FIG. 141 is a top perspective view of the device of FIG. 140;

FIG. 142 is a front perspective view of another exemplary embodiment of an
electrostimulation signal generation and transmission device;

FIG. 143 is a front perspective view of a further exemplary embodiment of an
electrostimulation signal generation and transmission device;

FIG. 144 is a graph of an exemplary embodiment of an electrostimulation process using
an output of a constant polarity square wave with breaks;

FIG. 145 is a graph of an exemplary embodiment of an electrostimulation process using
an output of an alternating polarity square wave with a constant pulse and breaks;

FIG. 146 is a graph of an exemplary embodiment of an electrostimulation process using

an output of an alternating polarity modulated sine wave;
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FIG. 147 is a graph of an exemplary embodiment of an electrostimulation process using
an output of an alternating polarity modulated sine wave with breaks;

FIG. 148 is a graph of an exemplary embodiment of an electrostimulation process using
a continuous square wave pulse having a sine wave modulated amplitude with a modulated
frequency dependent upon amplitude;

FIG. 149 is a graph of an exemplary embodiment of an electrostimulation process using
a continuous square wave pulse having a sine wave modulated amplitude at a constant frequency
with no polarity group;

FIG. 150 is a graph of an exemplary embodiment of an electrostimulation process using
an audio band amplitude modulated pulse output;

FIG. 151 is a graph of an exemplary embodiment of an electrostimulation process using
an audio band amplitude modulated pulse output with breaks;

FIG. 152 is a diagrammatic illustration of an exemplary embodiment of a display;

FIG. 153 is a diagrammatic illustration of an exemplary embodiment of a display;

FIG. 154 is a circuit diagram of an exemplary embodiment of a power control and
voltage regulation circuit for an electrostimulation device;

FIG. 155 is a circuit diagram of an exemplary embodiment of a pulse generation circuit
for an electrostimulation device;

FIG. 156 is a circuit diagram of an exemplary embodiment of an audio input circuit, a
sensitivity adjustment circuit and a display circuit for an electrostimulation device;

FIG. 157 is a rear perspective view of an exemplary embodiment of a trigeminal and
temporal stimulator headband;

FIG. 158 is a perspective view from above a side of the trigeminal and temporal
stimulator headband of FIG. 157,

FIG. 159 is a top plan view of the trigeminal and temporal stimulator headband of FIG.
157 with pivoting contact booms;

FIG. 160 is a top plan view of the headband of FIG. 157 in place on a user’s head,;

FIG. 161 is a side elevational view of an exemplary embodiment of an
electrostimulation electrode earbud;

FIG. 162 is a perspective view from an audio out end of the electrostimulation electrode
earbud of FIG. 161;
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FIG. 163 is a plan view from a housing end of the electrostimulation electrode earbud
of FIG. 161;

FIG. 164 is a perspective view from the housing end of the electrostimulation electrode
earbud of FIG. 161;

FIG. 165 is a side elevational view of an exemplary embodiment of an
electrostimulation electrode earbud,;

FIG. 166 is a perspective view from an audio out end of the electrostimulation electrode
earbud of FIG. 165;

FIG. 167 is a plan view from a housing end of the electrostimulation electrode earbud
of FIG. 165; and

FIG. 168 is a perspective view from the housing end of the electrostimulation electrode
earbud of FIG. 165.

Best Mode for Carrying Out the Invention

As required, detailed embodiments of the present invention are disclosed herein;
however, it is to be understood that the disclosed embodiments are merely exemplary of the
invention, which can be embodied in various forms. Therefore, specific structural and functional
details disclosed herein are not to be interpreted as limiting, but merely as a basis for the claims
and as a representative basis for teaching one skilled in the art to variously employ the present
invention in virtually any appropriately detailed structure. Further, the terms and phrases used
herein are not intended to be limiting; but rather, to provide an understandable description of the
invention. While the specification concludes with claims defining the features of the invention
that are regarded as novel, it is believed that the invention will be better understood from a
consideration of the following description in conjunction with the drawing figures, in which like
reference numerals are carried forward.

Alternate embodiments may be devised without departing from the spirit or the scope
of the invention. Additionally, well-known elements of exemplary embodiments of the invention
will not be described in detail or will be omitted so as not to obscure the relevant details of the
invention.

Before the present invention is disclosed and described, it is to be understood that the
terminology used herein is for describing particular embodiments only and is not intended to be

limiting. The terms “a” or “an”, as used herein, are defined as one or more than one. The term
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“plurality,” as used herein, is defined as two or more than two. The term ‘“another,” as used
herein, is defined as at least a second or more. The terms “including” and/or “having,” as used
herein, are defined as comprising (i.e., open language). The term “coupled,” as used herein, is
defined as connected, although not necessarily directly, and not necessarily mechanically.
Relational terms such as first and second, top and bottom, and the like may be used
solely to distinguish one entity or action from another entity or action without necessarily
requiring or implying any actual such relationship or order between such entities or actions. The

2 e

terms “comprises,” “comprising,” or any other variation thereof are intended to cover a non-
exclusive inclusion, such that a process, method, article, or apparatus that comprises a list of
elements does not include only those elements but may include other elements not expressly
listed or inherent to such process, method, article, or apparatus. An element proceeded by
“comprises ... a” does not, without more constraints, preclude the existence of additional
identical elements in the process, method, article, or apparatus that comprises the element.

As used herein, the term "about" or “approximately” applies to all numeric values,
whether or not explicitly indicated. These terms generally refer to a range of numbers that one of
skill in the art would consider equivalent to the recited values (i.e., having the same function or
result). In many instances these terms may include numbers that are rounded to the nearest
significant figure.

It will be appreciated that embodiments of the invention described herein may be
comprised of one or more conventional processors and unique stored program instructions that
control the one or more processors to implement, in conjunction with certain non-processor
circuits and other elements, some, most, or all of the functions of the devices and methods
described herein. The non-processor circuits may include, but are not limited to, signal drivers,
clock circuits, power source circuits, and user input and output elements. Alternatively, some or
all functions could be implemented by a state machine that has no stored program instructions, or
in one or more application specific integrated circuits (ASICs) or field-programmable gate arrays
(FPGA), in which each function or some combinations of certain of the functions are
implemented as custom logic. Of course, a combination of these approaches could also be used.

Thus, methods and means for these functions have been described herein.

29 ¢¢ 29 ¢

The terms “program,” “software,” “software application,” and the like as used herein,
are defined as a sequence of instructions designed for execution on a computer system or

programmable device. A “program,” “software,” “application,” “computer program,” or
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“software application” may include a subroutine, a function, a procedure, an object method, an
object implementation, an executable application, an applet, a servlet, a source code, an object
code, any computer language logic, a shared library/dynamic load library and/or other sequence
of instructions designed for execution on a computer system.

Herein various embodiments of the present invention are described. In many of the
different embodiments, features are similar. Therefore, to avoid redundancy, repetitive
description of these similar features may not be made in some circumstances. It shall be
understood, however, that description of a first-appearing feature applies to the later described
similar feature and each respective description, therefore, is to be incorporated therein without
such repetition.

Described now are exemplary embodiments. Referring now to the figures of the
drawings in detail and first, particularly to FIG. 1, there is shown a first exemplary embodiment
of an electrostimulator with a user coupler containing a pair of electrodes (indicated
diagrammatically and circled with a dashed line). An electromagnetic pulse generator 1 includes
the user surge button 2, which allows a user to direct the generator 1 (with a button depression)
to impart a predetermined output signal of a pre-set duration of an increased or different signal
modulation, i.e., if the user has a back pain flair after lifting, he/she is able to depress the user
surge button 2 to have an “as needed” higher dose of stimulation. The generator 1 also includes
a control 3 (e.g., a dial) that can turn on and off the generator 1 and/or alter settings in the device
to provide variable and various settings. The generator 1 also can include a data screen or
monitor 4 to provide visual indication or feedback to a user.

A conduit 5 for transmitting signals to the user coupling devices 8 is connected to the
generator 1. Splitter conduits 6 supply dedicated signals to one or more pairs of the user
couplers 8 (a second pair 8 being indicated with dashed lines). Each of the user couplers in this
embodiment has a magnetic component 7 (i.e., a reciprocal magnetic element). In other words,
each of the pair of couplers 8 has one of the reciprocal magnetic elements 7 that attract each
other, thus creating and maintaining proper contact (and maintaining proper impedance) between
the contact leads of the user couplers and the body surface. With two pairs of user couplers 8,
signal can be applied to two different body surface sites. Other exemplary embodiments can
include greater than these two pairs of user couplers 8 (or two sets of user couplers 8 and a

common ground).
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FIG. 2 depicts the device of FIG. 1 with a single pair of user couplers applied to a user
target area about the user’s ear 9. The contact lead 5 transmits a signal(s) from the splitter
conduit 6 to the user’s body surface, here, about the ear 9. The user couplers are pressed and held
against the skin of the ear 9 by the magnetic component 7 and, thereby, allow transmission of an
electromagnetic signal through the user’s body surface, thus affect the targeted structure.

In an exemplary embodiment, the user couplers can have a common ground locally or
remotely (i.e., to the portion of the generator that would be in contact with the skin). Ground
may have a heating device that causes increased blood flow or perspiration, thereby decreasing
impedance and increasing signal transfer to the target structure.

In the exemplary embodiment shown, the generator 1 can be a stand-alone device. As
an alternative, for example, the generator 1 can be a smartphone that has software for carrying
out the signal transmission as an app on the smartphone, indicated diagrammatically with the
dashed lines 10 in FIG. 2.

In the exemplary embodiment of FIG. 2, neuromodulation of the vagus nerve can occur
for treating various conditions, such as for pain relief. Characteristics of the vagus nerve are that
it is a cranial nerve having both efferent (motor) and afferent (sensory) transmission. The vagus
nerve has been identified as a conduit towards treating conditions such as the sensations of pain,
emotions (e.g., well-being, pleasure, depression), the ability to concentrate, the occurrence of
seizures, and disorders of the limbic system.

Such therapy utilizing the external (non-invasive) systems and methods described
herein for the vagus nerve references a diagram of the human ear in FIG. 3. It is known that the
vagus nerve has a branch that passes close to the concha of the ear. The concha forms a concave
bowl shape and comprises the cymba above the crus of the helix and the cavum below the crus of
the helix. The inventors have discovered that areas of the ear are particularly useful for applying
neuromodulation to the vagus nerve: the concha and the posterior auricle (the back side of the
ear opposite the concha) and a portion of the ear canal. The first two of these therapy regions are
identified in FIGS. 4 and 5 with the conchal region 50 and the auricle region 60 highlighted.

A first exemplary embodiment of a system such as those described with regard to FIGS.
1 and 2 is illustrated in FIGS. 4 and 5. Therein, a conduit 5 for transmitting signals to the
coupling devices is connected to the generator 1. One portion of the conduit 5° provides a
positive side of the signal to electrodes 8 and another portion 6 of the conduit 5 supplies a
negative or ground side of the signal to the electrodes 8. In the exemplary embodiment shown,
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there are three electrodes 8 on the positive side. There can be a corresponding set of three
electrodes 8 on the negative side behind the ear (not illustrated) or there can be a single
grounding electrode 8 behind the ear as shown in FIG. 4. Each of the electrodes 8 can have a
magnetic component 7 (i.e., a reciprocal magnetic element) to secure to the surface of the ear. If
there is a ferrous material 7 on the back side of the ear, a grounding electrode 8’ could be present
on the same side of the ear as the positive electrodes 8. Such a configuration is illustrated with a
dashed line leading to the electrode 8’ in FIG. 4. Each of the positive electrodes 8 can be
supplied with the same or different signals. In the latter case, the generator 1 can apply a
variable signal pattern that utilizes feedback from the user. When the signal is providing the user
with a beneficial result, the generator 1 can be caused to retain the signal pattern currently being
applied for the therapy period. When the signal is not providing the user with a beneficial result,
the generator 1 can be caused to change the signal pattern currently being applied to a different
signal pattern or, if there are multiple electrodes 8, to change how the electrodes apply the signal.
For example, if a signal from one of the three electrodes 8 and electrode 8’ are beneficial, then
the electrode 8’ can be paired with another of the three electrodes 8. Alternatively, the negative
or ground and positive can be switched about to have a signal occur between two of the three
electrodes 8. Alternatively or additionally, three different signals can be applied to each of the
three electrodes 8. In this manner, if one or two or even all three of the signals being applied to a
portion of the concha (through respective device couplers 8) achieve a beneficial result, the
differing topographies and impedances of the ear can be rendered moot.

In an alternative exemplary embodiment, the grounding electrode 8’ can be a position
maintaining device (indicated in FIG. 4 with a large dashed line) connected to the conduit 5’
(e.g., with a shielded piece of Nitinol). This Nitinol can have its own dedicated current supply,
that, when applied, heats the wire and, therefore, bends the Nitinol towards the inner surface of
the ear to move its contact point towards the skin, not only to enhance position maintenance, but
also to decrease impedance.

The electrodes 8, 8’ can take various forms. As describe above with regard to FIGS. 1
and 2, the user couplers can simply be a pair of electrodes. FIGS. 16 to 28, in comparison, show
two different configurations.

In FIGS. 8 and 9, an array of three electrodes 810 are provided in the conchal region 50
and a single grounding electrode 820 is provided in the auricle region 60. Any of the herein-
described signals can be provided to each of the electrodes 810, 820 to provide therapeutic
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benefit to the vagus nerve. An exemplary embodiment of the generator 900 is shown in FIG. 9.
The generator 900 includes a display 910, control buttons 920, and a surge button 930.

In FIG. 8, an array of five electrodes 810 are provided in the conchal region 50 and a
single grounding electrode (not illustrated) is provided in the auricle region 60. Any of the
herein-described signals can be provided to each of the electrodes 810 to provide therapeutic
benefit to the vagus nerve. An exemplary embodiment of the generator 900 is shown in FIG. 9.
The generator 900 includes a display 910, control buttons 920, and a surge button 930.

In embodiments where a surge button is included, the generator can give a user control
of “emergency” electrostimulation dosing. This is beneficial in instances where the individual is
experiencing an aura (i.e., a harbinger to a seizure) and the user may not have the generator
activated. By providing the surge button, even where the generator is turned off, the generator
can be programmed to allow the user to transmit a high power signal expeditiously and avert a
seizure using the surge button. Another use of the surge button occurs when the user is using the
generator actively for therapy but results are not occurring. In such a case, the user may desire a
dose of electrostimulation at higher power. The surge button affords the user the ability to
receive that dose the moment the button is pressed, serving to override the current therapy and
deliver a pre-programmed, higher dose of electrostimulation for a predetermined time. Other
processes that can be carried out with the buttons of the generator include a continuous high-
power signal to be delivered for the duration that the button is depressed. The actuation element
could be in any form, whether a button, a switch, a voice command, a touch screen input, or a
voice input. In an emergency situation, a “high dose” feature can also be activated based upon
the generator sensing some physiologic data, through a variety of sensors that can be attached to
the generator as needed (e.g., blood pressure, temperature, respiration) and the generator can
respond by activating the override if the sensors reach a pre-programmed parameter or condition.
In comparison, if the device is using one of the on-board algorithms, such as a “ramp up”
algorithm that is described below, activating the generator in a standard manner will not give an
immediate “high power signal”.

FIGS. 10 to 15, in comparison, show a transcutaneous vagus nerve stimulation system
having a VNS generator 1000 with a dockable electrode application device 1010. In this
exemplary embodiment, the electrode application device 1010 can be wireless to have the
electrodes 1012 communicate with the VNS generator 1000, for example, by Bluetooth® or Wi-
Fi. Alternatively, connectivity between the VNS generator 1000 and the two electrodes 1012 of
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the electrode application device 1010 is wired, for example, like the embodiment of FIG. 1. The
VNS generator 1000 includes a display 1120, control buttons 1122, and a surge button 1124.
The VNS generator 1000 has a docking station 1060 that, in this exemplary embodiment,
comprises a post 1062 extending from a docking block 1064. When the electrode application
device 1010 is undocked, a non-illustrated bias device (such as a spring), biases the electrodes
1012 towards one another. In such a configuration, when placed on an ear, for example as
shown in FIGS. 12, 14, and 15, the bias device compresses the two electrodes 1012 against
opposing tissue of the conchal 50 and auricle 60 regions to attach the electrodes 1012 in place for
therapeutic use. In this configuration where the electrodes 1012 are simply “button-like,” the
interior opposing surfaces of the electrodes 1012 have thereon a skin-fastening device (such as
an adhesive) so that, when placed on the ear, the button electrodes 1012 stick to the exterior
surfaces. When allowed to spring shut on the ear, the bias device forces the two electrodes 1012
towards one another to, thereby, fasten (temporarily) the electrodes 1012 on the ear until they are
to be removed. Because the force that the skin-fastening device has on the ear is greater than the
force keeping the electrodes 1012 on the electrode application device 1010, the electrodes 1012
separate from the electrode application device 1010 when the latter is moved away from the ear
as shown in FIG. 15. One benefit to this embodiment is that it eliminates that pain that is caused
by constant compression of a clipped device.

To dock the electrode application device 1010 at the VNS generator 1000, the user
moves the proximal arms 1016 of the electrode application device 1010 towards one another to
align the arms 1016 sufficiently to form a central port 1014 having an interior shaped
correspondingly to the exterior shape of the post 1062, thereby allowing the electrode application
device 1010 to be slid down the post 1062 and self-lock the electrode application device 1010 to
the VNS generator 1000 with the distal arms 1018 separated for new electrode replacement.

The configuration of the electrode application device 1010 as a scissor allows either or
both of the two sides to have more than one electrode. For example, one side can have two
electrodes and the other can have one electrode or a grounding electrode. Alternatively, both
sides can have three electrode pairs aligned with one another. Any configuration of electrodes to
place at least one of the electrodes in one of the conchal 50 or auricle 60 regions is envisioned to
supplement the embodiments described herein.

The configuration of the electrode application device 1010 is not limited to a scissor-
type clamping action. The two sides of the electrode application device 1010 can be clamshell-
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shaped and spring loaded. In such a configuration, the opposing members have a one-hand
operation for ease of placement by a user. Alternatively, the hinge can be configured like the bi-
modal hinge of clip-on earrings.

The scissor configuration of the electrode application device 1010 is a force-locking
device, as opposed to a form-locking device. The electrode application clip or Helix Cuff 1610
shown in FIGS. 16 to 18, 20 to 29, and 36 to 43, in comparison, is a form-fitting device. The
Helix Cuff 1610 has a posterior portion 1620, an anterior portion 1630, and a bridge portion
1640 connecting the posterior and anterior portions 1620, 1630. Each of the posterior and
anterior portions 1620, 1630 has a respective electrode or set of electrodes. In this exemplary
embodiment, the posterior portion 1620 has a single grounding electrode 1622 and the anterior
portion 1630 has a pair of positive electrodes 1632. Signals can be provided to the Helix Cuff
1610 either wirelessly, through a wire, or both (a wire being illustrated in FIG. 37).

Each of the posterior and anterior portions 1620, 1630 has a respective shape to fit the
anatomy of an ear. Before describing the Helix Cuff 1610 in detail, it is beneficial to discuss the
anatomy of a human ear with regard to FIGS. 3 and 17. Even though each person has his/her
own particular shape and size for each ear (and the two ears of one person are different from one
another), there is one common feature that is present on the helix of virtually every ear. In
particular, the helix curves upwards and forward in an ovular shape towards the crus of helix. As
the helix spirals downwards and then centrally inwards towards the concha, the end portion of
the crus of helix defines an axis 1700 that divides an upper portion 1710 of the rear helix from a
lower portion 1720 of the rear helix. Where the axis 1700 bisects the rear helix is a helix portion
that is substantially straight. This straight helix portion is defined herein as the central helix
1730. It is the central helix 1730 that is present in virtually all shapes of a human ear. With this
central helix 1730 discovered, the inventors shaped the Helix Cuff 1610 to fit the central helix
1730, the shape being a form-fit that retains, very comfortably, the Helix Cuff 1610 on the
central helix 1730 of a human ear. FIG. 18 illustrates the Helix Cuff 1610 placed on the central
helix 1730 and FIG. 19 illustrates a transverse cross-section of the Helix Cuff 1610 at the axis
1700.

The particular shape of the Helix Cuff 1610 facilitates attachment to an ear by
following the perimeter of natural anatomical geometries. In this way, fixation occurs in each of
the £X, =Y, and £Z axes. The Helix Cuff 1610 is generally U-shaped and surrounds the anterior
and posterior helix and antihelix. The valley 1642 of the U-shape rests up against the helix. The
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anterior portion 1630 has a first anterior curve 1830 that enters the concha and has a second
anterior curve 1832 that curves in the opposite direction of the first anterior curve 1830. The
length of the anterior portion 1620 of the U-shape can be as long as the anterior side of the helix,
the antihelix, or the concha and, in an exemplary embodiment, extends approximately 15 to 25
mm, in particular, approximately 17 mm, from the valley 1642 of the Helix Cuff 1610. The
posterior portion 1620 of the U-shape has a first posterior curve 1820 in the posterior direction to
wrap around the helix and has a second posterior curve 1822 that curves in the opposite direction
of the first posterior curve 1820. The length of the posterior portion 1620 of the U-shape can be
as long as the posterior side of the ear to touch the head 1840 behind the ear or can be a distance
therefrom, as is shown in FIG. 18. In an exemplary embodiment, the length of the posterior
portion 1620 extends approximately 10 to 20 mm, in particular, approximately 13 mm from the
valley 1642 of the Helix Cuff 1610.

The Helix Cuff 1610 has a vertical height (see FIG. 17) sufficient to have it remain
within the substantially straight central helix 1730 and is, in this exemplary embodiment,
substantially symmetric about the axis 1700. As will be described below, the Helix Cuff 1610
can be but need not be substantially symmetric about the axis 1700.

With the shape as described, movement of the Helix Cuff 1610 is restricted in every
direction once installed at the central helix 1730 of the ear. In particular and with regard to FIG.
18, movement is restricted in the direction of the +X axis by the first anterior curve 1830.
Tension of the Helix Cuff 1610 in the +X direction is borne by interior curved surface of the
anterior portion 1630 of the Helix Cuff 1610 and the anterior concha surface and/or antihelix.
Movement is restricted in the direction of the -X axis by the interior surface of most of the “U”
shape of the Helix Cuff 1610 and, primarily, by the valley 1642. Tension of the Helix Cuff 1610
in the —X direction is borne by the interior surface of the “U” shape, e.g., the valley 1642, and the
outer surface of the helix. Movement is restricted in the direction of the +Y axis by the interior
surface of the posterior portion 1620. Tension of the Helix Cuff 1610 in the +Y direction is
borne by the interior surface of the posterior portion 1620 and the posterior surface of the ear
opposite the helix and antihelix. Movement is restricted in the direction of the -Y axis by the
interior surface of the anterior portion 1630. Tension of the Helix Cuff 1610 in the -Y direction
is borne by the interior surface of the anterior portion 1630 and the anterior surface of the helix,

the antihelix, and/or the concha.
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Movement with regard to the Z axis is described with reference to FIG. 17. In
particular, movement is restricted in the direction of the +Z axis by the superior surfaces and
edges of the Helix Cuff 1610. Tension of the Helix Cuff 1610 in the +Z direction is borne by the
superior surfaces and edges on the Helix Cuff 1610 and the natural curvature of the helix and the
antihelix in the -X direction and elevation of the crus of helix and the concha in the +Y direction.
Movement is restricted in the direction of the -Z axis by the inferior surfaces and edges of the
Helix Cuff 1610. Tension of the Helix Cuff 1610 in the -Z direction is borne by the inferior
surfaces and edges of the Helix Cuff 1610 and the natural curvature of the helix and the antihelix
in the -X direction and elevation of the crus of helix and the concha in the +Y direction.
Similarly, any rotation of the Helix Cuff 1610 about the three axes is restrained by the same
principals.

With such a shape, the Helix Cuff 1610 provides many beneficial features. First, for
example, the Helix Cuff 1610 indexes to the attachment location, facilitating ease of self-
application. The attachment location of the central helix is exposed completely to the user.
Significantly, the attachment location at the central helix is a natural convergence point (e.g.,
axis 1700) for many anatomical features, such as the curves of the superior and inferior portions
of the helix, the antihelix, and the concha. The user is able to easily identify the location by
visually or tactilely following the crus of helix and the helix to helix’s central straight section.

Second, the Helix Cuff 1610 is surprisingly comfortable and, after a short time, the user
no longer feels its presence. This is because the measures for attaching the Helix Cuff 1610 to
the ear use geometric constraints without applying constant pressure on the auricular surface. As
is known, constant pressure on auricular surfaces is uncomfortable, such as the pressure exerted
by clip-on earrings. In addition, the attachment zone of the Helix Cuff 1610 resides on an
especially inactive nerve. For such a small part of the anatomy, four different sensory nerves
connect to the external ear. As shown in the diagram of FIG. 19, these nerves are (1) the greater
auricular nerve, (2) the lesser occipital nerve, (3) the auricular branch of the vagus nerve, and (4)
the auriculotemporal nerve. The greater auricular nerve is a branch of the cervical plexus. It
innervates the posteromedial, posterolateral, and inferior auricle (lower two-thirds both anteriorly
and posteriorly). The lesser occipital nerve innervates a small portion of the helix. The auricular
branch of the vagus nerve innervates the concha and most of the area around the auditory
meatus. Finally, the auriculotemporal nerve originates from the mandibular branch of the

trigeminal nerve. It innervates the anterosuperior and anteromedial aspects of the auricle. It is
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known that in the perimeter portion of the ear (sections 2 and 4) are less influential than the
portion of the ear lobe (section 1) and that the lesser occipital nerve communicates with a zone
that is less influential than the other three.

Third, the central helix is centrally situated for therapeutic target locations. As shown
in FIGS. 17, 20, and 21, the Helix Cuff’s 1610 central attachment location provides an optimum
platform for therapeutic features such as electrodes and electrode booms (illustrated
diagrammatically in FIG. 21 with lines projecting from the Helix Cuff 1610) that target strategic
stimulation points (indicated by triangles). The attachment location about the crus of helix line
(e.g., axis 1700) allows any boom(s) targeting auricular stimulation points to be short and not
rely on additional support features other than the Helix Cuff 1610 itself, as will be described in
further detail below. As the field of neuromodulation is evolving, a robust, universal platform
that can easily target a particular location in the ear, such as that described herein, is desirable.

Fourth, as shown in FIGS. 22 and 23, the Helix Cuff 1610 does not occlude the
auditory canal 2200. This means that the Helix Cuff 1610 does not inhibit placement of a
traditional audio ear bud or other auditory canal device and, as is described in further detail
below, actually provides a platform for synergistic use of the neuromodulation devices and
methods with traditional, personal, auditory transmission devices.

Finally, the Helix Cuff 1610 can be, in the exemplary embodiment illustrated,
ambidextrous. One Helix Cuff 1610 can be placed on both ears with equal comfort and ease,
independent of the particular geometries of the two ears. If a single coupler system is desired, an
ambidextrous Helix Cuff 1610 is required. In the exemplary embodiments illustrated, the Helix
Cuff 1610 is geometrically symmetric about each of the planes that are affected by right and left
ear applications. While symmetric embodiments are illustrated herein, it is equally envisioned to
customize one or more Helix Cuffs 1610 in a way that is tailored to a specific location site or to
deliver neuromodulation at a particular location.

As mentioned, the electrodes need not be located solely on the outer surfaces of the
Helix Cuff 1610. Electrode contact point(s) or surface(s) of the Helix Cuff 1610 can be located
on any surface that contacts an auricular surface. The electrodes can be only ground/negative,
only positive, or both. The shape of the electrodes can be varied, including, for example,
spherical, hemispherical, pyramidal, columnar, and contoured to anatomical curvature. With
regard to the exemplary configuration show in FIGS. 8, 24, and 25, there can be two positive
anterior electrodes 1632 each having a pyramidal shape and one posterior ground electrode 1622
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having a plate-like shape. Materials use for the electrode(s) include, for example, metals (e.qg.,
biocompatible, hypoallergenic, precious), conductive polymers, conductive composites,
conductive foams, and conductive coatings applied to a soft surface. Each of the electrodes can
be shaped to receive a conductive pad, for example, a gel pad that is single or multiuse and can
be user applied. Exterior contact surfaces of the electrodes can be textured, such as with
serrations or barbs, to increase conductivity. In an exemplary embodiment where percutaneous
connectivity is desired, the electrodes can be/have needles that pierce the surface of the skin.
The surface of the electrodes can also be optimized for applied gel retention.

Another exemplary configuration of electrodes is shown in FIG. 26, in which an array
of surface electrode plates 2600 are disposed about the interior surfaces of the Helix Cuff 1610.
Here, the electrode plates 2600 are disposed in a single line from the distal end of the interior
anterior surface to the distal end of the interior posterior surface. As desired, the electrode plates
2600 can be disposed on the exterior surfaces and the distal ends. Further, the electrode plates
2600 are illustrated as a series of plates along one single line. Each of these plates can be
divided into upper and lower (or left and right) halves in parallel (not illustrated) or they can be
asymmetrically disposed plates about any of the exterior surfaces of the Helix Cuff 1610.

The Helix Cuff can also include some force-fitting features. For example, as shown in
FIGS. 27 and 28, the Helix Cuff 2700 is, in its neutral state (FIG. 27), at a U-shape that is
narrower than the auricle 2710. When attached, as shown in FIG. 28, the Helix Cuff 2700 flexes
outwards and conforms to the geometry of the auricle 2712. Compression applied by the
strength of the cuff is maintined in a comfortable pressure range. An adjustable clamp limiter
can be implemented to limit continuing spring force from the spring clamp frame by a user
adjustable or preset physical stop to govern the clamp gap dimension or a user adjustable or
preset force limiting feature to govern clamping force. To enhance compression, if desired,
magnets can be attached to the reciprocal inner surfaces of the U-shape.

Shapes and fit can be altered by use of material. In an exemplary embodiment, the
Helix Cuff 1610, 2700 is composed of a low durometer material (e.g., between 10 and 70 on the
Shore OO scale and, in particular, between 20 and 40). Such materials can include,
thermopolymer/thermoset rubbers, foams and viscoelastic materials for example, silicone,
polyeurathane, and neoprene. Regardless of where the electrodes are placed on or at the Helix
Cuff 1610, 2700, 2900, if desired, the interior surface can be coated with a soft liner 2910, such
as that shown in FIG. 29, and, additionally or alternatively, can be combined with a Helix Cuff
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2700 that is, in its neutral state, narrower than the auricle 2710 (FIG. 30) but expands when
installed (FIG. 31) to maintain a comfortable range of pressure on the auricle. This relatively
softer liner 2910 (relatively being defined with respect to its difference from the frame of the
Helix Cuff 2700) can also have various dimensions indicative of different auricular size ranges
(e.g., small, medium, large). If desired, a user can be provided with a liner insert 2910 that best
fits the user’s ear. The sizing liner 2910 can also be rigid.

The Helix Cuffs 1610, 2700, 2900 mentioned above are of a single part. In another
exemplary embodiment, the Helix Cuff 3200 can have a two-part (e.g., clamshell) configuration
3210, 3220 that is connected together by a hinge 3230. In alternative embodiments, the Helix
Cuff 3200 can be composed of a rigid frame 3210, 3220 with the central hinge 3230, an inner
liner 3240, and reciprocal magnets 3250 to clamp the frame parts 3210, 3220 onto the auricle.
The hinged frame 3210, 3220, 3230 can also contain a non-illustrated adjustable stop to limit the
magnetic clamping force. Alternatively, the hinged frame 3210, 3220, 3230 can be a “floppy”
unhinged component that uses the magnets 3250 to clamp onto the auricle.

An alternative to the hinge is a multi-modal spring clamp analogous to a clip-on
earring. In such a configuration, the multimodal spring clamp is in a locked open position.
When placed into an intermediate spring closing position, a spring closure takes over and presses
the two halves into a closed position. Such a configuration aids in indexing and attachment onto
an auricle. The multi-modal spring claim can be closed to a stop to limit compression or to
continuously apply compression on the auricle.

As mentioned herein, for example with regard to FIG. 21, electrodes can extend away
from the main body of the Helix Cuff 1610, 2700, 2900, 3200 to contact various vagus nerve
stimulation locations within the ear, in particular, within the concha and ear canal. Such
electrodes can be integral with or removably added to the main body of the Helix Cuff 1610,
2700, 2900, 3200. Electrode booms can be disposed directionally in all planes to satisfy
connection direction between the Helix Cuff and a target location for neuromodulation.
Electrode booms generally contain three main features: a structural member or beam, an
electrical conduit, and an end effector (e.g., an electrode and/or a sensor). These features can be
combined into a single part and that part can be integral with or removably connected to the
Helix Cuff.

FIGS. 36 to 39, for example, illustrate one exemplary embodiment of a Helix Cuff 3600
with an electrode boom assembly 3610 comprised of an electrode 3612, an electrode connector
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3614, and an electrical conduit 3616 conductively connecting the electrode 3612 to the generator
(through an electronic conduit 3718) or to a contact at the Helix Cuff 3600 that is, in turn,
connected to the generator 3720, which is shown only diagrammatically. The electrode boom
assembly 3610 is used to target specific stimulation locations and/or to sense a particular position
on the anterior or posterior surface of the auricle.

The electrode connectors 3614 shown in FIGS. 36 and 37 are rigid beams having a
particular shape. In an alternative embodiment, the electrode connectors can be a flex spring
3814 having a natural position that interferes with the auricle when the Helix Cuff 3600 is
installed. Such a configuration flexes to comply with auricular geometry. The electrode
connector 3814 can be of shape memory and super elastic, for example. In another alternative
embodiment, the electrode connectors 4014 can be connected to the Helix Cuff 3600 by a spring
pivot hinge comprising a pivot 4000 and a spring 4002. The spring 4002 provides a force to
press the contact point of the electrode 4012 to the surface of the auricle.  The electrode
connector 4014 can be locked in open position, can continuously provide a force, and/or can
have an adjustment device to limit the applied force. The beam of the electrical connector 4014
can be rigid or it can flex. In the latter case, the flexing beam can provide the force-limiting
feature. The hinge point of the pivot hinge can be a lockable universal joint. The electrical
connector 4014 need not be a beam. It can be a flexing wire lead with an electrode(s) at its
end(s). Likewise, the electrode conduit can be a wire or conductive support member. Further,
the electrode connector 4014 can be surface conforming, of a soft foam rubber extension of the
Helix Cuff that contours to targeted auricular surface.

In an exemplary embodiment that can be applied to all instances where an electrode
boom is desired, any version of the Helix Cuff 1610, 2700, 2900, 3200, 3600 can be provided
with insertable boom members 4200, 4210, 4220, examples of which are diagrammatically
shown in FIG. 42. These are not the only shapes for the boom, and variations are equally
possible. Explanation of the first exemplary boom member 4200 is made and is equally
applicable to every configuration of a boom member. The boom member 4200 comprises a
distal electrode 4202, a boom 4204, and a contact stub 4206. The entire boom member 4200 can
be electrically conductive or a non-illustrated internal conductor can connect the conductive
distal electrode 4202 to the proximal end surface of the contact stub 4206, at which is a
conductor 4208 for receiving the signal. The boom members 4200, 4210, 4220 connect
conductively to the Helix Cuff 1610, 2700, 2900, 3200, 3600 through blind holes 4240 that are
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disposed anywhere on the outside surfaces of the Helix Cuff 1610, 2700, 2900, 3200, 3600.
Exemplary locations for the blind holes 4240 are illustrated in FIG. 42, although many other
locations are possible. What is relevant is that the blind holes 4240 be disposed at the surface of
the Helix Cuff 1610, 2700, 2900, 3200, 3600 (e.g., orthogonally or at an angle thereto) to place
the distal electrode 4202 at a treatment location on the tissue to be treated (e.g., at the locations
shown in FIGS. 33, 34, 50). Thus, for example, the blind holes 4240 can be disposed on any of
the surfaces of the posterior portion 1620, anterior portion 1630, bridge portion 1640, or on the
inferior, superior, and/or edge surfaces, as shown in FIG. 42. These blind holes 4240 can have
an electrically conductive interior surface that makes electric contact with any portion of the
outer surface of the contact stub 4206 or they can have a distal conductor disposed at the bottom
surface of the blind hole 4240 (e.g., a protrusion in the shape of a pyramid or hemisphere).

Because the Helix Cuff 1610, 2700, 2900, 3200, 3600 does not interfere with the
auditory canal, any standard set of earbuds can be used at the same time. The earbuds can be
entirely separate from the Helix Cuff 1610, 2700, 2900, 3200, 3600 or they can, as shown in
FIG. 43, removably attached to the Helix Cuff 1610, 2700, 2900, 3200, 3600. In particular, an
earbud retention device 4300 is part of or removably attached to the Helix Cuff 1610, 2700,
2900, 3200, 3600. Earbud restraint is a known disadvantageous issue with simple earbud
designs. By attaching the earbuds 4310 to the Helix Cuff 1610, 2700, 2900, 3200, 3600 (e.g.,
removably), earbud restraint issues are eliminated.

The embodiment of the electrode application clip 1610 of FIGS. 16 to 18, 20 to 26, 29,
and 36 to 43 is connected to the ear only by a form-fitting connection. In contrast, the electrode
application clip 4410 of FIGS. 44 to 49 is connected to the ear by both a form-fitting and force-
fitting connection. More specifically, the interior shape of the both the outer and inner portions
4420, 4430 have approximately the same interior shape of the outer and inner portions 1620,
1630. The outer portion 4420 is, in this exemplary embodiment, one piece and has an inner
electrode 4422 (e.g., ground/negative). The inner portion 4430 in this embodiment, however, is
not one piece and is not fixed. Two outer arms 4434 each have a respective positive electrode
4432 and each are independently connected pivotally to the bridge 4440. The pivoting
connection can be provided by an interior axle about which the arms pivot or can be provided by
protrusions/depressions that are present but not illustrated between the proximal ends of each
arm 4434 and the interior surfaces of two slots 4442 present at the bridge 4440, one for each of

the arms 4434. Openable closeability of the arms 4434 can be provided merely from friction of



10

15

20

25

30

45

the opposing elements themselves (which can be dependent upon the material(s) of the arms
4434 and the slots 4442 of the bridge 4440) or it can be provided by separate devices present
within the arms 4434 or within the bridge 4440. Such closing devices can include springs or
pivots, for example, that bias the arms 4434 in the closed position, shown in FIG. 47. As each of
the arms 4434 can close down upon the ear independently, customized placement and well as
customized comfort can be achieved. For example, as shown in FIG. 49, only one of the arms
4434 can be closed and used during therapeutic treatment if desired. FIG. 49 illustrates the
process of clipping the electrode application clip 4410 to an ear. First, the outer portion 4430 is
placed against the rear/posterior surface of the ear and then the two arms 4434 are moved to
place the inner surfaces of the arms 4434 against the concha of the ear.

Electrodes are not limited to placement or extension within the concha of the ear.
Electrodes can be placed at other portions at or around the ear as well. As shown in FIGS. 50
and 51, the Helix Cuff 1610, 2700, 2900, 3200, 3600 is provided with two electrode booms 5010
(comprising an electrode 5012, an electrode connector 5014, and a non-illustrated electrical
conduit). The booms 5010 extend across the tragus to touch a temporal location near or at the
area of the trigeminal nerve.

As set forth above, the central helix is one beneficial location for providing an electrode
stimulation clip, such as the Helix Cuff. Other areas of the ear are also beneficial locations for
providing an electrode stimulation clip. One exemplary alternative embodiment is shown in
FIGS. 52 to 55, in which the electrode stimulation clip is a Tragus Cuff 5200. All of the features
of the Helix Cuffs described herein are equally applicable to the Tragus Cuff 5200. This means,
for example, that the Tragus Cuff 5200 can be a form fit to a shape of a person’s tragus or can be
a form and force fitting shape for the tragus. Electrodes can be placed on the Tragus Cuff 5200.
In the exemplary configuration illustrated in FIGS. 52 to 55, electrodes on the interior sides of
either the anterior 5210 or posterior 5220 portions of the Tragus Cuff 5200 can be used to deliver
electrostimulation to the temporal region and/or to the trigeminal nerve. Shown in FIG. 55, for
example, is a plate-type electrode 5510 on the posterior side of the tragus near the auditory canal.
Similarly, electrodes extend from the Tragus Cuff 5200 on booms 5610 or other extension
features, such as those illustrated in FIGS. 56 and 57, for example.

Another exemplary alternative embodiment is shown in FIGS. 58 and 59, in which the
electrode stimulation clip is a Lobe Cuff 5800. All of the features of the Helix Cuffs described
herein are equally applicable to the Lobe Cuff 5800. This means, for example, that the Lobe
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Cuff 5800 can be a form fit to a shape of a person’s ear lobe or can be a form and force fitting
shape for the ear lobe. Electrodes (not illustrated) can be placed on the Lobe Cuff 5800. In the
exemplary configuration illustrated in FIGS. 58 and 59, electrodes on the interior sides of either
the anterior 5810 or posterior 5820 portions of the Lobe Cuff 5800 can be used to deliver
electrostimulation to the ear lobe, to the temporal region, to the trigeminal nerve, and/or to the
concha. Similarly, electrodes can extend from the Lobe Cuff 5800 on booms or other extension
features, for example.

Still a further exemplary alternative embodiment is shown in FIGS. 60 and 61, in which
the electrode stimulation clip is a Superior Helix Cuff 6000. All of the features of the Helix
Cuffs described herein are equally applicable to the Superior Helix Cuff 6000. This means, for
example, that the Superior Helix Cuff 6000 can be a form fit to a shape of a person’s superior
helix or can be a form and force fitting shape for the superior helix. Electrodes (not illustrated)
can be placed on the Superior Helix Cuff 6000. In the exemplary configuration illustrated in
FIGS. 60 and 61, electrodes on the interior sides of either the anterior 6010 or posterior 6020
portions of the Superior Helix Cuff 6000 can be used to deliver electrostimulation to the helix
and/or to the concha. Similarly, electrodes can extend from the Superior Helix Cuff 6000 on
booms or other extension features, for example.

Further exemplary embodiments include headphone-like or earbud devices that have
integrated electrodes, with or without an independent power source, that, when the
headphones/earbuds are connected to the audio source, such as a smartphone, that audio source
has a software application serving as the user interface and signal generator. But, these devices
need not be solely purposed as neurostimulators. The earbuds/headphone can also be dual-
purpose devices where the earbuds and connected smartphone act as both an audio device and as
a neurostimulator device. Various exemplary embodiments of such devices are depicted in
FIGS. 43, 62 to 66, 67 to 72, 81 to 135, 142, 143, and 161 to 168.

First, FIGS. 62 to 65 show a dual-purpose headphone and electrostimulation device
6200 with an attached generator and controller 6210 and user coupler integrated into the ear
contact ring 6220. The ear contact ring 6220 is traditionally foam or soft material and covers
most of the auricle and can house single electrode arrays or electrode pair arrays. Electrodes
6510 can protrude from or be shaped surfaces on the ear contact ring 6220 with conductive-
coated areas 6512 or rigid conductive components. Additionally, a compliant or rigid contouring
electrode carrier 6230 (for ground or a reciprocal polarity) is shown on the posterior side of the
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auricle. The power source between headphone and the electrostimulation generator can be
shared.

An alternative exemplary embodiment shown in FIG. 66 is an over-the-ear electrode
device 6600 that does not have integrated speakers (although addition of speakers is an option).
This electrode device 6600 has an ear cuff 6602 that positions the positive electrode(s) 6614
disposed at a distal end 6610 within the concha (see the transparent distal end of the ear cuff
6602 in FIG. 66) and the negative or grounding electrode(s) 6630 on a surface of a proximal end
of the ear cuff 6602 behind the ear. The ear cuff 6602 can be of soft silicone defining an
electrode supply conduit, which conduit can be malleable to provide stiffness and/or shape
forming features. The form fit of the curved ear cuff 6602 provides sufficient force to keep the
electrodes 6614, 6630 in contact with the ear surfaces and sufficient resistance to prevent the ear
cuff 6602 from moving about the ear. For example, when the signal supply conduit 6650
becomes tangled or is pulled or jerked, those forces are absorbed by the ear and not by the distal
portion of the ear cuff 6602 that houses the electrode 6614. Nonetheless, additional securing
devices can be provided. For example, a magnetic device pair can be place with one part (not
illustrated) on the distal end 6610 having the positive electrode(s) 6614 and the other part
opposing the first part on the proximal end of the cuff 6602. For example, the negative electrode
6630 can also be the second magnetic part. It is noted, thereby, that the embodiment of FIG. 66
illustrates the property of utilizing the curve of the ear to accept and hold all forces imparted by
the environment on the signal supply conduit 6650 that would tend to move the electrodes or the
electrode devices away from the intended stimulation targets, for example, as depicted by arrow
A in FIG. 69. This configuration for the signal supply conduit is equally applicable for any of
the non-wirelessly supplied electrode device configurations described herein, including but not
limited to each of the Helix Cuffs 1610, 2700, 2900, 3200, 3600, 4410, 5200, 5800, 6000 and to
each of the earbuds 8130, 9130, 9430, 9510, 10060, 11660, 12460, 13260, 14242, 16100, 16500.

FIGS. 67 to 70 illustrate various embodiments of dual-purpose earbud/neurostimulator
devices. The first exemplary embodiment of a dual-purpose earbud/neurostimulator device 6700
is shown in FIGS. 67 and 68. Here, the central audio speaker is not shown for purposes of
clarity. The earbud base 6730 houses an external positive electrode 6710 that surrounds at least
a portion of the outside surface of the base 6730 for secure adhesion and, in particular, places the
positive electrode 6710 in direct contact with the conchal region 50 of the ear. Behind the ear, in
the auricle region 60, is a negative or ground electrode 6720. These two electrodes can be
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connected together by a non-illustrated clip or other device that wraps around the helix of the ear
or they can have corresponding magnetically coupling counterparts. Supply leads 6740, for both
electrodes and the speaker of the earbud, are shown diagrammatically in FIG. 67 with dashed
lines.

A second exemplary embodiment of a dual-purpose earbud/neurostimulator device
6900 is shown in FIGS. 69 and 70. Again, the central speaker is not shown for purposes of
clarity. The earbud base 6930 houses a set of external positive electrodes 6910 that surrounds at
least a portion of the outside surface of the base 6930 for secure adhesion and, in particular,
places at least one of the positive electrodes 6910 direct contact with at least one portion of the
conchal region 50 of the ear. Behind the ear, in the auricle region 60, is a negative or ground
electrode 6920. The front and rear electrodes can be connected together by a non-illustrated clip
or other device that wraps around the helix of the ear or they can have corresponding
magnetically coupling counterparts. Supply leads 6940, for both electrodes and the speaker of
the earbud, are shown diagrammatically in FIG. 70 with dashed lines.

A further exemplary embodiment of a dual-purpose earbud/neurostimulator device
7100 is shown in FIGS. 71 and 72. The central speaker 7102 is shown in FIG. 71 but is removed
for purposes of clarity in FIG. 72. This exemplary embodiment is similar to the embodiment
shown in FIGS. 69 and 70 except for the addition of an electrode extension 7132 extending to the
conchal region 50, which extension 7132 placed a/another positive electrode 7110 thereon with a
bias force, for example, from the curved shape of the extension 7132. Also provided is a
corresponding negative/ground electrode 7220 disposed at the auricle region 60 of the ear.

FIG. 73 illustrates a user coupler 7300 including a first body 7330 holding a magnetic
component as well as an electrode 7310 that serves as the electrically positive contact point at the
conchal 50 region of the ear. Additionally, there is a least one other magnetic electrode 7320
serving as the ground or electrically negative point that tracks through a non-illustrated conduit
and back to the generator to complete the circuit. The electrode 7320 is placed at the auricle 60
region of the ear. At least one of the electrodes contains a magnet and the other of the electrodes
contains ferrous material or an oppositely charged magnet allowing the electrodes to be in
reciprocal positions on or about the skin such that the target structure to be stimulated is within
the electromagnetic field generated by the signal generator. By turning the screw 7332 attached
to the magnet 7334, a distance between the magnetic attraction point is decreased or increased,

thereby adjusting clamping force tight or loose against the ear.
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As described above, application of neurostimulation to an auricle can occur in various
ways. Electrode arrays can be placed on anterior or posterior auricular surfaces, for example.
The three configurations 7400, 7500, 7600 for electrodes illustrated in FIGS. 74 to 76 are a
subset of some basic configurations for electrode arrays. In particular, in the first exemplary
configuration 7400 in FIG. 74, one or more electrodes are placed in the concha and a grounding
electrode is placed at another portion of the user’s body, for example, at the posterior side of the
auricle. In the second exemplary configuration 7500 in FIG. 75, both positive and negative
electrodes (or electrode arrays) are placed in the concha. In the third exemplary configuration
7600 in FIG. 76, one or more electrode pairs are placed in the concha and scapha.

FIGS. 77 to 80 show an exemplary embodiment of a user coupler in a packaged state.
Even though this user coupler is similar to the embodiment illustrated in FIGS. 50 and 51, the
configuration of packaging 7700 illustrated herein is applicable to all of the various user coupler
embodiments described herein. The user coupler is fixed to the packaging 7700 by an
attachment device 7710, such as a scale model of an ear or other target anatomy. Benefits of this
attachment device 7710 include a complete constraining of the user coupler to protect it from
transportation damage with a simultaneous instruction to the user of a correct target location, as
well as to show what a correct application of the user coupler should look like. The packaging
7700 can be fully or partially clear to provide the consumer with an unobstructed view of the
user coupler as well as the ear model 7710. One or more of the features of the systems and
methods described herein, such as audio-synchronized pulsing lights, can be activated (for
example by a power module 8010 having an on/off switch 8011) while the user coupler is in the
packaging 7700. Another exemplary feature of the packaging 7700 is that the attachment device
7710 can also be a user coupler storage dock and/or charging dock when not in use.

Other exemplary embodiments of a dual-purpose earbud/neurostimulator device move
neuromodulation into the ear canal. Such devices take advantage of the fact that the vagus nerve
and branches thereof are close to and at the inner surfaces of the ear canal. By placing electrodes
inside the ear canal, more direct access to the vagus nerve becomes possible. Various
configurations of such devices are first shown in FIGS. 81 to 92.

With these characteristics in mind, reference is first made to FIG. 81 to 84. In FIG. 81,
a dual-purpose earbud/neurostimulator device 8100 is shown in an exploded view and FIG. 82
shows the parts in their assembled form. At the center is an electrode and audio platform 8102.
The platform 8102 has a body 8104 that is relatively stiff as in other typical earbud devices. The
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body 8104 can be made of, for example, polycarbonate, polyethylene (LDPE), high density
polyethylene (HDPE), polypropylene (PP), polystyrene (PS), polyvinyl chloride (PVC), and
Polytetrafluoroethylene (PTFE). The body 8104 houses the electronic components of the device
8100. In particular, an internal audio speaker 8106 is aligned to project sound through an audio
canal 8108 and out to the user when the device 8100 is placed in the user’s ear canal. The audio
canal 8108 can be of any acoustically beneficial shape and is shown only diagrammatically in
FIGS. 81 and 82 with dotted lines. The audio speaker 8106 has electrical connections 8110 that
extend back to the generator and/or audio device through a cable 8112, diagrammatically shown
with dashed lines. Audio signals are transmitted through the electrical connections 8110 from
the generator and/or audio device as these can be separate or integral components. The body
8104 also contains positive and negative/ground electrode supplies 8114, 8116 that electrically
connect to the generator though stimulation supply lines 8118. In the exemplary embodiment,
the positive and negative/ground electrode supplies 8114, 8116 have bias devices that allow
movement of the physical electrical connection portion towards and away from a central
longitudinal axis of the body 8104. These bias devices are shown diagrammatically in FIGS. 81
and 82. By applying an outward bias, the outer electrical connection surfaces are assured to keep
contact with their respective counterparts on the insert 8120, which is slipped onto the sound
canal stub 8105 of the body 8104.

Even though the insert 8120 can be integral with the relatively soft ear piece 8130 or
integral with the body 8104, it is separate in this exemplary embodiment. The insert 8120 is
hollow and has an interior cavity shaped to fit snugly on the sound canal stub 8105 of the body
8104. The insert 8120 has circumferential positive and negative connection bands 8122, 8124
each having an interior surface that is electrically conductive and, when the insert 8120 is
installed on the stub 8105, respective electrical connectivity is established between the interior
surface of each band 8122, 8124 and the electrode supplies 8114, 8116. If desired, the bands
8122, 8124 can be collinear with the interior surface of the insert 8120 or they can be offset,
either inwards or outwards, to form a positive removable connection between the electrode
supplies 8114, 8116 when connected together. The bands 8122, 8124 have a respective
electrically conductive exterior surface that insulated from one another. This electrically
conductive exterior surface also can be offset, either inwards or outwards. The exterior offset
can be offset in the same direction as the interior surface or it can be opposite the offset of the

interior surface so that there are either rings extending outwards from both surfaces of the insert
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8120 or there are grooves extending inwards from each inner and outer surface. The distal end
of the insert 8120 has an audio port 8126 that permits passage of audio sound. The insert 8120 is
made of a material that can easily create the circumferential electrically conductive bands 8122,
8124 and keep them electrically isolated and insulated from one another. For example, the insert
is of pvc, rubber, PEEK, or latex.

The outermost part of the device 8100 is the ear piece 8130, sometimes referred to as an
earbud. As with conventional ear pieces, the ear piece 8130 is soft to be comfortable when
inserted within the ear canal of a user. Thus, the ear piece 8130 is relatively softer than the body
8104. The ear piece 8130 defines an inner cavity 8132 into which the insert 8120 is placed when
in use. The inner cavity 8132 has a corresponding shape to the exterior of the insert 8120 and, in
an exemplary embodiment, is sufficiently tight to prevent the ear piece 8130 from falling off of
the insert 8120 or the body 8104 when in use. In an exemplary embodiment, the softness of the
ear piece 8130 is such that the inner cavity 8132 can stretch a little to be press-fit over the insert
8120 when the insert 8120 is on the stub 8105 and that stretch acts as a bias to retain both the
insert 8120 and the ear piece 8130 on the body 8104. The ear piece 8130 is formed with a sound
channel 8134 that permits audio from the speaker 8106 to exit and pass through to enter the
user’s ear canal. The inner cavity 8132 contains positive and negative/ground connection areas
8136, 8138 at the inner surface thereof to electrically contact the exterior surfaces of the bands
8122, 8124 on the insert 8120 when the ear piece 8130 is installed thereon. The connection areas
8136, 8138 can be simple printed electrical pads or rings or can be more complex, such as pogo
pins. In any embodiment, the connection areas 8136, 8138 pass through the material of the ear
piece 8130 and exit to the exterior surface 8139. The ear piece 8130 is made of a material that
can have electrical connections on the inner surface of the inner cavity 8132, can pass from the
inner cavity 8132 through the material and to the exterior surface 8139, and can extend over an
area on the exterior surface 8139 of the ear piece 8130. The connection areas 8136, 8138 in FIG.
81 are shown as inwardly extending, even though this is diagrammatic. As an alternative to
inwardly extending areas, the areas can be collinear with the surface or they can extend inwardly
as protrusions away from the surface of the inner cavity 8132. If the protrusions are soft as well
as being the conductive connection areas 8136, 8138, then the protrusions can act as bias
measures to press against the bands 8122, 8124 and, thereby, maintain electrical connectivity.

Neuromodulation electrodes on the exterior surface 8139 of the ear piece 8130 can take
any form. One exemplary embodiment is shown in FIG. 83, in which there are two pairs of
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connection areas 8136, 8138, each having a positive and a negative/ground. Other exemplary
embodiments are shown in FIGS. 84 to 90. In FIG. 84, there is one pair of connection areas
8136, 8138, each in the form of strips. In FIG. 85, the connection areas 8136, 8138 are many,
are in the form of circular pads, and are spread out over the entirety of the exterior surface of the
ear piece 8130. In FIG. 86, the connection areas 8136, 8138 are in the form of longitudinal strips
circumferentially spread out over the entirety of the exterior surface of the ear piece 8130, with
the number of the connection areas 8136, 8138 being different. Here, the number of positive
electrode areas 8136 is greater than the number of negative/ground electrode areas but they can
be reversed. In FIG. 87, the connection areas 8136, 8138 are in the form of circumferential rings
or bands alternating from the base to the tip on the exterior surface of the ear piece 8130, with
the number of the connection areas 8136, 8138 being different. Here, the number of positive
electrode areas 8136 is greater than the number of negative/ground electrode areas but they can
be reversed. In FIG. 88, the connection areas 8136, 8138 are in the form of small longitudinal
strips circumferentially spaced around the exterior surface of the ear piece 8130. The number of
the connection areas 8136, 8138 are shown as being different but they can be the same in number
or can be any number of each. In FIG. 89, there is one pair of connection areas 8136, 8138, each
in the form of a triangle. Finally, in FIG. 90, there are pairs of strip-shaped connection areas
8136, 8138 around the circumference of the ear piece 8130, each pair having one positive
between two negative/ground. It is noted that each of the exemplary embodiments of the
neuromodulation electrodes shown on the exterior surface 8139 of the ear piece 8130 shown and
described herein is merely exemplary. The electrodes can be in any shape or number.

The ear piece 8130 and the body 8104 connect in a so-called pin-and-bore form fit.
Another exemplary embodiment for connecting these two parts is shown in the diagrammatic
representations of FIGS. 91 to 93. The body 9104 is similar to the body 8104 except there is no
stub 8105. Instead, the body 9104 has connection ports 9106 into which connectors 9132 of the
ear piece 9130 are removably inserted. FIG. 92 shows a single direction connection in which the
connectors 9132 insert longitudinally directly into the connection ports 9106 to removably hold
the ear piece 9130 to the body 9104 (e.g., with a press-fit). FIG. 93, in contrast, shows a multi-
direction connection in which the connectors 9132 first insert longitudinally into the connection
ports 9306 and, then, the ear piece 9130 is twisted (here, counterclockwise) to permit the distal
head of the connectors 9132 to be captured within tracks 9308 of the connection ports 9306,
similar to a bayonet mount. If the heads of the connectors 9132 form the electrical connection
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between the electrode supplies 8114, 8116 of the body 9104 for delivering the neuromodulation
signals, then this connection mechanism provides a very stable and positive electrical connection
while, at the same time, allows the user to rotate the ear piece 9130 with respect to the body 9104
to better align the external electrodes (not illustrated) with the person’s unique vagus nerve
anatomy at the ear canal. It is noted that the removable connection between the body 9104 and
the ear piece 9130 can take any form and, therefore, the connection therebetween is not limited
to the exemplary embodiments shown and described. It is noted that many of the parts of the
body 9104 and the ear piece 9130 that are similar to the embodiment of FIGS. 81 to 83 have not
been described or shown for clarity, but the descriptions are equally applicable.

FIG. 94 illustrates another exemplary embodiment of the ear piece for the
earbud/neurostimulator device. This ear piece 9430 is one that protrudes further into the ear
canal and provides an improvement in the sealing of the outer surface of the ear piece 9430 to the
surface of the ear canal due to the staggered umbrella shapes. With the increased sealing of the
ear canal to the outer surfaces of the ear piece 9430, this configuration of the ear piece 9430 can
be used in moist or wet environments, such as when swimming or bathing.

FIGS. 62 to 65 illustrate an over-the-head configuration of a neurostimulator device
6200. In that embodiment, the ear contact ring 6220 cups over most or all of the ear. The ear
contact ring 6220 can be replaced with ear pieces on either side. FIGS. 95 to 97 illustrates such
an embodiment of a neuromodulation device 9500 with a C-shaped headband 9502 having distal
ends. An earbud/neurostimulator device 9510 is placed at one or both of the distal ends of the
headband 9502. When worn, each of the earbud/neurostimulator devices 9510 fits into a
respective ear canal of a user. Each of the earbud/neurostimulator devices 9510 in FIG. 95 has
electrode contacts 8136, 8138 for delivering neurostimulation to both ear canals. While
electrode contacts 8136, 8138 are shown on both of the earbuds, only one of the earbuds can
have the electrode contacts 8136, 8138 in a desirable alternative exemplary embodiment.
Neurostimulation signals are provided to the earbud/neurostimulator device(s) 9510 through a
cable 8112. The neurostimulation device 9500 can be worn about the back of a user’s head as
shown in FIG. 97 or it can be rotated about the axis between the user’s ears to place the
headband under the user’s chin (not illustrated). Beneficial to this embodiment of the
neurostimulation device 9500 is that the headband can be of a material with spring-back
properties such that, when the C-shape of the headband 9502 is opened to fit on the user’s head,
the spring-back of the C-shape provides an inwardly directed force on the
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earbud/neurostimulator device 9510 to press it into the ear canal and improve contact of the
electrode contacts 8136, 8138 with the inner surfaces of the ear canal.

While the material of the headband 9502 can flex or be of a spring-back nature,
mechanical devices can also be employed to press the distal earbud/neurostimulator device
against and into a user’s ear canal. One exemplary headband neurostimulation device 9800 is
shown in FIG. 98, in which a headband 9802 includes pivot points 9804 at which a flex bar 9806
is mounted. The midpoint of the headband 9802 has a threaded throughbore in which is threaded
an adjustment screw 9808. As such, when the screw 9808 is tightened, it presses against the
centerpoint of the flex bar 9806, moving the centerpoint of the headband 9802 away from the
flex bar 9806 and, thereby, causing the two earbud/neurostimulator devices 9510 to move
towards one another. As headbands that wrap around a user’s head are large and not easily
stored, the headband 9802 can be provided with fold points 9810 that retain the shape of the
headband 9802 when moved outwards as shown but also allow the distal ends to rotate and fold
inwards for easy storage when removed from a user’s head. Other portions of the headband
neurostimulation device 9800 are similar to the exemplary embodiments described herein and
are, therefore, not repeated.

Similar functions can be accomplished by the embodiment of the headband 9902 shown
in FIG. 99. This headband 9902 has a main body 9904 having two outwardly projecting arms
9906 and a center point at which is located a spindle holder 9908. A hollow spindle 9920 is
mounted in the spindle holder 9908 in a freely rotatable manner such that opposing cams 9922
threaded into the hollow of each of the opposing sides of the spindle 9920 can move inwards and
outwards together as the spindle 9920 is spun in either direction. The distal ends of the cams
9922 are each connected to a first end 9932 of a pivot bar 9930, which pivot bar 9930 is pivotally
connected to a respective distal end of an arm 9906 at a pivot point 9910. In such a
configuration, as the cams 9922 are moved inwards, the first end 9932 moves towards the
spindle 9920 and the second end 9934 moves away from a centerline 9901 of the headband 9902.
When the spindle 9920 is spun in the opposite direction, the cams 9922 move outwards and the
second ends 9934 close and move towards the centerline 9901.

The earbud embodiments shown in FIGS. 81 to 99 are just a few exemplary
configurations for providing electrostimulation to the ear canal. The configuration of FIGS. 81
to 83 and 91 to 93 envision earbuds that can be utilized as stand-alone earbuds without
headbands or they can be used with headbands, such as those illustrated in FIGS. 95 to 99. The
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general concept of the stand-alone electrostimulation earbuds is to provide a speaker in a housing
that cooperates with an earbud having external electrical contacts to deliver electrostimulation to
the surface of the ear canal while providing acoustic signals (such as music, white noise, an
audio book, auditory pre-set patterns, and the like) into the ear canal through an acoustic delivery
channel or port. Exemplary embodiments of stand-alone electrostimulation earbuds are shown
starting with FIG. 100.

FIG. 100 depicts a first exemplary embodiment of a stand-alone electrostimulation
earbud 10000. Starting from the bundle of electrical leads, including two 8110 for the speaker
and two 8118 for the electrostimulation signal, a strain relief 10010 guides the leads into a
speaker housing 10020 and is fixed within an entry port 10022. The speaker housing 10020 is
semi-rigid and can be made of plastic, for example, ABS. The speaker housing 10020 can be 3D
printed if desired and forms an encasement for a device that holds a speaker therein. In
particular, an internal hollow of the speaker housing 10020 receives a speaker housing stud
10030, in which is held a speaker assembly 10040. The exemplary embodiment of the speaker
housing stud 10030 shown in FIG. 100 is shaped to hold a rectangular cuboid speaker assembly
10040, such as the Sonion 2356, which is about 11 mm to 12 mm in maximum width. Thus, the
outer diameter of the speaker housing 10020 can be as little as about 14 mm. The speaker leads
8110 pass through the interior of the speaker housing 10020 and are electrically connected to the
speaker assembly 10040. Connection of the electrostimulation leads 8118 will be explained
below. Finally, the rear of the speaker housing 10020 can be shaped to provide a space for a
decal or sticker 10070 printed with a trademark thereon or the space can form the logo itself, for
example, by raised bosses or lowered channels, which logo can be back lit by, for example, an
LED that pulses and/or changes colors with the electrostimulation signal.

When installed at the speaker housing 10020, the speaker housing stud 10030 has a
flange 10032 that, together with the strain relief 10010 and the speaker assembly 11040,
substantially seal off the interior of the speaker housing 10020 from the environment. At its rear
side, the speaker housing stud 10030 has a speaker encasement 10031, best shown in FIG. 101,
that securely holds the speaker assembly 10040 at the speaker housing stud 10030. At its front
side, the speaker housing stud 10030 has a core-assembly stud 10034. The core-assembly stud
10034 has various features. First, sound from the speaker assembly 10040 needs to be
communicated to the user. In the particular exemplary embodiment of FIGS. 100 to 103, the
interior hollow of the core-assembly stud 10034 forms a sound channel that communicates sound
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from the speaker assembly 10040 to the user’s inner ear. A second feature holds an earbud core
assembly 10050 to the core-assembly stud 10034 when the earbud core assembly 10050 is
connected thereto. In the particular exemplary embodiment of FIGS. 100 to 103, the core-
assembly stud 10034 has a split mushroom end 10036 that is able to compress inwards when the
earbud core assembly 10050 is being installed thereon and then spring outwards when the
surface of interior bore 10052 of the earbud core assembly 10050 enlarges. The enlarged
diameter portion 10054 of the interior bore 10052 of the earbud core assembly 10050 can be seen
in the right side of FIG. 101 and in FIG. 103 and the split mushroom end 10036 is shown seated
in that expanded area in FIG. 102. A third feature of the core-assembly stud 10034 clocks the
earbud core assembly 10050 to a pre-set installation orientation. In the particular exemplary
embodiment of FIGS. 100 to 103, the core-assembly stud 10034 has at least one clocking ridge
10038 and, preferably, two clocking ridges 10038 on opposing sides of the core-assembly stud
10034. This clocking feature will be described in further detail below.

The flange 10032 has two electrical contacts that provide an electrical conduit for
electrostimulation arriving through the electrostimulation leads 8118. As will be explained in the
embodiments herein, this conduit can take various forms. One exemplary configuration for the
electrostimulation leads 8118 shown in FIGS. 100 to 103 is an electrically conductive bore or via
10033 on the earbud (or front) side of the flange 10032. Each lead 8118 is connected to the bore
10033 at the rear side of the flange 10032 in any way, for example, by soldering or press-fitting.
On the opposite side of the flange 10032, the bore 10033 provides an orifice in which a
conductor is slidably received.

The earbud core assembly 10050 is semi-rigid and can be made of plastic, for example,
ABS. The earbud core assembly 10050 can be 3D printed if desired and forms the structural
support for the earbud 10060. The earbud core assembly 10050 also has various features. First,
the central bore 10052 receives the core-assembly stud 10034 therein. The expanded portion
10054 is located at distal end of the central bore 10052 such that, when the core-assembly stud
10034 is temporarily locked therein, the distal end of the core-assembly stud 10034 does not
protrude from the distal end of the earbud core assembly 10050. Although, if desired, the distal
end can protrude therefrom. It is noted that the earbud 10060 is most likely a disposable part
and, therefore, is envisioned to be replaced (although it can be reusable). Thus, it must be able to

be removed from either or both of the speaker housing stud 10030 and the earbud core assembly
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10050. If desired, the earbud core assembly 10050 can also be disposed along with the earbud
10060 or it can be retained for use with a replacement earbud 10060.

The earbud core assembly 10050 also has a set of electrostimulation conductors 10056
that, in this exemplary embodiment, are on opposing sides but they can be disposed at any two
(or more) locations about the exterior surface of the earbud core assembly 10050. The
conductors 10056 each project entirely through a flange 10058 of the earbud core assembly
10050 to form two rearward projecting extensions that can be inserted into respective ones of the
bores 10033 when the earbud core assembly 10050 is correctly rotated (i.e., clocked) in an
installation position. To provide this clocking, the interior surface of the central bore 10052 has
a non-illustrated groove that extends from the rear side of the flange 10058 starting from an open
funnel shape necking down to a shape that exactly matches the exterior shape of the clocking
ridges 10038. The length that the clocking ridges 10038 extend away from the flange 10032 of
the speaker housing stud 10030 is set so that the rearward projecting extensions of the
conductors 10056 are prevented from coming into contact with the flange 10032 unless and until
the two clocking ridges 10038 are within the corresponding grooves of the central bore 10052.
In this way, the conductors 10056 automatically and assuredly enter the bores 10033 and make
electrical contact with the leads 8118. The conductors 10056 are shown as round wires but they
can be of any polygonal shape, including hexagonal, triangular, and square, for example. As
shown in FIG. 103, the conductors 10056 use their shape to remain fixed on the body of the
earbud core assembly 10050. From the earbud side of the earbud core assembly 10050, the
conductors 10056 pinch the distal end of the stud 10057 of the earbud core assembly 10050 with
a 180-degree bend. Then, the conductors 10056 travel along the length of the stud 10057 in a
groove that keeps the conductors 10056 resting therein but still projecting out from the outer
surface of the stud 10057. The conductors 10056 then bend approximately 90 degrees outwards
and then 90 degrees rearward to project through the flange 10058 and extend out the rear side
thereof. In order to make contact with conductive surfaces 10062, 10064 of the earbud 10060, it
is important, in this exemplary embodiment, for the conductors 10056 to protrude from the outer
surface of the stud 10057. Any part or all of the portion of the conductors 10056 that extend
along the exterior of the stud 10057 can be bent outwards to produce a bias that insures
conductive connection to conductive interior surfaces 10062, 10064 of the earbud 10060.

The earbud 10060 is the part that provides electrostimulation from the generator to the

ear canal. In an exemplary embodiment, a body 10066 of the earbud 10060 is made of silicone
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and, therefore, it is flexible and soft enough to place in a user’s ear canal without discomfort.
The earbud 10060 is envisioned to be disposable (although it can be reusable). The earbud
10060 has eight leaves or tines. The number of tines is not significant as long as a first portion
of the outer surface of the earbud 10060 can conduct one part (positive/negative/ground) of the
electrostimulation and another different second portion of the outer surface of the earbud 10060
insulated from the first portion can conduct the other part (negative/ground/positive) of the
electrostimulation. In the embodiment where eight tines are present, an adjacent set of three of
the tines conduct the first part of the signal and an adjacent set of three different tines conduct the
other part of the signal, the two individual remaining tines separating and insulating the two sets
of three. The earbud 10060 has an interior lumen 10068 that is sized to fit snugly but removably
on the stud 10057 of the earbud core assembly 10050. Because the component inserted into an
ear achieves the best fit if it is made of a conformal or malleable material, the electrode/s
disposed on the tissue contact surface of the earbud 10060 is/are malleable as well across various
surface area shapes and curvatures. Another characteristic of the electrode/s is that they are
durable, do not functionally impair the earbud’s ability to conform properly to the user's
anatomy, and are pragmatic/efficient to manufacture. With these characteristics in mind, there
are a number of different types of materials and processes that can be used.

In various exemplary embodiments of the electrodes, to minimize restriction of the
malleability of the earbud, current supplied thereto is advantageously conducted through a
conduit within the inner lumen, out the lumen at the apex of the earbud, and continuing onto the
outer surface of the earbud where tissue contact is to occur. One exemplary process for
manufacturing this conductive path is to mask off all areas that are to remain non-conductive and
then to spray or dip the masked earbud into the conductive liquid. After curing or drying, the
masking is removed, leaving only the conduit portion of the electrode/s in the inner lumen
contiguous with the electrode/s on outside surface of the earbud. Masking, as used herein, can
be defined as coating the earbud on areas where the conductive liquid will not adhere and then
rendering these areas non-conductive after the insert is sprayed, dipped, or silk screened, for
example.

Another exemplary embodiment to provide conductivity to the electrode-tissue
interface is by coating a portion of the interior lumen 10068 adjacent the first conductor 10056
and then extending that coating around the end of the lumen (to the right in FIG. 100) and onto

the outer surface or tissue contact area of the patient coupler to form the one or more conductive
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surface 10062. These conductive tissue contact areas may have various configurations,
geometries, surface areas, or branching. Similarly, a portion of the interior lumen 10068
adjacent the second conductor 10056 may be coated and this coating is extended around the end
of the lumen and onto another location of the tissue contact area of the coupler that is not in
contact with the other coating(s) to form the second conductive surface 10064.

One way to apply the conductive coating is with an adhesive tape manufactured by 3M,
the tape having a conductive surface on one side and a silicone adhesive on the other, although
other methods and devices are equally applicable as well. As used herein, the conductive coating
may be conductive inks, liquids, gels, glues, powders, foils, tapes, curable liquids, metallic
materials, or other conductive malleable materials (conforming non-conductive materials that
have conductive elements “blended” in them during their original manufacturing process
rendering them conductive). Thus, the word “coating” is to be broadly interpreted and not
limited to only a single embodiment. Other ways to apply the conductive coating include, for
example, spray coating, silk screening/screen printing, dip coating, and manual painting, with an
understanding that the coating geometry is highly specific. Thus, depending on the configuration
on which the coating is to be applied, consideration is given to the level of precision present
during the application process. In addition to a viscous coating, thin conducting strips (such as
aluminum foils) can be adhered to the earbud to create conducting paths that function as
electrodes.

In this exemplary embodiment, there are two distinct areas of conductive coatings: one
serving as positive and the other serving as ground, each of the coating trifurcating and covering
an exterior portion of three tines for each current path. The location of the trifurcated portions of
the conductive surfaces on the outer surface of the tines is positioned to be the location of the
tissue contact areas. If two or more separate and electrically distinct coatings are used, they will
be electrically insulated from each other by a separation or other insulating device.

The earbud itself can be manufactured by using at least two “halves” of a conductive
malleable material (e.g., conductive silicone) with at least one insulation component that is made
of the same material but without conductive properties. One exemplary form of this
configuration is a sandwich with the two halves of the conductive material separated by a
laminate of the insulating material, the insulating material approximating the flexibility or other

key properties of the conductive (electrode) halves.
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In one exemplary molding process for manufacturing the earbuds, cast aluminum or
resin molds are created to the specifications of the earbud. Liquid material is injected into the
mold and is allowed to set, after which the conductive elements are added externally in any of
the herein mentioned ways, for example, by painting on a coating, by taping a negative image off
and dipping the molded bud into conductive coating, or by physically applying conductive
adhesive foil to the bud.

FIG. 104 depicts a second exemplary embodiment of a stand-alone electrostimulation
earbud 10400. The strain relief, speaker housing, speaker housing stud, speaker assembly, and
ear bud are all similar to the embodiment of FIG. 100 and, therefore, will not be described in
further detail as the descriptions herein are applicable to the instant embodiment. What is
different is the earbud core assembly 10450. In the particular exemplary embodiment of FIGS.
104 to 107, the portion of the earbud core assembly 10450 that is different is how the
electrostimulation conductors 10456 travel and are attached to the stud 10457 of the earbud core
assembly 10450. With this one exception, all other attributes of the earbud core assembly 10450
are similar to the earbud core assembly 10050 and, therefore, are not repeated here.

The electrostimulation conductors 10456 in this exemplary embodiment are on
opposing sides but they can be disposed at any two (or more) locations about the exterior surface
of the earbud core assembly 10450. The conductors 10456 each project entirely through a flange
10458 of the earbud core assembly 10450 to form two rearward projecting extensions that can be
inserted into respective ones of the bores 10033 when the earbud core assembly 10450 is clocked
in the installation position. As described above, to provide this clocking, the interior surface of
the central bore 10452 has at least one groove 10753 that extends from the rear side of the flange
10458. In contrast to the an open funnel shape necking down to a shape that exactly matches the
exterior shape of the clocking ridges 10038, this groove 10753 has a shape substantially
matching the groove 10438. Also, in FIGS. 104 to 107, there is only a single groove 10753,
even though more are envisioned. The length that the clocking ridge 10438 extends away from
the flange 10032 of the speaker housing stud 10030 is set so that the rearward projecting
extensions of the conductors 10456 (e.g., bottom of FIG. 107) are prevented from coming into
contact with the flange 10032 unless and until the clocking ridge 10438 is within the groove
10753 of the central bore 10452. In this way, the conductors 10456 automatically and assuredly
enter the bores 10033 and make electrical contact with the leads 8118. The conductors 10456
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are shown as round wires but they can be of any polygonal shape, including hexagonal,
triangular, and square, for example.

As shown especially in FIGS. 105 and 107, the conductors 10456 use their shape to
remain fixed on the body of the earbud core assembly 10450. From the earbud side of the
earbud core assembly 10450, the conductors 10456 reside in a circumferential groove within the
central bore 10452 to have the core-assembly stud 10034 trap the conductors 10456 therein when
the core assembly 10030 is installed within the earbud core assembly 10450. The conductors
10456 then radially pass outwards through the material of the stud 10457 to exit at the outer
surface and travel circumferentially along a portion of the outside surface of the stud 10457.
When transitioning from the interior of the stud 10457 to the exterior, the conductors 10456 can
make a 180-degree bend or can make an S-like bend. The conductors 10456 then make a 90-
degree bend away from the direction of the earbud 10060 and travel along a longitudinal length
of the stud 10457 in a groove that keeps the conductors 10456 resting therein but still projecting
out from the outer surface of the stud 10457. The conductors 10456 then bend approximately 90
degrees radially outwards and then 90 degrees rearward to project through the flange 10458 and
extend out the rear side thereof. To make contact with conductive surfaces 10062, 10064 of the
earbud 10060, it is important for the conductors 10456 to protrude from the outer surface of the
stud 10457. In this regard, any part or all of the portion of the conductors 10456 that extend
along the exterior of the stud 10457 can be bent outwards to produce a bias that insures
conductive connection to conductive interior surfaces 10062, 10064 of the earbud 10060 or a
portion can be made thicker in a radially outwards direction.

Other different embodiments for making electrical contact between the
electrostimulation conductors and the electrostimulation leads 8118 are shown in FIGS. 108 to
112. In particular, FIGS. 108 to 111 illustrate an embodiment of an earbud core assembly 10850
that has a stud 10857 with an ovular exterior shape instead of circular. In this exemplary
embodiment, it is the shape of the stud 10857 that provides the clocking feature, thereby making
the clocking bosses/grooves unnecessary. In FIGS. 109 and 111, the conductors 10956 are wires
having a polygonal shape. In contrast, FIGS. 108 and 110 show the conductors as being attached
to the exterior and extending away from the surface of the stud 10857. Like the previous
embodiments above, the embodiment of an earbud core assembly 11250 in FIG. 112 has a
circular stud 11257. The conductors 11256, in contrast, have circumferential extents attached to
the exterior of the stud 11257 at different longitudinal lengths along the circular stud 11257 that
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do not circumferentially overlap one another. Likewise, the interior conductive portions 11262,
11264 of the conducting sections 10062, 10064 of the earbud 10060 extend into the interior core
of the earbud 10060 at different lengths so that there is only one orientation that successfully
makes electrical contact. It is noted that this embodiment allows for a small range of clocking of
the earbud core assembly 11250 to the earbud 10060, which range is defined and delimited by
the size of the gap 11201 between each of the circumferential extents of the conductors 11256.

FIG. 113 depicts a third exemplary embodiment of a stand-alone electrostimulation
earbud 11300. The strain relief, speaker housing, speaker housing stud, speaker assembly, and
ear bud are all similar in this embodiment and, therefore, will not be described in further detail as
the descriptions herein are applicable to the instant embodiment. What is different is the earbud
core assembly 11350. In the particular exemplary embodiment of FIGS. 113 to 115, the portion
of the earbud core assembly 11350 that is different is how the electrostimulation conductors
11356 travel and are attached to the stud 11357 of the earbud core assembly 11350. With this
one exception, all other attributes of the earbud core assembly 11350 are similar to at least the
earbud core assembly 10050 and, therefore, are not repeated here.

The electrostimulation conductors 11356 in this exemplary embodiment are on
opposing sides but they can be disposed at any two (or more) locations about the exterior surface
of the earbud core assembly 11350. Instead of a single conductor projecting entirely through the
flange 11358 of the earbud core assembly 11350 to form the two rearward projecting extensions
that can be inserted into respective ones of the bores 10033 when the earbud core assembly
10450 is clocked in the installation position, here, each conductor is formed from a set of two
parts. A first part 11356’ of each of the two-part conductors 11356 is surface conducting plate
having a curved shape corresponding to the outer circumference of the stud 11357 and having a
90-degree bent portion that is shaped to abut the flange 11358. This bent portion has a
throughbore that receives the second part 11356 of the conductor 11356, which is a pin or nail
that pierces the throughbore and the flange 11358 to secure the first part to the earbud core
assembly 11350. The ends of the pins are the conductive portions that enter the bores 10033 and
make conductive contact for receiving the electrostimulation. As described herein, to provide
clocking, the interior surface of the central bore 11352 has at least one groove that extends from
the rear side of the flange 11358. As in other embodiments, the length that the clocking ridge
10438 extends away from the flange 10032 of the speaker housing stud 10030 is set so that the
rearward projecting extensions of the conductors 11356 are prevented from coming into contact
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with the flange 10032 unless and until the clocking ridge 10438 is within the groove of the
central bore 11352. In this way, the conductors 11356 automatically and assuredly enter the
bores 10033 and make electrical contact with the leads 8118. The pins 11356 of the conductors
11356 are shown as round but they can be of any polygonal shape, including hexagonal,
triangular, and square, for example.

The embodiments shown in FIGS. 100 to 107 and 113 to 115 house a rectangular
shaped speaker assembly 10040. Another kind of speaker assembly is one that is coin-shaped,
these structures are round and have diameters of between 8 mm and 16 mm. The following
embodiments illustrate earbud-type neurostimulator devices that house such coin-shaped speaker
assemblies. Some of the features that are present in these embodiments are substantially similar
to ones in previous embodiments and, in such cases, will have the same or similar reference
numerals. Other features may be similar but new reference numerals are used to identify the
features in these embodiments. Such differences, however, does not mean that the features
cannot be combined or exchanged with other similar features described above or below. Indeed,
any feature of one embodiment can be and is considered to be interchangeable and/or
combinable as one of ordinary skill in the art would make such changes or combinations.

FIG. 116 depicts a first exemplary embodiment of a stand-alone electrostimulation
earbud 11600 for a coin-shaped speaker assembly. Starting from the bundle of electrical leads,
including two 8110 for the speaker and two 8118 for the electrostimulation signal, a strain relief
11610 guides the leads into a speaker housing 11620 and is fixed within an entry port 11622.
The speaker housing 11620 is semi-rigid and can be made of plastic, for example, ABS. The
speaker housing 11620 can be 3D printed if desired and forms an encasement for a device that
holds a speaker therein. In particular, an internal hollow of the speaker housing 11620 receives a
portion of a speaker housing stud 11630, in which is held a speaker assembly 11640 (depicted
with dashed lines). An overall length of the speaker housing stud 11630 is approximately 15 mm
and an outer maximum diameter is about 13 mm. The exemplary embodiment of the speaker
housing stud 11630 shown in FIG. 116 is shaped to hold a coin-shaped speaker assembly 11640
that is approximately 10 mm in diameter. Thus, the outer diameter of the speaker housing 11620
can be as little as about 12 mm but, here, is about 13 mm. The speaker leads 8110 (depicted with
dashed lines) pass through the interior of the speaker housing 11620 and are electrically
connected to the speaker assembly 11640. Connection of the electrostimulation leads 8118 will
be explained below. Finally, the rear of the speaker housing 11620 can be shaped to provide a
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space for a decal or sticker printed with a trademark thereon or the space can form the logo itself,
for example, by raised bosses or lowered channels.

When installed at the speaker housing 11620, the speaker housing stud 11630 has a
flange 11632 that, together with the strain relief 11610 and the speaker assembly 11640,
substantially seals off the interior of the speaker housing 11620 from the environment. At its
rear side, the speaker housing stud 11630 has speaker arms 11633, best shown in FIG. 117, that
securely holds the speaker assembly 11640 therebetween. At its front or earbud side, the speaker
housing stud 11630 has a core-assembly stud 11634. The speaker housing stud 11630 has
various features. First, sound from the speaker assembly 11640 needs to be communicated to
the user. In the particular exemplary embodiment of FIGS. 116 to 118, the interior hollow of the
core-assembly stud 11634 forms a sound channel that communicates sound from the speaker
assembly 11640 to the user’s inner ear. A second feature holds an earbud core assembly 11650
to the speaker housing stud 11630 when the earbud core assembly 11650 is connected thereto.
In the particular exemplary embodiment of FIGS. 116 to 118, the flange 11632 of the speaker
housing stud 11630 has two windows 11638 that removably receive tabs 11652 therein when the
earbud core assembly 11650 is installed on the core-assembly stud 11634. These windows
11638 clock the earbud core assembly 11650 to a pre-set installation orientation. In the
particular exemplary embodiment of FIGS. 116 to 118, there are two windows 11638 but there
can be any number of windows 11638 and tabs 11652, for example, from one to five. This
clocking feature will be described in further detail below.

The speaker housing stud 11630 has two electrical contacts that provide an electrical
conduit for electrostimulation arriving through the electrostimulation leads 8118. As explained
in the embodiments herein, this conduit can take various forms. One exemplary configuration
for the electrostimulation leads 8118 shown in FIGS. 116 to 118 is a set of electrically
conductive strips 11636 each respectively extending from one of the arms 11633 on the speaker
housing (or rear) side of the flange 11632. Each lead 8118 is connected to a strip 11636 at the
rear side of the flange 11632 in any way, for example, by soldering. Each strip 11636 extends
towards the earbud 11660 on the outer surface of the arm 11633, across the flange 11632,
inwardly to the core-assembly stud 11634, and then along the outer surface of the core-assembly
stud 11634 to a given extent sufficient to oppose a window on the earbud core assembly 11650
that is described in further detail below. The strips 11636 can be attached to the speaker housing
stud 11630 in a variety of ways, some of which are described herein. They can be attached using



10

15

20

25

30

65

an adhesive. They can be a liquid that is painted on the surface. The strips 11636 can be formed
in the same manufacturing process that creates the speaker housing stud 11630 itself. To make
contact with conductive surfaces 11662, 11664 of the earbud 11660, the conductive strips 11636
can be made to protrude from the outer surface of the earbud core stud 11634. In this regard, any
part or all of the portion of the conductive strips 11636 that extend along the exterior of the
earbud core stud 11634 can be bent outward or produced thicker to insure conductive connection
to conductive interior surfaces 11662, 11664 of the earbud 11660.

The earbud core assembly 11650 is semi-rigid and can be made of plastic, for example,
ABS. The earbud core assembly 11650 can be 3D printed if desired and forms the structural
support for the earbud 11660. The earbud core assembly 11650 also possesses various features.
First, the earbud core stud 11656 has a central bore 11654 that receives the core-assembly stud
11634 therein. The two studs are sized to not have the distal end of the core-assembly stud
11634 protrude from the distal end of the earbud core assembly 11650; Ithough, if desired, the
distal end can protrude therefrom. It is noted that the earbud 11660 is envisioned to be a
disposable part and, therefore, must be replaced (although it can be reusable). Thus, it must be
able to be removed from either or both of the speaker housing stud 11630 and the earbud core
assembly 11650. If desired, the earbud core assembly 11650 can also be disposed with the
earbud 11660 or it can be retained for use with a replacement earbud 11660.

The earbud core assembly 11650 does not possess any part of the electrostimulation
conductors. Instead, in this exemplary embodiment, the earbud core stud 11656 provides
windows that, allow conductive bosses (e.g., 16301, 16501) on the earbud 11660 to pass
therethrough and electrically contact the conductive strips 11636. In this exemplary
embodiment, the windows 11658 are on opposing sides (only one is visible in FIGS. 116 and
118) but they can be disposed at any two (or more) locations about the exterior surface of the
earbud core stud 11634.

The earbud 11660 is the part that provides electrostimulation from the generator to the
ear canal. In an exemplary embodiment, a body 11666 of the earbud 11660 is made of silicone
and, therefore, it is flexible and soft enough to place in a user’s ear canal without discomfort.
The earbud 11660 is envisioned to be disposable (although it can be reusable). The earbud
11660 has eight leaves or tines. The number of tines is not significant as long as a first portion
of the outer surface of the earbud 11660 can conduct one part (positive/negative/ground) of the
electrostimulation and another different second portion of the outer surface of the earbud 11660
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insulated from the first portion can conduct the other part (negative/ground/positive) of the
electrostimulation. In the embodiment where eight tines are present, an adjacent set of three of
the tines conduct the first part of the signal and an adjacent set of three different tines conduct the
other part of the signal, the two individual remaining tines separating and insulating the two sets
of three. The earbud 11660 has an interior lumen 11668 that is sized to fit snugly but removably
on the earbud core stud 11656 of the earbud core assembly 10050 and two opposing earbud
bosses (e.g., 16301, 16501) extend radially inwards from the surface of the interior lumen 11668
to project into and through the windows 11658 and directly contact an outer conductive surface
of a respective one of the strips 11636. The bosses (e.g., 16301, 16501) can be of substantially
the same shape as the windows 11658 or they can be smaller.

Conductivity of the tines is provided by coating one of the bosses (e.g., 16301, 16501)
and a portion of the interior lumen 11668 with a conductive material and extending that coating
around the end of the lumen (to the right in FIG. 116) and onto, for example, the first set of three
tines to form the first conductive surface 11662. Similarly, the other of the bosses (e.g., 16301,
16501) and a portion of the interior lumen 11668 adjacent the other boss (e.g., 16301, 16501) is
conductively coated and the coating is extended around the end of the lumen and onto, for
example, the second set of three tines to form the second conductive surface 11664. One way to
apply this coating is with an adhesive tape manufactured by 3M, the tape having a conductive
surface on one side and a silicone adhesive on the other, although other methods and devices,
some of which are mentioned herein, are equally applicable as well. A depth of the interstices
between tines can be, for example, between approximately 1 and 4 mm.

With such a configuration, the windows 11658 of the earbud core stud 11656 provide
both clocking and securing features for the earbud 11660 to insure that the earbud is fixed for use
as well as making electrical contact with the strips 11636. In this way, the conductive bosses
(e.g., 16301, 16501) on the earbud 11660 automatically and assuredly enter the windows 11658
and make electrical contact with the leads 8118.

FIG. 119 depicts a second exemplary embodiment of a stand-alone electrostimulation
earbud 11900 for a coin-shaped speaker assembly. The strain relief, speaker housing, speaker
assembly, and ear bud are all similar to the embodiment of FIG. 116 and, therefore, will not be
described in further detail as the descriptions herein are applicable to the instant embodiment.
What is different is the speaker housing stud 11930 and the earbud core assembly 11950 (and the
speaker housing 11920 is slightly smaller). In the particular exemplary embodiment of FIGS.
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119 to 121, the speaker housing stud 11930 is sized for an 8 mm coin-shaped speaker assembly
11940. The speaker housing stud 11930 can be made of ABS, for example, and has an overall
length of approximately 15 mm and an outer maximum diameter of about 11.5 mm, thus, as
compared to the embodiment of FIG. 116, the speaker housing 11920 can be made smaller, as
shown in the comparison of FIGS. 122 and 123, where the embodiment of FIG. 116 is shown in
FIG. 122 and the embodiment of FIG. 119 is shown in FIG. 123. With these differences, other
attributes of the speaker housing stud 11930 are similar to at least the speaker housing stud
11630 and other attributes of the earbud core assembly 11950 are similar to at least the earbud
core assembly 11650 and, therefore, they are not repeated here.

When installed at the speaker housing 11920, the speaker housing stud 11930 has a
flange 11932 that, together with the strain relief 11910 and the speaker assembly 11940,
substantially seals off the interior of the speaker housing 11920 from the environment. At its
rear side, the speaker housing stud 11930 has speaker arms 11933 (see also FIGS. 120 and 121)
that securely hold the speaker assembly 11940 therebetween. At its front or earbud side, the
speaker housing stud 11930 has a core-assembly stud 11934 with an interior hollow forming the
sound channel that communicates sound from the speaker assembly 11940 to the user’s inner
ear. The speaker housing stud 11930 has two electrical contacts that provide an electrical
conduit for electrostimulation arriving through the electrostimulation leads 8118. One
exemplary configuration for the electrostimulation leads 8118 shown in FIGS. 119 to 121 is a set
of electrically conductive strips 11936 each respectively extending from one of the arms 11933
on the speaker housing (or rear) side of the flange 11932. Each lead 8118 is connected to a strip
11936 at the rear side of the flange 11932. Each strip 11936 extends towards the earbud 11960
on the outer surface of the arm 11933, across the flange 11932, inwardly to the core-assembly
stud 11934, and then along the outer surface of the core-assembly stud 11934 to a given extent
sufficient to oppose the window 11958 on the earbud core assembly 11950. The earbud core
assembly 11950 has an earbud core stud 11956 with a central bore 11954 that receives the core-
assembly stud 11934 therein.

FIG. 124 depicts a third exemplary embodiment of a stand-alone electrostimulation
earbud 12400 for a coin-shaped speaker assembly. As compared to other exemplary
embodiments, here, the earbud core assembly has been eliminated. In particular, starting from
the bundle of electrical leads, including two 8110 for the speaker and two 8118 for the
electrostimulation signal, a strain relief 12410 guides the leads into a speaker housing 12420 and
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is fixed within an entry port 12422. The speaker housing 12420 is semi-rigid and can be made of
plastic, for example, ABS. The speaker housing 12420 can be 3D printed if desired and forms an
encasement for a device that holds a speaker therein. In particular, an internal hollow of the
speaker housing 12420 receives a portion of a speaker housing stud 12430, in which is held a
speaker assembly 12440. An overall length of the speaker housing stud 11630 is approximately
15 mm. The exemplary embodiment of the speaker housing stud 12430 shown in FIG. 124 is
shaped to hold a coin-shaped speaker assembly 12440 that is approximately 8 mm in diameter.
Thus, the outer diameter of the speaker housing 12420 can be as little as about 11.5 mm. The
speaker leads 8110 pass through the interior of the speaker housing 12420 and are electrically
connected to the speaker assembly 12440. Connection of the electrostimulation leads 8118 will
be explained below. Finally, the rear of the speaker housing 12420 can be shaped to provide a
space for a decal or sticker printed with a trademark thereon or the space can form the logo itself,
for example, by raised bosses or lowered channels.

When installed at the speaker housing 12420, the speaker housing stud 12430 has a
flange 12432 that, together with the strain relief 1410 and the speaker assembly 12440,
substantially seals off the interior of the speaker housing 12420 from the environment, which is
shown in FIG. 125. At its rear side, the speaker housing stud 12430 has speaker arms 12433,
best shown in FIG. 126, that securely hold the speaker assembly 12440 therebetween, while also
providing a surface for the conductive material that passes the electrostimulation signal from the
wire to the earbuds, as will be described below. At its front or earbud side, the speaker housing
stud 12430 has a earbud stud 12434. The speaker housing stud 12430 has various features.
First, sound from the speaker assembly 12440 needs to be communicated to the user. In the
particular exemplary embodiment of FIGS. 124 to 129, the interior hollow of the earbud stud
12434 forms a sound channel 12435 that communicates sound from the speaker assembly 12440
to the user’s inner ear. A second feature holds an earbud 12460 to the speaker housing stud
12430 when the earbud 12460 is connected thereto. In the particular exemplary embodiment of
FIGS. 124 to 129, the earbud stud 12434 has two windows 12438 that removably receive bosses
(e.g., 16301, 16501) therein when the earbud 12460 is installed on the earbud stud 12434. These
windows 12438, therefore, clock the earbud 12460 to a pre-set installation orientation and, at the
same time, provide electrical contact between the leads 8118 and the external conductive
surfaces 12462, 12464 of the earbud 12460. In the particular exemplary embodiment of FIGS.
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124 to 129, there are two windows 12438 but there can be any number of windows 12438. This
clocking feature will be described in further detail below.

The speaker housing stud 12430 has two electrical contacts that provide an electrical
conduit for electrostimulation arriving through the electrostimulation leads 8118. As will be
explained in the embodiments herein, this conduit can take various forms. One exemplary
configuration for the electrostimulation leads 8118 shown in FIGS. 124 to 129 is a set of
electrically conductive strips 12436 each respectively extending from one of the arms 12433 on
the speaker housing (or rear) side of the flange 12432. These strips are shown separated from the
speaker housing stud 12430 in FIG. 129. Each lead 8118 is connected to a strip 12436 at the rear
side of the flange 12432 in any way, for example, by soldering. Each strip 12436 starts
extending in a direction orthogonal to the arms 12433 at the speaker housing side thereof and
then bends 90 degrees to travel along the longitudinal length of the arm 12433 on the exterior
surface thereof. At the earbud side of the flange 12432, the strip 12436 bends radially inwards
and travels along the side of the flange 12432 until another 90 degree bend has the strip 12436
travel along the exterior surface of the earbud stud 12434. To assist in securing the strip 12436
at the speaker housing stud 12430, the earbud stud 12434 is provided with ports 12437 extending
from the interior channel 12435 through to the environment into which distal tips of the strip
12436 extend to rest against the interior surface of the channel 12435 (see FIGS. 127 and 128).
In this regard, the distal tip of the strip 12436 forms an S-bend as shown in FIG. 129. The
channel 12435 of the earbud stud is formed with cavities in which rest respective distal tips of
the strips 12436 when the strips 12436 are installed, these cavities being shown best in the right
side of FIG. 126.

These strips 12436 extend along the outer surface of the earbud stud 12434 to a given
extent sufficient to connect conductive surfaces on the inner lumen of the earbud 12460. The
strips can be attached to the speaker housing stud 12430 in a variety of ways. They can be
attached using an adhesive and/or the form of the strips 12436 can provide all of the retaining
force. To make contact with conductive surfaces 12462, 12464 of the earbud 12460, the
conductive strips 12436 can be made to protrude from the outer surface of the earbud stud
12434. In this regard, any part or all of the portion of the conductive strips 12436 that extend
along the exterior of the earbud stud 12434 can be bent outward or produced thicker to insure

conductive connection to conductive interior surfaces 12462, 12464 of the earbud 12460.
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Significant in this exemplary embodiment is that there is no earbud core assembly,
thereby eliminating an entire part; the earbud 12460 directly connects to the earbud stud 12434.

The earbud 12460 is the part that provides electrostimulation from the generator to the
ear canal. In an exemplary embodiment, the main body of the earbud 12460 is made of silicone
or similar pressure-deformable plastics, rubbers, or polymers, and, therefore, it is flexible and
soft enough to place in a user’s ear canal without discomfort. The earbud 12460 may be
disposable or reusable. In this exemplary embodiment, the earbud 12460 has no tines or any
elements of the outer surface that are mechanically isolated or independent from each other, but
have a contiguous outer surface and formed as a portion of a prolate spheroid with a central bore
12668. As such, two portions 12462, 12464 of the outer surface of the earbud 12460 are
electrically conductive and intervening portions 12466 electrically insulate the two portions
12462, 12464 from one another. The number of electrically independent conductive portions is
not significant as long as a first portion of the outer surface of the earbud 12460 can conduct one
part (positive/negative/ground) of the electrostimulation and another different second portion of
the outer surface of the earbud 12460 insulated from the first portion can conduct the other part
(negative/ground/positive) of the electrostimulation. As such any form or shape of the portions
12462, 12464 is possible, such as FIGS. 83 to 90. For example, each tine can have its own
electrostimulation signal that is independent from other signals going to other tines, each of
which is its own independent electrostimulation circuit and one tine can be a common ground or
ground can be placed on another portion of the user’s skin that has sufficient conductivity.
Alternatively, each of these independent electrostimulation circuits can have their own unique
ground to form separate electrostimulation sets on a single earbud.

In yet other embodiments, the earbud has only one conductive element, with the other
(negative/ground) located anywhere else on the body as long at the contact area has sufficiently
low resistance for conduction to occur. The earbud 12460 has an interior lumen 12468 that is
sized to fit snugly but removably on the earbud stud 12434 and possesses two opposing earbud
bosses (e.g., 16301, 16501) extending radially inwards from the surface of the interior lumen
12468 to project into and through the windows 12438 and directly contact an outer surface of a
respective one of the strips 12436. The bosses (e.g., 16301, 16501) can be of substantially the
same shape as the windows 12438 or they can be smaller. Such a connection retains the earbud

12460 on the earbud stud 12434 until replacement is required.
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As consistent, predictable, reliable, comfortable, and secure electrode contact to the
skin is important for reliable and reproducible results across varying ear anatomies, exemplary
embodiments of the earbud herein contain independent, substantially mechanically isolated or
partially mechanically isolated projections or “tines” with sufficiently broad surfaces that extend
outward circumferentially to form an outer contact surface that is substantially parallel to the
body surface targeted for electrode contact. In these embodiments, the targeted surface is the
ear, and more specifically, the ear canal. Having separate tines with electrode surfaces along the
outer contact surface allows for independent contact of small portions of the full ear canal-earbud
contact area to accommodate to a smaller, less variable portions of the ear canal. Furthermore,
each tine is substantially mechanically isolated from the others so that an ear canal that is not
circular (or an ear canal with surface irregularities or inconsistencies in certain areas) will not
affect the other tines and will maximize the chance of proper, individual tine contact to smaller,
more discreet segments of the ear canal. Although each individual tine contacts less surface area
of the ear canal, having multiple tines allows for a desired surface area to be contacted by the
electrode surfaces. Tines that are in contact with ear canal surface irregularities have a greater
chance of making contact to that area because that tine, or tines, can independently adjust to best
accommodate contact at that discreet and focal location. In summary, dividing up the outer,
radially dispersed contact areas of the earbud into individual, substantially mechanically
independent segments, allows the outer perimeter of the earbud to accommodate and replicate
the non-circular and variable nature of ear canal anatomy and, thus, have better and more
complete contact with the inner surfaces of the ear canal. Furthermore, tines that do not contain
electrodes will allow for better retention forces to best resist movement of the earbud and or
dislodgement. Conductivity of the tine portions is provided by coating one of the bosses (e.g.,
16301, 16501) and a portion of the interior lumen 12468 distally with a conductive material and
extending that coating around the end of the lumen (to the right in FIG. 124) and onto a first
electrode area to form the first conductive surface 12462. Similarly, the other of the bosses (e.qg.,
16301, 16501) and a portion of the interior lumen 12468 adjacent the other boss (e.g., 16301,
16501) is coated and extended around the end of the lumen and onto the second electrode area to
form the second conductive surface 12464. One way to apply this coating is with an adhesive
tape manufactured by 3M, the tape having a conductive surface on one side and a silicone
adhesive on the other, although other methods, conductive materials, and devices are equally
applicable as well, some of which have been described herein.
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With such configuration, the windows 12438 of the earbud stud 12434 provide both
clocking and securing features for the earbud 12460 to insure that the earbud is fixed for use as
well as making electrical contact with the strips 12436. In this way, the conductive bosses on the
earbud 12460 automatically and assuredly enter the windows 12438 and make electrical contact
with the leads 8118 and do not have any chance of damaging the conductive connection between
the earbud 12460 and the strips 12436.

FIGS. 130 and 131 diagrammatically illustrate a fourth exemplary embodiment of a
stand-alone electrostimulation earbud 13000 for a coin-shaped speaker assembly. Depicted is
the speaker assembly 13040, the speaker housing stud 13030 with arms 13033, the earbud core
assembly 13050, and the conductive strips 13036. In this embodiment, the two conductive strips
13036 connecting to the leads 8118 for the electrostimulation extend out from windows 13058 of
the earbud core stud 13056 of the earbud core assembly 13050 instead of just residing at the
bottom of the windows 11658, as depicted in FIG. 116, for example. In all other respects, this
configuration is similar to at least the configuration of FIGS. 116 to 118 and, therefore,
explanation of the other items is not repeated here.

FIGS. 132 to 135 diagrammatically illustrate a fifth exemplary embodiment of a stand-
alone electrostimulation earbud 13200 for a coin-shaped speaker assembly 13240. Depicted is
the speaker assembly 13240, the speaker housing stud 13230 with arms 13233, and the
conductive wires 13236. In this embodiment, the two conductive wires 13236 connecting to the
leads 8118 for the electrostimulation extend to a conductive coating of the earbud 13260 instead
of to the speaker housing stud 13230. Significantly, this embodiment does not require an earbud
core assembly and, in contrast to other embodiments, the conducting path of the strips 13236 do
not contact the earbud stud 13234. Instead, a conducting wire simply passes around the flange
13232 and connects to a conductive part 12361 within the earbud 13260 (e.g., within one of the
tines), which, in turn, is conductively connected to a conductive area 13262 on the outside of the
earbud 13260. This configuration helps retain the earbud 13260 in place and avoids having to
make any part of the inner lumen of the earbud 13260 conductive, which could be difficult,
complicated, and/or time-consuming. In all other respects, this configuration is similar to other
described configurations herein and, therefore, explanation of other features is not repeated here.

The signal generation and transmission architecture for the electrostimulation is not
limited to one possible configuration. A first exemplary architecture 13600 is described with
regard to FIG. 136. In this first configuration, signal generation and electrode control resides in
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a first location/device and electrostimulation signal delivery and optional sensing resides in a
separate location/device. The two locations being electrically connected by at least one
transmission conduit 13610. The generator 13601 contains a power supply 13620, a power
switch 13630, user inputs 13640, a controller or control logic 13650, user 1/0 devices 13660, and
an electrostimulation drive circuit 13670. The controller/control logic 13650 is supplied with
power through the power supply 13620 and is controlled through the power switch 13630. The
power supply 13620 contains any combination of a non-rechargeable battery (such as a 9V), a
rechargeable battery, a charging circuit, and/or a parasitic power input system. The power
switch 13630 contains any combination of a physical switch, a biometric switch, and a sequence
of use action (i.e., connecting a device coupler to an external power source turns on the generator
13601).

User input 13640 or 1/O devices 13660 provide the interface between the user and the
controller 13650 and are connected to the controller 13650, provide the controller 13650 with
user input, and provide the user with feedback in the form of various types of information. The
I/O devices 13660 give the user the ability to set parameters such as, but not limited to,
amplitude of electrostimulation. The 1/0 devices 13660 include, for example, a scroll wheel, a
collection of buttons, lights (e.g., LED), a speaker(s), and/or a display (e.g., LCD, LED).
Sensors 13680, which are optional, can include a heart rate monitor, a physiologic feedback
device, or any other system that gives information to a user. The 1/O devices 13660 can display
to the user a status of the generator 13601, settings of the device, and other information.

The controller 13650 controls the drive circuit 13670, which, in turn, provides the
electrodes 13690 with neurostimulation through the at least one transmission conduit 13610.
The controller 13650 receives input from the user and the sensor(s) 13680 in the device coupler
13602 and outputs stimulation parameters to the drive circuit 13670. The drive circuit 13670
converts signals from the controller 13650 into electrostimulation at a desired/required
power/frequency/amplitude level. The drive circuit 13670 can include a pulse circuit and
provide a voltage step-up, for example.

The sensor(s) 13680 of the device coupler 13602 allows for closed loop stimulation
control and provides control for a user feedback system. The sensors 13680 or sensor system(s)
communicate information to control logic 13650 to maintain a closed loop control on a desired
stimulation signal. The sensors 13680 can be isolated sensors or part of the electrodes 13690.

Impedance, temperature, electrode separation, tissue O2 concentration, physiologic sensing,



10

15

20

25

30

74

capacitance, EEG, heart rate, and perspiration level are among the possible exemplary sensor
inputs.

The transmission conduit 13610 in an exemplary embodiment is a wired connection
between the generator 13601 and the device coupler 13602. As used in the exemplary
architectures described herein, however, electrical connection by the transmission conduit(s)
13610 can be wired, wireless, or both. The transmission conduit 13610 is able to handle a higher
potential difference than only a logic voltage. It is either integrated or is detachable.

The device coupler 13602 contains the electrodes 13690, the sensors 13680, or both.
The electrodes 13690 provide the conductive points that contact an electrostimulation area for
use of the device.

A second exemplary architecture 13700 is described with regard to FIG. 137. In this
second configuration, the system is fully integrated with signal generation, electrode control, and
signal delivery and sensing residing in a single location/device. For example, the system can be
akin to an over-the-ear hearing aid. All of the features of FIG. 136 are equally applicable to this
configuration and, therefore, they are not repeated. In this exemplary architecture, the
generator/controller/coupler 13700 contains each of the power supply 13620, the
controller/control logic 13650, the drive circuit 13670, provides the options for user input 13640,
provides user feedback 13660, and has the power switch 13630, the sensors 13680 (if any), and
the electrodes 13690.

A third exemplary architecture 13800 is described with regard to FIG. 138. In this third
configuration, the system integrates the generator and device coupler into a personal smart
device (PSD) application to be implemented by a PSD (e.g., a smart phone, a smart watch, a
tablet, a laptop computer, a desktop computer). The generator and controller, therefore, can
mostly be formed from software. The PSD application can, in an exemplary embodiment,
integrate the neuromodulation device stimulation with onboard audio of the PSD (which can
include music, white noise, an audio book, auditory pre-set patterns, or any other desired
sounds). All of the features of FIGS. 136 and 137 that are equally applicable to this
configuration are not repeated.

The PSD provides all of the user input 13640, the processing 13650, the user feedback
13660, and other capabilities and allows all of the PSD’s features to be used as well and in
conjunction with the PSD. The Generator-and-Device Coupler (GDC) converts signals from the
controller 13650 (e.g., PSD) to stimulation at a desired/required power level. In this
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configuration, therefore, the communications conduit 13610 is a logic level connection between
the PSD and the GDC. The conduit 13610 can be wired (fixed or detachable) or wireless
(TX/RX needed on PSD and GDC) using proprietary systems or standards such as Bluetooth,
Wi-Fi, and RF, for example. The user input 13640 can be input methods provided by the PSD or
input methods otherwise integrated into the system, and the user feedback 13660 can be provided
by the PSD or otherwise integrated into the system. As the power requirements for
electrostimulation are higher than most hand-held PSDs can provide reasonably, it can be
beneficial to provide, at the device coupler, all of the electrostimulation circuitry, including the
power supply 13620, the power switch 13630, and the drive circuit 13670, in addition to the
electrodes 13690 and sensors 13680 (if any). In other embodiments, the device is made up of a
power supply or a connection to accommodate a power supply (if the device uses power from
another device or source), a wireless receiver enabling the device to receive and transmit data
from a PSD, a generator that can be directed by the PSD through an app to generate a custom
signal that has a specific therapeutic benefit, and a patient coupler to deliver the electrical signal
to the user. The generator has the ability to interpret the signal instructions from the PSD and the
app to direct the generator to deliver a specific wavelength, pulse width, wave shape, amplitude,
and amplitude modulation pattern as specifically directed. As research continues and the
understanding of neuromodulation progresses, new and unique electrical signals may be
discovered to expand uses and effects on the brain and body of the user of this technology. This
embodiment, therefore, allows the user to have a device with its own power supply (that has or
does not have embedded neuromodulation signal algorithms in its memory) and can be used to
generate a customized therapeutic signal that is directed from an app contained within a PSD.
Because such apps are ubiquitous when it comes to signal output, the app is able to be updated
with new and unique instructions that direct the generator to deliver signals exactly as proscribed
by the app and the PSD. In the simplest form of this embodiment, the device is made up of two
wireless, self-contained earbuds, each individually containing its own power source. One or both
of the earbuds contains a patient coupler with associated electrodes, as well as a pulse generator
and a wireless receiver that receives information from a PSD to deliver a custom signal or the
signal can be synchronized to a sound source that can originate from the same PSD, from another
PSD, or from ambient sound or music. The PSD contains an app that serves as the user interface
as well as a source of various electromodulation algorithms that direct the generator to produce

the form of the electrical signal desired.
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A fourth exemplary architecture 13900 is described with regard to FIG. 139. In this
fourth configuration, the system is similar to the first exemplary architecture 13600 in FIG. 136,
but adds an integrated audio synchronization capability. Included in this architecture 13900 is an
audio source 13902 and a communications conduit 13904 that supplies audio signals to audio
logic 13906 within the generator and controller. The audio logic 13906 controls signals
conveyed through the conduit 13904 to a speaker 13908 within the device coupler (e.g., speaker
assembly 10040, 11640, 11940, 12440, 13040). Any audio source is possible, including such
devices as a PSD, a cellphone, an MP3 player, a car stereo, a microphone, and/or an audio input
from a person on a stage or in a sound booth. The audio conduit 13904 can be a wired or
wireless connection (e.g., Wi-Fi, Bluetooth, or other methods). No conduit is needed if the audio
source is directly received by the device, for example, where a built-in microphone is present
(e.g., as part of the audio logic 13906). The audio logic 13906 receives an audio input signal and
processes the signal into a form the control logic 13650 can utilize. The audio logic 13906
and/or the control logic 13650 also provide output to an optional speaker 13908, which translates
the signal from the audio logic 13906 into audible sound that is provided in conjunction with
electrostimulation. An exemplary embodiment of interfaceable electrostimulation device (I-
Estim) may have its own user interface 13640/13660 and/or can be overridden or augmented by
interfacing it with a smartphone or the like. As above, the electrostimulation circuitry includes
the power supply 13620, the power switch 13630, and the drive circuit 13670. In addition to the
speaker 13908, the device coupler also includes electrodes 13690 and sensors 13680 (if any).

Other embodiments of interfaceable electrostimulation devices may not have a user
interface and, instead, may require interfacing with a smartphone, a computer, or the like. A
basic example of an I-Estim is one that includes at least one device coupler (e.g., the patient
electrode coupling device) that serves as the terminal interface between the device and the user, a
conduit, and a connector device that links the conduit to a computer or a smartphone. In this
basic example, the coupler is connected to a computer output port (i.e., a USB port). The
computer runs software that serves as the user interface 13640, 13660 and directs the user
through prompts to determine the user-specific settings. The computer then generates the signal
that is output through the USB port into the connector device, travels through the conduit, exits
the assembly through the device coupler, and enters the user in a location that the targeting
structure (e.g., earbud) resides. In other exemplary embodiments, the I-Estim includes its own

power source. The I-Estim may include its own user interface, electronic generator devices, and
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embedded software, but is overridden by an external computer device, once connected. Sensing
inputs, sensed data processing, algorithms, and measures to respond to algorithms may be solely
contributed by the external computer and are not necessarily required to be contained in the I-
Estim device itself.

As set forth above, the neurostimulation devices can be integrated into an existing
computer or they can be stand-alone devices, or they can be some combination. In some
embodiments, the generator can interface with a “smartphone” or computer device or the
generator can be a program on a smartphone. In the former example, the generator contains an
interface device, such as a plug/jack that is reversibly stowable into the generator to protect it
while not using the generator or while using the generator with a smartphone. This jack, when
released from its stowed position, directly connects with an output interface on the smartphone
(e.g., a headphone socket). Alternatively, the plug may include a combined electrostimulation
coupler with integrated earbud(s) that interface with the generator. This combined configuration
allows for consolidation of the electrostimulation device with the smartphone to allow the user to
combine music and electrostimulation simultaneously, even where the electrostimulation signal
IS not synchronized to the music. It also consolidates the two devices to be more physically
manageable for the user. This generator embodiment may be physically mated to the phone by
the electronic interface plug and/or by magnetic measures, adhesives, clips, hook-and-loop
fasteners, or the like to ensure that the two devices are reversibly, but durably mated and
handled/carried as a single composite device. Alternatively, the generator and controller can be
permanently (or temporarily) integrated into a personal electric device case, such as in the form
of a smartphone case. Additionally, or in an alternative to the previously mentioned smart
device integration, the generator, controller, and power source can be integrated within a
battery/charging backup to the smart device, which devices can take the form of a piggy-back
protective case with an external battery.

Some of these exemplary configurations of the generator/controller/device coupler
embodiments are set forth in the embodiments of FIGS. 140 to 143.

A first exemplary configuration for a handheld generator is provided in FIGS. 140 and
141. The generator 14000 contains therein each of the power supply 13620, the
controller/control logic 13650, the drive circuit 13670, and the audio logic 13906. On the front
face of the case is a power button 13630, a set of user inputs 13640 (including, for example, a
select button 13641, decrease 13642 and increase 13643 buttons, and a selection wheel 13644),
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and at least one user feedback device 13660 in the form of an LED/LCD screen. An audio
speaker can be provided as well. To display information to a user, the screen can be, for
example, a 3-line, 16-character LCD screen, but any other display screen is also applicable and
envisioned. The display indicates to the user certain aspects of the generator 14000 depending
upon the mode that is in use, and can provide instructions to the user as well.

The device coupler can be any of the exemplary embodiments described herein. The
transmission conduit 13610 (not illustrated) is to be connected to the generator 14000 through
signal ports shown in FIG. 141 and includes, for example, an electrode output port 14101, an
audio input port 14102, and an audio output port 14103. The electrode output port 14101
supplies the electrostimulation signal to an appropriate connector of the transmission conduit
13610. The audio input port 14102 is an electrical connection that receives an external audio
signal (e.g., music) from an external source (e.g., iPhone, iPod, Android, laptop, tablet,
computer, or any other digital music player) to be used along with or supplemented to the
electrostimulation signal transmitted through the transmission conduit 13610 to the electrodes
13690 on the device coupler (e.g., at the earbuds 8130, 9130, 9430, 9510, 10060, 11660, 12460,
13260, 14242, 16100, 16500). The audio output port 14103 is the electrical connector that
supplies the external audio signal actually received at the audio input port 14102 to the speaker
assembly within the device coupler. As an alternative to an external source, an integrated
microphone 14104 can receive ambient sound (e.g., music or nature sounds) and supply that
ambient sound through the transmission conduit 13610 to the speaker assembly (e.g., at the
earbuds) or to the controller 13650 for modulation of the electrostimulation in synchronization
with that ambient sound, for example, to pulse the electrostimulation in sync with a back beat or
rhythm of a song that is being played in the environment of the user.

Another exemplary embodiment of a stand-alone electrostimulation device is shown in
FIG. 142. A neurostimulation assembly 14200 in this embodiment is sized to be used with a
mobile device 14210, such as a cell phone. The neurostimulation assembly 14200 includes two
parts, a complete electrostimulation subassembly 14220 that has all of the functionality of the
generator 14000 in FIG. 140, for example, but made in a miniature version and a device coupler
14240. In this embodiment, the electrostimulation subassembly 14220 is shaped to fit inside a
pocket or holding belt 14232 of an accompanying arm or wristband 14230 (the band can be
eliminated if desired to just provide a piggy-back holder for the mobile device 14210). The band
14230 also has a pocket or channel 14234 sized to fit the user’s mobile device 14210 therein. If
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the arm/wristband is removed, the holder 14230 can be a protective cellphone case that houses
the electrostimulation subassembly 14220 in a docking port or pocket.

The device coupler 14240 is, in this exemplary embodiment, a neuromodulation earbud
embodiment. A first electrical connector 14244 is the conduit that provides the neuromodulation
signal to the electrodes 13690 on the earbuds 14242 by a two-channel electrical connection. If,
for example, electrostimulation is to be provided to one of the two earbuds, then two wires
connect the first electrical connector 14244 to the electrodes on that one earbud. A second
electrical connector 14246 separate from the first electrical connector 14244 connects the audio
speakers within the earbuds 14242 to supply audio signals thereto received directly from the
mobile device 14210. This second electrical connector 14246 can, therefore, be comprised of a
standard stereo audio jack. In this embodiment, with the device coupler 14240 directly
connecting to both the mobile device 14210 and the electrostimulation subassembly 14220
separately, the generator 14220 is physically independent from the audio signals received from
the mobile device 14210. Thus, if it is desired to have the mobile device 14210 provide control
or some other function with the electrostimulation subassembly 14220, this is done through a
wireless connection, such as Bluetooth or Wi-Fi.

In the exemplary embodiment of a neurostimulation assembly 14300 in FIG. 143, in
contrast, the device coupler 14340 directly connects only to the electrostimulation subassembly
14320. This means that the mobile device 14310 is directly connected only to the
electrostimulation subassembly 14320. As such, all signals originating from the mobile device
14310 must pass through the electrostimulation subassembly 14320. In this embodiment,
therefore, the electrostimulation subassembly 14320 can supply signals directly to the mobile
device 14310 for processing, display, diagnostics, etc., which would allow the mobile device
14310 to act as the I/O display of the electrostimulation subassembly 14320. The
electrostimulation subassembly 14320 is shown on the front face of the mobile device 14310 but
it is not limited to this configuration and can be on the rear face.

It is noted that any of the alternative exemplary embodiments related to the systems and
methods disclosed and envisioned include an electrostimulation device having its own internal
power source, an external dedicated power source, or one that derives power parasitically from
another device, which can be directly interfaced with a smartphone, a computer tablet, a laptop,
or any other form of device with computing/programming such that the computing device can

serve as the user interface, a signal processor, a signal timing device, and to carry out the process
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as well as modulating the user output signal based upon feedback from one or more sensor, and
or have embedded algorithms driving the output signal or signals.

In another exemplary embodiment, the systems and methods herein (e.g., software
and/or hardware) can be configured similar to standard digital audio workstations that allow a
composer to create music but, at the same time, they allow the composer to create therapeutic
triggers/cues (such as electrostimulation control) during or after song or video composition. In
other words, the composer can create or “mix” a specific neuromodulation signal in
synchronization with the track that is being created. In this way, the composer is able to use the
systems and methods herein to produce an audio file formatted with embedded electrostimulation
cues/triggers. The analogy of this is like a soundboard engineer mixing another instrument into a
composition. Alternately, the systems and methods can produce an independent
electrostimulation cue/trigger file that is to be used along with a particular composition or just by
itself. The systems and methods herein then process either the embedded audio file or a
combination of the audio file and the electrostimulation file to allow for manual, semiautomatic,
and fully automatic composition of a therapeutic electrostimulation. In this way, all
electrostimulation generators described herein can be configured to accept industry standard
MIDI files that trigger electrostimulation, such as industry standard audio/visual effects devices.

As set forth herein, electrostimulation can occur dynamically or according to a
particular pre-set pattern. In the former, acoustic signals from music or the environment, for
example, provide the changes to modulate the electrostimulation and, in the latter, a pre-defined
program or routine provides the changing electrostimulation. FIGS. 144 and 145 illustrate an
electrostimulation signal graph with a horizontal time scale and a vertical amplitude scale that
can be voltage or current. Shown in the two graphs are pulses having a pulse duration, a pulse
period, a pulse frequency, a pulse group duration, a dwell off time, and a constant amplitude. In
the exemplary embodiments of FIGS. 144 and 145, the amplitude of each pulse is +1, the
duration of each pulse is approximately one eighth of a time unit, the pulse group duration is
approximately one time unit, and the dwell off time is approximately one time unit. These pulses
are shown to be square, but can also be asymmetric, sinusoidal, sawtooth, or any other analog
profile or combination of the aforementioned patterns. FIG. 145 is similar to FIG. 144 but the
pulses are in an alternate polarity sequence within the pulse group duration. In an exemplary
embodiment, the time between alternation of the pulse polarity can be approximately zero and

form a uninterrupted transition between polarities (not illustrated).
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FIGS. 146 and 147 illustrate other exemplary embodiments of electrostimulation.
Here, the signal graph of FIG. 146 has an amplitude modulation as a sine wave with no pulse
group duration or dwell off time. The modulation reference can be of either a digital or an
analog profile. FIG. 147, in comparison, has a pulse group duration of approximately two time
units and a dwell off time of approximately two time units.

FIGS. 148 and 149 illustrate additional exemplary embodiments. FIG. 148 is an
electrostimulation signal graph with a continuous square wave pulse that has an amplitude
governed by a sine wave modulation reference. Pulse polarity is modulated by a modulation
reference polarity. Additionally, the pulse frequency is modulated by the amplitude of the
modulation reference profile. When the modulation profile is at its lowest amplitude, the
frequency of corresponding pulses is low and, when the amplitude of the modulation profile is
highest, the frequency of the corresponding pulses is also highest. In comparison, the
electrostimulation signal graph shown in FIG. 149 has a constant frequency and no polarity
group. Here, the pulse length is modulated by the modulation reference profile. When the
modulation profile is at its lowest amplitude, the length of the corresponding pulses is low and,
when the amplitude of the modulation profile is highest, the length of the corresponding pulses is
also highest.

The inventors have discovered that users of the electrostimulation devices and methods
described herein experience various levels of comfort and discomfort when receiving the
electrostimulation. When the polarity of the signal does not change and the stimulation is
constant, such as the signal shown in FIG. 144, users feel discomfort with lower current
amplitudes. On the other hand, when the polarity changes, and especially when the polarity
changes quickly, then, not only can the users tolerate a significantly higher electrostimulation
signal current, they find it pleasant and relaxing, thereby providing the benefits that such
electrostimulation devices and methods intend. It has been found that the increasing portion of
the electrostimulation signal provides the most pleasurable feeling, such as the period between
time units 3 and 5 in FIGS. 146 and 149. With regard to FIGS. 144 to 149, time units are used
because the time scale can be of any length (e.g., us, ms, s).

Significantly, the systems and methods of electrostimulation described herein can be
customized or even run in real time with audio, such as music. Such an exemplary embodiment
is depicted in FIGS. 150 and 151, where the audio band amplitude pulse output is modulated. In
the example of FIG. 150, the pulses are generated as a square wave according to the process of
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the signal graph of FIG. 144, i.e., with a constant polarity square wave but, here, with no pulse
group duration or dwell off time. The amplitude of the pulses of electrostimulation are
modulated by a profile that is analogous to the amplitude of an audio band. The modulation can
be targeted to a particular portion of the audio spectrum. For example, the modulation can track
frequencies between approximately 40 and 100 Hz, in particular, between approximately 60 and
80 Hz, thereby providing electrostimulation in synchronization with the beat of very low bass
notes. Alternatively, the modulation can function as a VU meter to track the audio signal being
provided into the system. This tracking will be described in further detail below. In comparison
to FIG. 150, FIG. 151 alternates the polarity of the pulses of electrostimulation while
synchronizing the pulses to the provided music audio file. As indicated above, users of the
devices and methods prefer receiving stimulation that alternates polarity and, for the reasons
decribed below, prefer receiving stimulation that is modulated to music that the users like instead
of utilizing pre-set modulation programs.

A method for performing electrostimulation with a device according to FIGS. 140 and
141 is now described. With an appropriate power source such as a 9V battery in place, the
power button 13630 is pressed to turn the generator 14000 on. There are three ports on the top of
the device: an electrode port 14101, an audio in port 14102, and an audio out port 14103. The
device coupler in this exemplary embodiment is the coupler shown in FIG. 142. Therefore, the
dual electrical connector 14244 (which can be a 2.5 mm jack) for the positive and negative leads
of the electrostimulation signal is plugged into the electrode port 14101. The three-lead
electrical connector 14246 for audio input (which can be a standard 3.5 mm audio jack having
separate positive leads and a shared negative lead) is plugged into the audio out port 14103. In
this way, the user has the option of listening to music during therapy, in which case, an audio
source is plugged into the audio in port 14102 and, like the audio out port 14013, a standard 3.5
mm audio jack having separate positive leads and a shared negative lead can be used.

After the generator 14000 turns on, the LCD screen displays a welcome message or
animation before prompting the user to select a desired operating mode. Selection of a mode can
be accomplished using the decrease 13642 and increase 13643 buttons. When the desired mode
appears on the display 13660, the select button 13641 can be pressed, or the generator 14000 can
accept a delay of, e.g., ten seconds to automatically enter the mode that is presently being
displayed. One of the modes is an audio mode, of which there are two sub-modes, ambient mode
and music mode. Alternating between these two modes can be accomplished, for example, by
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plug control, i.e., when an audio source is plugged into the audio in port 14102, the device
defaults to music mode. In contrast, when the audio in port 14102 is empty, the device
automatically enters ambient mode. Additionally, the user can choose to enter a formula mode.
Each of these modes is described in further detail below.

Within the audio mode, ambient mode turns on by default when there is no jack within
the audio in port 14102. Instead of a direct audio source plugged into the device from a music
player, the audio on which the therapy will be based is derived from the user’s environment.
Ambient mode is ideal for when there is music in the background, as at a music festival, a
concert, or a day at the park, where the environment’s sounds will be reflected in the user’s
stimulation. When a jack is within the audio in port 15102, music mode turns on by default if
audio mode is selected. In music mode, the generator 14000 receives audio input from a source
(e.g., the user’s hand-held music player), and then modulates the electrostimulation to
compliment the audio that is being input to the generator 14000 in real time. This mode
revolutionizes the way one listens to music and is ideal for when the user wants to listen to music
and relax at the same time. By matching the electrostimulation current with the user’s favorite
songs and artists, the generator 14000 provides a state of relaxation personal to each individual
user’s preferences.

In the formula mode, the user will experience electrostimulation with a preprogrammed
algorithm. The user selects a single formula from a set of different electrostimulation formulas.
The screen indicates to the user to select a particular formula, which can be done with the
decrease 13642 and increase 13643 buttons. This algorithm is stored in a non-illustrated
memory of one of the chips of the generator 14000. Any algorithm can be programmed to
achieve a particular result or effect, for example, relaxation, pain control, euphoria. In an
exemplary embodiment, a first pre-set algorithm will deliver a polarity-alternating signal
following a modified square wave pattern. The lowest current output from the generator 14000
is constrained at 0.2 mA, determined by the inventors as being a minimum therapeutic current
dose. As described below in further detail, a maximum or ceiling for electrostimulation intensity
is selected during setup prior to the electrostimulation session and, regardless of the different
pre-set algorithms that can be selected, the user is able to set the maximum intensity of the
electrostimulation at any time during the session. As set forth herein, continued research will
generate a better understanding of neuromodulation progresses. If new and unique electrical

signals are discovered to expand uses and effects on the brain and body of the user of this
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technology, then users will desire to implement such signals with the generator. Accordingly, an
algorithm delivery circuit can be associated with the generator 14000 and have a receiver (e.g.,
an antenna and transceiver) allowing an external device to communicate with the generator
14000, for example, via Bluetooth or Wi-Fi. The algorithm delivery circuit stores any
customized algorithm supplied by the user and includes such stored algorithms in the list of the
algorithms for the formula mode and is describe in further detail below.

Calibrating the generator 14000 is an integral part of ensuring that electrostimulation is
experienced at its fullest potential. To understand the process of calibration, it is noted that a
calibration level chosen is independent of the volume at which the audio is playing.

In music mode, by calibrating the generator 14000 during setup, the user can adjust
how the intensity of the electrostimulation will respond to a variance in the music the user has
selected to experience. To start calibration, a “ceiling” for the intensity level is set and then
signal sensitivity is set. The step of selecting the maximum power level or intensity actually sets
the maximum current of the electrostimulation. Here, the screen prompts the user to choose a
maximum power level or intensity. Based on the discovered therapeutic minimum level for
current of approximately 0.2 mA and the maximum threshold for causing discomfort of
approximately 8 mA, the inventors set a range of power level according to Table 1 below and,
using increments of 0.2 mA, created a set of forty power levels. These ranges may vary in other

embodiments.
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Power Level to Current (mA) Conversion Table

Level mA Level mA Level mA Level mA
1 0.2 11 2.2 21 4.2 31 6.2
2 0.4 12 24 22 4.4 32 6.4
3 0.6 13 2.6 23 4.6 33 6.6
4 0.8 14 2.8 24 4.8 34 6.8
5 1.0 15 3.0 25 5.0 35 7.0
6 1.2 16 3.2 26 5.2 36 7.2
7 14 17 34 27 54 37 7.4
8 1.6 18 3.6 28 5.6 38 7.6
9 1.8 19 3.8 29 5.8 39 7.8
10 2.0 20 4.0 30 6.0 40 8.0

Table 1

By using the decrease 13642 and increase 13643 buttons (or the selection wheel 13644), the
desired power level can be selected. As before, holding down either button will lead to a rapid
change. Again, this value can be changed during electrostimulation as well. An exemplary
default intensity can be set at level 10 (corresponding to 2 mA), but the user can increase or
decrease this number based upon experience. The power level desired can be implemented, for
example, by pressing the select button 13641. The desired power level can be selected without
having any feedback from the generator 14000. However, in an exemplary embodiment, the user
can be required to place an electrode at the treatment area (e.g., ear canal) while setting the first
maximum power level. In this way, the user can experience what will be felt at the treatment
area during application of the electrostimulation.

Then a sensitivity of the electrostimulation signal is set. The display provides a graphic
that allows a user to see how sensitivity decreases/increases based upon the audio signal that is
present. Exemplary graphics for adjusting the sensitivity include FIGS. 152 and 153. If music
mode is selected (there is a jack plugged into the audio in port 14102), then the screen prompts
the user to calibrate the generator 14000 with the audio source that is currently being played by
the external audio player. First, the user selects a preferred/ideal volume level on the external

device being used in conjunction with the generator 14000. Then, the user sets the maximum
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intensity. Then, the user sets the sensitivity level for that type of music being played using the
selection wheel 13644 (or the decrease 13642 and increase 13643 buttons). It is noted that the
sensitivity calibration level can be changed once electrostimulation has begun. An exemplary
default level for starting sensitivity calibration with regard to FIG. 153 begins with a sensitivity
level equal to the number 0, allowing the user to adjust either positively (right) or negatively
(left). While calibration occurs, a needle at which the sensitivity level is currently set can, for
example, blink. To set the sensitivity level, the select button 13641 can be pressed.

Ambient mode is used when there is ambient sound or music as is the case in a concert
or dance club. If ambient mode is selected, the screen prompts the user to calibrate the generator
14000 with the background noise/music in the environment. Calibration is basically the same as
in music mode. By calibrating the device during therapy setup, the user can adjust how the
therapy’s intensity responds to the variance in the environment’s sounds. Based on the volume
level of the ambient sound as well as the degree of amplitude variation of the sound, the user first
adjusts the maximum current level using the selection wheel 13644 (or even the decrease 13642
and increase 13643 buttons). The maximum level calibration can be changed once
electrostimulation has begun. Sensitivity of that maximum intensity is then calibrated. If the
graph of FIG. 152 is used, then the bar graph consistently moves with respect to ambient sound
intensity, and all the user needs to do is simply adjust the calibration dial so that the last bar to
the right is reached only at the most intense portions of the ambient sounds. One exemplary
default level for starting sensitivity calibration with regard to FIG. 152 begins with a sensitivity
level equal to at a middle bar (e.g., the 8™ vertical bar), allowing the user to adjust to the left or
right. While calibration occurs, the bars up to which the level is currently set can, for example,
blink. Alternatively, just the one bar indicating the sensitivity level can blink. To set the
sensitivity level, the select button 13641 can be pressed.

Sensitivity calibration establishes a relationship between the intensity of
electrostimulation and an intensity of the music or the ambient sounds. A higher level of
calibration leads to a higher change in electrostimulation intensity with regards to music
intensity. In other words, a higher calibration level means that it takes less of a change in the
variance of the music intensity to get the same change in variance of electrostimulation intensity.
Simply put, a higher calibration is equivalent to a higher sensitivity level. As such, a lower
calibration is used if the song being played has higher variability or intensity. An example of
this includes songs that shift from a soft pitch to a high rhythmic intensities (deep basses) and do
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so relatively quickly (e.g., a drop in base). Exemplary music genres with this characteristic
include heavy metal and EDM. A higher calibration level is selected if the song being played
has lower variability or intensity. An example of this includes songs that stay relatively stable in
rhythmic intensity, such as the genre of New Age music. The maximum current amplitude set in
the first calibration step constrains the current to a user-selected preset maximum amplitude. If
the maximum amplitude is reached too frequently, sensitivity may be adjusted to a “less
sensitive” setting. This ensures that the user can “feel” the signal change throughout the full
range of the particular piece of music input and avoid signal clipping. In contrast, if the user
cannot perceive or “feel” the signal variation, then the sensitivity may be increased. This
condition would be more likely in music pieces that have very little variation in intensity. In the
exemplary embodiment, this sensitivity adjustment is performed manually using an analog
potentiometer. However, in other exemplary embodiments, a digital potentiometer, or “digipot”,
may be used and the sensitivity adjustment can be software or firmware controlled to
automatically adjust and maximize the user’s ability to “feel” the full range of signal variation
regardless of the type of music or sounds being input into the device and, therefore, into the
user’s ear.

After the sensitivity level is set, a bar graph akin to a VU meter will move dynamically
and track the variations of the music or other ambient sound. The user can further adjust the
sensitivity to ensure that the full spectrum of the sound can be “felt” without signal clipping on
the high end of the intensity spectrum of the sounds. If the level on the sensitivity graph is
constantly reaching the maximum value, then signal clipping is most likely occurring, thus
requiring a reduction in sensitivity. If the level on the sensitivity graph is barely moving, the
user may increase sensitivity to vary the signal to a greater degree and better “feel” the signal
vary in synchronization with the music or sounds.

Setting maximum current and sensitivity and the reasons behind these requirements will
be discussed in further detail below with regard to an exemplary circuit diagram.

It is noted that power level and calibration do not affect one another. Intensity is solely
a maximum power level that is output to the electrodes. In contrast, calibration determines how
often the higher/highest power levels will occur during a treatment sessions. For instance, if the
intensity is set at level 10 (2 mA), and the calibration is set at its maximum level, there will be
more instances of level 10 power than if the calibration was set at an intermediate or lowest

value.
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After selecting the desired mode (ambient, music, or formula), the screen prompts the
user to choose a duration of the electrostimulation. The inventors have discovered that a
therapeutic range for electrostimulation duration is between 5 to 45 minutes. Thus, the user can
elect a shortest duration starting at five minutes and a longest duration up to forty-five minutes.
For example, a default starting duration can be set to fifteen minutes, with the user adjusting the
time (e.g., with five-minute increments) with the decrease 13642 and increase 13643 buttons (or
the selection wheel 13644), where holding down either button can lead to a rapid change.

The generator 14000 is now ready to begin electrostimulation treatment. Before
starting, the screen can display a countdown to treatment commencement. This countdown can
occur automatically after the power level is set or it can require actuation of the select button
13641. Electrostimulation then begins. In an exemplary embodiment, the first fifteen to sixty
seconds can be a ramp up period. During the session, the screen can provide a dynamic display
of a graphic that tracks the instantaneous (or almost instantaneous) power level being applied to
the electrodes. At the same time, a countdown clock can be decrementing to provide a visual
cue for the treatment session along with the maximum power level selected. In this way, if the
user decides to change the power level or duration settings or calibration during treatment, the
display can show the new value after that change is made. For example, to change the intensity,
the user simply presses the decrease 13642 and increase 13643 buttons, to adjust the sensitivity,
the user can spin the wheel 13644 to a desired location corresponding to the new desired
calibration setting. It is noted that, during the session, neither the music nor the
electrostimulation treatment session stops while adjusting these parameters. In an exemplary
configuration, however, the session can be paused by pressing the power button 13630 (or even
the wheel 13644), at which time the screen can indicate a paused status as well as provide
instructions on how to resume (press power button 13630). Alternatively, if the user desires to
turn the generator 14000 off, holding down the power button 13630 for a given time (e.g., five
seconds) can effect this result.

It is noted that the generator 14000 can be turned off at any time with use of the power
button 13630 (e.g., by pressing for five seconds).

Based on the above exemplary configuration, a set of specifications for the generator
14000 arise. The current can range from approximately 0.05 mA to approximately 14 mA with

use of a power scale from 1 to 40, for example. As discussed in more detail below, the voltage
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of the electrostimulation treatment ranges from approximately 5 to approximately 120 Volts
because the value is determined by the driven load.

Unlike a standard resistor, the impedance or resistance of human tissue is highly
variable. Not only is it variable from person to person, but tissue resistance can change during
any given electrostimulation session. There are many scenarios when this variability can occur.
If the subject sweats and that liquid finds its way into the ear canal, impedance will drop. The
electrostimulation itself may cause changes in blood flow to the local tissue surface and,
therefore, change impedance. If resistance changes, and voltage remains the same, then the
current imparted to the target structure will vary to an unknown degree and, as a result, can
either give too much current or too little, rendering the therapy ineffective or less effective. In
an exemplary embodiment, the generator 14000 provides current control by varying the voltage
delivered to the subject within a range that can maintain constant current at a range of known
resistances. As the processor senses a decreasing current draw, voltage is increased to maintain
the set current. On the other hand, if the processor senses an increasing current draw, then
voltage is decreased. This adjustment occurs many times a second for constant current control.
In one exemplary embodiment, the processer makes checks on the current and, therefore,
opportunities to adjust the current fifty times per second. For therapies where even more
current variability is required, the current checks and opportunities to adjust could be set to 100
times per second or greater (and vice versa). Other exemplary embodiments maintain a pre-set
current by intermittently stopping therapy for a user-imperceptible duration of time, while
resistance between electrodes is measured and voltage is adjusted. The frequency of these
resistance “checks” depends on what the therapy is being performed. Waveform shapes,
polarities, pulse durations, time between opposite polarities, and frequencies are either
completely or partially preset at fixed values or may vary during certain therapies for specific
indications, may vary only from one therapy indication to another, or may be dictated by an app

on a PSA. Exemplary ranges of values are shown in Table 2 below.
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) Control
Pulse Variables Values
Method
Current 0.05-14 mA User setting
Voltage 0.01-16V Load driven
Modified square wave, saw
tooth, square wave, analog
Waveform o Preset
waveforms, or combinations
thereof
Polarity Positive, Negative, Alternating Preset
Pulse Duration 1-1000 ps Preset
Time Duration Between o
_ - 0 second minimum to 5 seconds Preset
Opposite Polarities
Frequency 5-2500 Hz Preset

Table 2

One exemplary set of factory default settings retained in the permanent memory of the

generator 14000 can be seen in Table 3 below.

Factory Default Settings (Retained in Permanent Memory)

Minimum current in Formula Mode

Level 1 (.2 mA)

Calibration level

8" bar out of 16

Therapy duration 15 minutes
Intensity Level 10 (2 mA)
Ramp up period of therapy 15 seconds

Therapy duration options

5 to 45 minutes (5 minute increments)

Countdown to therapy beginning 3 seconds
Notification of completion of therapy 5 seconds
Time to hold down ON-OFF for 5 seconds

powering

Table 3
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With the preceding explanation of the functionality and methods of use of the various
systems and processes for delivering electrostimulation, FIGS. 154 through 156 illustrate one
exemplary circuit configuration for an electrostimulation delivery device such as the generator
14000. The circuit is comprised of various subsets including a power control circuit 15410, a
voltage regulation circuit 15420, an electrostimulation pulse generation circuit 15510, a
microphone circuit 15610, an audio transceiver circuit 15620, a sensitivity adjustment circuit
15630, and a display circuit 15640. Each will be explained in turn along with the relevant
connectivity.

In the exemplary embodiment, power is supplied to the entire circuit at the power
control circuit 15410 through a power supply 15412, for example, a 9V battery. The power
button 13630 can be part of the power control circuit 15410, which, when powered on, provides
power for operation of the entire generator 14000. As set forth above, when the circuit is
powered on for the first time, the user needs to set a maximum current to be delivered. This is
done with the electrostimulation pulse generation circuit 15510 in a process also referred to as
setting a power threshold. The user can set this threshold without knowing what the first-set
power would feel like or, as an alternative, the user can place an electrostimulation electrode in
the user’s ear canal to experience the level that is being set as the power threshold. As a
baseline, the electrostimulation pulse generation circuit 15510 sets a level of 2 mA to start this
step, which corresponds to level 1 in Table 1. If the user is going to be using music mode, then
a headphone jack will have been inserted in the audio in port 14102 of the audio transceiver
circuit 15620. The audio out port 14103 is connected to the audio in port 14102 to provide the
received audio signal to speaker assemblies in earbuds of the device coupler. If the user is
going to use ambient mode, then a headphone jack will not be present in the audio in port 14102
of the audio transceiver circuit 15620 and the received audio signal provided to the speaker
assemblies in earbuds of the device coupler will be provided through the microphone circuit
15610. In either mode, maximum electrostimulation power now needs to be adjusted, which
entails setting a maximum current amplitude. Setting a maximum current amplitude make sure
that the highest level of audio input (e.g., loudest notes in music) produce at the electrodes the
highest level of current. Simply put, this level is a ceiling for a highest dose of
electrostimulation and corresponds to a power level in Table 1. The user enters the
corresponding level of the maximum current amplitude into the electrode processor 15512 of

the pulse generation circuit 15510 to confine the electrode processor 15512 during audio mode
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to not deliver current above this set maximum level. As the user might be able to tolerate or
want a higher level, this can be increased dynamically during an electrostimulation session; the
user can also lower the level. For example, if the user selects Level 10 as the maximum current
amplitude, then the electrode processor 15512 locks the floor of the current to Level 1
(corresponding to 0.2 mA) and locks the ceiling of the current to Level 10 (corresponding to
2.0mA).

Now that the maximum current amplitude is set, the user needs to set how often that
maximum current amplitude will arise during a session and that procedure is accomplished by
setting a sensitivity adjustment with the sensitivity adjustment circuit 15630. If, for example,
the user wants the maximum current amplitude to be present very often, the sensitivity will be
set higher and, if the user wants the maximum current amplitude to be present infrequently, the
sensitivity will be set lower. There exists a problem when listening to a mellow song where a
user can feel particular lows and highs but, if the next song is a metal or EDM song, then the
lows and highs will be much different and second song with much more frequent highs will clip
both medium and high tones to the maximum current amplitude.

There are a few ways to set the sensitivity. As explained above, frequency filters can
be used to find peaks at various frequency ranges, e.g., the bass line of a song. However, with
music being different in every song and with ambient sound not necessarily having frequencies
within such ranges, the inventors discovered that it would be beneficial to set sensitivity using a
VU processor to meter the input audio. A VU processor produces an average of an overall
volume without regard to wavelength (e.g., it is wavelength agnostic) and then the output level
of the VU processor is used to modulate the electrostimulation. The VU-type output is provided
with the sensitivity adjustment circuit 15630, having its sensitivity circuit 15631 and its audio
envelope follower circuit 15632. A potentiometer of the sensitivity adjustment circuit 15630 is
set to vary a current provided to the audio envelope follower circuit 15632. With the sensitivity
adjustment circuit 15630, the VU output can be displayed to a user to have the bar graph/needle
(FIG. 152/153) bounce/move between the preset low and high levels. In the bar graph
embodiment, an ideal setting for sensitivity will have the user sets the level so that the highest
bar is rarely activated at the strongest beat of the song and, in the needle embodiment, an ideal
setting for sensitivity will have the user sets the level so that the needle remains close to the “0”
and goes into the red zone rarely and only at the strongest beat of the song. This manual
(analog) setting of the sensitivity allows the user to customize the delivered electrostimulation
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throughout the song and to change it for each different song if desired. It is noted that
sensitivity is also dependent upon the input volume of the signal that enters the audio in port
14102. If the user raises the volume, then the sensitivity can be correspondingly changed by the
user to account for that increase. The sensitivity can also be done digitally and automatically.
In a first exemplary embodiment, a digital potentiometer can be associated with the processor
15512 and be programmed to prevent the bar/needle from going above a pre-set or user-set level
during any given song and, thereby, adjust the sensitivity on the fly that is also dependent upon
the volume of the audio selected by the user. In a second exemplary embodiment, the digital
potentiometer can be controlled by the processor 15512 to back off the current level if the
maximum current amplitude is being hit too often within a set amount of time. In another more
sophisticated embodiment, there can be a database of songs with corresponding VU level
profiles and the processor 15512 can look at the profile of the to-be-played or currently-played
song and back off or increase the sensitivity dependent upon both the profile and on the user’s
selected volume. Finally, in a completely dynamic embodiment, the generator 14000 can
communicate with a song identification application (such as SoundHound® and Shazam®) to
identify the next song to be played or the one current playing and, by knowing the song,
automatically set the sensitivity based upon a known profile of that song or based upon an on-
the-fly analysis of the audio file while, at the same time, take into account the user’s volume
setting.

Each of the audio signals, either at the microphone 14104 or the audio in port 14102, is
amplified and powered 15422 from the output 15422 of a voltage regulator circuit 15420. The
resulting output signal is applied to line 15634, which is an input line to the display processor
15640. This signal is then output from the display processor 15642 as the input signal 15514 to
the pulse generation circuit 15510, which is the signal that is pulse modulated by the processor
15512 and output to the electrode(s) 14101.

The decrease 13642 and increase 13643 buttons and the select button 13641 are other
input variables to the display processor 15642, thereby enabling control through the display
processor 15642. The maximum current amplitude of the electrostimulation signal is controlled
through increment 15516 and decrement 15517 inputs of the electrode processor 15512 from the
display processor 15642. With 0.2 mA set as a default minimum, therefore, the range of current
to be supplied to the electrodes 14101 from the generator 14000 is set between the user-selected

maximum current and the pre-set minimum current.
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As indicated herein, it is important for the generator 14000 to keep the
electrostimulation current where it should be at any given time, i.e., between the default
minimum and the user-selected maximum current, and to not exit out of this range. This is done
through the voltage regulation circuit 15420. What could cause an improper amount of current
to be applied to the electrode(s) 14101 is a variability in the resistance of the tissue that is
disposed between the two poles of the electrode 14101. It is known that biological tissue does
not have a constant resistance. Thus, the problem of variable resistivity must be addressed.
There are two aspects to this. First, each person’s target tissue does not have the same
resistivity and placement of the electrodes circumferentially within an ear canal, for example,
will have different resistance values. Further, the inventors have discovered that tissue changes
in resistance when a constant initial current is applied. In most cases the resistance tends to
drop as the current is maintained, but resistance can increase, for example when the
environment (e.g., weather) is cold. Simply put, human tissue is a biological resistor, it is not a
fixed resistor. So the circuit needs to know how to maintain the current with an ever-changing
resistance. This problem is solved with the voltage regulation circuit 15420. During the
electrostimulation session, the voltage regulation circuit 15420 either can sample the resistance
at the electrodes or it can measure a current drawn from the output of the electrodes and, based
upon either (or both) of these values, the voltage regulation circuit 15420 will dynamically
constrain the current and prevent it from going above the user-selected maximum current and
the pre-set minimum current to maintain the therapeutic range and not provide user discomfort.
From this it can be said that the electrostimulation signal (i.e., a neuromodulation electric signal
(NES)) is the character of the current that is being delivered to an area of the body that is in
proximity or adjacent to a targeted nerve or other biologic structure (e.g., blood vessel).

With regard to a maximum power level or intensity, the inventors discovered various
considerations and one significant one is that a user can become tolerant of the
electrostimulation signal. The problem facing advancing electronic nerve stimulator devices
and methods is whether or not an individual user can tolerate the discomfort associated with the
delivery of a signal delivered at the power necessary to maximize therapeutic benefit. The
systems and methods herein improve the art by including algorithms and processes that prevent
a user from becoming tolerant to the electronic signals delivered.

In a first exemplary embodiment, electrostimulation provided by the hereindescribed
devices and methods are supplemented by including auditory stimulation in the form of
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prerecorded audio, not only by combining the theory of neurologic distraction, but also by the
physical release of endogenous endorphins. Users are provided with the ability to listen to such
prerecorded audio or any other auditory stimulation (e.g., white noise, an audio book, pre-set
patterns, and the like) during the electrostimulation therapy. This is enabled because the device
coupling the electrostimulation electrodes to the user can be configured within earbuds or
headphones.

In another exemplary embodiment, the generator is provided with a microphone or
similar input device that is able to sense an ambient audio signal and modulate the
electrostimulation signal dependent upon that ambient audio signal. Of course, this modulation
is performed within a proscribed therapeutic range as the power varies the electrostimulation
signal in accordance with the ambient audio signal.

With regard to ease of use of the inventive systems and methods, the generator is hard-
wired, wirelessly connected, or optically connected to the audio source that is to deliver the
audio signal forming the modulation of the electrostimulation.

As set forth herein, continued research will generate a better understanding of
neuromodulation progresses. If new and unique electrical signals are discovered to expand uses
and effects on the brain and body of the user of this technology, then users will desire to
implement such signals with the generator. Accordingly, the embodiment of FIG. 156 is
supplied with an algorithm delivery circuit 15612 having a transceiver 15614 allowing an
external device to communicate with the generator 14000 through the algorithm delivery circuit
15614, for example, via Bluetooth or Wi-Fi. The algorithm delivery circuit 15612 contains all
of the circuitry necessary for such communication as well as a memory to store customized
algorithms supplied by the user. Control of the algorithm delivery circuit 15612 can occur with
any of the on-board processors or it can be done through other processors of the generator
14000. The algorithms for the formula mode above can also be stored in the memory of the
algorithm delivery circuit 15612, for example. In an exemplary embodiment, to utilize the
generator 14000 with either a pre-set formula or one of the stored algorithms, the algorithm
delivery circuit 15612 can deliver the output signal to be modulated through a switch 15616
that, when set to either the formula mode or an algorithm mode, bypasses the input of the
microphone and uses the preamp portion of the microphone circuit 15610 to supply the signal to

the sensitivity circuit 15620.
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In another exemplary embodiment, the audio signal desired by the user (e.g., a
particular song) can be pre-converted into an electrostimulation signal so that the signal is
modulated/synchronized to that song. This signal can then be administered to a user in the
absence of music. This kind of “shadow” synchronization gives the user a “feeling” of the song
as an electrical sensation and the ability to mentally “hear” the song even though the user is not
actually hearing it. The effect produced is akin to mentally singing or humming a song. This
shadow synchronization confers a beneficial signal tolerance by allowing the user to
“anticipate” higher doses of electrostimulation (assuming that the user knows the song) because
he/she can predict the signal. This process also confers an audio endorphin release as if the
subject was actually listening to the audio recording. This particular process utilizes the
theories of ramp-up and pattern following. It is known that the longer a subject is exposed to a
noxious stimulation at a constant delivery, the tolerance to that noxious stimulation increases.
In the inventive “ramp-up” stimulation feature, if the noxious stimulation increases from a low-
level (low power/intensity/current) of stimulation that is initially tolerated up to an increased
level, and is done so incrementally, then the user can tolerate the higher level and tolerance is
increased. This is analogous to the situation of a cold pool getting more comfortable after the
initial shock of jumping in. The systems and methods herein, therefore, provide a signal
delivering process that modulates the power of the signal to have the signal strength rise
progressively and linearly from a well-tolerated, low power signal to a progressively increasing
power over time, until an asymptote is reached, such that the power stays just below and is
restricted from going above that asymptote.

Delivery of the signal needs not be a constant ramp. It could also be provided as a
sinusoidal increase of the power, with power progressively increasing over time until an
asymptote is reached and then decreases to a lower-but-therapeutic level asymptote. The signal
can remain sinusoidal or it can rise in amplitude or simply flatten out to a linear therapeutic
level. Any desirable ramping up pattern of increasing to and subsequently maintaining the ideal
target power is also envisioned.

With the theory of “pattern following,” a subject can increase his/her tolerance by
experiencing stimulation varying between tolerable and noxious if it is done in a pattern that is,
or ultimately is, predictable by the subject. In other words, if the power of the nerve stimulation
varies between tolerable and initially noxious within a therapeutic range, but follows a pattern,
the subject will tolerate the peaks in power delivered better, once the subject can anticipate
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when the power will again decrease to lower levels. Over time, the “duration” principle takes
effect and the subject becomes able to tolerate the signal at a constant, high power/high efficacy
signal. An example of this can be illustrated with waterboarding. If a user was told beforehand
that his/her head would be forced under water for only five seconds, the event would be well
tolerated. However, if the same act was performed by a stranger who did not indicate what the
duration would be, the five-second dunk would be quite poorly tolerated. Putting the
discomfort in an acceptable context allows the brain to anticipate a shorter duration and block
out the discomfort when it occurs.

The inventive systems and methods can also be used to counteract seizures caused by
epilepsy. It is known that epilepsy can be triggered, such as by a fluorescent light. The systems
and methods can be configured to detect fluorescent, flashing lights, and/or other lights known
to cause seizures and, when detected, to administer an electrostimulation treatment in advance
of a seizure.

The inventive systems and methods can also be used to induce a physiologically
beneficial wake up from sleep. It is known to be beneficial to have elevated cortisol levels
when waking in order to have a more pleasant and physically positive waking from sleep. The
systems and methods can be configured to include a wake-facilitation feature. In particular,
when worn during sleep, the generator can be programmed to deliver electrostimulation at
therapeutic levels sufficient to induce cortisol and wake the user up at a particular time. A short
time before waking (e.g., thirty minutes), the systems and methods slowly develop an
electrostimulation signal to raise the user’s cortisol levels and, at waking time, the cortisol
levels will be at a physiologically beneficial level. This feature is available particularly with the
systems and methods described and illustrated herein because they are so comfortable. As such,
sleeping with the device couplers installed will not cause or will not impose any measurable
defect in a person’s sleep.

As set forth above, each of the various neurostimulation devices 1610, 2700, 2900,
3200, 3600, 4410, 5200, 5800, 6000, 6200, 6600, 6700, 6900, 7100, 7300, 8100, 9500, 9800,
10000, 10400, 11300, 11600, 11900, 12400 described herein can be used to treat a number of
conditions and ailments through stimulation of the vagus nerve. Some of these include
depression, multiple sclerosis, weight loss, motion disorders, insomnia, obesity, and Alzheimer's
disease. Importantly, stimulation of the vagus nerve aids in management of pain, in particular,

for headaches and migraines. It is known, however, that, for headaches and migraines, better
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treatment with neuromodulation occurs at one or more of the facial artery and the trigeminal
nerve.

With knowledge of the above neurostimulation devices, the inventors discovered that
securement within the ear canals can be used to exploit the proximity to both the trigeminal
nerve and the facial artery. Accordingly, the above-mentioned headband configuration can be
changed to the neurostimulation device 15700 shown in FIGS. 157 to 159. In this variation, a
C-shaped headband 15702 has distal ends at which an earbud/neurostimulator device can be
placed at one or both of the distal ends but, in this exemplary embodiment, as will be described
in further detail, the focus points for electrical stimulation are the facial artery and the
trigeminal nerve and not the vagus nerve (although it is equally possible to include the
earbud/neurostimulator device at one or more of the distal ends in a desirable configuration). At
the distal ends are ear canal centering devices 15704. When worn, each of the centering devices
15704 fits into a respective ear canal of a user. If the centering devices 15704 are to double as
audio headphones, then acoustic speakers are present within the centering devices 15704 and
are supplied with signals through a non-illustrated cable. However, most therapies for curing
headache and migraine pain are associated with quiet and, therefore, the centering device 15704
in this exemplary embodiment serves to minimize sound, acting as ear plugs but they may
combine the vagus nerve stimulation described herein and combine music and/or other sounds.
The exemplary neurostimulation device 15700 is to be worn about the back of a user’s head, as
the embodiment shown in FIG. 160. While the neurostimulation device 15700 can be rotated
about the axis between the user’s ears to place the headband 15702 under the user’s chin, as will
be seen below, that orientation is not as desirable. As used with the headband embodiment,
“rear” is referred to as a position that will be closer to the rear of a user’s head when in use and
“front” is referred to as a position that will be closer to the face of a user when in use.

As above, this embodiment of the neurostimulation device 15700 is that the headband
15702 is of a material with spring-back properties such that, when the C-shape of the headband
15702 is opened to fit on the user’s head, the spring-back of the C-shape provides an inwardly
directed force on the centering devices 15704 to press each into its respective ear canal. As
above, this headband 15702 is also adjustable to allow a user to increase or decrease the force
that the distal ends can place on the user’s head. The mechanism for adjusting this force is,
however, somewhat different. To adjust this force, a main body 15705 defines two cavities that
form a spindle holder 15706 and in which a spindle 15708 is disposed. Each of the two ends of



10

15

20

25

30

99

the spindle 15708 has an internally threaded bore into which is threaded a rear end of one of two
tension cords 15720. The opposing front end of each tension cord 15720 is fixed in a respective
cord holder 15710 disposed away from the spindle 15706 around the main body 15705 (to
approximately the 3 and 9 o’clock positions of the C-shaped headband 15702 when viewed
from above a user’s head). The threads of the two bores that receive the rear ends of the tension
cords 15720 (and the corresponding threads of the rear ends of the tension cords 15720) are
reversed so that rotation of the spindle 15708 in one direction will pull the two rear ends of the
tension cords 15720 together and rotation of the spindle 15708 in the opposite direction will
push the two rear ends of the tension cords 15720 apart. In this way, as the distal ends of the
tension cords 15720 are pulled towards one another, a rearwardly directed force is imparted on
each of the cord holders 15710 to, thereby, move the two centering devices 15704 away from
one another and as the distal ends of the tension cords 15720 are pushed away from one another,
a forwardly directed force is imparted on each of the cord holders 15710 to, thereby, move the
two centering devices 15704 towards one another.

With such an inward and outward force adjustability of the headband 15702, the
centering devices 15704 are replaced with centering and force-imparting booms 15910 that,
when placed about a user’s head and within the ear canals, make possible easy access to either
or both of the facial artery and the trigeminal nerve. In particular, each boom 15910 has a
rearward end at which is disposed a centering device 15904 that is pointed inwards (i.e.,
towards a center of the C-shape). The centering devices 15904 are shaped to fit within a user’s
ear canal (as in any of the exemplary embodiments described or shown herein) and act to center
the booms 15910 about the user’s temples, which is a consistent location that facilitates
placement of electrodes at targeted locations at or near the trigeminal and/or vagus nerves. This
also allows the headband embodiments to target the occipital nerves with electrodes that extend
from the inside circumference of a rear portion of the headband 15702 toward the back of the
user’s head.

The centering device 15904 can be gimbaled (as is illustrated in FIGS. 95 to 97) at the
rearward end of the boom 15910 to permit the centering device 15904 to accommodate different
user’s ear canal shapes and angular orientations. Each boom 15910 has a concave extension
15912 that runs forward from the centering device 15904 to a pivot 15904 that connects the
boom 15910 to the forward end of the headband 15902 and allows the boom 15910 to pivot at
least in the plane of the headband 15902 (i.e., the view of FIG. 159). The pivot 15904 can be a
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gimbal so that the boom 15910 can pivot in any way at the connection to the forward end of the
headband 15902. Forward of the pivot 15904 on the concave extension 15912 are two
structures: a facial artery compressor 15914 and a trigeminal nerve stimulator 15916. In the
exemplary embodiment, the facial artery compressor 15914 is the first structure forward of the
pivot 15904 and the trigeminal nerve stimulator 15916 is the second structure even further
forward than the facial artery compressor 15914. The facial artery compressor 15914 is used to
place pressure on the facial artery. Accordingly, the inward-most surface that contacts the
user’s skin is hammer shaped, although it can be any equivalent shape that can compress the
facial artery when placed thereagainst. Mechanical compression can be enhanced by adding
electrostimulated compression, which can occur by adding electrodes at the facial artery
compressor 15914 that apply electrical signals having characteristics that impart
vasoconstriction. The trigeminal nerve stimulator 15916 is used to place an electrical contact at
the trigeminal nerve just forward of the facial artery. Accordingly, the inward-most surface that
contacts the user’s skin is shaped to be sufficiently long enough to contact the user’s skin
adjacent the trigeminal nerve when the facial artery compressor 15914 is compressing the facial
artery. Installation of the system is easy, as centering occurs on the user’s ear canals just as
with conventional earphones.

A length of the concave extension 15912 that is rear of the pivot 15904 is longer than a
length of the concave extension 15912 forward of the pivot 15904. In this way, the pivot 15904
acts as a fulcrum to multiply the force that the facial artery compressor 15914 will place against
the facial artery. This insures that the trigeminal nerve stimulator 15916 contacts the skin and
positions the trigeminal nerve stimulating electrode 15918 adjacent the trigeminal nerve when
the centering device 15904 is within the user’s ear canals and the headband 15902 is also
placing an inwardly directed force on the pivot. In such a state, which is shown in FIG. 160,
there are two forward contact points, one on the facial artery for either or both of
vasoconstriction and neurostimulation and one adjacent the trigeminal nerve for
neurostimulation. In particular, the facial artery is mechanically compressed bilaterally. With
such mechanical processes, the headband 15902 can be adjusted to compress the facial artery at
a level greater than blood pressure. When this occurs, the facial artery occludes and provides
the desired relief. The facial artery compressor 15914 can also be fitted with sensing devices to
sense characteristics of the temporary artery. For example, ultrasound, Doppler, and/or

impedance sensors can assist with determining efficacy of occlusion and give the user feedback
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of such occlusion. With feedback, the user is provided with information to permit dynamic
adjustment of the headband 15902. If electrodes are present on the facial artery compressor
15914, then electrical signals can be applied to the facial artery to electronically collapse the
artery.

If the adjustment device of the headband 15902 are motorized (e.g., the spindle 15908),
then such sensors can be used to automatically adjust the compression of the facial artery
compressor 15914 as well as the level of stimulation being provided by the facial artery
compressor 15914,

At the same time, stimulation of the trigeminal nerve, which supplies sensation to the
head, can take place. It is known that stimulation of the trigeminal nerve makes the head numb,
thereby, stopping headaches and migraines. One cause of pain for treating headaches and
migraines with prior art devices is due to the discomfort that is associated with muscular
contraction of the forehead. Because the device of FIGS. 157 to 160 places pressure at the
anterior auricular location, instead of forehead, there is no musculature to contract and,
therefore, no resulting discomfort. In this way, the device is able to impart more stimulation
with less pain than prior art devices.

Sizing the concave extension 15912 properly places both the facial artery compressor
15914 and the trigeminal nerve stimulator 15916 in a desired position when the centering
devices 15904 are within the user’s ear canals. Significantly, in such a state, the system can
take advantage of the location of the centering devices to, for example, also deliver audio sound
into the ears if speakers are present and/or also deliver vagus nerve stimulation into the ear
canal or concha if vagus nerve electrodes are present.

The booms of FIGS. 159 and 160 can also be replaced with a goggles embodiment.
Such a configuration can provide both compression and neuromodulation, but in different areas
of the head and face. In contrast to the boom, goggles do not contact the forehead and, instead,
are located at orbits of the eye. In such an orientation, the goggles can be provided with
electrodes positioned to stimulate the trochlear nerve.

Electrostimulation with the systems and methods described herein are not limited to the
vagus and trigeminal nerves, even though exemplary embodiment for these nerves have been
provided. Other exemplary areas for treatment are mentioned herein and can also include
transcutaneous stimulation of peripheral, cranial, or central nervous system target locations. An

example of the latter is the spinal cord. In such a case, novel aspects of the systems and
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methods herein are applicable and, for example, transcutaneous stimulation of a certain area of
the spinal cord will be different for persons that have more fat than others. This would present a
higher impedance than someone who is thin and, therefore, the automatic current control circuit
with voltage adjustment resolves any issue with a person receiving current to the target structure
that different from another.

The embodiments herein are described as treating pain, such as headaches and
migraines. However, the devices and methods can also be used to treat shingles, trigeminal
neuralgia, TMJ dysfunction, and atypical facial pain (e.g., after dental procedures).

Described herein are various earbud embodiments for the electrostimulation device
coupler. These configurations are not intended to be limited to such embodiments and include
additional exemplary embodiments for the earbuds in FIGS. 161 through 168. In the
embodiment of FIGS. 161 to 164, the outer surface between the audio output end and the distal
end of the channels between adjacent petals is enlarged, thereby providing a distal surface
extent 16110. In comparison, the embodiment of FIGS. 165 to 168, there is an intermediate
radial wall 16510 within the channels that are defined by adjacent petals. Also shown in these
and the previous embodiments of the earbuds are exemplary prolate spheroid shapes. The
inventors have discovered that a shape of the outer surface of the prolate spheroid earbuds can
improve connectivity between the conductive outer surfaces of the earbuds and the target tissue
of the ear canal. It is noted that users have different ear canal shapes and sizes. Accordingly,
the following formulas were derived to dictate a curvature of the outer surface of the earbud
form for various sizes of the patient coupler. These formulas vary based upon the maximum or
“terminal diameter” of the various sized earbuds. These formulas plot a longitudinal curvature
of the outer surface of the terminal diameters as listed below. Therefore, major diameters not
listed would use the formula listed below that is closest to the major diameters listed. The
earbud outer surface longitudinal curvature derived from the following formulas provide the
best contact of electrodes to the skin surface and provide proper fit to varying ear canal
anatomies and diameters. In the formulas below, the earbud profile polynomials are for a
controlled 8.0 mm length with an 11.00 mm overall length.

Size: Small
Equation: -(0.0031x3) + (0.0024x?) - (0.0178x) + 4.1852
Domain: x0 =0 & xf =8.00
Major Diameter = 8.37 mm / 8.3704 mm
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Size: Intermediate 1
Equation: -(0.0034x3) - (0.0066x?) - (0.0016x) + 4.7888
Domain: x0 =0 & xf =8.00
Major Diameter = 9.58 mm / 9.5776 mm

Size: Medium
Equation: -(0.0004x*) + (0.0008x3) - (0.0191x?) - (0.0621x) + 5.3912
Domain: x0 = 0.50 & xf =8.00
Major Diameter = 10.72 mm / 10.7824 mm

Size: Intermediate 2
Equation: -(0.001x%) + (0.0118x3) - (0.0787x?) - (0.0037x) + 5.9404
Domain: x0 = 0.00 & xf =8.00
Major Diameter = 11.88 mm / 11.8808 mm

Size: Large
Equation: -(0.0071x3) + (0.00009x?) - (0.0295x) + 6.4818
Domain: x0 =0 & xf =8.00
Major Diameter = 12.96 mm / 12.9636 mm

In the above, the Y-intercept (where x = 0) represents (in millimeters) the radius of the
major diameter of the earbud. These exemplary earbuds have a 3.0 mm taper section for
domain x =-3.0 to 0.

Various different features can be added to the embodiments of the device couplers (e.g.,
helix cuffs and ear buds) described herein. For example, the device couplers at the user’s ears
can be partially or completely illuminated. Illumination can backlight a product logo, can be
pulsed with respect to therapeutic pulses, can be pulsed with respect to audio emanating from a
coupled audio device such as an earbud, can be pulsed with respect to audio emanating from the
environment in which the user is using the device, and/or can be pulsed with respect to control

from an external source, such as from a DJ in a night club.
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It is noted that various individual features of the inventive processes and systems may
be described only in one exemplary embodiment herein. The particular choice for description
herein with regard to a single exemplary embodiment is not to be taken as a limitation that the
particular feature is only applicable to the embodiment in which it is described. All features
described herein are equally applicable to, additive, or interchangeable with any or all of the
other exemplary embodiments described herein and in any combination or grouping or
arrangement. In particular, use of a single reference numeral herein to illustrate, define, or
describe a particular feature does not mean that the feature cannot be associated or equated to
another feature in another drawing figure or description. Further, where two or more reference
numerals are used in the figures or in the drawings, this should not be construed as being limited
to only those embodiments or features, they are equally applicable to similar features or not a
reference numeral is used or another reference numeral is omitted.

The electrical combinations of ground/positive and positive/negative are used in
various places herein. These various alternatives are not to be considered as limiting the
described embodiment to one or the other in each case and are to be taken as equally
interchangeable wherever used herein.

For the purposes of the description, a phrase in the form “A/B” or in the form “A and/or
B” or in the form “at least one of A and B” means (A), (B), or (A and B), where A and B are
variables indicating a particular object or attribute. When used, this phrase is intended to and is
hereby defined as a choice of A or B or both A and B, which is similar to the phrase “and/or”.
Where more than two variables are present in such a phrase, this phrase is hereby defined as
including only one of the variables, any one of the variables, any combination of any of the
variables, and all of the variables, for example, a phrase in the form “at least one of A, B, and
C” means (A), (B), (C), (A and B), (A and C), (B and C), or (A, B and C).

The foregoing description and accompanying drawings illustrate the principles,
exemplary embodiments, and modes of operation of the invention. However, the invention
should not be construed as being limited to the particular embodiments discussed above.
Additional variations of the embodiments discussed above will be appreciated by those skilled
in the art and the above-described embodiments should be regarded as illustrative rather than
restrictive. Accordingly, it should be appreciated that variations to those embodiments can be
made by those skilled in the art without departing from the scope of the invention as defined by

the following claims.
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CLAIMS

What is claimed is:

1. An electrostimulation device, comprising:

a transcutaneous electrostimulation generator:

receiving an input music signal; and

configured to provide at an output a nerve electrostimulation signal modulated by the

input music signal;

an electronic signal conduit having at least two conductive leads conductively connected to the

output of the electrostimulation generator; and
an electrode coupler comprising an earbud:
shaped to form fit inside an ear canal of a human ear; and
composed of a pliable material that conforms to the ear canal when inserted therein; and
having at least two electrostimulation electrodes:
each conductively connected to a respective one of the at least two conductive
leads of the electronic signal conduit to receive the nerve electrostimulation
signal; and
conductively connected to at least two different, electrically conductive exterior
surface portions of the earbud to contact tissue within the ear canal when disposed

therein and configured to apply the nerve electrostimulation signal from the at

least two conductive leads to the tissue transcutaneously.
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2. The device according to claim 1, wherein the input music signal is at least one of a recorded
music signal, a transmitted music signal, and an ambient signal obtained from the environment
surrounding the electrostimulation generator.

3. The device according to claim 1, wherein the electrostimulation generator comprises a
modulation drive circuit into which the input music signal is received, the modulation drive
circuit creating the output nerve electrostimulation signal modulated dependent upon the input
music signal.

4. The device according to claim 1, which further comprises:

a mobile music supply device generating the input music signal; and

a generator coupler removably attaching the electrostimulation generator to the music supply

device and shaped to permit a user to carry the electrostimulation generator.

5. The device according to claim 1, wherein:

the earbud has a speaker assembly; and

the electronic signal conduit comprises:
a speaker conduit conductively connected to the speaker assembly and having a standard
audio jack shaped to be inserted into a standard audio output to receive therefrom the
input music signal; and
an electrostimulation conduit comprising the at least two conductive leads to
conductively connect the music-modulated, nerve electrostimulation signal to a

respective one of the at least two electrostimulation electrodes.

6. The device according to claim 1, wherein:
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the earbud has a speaker assembly having at least one speaker;

the electrostimulation generator wirelessly transmits the nerve electrostimulation signal; and

the electrode coupler has a receiver:

receiving the nerve electrostimulation signal;

receiving the input music signal,

conductively connected to the at least two electrostimulation electrodes to thereby
provide nerve electrostimulation to the at least two electrostimulation electrodes; and

conductively connected to the speaker assembly to thereby provide the input music signal

to the at least one speaker of the speaker assembly.

7. The device according to claim 1, further comprising an audio source outputting the input
music signal, the electrode coupler comprising at least one audio speaker communicatively
connected to the audio source through the electronic signal conduit and receiving the input music
signal for output into the ear canal when the electrode coupler is worn, the electrostimulation
generator sending the nerve electrostimulation signal to the electrode coupler while the input

music signal is output by the at least one audio speaker.

8. The device according to claim 7, wherein the audio source is one of:

generating the input music signal from within the electrostimulation generator; and

separate from the electrostimulation generator and generating the input music signal externally

from the electrostimulation generator.

9. An electrostimulation device, comprising:
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an audio source outputting a music signal;

a transcutaneous electrostimulation generator:

receiving the music signal; and

configured to provide at an output a nerve electrostimulation signal modulated by the

music signal;

an electronic signal conduit conductively connected to the output of the electrostimulation

generator; and

an electrode coupler comprising an earbud:

shaped to form fit inside an ear canal of a human ear;

composed of a pliable material that conforms to the ear canal when inserted therein;

having at least one audio speaker communicatively connected to the audio source and

receiving the audio signals for output into the ear canal when worn;

having at least two electrostimulation electrodes:

each conductively connected to the electronic signal conduit to receive the nerve

electrostimulation signal; and

conductively connected to at least two different, electrically conductive exterior
surface portions of the earbud to contact tissue within the ear canal when disposed
therein and configured to apply the nerve electrostimulation signal to the tissue

transcutaneously; and
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configured to supply the nerve electrostimulation signal while the music signal is output

from the at least one audio speaker.

10. The device according to claim 9, wherein:

the electronic signal conduit has at least two conductive leads conductively connected to the

output of the electrostimulation generator; and

the at least two electrostimulation electrodes:

are conductively connected to a respective one of the at least two conductive leads of the

electronic signal conduit to receive the nerve electrostimulation signal; and

are conductively connected to the at least two surface portions of the earbud and are
configured to apply the nerve electrostimulation signal from the at least two conductive

leads to the tissue transcutaneously.

11. The device according to claim 9, wherein the music signals are at least one of a recorded
music signal, a transmitted music signal, and an ambient signal obtained from the environment

surrounding the electrostimulation generator.

12. The device according to claim 9, wherein the electrostimulation generator comprises a
modulation drive circuit into which the music signal is received, the modulation drive circuit
creating the output nerve electrostimulation signal modulated dependent upon the received music

signal.

13. The device according to claim 9, wherein the audio source is a mobile music supply device
and which further comprises a generator coupler removably attaching the electrostimulation
generator to the music supply device and shaped to permit a user to carry the electrostimulation

generator.

14. The device according to claim 9, wherein:
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the audio source has a standard audio output;

the at least one audio speaker is within the earbud; and

the electronic signal conduit comprises:

a speaker conduit conductively connected to the at least one audio speaker and having a

standard audio jack shaped to be inserted into a standard audio output to receive

therefrom the music signal; and

an electrostimulation conduit conductively connecting the audio-signal-modulated nerve

electrostimulation signal to a respective one of the at least two electrostimulation

electrodes.

15. The device according to claim 9, wherein:

the earbud has a speaker assembly having at least one speaker;

the electrostimulation generator wirelessly transmits the nerve electrostimulation signal; and

the electrode coupler has a receiver:

receiving the nerve electrostimulation signal;

receiving the music signal;

conductively connected to the at least two electrostimulation electrodes to thereby

provide nerve electrostimulation to the at least two electrostimulation electrodes; and

conductively connected to the at least one audio speaker to thereby provide the music
signal to the at least one speaker.
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16. An electrostimulation device to be connected to an audio source supplying a music signal,

the device comprising:

a transcutaneous electrostimulation generator receiving the music signal and configured to

provide at an output a nerve electrostimulation signal modulated by the music signal;

an electronic signal conduit having at least two conductive leads conductively connected to the

output of the electrostimulation generator;
an electrode coupler comprising:
an earbud:
shaped to form fit inside an ear canal of a human ear;
having at least two different, electrically conductive exterior surface portions;
having at least two electrostimulation electrodes:
each conductively connected to a respective one of the at least two
conductive leads of the electronic signal conduit to receive the nerve
electrostimulation signal; and
conductively connected to the at least two exterior surface portions to
contact tissue within the ear canal when the earbud is disposed therein and
configured to apply the nerve electrostimulation signal from the at least
two conductive leads to the tissue transcutaneously; and
at least one audio speaker within the earbud and receiving the music signal for output into

the ear canal when the electrode coupler is worn, the electrostimulation generator

configured to supply the nerve electrostimulation signal while the music signal is output.
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17. The device according to claim 16, wherein the electrostimulation generator is one of:

wirelessly connected to the audio source; and

directly connected to the audio source.

18. The device according to claim 16, wherein the at least one audio speaker is one of:

wirelessly connected to the audio source; and

directly connected to the audio source.

19. The device according to claim 17, wherein the at least one audio speaker is one of:

wirelessly connected to the audio source; and

directly connected to the audio source.

20. The device according to claim 16, wherein the earbud is composed of a pliable material that

conforms to the ear canal when inserted therein.
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TRANSCUTANEOUS ELECTROSTIMULATOR AND METHODS FOR

ELECTROSTIMULATION

Abstract of the Disclosure

A transcutaneous electrostimulation device includes an electrostimulation generator providing at
an output a nerve electrostimulation signal, an electronic signal conduit conductively connected
to the output of the generator, and an electrode coupler shaped to form fit an ear canal of a
human ear and having at least one electrostimulation electrode. The electrode is conductively
connected to the electronic signal conduit to receive the nerve electrostimulation signal and is
positioned at the electrode coupler to contact tissue within an ear canal and apply the nerve
electrostimulation signal to the tissue transcutaneously. An audio source outputs audio signals.
The electrode coupler has a speaker receiving the audio signals for output into the ear canal when
the electrode coupler is worn. The generator sends the nerve electrostimulation signal to the
electrode coupler while the audio signals are output. The generator modulates the nerve
electrostimulation signal based upon the audio signals.
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