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METHOD AND APPARATUS FOR TRANSDERMAL STIMULATION OVER THE
PALMAR AND PLANTAR SURFACES

CROSS-REFERENCE TO RELATED APPLICATIONS

{0001} This application 15 a continuation-in-part of U.S. patent apphication No. 15/084,356 filed
March 29, 2016 which is a continuation of ULS. patent apphication 13/840,936 filed March 15,
2013 {now LLS. patent 9,339 641 issued May 17, 2016}, which i3 a continuation in part of PCT
International Patent Application Number PCT/US2011/052415, tiled September 20, 2011, which
claims benefit of priority to U5, Provisional Patent Application No. 61/403 680 filed September
20, 2010. The present application is also & contimpgtion-m part of ULS. patent application No.
12/508,529 filed July 23, 2009, which is a continvation-in-part of U.S. patent application No.
11/866,329 filed October 2, 2007, which claims prionity to LS. Provisional Patent Application
No. 60/848,720 filed October 2, 2006, The present application also clamms priority to US
Provisional Patent Application No, 62/3530.610 filed Jupe 15, 2016. Each of the above referenced

applications 1s incorporated herein by reference in thelr entirety.

{0002} The following apphcations are also incorporated herem by reference i their entirety for
all purposes: PCT Application Serial No. PCTAIS10/54167 filed Oct. 26, 2010; PCT Application
Sertal No. PCTAUSIONS4353 filed Oct. 27, 2010; 1S, patent application Ser. No. 12/508,529
filed Jul. 23, 2009, which is a continuation in part of U.S. patent application Ser. No. 11/866,329
filed Oct. 2, 2007, which claims priority to US. Provisional Patent Application Ser. No.
60/848,720 filed Oct. 2, 2006; U5, patent application Ser. No. 12/695,087 filed Jan. 27, 2010,
which is a continuation of U.S. patent application Ser. No. 11/332,797 filed Jan. 17, 2006, U.S.
patent application Ser. No. 12/509.362 filed Jul. 24, 2009; Ser. No. 12/469 363 filed May 20,
2009 which is g continpation of U.S. patent application Ser, No. 11/866,329 filed Qct. 2, 2007
which claims priority to U.S. Provisional Patent Apphication Ser. No. 60/848.720 filed Oct. 2,
2006, and Ser, No. 124469625 filed May 20, 2009 which is a continuation of U.S. patent
apphcation Ser. No. 11/866,329 filed Oct 2, 2007 which claims priority to U8, Provisional
Patent Application Ser. No. 60/848,720 filed Oct 2, 2006; and Ser. No. 12/509,304 filed Jul. 24,
2009 which is a continuation of U5, patent application Ser. No. 127508529 filed Jul. 23, 2009

which is a continuation-in-part of ULS. patent application Ser. No. 11/866.329 filed Oct. 2, 2007
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which clauns priority fo U8, Provisional Patent Application Ser. No. 60/84& 720 filed Oct. 2,
2006; and Ser. No. 12/509345 filed Jul 24, 2009 which is a continuation of US. patent
application Ser. No. 12/508,529 filed Jul. 23, 2009 which s a continuation-in-part of U.S. patent
application Ser. No. 117866329 filed Oct. 2, 2007 which claims priority to U.S. Provisional
Patent Application Ser. No. 60/848,720 fited Oct. 2, 2006.

FIELD OF THE INVENTION

{H003] The present apparatus and methods relate generally to energy enutting apparatus and
methods for providing a medical therapy. The apparatus and methods may provide for central and

peripheral nerve and other tissue modulation or stinmlation therapies

BACKGROUND OF THE INVENTION

[0604] The (AR and Ul market in the United States s well over a 812 billion a vear industry. Tt
affects over 16% of all Americans, for a total U.S. market of approximately 34 mitlion men and
women cach vear. Duoe to social stigmas attached to OAB and Ul as well as misunderstanding of
the signs and symptoms associated with OAB and Ul only 40% of those affected {13.6M) seek

treatment. Of those 13.6 milhon individuals, nearly 30% are unsatisfied with their current therapy.

{0005} The use of pulsed clectromagnetic stimulation {PES) has been well established as a
beneficial therapy i a variety of medical applications. The sciemtific principle behind this
technology 1s that an electric current passed through a coil will generate an electromagnetic Held.
These fields, in tum, have been shown 1o induce current within conductive mterials placed
within the field. When applied to the human body, pulsed electromagnetic stinmulation has been
found to be an effective method of stimulating nerves resting within the electromagnetic field.
Recent data highlights the beneficial effects of invasive, needle-based electrostimulation (ES) of
the posterior tibial nerve mn individuals with OAB and UL ES has been found to modulate bladder
dvstunction through its action on the pudendal nerve and the sacral plexus which provides the

major excitatory mput to the bladder.
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{0006] Current treptment options for OAB and Ul are exercise and behavioral modifications,
pharmacological therapies, surgical intervention, and neuromodulation. Althoogh each of these

treatment options targets the Ul and OAB populations, each has severe lunitations.

{0007} Excrcise and behavioral modifications often require paticnts to adhere to stringent
roatines, including scheduled voiding, mamtenance of a bladder diary, and imtense exercise
regiments. While this may be a viable option for a small group of highly dedicated individuals, its

daily impact on one's hife makes i an ynatiractive option for most individuals.
¥y i

{6008 Pharmacological intervention 1s the most widely prescribed therapy for OAB and UL
Unfortunately, as with the ingestion of any chemical, patients are often subject to side etfects
from their drog therapy. This is especially detrimental in older and elderly patient populations
where mnteraction with other prescribed medications can have adverse effects. Further, there isa
high rate of dissatistaction, approximately 30%, amongst individuals using pharmacological
treatment.

{00091 Surgical intervention 1s an extremely invasive treatment and often rasults in the long-term,
and in some cases pormanent, requirement for catheterization. The high expense of these
procedures, coupled with the negative unpact the procedures have on the patients quality of life,

make this an option only when all other reatment options have been exhausted.

{0010} Neuromodulation is another treatinent aliernative for OAB and Ul patients. Sacral nerve
stinntlation (SNSY has shown itself 1o be an effective treatment option for those with OAB or UL
However, the procedure requires the permanent implantation of an electrical stimaulation device in
the patient. One estimate puts the cost at nearly $14.000 with additional routine care costs of $393
per patient per vear, Additionally, SNS's risk of battery tailure, implant infection, and electrode
migration, lead {0 a high reoperation rate and make this procedure unattractive.

{0011} More recently, the introduction of a posterior tibial nerve stimulator, often referred 1o as
SANS, has shown itself to be another nepromodulation alternative. Yet as is the case with other
forms of neuromodulation, this system Is invasive in its nature. It requires the msertion of a
needle two inches mito the patient’s ankle region in order 1o stimulate the posterior tibial nerve. As
well, it requires a minioum of {2 sessions for inttial treatment, with the possibility of additional

sesstons needed for mamtenance, Despite s high cost and mvasive nature, though, an abundance
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of published peer-reviewad clinical trials demonstrate the safety and efficacy of the SANS

therapy.

SUMMARY

{0012} In cenain variations, a method for providing transdermal electrical stimulation therapy to a
patient is provided. The method may include positioning a stimulator electrode over a glabrous
skin surface overlying a target nerve of a subject. Electrical stimuiation may be delivered through
ot across the glabrous skin surface o the target nerve to stimulate the target nerve, while
remaining safe and tolerable to the patient. Electrical stimulation may be delivered at frequencies
that may be painful or intolerable when apphed over non-glabrous surfaces of the body. The
etectrical stimulation may be utilized to treat vartons conditions, e g., winary incontinence and

pveractive bladder,

{0013} In certain variations, an applicator, e.g., an ergonomuc gpplicator, tor providing
transdermal electrical stimulation therapy to a patient s provided. The applicator may be
configured 1o position a stimulator electrode over a glabrous skin surface of the subject to deliver
transdermal electrical stmudation through or across the glabrous skin surface to an underlying

target nerve, resuliing in stimulation of the target nerve.

{0014} In certain variations, a method for providing an energy based stimnlation therapy to a
subject is provided. The method may 1nclude positioning an energy emitting device i proximity
to a glabrous surface overlying a target tissue. Energy may be delivered through the glabrous skin
surface to the farget tissue to stimulate the targel tissue.

FO01S] In certain variations, another method for providing an energy based stimulation therapy to
a subject s proved. The method may include positioning an energy enutting device m proximity
to a skin surface overlymg a target nerve. Energy may be delivered at a frequency of about 1 Hz
to about 30 Hz through the skin surface to the target nerve, thereby generating motor and/or
sensory nerve conduction of the target nerve while remaming safe and tolerable 1o the subject.

Optionally, energy may be delivered at less than 10 Hz to generate nerve conduction.

0016} In certain varigtions, systems for electromagnetic induction therapy may include one or

more conductive coils disposed within or along an apphicator. The cotls may be configured to
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generate a magnetic fleld focused on a target nerve, muscle or other body tissues iy proximity o
the coil. One or more sensors may be utihized to detect electrical conduction in the target nerve, to
detect a muscuiar response caused by an electrical conduction in the target nerve, or to detect
stimulation of a nerve, muscle or other body tissues and to provide feedback about the efficacy of
the applied electromagnetic induction therapy. A controller in conununication with the sensor
may be adjustable to varv a current through the at {east one coil so as to adjust the magnetic field
focused upon the target nerve, muscle or other body tissues. Optionally, a user or patient may
detect stunulation of a nerve, muscle or bedy tissug and the therapy may be adjusted based on

feedback from the user or patient.

{00171 In certaun vanations, the apphicator may be configured to interomttently apply or deliver
pulsed magnetic fields 1o a target nerve, muscle or tissue without causing habituation of the target

nerve, muscle or tissue,

[O018] In certain variations, methods of eleciromagnetic induction therapy may include one or
more of the following steps. A first portion of a patient’s body may be positioned relative to or
proximity to an applicator or an applicator may be positioned relative to or i proxumity to a first
portion of a patient’s body, such that a target nerve, muscle or tissue within the first portion of the
body is in proxamity to one or more conductive coils disposed within or along the applicator. A
current may be passed through a coil to generate a magnetic field focused on the target nerve,
muscle or tissue. An electrical conduction through the target nerve, a nrascolar response caused
by an electrical conduction through the target nerve or stinnulation of a nerve, muscle, or body
tissue may be detected by a sensor positioned along a second portion of the body. A signal from
the sensor indicative of the electrical conduction or stimulation may be received, which provades
feedback about the efficacy of the applied electromagnetic induction therapy. The current may be

adjusted by a controller in communication with the conductive coils based on the feedback.

0019} Optionally, a user may detect stimulation of a nerve, muscle or body tissue and the therapy
mayv be adjusted based on feedback from the user. In certain variations, pulsed magnetic felds
may be intermittently apphed or delivered a target nerve, muscle or tissue without causing
habitnation of the target nerve, muscle or tissue. Such intermittent magnetic fields may be used 10

treat chromic conditions, e.g., chronic pain, without causing habitnation.
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{0820} In certain variations, applicators may be ergonomic or may be designed or configured to
accommaodate, approximate or be positioned relative to or i proximity to specific regions of the
body or anatomy. The specific regions of the body or anatomy may be positioned relative o the
applicators, or the applicators may be positioned relative to the specific regions of the body or
anatomy to treat vanous conditions, for example, osteoarthritis, arthtis, back or neck pain,
atrophy or paralysis, chronic pamn, phantom or neuropathic pain, neuralgia, migraines, orthopedic

conditions.

{60211 In one embodiment, the invention provides a method or device for providing transdermal
electrical stimulation therapy to a subject including positioning a stimulator electrode over a
glabrous skin surface overlying a palm of the subject and delivering electrical stimulation via a
pulse generator transdermally through the glabrous skin surface and to a target nerve or tissue
within the hand to stimulate the target nerve or tissue within the hand so that pain felt by the
subject iz mitigated. The pulses generated during the electrical stimulation therapy may inclade

pulses of one or two or more ditferent magnitades.

{0022} In some embodiments, the clectrical stimulation 1s delivered gt a frequency of abouny 3 He
to about 60 Hz, while remaining safe and tolerable to the subject. In some embodiments, the
stimulator electrode is a surface electrode. The electrical stimulation may be delivered

intermittently or on a chronic basis.

{0023} In some embodiments, the device includes a sensor {which may be a surface electrode, or
other type of electrode) for detecting nevve stimulation which receives a signal from the sensor
mdicative of the detected electrical stimulation thereby providing a feedback about the efficacy of
the apphied electrical stimulation therapy such that the therapy is adjusted or optimized. An M-
wave andfor F-wave may be detected by the sensor. A parameter of the M-wave and/or F-wave

mav be displaved to the subject.

{0024} In some embodiments, the feedback is quenied by a controller such that the electrical
stimnulation therapy 1s adjusted to ensure that a minimum amount of energy is being applied to
stimulate the target nerve within the hand while reducing the risk of burns or intolerance.
Alternatively, the feedback mayv be queried such that the posttioning of the stinrnlator electrode s

adjusted to optinnze the electrical stimulation therapy.
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{025] In some embodiments, a return electrode may be positioned on the subject to facilitate
penetration of an electnical corrent through the glabrous surface to stimulate the target nerve
within the hand. The stimulator electrode may be attached to the glabrous skin surface with an
adhesive. The stimudator electrode may be positioned over the glabrous skin surface with an
ergonoraic apphicator. The applicator may be a glove or brace configured to be positioned against
the palmar surface of a hand such that the electrode delivers electrical stimulation to a target perve

within the hand.

[6026] In some embodiments, the electrical stimulation is awtomatically paused for a preset
amount of time every 10 minutes to overcome habituation, In some embodiments, the electrical
stumulation is automatically paused for a preset amount of time every 10 minutes based on

feedback provided by a sensor regarding target nerve stimulation or habituation.

{8027} In some embodiments, once tetany is detected in a patient, indicating that a threshold
frequency of the applied stumulation has been reached, the strength of the apphied stinmulation is

automatically or manually decreased.

[0028] In some embodiments, electrical stimulation is provided by delivering a ovele comprising
a preset number of pulses followed by a pause in stinmulation, followed by a preset number of

pulses, and repeating the cvele as necessary.
{6029 In some embodiments, the device 1s used to treat migraine patn,
{0030} Other features and advantages will appear hereinafter, The features and elements

described herein can be used separately or together, or in various combanations of one or more of

them.

BRIEF DESCRIPTION OF THE DRAWINGS

0031} The drawings constitute a part of this specification and include exemplary embodiments of
the mvention, which may be embodied in various forms. It is to be understood that in some
mstances various aspects of the emboduments may be shown exaggerated or enlarged to facilitate

an understanding of the embodiments.

{00321 FIG. 1 s a schematic view of an apparatus for magnetic inducton therapy according to a

first variation.
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[0033] FIG. 2 s a schematie view of an apparatus for magnetic mduction therapy according to a
second vanation.

[0034] FIG. 3 15 a schematic view of an apparates for magnetic induction therapy according fo 8
third variation.

{0035} FIG. 4 is a schematic view of an apparatus for magnetic induction therapy according to a
fourth vaniation.

(0036} FIG. S is a schematic view of an apparatus for magnetic induction therapy according to a
fifth vanation.

{00371 FIGK. 6A-0D are schematic illustrations depicting a first method of use of an apparatus for
magnetic nduction therapy. This method is based on adjusting the positien of the conductive cotls
so to optimize 8 magnetic fow applied 1o a target nerve.

{8038 FIGK. 7ASTD are schematic illustrations of a second method of use of an apparatus for
magnetic mnduction therapy. This method is based on locking the conductive coils in position once
electrical conduction in a target nerve has been detected.

{6039 FIG. 8 is a schematic view of a variation that includes a plarality of sensors.

{8040 FIGS. 9A-9D are schematic representations of different garments adapted to operate as
apparatus for magnetic induction therapy.

[0041] FIG. 10 i3 a schematic view of an apparatus for providimg electrical stimulation.

80421 FIG. 11 is a schematic view of another variation of an apparatus for providing electrical
stinyalation.

{0043} 1 FIG. 12 shows a schematic view of an energy emitting system including a microneedle
patch sensor.

{8044} FIG. 13-15 shows magnified botiom views of variations of nucroneedle patches.

[0045] FIGS. 16-17 shows magnified side views of variations of a mucroneedle patch.

[0046] FI1G. 18 shows a magnified botiom perspective view of a microneedle patch.

{00471 FIG. 19 shows a representative cross sectional view of the skin composed of an outer
stratum corneunm covering the epidermal and dermal layers of skin and the onderlying

sabcutaneous tissue, with a variation of a microneedle patch attached thereto.
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{0048] FIG. 20a shows a magnified side view of a variation of a nucroneedle patch mcluding

multiple electrodes,

[0049] FIG. 20b-20D show variations of a microneedle patches including multiple electrodes.
[0050] FIG. 21 shows a schematic view of an energy emitting system including & microneedle
patch sensor placed beliind a subject’s knee.

[0031] FIGS. 22-23 show schematic views of energy emitiing systems meluding an electrode
needle and sensor.

{8052] FIGS. 24-25 show schematic views of energy emitting systems including an electrode
needie without a sensor.

{00531 FIG. 26 shows a schematic view of an energy emitting systen including a nuicronesdle
patch for providing stimulation.

j0054] FIGS. 27-28 show schematic views of energy emitting systems including an electrode
needle and microneedle patch for providing stumulation.

[ROSS] FIG. 29a-29d show g prospective, side, top and rear views of an energy emitting device in
the form of a foot cradie.

[0086] FIGS. 30a-30b show schamatic views of an energy amitting device i the form of a knee
SUPPOTL

[0087] FIGS. 31a-31b shows a schematic view of a variation of an arm applicator and a foot,
knee or leg applicator.

{0038} FIG. 32 shows a schematic view of g varigtion of a back applicator.

{00591 FIG. 33 shows a schematic view of a variation of a system incloding a back applicator, a
sensor and logic controller,

{0601 FIG, 34 shows a schematic view of system including multiple back applicators, @ sensor
and logic controller,

{0061} FI1G. 35 shows a schematie view of a vaniation of a system inchuding a back applicator
held on a patient’s body by an ergonomic positioning element in the form of a belt and a logic

controlier.
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{08621 FIG. 36 shows a schematic view of a variation of an applicator designed to stimulate a

nerve responsible for phantom or neuropathic pain.
{1063} FIG. 37 shows a schematic view of a variation of a facial neuralgia apphicator.

{0064} FIG. 38 shows a schematic view of a variation of an applicator which may be placed over

the occipital nerve for the treatment of migraines.

{0065] FIG. 39 shows a schematic view of a vanation of an applicator which may be placed over

the frontal cortex for the treatment of depression.

[0066] FIG. 40 shows a schematic view of a varigtion an apphicator in the form of a stimulator

[0067] FIG. 41 shows a schematic view of a systen including a variation of a back applicator
held on a patient's body by an ergonomic posttioning element in the form of a shoulder harness, a
sensor, and a logic controller.

[0068] FIGS. 42A and 42B show an example of how the amount of stimulator power vequired to
achieve a desired stimulas may be automatically adjosted as a result of fibroses.

{8069 FIGS. 43A and 43B show vartations of a coil device positioned on a skull.

{80781 FIG. 44 shows a view of the underside or glabrous surface of the foot and exemplary sites

for delivering electrical stimulation.

[6071] FIG. 45 shows a perspective view of one variation of an insole for delivering electrical

stimulation over a glabrous surface of the foot.

{80721 FIG. 46 shows a perspective view of a variation of an insole for delivering electrical

stimndation over a glabrous surface of the foot, mcluding a sensor feedback feature.

{0073} FIG. 47 shows a perspective view of one variation of electredes for delivering electrical

stitnulation over a glabrous surface of a foot,

{0074} FIG. 48 shows a perspective view of one variation of a hand applicator for delivering

electrical stinndation over a glabrous sarface of a hand.

[0075] FIG. 49 shows a perspective view of one vanation of electrodes for delivering electrical

stumulation over a glabrous surface of a hand.

0076} FIG. 30 shows an example of an EMG reading.
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{8771 FIG. 51A shows the anterior or palmar view of the forearm and the Ulnar nerve.
0078} FIG. 51B shows the anterior view of the cutaneous distribution of the Ulnar nerve.
{6079} FIG. S1C shows the posterior view of the cutaneons distribution of the Ulnar nerve,

[0080] FIG. 52 shows a close ap view of the Ulnar nerve and s branches including the palmar

branch.

{0081} FIG. 53 shows a close up palmar view of the palmar branch of the Ulnar nerve including

the area of sensation.

00821 FIG. S4A shows an anterior view of the Median nerve of the foreanm including the

Median nerve’s palmar branch.
{60831 FIG. S4B shows the anterior or palmar view of the Median nerve’s cutaneous mnervation.
{0084} FIG. 34C shows the posterior or dorsal view of the Median perve’s cutaneous innervation.

[0085] FIG. 35 shows a close up anterior or palmar view of the Median nerve’s palmar branch in

the hand and its area of sensation.

{6086} FIG. S6A shows the anterior view of the foreanm including the Median and Ulnar and
thetr respective palmar branches,

{60871 FIG. S6B shows the anterior or pabmar view and the postertor or dorsal view of the
distribution of the cutaneous nerves,

{6088} FIGS. 36(-56F show branches of the Tibial nerve, electrode placement and innervation of
the plantar portion of the foot,

{O08Y] FIG. 57 i3 a diagram showing a mapping of the hian cortex as laid out against the

various lobes.

[0090] FIGS. 58, 5394 and 5398 illustrate how different areas of the human body take up different

cortical “real estate” of the somatosensory cottex.

0091} FIG. 60A shows an exploded view of the external generator or controller that can be used

in some embodiments of the present invention.
{60921 FIG. 60B shows the external generator/controlier in FIG. 60A m a non-exploded view.

{00931 FIG. 60C shows another embodiment of a generator/controller.

Petitioner - Avation Medical, Inc.
Ex. 1019, p. 11



Attorney Docket Nor EMEKNNZO0703

{08941 FIG. o0D shows four exemplary patch electrodes that are suitable to use with the present
mvention.
[095] FIG. 61A shows electrodes designed for the palmar surface of the hands along with F/M

wave detecting electrodes.

{0096} FIGS. 61B-01G show electrodes with different types for stimulating different nerves.
{60971 FIG. 62 shows a pulse train of one embodiment.

[0098] FIG. 63 shows an M-Wave and F-Wave display.

{00991 FIG. 64 shows results from a migraine stdy.

{0100] FIG. 65 18 a block diggram of @ data processing svstent,

DETAILED DESCRIPTION
{0101} In certain variations, vanous apparatus and methods for providing magnetic induction
therapy or electrical stimulation therapy are provided. In certam variations, various apparatus and
methods may provide for central and peripheral nerve and other tissue modulation or stimulation
therapies, including both excitation gnd blocking of nerve tmpylses, In certain variations, a low
frequency mduction therapy may be performed. In certain vanations, these apparatus and methods
may be useful in the reatment and prevention of urinary incontinence (U, overactive bladder

{QOAB) and other conditions.

{0102} In certam variations, apparatus and methods for magnetic induction therapy, in which
dosage of magnetic energy can be regulated according 1o conduction i a target nerve exposed to
the magnetic field are provided.

{0103} In certain variations, apparatus and methods for magnetic mduction therapy, in which the
flow of magnetic energy can be adjusted directionally by the patient or a healthcare provider
without altering the position of a housig contaiming conductive coils that produce the magnetic
field are provided.

[0104] In certain variations, apparatas and methods for treating a variety of ailments by

providing energy to a target nerve, for example magnetic energy, electrical energy or ultrasound
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energy, at a location and i an amount optimized by detecting conduction in the target nerve are

provided.

[105] In certam variations, an energy emitling apparatas for dehvering a medical therapy that
mchndes one or more encrgy generatars, a logic controlier elecirically connected to the one or
more energy generators, and one or more sensors for detecting electric conduction in a target
nerve, which are connected to the logic controller is provided. The one or more epergy
generators produce energy focused on the target nerve upon receiving a signal from the logic

controller, and the applied energy is varied by the logic controller according to au mput provided

by the one or more sensors based on electric conduction in the target nerve. The feedback
provided by the sensors to the logic controller about the efficacy of the applied treatment caunses

the logic controller to modulate the current transmitted to the coils.

{0106} The apphed energy may be a magnetic field, an electrical field, an ultrasound, a visible
light, or an infrared or an ultraviolet energy. When a magnetic field is applied, the energy~
emitting device is an apparatos that provides a magnetic induction therapy and that includes one
or more conductive coils disposed m an ergonomic bousing. A logic controller is electrically
connected to the one or more coils, and one or more sensors detect electric conduction in the
target nerve and are connected to the logic controller so to provide a feedback to the logic
controller. The conductive coils recetve an electric current from the logic controller and produce
a magnetic field focused on a target nerve, and the electric current fed by the logic controlter 1s
varied by the logic controller according to an input provided by the sensors, thereby causing
amplitude, frequency or direction of the magnetic field, or the firing sequence of the one or more
coils, to be varied according to the efficiency of the freatment provided to the target nerve. In
certain variations, the housing contabung the conductive coils may be a flexable wrap, a cradle or
a garment, and the coils may be overlapping and/or be disposed i different positions within the
housing, so to generate & magnetic fleld on different body parts with the desived direction and

amplitude.

{0107} The one or move coils may be stationary or movable within the housing, making #
possible to optimize the direction of magnetic flow to the target nerve by disposing the coils m
the most effective direction. In different variations, the cotls may be movable manually by acting

on g knoly, fever, or similar type of actuator, or may be transiated automatically by the logic
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controlier in response to the input provided by the sensors. When a preferred position for the
coils has been established, the coils may be locked in position and maimtam that position during
successive therapy sessions. In other variations, the sensors may be incorporated within the

housing, or instead mav be disposed on a body part of interest independently of the housing.

{0108} In stll other vanations, the mductive cotls are disposed in a housing that is sitvated
externally to a patient's body, and additional inductive coils are unplanted into the body of the
patient and are magnetically coupled to the external inductive coils. With this coil arrangement,
enpergy may be transmitted from the external coils to the internal coils either to recharge or to
activate an implantable device. In vet other vartations, the electric current may varied by the
logic controlier both on the basis of an input provided by the one or more sensors and also an
taput provided by the patient according o a muscular response she has percetved, for example,

the twitching of a toe after application of the magnetic field.

0109} In vet other variations, the source of energy for nerve stimulation may be electrical
energy and nerve conduction may be detected at a site sufficiently distant from the site of
stumulation, so to enable detection of nerve conduction despite any interference from the direct
electrical stimuli. In these variations, divect electrical stimulation of nerve and muscle may be
tatlored to provade optimal therapy and, i the case of electrode migration or other electrode
matifunction, to report lack of stimulation of the bodily tissues. Furthermore, these variations
enable a reduction i power requirement, because contrel of the signal 1s provided by the sensor

to the signal generator loop.

j0110] In other variations, an cnergy emitting svstem for providing a medical therapy is
provided. The system may inchude one or more conductive coils disposed within or along a
housing and configured to generate a magnetic field focused on a target nerve i proximity ©
cotls; one or more sensors 1 the form of microneedle patch contigured to detect electrical
conduction in the target nerve; and a controller coupled 1o the conductive coils and optionally in

communication with the sensor.

{6111} In other vaniations, an energy emitting system for providing a medical therapy is
provided. The system may include one or more microneedle patches having one or more
microneedle arrays deposited on a surface of one or more electrodes and configured to generate

or deliver an electrical or magnetic stimulus or field focused on a target nerve in proximity to the
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microneadle pateh one or more sensors configured to detect electrical conduction in the target
nerve; and a controller coupled fo the conductive coils and optionally in communication with the
sensor. Optionally, the above variations may Incorporate an electrode needie. Optionally, the
above variations or systems may be utilized without a sensor or mechanism for detecting

conduction or simulation.

j0112] Methods of use of the above apparatus, systems and variations thereof for freating various

conditions are also described berein.

{8113} Referring firstto FIG. 1, a first variation includes a coil wrap 20, which is depicted as
disposed over ankle 22 circuntferentially to surround g portion of tibial nerve 24, Because tibial
nerve 24 is targeted, this variation s particelarly swted for the treatment of OAB and VI In
other variations, coil wrap 20 may be configured to surround other body parts that contain a
portion of tibial nerve 24 or of other nerves branching from or connected to tibhial nerve 24, sull
making these variations sutiable for treating OAB and V1 In still other variations, cotl wrap 20
may be configured for surrounding body parts that contain other nerves when treatments of other
atlments are intended.

jo114] Coil wrap 20 may be manufactured from a variety of matenals suitable for wearing over
ankle 22, Preferably, coil wrap s prodaced from a soft, body-compatible material, natoral or
svathetic, for example, cotton, wool, polvester, rayon, Gore-Tex. RTM., or other fibers or
materials known to a person skilled in the art as non-irritating and preferably breathable when
tatlored into a garment. Coil wrap 22 may even be manufactured from a molded or cast synthetic
material, such as a urethane gel, to add extra comfort to the patient by providing a soft and
drapable feel. Addittionally, coil wrap 20 may be produced from a single laver of matenal or

from multiple material layers and may include padding or other filling between the layers.

0115} Coil wrap 20 contains one or more conductive cotls 26 arranged to produce a pulsed
magnetic field that wall flow across tibial nerve 24 and generate a current that will Sow along
tibial nerve 24 and spread along the length of tibial nerve 24 all the way to its sacral or pudendal
nerve root origins, Coils 26 may be a single coil shaped in a simple helical pattemn or as a FIG.
eight coil, a four leaf clover coil, 3 Helmboltz catl, a meodified Helmholtz coi, or may be shaped
as a combination of the aforementioned coils patterns. Addittonally, other coil designs beyond

those mentioned hereinabove might be utilized as long as a magnetic field is developed that will
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encompass tibial nerve 24 or any other target nerve. When a plurality of coils is utilized, such
coils may be disposed on a single side of ankle 22, or may be disposed on more than one sude, for
example, on opposing sides, strengthening and directionalizing the flow of the magnetic field

through tibial nerve 24 or other peripheral nerves of interest.

{6116} Coil wrap 20 1s preferably configured as an ergonomic wiap, for example, as an
essentially cylindrical band that can be pulled over ankle 22, or as an open band that can be
wrapped around ankle 22 and bave its ends connected with a buckle, a hoop and loop system, or
any other closing system known to a person skilled in the art. By properly adjusting the position
of cotl wrap 20 over ankle 22, a patient or & health care provider may optinuze the flow of the
magnetic hield through tibial nerve 24, based on system feedback or on sensory perceptions of

the patient, as described in greater detail below.

{0117} The electric current that produces the magnetic ficld by flowing through coils 26 1
supplied by a programmable logic controller 28, which is connected to coils 26, for example,
with a power cord 32. A sensor 30 that feeds wformation to logic controller 28 is also provided,
in order to tatlor the strength of the magnetic field and control activation of coils 26 based on
nerve conduction. The purpose of sensor 30 is to detect and record the firing of the target nerve
and to provide related information 1o logic controller 28, s0 to render the intended therapy most
effective. For example, sensor input may cause logic controlier 28 to alter the strength or pulse

amphitude of the magnetic field based on sensor input, or fire the coils iIn a certain sequence.

[O118] In this varation, as well as in the other variations described hereinafier, sensor 30 may
include one or more sensor patches and may be placed at different distances from the region of
direct exposure o the pagnetic hield. For example, sensor 30 may be configured as a voltage or
current detector in the form of an EKG patch and may be placed anywhere in the vicinity of the
target nerve to detect its activation. For case of description, the term “coils” will be used
herginafter to indicate "one or more cotls” and "sensor” to indicate "one or more sensors,” unless

specified otherwise,

[0119] By virtue of the above described arrangement, coil wrap 20 provides a reproducibly
correct level of stimulation duning an putial therapy session and during successive therapy
sessions, because the presence or absence of nerve conduction 1s detected and, m some

variations, measured when coil wrap 20 is first fitted and fine-tuned on the patient. In addition to
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properly modulating the applied magnetic field, the positioning of coils 26 over ankle 22 may
atso be tailored according to the input provided by sensor 30, so to fine-tune the direction of the
magnetic fleld. Such an adjustment of the direction, amphitude, and level of the stimalation
provided to the target nerve throngh the above described sutomated feedback loop, to ensure that

peripheral nerve conduction is being achieved, 1s one of the key features.

0120} If the magnetic pulse does not substantially interfere with sensor 30, sensor 30 may he
placed directly within the field of stimulation, so that power supplied to the system may be
conserved. This is particularly important for batterv-powered systems. Alternatively, sensor 30
may also be placed at a distance from the magnetic field and still properly detect neural

stimulation.

{0121} In a method of use of coil wrap 20, the amplitude anddor firing sequence of coils 26 may
be ramped up progressively, so that the magnetic field is mncreased m strength and/or breadth
until nerve conduction is detected, after which the applied stimulus is adjusted or maintained at
its current level for the remainder of the therapy. The level of stimulation may be also controlled
through a combination of feedback from sensor 30 and feedback based on perceptions of the
patient. For example, the patient may activate a switch once she percelves an excessive
stimulation, in particular, an excessive level of muscolar sumulation. In one instance, the patient
may be asked to push a button or turn a knob when she feels her toe twitching or when she
experiences paresthesia over the sole of her foot. The patient will then continue pressing the
button or keep the knob in the rotated position until she can no longer feel her toe twitching or
paresthesia in her foot, indicating that that level of applied stimulation corresponds to an optimal
therapy level. From that point on, the patient may be instructed to simply retam her foot, knee, or
other timb within cotl wrap 20 until therapy has been terminated while the system is kept at the
optimal level. Addimg patient inpot enables control of cotl wrap 20 during outpatient treatments,
becanse the patient is now able to adjust the intensity of the magnetic field herself bevond the

signals provided to logic controller 28 by sensor 30,

[0122] Detecting and, if the case, measuring conduction in one or more nerves along the
conduction pathways of the stimulated nerve contirms that the target nerve has been stimulated,
providing an accurate assessment of the efficiency of the applied therapy on the patient. A

concomitant detection of muscle contraction may also confirm that the target nerve s being
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stunulated and provide an indication to the patient or to a healtheare provider as to whether
stimulation has been apphed at an excessive level in view of the anatomical and physiological
characteristics of the patient.

{0123} Based on the foregoing, coil wrap 20 allows for a consistent, user-fricndly targeting and
modulation of the peripheral nerves via the posterior tibial nerve on an outpatient basts, in
particular, the targeting and modulation of the pudendal nerve and of the sacral plexus. When
multiple coils 26 are present, coils 26 may be activated simuhianeously or differentially to
generate the desired magnetic field. The direction and location of each of coils 26 may be
reversibly or irreversibly adjusted by the healthcare provader or by the patient, custonuzing the
location of the applied stimulation 1o the anatomy and therapy needs of each patient. Afler a
healthcare provider has optimized position and firing sequence for each of coils 26, the patient
may be sent home with coil wrap 20 adjusted to consistently target the desired nerve. In one
variant of the present variation, an automatic feadback system adjusts one or more of fumg
sequence, fiviag strength or position of coils 26 within coil wrap 20 during the mtial setup and

also during successive therapy sessions.

{0124} In sunumary, certam variations include the creation of a lbop consisting of feeding
mformation on nerve conduction to logic controller 28 and on logic controller 28 tadoring the
electrical current sent to coil wrap 20 according to the mformation received from sensor 26 based
on whether or not the nerve is receiving the desired stimulation and, in some varnations, the
desired amount of stimulation. This arrangement offers an unparalleled level of therapy control
and flexibility within a home care setting, because a consistent, repeatable stimulation of the
target nerve can be attained. Aside from adjusting the position of coils 26 in accordance with the
patient's anatomy and physiclogical varigtions, controlling pulse amplitude is also of great
importance even during different therapy sessions with the same patient. For example, a patient
with leg edema will encounter ditficulties in properly adjusting coil wrap 20 based on whether
her legs and ankles are swollen or not swollen, and the power required to penetrate to postertor
tibial nerve 24 (in the case of a VI therapv) will vary greatly due to the variable depth of the
nerve, Thus, having feedback provided by sensor 26 becomes a necessity for achieving an
accurate dosage of the treatment rather than an option. Benchtop testing has demonstrated that a
system constructed as described herein is capable of non-invasively generating electrical currents

sintiiar to those found in therapentic electrostimudation and 1o do so in different settings.

bt

Petitioner - Avation Medical, Inc.
Ex. 1019, p. 18



Attorney Docket Nor EMEKNNZO0703

{0125] Referring now to FIG. 2, a second vartation will be described with reference to a coil
wrap 34 disposed over ankle 36 for the purpose of treating V1 by targeting tibial nerve 38, In this
second variation, one or more Helmboltz coils 40 are disposed within coil wrap 34 to create a
more narrowly directed magnetic field over tibial nerve 38, Like in the all other variations
described heremn, more than one coil (in the present variation, more than one Helmholtz coil 403
may be placed within coil wrap 34 and be disposed in different positions within coil wrap 34, in
order to optinuze magnetic flux over tibial nerve. For example, two Helmhboltz coils may be

disposed one opposite to the other within cold wrap 34.

{8126} Having coil windings arranged along a common longituding! axis, as required m g
Helmholtz coil configuration, generates a more focused magnetic field and a more accurate
targeting of tibial nerve 38 or of any other nerve. Like in the previous variation, the operation of
coils 40 is controlled by a logie controller 42, which is 1 turn conpected to sensor 44 that
monitors conduction in tibial nerve 44 and that generates a feedback to logic controlier 42 about
the efficiency of the therapy o progress. Therefore, like in the previous variation, the coupling of
sensor 44 with logic controller 42 optimizes operation of coil wrap 34 according to results
measured at the level of tibial nerve 38, Also like in the previous variation, manual adjustments
to the parameters of electric cirrent provided by logic controller 42 o Helmboltz coil 40 may
also be made manually by the patient or by a healthcare provider, and coil wrap 34 may be
stractured so that the postiion of Helmboltz coil 40 within cotl wrap 34 15 adjusted as desired
either manually by the patient or by a healthcare provider, or automatically by logic controller

{01271 Referring now to FIG. 3, a thurd variation inchudes a coil wrap 46 configured for
wrapping over the popliteal fossa of a patient, in the region of the knee, to stimulate the posterior
tibsal nerve {not shown). The configuration and structure of cotl wrap 46 reflect the body portion
covered by coil wrap 40, but the key system components of coil wrap 46, such as the type,
number and disposition of the coils (for example, the use of overlapping coils); the connections
of the coils with a logic controlier; and the vse of one or more sensors {alse not shown ) to detect

nerve conduction are all comparable 1o those in the previously described variations.

{0128} Referring now to FIG. 4, a fourth variation includes a footrest or foot cradle 48, which s

structared to contain at least a portion of 8 foet 30, One or more coils 52 are enclosed within
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cradie 48, and a sensor 54 s disposed along the pathway of tibial nerve 35, sensing conduction in
tibial nerve 55, and 1s also connected to a logie controlier 56, Coils 52, sensor 54 and logic
controlier 36 may be arranged in different configurations, in the same manner as in the preceding

varighions.

{0129] Cradle 48 may be made from a variety of materials and may be monolithic, or have a
hollow or semi-hollow structure to enable the movement of coils 52 within cradle 48, as
described 1n greater detail below. Preferably, cradle 48 has an ergonomically design allowing the
ankle and heel of the patient to be retained within cradie 48, in a position that matches the
positions of stimulating coils 52 to the area of stimulation, The design of cradle 48 provides for a
particplarly comfortable dehivery of therapy to patients that prefer to remain seated during their
therapy, and enables the patient to perform the required therapy within a health care facility, or to
take cradie 48 home, typically afler an nutial session and appropriate traming in a health care
factlity. In that event, the patient will be trained to apply sensor 54 antonomousiy and to adjust
stimnulation to a comfortable level.

[0130] FIG. 4 shows coils 32 disposed as overlapping and the use of a single sensor patch 54
positioned proxbmally to the stimulation site. However, coil 52 mav be configured as a single
coil, a FIG. eight coil, a four leaf clover coil, a Helwholtz coil, a modified Helwholtz cotlor a
any combination of the aforementioned coils, or as any other coil design providing an effective
stimulation to the target nerve. In addition, coils 32 may be fired individually, sequentially or

simultaneously aceording to the feedback provided by sensor 54.

j0131] In one variant of this vaniation, sensor 54 may include a conductive electrade patch that
provides a feedback to logic controller 536 for adjusting, if necessary, the stimulation parameters
of coils 52. Alternatively, sensor 34 may be a sensor patch that is either applied to the skin of the

patient or i3 mcorporated within the stracture of cradle 48

{0132 Referring now to FIG, §, a ffih varation moludes a knee rest or knee cradie S8 that
contains one or more conductive coils 60, one or more sensors 62 and a logic controller 64, The
components of this variation are similar to those described with reference o the preceding
variations, as regards the structure and materials of cradle 58, the nature and disposition of coils
60, the type and operation of sensor 62, and the function and operation of logic controller 64.

Cradie 38 is configured to farget the popliteal fossa of the patient, thas to target tibial nerve 66.
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in that respect, the present variation is stmilar to the variation iHustated m FIG. 3, but while the
varation of FIG. 3 is configured as a wrap that may be worn while the patient is standing, the
present variation is configured as a cradie that is more suited for treatment while the patient is
sitting or laving down.

{0133} A method of use of the foot cradie depicted in FIG. 4 is described with reference to FIGS.
6A-6D. During a first step ilustrated in FIG. 6A, foot 68 is disposed in cradle 70 that contams
one or more conductive coils 72, which are connected to a togic controller (not shown) that

72

manages the flow of electric power to coils

j0134] During a second step tHustrated tn FHG, 6B, a sensor 74 s disposed on foot 68 or on ankle
76 or on another appropriate portion of the patient's body, in order to detect conductivity in tibial

nerve 78 or in another target nerve.

j0135] During a third step dlustrated tn FIG. 6C, a healtheare provider analyzes conductivity
measarements provided by sensor 74 (for example, by reading gauge 77) and first adjosts the
positioning of coils 72 until conduction m nerve 78 is detected. For example, the healthcare
provider may rotate a knob &Q, shde a lever or actuate any other displacerent system for coils 72
that is known in the art, so that coils 72 are wranslated until a magnetic field of the proper
amplitude and intensity 18 applied o cause conduction in nerve 78, The position of coils 72 18
then fine~tuned manually until an optimal level of conduction in nerve 78 is attained, and the

therapy is continued for a length of time as prescribed by the sttending healthcare provider,

{0136} During a fourth, optional step illustrated in FIG. 6D, settings for successive therapy
sessions are set, for example by locking knob 80 (i one variation, with a pin §1) so that the
healthcare provider or the patient repeat the therapy using the predetermined settings.
Alternatively, the patient may be tained to adjust the amplitude andfor strength of the applied

magaetic field, as each therapy session reqguires,

[0137] While the present method bas been desceribed with regard to foot cradle 70, the same
method steps may be envisioned for cotl wraps or cradies of different configurations, for
exagraple, for the coil wraps and cradies described with reference to the previous FIGS..

[0138] In an alternative vanation, the logic controller {not shown) may antomatically adjust coil
positioning to optintize therapy during the initial and successive sessions. While this set-up may

be more difficult 1o implement, it also provides for an accurate targeting of the target nerve
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during each therapy session, regardless of alterations in patient positioning or changes to the
anatomy of the patient (for example, when a footis swollen}. In this vartation, the device simply

varies the ortentation of cotls 84 until stimulation has been sensed.

[0139] Further, coils 84 mayv be ranslated along a single direction {(for example, honizontally) or
atong a plurality of directions, to provide for the most accarate positioning of coils 84 with
respect to the target nerve.

{8140] A second method of use of the foot cradle depicted 1 FIG. 4 s described now with
reference to FIG. 7. While this second method is also described with reference to a foot cradle 82
emploving one or more cotls 84 that have a reversibly lockable, adjustable orientation, the
present method may be equally implemented with a body-worn coil wrap, such as those
described with reference to the previous FIGS., or 1o other vaniations. In this method, the patient
or the healthcare provider adjusts the positioning of coils 84 to detect conductivity in target nerve

39

{0141} The position of coils &4 mav be transiated in different directions {in the tHustrated
variation, may be translated horizontally) and mayv be locked in an initigl position once

conduction i nerve &9 is detected by a sensor {for example, sensing patch &6).

{0142} More particularly, FIG. 7A illosteates the indtial positioning of foot 88 imto cradle 82 and
of sensor patch 86 on ankle 90 or other appropriate body part of the patient. After proper
positioning of foot 88 s attained, a knob 92 (or other equivalent device) may be emploved to
adjust the position of coils 84, based on the signals (for example, nerve conduction signals)

provided by sensor patch 86, as shown in FIG. 7B.

j0143] With reference 1o FIG, 7€, after neural conduction is detected, coils 84 are locked
place, and, with further reference to FIG. 7D, foot cradle 82 retams coils 84 locked in position
for further use in a home or healthcare office environment. Theretore, tn the present method, the
patient or a healtheare provider simply adjusts coil position by shding coils 84 back and along
one axis until electric conduction n the target nerve 8 detected, although adjustments along all
three axes may be possible in different varignes of the present vartation,

{0144} Referring now to FKG. §, a sixth variation relates to the use of multiple sensors. While
FIG. & depicts a variation shaped as a foot cradle 98, it should be understood that the following

description also relates to any other design, whether shaped as a cradle or a wrap or otherwise.
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The plurality of sensors 94 described herein may detect a variety of physiologic changes,
mclading nevral impulses, muscular contraction, twitching, ete. that may occur with neural or

muscnlar stimulation.

[0143] One or more of the tHustrated sensors 94 may be employed over body regions being
stimulated (for example, back, leg, arm, neck, head, torso, ete.) and may be either incorporated

within an actual cradle or wrap or, otherwise, be applied separately from the cradle or the wrap.

{0146} Sensors ¥4 may be structured as disposable, single-use, EKG-type patches that are
attached to the body ouvtside of cradle 98 along the nerve conduction pathway and are then
connected to the logic controller {not shown) before beginning therapy. This arrangement
provides for an intimate body contact of sensors 94 without the risk of infection or other
detrimental side effects that may be present with transcutaneous devices. Sensors 94 may be
employed both for beginning and for monrtoring the stimudation therapy; more specifically,
sensors 94 may be emploved during the beginning of the therapy to optimize the strength of the
magnetic field and/or to adjust the positioning of coils 96 within the ¢radle 98, Once therapy has
begun, sensors 94 continge to monitor nerve conduction to ensure that the correct tevel of
stimulation is being provided. In the event that for some reason nerve conduction decays during
therapy, the logic controller can automatically adjust the magnetic field, ensuring that the

appropriate therapy is delivered for the appropriate amount of time.

{0147} One or more of sensors 94 in this variation, or any of the variations described herein, may
take the form of an mductive coil designed to recerve impulses from the underlying nerves, so
that inductive technologics may be used 1o both stimulate the nerve or tissues as well as o record
the effect of the stimulation on nerves or tissues. Any of sensors 94 may be connected to the
logic controlier through one or more connection modes, including, but not limited to, wireless
signals, wired signals, radio frequencies, Bluetooth, nfrared, ultrasound, direct switching of the

current circuit, efe., so long as communication between the sensor and the device is effective.
[0148] During mmplementation of the present method, a healthcare provider mayv simply elect to
use sensors 94 to adjust the device, for example, to lock coils 96 into position, during the first
therapy session and not require the use of sensors 94 during each successive therapy session.
{8149] Referring now to FIGS. 9A-9D, there are shown different, non-limiting variations shaped

as body worn ergonomic applicator garments. Each of these variations is shown with overlapping
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coils, although coils of any configurations may be used. Each of the wraps of FIGS. 9A-9D
corresponds to g coil wrap, ito which a body part may be placed. These ganments contain one or
more sensors {not shown) that provide feedback to a logic controlier {also not shown), or sensors
may be applied separately from those garments. Svstems may also be included for reversibly or

irreversibly locking the coils within the applicator.

[0150] More particularly, FIG. 9A illustrates a variation, in which cotls 100 are embedded in a
knee wrap 102 and are connecied 1o a logic controller {not shown) by a connector 104, FIG. 9B
instead illustrates a variation, in which coils 106 are disposed within an abdominal garment, for
example shorts 108 and i which coils 106 are also connected to a logic controlier (not shown)
by a connector 110. A marking 112 may be added on one side of shorts 108 to indicate wrap
orieatation. FIG. 9C tllustrates a coil wrap shaped like a band 114, in which coils 116 are
connected to a logic controller (not shown} by a connector 118, When thus variation is employed,
band 114 may be wrapped around a body portion (for example, an arm) and be retained in place
by a system known in the art, for example, a hook and loop system, a strap and buckle system, or
somply a hook disposed at one end of band 114 for engaging fabric or other material in another
portion of band 114, FIG. 9D illustrates a variation shaped as a shoulder strap 120, the length of
which may be adjusied by a buckle 122 and which has coils 124 disposed in one or more points,
for example, at the joint between an army and a shoulder as shown. Each of these variations
mcioades one or ore sensors {not shown) that may be coupled to the garment, or that may be

applied separately from the garment.

[0151] Other variations that are not llustrated include, bur are not limited to: a head wom
garment, such as a cap; a neck worn garment, such as a neck brace: and a lower-back garment.
Each garment and applicator may also utilize the locking, targeting cotl feature described
previously, withoot requiring the use of the any sensing coraponents after a proper positioning of

the coils in relation © the target nerve or nerves has been established.

j0152] Sull other variations are depicted in FIGS. 10 and 11 In these variations, the source of
energy for nerve stimulation is electrical energy that is dispensed through a percutaneous
stimulator, such as g percutaneous needle 124, or a ranscutansous stinmlator, such as an
electrode 126. As shown in FIG. 10, an electrical pulse controller 128 18 electrically connected

both to percutaneous needle 124 and o seasor 134, to provide the desired feedback and modulate
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the power to percutaneous neadle 134, In the variation of FIG. 11, electrical pulse controller 130
1s connected both o electrode 126 and to sensor 136, and performs a fonction simlar to that of
electrical pulse controller 128, With these variations, nerve conduction may be detected at a site
sufficiently distant from the site of stimulation, so to enable detection of nerve conduction
despite the confounding interference from the direct electrical stimull. Further, divect electrical
stimulation of nerve and muscle may be tailored to provide optimal therapy and, in the case of
electrode migration or other electrode maltfunciion, o report lack of stimulation of the bodily
tissues. Still further, these vanations enable a reduction in power requirement, because control of

the signal 1s provided by the sensor 1o the signal generator loop.

[0153] Asshown, a device constructed according to the principles described herein provides a
targeted and precise stimulation of the posterior tibial nerve, or of other peripheral nerves, in a
non-invasive manner by emploving an ergonomic wrap or cradle that specifically targets the
posterior tiblal nerve in a consistent and repeatable manner. For example, in patients with OAB
or VI, the novel, reversibly lockable movement of the coils and the use of a logic controller-
sensor loop enables the application of a magnetic field that can be varied in location, amplitade
and strength according to the amount of stimulation actually induced in one or more target
nerves and of the response of the patient to the therapy. An apparatus according fo the variations
described herein may deliver any frequency of stimulation, including low frequencies, hugh
frequencies, mid frequencies and altrahigh frequencies, and overlapping and non-overlapping
coils may be used to generate the desired field, although overlapping or Helmholtz coils are

preferred due to their ability to target a broader region and achieve more thorough stimudation.

[0154] Aibments that may be treated through the use of apparatus and methods as described
herein include not only OAB and VI, but also obesity, depression, urinary incontinence, fecal
ncontmence, hypertension, pain, back pain, restless leg syndrome, Guillain Barre syndrome,
quadriplegia, paraplegia, diabetic polyneuropthy, dvskinesias, paresthesias, dental procedure
pain, knee osteoarthritis, anesthesia (pain relief doning surgery), Alzhennet's disease, angina
{chest pam from heart disease), ankyvlosing spondvlitis, back pam, bum pain, cancer pain, chronic
pain, dysmenorrhea (painfal menstruation), beadache, hemiplegia, hemiparesis (paralysis on one
side of the body), labor pain, local anesthesia during gallstone hithoiripsy, facial pain, trigeminal
neuralgia, brixasm (tooth grinding) pain, myofascial pain, pregnancy-related nausea or vomiting,

neck and shoulder pamn, pamw from broken bones, nib fracture or acote travma, diabetic peripheral
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newropathy, phantom Hmb pain, post-herpetic neuralgia (pain after shingles), postoperative ileus
{bowel obstruction}, irritable bowel syndrome, postoperative nausea or vonting, postoperative
pain, post-stroke rehabilitation, rheumatoid arthritis, skin ulcers, spinal cord myjary,
temporomandibular joint pain, detrusor instability, spinal muscular atrophy {in children}, pain
during hysteroscopy, gastroparesis, chronie obstructive pulmonary disease rehabildation, carpal
tunnel syndrome, soft tissue injury, multiple sclerosis, intermittent claudication, attention-deficit
hyperactivity disorder (ADHD), cognitive impairment, knee replacement pain, achalasia, atopic
eczema, bursiis, carpal tunnel syndrome, dementia, depression, dry mouth, dystonia, enhanced
blood flow in the bramn, enhanced blood perfusion of the uterus and placenta, esophageal spasm,
fibromyalgia, fracture pain, Guillain-Barre syndrome, hemophilia, herpes, hip pain, interstitial
cysiitis, writable bowel syndrome, pruritis, jomt pain, labor induction, local anesthesia, menstrual
cramps, muscle cramps, muscle spasticity, muscle stramn or pamn, musculoskeletal wauma,
myofascial pain dystunction syndrome, nerve damage, osteoarthritis, pain medication adjunct,
pancreatiiss, Raynaud's phenomenon, repetitive stratn injuries, sacral pain, schizophrenia,
shingles, shoulder subluxation, sickle cell anemia pain, Skin flap ischenta (during plastic
surgery), sphincter of Oddi disorders, sports njuries, thrombophiebitis, tinnitus {ringing in the
gar}, restless legs, tremor, whiplash and peuralgias. In contrast to implantable nerve stimulators,
this therapy is completely non-invasive and does not require a major surgery to implant a
permanent nerve stimulation device. Moreover, thus therapy can be controlied o optimize the
level of therapy delivered according to power consumption and nerve stimlation requirements

and need not be delivered by a professional healthcare provider.

{0155] In other variations, neural stimulation may be applied as electrical transcutaneous
stimulation, for example, by inseriing an invasive electrical needle into a target body part and by
modulating stinnation 1s modulated on the basis of information sent back to the logic controller
from the one or more sensors that are used to detect and/or maintain the correct level of
stimulation. The transcutaneous electrical stimulation sensor may be placed in the body
mdependently or be incorporated within the wrap and may provide, among other things,
fecdback as to the guality of the electrical connection to the skin, which 1z directly related to the
burn risk inherently associated with this type of therapy. In fact, these methods of stimulation
may not be optimal due 1o the resulting skin irritation and risk of potential burns, & very serious

tssue m the large percentage of patients that have neuropathies. Even when patches are applied to
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monior transcutaneous stimulation very closely, the patches may still become displaced and
allow a burn to occur. Moreover, potentially imerfering electrical impulses may develop at the

treatment sie, creating a noisy environment for the detection of nerve conduction.

[0156] In still other variations, an external coil or coils may be inductively connected to an
implanted coil or coils may be ntilized. In these variations, an ergonomic apphicator may be
adjusted by the aser or by a healthcare provider such to optimize inductive power transmission
between the external and implanted coils. One or more sensors may be utilized to provide a
feedback that the relative coil posiiions have been optimized, and the external cotl may then be
reversildy locked into position within the ergonomic applicator, Two applications of this
variation refate 1o the transfer of power to recharge an muplantable device, and to the trausfer of

power 1o activate an implantable device.

[6157] In the first application, when an implantable rechargeable device 1s wtihized, the external
cotls may be used for recharging the mmplanted device by means of inductive fields generated by
the external coils. The external coils may inclonde circuitry that determines the amount of
resistance encountered by the magoetic field or other electrical properties related 1o the quality
and degree of the magnetic coupling that is being established. Based on this feedback, the

position of the external coils may be adjusted manually or antomatically to optimize the coupling

achieved with during each recharging session. Alternatively, a sensor may be meorporated into

the implantable device and mayv communicate the degree and quality of the magnetic couphing o
the external coils andsor the connected circuitry via wireless communication, providing a

feedback for the automatic or manual adjustment of the external recharging cotls.

{0158} The coils within the ergonomic applicator may be reversibly locked into place for the
duration of the recharge session, and the implantable device may also communicate to the
external recharging unit that the timplantable device has been fully recharged, terminating the
recharging session has been completed. By providing for an intermittent vecharging of an
implanted device, an apparatus according as described herein enables the implantable device to
devote more power 1o performing ifs mtended fonction optimaily and with a lesser concern abowt

protecting or extending battery life.

[0159] In the second application, the powering coils may contain circuitry to determine the

amount of resistance encountered by the applied magnetic field, or other electrical properties that
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may reflect the quahity and degree of the magnetic coupling that is being achieved. Based on this
fecdback, the powering coils in the applicator may be adjusted manually or sutomatically to
activate and optimize the coil coupling at the beginning of each therapy session. Alternatively, a
sensor may be incorporated mto the implantable device and communicate the degree and quality
of the magnetic coupling extemally via wireless communication, which may in turn provide
feedback for the automatic or manual adjustment of the powering coil. In one variant of the
present variation, the imductive coils may be magnetically coupled to a needle targeting the

posterior tibial nerve.

{0160] An exemplary method of use of an apparatus as described herein on g patient suffering

from VI and/or OAB includes the following steps:

{0161} The patient places a conductive wrap contained within a flexible material over a region
of the ankle (or altermatively over the knee) to provide the required pulsed magnetic field.
Alternatively, the patient iy use an ergonomic foot/leg rest or cradle having embedded coils.
[0162] A sensor {for example, a sensor patch) is placed on the patient’s body along the path of
the nerve, ideally proximal to the stimulation site to ensure afferent nerve stimulation, and is

connected to a logic controller.

{0163] A physician or healthcare provider adjusts the coils in the wrap or cradle until nerve
conduction is achieved based on patient and sensor feedback, An optimal position is sought, and
the cotls may be reversibly locked into position within the conductive wrap or ergonomic cradle

and remain 1o this position during subsequent use.

[0164] Dunng the therapy session, the logic controller provides an electrie current to the coils,
generating an mductive magnetic field, In one vanation, this field begins at low amphitude and
slowly ramps up ontil nerve conduction exceeds & threshold tevel, as signaled by the sensor and
passibly by the patient, who may feel motor conduction. Alternatively, one or more coils may
atso be activated to increase the covered area of stimulation in the event that stimulation does not
occwr with the initial cotl configuration or 1s madequate

{0163] The optimal stimulation may be determined in a variety of manuners, for exawmple, by
measuring exposure to electromagnetic fields capable of generating a square wave electric signal

at a frequency of 10-30 Hz at the targeted tissue depth. The square wave configuration of the

Petitioner - Avation Medical, Inc.
Ex. 1019, p. 28



Attorney Docket Nor EMEKNNZO0703

signal may be generated via Fourter transformation or niay be a ramped current generated m any

manier.

[166] The mdective magnetic pulses continue for an appropriate duration of nse, for example,
for 15-30 minutes. The sensor may remain in place during the emtire therapy session 1o easwe
that stimulation occurs consistently and to provide for appropriate corrections if nerve
conduction deteriorated. The logic controller may be powered either by a portable power source

such as a battery, or by or a fixed power source such as a traditional wall outlet.

[0167] The conductive wrap andfor ergonomic cradle is removed from the body when

therapeutic stimulation is not being delivered, typically at the end of the therapy session.

{8168] The conductive wrap and/or ergonomic cradle is reapplied along with the senseor patch
{1deally disposable) from time to time as indicated, for example, on a datly basis, and steps 4-8

are repeated.

{0169] The devices and methods described herein way be applied to any body tissues, inchuding
nerve, muscle, skin, vasculature, or any other organ or tissue within the human body. Further, the
devices and methods described herein may be used to treat any conditions suited for
nearomodulation regardless of whether the stimulation source 15 an electromagnetic field, a
direct electric current, a RF field, infrared energy, visible light, ultraviolet light, ultrasound, or

other energy dispensing device,

[0170] In other variations, as shown in FIG. 12, an energy emitting system 210 for providiog a
medical therapy includes one or more conductive coils 212 disposed within or along a housing
214, one or more sensors 216 configured to detect electrical conduction m a target nerve or to
detect muscle stimulation, and a controtler 218 connected or coupled 1o the conductive cotls 212
and optionally 1 communication with the sensor 216, In certain variations {as shown i FIG,
12}, the controller 218 can be integral with the housing 214). The coils 212 are configured such
that an electrical current generated by the controller 218 is passed through the coils 212
generating a magnetic fleld which will stinuslate a target nerve, e.g., the tibual nerve 220, a
nscle or other bady part contaming @ portion of a target nerve, or any nerves branching off of a
target nerve, located 1 proxamity to the coils 212, In this particular vanation, the housing 21415
1w the form of a foot cradle, as shown it FIG, 4, however, the housing could also be n the form

of a flexible wrap, garment or other design sustable for vse with a subject. In various variations
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described herein, sensors ny detect voltage or current and may be connected, coupled,
wirelessly connected or coupled or otherwise i commumcation with the housing andior
controller using a variety of methods or techniques known in the art. The sensor may be placed
over a muscle to detect muscle stimulation resulting from stimulating the target nerve {as shown
in FIG. 12) or over any other portion of the subject’s body saiable for detecting conduction of
the target nerve.

{0171} Refernng to FIGS, 13 and 16, the sensor may be in the form of a microneedie patch 228,
which can be removably attached to the skin surface of a subject. The microneedie patch 228
may include a housing 231, having one or more electrodes 232 and one or more mucroneedles
233 deposited or arraved on a surface of the electrode 232, forming one or more microneedie
arravs 234, In FIG. 13, microneedie patch 228 has the shape of a square, and the microneedles
235 are arrayed on the bottom surface 236 of the electrode 232 in & 16 times. 16 configuration.
However, as shown in FIGS. 14-15, microneedle patches may be designed in a variety of shapes,
e.&., round, oval 229, rectangular 230, hexagonal, and g vaniety of sizes. The microneedles may
be arraved in a variety of arrangements and patterns {e.g., 14 times. 14, 12.umes. 12, etc.)

depeading on the particular use and needles.

{6172 Additionally, nucroneedies may be attached, deposited, or arraved on an electrode
surface or patch m a variety of configurations and arrangements, depending on where the
particular microneedle patch will be utilized and the treatment to be delivered. The nomber of
microneedles included in an array can vary. For example, the number of microneedles may range
from about 3 o 500 or 100 to 400 or about 200 to 300 or about 256. In certain variations where
microneedles are composed of strong, highly conductive material, the number of microneedles
necessary may be less and may range from about 5 to 100 or 10 1o 50 or 5 to 50, However, where
microneedles are composed of higher resistance metal, a greater number of needlies may be

needed, e.g., about 100 to 300 or about 200 to 300 or greater than 300,

[0173] Referring to FIG. 18, a magnified view of a microneedle array 234 composed of one or
more microneedles 235 1s shown. Microneedles 235 may include a base portion 238 and an
upper portion 239, Microngedles 235 may have lengths in the range of about 1 to 400 mucrons or
10 to 400 microns or preferably about 100 to 150 microns, and a diameter in the range of about 1

to 100 microns. A microneedie 235 may be tapered in diameter, going from a larger to smaller
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diameter from the base portion 238 to the upper portion 239 where the distal tip 240 of the
microneedle is preferably pomted or sharp. The upper portion 239 of the microneedle 235 may
have a diameter in the range of about 10-30 microns or about 13 to 25 microns. Optionally, for
ease of production, the base portion 238 of the microneedle 235 mav be thicker than the distal tip
240 or npper portion 239 of the microneedle 235 In certain variations, as shown m FIG. 17 a
bulb 237 mav be provided at the distal tip 240 of a microngedle 235 to provide for effective
anchoring of the microneedie 235 in the skin of & patient or subject. Microneedles 335 can
inctude any number of friction or grip mereasing features. For example, they may include
projections, barbs, bulbs or a roughened surface or tip. Microneedles 235 may take on various

configurations, e.g., straight, bent, fillered, hollow or a combination of the above.

[0174] In other variations, microngedies may have lengths that range from about 480 to 1450
microns, widths from about 160 to 470 microns, thicknesses from ahout 30 to 100 nucrons and
tip angles from abount 20 1o 90 degrees, and arrays can contain from § to 50 microneedies, For
example, microneedles having these dimensions have been shown to be less painful than
hypodenmic needles. Length and number of microneedies can affect the fevel of pain
experienced. Decreasing microneedle length andfor the number of microneedies may be

beneficial and act to fiwther reduce pain and provide comfort.

[0175] In certain variations, the one or more microneadles may melude an electrically
conductive matenial such that the microneedles may transmut an electrical signal to an overlyving
electrode or other surface. Microneedles may be constructed of an electrically conductive
material and/or coated with an electrically conductive material. Optionally, microneedles may be
coated with an electrically conductive matenal and constructed of a non-conductive material.
Microneedles may be fabricated using a variety of materials, e.g., metals, stainless steel, solid or
coat of gold over NI, Pd or Pd--Co, Py, silicon, silicon dioxide, polyimers, glass, biocompatible
polvimers, titaniwm, silver, or suture materials. Biodegradable polvmers may also be used such
that if a tip of a microneedle were to snap or bregk off dunng insertion, 1t would easily
biodegrade.

{0176] A microneedle array 234 may be constructed or fabricated using any vatiety of
manufactoring methods known to persons of ordinary skill in the art. Microneedies may be

arraved, attached, etched or deposited onto a surface of an electrode. In another variation,
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microneadles may be etched from or deposited onto a silicon electrode, such that the
microneedle patch, including electrode and microneedles, are made from one material creating a

durable and stable microneedle patch.

{01771 As shown i FIG. 18, microncedies may be fabricated by creating micron sized holes on
a silicon substrate and by using a KOH solution to create the needle shape. In other variations,
the microneedies may be made of non-conductive material but may still be utilized to provide
superior anchoring properties such that a microneedle patch may effectively adhere or attache to

a sabject's skin.

[0178] In certain variations, microneedle arravs are tabricated by patterning SU-8 onto glass
substrates and defining needle shapes by Hithography. The tips of the needles can be sharpened
using reactive jon etching. Optionally, holes may be diilled, e.g., by laser, through the
microncedles and base substrate. Holes may be drilled off-center, but parallel to the microneedle
axis, ternunating 10 side-opening holes along the needie shaft below the needle tip. If desired, the
holes can serve gs micro fluidic needle bores for injection or infusion of drugs, medicines,
msuhn, protewns, nanoparticles that would encapsulate a drug or demonstrate the ability to
deliver a virus for vaccinations, eto. to be used separately or in combination with electrical or
magnetic therapy. The microneedles may also be coated with nickel by electroplating, which can

increase thew mechanical strength.

[8179] In certain variations, microncedle patches or microneedle electrode arcays are made by
fabricating master stractures from which replicates are molded and then made electrically active.
For example, SU-8 may be spun on a glass substrate bearing an array mask pattern, baked, and
then exposed from the backside 1o from a tapered needle structure. Microneedles may be
sharpened by RIE etching. A PDMS (polydimethylsiloxane) or similar material mold can then be
copied from the master. A PMMA (polvmethylmethacrviate) microneedle array s formed by

solvent-casting and then released from the meld.

[0180] To provide the arrays with electrical functionality, a TvCu seed layer may be deposited
on the PMMA array and patierned by excimer laser to electrically isolate adyacent rows. A Ni
Jayer (e.g., about 15 to 30 nucrons or 2¢ to 235 microns thick) may be electroplated on the

patterned seed layer to enhance structural rigidity. A backside electrical connection to the array
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may be formed by backside etching of a hole and forming an electrical connection through the
hole.

[181] In another variation, the microneedle array is arranged in 2 10.times 16 arvay (Lo, 258
needies). Each needle has a height of about 400 microns and the base diameter is about 100
microns. The pitch between microneedles can be about 250 microns. The microneedle arrays are
then coated with metal and laser-etched to provide electrical functionality. Optionally, rows of
microneedies can be electrically isolated from each other so that alternating rows can provide
alternating electrical polarity. The arrays are also interfaced with a power source. Microneedles
may be made of polymer, coated with a metal, and etched to act as alternating electrodes. In
certain variations, the firing sequence of the microneedles by rows or groups may be varied or

configured to alternate.

{0182} In certain variations, a microneedle array may mchade one or more microneedies having
nutltiple channels. For example, a multichannel stticon microneedle may be constrocted to
deliver bioactive compounds into neural or other tissue while stmultaneously monutoring and

stumulating neurons and nerves,

[0183] FIG. 19 shows a cross sectional view of the skin 10 compesed of an outer stratum
cornenm 15 covering the epidennus 16, The skin also mclodes the dermis 18, subcutaneouns
tissue/fat 12, and these layers cover muscle tissue 14, As shown in FIG. 19, when a mucroneedle
patch 228 1s attached to a subject’s skin, the microneedles 235 pierce the outer insylating stratum
corneum laver 15, The microneedle patch 228 can detect current passing through a stimulated
nerve, and provide a superior signal as the current detected is conducted through the
microneedles 235, thereby bypassing the poorly conductive stratwm cornewm laver 15 which
generally encompasses the outer 10 to 15 microns of skin. In other variations, microneedles 235
may be fabricated to be long enough to penetrate the stratum comeum 15, but short enough not

to punctare nerve endings, thus reducing the nisk of pain, infection or injury.

{0184} In certain variations, microneedles are formed such that they are in direct contact with
their corresponding or overlving electrodes. For example, a microneedle patch may mclode an
adhesive electrode pad and may utilize a conductive gel to help hold the nucroneedies in place to

prevent shear forces from breaking or bending the microneedies.
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[0185] In certain variation, as shown in FIGS. 20a-20d, a microneedle patch or applicator may
mchade multiple electrodes on a single pateh or applicator, e.g., positive, negative, and/or control
or ground electrodes, where the microneedles will be grouped in multiple arrays such that they
conduct to the appropriate electrode. For example, FIGS. 20a and 20b show a single paich
having positive, negative and control electrodes where a separate array of electrodes 1s i contact
with each respective electrode. This arrangement can be created using a single patch.
Alternatively, as shown in FIG. 20c¢, two patches may be implemented, one mcloding the control
electrode with corresponding microneedle array and the other meluding the positive and negative
electrodes with comesponding microneedle arvays. The varions electrodes could be interchanged.
Alternatively, as shown in FIG. 204, three patches may be mmplemented, each having a separate
electrode (control, positive, or negative) with a corresponding microneedie array. In use, m
certaim vartations, the control may be attached above or near bone, while the positive andfor

negative electrodes may be attached above nerve or muscle,

[0186] Referring again to FIG. 12, the energy emitting system 210 can be used to treat or
prevent various conditions, .2, urinary incontinence, restless leg syndrome and fecal
incontinence, among others. Energy emitting svstem 210 includes one or more conductive coils
212 disposed within or along a housing 214, one or more sensors 216 configured 1o detect
electiical conduction m the target nerve or 1o detect muscle stimulation, and a controller 218
coupled {0 the conductive coils 212 and optionally o communication with the sensor 216, The

coils 212 are configured such that an electrical current generated by the controfler 218 is passed

through the coils 212 generating a magnetic field which will stimulate a target nerve, e.g., the

tibial nerve 220, a muscle or other body part contaming a portion of a target nerve, or any nerves
branching off of a target nerve, located m proximity to the coils 212, In tns particular varation,
the housing 214 is in the form of a foot cradle, as shown in FIG. 4, however, the housmg could

also be in the form of a flexable wrap, garment or other design suitable for use with a subject.

[6187] Referring again to FIG. 12, energy emitting system 210 may be used to treat or prevent
various conditions, e.g., urmary incontinence, restless leg syndrome or fecal incontinence. In
certain vanations, a method of using the cnergy emitting svstern 210 includes positioning a fist
portion of a patient’s body, for example a foot, ankle, or leg, relative to housing 214 such that a
posterior tibial nerve 220 within the first portion of the patient's body s in proximity to one or

more conductive coils 212 disposed within or along the housing. In this particular vanation, a
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patient's foot is postiioned iy a housing which s in the form of a foot cradle 215, A sensor i the
form of a microneedle patch 228 may optionally be positioned along a second portion of the
pattent's body in proximity to the posterior tibial nerve 220. In this particular variation,
microneedle patch 228 1s attached to the patient’s foot over a muscle to detect muscle
stumulation. Alternatively, a patch could be placed elsewhere on the patient, for example, on the
leg in proximity to the posterior tibial nerve 220, proximal to and up-stream from coils 212,
Microneedle patch 228 may be composed of one or more microneedle arvays and one or more

electrodes, as desenibed supra.

[8188] Once the patient's foot s in position and the microneedie patch 228 {e.g., conductive
microneedle patch) 1s in place, a current 1s passed from controller 218 throogh coile 212, and as a
result, the coils 212 generate a magnetic field which is focused on the posterior tibial nerve 220
The magnetic field stimulates tibial nerve 220, generating a current that will How along the tibial
nerve 220 and spread along its length, 10 its sacral or pudendal nerve roots, Microneedle patch
228 detects corresponding muscle stimulation or twitching or electrical conduction through the
stinntlated posterior tibial nerve. Upon detection, the microneedle array may conduct and
transmit an electrical signal to the overlying electrode of microneedle patch 228. The signal may
be transmitied to controller 218, which can be integral or a separate controller or device, ora
separate controller coupled to controller 218, The controller can then be varied or adjusted (1o
adjust the current or magnetic field) based on the signal received from microneedle patch 228 o
ensure that adequate conduction of the posterior tibial nerve 220 ocours and an adequate and
accurate dosage of treatment 1s being recetved. Although shown atilizing a sensor, it s also

contemplated that the system could be used without a sensor.

j0189] Referring 1o FIG. 21, the method of using energy enutiing system 210 described above
with respect to FIG. 12 may be varted sach that a condactive microneedle patch 228 is placed n
proximity to or proximally over the afferent posterior tibial nerve 220, i.e., behind the patient's
knee. In this position, a conductive muicroneedle patch 228 detects electrical conduction through
the afferent posterior tibial nerve, 1e., it detacts the electrical signal traveling through the
posterior tibial nerve back up 1o the brain and spinal cord or 1t may detect corresponding muscle
stimulation. The mucroneedle paich 228 seads the signal to controller 218 or to a separate
controlier coupled to controller 218, The conmtroller can then be varied or adjusted based on the

signal received from microneedle patch 228 (o ensure that adequate conduction or stimulation of
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the posterior tibial nerve 220 occurs and an adequate and accurate dosage of treatment is being

received.

[190] A sensor utihized i the energy emifting svstem 21( may be a microneedie patch 228 as
described above or optionally the sensor may a sensor tvpe known in the art {e.g., EKG seasor)
or as described in any of the variations heremn. It is also contemplated that energy emitting
systern 230 can be utilized without a sensor. Optionally, the sensor may be positioned within or
along the housing, e.g., the foot cradle, along with the one or more conductive coils, or

positioned at a site distant from the housing or conductive coils.

[0191] In certain variations, energy emitting system 210 my optionatly include one or more
conductive microneedle patches which can be positioned 1n proxinnty to the target nerve or
muscie and provide an additional or supplemental electrical or magnetic stunulus o the target

nerve or nuscle.

[0192] Refernng to FIG. 22, the energy enutting svstemn 210 deseribed above with respect to
FIG. 12 may be varied to create energy enutting svatem 260. Energv emitting system 260 further
mclades one or more percutancous clectrode needles 262 or other needles or other percutancous
electrodes coupled to a controller 218 and having an end insertable into a subject’s body m
proximity to said target nerve or stunulation site. The percutancous electrode needle 262 s
inductively coupled to one or more conductive coils 212, In use, a first portion of a patient's
body, for exarple a foot, ankle, or leg, is posttioned relative to housing 214, e.g., foot cradle
215, such that a target nerve, e.g., posterior tibial nerve 226, located within the first portion of
the patient’s body is in proximity 10 one or more condactive coils 212 disposed within or along
the housing 214, Conductive coils 212 are positioned proximate, optionally down-stream or
distal to, a selected stimulation site 261. The percutanecus electrode needle 262 is inserted
through the skin at a location and to g depth that brings the tip i close proximity to the
stinnilation site or target nerve 1o be stimulated. The controller 218 18 activated and a current
passes through conductive coils 212, The resulting magnetic field generates a currvent that
traverses the ifemal stimulation site 261 by passing from conductive cotls 212 1o the internal
percutansous electrode needle 262, as indicated by arrow 1. Also, the percatanecus electrode
needie may be positioned within the generated magnoetic field, whereby the magnetic field tiself

&

generates a current in the percutaneous electrode which stimulates a target nerve or traverses an
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witernal stimulation site. Optionally, 8 current may be passed from the controller 218 through
conductive cotls 212 and/or from the controller 218 through percatancous electrode needle 262,

traversing the internal stmulation site as the current passes between the coils and needle.

[0193] In conergy cmitting systom 260, current density snd subsequent electric field intensity
generated between conductive coils 212 and percutancous electrode needle 262 18 greater than
that generated by traditional percutaneous stimulators. A greater electric field intensity makes
site focation for conductive coils 212 and percutancous electrode needle 262 easter. Furthermore,
the toad impedance through the surface of the skin is much higher than the internal timpedance,
and as such, the relatively high load impedance lessens the likelihood of damage to tissue and
nerves due to high corrent pulses.

{0194} Referring again to FIG. 22, a percutaneons electrode needle for use in any of the energy
emiting systems descnbed heremn may inclade a varnety of designs. For example, percutaneous
clectrode needle 262 may include a metal or plastic handle 263 to provide a secure grip for the
nser, while minimizing the risk of shock to the user. The needle tip can have a terminal portion
264 which may extend between aboat (1.5 and 1)} mm or about 2.0 mm from the needle tip and
may be constructed out of medical grade stainless steel or other biocompatible metals. The
diameter of the needle can be small (less than about 0.25 mm) which minimizes trawma during
insertion. Opuionally, needle 262 can be coated with Teflon or similar insulative miaterial 268
except for an exposed tip area 264, This allows for a higher field density at the up for more
precise operation. The exposed needle tip area 264 should have a sufficiently large surface area

$0 as not to create o0 high a local current field that may cause rritation or pain.

j0195] In another variation, as shown in FIG. 23, percutancous electrode needle 272 may be
used in energy emitting system 260, Percutaneouns electrode needle 272 may be constructed out
of medical grade stainless steel or other biocompatible electrically condoctive metal.
Percutancous electrode needle 272 includes a first end 276 for insertion nto the patient’s body in
proximity to the preselected internal stimulation site or target nerve to be stimulated, and a
second end 277, The size of the needle electrode 272 i3 preferably small, for example 34 G
needle electrode (0.22.times. 10 mm), to munimize trauma during insertion. Percutaneous
etectrode needle 272 may also include an electrically conductive adaptor, e.g, an electrically

conductive tape member 273, The tape member 273 includes an electrically conductive adhesive
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portion 274 and an electrically conductive non-adhesive portion 275, Alternatively, the adaptor
may include an electrically conductive chip. The second end 277 of the needle electrode 272
preferably includes an enlarged portion to enable the electrically conductive tape member 273 to
be more easily adhered thereto. Once it is determined that the percutaneous needle electrode 272
is properly positioned, the needle is fixedly adhered to the electrically conductive tape member
273 by folding the ends of the adhesive portion 274 of the electrically conductive tape member
272 over the second end 277 of the needle electrode thereby forming an electrical connection
there between. The percutaneous needle electrade 272 is electrically coupled to controller 218
via electrically conductive tape member 273, Vanous other implantable or insertable electrode

needles known to persons of skill in the art may also be utilized 1n the above described systems.

[0196] In certain variations of energy emitting system 260 as descrnibed above and shown in
FIGS. 22-23, a sensor 216, such as a conductive microneedle patch 228, may be utilized to detect
electrical conduction through the stimulated posterior tibial nerve 220 or to detect muscle
stinudation, and transmit the signal to controller 218, The signal may be transmtted to controller
218, a separate controller or device, or a separate controfler coupled to controfler 218. The
controller can then be varied or adjusted based on the signal from microneedle patch 228 1o
ensure that adeguate condaction of the posterior tibial nerve 220 ocowrs and an adequate and
accurate dosage of reatment is bemg recerved. It 15 also contemplated that energy system 260
may be utthized without a sensor 216, see for example FIGS. 24-235. Optionally, other types of
sensors may be used ip place of & microneedle patch sensor, such as other sensors described
herein and sensors known to persons of ordinary skill in the ant. The sensor may be placed overa
portion of the subject’s body suitable for detecting conduction of the target nerve {e.g., on the leg
as shown} or over @ muscle to detect muscle stimulation resulting from stimudating the target

nerve.

{0197] [n certain variations, as shown n FHG. 206, an energy emitting system 230 for providing a
medical therapy includes a microneedle patch 252 (e.z, conductive mucroneedle patch) baving
phe or more microneedie arravs deposited on a surface of one or more glectrodes; one or more
senasors 221 configored to detect electrical conduction in the target nerve or to detect nwuscle
stimulation; and a controller 218 coupled 10 microneedle patch 252 and i communication with
sensor 221, The nucroneedie patch 252 18 configured such that an electrical current generated by

the controller 218 18 passed through the nucroneedie patch 252, generating a magnetic field or
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delivering or generating an electrical or magnetic stinulus to a target nerve, e.g., the tibial perve
220, a muscle or other body part containing a portion of a target nerve, or any nerves branching

off of a target nerve, focated in proximuty to microneedle patch 252,

[6198] Referring to FIG. 26, a method of using the energy emitting system 230 may inchude
placing a conductive microneedie patch 252 on a first portion of a patient's body, for example a
foot, ankle, or leg, m proximity to posterior tibial nerve 220 within the first portion of the
patient's body. Sensor 221 is positioned along a second portion of the patient's body in proximity
to the posterior tibial nerve 220, In thas particudar vanation, sensor 216 15 attached to the patient’s
leg in proximity to the posterior tibial nerve 220, proximal to and up-stream from conductive
microneedle patch 232, Conductive microneedle patch 252 18 composed of one or more

microneedle arrays and one or more electrades, as described m the variations above.

{6199 Once conductive microneedle patch 252 and sensor 221 are in position, a current is
passed {from controlier 218 through conductive microneedie patch 232, resulting in an electrical
stimulus of the posterior tibial nerve 220, Alterngtively, the microneedle array may be insulated
or constructed of non conductive material such that the microneedle patch 232 generates a
magnetic field that stimulates tibial nerve 220 in a manner similar to the one or more coils
described in the variations above, without an electrical stimulus. Whether the stmuolos is
electrical or magnetic, either stimulus will generate a current that will flow along the tibial nerve
220 and spread along its length, to its sacral or pudendal nerve roots. Sensor 221 detects
electrical conduction through the stimulated posterior tibial nerve 220, and then transmits the
signal to controller 218, In certain variations, the sensor may be n the form of a microneedle
patch sensor. The signal may be transmitied to controlier 218, a separate controller or device, or
a separate controller coupled to controller 218, The controller can then be varied or adjusted
based on the signal from sensor 221 to ensure that adequate condaction of the posterior tibial

nerve 220 occurs and an adequate and accurate dosage of treatiment 1s being received.

0200} The seasor utilized in the energy emitting svstem 250 may be a sensor of the type
described above, with respect to other varations. Optionally, for example, the sensor may be a
microneedle patch. It is also contemplated that energy emitting system 250 can be utilized

withont a sensor. The sensor may be placed over a portion of the subject’s body suitable for
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detecting conduction of the target nerve {e.g., on the leg as shown} or over a muscle to detect

muscle stimulation resulting from stimulating the target nerve.

[0201] In certain variations, energy emitting system 250 my optionally mchude one or more
conductive coils disposed within or aloug a housing which can be positioned in proximity to the
target nerve or muscle and provide an additional or supplemental stimulation of the target nerve

or muscle.

[0202] Referring to FIG. 27, the energy emitting system 250 described above with respect to
FIGo 26 may be varied to create energy emufting system 280, Energy emitting system 280 forther
tncludes one or more percntancous electrode needles 262 coupled to a controller 218 and having

an end insertable into a subject's body i proximity to said target nerve.

[6203] Optionally, the electrode needie may be non-percutancous, such that 1t 18 insertable in an
orifice or opening m the subject, such as a natural orifice. The percutaneous electrode needle 262
ts inductively coupled 1o conductive microneedle patch 252, In use, a nucroneedle patch 2521
placed on a first portion of a patient's body., for example a foot, ankle, or leg, in proximity to
posterior tibial nerve 220 within the first portion of the patient's body and down-stream or distal
to a selected stimulation site 261. The percutaneous electrode needle 262 is inserted through the
skin at a location and to a depth that brings the tip w close proximity to the target nerve to be

stimulated.

[0204] The controller 218 is activated and a current passes through microneedle patch 252 and
traverses the internal stimaulation site 261 by passing fom microneedle patch 252 1o the internal
percutaneous electrode needle 262, as indicated by arrow 1. The current passing through
microneedle patch 252 may also generate g magnetic field which can generate a curvent that
traverses the internal stimulation site 261 by passing from microneedle patch 252 to the mternal
percutaneous electrode needle 262, Also, the percutaneous electrode needle may be positioned
within the generated magnetic field, whereby the magnetic field generates a current in the
percutaneous electrode which stunulates a target nerve and traverses an mternal stimulation site.
Optionally, a current may be passed from the controller 218 through microneedie patch 252
and/or from the controller 218 through percutaneous electrode needle 262, traversing the mternal

stimylation site as the current passes between the patch and needle.
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[0205] Referring to FIG. 28, energy enuitting system 280 may be modified by using
percutaneous electrode needle 272 m place of percutaneous electrode needle 262, Percutaneous
electrode needle 272 would be constructed and function as described above with respect to FiG.
23, Various other implantable or insertable electrode needies known to persons of skill in the ant
may also be utilized in the above descnbed systems. Addiionally, energy enntting system 280
may utilize a sensor to detect electrical conduction through the stimulated posterior tibial nerve
220 and send a corresponding signal indicative of the detected conduction to controller 218 or
other device such that the electrical or magnetic simulus can be adjusted as necessary. The
sensor may be a sensor 221, or optionally the sensor may be a microneedle patch. It is also

contemplated that energy emitting system 280 can be witlized without a sensor. The sensor may

pat

be placed over a portion of the subject's body suitable for detecting conduction of the target
nerve {e.g., on the leg as shown} or over a mascle to detect muscle stunulation resulting from
stimulating the target nerve.

{0206] In any of the above systems, varations gre conteraplated where the sensors are also
coupled or connected 1o or otherwise in communication with energy emitiing devices, e.g., the
conductive coils or conductive microneedle patches,

[6207{ In certain variations, the one or more microneedles of the microneedle patch may include
an electrically conductive material such that the microneedles may transmit an electrical signal to
an overlying electrode or other surface. Microneedles may be constructed of an electrically
conductive material andfor coated with an electrically conductive material. Optionally,
microneedles may be coated with an electrically conductive material and constructed of a non-
conductive material. Microneedies may be fabricated using a variety of matenials, e.g., metals,
stainless steel, solid or coat of gold over Ni, Pd or Pd--Ce, Pt silicon, silicon dioxade, polymers,
glass, biocompatible polymers, thanum, silver, or suture materials. Biodegradable polymers may
also be used such that if a tip of a microneedie were to snap or break off during insertion, it

would easily biodegrade. Optionally, the microncedie patch may be non-conductive.

[0208] In certain variations, an electrode patch for improved conductance oy conduction 13
provided. The patch can inchude at least one electrode having a first surface and/or a second
surface. The electrode may optionally be attached 1o varions other materials or adhesive

materials. An array of microneadles may be deposited on a surface of the electrode, or attached
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to a patch or other material and indirectly or directly connected to the electrode. The array of
microncedles may mclude a conductive material. Such patches may be used as a sensor to detect
muscle stimulation or electrical conduction, or to provide or deliver an electrical stimulus or
magnetic field, e.¢., to a target nerve, and may optionally be used in any of the variations
described herein or 1 any apphieation where improved conductance or conduction s desired.
Microneedles yvield improved reduction in impedance compared to simple abrasion and other

techniquoes, and are less painful and more comfortable for the patient.

{0209 In certain varations, typical voltage sensed at the skin and detectable or conductable by
a microneedie patch or microngedle array may range from about 1 to 400 microvolts or about 10

to 3060 microvolts.

[0210] In certain vartations, methods of treating a subject with uringry InContinence or Varous
pelvic floor disorders utilizing the energy enmitting systems described herein are contemplated.
Symptoms associated with arinary incontinence may be observed, detected, or diagnosed. An
energy emitting device having one or more energy generators, £.g., one or more conductive coils
or one or more microneedle patches, may be positioned in proximity o a farget nerve, e.g., the
tibial or posterior tibial nerve or popliteal or sacral nerve or branches thereof of a subject or
patient along a first portion of a subject’s or patient’s body. The subject may or may not be
exhibiting symptoms assoctated with vrmary incontinence. In the case of the conductive coils,
the coils may be positioned within or along g bousing, such as a foot or knee cradle, and a foot or
leg may be positioned therein. In the case of a microneedle patch, the patch may be attached to a
subject's skin. Optionally, the method mvolves positioning a first portion of a subject’s body, the
subject exhibiting symptoms associated with uninary incontinence, relative to an energy emitting
device such that a target nerve within the first portion of the body 15 in proxinuty to at least one

energy generator disposed within or along the energy emitting device.

{02111 A current is then passed through the energy generator to produce, generate or deliver
gnpergy, €.¢., a maguetic or electromagnetic field or electrical or magnetic energy or stimulus,
focused on the tibial or posterior tibial nerve or branches thereof. This in turn may canse the
stimulation of a pudendal nerve, sacral plexus, or other nerves 1 the pelvic floor. Various nerves
mnervating the various muscles, sphineters, nerves, organs and conduits of the urinary tract and

bladder may be stimulated directly or indirectly. In certain variations, a current is passed through
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one more coils, which generate a magnetic or electromagnetic field which stimulates the
posterior tibial nerve. In certain vaniations, the positioning of the coils relative to the first portion
of the subject’s body may be adjusted to re-focus the magnetic field on the posterior tibial nerve
as needed. In certain variations, a currvent is passed through a microneedie patch generating or
delivering an electrical or magnetic stimulus or field. The positioning of the microneedie patch
relative to the first portion of the subject’s body may be adjusted to re-focus the electrical or

magnetic stimalus or field on the posterior tibial nerve as needed.

{0212} Opuionally, electrical conduaction through the target nerve, e.g., the postenior tibial nerve,
or muscle stimulation can be detected via at least one sensor, A conductive sensor mayv be
postioned w proxumity to the posterior tibial nerve along a second portion of the subject's body.
Optionally, a sensor may be positioned over a corresponding muscle to detect muscle stinulation
or twitching resulting from nerve stimulation. Optionally, the electrical conduction is detected
along a second portion of the subject's body which is different from the first portion of the body.
Optionally, the sensor in the form of a microneedle patch. In certain variations, the seusor may
be positioned behind a subject’s knea o detect the electrical conduction along the afferent
posterior tibial nerve or on another portion of a patient’s leg or foot. In other variations, the

sensor may be positioned within or along a housing along with the one or more conductive coils.

[0213] Where a sensor 1s used, a signal is received from the sensors and the signal is indicative
of the electrical conduction of the target nerve, e.g., posterior tibial nerve. The current may be
adjusted or varied using a controlier which is in communication with the energy penerator,
Adjustments may be made m response to the nerve or muscle stimulation detected by the
conductive sensor, in order to optimize or ensure adequate treatment of arinary incontinence by
achieving the appropriate evel of conductance and appropriate level of nerve or nuscle
stimulation. Appropniate levels or parameters for current, frequency, magnetic field, treatment
duration, etc., are those that result in an observed or detected reduction or prevention of
symptoms associated with artnary mcontinence. Treatment could also be administered and the
appropriate levels and parameters achieved through observing or detecting reduction or
prevention of symptoms where a sensor is not used. Examples of these symptoms include but are
not limited to the inability to control urinary function, winary leakage, and loss of bladder

control,
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{8214] In certain variations, the amplitude, frequency, direction of a generated magnetic field,
electrical or magnetic stimulus, or firing sequence of the coils or microneedles making up the
microneedle array may be adjusted. Optionally, the current may be varied according to a
nuscular response in the patient. Thus, to treat urinary incontinence, the magnetic field or
electrical stinmsdus 1s applied to a subject or patient until the desired effects {e.g., reduction of

symptoms} are achieved.

j0215] In cenain varations, methods of treating a subject with fecal incontinence utilizing the
energy emitting systems described berein are contemplated. Symptoms associated with fecal
mcontinence may be observed, detected, or diagnosed. An energy emitting device having one or
MOore energy generators, e.g., one or more condactive coils or one or more microneedle patches,
nav be positoned i proximity 1o a target nerve, e.g., the tibial or postenior tibial nerve, or
popliteal or sacral nerve or branches thereof, of a subject along a first portion of a subject’s body.
The sabject may or may pot be exhibiting symptoms associated with fecal incontinence, In the
case of the conductive coils, the cotls roeay be positioned within or along a housing, such as a foot
or knee cradle, and a foot or leg mayv be positioned therein. In the case of a microneadle patch,
the patch may be attached to a subject's skin. Optionally, the method involves positioning a first
portion of a subject’s body, the subject exhibiting symptoms associated with fecal incontinence,
relative 10 an energy emitting device such that a target nerve within the first portion of the body

18 i proxivuty to at least one energy generator disposed within or along the energy emitting

device.

{62161 A current is then passed through the energy generator to produce, generate or debiver
energy, e.8., a magnetic or electromagnetic field or electrical or magnetic energy or stimulus,
focused on the tibial or posterior tibial nerve or branches thereot. This 1 turn causes the
stimalation of a pudendal nerve, sacral plexus, or nerves in the pelvic floor. Various nerves
mnervating the various muscles, sphincters, rectum, nerves, organs and conduits associated with
bowel movements, fecal control, and the intestines may be stimulated directly or indivectly.
Optionally, a current 15 passed through one more coils, which generate a magnetic or
electromagnetic field which stimulates the posterior tibial nerve. In certain variations, the
positioning of the coils relative to the first portion of the subject’s body may be adjusted to ve-
focus the magnetic field on the posterior tibial nerve gs needed. In certam variations, a current 1§

passed through a microneedle patch generating or delivening an electnical or magnetic stimutlus
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or field. The positioning of the nucroneedle patch relative to the first portion of the subject's
body may be adjusted 1o re~focus the electrical or magnetic stimulus or field on the posterior

tihial nerve as needed.

{6217} Optionally, elecirical conduction through the target nerve, ¢.g., the posterior tibial nerve,
or muscle stimudation can be detected via at least one sensor. A conductive sensor may be
positioned m proxumity 1o the posterior tibial nerve along a second portion of the subject's body.
Optionally, a sensor may be positioned over a corresponding muscle to detect muscle stimalation
or twitching resulting from nerve stimudation. Optionally, the electrical conduction 1s detected
along a second portion of the subject's body which is different frem the first portion of the body.
Optionally, the sensor is i the form a of a nucroneedle patch. In certain vanations, the sensor
may be positioned behind a subject’s knee to detect the electrical conduction along the afferent
posterior tibial nerve or on another portion of a patient’s leg or foot. In other vartations, the

sensor may be positionad within or along a housing along with the one or more conductive coils.

[0218] Where a sensor is used, a signal is received from the sensors and the signal is indicative
of the electrical conduction of the target nerve, e.g., posterior tibial nerve. The current may be
adjusted or varied nsing a controller which is in comnunication with the energy generator.
Adjustments may be made in response to the nerve or muscle stimulation detected by the
conductive sensor, in order to optunize or ensure adequate treatment of fecal incontinence by
achieving the appropriate level of conductance and appropnate level of nerve or muscle
stunulation. Appropriate levels or parameters for current, freguency, magnetic field, treatment
duration, etc., are those that result in an observed or detected reduction or prevention of
symptoms associated with fecal incontinence. Treatment could also be administered and the
appropriate levels and parameters gehieved through observing or detecting reduction or
prevention of symptoms where a sensor is not used. Examples of these symptoms mclude bat are
not Hmited: the loss of volantary control to retain stool in the rectum; loss of fecal control;

mability to control bowel movements, and fecal leaking:

[0219] In certain variations, the amaphitnde, frequency, direction of a generated magnetic field,
electrical or magnetic stimulus, or firing sequence of the coils or microneedles making up the
microneedle array may be adjosted. Optionally, the carrent may be varied according to a

muscalar response in the patient. Thus, to treat fecal incontinence, the magnetic field or electrical
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stimnalus is applied 1o a subject or patient until the desired effects {e.g., reduction of symptoms)

are achieved.

{12207 In certain variations, methods of treating a subject with restless leg syndrome wtilizing
the energy emitting systems described herein gre contemplated. Victims afflicted with Restless
Leg Syndrome (RLS or Ekbom's syndrome), are unable to remain seated or to stand still.
Activities that require maintaining motor rest and limited cogmitive stimulation, such as
transportation, e.g., in a car, plane, train, etc., or attending longer meetings, lectures, movies or
other performances, become difficudt if not impossible. These sensations become more severe at
night and RLS patients find sleep to be virtually impossible, addmng to the diminishing quality of
thew lives. The prge to move, which increases over periods of rest, can be completely dissipated
by movement, such as walking. However, once movement ceases, symptoms return with
increased intensity. If an RLS patient 1s forced to le still, symptoms will continue to build like a

loaded spring and, eventually, the legs will involuntary move, relieving symptoms immediately.

0221} Thus, symptoms associated with restless leg syndrome may be observed, detected, or
diagnosed. An energy emitting device having one or more energy generalors, €.g., one or more
conductive coils or one or more microneedle paiches, may be positioned in proximity to a target
nerve, ¢4, the tibial or posterior tibial nerve, or popliteal or sacral nerve or branches thereof or
other nerves associated with restless leg syndrome, of a subject along a first portion of a subject’s
body. The subject may or may not be exhibiting symptoms associated with restless leg
syndrome. In the case of the conductive coils, the coils may be positioned within or along a
housing, such as a foot or knee cradie, and a foot or leg may be positioned therein. In the case of
a microneedie patch, the patch may be attached to a subject’s skin. Optionally, the method
involves positioning a first portion of & subject’s body, the subject exhibiting symptoms
associated with restless leg syndrome, relative to an energy emitting device such that a target
nerve within the first portion of the body is in proximity to at least one energy generator disposed

within or along the energy emitting device.

{02221 A cwrvent is then passed through the energy generator to prodace, generate or deliver
energy, €.4.,  magnetic field or electrical or magnetic energy or stimulus, focused on the tibial
or postenior tibtal nerve or branches thereof or other nerves associated with restless leg

syndrome. This i turn causes the stimulation of a pudendal nerve, sacral plexus or other nerves
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mnervating the pelvic floor or various muscles, nerves, or orgaus associated with restless leg
syndrome. The various nerves may stimulated directly or indirectly. Optionally, a corrent 1s
passed through one more coils, which penerates a magnetic or electromagnetic field which
stimulates the posterior tibial nerve. In certain variations, the positioning of the coils relative to
the first portion of the subject's body may be adjusted to re-focus the magnetic field on the
posterior tibial nerve as needed. In certain variations, a current 1s passed through a microneedle
patch generating or delivering an electrical or magnetic stimulus or feld. The positioning of the
microneedle paich refative to the first portion of the subject’s body may be adjusted to re-focus

the electrical or magnetic stimulus or ficld on the posterior tibial nerve as needed.

{02231 Optionally, electrical conduction through the target nerve, e.g., the posterior tibial nesve,
or muscle stimmlation can be detected via at least one sensor. A conductive sensor may be
positioned m proximity to the posterior tibial nerve along a second portion of the subject's body.
Optionally, a sensor may be positioned over a corresponding muscle o detect muscle stimulation
or twitching resulting from nerve stimuolation. Optionally, the electrical conduction s detected
along a second portion of the subject’s body which is different from the first portion of the body.
Optionally, the sensor in the form a of a microneedle patch. In certain variations, the sensor may
be positioned behind a subject's koee to detect the electrical conduction along the afferent
posterior tibial nerve or on another portion of a patient’s leg or foot. In other vanations, the

sensor may be positioned within or along a housing along with the one or more conductive cotls.

{6224} Where a sensor is used, a signal is received frony the sensors and the signal is ndicative
of the electrical conduction of the target nerve, e.g., posterior tibial nerve. The current may be
adjusted or varied using a controller which 15 in communication with the energy generator,
Adjustments may be made in response 1o the nerve or muscle stimulation detected by the
conductive sensor, in order to optimize or ensure adequate treatment of restless leg syndrome by
achieving the appropriate level of conductance and appropriate level of nerve or muscle
stimudation. Appropriate levels or parameters for corrent, frequency, magnetic field, treatment
duration, etc., are those that result in an observed or detected reduction or prevention of
symptoms associated with restless leg syndrome. Treatment could also be adnunistered and the
appropriate levels and parameters achieved through observing or detecting reduction or
prevention of symptoms where a sensor s not used, Examples of these symptoms include but are

not Hmited to: uncomfortable sensations in the Hmbs, wresistible urges to move, vsually the legs;
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motor restlesspess; when at rest, symploms return or worsen; and synptoms worsen in the

evemng and at night.

[0225] In certain variations, the amplitede, frequency, disection of a generated magnetic field,
clectrical or magnetic stimulus, or firing sequence of the coils or microncedles making up the
microneedle array may be adjusted. Optionally, the corrent may be vaned according to a
muscular response in the patient. Thus, o treat restless leg syndrome, the magnetic field or
electrical stimulus is applied to a subject or patient untif the desired effects {e.g., reduction of

symptoms} are achieved.

j0226] In certain variations, methods of treating a subject suffering from premature ejaculation
or various pelvic floor disorders ntilizing the energy enutting systems described herein are
contemiplated. Symptoms associated with premature ejaculation may be observed, detected, or
diagnosed. An energy enutiing device having one or more energy generators, .¢., one or more
conductive cotls or one or more mucroneedle patches, may be positioned i proxumity to a target
nerve, e.g., the tibial or posterior tibial nerve or popliteal or sacral nerve or branches thereof of a
subject along a first portion of a subject’s body. The subject may or may not be exhibiting
symptoms associated with premature ejaculation. In the case of the conductive coils, the coils
may be positioned within or along a bousing, such as a foot or knee cradle, and a foot or leg may
be positioned therem. In the case of a microneedie patch, the patch may be attached to a subject's
skin. Optionally, the method tnvolves positioning a first portion of a subject's body, the subject
exhibiting symptoms associated with premature ejaculation, relative to an energy emitting device
such that a target nerve within the first portion of the body is in proximity to at least one energy

generator disposed within or along the energy enutting device.

{82271 A current is then passed through the energy generator to produce, generate or deliver
energy, ¢.8., a magnetic or clectromagnetic field or electrical or magnetic energy or stiraulus,
focused on the tibial or posterior tibial nerve or branches thereof. This in furn may cause the
stimulation of a pudendal nerve, sacral plexus, or other nerves ia the pelvic floor or nerves
associated with the controt of ejaculation. Vanious nerves innervating the vanous muscles,
sphincters, nerves, organs and conduits of the nrinary tract, bladder or reproductive system, or
pelvic floor may be stimulated directly or indirectly. Optionally, a current 15 passed through one

more coils, which generates a magnetic or electromagnetic field which stimulates the posterior
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tibial nerve. In certain variations, the positioning of the coils relative to the first portion of the
subject’s body may be adjasted to re-focus the magnetic field on the posterior tibial nerve as
needed. In certain variations, a current is passed through a microneedle patch generating or
delivering an electrical or magnetic stimulus or field. The positioning of the micronegedle patch
relative to the first portion of the subject's body may be adjusted to re-focus the electrical or

magnetic stimulus or field on the posterior tibial nerve as needed.

j0228] Optionally, electrical condaction through the target nerve, e.g.. the posterior tibial nerve,
or muscle stimolation can be detected via at teast one sensor. A conductive sensor may be
positioned in proximity to the posterior tibial nerve along a second portion of the sobject's body.
Optionally, a sensor may be positioned over a corresponding muscle to detect muscle stimulation
or twitching resulting from nerve stimulation. Optionally, the electrical conduction is detected
along a second portion of the subject’s body which is different from the first portion of the body.
Optionally, the sensor in the form of a microneedle patch. In certain variations, the sensor may
be positioned behind a subject’s knee to detect the elecirical conduction along the atterent
posterior tibial nerve or on another portion of a patient's leg or fool. In other variations, the

sensor may be positioned within or along a housing along with the one or more conductive coils,

[6229] Where a sensor is used, a signal is recetved from the sensors and the signal i1s imdicative
of the electrical conduction of the posterior tibial nerve. The current may be adjusted or vaned
asing a controlier which is in communication with the energy generator. Adjustments may be
made in response to the nerve or muscle stimulation detected by the conductive sensor, in order
to optimize or ensure adeguate treatment of premature ejaculation by achieving the appropriate
level of conductance and appropriate level of nerve or muscle stimulation. Appropriate levels for
current, frequency, magnetic field, treatment duration, ete., are levels that result in an observed
or detected reduction or prevention of symptoms associated with prematore ejaculation,
Treatment could also be administered and the appropriate fevels and parameters achieved
through observing or detecting reduction or prevention of symptowms where a sensor 15 not used.
Examples of these symptoms imclnde but are not Himited 10: ejaculation that frequently ocours
within one minute or less of penetration, the inability to delay ejaculation on penetvations; or
persistent or recurrent gjaculation with minimal stimulation betore, on or shortly after

penetration.
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{8230] In certain variations, the amplitude, frequency, direction of a generated magnetic fleld,
electrical or magnetic stimulus, or firing sequence of the coils or microneedles making up the
microneedle array may be adjusted. Optionally, the current may be varied according to a
muscular response in the patient. Thus, to treat premature efaculation, the magnetic field or
electrical stinmsdus 1s applied to a subject or patient until the desired effects {e.g., reduction of

symptoms} are achieved.

{0231} Exemplary treatment parameters for treating various conditions, ¢.g., urinary
meonimence, using the systems and methods described herein may mnclude the following.
Operation of a conductive coil ar about 10 to 20 hertz generating a magnetic field of about 0.25
to 1.5 tesia, where the codl 15 admimstered to a patient for a duration of about 30 munutesi/day or
30 minutes per week, depending on the severity of the symptoms, until the symptoms subside.
The above treatment parameters or variations on the parameters may be used for treatment of
urinary incoatinence, fecal incontinence, restless leg syadrome, or premature ejaculation or other
conditions. For example, the coil muay be operated at various parameter ranges falling with the
following ranges: about 3 to 100 hertz, about 1 to 10 tesla, for about 15 minutes to 2 hours per
day or week. In treating premature ejacuiation, a patient may receive treatment about 4 to 10
howrs prior to intercourse. A maintenance phase of treatment, alter the imtial treatment, may vary
for various conditions. For example, the maintenance phase mav require application of the
systems and methods descnibed herein at the parameters described herein for 30 munutes/week or
30 autnutes/month. Any treatment parameter may be varied or modified based on the effect on
the patient or sensor or patient feedback regarding stimulation, until the desired result of treating

or preventing a condition s achieved.

[0232] In certain variations, as shown in FIGS, 29a-29d, energy emitting device may include a
controller 289 and a foot cradie 290, Foot cradle 290 may include vertical foot plate 291, and
horizontal foot plate 292, where each plate can be adjusted using vertical foot plate knob 293 and
horizontal foot plate knob 294, One or more EMG plugs 295 are provided. An air core cod 297
or other type of coil is provided. A display screen 296 may also be provided along with power
cord 298, The display screen 296 can display a variety of information to the user and/or
practitioner such as the level of power or current applied, treatment tune, temperature of the
cradie device, detected current levels and/or physiological parameters, etc., to facilitate effective

and efficient therapeutic treatment. The miormation can be used to vary or adjust the controller
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to ensure that adequate conduction of a target nerve, e.g., posterior tibial nerve 220 or muscle
stimulation occurs and an adeguaie and accurate dosage of treatment is being recetved. Controls
may alse be included to affect the following: power, field strength, frequency, pulse, start/pause
and cancellation of therapy {as shown) or other parameters one of skill in the art would find
necessary or usefud to control or momitor. In certain variations, a sensor may be connected,
conpected or in communication with the foot cradle or other energy emitting apparatus,

controlier, housing, conductive coils, or microneedle patch.

{0233] In certain variations, as shown in FIGS. 30A-308, an energy emitting device may
miclude a controller and a knee support or knee cradie. The cradle may be configured to provide
the conductive coil in proximty to the poplieal fossa or avea directly behind the knee. In certain
variations, the knee cradle may be configured to cradle or surround at least a portion of the knee
or substantially the entire knee without placing divect pressure on the pophiteal fossa, thereby
minintzing or avoiding venous thrombosis. In one variation, the device may be utilized while the
knee is i the flexed position (F1G. 30A). In another vanation, the device may be utilized while

the knee 13 in a non~flexed position (FIG. 30B).

[0234] In certain variations, the energy emitting device, .., foot support or cradle, knee
support or cradle, ete., includes a conductive coil positioned such that a target nerve is
automatically targeted. The conductive coil is configured, sized and positioned withiun the device
such that the generated magnetic field may encompass and stimulate the target nerve in any
patient based on the target nerve's anatomical location, thus providing automatic targeting of the

nerve in any patient once the patient positions a particular body portion in the device.

j0235] In certain variations described herein, sensors may detect voltage or current and may be
connected, coupled, wirelessly connected or coupled or otherwise In communication with
housing, conductive coils, microneedle patch, energy emitting apparatus, energy generators, o
electrode needles apdfor controller using a variety of methods or techniques known in the art. In
various variations described herein, housings, conductive coils, microneedle patches, energy
emitting apparatus, energy generators, or electrode needles may be connected, coupled,
wirelessly connected or coupled or otherwise in communication with each other, controllers or

sensors, using a variety of methods or techniques known i the art.
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{02361 Coils used i any of the vanations described herein and iltustrated o the corresponding
FIGS. may take on a variety of shapes, sizes, and configoarations. For example, a coil may be
shaped as a spiral {as shown} or have a simple helical pattern or be a FIG. eight coil, a four leaf
clover coil, a Helmholtz coil, a modified Helmbhohz coil, or may be shaped as a combination of
the aforementioned coil patterns. Additionally, other coil designs beyond those mentioned
hereinabove nught be utilized as long as a magnetic field is developed that will encompass a

target nerve,

{0237] The coils may have a variety of dimensions and configurations. In centain variations, a
coil may have a central aperture. The dismeter of the aperture may range from about 0.5 inch o
2 mnches or T inch to 1.5 inches or the aperture mayv have a diameter of about 1 inch. The
diameter of the coid body may vary. For example, the diameter may range from about 3.0 10
about 7 inches or from about 4 to about § inches or the diameter may about 4.5 inches. The coil
body may include any snitable number of turns, For example, the coil body may include from
about 2 to about 25 turns or from aboat 10 to about 20 tumns or 14 to 17 tumns. The adjacent turns
may be spaced apart from each other, providing a gap there between. An end or cross section of 8
turn may have vanous dimensions. For example, the end or cross section may have a height that
is greater than iy width. An end or cross section of a turn may have a height ranging from about
10 5 cm oor frony about 10 mun to 51 mm (about 0.3 inches to 2 inches) or about 25 mm to 40
i {about 1 inch to 1.5 inches) or about 12 mm to 40 pum (about 0.5 mch to 1.3 meh) or about
0.5 inch to 2 inch. The end or cross section of the wirn may have a width ranging from about 6.3
i 1o about 3 mm (about 0.019 inch to 0.19 mch) or from about 1 mm 1o about 2 mm {abount
(.03 inch to 0.07 mch) or about 0.2 mum to about 1.6 mm (about 0.01 inch to .06 inch). The
above are all exemplary dimensions, where other dimensions are also contemplated depending

on the use and configuration of a device.

{0238] [n certain variations, a system or device for electromagnetic or magnetic mduction
therapy may include one or more condoctive coils disposed within or along an applicator. The
coil may be configured to generate an electromagnetic or magnetic field focused on a target
nerve, muscle or other body tissue positioned in proximity to the coil. The systera may also
mnchude one or more sensors. The sensor may be configared to detect electrical conduction in the
target nerve or to detect stimulation of @ mauscle or other body tissue. The sensor may also detect

a muscudar response caused by an electrical conduction in a target nerve. The sensor provides
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feedback about the efficacy of the applied slectromagnetic or magnetic mduction therapy.
Optionally, a user may provide such feedback based on detection by the user, with or without the
use of a sensor. The system may also include a controller which is in communication with the
sensor. The controlier may be adjustable to vary a corrent through the coil in order to adjust the
magnetic field focused upon the farget nerve based on feedback from the sensor or user. The

vartous systems or devices described herein may be utilized with or without a sensor.

j0239] A vanety of electromagnetic or magnetic induction applicators designed or configured to
stimulate vanous portions of a patient's body for treating vartous conditions are contemplated

herein,

{0240 FIG. 31A tlustrates g varigtion of a hand or arm apphicator 310, The hand or anm
applicator 310 may be ergonomic or contoured to a hand or arm to be positioned relative to or in
proximity to a hand or arm to generate an electromagnetic or magnetic field focused on a target
nerve, nuuscle or other tissue within the hand or arm. Optionally, a hand or arm applicator 310
mav be desipned to stimulate the entive hand or arm of a patient, for example, where the patient

has limied or reduced nerve innervation 1o those portions of the body.

j02411 FIG. 318 also illustrates a vanation of a foot, kuee or leg applicator 320, The foot, knee
or leg applicator 320 may be ergononuc or contoured 1o a foot, knee or leg to be positioned
relative 1o or i proximity to a foot, kaee or leg to generate an electromagnetic or magnetic field
focused on a target nerve, muscle or other tissue within the foot, knee or leg. Optionally, a foot,
knee or leg applicator 320 may be designed to stnmudate the entire foot, knee or leg of a patient,
for example, where the patient has hmited or reduced nerve mnervation to those portions of the

body.

[8242] FIG. 32 iHlustrates a variation of a stand alone back applicator 330, The back applicator
330 may be ergonomic or comoured to the back or to a specific area of the back to be positioned
relative to or in proximidy to the back to generate an electromagnetic or magnetic field focused
on a target nerve, muscle or other tissue within the back. A back applicator 330 may be aligned
along the spine or positionable in proxinuty to the spine. The back applicator 330 may be utilized
to stunulate nerve offshoots, dorsal ganglion. the spinal cord itself or any other nerve m the

body, to treat various conditions, for example, 1o treat atrophy or paralysis.
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{02431 The back applicator 330 may include several coils, which may be pulsed intermittently.
In cerfain variations, a sensor may be placed on nascle in dermatome o provide feedback to
ensure stimulation of the proper dorsal root ganglion or vertebral body. The sensor may provide
feedback to channel energy or current to the proper or effective coil in an applicator, e.g., in an

applicator having multiple coils.

[0244] FIG. 33 shows a system including a corded back applicator 340, a sensor 342 and a logic

controller 344, Various sensors may be wtilized, e.g., a three lead EMG, other EMG electrode, a
microneedle electrode, or any sensor for detecting physiologic changes associated with nerve
firing andfor muscle contraction. The sensor 342 provides feedback which may be ysed to
monitor and/or control therapy. The sensor 342 may be used to position or optimize therapy in a
chinie or home healthcare setting. The applicator 340 may or may not contain a pulse generator
andfor logic controller aircatiry. FIG. 33 shows the logic controller 344 and pulse generator as a
separate uit. The logic controller may optimize therapy and mininyze energy usage or
overheating based on feedback from sensor 342, Optionally, the logic controller 344 may be
incorporated into an applicator. The logic controller 344, whether separate from the applicator or

incorporated in the applicator, may be controlled based on feedback from the sensor,

[6245] FIG. 34 shows a system including a whole back applicator 350, a sensor 352 and a logic
controlter 354. One or more back applicators 350 may be provided. One or more applicators 350
mayv include automated therapy targeting. The applicators 350 may include multiple coils, which
can be fired sequentially to stimulate the entire spine or chamn of dorsal root ganghion (with or
without user or sensor feedback) for ostecarthritis therapy, back or neck pain therapy, prevention
of muscular atrophy andfor nerve recovery after paralysis, stroke, or after saffering other nerve
damaging conditions. It one variation, one or more applicators 350 may include multiple coils
fired sequentially in order to determine the optimal coil for stimulation based on user or sensor
feedback. Once the optimal coil is determined, that cotl may be selected and used for the
rematnder of the therapy. In another vanation, one or more applicators way mclude one or more
coils that are slidable, adjustable or movable within the applicator housing. The cotls may be
moved within the applicator housing to treat a large area andfor to be focused on the optimal

treatment zone based on feedback from the user andfor feedback from the sensor.
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{08246] FIG. 35 shows a vanation of a back applicator 360 which may be positioned m
proxinuty to or aligned along a spine. The back apphcator 360 mayv have ergonomic features or
may be placed in proximity {o a spine or a spine may be positioned in proximity to the applicator
360. The applicator 360 may include several coils that are pulsed intermittently. As shown in
FIG. 35, the back applicator 360 or focused back applicator may me held on a patient by an
ergonomic positioning element 361 (2.g., a belt) and may be fit such the cervical, thoracic,
hambar, sacral and/or lmmbosacral carvatares hold the back applicator 360 n the optimal
postiion. The apphicator 360 may be located anywhere along the positioning element 361
depending on the mdividual and area to be stimulated. Optionally, a sensor lead 362 may be
placed over muscalature or along a nerve excited by activation of the applicator 360, In ong
variation, a coil power ling 365 for supplving powsr or current from the logic controller 364 to

cotls positioned 1 the applicator 360 may include Huid cooling, e.g., air or liquid cooling.

{0247} FIG. 36 shows an applicator 360 designed or configured o generate 8 magnetic field
focused on a target nerve responsible for phantom or neuropathic pain. The applicator 366 or
phantom pain therapeuntic stimulator unit may be stilized to treat phantom pain or neuropathic
pain, to provide phantom pain or neuropathic pain therapy. The applicator 366 may be
ergononne or contoured to be positioned relative to or in proxinuty to a nerve responsible for

phantom or neuropathic pain.

j0248] FIG. 37 shows a facial neuralgia applicator 380. Facial neuralgia applicator 380 may be
may be ergonomic or contoured to a face or head to be positioned relative to a face or head to
stimulate a nerve responsible for facial newralgias. The applicator 380 may be designed or
configured to be positioned relative to, In proxinmity to or on a patient’s face or head and {0
generate a magnetic field focused on nerves responsible for facial neuralgias, e.u., the trigeming!
nerve, to treat facial neuralgia. Optionally, a sensor may be positioned along a facial nerve to
ensure adequate therapy and 1o provide feedback, e.g., 10 a logic controller, regarding nerve

conduction or body stimulation,

[0249] In certain variations, an applicator may be designed to ergonomically target common
nerves responsible for common neuralgias in order o treat such neuralgias. In other variations,
an applicator may be used for treating nearalgras virtually anywhere on a patient’s body,

e

including in deep nerves due o the ability of magnetic fields generated by the applicator to
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penetrate painfessly. In certain variations, an applicator may be designed to generate & magnetic

field focused on a target nerve o treat central or peripheral neuralgias.

[0250] FIG. 38 shows a depression applicator 386 which 1s designed or configored to be
positioned relative to, In proximity to or over a fromtal cortex. The apphicator 386 may be
ergononmic or comtoured to a head to be positioned relative to a head to stimulate the frontal
cortex. The applicator 386 may generate an electromagnetic or magnetic field focused on the
frontal cortex to treat depression. A sensor may be positioned in the offshoots of the motor
cortex. The sensor nmay provide feedback to ensure appropriate placement of the applicator 386
or coil. In one variation, the applicator 386 may mclude a therapeutic cotl and a targeting coil
{e.g., a small pon-treatment coil), which may be positioned a certam distance behind the
therapeutic coil, e.g., about § cm behind the therapeutic coil. When finng of the targeting cotl is
sensed by the sensor {(or user-feedback), the therapeutic coil may be positioned m the correct or

optimal position over the frontal cortex for depressive therapy.

0251} FIG. 39 shows a nigraine apphicator 390 which s destgned or configured to be
positioned relative to, in proximity to or over an oceipital nerve. The applicator 390 may be
ergononc or contoured to a face or head to be positioned relative to a face or head to stimulate
the occipital nerve. The applicator 390 may generate an electromagnetic or magnetic field
focused on the occipial nerve to halt, prevent or treat migraines. The applicator 390 may have an
ergonomic design to ensure appropriate placement over the occipital nerve. In one variation, the
applicator 390 may be a single (or few) pulse device. The applicator 390 may be in a portable
format. The applicator 390 mav also be without any significant cooling features. Optionally, the
applicator 390 may have cooling features. In another vanation, an applicator may be a multiple
pulse, higher frequency device. Such an applicator may include cooling features, where cooling

is provided by utibizing hiquids or atrflow, such as rapid airflow to cool the coils or applicator.

02521 FIG. 40 shows a variation of an applicator 396 n the form of a stinnlator coil platform
which may be ergonomic and contoured to a knee. The applicator 396 is configured to be
positioned relative to or w proxumity {o a knee or the applicator 396 is configured such that a
knee may be positioned relative 1o or in proximity to the applicator 396. The applicator 396 may
be configared to generate an electromagnetic or magnetic field focused on the popliteal nerve for

peripheral nerve stimulation (o treat various conditions, e.g., overactive bladder, neuropathic pain
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or restless {egs. In one variation, a stumulator coil may target an area behind a patient's knee or
the popliteal fossa, and the knee may be rested on a stimulator coit platform apphicator in any
postion.

[0253] In cortain vartations, an apphicator may include one or two (bilateral) magnetic field
generating coils, which may be positioned around the knee when the patient is in a sitting,
standing or prostrate posttion. In certain vartations, a pulse generator or logic controller 397 may
send energy through one or more coils 1o create an electromagnetic or magnetic field. The
applicator or coils may generate stimulator or non-stimnlator fields. Sensor or user feedback may
provide feedback to logic controller to optimize therapy, ¢.g., with the stimulator fields, An
applicator may be utihzed for generating magnetic fields focased on an area of a patient’s body,
2.g., the knee, to treat vantous orthopedic indications, e.g., knee pam or osteparthritis. An
applicator may be utilized for generating magnetic fields focused on a area of a patient’s body to

treat varions non-orthopedic indications, via, e.g., peripheral nerve stimulation.

j0254] FIGS. 30A-30B, show a variation of an applicator 400 which may be utilized for
pophieal nerve stumulaton andfor treatment of the knee. The apphicator may be designed or
configured to generate an electromagnetic or magaetic field focused on the popliteal nerve for
popliteal nerve stimulation or on the knee for treating osteoarthritis. The applicator is configured
to be positioned relative to or in proximity to a knee or the applicator is configured such that a
knee may be positioned relative to or in proxamity to the apphicator. & leg may rest on the
applicator coil or be positioned above it. Optionally, as shown in FIG. 30B, 8 foof rest 104 may

be provided for holding up a foou

j0255] FIG. 41 shows a system including a variation of an ergonomic back applicator 410 heild
on a patient's body by an ergonomic positioning element 411 m the form of 8 shoulder harness.
A sensor 412, and a logic controller 414 are also provided. The applicator 410 may include
various positioming elements 411, e.g., a shoulder harness, an upper torso garment, or an
ergonomic back-countered plate. The applicator 410 may be stimulator or non-stimulator. In
another variation, an applicator may be rested on a seat or chair such that a stmulator coid
reliably overlies the area of the patient's body requiring stimulation. In certain variations, one or
more cotls may be tixed on the applicator (requiring prior targeting by a bealthcare provider or

patient} or one or more coils may move freely within or along the applicator and may be locked
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wito position when the desired or optimal posttion is located. Coils may also move automatically
i order to optimize targeting of the coil based on sensor or user feedback. The svstem may be
incorporated into a single anit or, as ilustrated, have at least two components including a

separate logic controller.

{6256} For any of the apphcators described herein, such applicators may include one or more of
the following features. The applicators may be ergonomic or contoured to the specific region of
the body or anatomy to which the apphicator will be delivering stimulation. The applicators may
be configured or designed to be positioned refative to, on, around, or in proximuty 1o a specitic
region of the body or the applicators mav be configured or designed such that the targeted region
of the body may be posttioned relative to, on, around or 1o proximity to the applieator. The
applicators mav be openable or adjustable to allow for insertion or entrance of the targeted body
part or anatomy into the apphicator or to allow for placement of the applicator onto or around the
targeted body part or anatony. The applicators may be flexible or ergonomic to accommodate
nearly any type of body habitas. In certain vartations, 4 solenowd-type coil may incorporated into
an applicator for delivering PEMF stimulation directly 1o the targeted areas or regions of a body.
In certain variations, any of the applicators described herein may approximate the respective
targeted body area or anatomy or the applicators may be designed such that the body region or

targeted anatomy may approximate the apphicator.

{0257} In centain variations, any of the applicators or systems described herem may be used to

provide electromagnetic or magnetic induction therapy with or without a sensor.

j0258] In certain variations, clectromaguetic stimulating devices or apphicators for providing
stimulation to tissues of the human body, including nerves, muscles {including superficial and
deep muscles), and/or other body tissues for the tweatment of various conditions, including, e.g.,
chronic and acute pain, are provided.

{8259 The devices may utitlize an inductive coil encased within an ergonomic, body-contowred
applicator to target specific regions of the body. The coils may be designed to target pevipheral
nerves throughout the body that have been implicated or involved n pain syndromes.

{0260] The various designs and configuration of the devices described herein allow for easter
application, more consistent therapy and home use while targeting snatomic regions with

therapeatic pulsed electromagnetic fields. The fields mav also be delivered or applied inan
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witermittent manner to allow for convenience and ease of use while providing a durable benefit.
With mtermittent external stmulation by pulsed electomagnetic or magnetic fields, a nerve or
other tissues may be stimulated in manner that provides a continued and lasting effect on nerve,

muscle or tissue fanction, without habituation.

{6261} The clectromagnetic or magnetic induction stimulation devices desenbed heron
substantially improve the state of the art electromagnetic stmulation technology and may
incorporate the delivery of PEMF therapy into a vser friendly, body contoured applicator. In
certain variations, a debivery system for PEMFE therapy may mnclude elements such as. e.g., (I an

ergononic, body contoured applicator which provides for repetitive application and consistent
therapy onto the same body area. The applicator may be coded with clear markings to facilitate
repetitive and consistent therapy onto the same body areq; {2) the use of a sensor to provide
feedback that stimulation is occwring effectively; andfor (3) the use of intermittent stimulation to
effectively treat various conditions, .., chronic pain, without habiteation. These elements
mdividually or the various combinations of these elements have provided for an easy to use,
ergonomically designed system that has applications within a host of clinical and home ease of

use health applications.

{0262} In certain variations, an clectromagnetic or magnetic induction stimulation device able to
provide stimulation to tissues of the human body, including nerves, muscles (mcluding
superficial and deep muscles), and/or other body tissues withoat significant discomfort to the
patient is provided. Conductive stimulating coils may be encased in an ergononie, body-
contoured applicator that 1s coded with clear markings to provide for repetitive application and
consistent therapy onto the same body area. The design of the applicator allows for ease of use
and also for the targeting of anatomic regions to be exposed o the impulses of the PEMFs. The
electromagnetic stimudating device may provide PEMFE i a manner that is patient user friendly
and the device may be portable. The device may be utilized in a hospital, an outpatient clinic, a
therapist's office, or at a patient's home,

{02631 In certain variations, an electromagnetic or magnetic induction stimulation device may
stimulate regions of the body to treat conditions requiring both maximal stimulation (i.e.,

sutficient to cause contraction of muscle fibers and firng of nerves) as well as submaximal
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stunulation (which will be sufficient to provide therapy but not to cause contraction of muscle

fibers).

[1264] The electromagnetic or magnetic induction or stimulating devices described herein may
be utitized for various indications. The indications may be divided into maximal and submaximal
categories, in which the former requires significantly higher levels of indocting current than the
Jatter. The maximal applications of the device include, but are not limited to: Non-mmvasive
stimulation (intenmittent or continvous) of the peripheral nervous system for treating chromie
pain; stimalation of a nerve for the up- or down-regudation of hormones or cellular proliferation;
treatment and/or prevention of atrophy, which would be therapeutic during recovery after an
mdividual sustains a fracture, experiences paralvsis of a himb or other bedy part, or undergoes
surgery, such as ACL repair in the kaee; treatment of neurogenic or overactive bladder and
bowel; and stimulation of the central nervous system to alter neural pathways or up/down-

regulate the aforementioned factors,

[0265] Additional apphications of the devices include but are not limited to) treatment of
nearopathic pan {e.g., phantom pamn i lmbs or other neurologic pain) or arthopedic pain (back
and neck pain or skeletal related pain); treatment of pveractive bladder and bowel; and treatment

of arthritis andfor orthopedic conditions.

{0266] In certain variations, a device 1s provided for delivering PEMFE stimudation to selective
anatomic regions of the body, utilizing an ergononuc applicator designed to facilitate accurate
and targeted delivery of therapy. The applicator may be coded with clear or solid markangs to
provide for repetitive application and consistent therapy ontoe the same body area of the body.
This design may facilitate the placement of the device for the stimulation of key nerves, muscles,

and/or body tissues.

0267} In certain variations, a device is provided which may be utilized to electromagnetically
stimplate selective nerves, muscles, and/or body tissues, where the device i3 user friendly and

capable of being used even by an unskilled patient in a home healtheare setting.

jO268] In certain variations, a device is provided to electromagnetically stimulate selective
nerves, muscles, and body tissees to provide consistent therapy, with an ergonomic apphicator
targeting key nerves and elimmating the requirement for a highly trained operator to manipulate

the device.
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{0269] In certain variations, an electromagnetic or magnetic induction system or device may be
configured or designed to provide intermittently applied pulsed magnetic fields in the treatment
of chronic conditions, such as pain. For example, a device as described herein may provide
shorter, intermittent stimulation to treat chronic pain or other chronic conditions. The delivery of
pulsed magnetic fields may have a continued and lasting effect on nerve function in treating
conditions, such as, overactive bladder as well as other chronic neurclogical and orthopedic
conditions such as newnropathic pain, restless legs and orthopedic pain {e.g., spinal pain, back
pain, ete.)

{8270] In certain variations, intermitient pulsed magnetic tields may be utilized for the treatment
of chronic and acaie non-orthopedic conditions such as nearopathic pam, phantom pain and
chronic neuralgias, as well chronic and acate orthopedic conditions, such as back pam and neck
pain. The therapeutic magnetic fields may be applied frequently {e.g., several times a day) or less
frequently (e.g., once a week or once a month} depending on the durability of the effect for the
mdividual patient. Treatment involving the use of magnetic fields does not require surgery or
needles to stimulate a nerve. Also, the deliver of mternuttent pulsed magnetic fields prevents the
nerve from becoming habitnated to the stimulator signal by ensuring that there are periods during
which the nerve is not subjected to the stimulator signal. Accordingly, the electromagnetic or
magnetic induction svstems or devices described herein may provide unparalieled ease of use,
non-invastveness, reliabihity of therapy based on sensor feedback and/or ergonomuc targeting,
andfor a lack of habituation due to Intermittent stinmlation provided by certain systems and
devices,

{02711 In certain vanations, the electromagnetic or magnetic induction systems or devices
described herein may tncorporate an air-cooled coil wherein the air coolant, e.g., liguid or air, 18
drawn through and/or 1 between the turns of the inductive coil, in direct contact with conductive
surfaces of the coil. Drawing aiv or other fluid through the coil prevents the coil from heating up
to the degree that could damage the cotl and the electronics of a device, or expose the patient to
excessive temperatures.

{0272} In certain variations, the svstems and devices described therein may be utilized to
stunulate perves for a vartety of conditions, including, e.g., atrophy prevention, nerve

repair/regeneration, neuromoduiation, chronic pain, up or down regulation of hormones, restless
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legs, phantom pain, ete. The systems and devices may also be used to stimulate muscles andfor

other body tissues to accelerate tissue healing, regeneration andfor growth.

{12731 In certain variations, the electromagnetic or magnetic induction systems or devices
described herein and other implantable or extracorporeal devices may allow for the automatic

adjusting of nerve stimulation based on feedback.

{0274] In one vanation, an extracorporeal or implantable device, e g, any of the
electromagnetic or magnetic induction devices described herein, a pacemaker, defibrillator, or
nerve stimalator, may include a feature that allows for automatic adjustment of nerve stimulation
based on feedback provided by a sensor or user. This fegture may mintnize pam and power
usage while ensuring optimal therapy delivery. A device may include a stimulator and a sensing
component. The stimulator may be avtomatically adjustable based on feedback from the sensor
up to a maximal {safe} threshold. Each therapy may start with lower powered pulses, followed by
mereasing power pulses unti the sensor detects stimulation. The algorithm allows for the
minimal amount of power to be used and allows for automatic adjustment of power settings as
conditions change. 102411 In one variation, an implantable device may include a sensor, sach
that the device can stimulate tissue or nerves and sense stimulation at the same site. For example,
the sensor may provide feedback to the implantable device regarding nerve conduction at the site
of stimulation. As fibroses develops around an implant, at the site of stimulation, the feedback
witl indicate whether a target nerve is no longer being effectively stimulated due to the fibroses,
which will cause the power or level of stimulation to increase or decrease, as is necessary, ©
effectively stimulate the target site and overcoms any obstruction due to fibroses, As fibroses
occurs around an implant, a patient need not report back to a physician or other operator for
adjustrent of the stimulator power of the device. The device will sutomatically adjust the
stimulator power or level based on sensing stimudation of the target nerve or tissue. This
eliminate the guesswork involved by the aser in monitoring their therapy one day at a time on
their own, as they notice the effect of the therapy wear off. This also eliminates the risk of the
user being exposed to unnecessanly high power levels that might otherwise by set in order o

minimize frequent return visits 10 a physician or operstor for adiustments.

{0275 FIGS. 42A and 42 show an example of bow the amount of stinwlator power required to

achieve a desired stimulus may be antomatically adijusted as 2 result of fibroses, according to the
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above described feature. According to FIG. 424, after the initial implant of the device, the level
of stimulator power 1s increased until stimulation of the target nerve or tissue 1s sensed {indicated
by square box at, e.g., about 10 mV). An effective stimulator therapy may then be delivered.
According to FIG. 42B, after fibroses sets in, in order to maintain the desired level of stimulation
to provide an effective stimulator therapy, the level of stimulator power is wcreased uniil
stimulation of the target nerve or tissue is sensed (Indicated by square box, ez, at 20 mV).
According to the example in FIG. 42B, the presence of fibroses required an increase in the

stimulator power fevel to deliver an effective stimulator therapy.

{8276] The antomatic adjustment feature based on sensor feedback may be utilized in any
stimndator or pon-stimulator implant or extracorperal device, where the device incorporates a
sensor capable of detecting the desired stimulus and a feedback loop capable of antomatically

adjusting parameters {e.g., power, frequency, etc.) 10 ensure appropriate stimulation.

{02771 In certain vanations, the electromagnetic or magnetic induction systems or devices
described herein and other implantable or extracorporeal devices may include a feature that
allows for automatic targeting of coils.

[O278] A device may include multiple inductive coals or one or more movable inductive cails.
The device may alse include a sensor based feedback glgorithin, In one variation, the device
inchudes a targeting or movable cotl which may be positioned over or in proximity to a patient’s
body at a site that elicits a response that can be sensed antomatically or detected by a user. Once
this response 18 detected, the coil may either move {0 it stinnidation postition, or i the event that
a small targeting cotl is nsed, the therapeutic coil may already overlie the treatment arca. Onee

the response is detected, the therapy mayv astomatically begin.

{02791 In one example, relating to the treatment of depression, the motor cortex is stimulated
until the thumb is seen to move. The coil may then be advanced, e g, about 5 ¢ to about 5
inches, forward to a position over the frontal cortex. This feature eliminates the guesswork that
may otherwise be fnvolved in moving or positioning a coi, and automates therapy based on user
feedback or EMG sensor or other sensor feedback, e.g., over a thamb.

{0280] FIG. 43A shows an example of a device 420 posttioned on a skull. The device mcloades a
treatment cotl 422 and a targeting cotl 423, The weatment coitl 422 may be posttioned by EMG

detection with targeting coit 423 stinulation, where the targeting coil may not move,
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{82811 In another variation shown i FiG. 438, an ergonomic fixture or applicator 430 (e.g.. a
helmet} may be worn and a coil 432 posttioned on the applicator may slide or move from its

targeting position to its therapeutic position aatomatically or by user mtervention.

[0282] The feature that allows for automatic targeting of coils may be utilized in any device
designed to stimulate nerve, body or other tissnes with stimulator or sub-stimulator fields in

which the device may be targeted based on a defectable sigual or response.

{8283] Other conditions that may be treated utilizing the varions electromagnetic or magnetic
tduction stinulation systems and methods deseribed herein include bot are not limited tor pebvie
pain, interstitial cvstins, fibromvalgia, chronic fatigue and preterm labor, patn syadromes,
Irritable Bowel Syndrome, Valvodyma, Herpetine nevralgia, tnigeminal neoralgia and

Myofascial pain.

EXAMPLES
{02841 The following Examples are provided for ilusuation, not lunitation. One with skill in the
art would be able to use these examples as guidelines for mgking and using comparable devices.

{0285] In each example, intermittent therapy should be applied and symptoms/scores tracked for

-

a punimum of 6 weeks m order to deternune the full extent of the therapies effect,

Example }

[0286] Empirical Testing of Efficacy in the Treatment of Neuropathic Pain: The optimal
stiraulus ntensity for newopathic pain treatment; the optimal application parameters. ie.
frequency of stimulation, duranion of wreatment, location of stinwulator coils in each disposable
array of coils; and the optimal coil diameter/placement within the strays can be determined using
the following expermmental protocol: Before, duning and after treatment, patients will report

scores of neuropathic pain after weekly stimulation over a minimum of ¢ weeks.

Example 2
{0287} Empincal Testing of Efficacy tn the Treatment of Nearomuoscular Painc The ethicacy of
neuromuscular pain treatment can be tested by monitoring patient reported pain scores. A

standardized scale may be utthized and, when feasible, tocal biopsy and blood tests can be usetul
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w determining the impact of the therapentie fields on circulating factors and local mediators. The
optimal pulse amphitade, duration, site of stimulation will be assessed based on reported pain

scores and diagnostic tests.

Example 3

{0288} Empirical Testing of Efficacy n the Treatment of Orthopedic conditions {ve., Arthrits,
Back pamn and neck pain} The efficacy of arthritis treatment can be tested by monitonng patient
reported functionality scores. A standardized subjective fonctionality scale may be utilized and,
when feasible, local blopsy may be useful in determining the tmpact of the therapeuntic ficlds on
the cartilage and arthnitic regions freated. As cartilage destruction i3 a well-studied side-effect of
arthritis, reduction of this degeneration will be a valuable marker for efficacy of therapeutic
treatments. The optimal pulse amphitade, dwration, site of stimulation will be assessed based on
reported functionality scores and diagnostic tests. Pain scores may also be measured to detenmine
the device's impact on orthopedic conditions such as back pain, neck pam, etc. A standardized
pain scale may be used before and afier treatment to determine potential benefit.

{0289 It is also contemplated that any of the energy emifting svstems or devices described
herein can be used with or without a sensor for detecting conduction of a stimulated nerve or
muscle of tissue stimulation resultmg from the electromagnetic or magnetic field generated by
the conductive coil and delivered to a patient or an electrical stimulus delivered to a patient.
Also, in any of the above variations, a controller may optionally be connected, coupled, integral
to or othenwise in communication with the conductive coils andfor the seasor. Optionally, the
sensor may be conpected, coupled, integral to or otherwise in communication with the

conductive coil.

{0290] In cortain variations, transdermal electrical stimudation therapy may be provided toa
patient or subject. One or more stimulator electrodes may be positioned over a glabrous skin
surface overlyving a target nerve of the patient. Electrical stimulation or an electrical stimulus
may then be delivered via the stimulstor electrode through or across the glabrous skin surface to
the target nerve in the patient, to stimulate the target nerve. The electrical stimulation may be
delivered at a level and m a manner sufficient to generate motor andfor sensory nerve

conduction. For example, the electrical stimulation may be delivered at a frequency of about §

Petitioner - Avation Medical, Inc.
Ex. 1019, p. 65



Attorney Docket Nor EMEKNNZO0703

Hz to about 80 Hz or about 20 HZ or 30 He to about 60 Hz or greater than 30 He, while
remaining safe and tolerable to the patient. The stimulation may be delivered n a non-invasive

maniuer.

{6291} The stimulator electrode may be positioned over or on varions regions of the body. In
certain variations, the stimulator electrode may be positioned over a palm or plantar skin surface.
For example, the stimulator electrode may be positioned over a glabrous skin surface overlying a
plantar nerve of the foot, where the electrical stimplation may stimulate the plantar nerve.
Stimulation of the plantar nerve may resalt in stimulation of the tibial nerve to treat varions

conditions, such gs urinary incontinence or overactive bladder.

{0292} Various types of electrodes may be ntilized as a stimulator electrode, e.g., a surface
electrode, microneedle electrode, a TENS {transcutaneous electrical nerve stimulation) pateh or
other electrode that may be positioned over or on the skin surface. Optionally, a conductive
substance may be injected or implanted near the target nerve to nnprove electrical conductivity
to the target nerve from the stimylatory electrode. Electrical stimulation mav be delivered
ntermutiently or on a chronic basis and may include one or more electrical signals designed to be

constructive and/or destructive in order to improve tissue penetration and/or signal tolerance.

j0293] In certain variations, nerve stimulation resulting from the glectrical stimulation therapy
may be detected via at feast one sensor positioned on or near the subject. The sensor may provide
a signal indicative of the detecied electrical stimulation thereby providing feedback about the
etficacy of the applied electrical stimulation therapy such that the therapy may be adjusted or
optimized. The feedback loop may be queried such that the clectrical stinmlation therapy mav be
adjusted to ensure that the minimem amount of energy is being apphied to stimulate the target
nerve while reducing the risk of burns or intolerance. Optionally, the feedback loop may be
queried such that the positioning of the stimulator electrode may be adjusted to optimize the
electrical stimulation therapy. Various sensors may be utilized, including but not limited to a
surface electrode, a microneedle electrode, or motion sensor. In certain variations, the sensor
may detect conduction of motor and/or sensory nerves, For example, a sensor may detect afferent

or efferent nerve stimulation of the target nerve or other nerve or related nerve.
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{0294} In certain variations, a ground electrode may be utilized. For example, the ground
electrode may be positioned on the subject to facilitate penetration of an electnical current from

the stimulatory electrode through the glabrous surface to stimulate the targef nerve.

[0295] In cortain variations, a stimulator electrode may be positioned over or attached 1o a
glabrous skin surface with an adhesive or other form of attachment or fastener. In other
variations, a stimulator electrode may be positioned over or held 1 contact with a glabrous skin

surface with an ergonomic applicator.

[0296] Various applicators for positioning electrodes over various regions of the body to dehiver
electrical stimulation, e.g., ransdermal electrical stimulation, may be utilized. For example, an
applicator may be in the form of an insole configured to be positioned against, over, or in contact
with the plantar surface or a plabrous surface of the foot such that an electrode positioned on the
msole may deliver electrical stimulation through or across the glabrous skin swface, to a target
nerve or other tissue within the foot. The nsole may be configured to be positioned in an orthotic
or g shoe such that electrical stimulation may be delivered to the subject while the subject is
walking. In other variations, an applicator may be a foot plate or foot rest or cradle on which a
foot or other portion of the leg or body mav be positionad to receive electnical stimulation
through or across a glabrous skin surface, from the plate, rest or cradle or from electrodes of the

plate, rest or cradle.

{6297} In ancther variation, an gpplicator may be & glove, race or other hand wrap which s
configured to be positioned against, m contact with, or over the palmar sarface or a glabrouos
surface of a hand. An electrode of the glove, brace or wrap may deliver electrical stimulation

through or across the glabrous skin surface to a target nerve or tissue within the hand.

[0298] Various applicators or ergonomic applicators may be utilized to provide transdermal
electrical stimulation therapy to a subject. In certain vanations, an apphicator may include one or
more stinmdator electrodes and one or more electrical pulse generators or controllers. The
electrical pulse generator may be coupled to the stimulator electrode. The electrical pulse
generator may be incorporated into the applicator. Optionally, the electrical pulse generator may
be separate from the applicator or located remotely from the applicator or stimulator electrode.
An applicator may include one or more sensor electrodes configured to detect nerve stumulation

and/or provide feedback about the efficacy of the applied electrical stimulation therapy. Such
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feedback may allow the therapy to be adjusted, modulated and/or optintized. A sensor may detect
motor and/or sensory nerve stimulation. For example, a sensor may detect afferent or efferent
nerve stimulation. 1n certain variations, the positioning of the stimulator electrode may be
adjusted based on feedback from the sensor in order to optimize the electrical stimudation

therapy.

[8299] The apphicator may alse include one or more ground or ground electrodes. The ground
electrode may be a component of the applicator or may be attached to the subject separately via a
strap or other attachment. The ground electrode may be posttioned on the subject at a location
that facilitates penetration of an electrical current through a glabrous surface to stimulate the

target nerve, e.g., on the opposite surface of a body portion relative to the stimulator electrode.

{0300] As stated supra, an apphicator may be designed for vanious portions of the body. An
ergonomic applicator may be in the form of an insole which can be positioned against or over the
plantar surface or a glabrous surface of the foot sach that an electrode of the insole may deltver
electrical stimulation through or across a glabrous surtace to a target nerve within the foot. The
insole may be positioned in an orthotic or a shoe. An apphicator may also be in the form of a foot
plate, cradle or foot rest. In other variations, the applicator may be designed to stimulate a
portion of a hand or apper extremity. For example, an ergonomic applicator m the form of a
glove or brace may be configured to be positioned against or over the palmar surface of a hand
such that the electrode of the glove or brace mav deliver electrical stimulation across a glabrous

surface to a targel nerve within the hand.

0301} Any of the various applicators or crgonomic apphicators described herein may be
designed or configured to position or locate one or more stimulator electrodes overoron a
glabrous skin surface of a patient to deliver transdermal electrical stimulation through or across
the glabrous skin surface to an underlving target nerve or other tissue to stimulate the target
nerve or tissue. In certam variations, an electrical stimulation or stimuthus nxay be delivered at
various frequencies, e.g., at a frequency of about 5 Hz to about 60 Hz, or greater than 30 Haz,
while remaining safe and tolerahle to the subject.

j0302] In other vanations, one or more stimulatory electrodes may be otherwise attached to a
skin surface, e.g., as a wired or wireless patch, adhesive or microneedle electrode in the absence

of an ergonomic applicator, to deliver electrical stimulation across or through a glabrous skin
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surface to stimulate an underlying target nerve or tissue. Such electrodes may be used in
combination with one or more ground or sensor electrodes. Such stimulatory electrodes may
deliver electrical stunplation or an electrical stimulus at vartous frequencies, e.g., at a frequency
of about 5 Hz to about 60 Hz, or greater than 30 Hz, while remaining safe and tolerable to the

subgect.

8303} In certain vartations an applicator may include two or more siimudator electrodes or two

more stimudator electrodes may be uwtilized without an applicator.

{6304} In certam variations, methods, systems andfor applicators for providing an energy based
stimulation therapy to a subject are provided. An energy emitting device may be positioned in
proximity to a glabrouns surface overlving a target tissue. Energy may be delivered from the
energy enniting device through or across the glabrous skin surface 1o the target tissue o
stimulate the target tissue, such as a target nerve. Various energy sources or forms of energy may
be delivered by the energy emitting device, including but not hmited to, an electric current, an
electromagnetic or magnetic field or electromagnetic or magnetic induction stimulation,
ultrasound, or RF fields. Energy may be delivered at various frequencies. For example, the
energy mayv be delivered at a frequency of about 5 Hz to about 60 Hz, or greater than 30 Hz,

while remaining safe and tolerable to the subject.

{0305] The energy based stimalation therapy may be ublized to weat varions conditions,
micluding but not liited to, overactive bladder, urinary incontinence, fecal incontinence, chronic
pain, depression, migraine, epilepsy, obesity, restless leg syndrome, or foot drop. Energy may be
delivered through a glabrous skin surface to provide neuromodulation to stimulate other tissue.
Tissues that may be stimulated include bat are not limited a central nerve, peripheral nerve,
muscle, skin, or vasculature. Optionally, conductive substance may be implanted or injected near

a farget tissue to improve conductivity to the target tissue.

[306] 1o one variation, 8 method for treating urinary incontinence or overactive bladder i a
subject may include one or more of the following steps, a stimulator electrode, {e.g ., in an
applicator or as an adhesive or attachment electrode as described above} may be positioned over
a glabrous skin swrface overlying a plantar nerve or other nerve in the foot. An electrical

stimulation may then be delivered through or across the glabrous skin surface to the plantar
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perve fo stimulate the plantar nerve which results in stimulation of the tibial nerve to treat urmary

mcontinence or overactive bladder, e.g., via stimulation of the sacral plexus or pudendal nerve.

{13071 In other vanations, any of the various electrical simulation methods and electrical
stimulator applicators or electrodes may be utilized to treat any of the conditions described

herein.

{8308 In certain varations, methods, systems andfor applicators for providing an energy based
stinulation therapy to a subject are provided. An energy emitting device may be positioned in
proximuty o or over a skin surface overlying a target nerve or tissue. The energy enntting device
may include any of the devices, systems or applicators described herein andfor tlustrated in any
of the varions FIGS. 1-49, e.¢., an electrode or applicator for delivering electnical stimulation or
an applicator for providing electromagnetic or magnetic stinulation or mduction therapy. Energy
may be delivered at a frequency of about 1 Hz 1o about 30 Hz through or across a skan surface
{e.g., a glabrous skin surface or any other skin surface or non-glabrous skin surface} to the a
target nerve to generate motor and/or sensory nerve conduction while remaining safe aad
tolerable to the subject. In certain variations, energy may be delivered at a frequency of less than
10 Hz to generate motor and/or sensory nerve conduction.

j0309] Energy delivered ransdermally, through, or across a patient’s skin at a frequency from
about I Hx to about 30 Hz, or at a frequency of less than 10 Hz has unexpectedly been found to
stimmulate or generate motor and/or sensory conduction in g target nerve. For example, energy
delivered transdermally, through, or across a patients skin at aboaot 1 Hz to about 30 Hz, or at less
than 10 Hz has nnexpectedly been found to stimulate or generate motor andior sensory nerve
conduction of a tibial nerve, where such level of simulation may be sufficient o treat a patient
suffering from urinary incontinence, overactive bladder, fecal incontinence or other conditions.
The energy may be delivered through or acvoss a glabrous skin surface or non-glabrous skin

surface or any other skin surface {e.g., any skin surface overlving a tibial nerve).

{0310] Various energy sources or forms of energy may be delivered by the energy emitting
device, including but pot limited to, an electric current, an clectromagnetic or magnetic field,
ultrasound, or R¥ fields. The energy based stimulation therapy may be utilized to treat various
conditions, mclading but not hmited o, overactive bladder, uninary incontimence, fecal

incontinence, chronie pain, depression, migraine, epilepsy, obesity, restiess leg syndrome, or foot
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drop. Eneray may be deliverad through a glabrous skin surface or any other skin swface to
provide newromodulation to stimulate other tissue. Tissues that may be stimulated mclude but are
not limited a central nerve, peripheral nerve, muscle, skin, or vasculature. Optionally, conductive
substance may uplanted or iyected near a target tissue to improve conductivity to the target
tissue.

[8311] FIG. 44 shows the anatomy of a foot, providing a view of the underside, sole or plantar
or glabrous surface of the foot. The medial and lateral plantar nerves innervate the sole of the
foot and arise from the posterior branch of the tibial nerve. Vanous stimulator sites for
stimnulating the plantar nerves or branches thereof mayv be located near, in proximity to or along
the plantar nerves, FIG. 44 shows one example of a stimulator sie 510 located over the glabrous
surface of the foot, over the plantar nerves. A second exemplary stimulator site 512 s also
depicted at a location over the glabrous surface of the foot, over the plantar nerves, distal to the

f=

first stimulator site 510, An energy based stimulus, .., an electrical or electromagnetic

iR

stimutlus, may be dehivered transdenally, through or across a glabrous surface of the foot at one

or more of the stimulator sites to stimulate the plantar nevves or other nerves i the foot.

{0312} In certain variations, electrical stimulation mav be delivered transdermally, through or
across a glabrous surface on a subject, e.g., through or across a glabrous surface of the foot or
hand. The electrical stimulation may be sufficient to generate conduction of motor and/or
sensory nerves. An electrical stinmulation may be delivered by placing one or more electrodes
anywhere over or on a glabrons skin surface overlying one or more target nerves or other target
tissue. Stimulator and/or ground electrodes may be utilized. Exemplary electrodes may mclude
but are not limded to surface electrodes, dry electrodes, gel electrodes, nucroneedle electrodes or
any other suttable electrode for delivering an electrical stimulus. An electrode may be adhered or
otherwise attached to a glabrous surface. Optionally, an electrode may be held or positioned in
contact with, In proximity to, or over a glabrous sarface with a wearable garment, cradle,

applicator or body portion rest or support {as described in further detail herein).

F313] In one varation, electrical stimudation mayv be delivered {o one or more of the stimulator
sites or sumilar sites depicted in FIG. 44, by positioning one or more electrodes over a glabrous
surface of the foot, over an underlying plantar nerve or other farget nerve. A ground electrode

{not shown} may be positioned anywhere on the foot. For example, the ground electrode may be
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positioned over a posterior or upper surface of the foot to encourage or facilitate deeper
penetration of the electrical current or stinwlation, through the glabrous surface of the foot, to a

plantar nerve or other target nerve within the foot.

{0314} Declivery of electrical stimulation through or across a glabrous surface of the body via an
electrode positioned over a glabrous surface, e.g., a glabrous surface on a palmar or plantar
surface, unexpectedly allows for the use of a higher frequency and/or higher amphitude electiical
pulsation or electrical stimulus to deliver the electrical stimulation than would otherwise be safe
and/or tolerable to deliver electrical stimulation through a non-glabrous surface of the body. For
example, an electrical stimulus having a frequency of about § Hz to about 60 Hz (a range tound
to be effective for generating motor andfor sensory nerve conduction of the postenor tibial nerve)
mayv be uttlized to stimulate a target nerve (to generate motor andfor sensory nerve conduction
theren) or tissue through or across a glabrous skin surface {via an electrode positioned over the
glabrous skin surface} in a manner that remains safe and tolerable to the patient and avoids burns
or injury. Optionally, an electrical stimulas having a frequency of about S Hz to about 60 Hz, or

greater than 30 Hz, may be stilized.

[0315] In contrast, utilizing an electrical stimulus having a frequency of about § Hz 1o about 60
Hz or greater to stimulate a target nerve or tissue through a non-glabroos skin surface {via an
electrode positioned over the non~-glabrous skin surface} is intolerable and painful, resulting in

burns or injury, and thus making such a procedure impractical and not feasible.

[0316] For example, delivering electrical stimmdation through a non-glabrous sarface of the
body, for example, by stimulating a site overlying a nerve near the medial malleolus to clicita
motor response of the abductor hallncis longus, generates a painful shock to the patient. While at
a single pulse, such as m the use for EMG diagnostics, such electrical stimulation may be
tolerahle, as the frequency tncreases, the shocking sensation builds and gquickly becomes panfid

and mitolerable.

{0317} Itis contemplated that other energy sowrces, for example, an electromagnetic or
magnetic stimulus having a frequency of about 5 Hxz to about 60 Hz, or greater than 30 Hz, may
be utilized to sunulate a target nerve or tissue through a glabrous surface in a manner that

remains safe and tolerable to the patient.
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{318] Various electrodes and/or applicators for applying an electrical or other energy based

stimulation to a patient are described herein.

[1319] FIG. 45 shows one vartation of an ergononmc wsele or shoe applicator for delivering
clectrical stimulation over the glabrous surface of @ foot. The ergonomic insele 320 may include
one or more stimulator electrodes 522 for delivering electrical shimulation to a user. The
electrode 522 may be attached to or postioned m the ergonomic insole 520. The ergonomic
insole 520 may hold or position the stimulator electrode 522 against, in contact with, or n
proximity to a glabrous surface of the foot, to deliver the electiical stimulation through the
glabrous surface to an underlying target nerve or tissue. Optionally, the electrodes may be
utifized for providing stimulation, sensing andfor grounding. In cerfain vartations, the electrode
mayv be attached to one or more wires or may be wireless and/or coupled to an electrical pulse
generator or other generator or controller andfor may not be attached to or posittoned 1 an
ergonontc insole. Any of the electrodes described herein may be durable, reusable, andfor

disposable.

[0320] An electrical pudse generator 324 or other generator or controller may be coupled to the
stimudator electrode 522, The electrical pulse generator 524 mav be incorporated into or attached
to the ergonomic insole 320. A ground electrode 526 or other ground may also be provided. The
ground electrode 326 may be attached to a strap or band extending from or attached 1o the
ergonomic msole, an orthotic, shoe, or shoe applicator or elsewhere on the user's body. The
ground electrode may be attached to one or more wires or may be wireless and/or may be
coupled 1o the stimulator electrode 522 andfor the pulse generator or controller. The ground
electrode 526 may be positioned anywhere on the foot. For example, the ground electrode 326
may be positioned over a posterior or upper surface of the foot to encourage or facilitate deeper
penetration of the electnical corrent or stimulation, through the glabrous surface of the foot, to a

plantar nerve or other target nerve within the foot.

0321} In certain variations, the elecirical pulse generator or controller may be located distant or
remotely from an ergononue insole and the electrode positioned therewn. For example, the
electiical pulse generator may attached elsewhere on the body, e.g., attached to a belt, inside a
pocket or strapped to the caltf or other region of the body. The pulse geperator may conmmunicate

with or be coupled to the stimulator electrade or other electrodes via a wire or wirelessly.
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{3221 In certain variations, the ergonomic insole may be custom built into an orthotic, shoe
applicator or other support for the foot. For example, the ergonomic msole may be built into an
orthotic or shoe applicator providing the user with the freedom to walk around while receiving

electrical stimulation therapy.

0323} Other ergonomic applicators, designed for other regions of the body, may be utihzed for
delivering electrical stimulation over various regions of the body. For example, FIG. 48 shows a
glove, brace or other hand wrap or glove like applicator 330, The apphicator 350 may mclude one
or more stimulator electrodes 332, such that the applicator 550 may hold or position an electrode
552 gver or in contact with a glabrous surface of the hand or palmar region of the hand to deliver
electrical stmulation throngh or across the glabrous swrface, to an underlymg target nerve or
tissue within the hand. A ground electrode 5536 or other ground mav be attached o the hand at
another location and/or may be attached to a strap of the applicator. The stimulator and/or ground
electrodes 552, 556 may be coupled 1o an electrical pulse generator 554, which may be
positioned in the apphicator 550 or at various locations on or gway from the patient. Optionally, a
sensor electrode (not shown} may be attached to the patient 1o detect nerve or other tissue
stimulation and to provide feedback regarding the efficacy of the therapy in order to optimize the

therapy. The sensor may be coupled 1o the electrical pulse generator §54.

[0324] In other vaniations, an applicator may be in the form of a foot or hand plate, cradle or
support. For example, a aser may rest or position their bare foot on a foot plate to recerve
electrical stinmlation therapy from the plate or from one or more electrodes attached to the plate.
In another variation, a user may rest or position the palm of their hand on a hand plate or suppont
to receive electrical stimulation therapy from the plate or from one or more electrodes attached to

the plate 1o provide upper extremity stimulation.

[0323] FIG. 46 shows another vanation of an ergononuc fnsole or shoe applicator for delivering
electrical stimulation over the glabrous surface of a foot. The ergononsic insole 530 may melude
one or more electrodes 532 for delivering electrical stimulation to a user. The electrode 532 may
be attached {0 or positioned in the ergonomic msole 33 The ergonomic msole 20 may hold or
position the electrode 332 agamst, in contact with, or in proximity to or over a glabrous surface
or plantar surface of the foot, to deliver the electrical stimulation through the glabroas surface to

an underlying target nerve or tissue, 1u certain variations, the electrode may be attached to one or
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more wires or may be wireless andfor may be coupled to an electrical pulse generator or other

generator or controlier and/or may not be attached to or positioned 1 an ergonomic insole.

[1326] An electrical pulse generator 534 or other generator or controller may be coupled to the
stimulator clectrode 532, The elecirical pulse gencrator 334 may be incorporated into or attached
to the ergonomic insole 330, A ground electrode 536 or other ground may also be provided. The
ground electrode 336 may be attached to a strap or band extending from or attached 1o the
ergonomic insole, an orthotic, shoe, or shoe applicator or elsewhere on the user's body. The
ground electrode may be attached to one or more wires or may be wireless andéor may be
coupled to the stimulator electrode 332 and/or the pulse generator or controller. The ground
electrode 536 may be positioned anywhere on the foot. For example, the ground electrode 534
may be positioned over a posterior or upper surface of the foat to encourage or facilitate deeper
penetration of the electrical current or stimulation, through the glabrous surface of the foot, to a

plantar nerve or other target nerve within the foot,

0327} In certain variations, the electrical pulse generator or controller may be located distant or
remotely from an ergononue insole and the electrode positioned therewn. For example, the
electrical pulse generator may attached elsewhere on the body, e g, attached to a belt, inside a
pocket or strapped to the calf or other region of the body. The pulse generator may conmmunicate

with or be coupled to the stimulator electrode or other electrodes via a wire or wirelessly.

{8328] The ergonomic msole 530 may include one or more sensor electrodes, For example,
one variation, as shown in FIG. 46, the stimulator electrode 532 may also act as a sensor
clectrode. The electrode 532 may detect stimulation of the underlying target nerve, to provide
feedback regarding the efficacy of the applied electnical stimulation therapy. For example, the
electrode 532 may detect motor and/or sensory nerve conduction. Detection of and feedback
regarding nerve stiraudation via the electrode 532 mayv provide for automatic adjustment of the
treatment parameters or may guide or allow for manual adjustment of the treatment parametars in
order 1o optimize stimulation therapy. Optionally, an additional sensor electrode 333 may be
provided as well.

{03291 In certain variations, one or more separate o dedicated sensor electrodes may be
attached to or positioned in the ergonomic mnsole to continuously and/or mtermittently sense the

stunulation of a nerve. The ergonomic insole 530 may bold or position the sensor electrode
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against, in contact with, or m proximity 1o a glalwous surface of the foot, to detect stimulation of
the underlying target nerve, to provide feadback regarding the efficacy of the apphied electrical
stinnulation therapy. For example, the sensor electrode may detect motor andfor sensory nerve
conduction. Detection of and feedback regarding nerve stimuiation via the sensor electrode may
provide for automatic adjustment of the treatiment parameters or may guide or allow for manual
adjustment of the treatment parameters in order to optimize stimulation therapy. The sensor
electrode may be coupled or connected 1o the electrical pulse generator. In certain variations, the
sensor electrode may be attached to one or more wires, may be wireless and‘or may be coupled

to a pulse generator and/or may not be attached to or positioned in an ergonomic insole.

{03301 A sensor or apphicator with a sensor may be capable of sensing stimulation of a nerve
underlying a glabrous surface allowing for manual or automatic feedback to adjust the
parameters of the stimulation or the position of the area being stimulated in order to optimize the

stimmulator therapy.

[0331] In certain variation, as sensor electrode may be positioned or placed along the path of the
nerve conduction or motor or sensory impulse. Optionally, the sensor electrode may be

positioned proxunal {o a stimulator electrode, along the nerve conduction path

[0332] In certain variations, the elecirodes may be attached to one or more wires, may be
wirgless and/or may be coupled to an electrical pulse generator or other generator or controller
and/or may not be positioned in an applicator or support. For example, one or more stinulator
electrodes may be adhered to or otherwise attached to a glabrous skin surface of a patient. One or
more ground electrodes and/or one or more sensor electrodes may also be adhered to or
otherwise attached to the patient. The stimuldator electrode, sensor electrode and/or ground may
be coupled to an electrical pulse generator and/or each other using wires or wirelessly. The
electrical pulse generator may positioned in various locations or located anvwhere on a patient,
For example, the electrical pulse generator or controlier may be held by a patient, located on a

belt or strap worn by the patient, or positionad 1n a pocket or pouch on the patient.

{6333} For example, FIG. 47 shows one vanation of a stimnlator electrode 542 attached to a
glabrous skin surface of the foot or sole of the foot. A ground electrode 546 may be attached to
the foot at another focation. The stimulator andfor ground electrodes 542, 546 may be coupled to

an electrical pulse generator 544, which may be positioned at various locations on or away from
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the patient. Optionally, a sensor electrade (not shown} may be attached to the patient to detect
nerve or other tissue stimulation and to provide feedback regarding the efficacy of the therapy to

optimize the therapy. The sensor may be coupled to the electrical pulse generator 544,

{0334} FIG. 49 shows another vanation of a stimulator electrode 562 attached 1o a glabrous skin
surface of the hand or palm of the hand. A ground clectrode 566 may be attached to the hand at
another location. The stimulator and/or ground electrodes 562, 566 may be coupled to an
electrical pulse generator 564, which may be positioned at various locations on or away from the
patient. Optionally, a sensor electrode (not shown) may be attached to the patient to detect nerve
or other tissue stinulation and to provide feedback regarding the efficacy of the therapy to

optimize the therapy. The sensor may be coupled to the electrical pulse generator 364,

{0335] In certain variations, systems and methods for providing electrostunulation (ES) of the
posterior tibial nerve in individuals with QAB and Ul, via transdermal electrical fields, are
provided. Varous electrodes for delivering the electrical stimulation may be utihized, mcluding
but not limited to surface electrodes with and without gel, microneedle electrodes, and elecirodes
under strong pressure.

j0336] Electrical stimulation may be directed to nerves undertyving glabrous skin surfaces of the
body {e.g., the palmg and soles). Higher levels of power {than what would be utihized and
tolerated on non-glabroos skin surfaces) may be tilized when delivermg electrical stimulation
transdermally, through or across a glabrous skin surface, while remaining safe and tolerable. For
example, stimuelation of the plantar nerves or other nerves of the foot via a surface electrode
positioned over the glabrous surface of the plantar surface is highly tolerable and results in
sensation similar o that found with needle-based, invasive stimolation of the posterior tibial

nerve, but i a fon-Nvasive manner.

0337} Variocus devices or applicators may be applied to the feet andfor hand or other body
portions i order to stimudate nerves wnderlyving glabrous surfaces on an ternutient or
continuous basis. Electrical stimulation may be delivered via surface or microneedle electrodes.
Various devices may be used in conmjunction with implantable or injectable substances in order to
improve elecirical conductivity to a target nerve. As described supra, the varions methods and
devices for providing transdenmal electrical stimulation over a glabrous skin surface may be used

to treat any disorder that is impacted by newromoduiation including, but not limited to:
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overactive bladder, urinary incontinence, feeal mcontinence, chronic pan, depression, migraine,
epilepsy, obesity, restless leg, or foot drop. The methods may be applied either imermttently or,
if pecessary, on a chronic basts. A stimulator electrode surface miay be held in contact with a

glabrous surface via an adhesive or an ergonomic applicator.

{0338} Feedback may be provided to the stimulator to indicate that stimolation is occurring as
intended. This may involve an eMG type measurement device, a motion sensor or other sensing
device. This feedback loop mayv be intermittently quented so that the stinralation may be adjosted
to ensore that the minimam amount of energy is being used to stimulate to reduce the risk of

burns or intolerance.

j0339] In cenain vanations, the device may include an ergonomic wrap or cradle. The sensor
feedback may allow for optimization of the positioning of electrodes based on sensor feedback
further reducing the risk of burns or imtolerance while mereasing the efficacy of the

neuromodalation,

[0340] The methods and devices described herein may be utilized to stimulate various body
tissues, ncluding nerve, muscle, skin, vasculature, or any other organ or tissue within the human
body. The methods and devices may be used to treat any suitable condition or perform any
suttable function via neuromodulation regardless of whether the stimulation souree s

electromagnetic fields, divect electric current, ultrasound, or RF fields.

0341} In certain variations, methods, systems and/or devices for performing neuromodulation
andfor low frequency induction therapy through glabrous skin surfaces, e.g., through palmar or
plantar surfaces, are provided. The methods and system may be utilized for treating or preventing

various conditions, such as urinary incontinence {UT) and/or overactive bladder (OAB).

[0342] For example, a patient suffering from Ul or OAB may place the glabrous surface of their
foot over an insole, foot rest or foot plate applicator to provide contact between the glabrous
surface of their foot and a stimulator clectrode of the insole, foot rest, or foot plate apphicator.
Alternatively, a tethered or wired electrode may be used without an applicator or separate from
an applicator. The electrode may be attached to or held in contact with the glabrous surface with

an adhesive or as a cutaneous patch.

0343} The stimulator electrode mayv be positioned over the glabrous surface along the course of

a target nerve. The stimulator electrode may be positioned proximal to a stimulation site to
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ensure that afferent nerve stimulation occurs. A ground electrode may be placed on the body as
well. One or more sensing electrodes may be placed along the path of the nerve conduction or
motor or sensory impulse. Stimulator and/or sensing electrodes may be connected or coupled o a
pulse generator. The pulse generator and electrodes may be incorporated or integrated mto an
mnsole, foot plate or other applicator. Allernatively, the electrodes may be connected or coupled
to a pulse generator where the electrodes are not incorporated or integrated into the insole, foot

plate or applicator.

{0344 Electrical stimulation via the stimulator electrodes may begin at a low amphinde and

may stowly be ramped up or increased until nerve conduction s detected by the sensor electrode

and/or detected by the patient who may signal that motor conduction has occurred, e.g., by

pressing a button or other mdicator.

{0345} Once stimulation 1s detected, the electrical pulses or electrical stimulation may continue
for the divected duration of use or therapy. Electrical stimulation may be delivered internmittently
to provide intermitient therapy. For example, electrical stimulation may be delivered for 15-30
mingte intervals. In another example, electrical stiondation may be delivered continuously to

provide continuous therapy.

j0346] A sensor may remain in place for the duration of the electrical stimulation therapy to
ensure that stimulation ocawrs the entire time or substantially the entive time, and to allow for
correction or adjnstment if the signal deteriorates. A controller for operating a pulse generator or

sensor may be powered by a portable power source {e.g., a battery} or a {ixed power sowce {e.g.,

a traditional wall outlet).

{8347} In certain variations, the electrical stimulation may have of a square wave ¢lectric signal
at a frequency of abowut § Hz to about 60 Hz at the targeted tissue depth. The square wave
configuration of the signal may be generated via Fourier transformation or may be a ramped

cutrent generated in any manner.

j0348] The msole, foot rest, or foot plate may be removed from the body when therapeutic
stimulation s not being delivered. The inscle, foot rest, or foot plate mav be reapplied along with
a sensor patch {which may be disposable) as mdicated. For example, the electrical stimulation

therapy my be adnunistered on a daily basis, where one or more of the above steps are repeated.
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{0349] Electrical simulation may be delivered according to any of the variations described
herein, in a manner such that the stimulation provides motor, sensory and/or subthreshhold
stinnulation. Any of the various energy based stimulation systems described herein may be
ntilized to provide therapy in various settings, e.g., in home use or to provide ambulatory type
therapies.

{8350} In certain variations, as described supra, a device, applicator, pad, bracelet, rng or
garment e.g., a gel pad or gel pad electrode, may include one or more electrodes, or have one or

more electrodes coupled thereto. The device applicator, pad, bracelet, ring, garment andior
electrodes may dehiver or provide eneray, e.g., clectrical, magnetic or electromagnetic,
stinndation through or across a glabrous skin swiace, e.g., a plantar or palmar skin swrface. Pamn
receptors may be located deep under glabrous skin surfaces (e.g., located on the toot or on the
palm} allowing the patient to have a higher tolerance to pain resulting from stimulation of these
surfaces, than they might have at another area of their body. Applying stimulation over these
surfaces allows for stimulation to be delivered at 4 Ingher frequency or power or at a greater
strength or for a longer duration because of the higher tolerance to pain that a patient exhibits at

these surfaces or areas.

{0351} In addition, the device, applicator, bracelet, ring, pad and/or electrode may include, carry
or be coated with one or more drugs, agents or therapeutic substances. For example, the
applicator or pad 320 or electrode 522, as shown in FIG. 45, or the applicator or pad 550 or
electrode 552, as shown in FIG. 48, may be coated with or otherwise include a drug or other
therapentic substance. Optionally, one or more electrodes may be utiized without a pad or
applicator and the electrodes may have a drug or agent coating on a suwrface of the electrode. In
certain variations, the apphcator, pad andior electrode mav be coated with a pain relief drug,
anesthetic or mumbing agent. The pain relief drug, anesthetic or niwmbing agent may provide the
patient with ap increased or improved pain tolerance or may reduce or elininate the sensation of
pain, sach that the energy, e.g., electrical stimulation, may be applied or delivered at 8 higher
frequency, higher power, greater strength and/or longer duration. The drug or agent may coat a
surface of the appheator, pad and/or elecirode such that the drag or agent is located between the
applicator, pad and/or electrode and the glabrous skin surtace of the patient when the applicator,
pad or electrode 1s applied to the skin, thereby applying the drug to the skin. The drag or agent

may be provided in a slow release torm or as a slow release drug or agent, such that the coating
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provides a slow release of the drug, agent or active ingredient into the patient. Any of the
applicators, pads, insoles, gloves, wraps, braces, plates, platforms, electrodes andfor other energy

=

delivery devices described herein for delivering stimulation, e.g., through or across a glabrous

surface, may be coated with or include a drug as described above.

{0352} In certain variations, stimulation e.g., energy stimulation such as electrical, magnetic or
electromagnetic stimulation. may be provided through a glabrous skin surface at parameters that
overcome or avoid habituation of the targeted tissue to the stimulation. For example, stimulation

may be provided, e.g., contingously, for 10 munutes, where the stimulation is antomatically

paused or stopped for about a 30 second interval every 10 minutes, This infermittent paosing or
mterruption of stimudation may prevent or overcome habituation of the target tssue, e.g., nerve,

muscle or other tissue, to the debivered stimulation.

{6353} In one vanation, the freatment parameters for stimulating a target nerve or other tissue
through a glabrous skin surface, e.g., a plantar or palmar skin surface, may include the following:
Apply electrical or magnetic stimulation for a duration of 30 minutes, pausing for about a 30
second interval after 10 mumses of stimulation and then again after another 10 pnutes of
stimulation. In other variations, the treatment parameters may vary, €.4., stimulation may be
apphed for an interval ranging from 0 to 100 minutes or greater or as necessary to treat
symptoms. In certain variations, for example, stimulation may be applied or provided for 20, 40,
50 or 60 mnutes. In centain variations, for example, the pause in stimulation may be for an

interval ranging from 0 o 100 seconds, or 3 to 60 seconds or 20 1o 40 seconds.

[0354] In other variations, stimulation at varving frequency may be applied or provided for
varying times with total stimulation of 20, 40, 50 or 60 minutes. In certain variations, for
example, the change in stimulation frequency may be for an interval ranging from 0 to 100

seconds, or 8 10 60 seconds or 20 to 40 seconds.

[8355] 1o another variation, a sensor (e.g., EMG sensor) mayv be utilized, which may detect
signs of habituation, e.g., decreased stimulation or excitation of a target nerve, muscle or other
tissne {or lack of any resulting stimulation) or a reduced response to stinalation. Through a
feedback loop, detection of habituation or stimulation levels by the sensor, may automatically
cause the stimulator to pause or stop dehivery of stimulation 1o the target nerve or tissue for a

predetermined interval or duration or until habituation is ne longer detected. In any of the
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vanations described herein, the stimulation may be paused automatically, manually or via other
controls or via an electrical pulse generator or controller m a predetermuined or preset manner

andfor based on feedback provided by a sengor,

[0356] In cortain variations, electrical energy or stimulation may be applied to glabrous skin
sarfaces through electrodes, e.g., conductive microneedie patches, needles, or other electrodes, or
by utihizing any of the devices or applicators described herein. Vanious electrodes, devices and/or
applicators for providing stimulation may be applied to plantar or palmar sarfaces of a patient.
For example, 1t apphed 1o plantar sorfaces, electrodes may be applied to one foot or both feet. In
cases where the stimulation 1s gpplied 1o one foot, the other foot may be used as ground, e,
stinndation may be delivered into one foot and out the other foot. Various conditions may be
treated using the devices, applicators and/or electrodes and/or the various methods, therapies and
treatment parameters deseribed herein, ¢.g, urinary incontinence, overactive bladder, epilepsy,
migraines, and deprassion, efc.

0357} In certain variations, treatment of a patient using electrical stimulation may be monitored
andfor adjusted based on the detection of feedback signals using primarily Fewave detection o
based on the detection of F-waves or M-waves, e.g., in a foot or haand. For example, detection of
an F-wave or F-wave feedback {e.g., via a sensor or electrode sensor) may be used m monitoring
and/or to adjust the applied stimulation therapy. Optionally, stimulation may be ramped up uatil
an F~wave is detected and then adjusted as necessary. F-wave detection measures nerve
conduction velocity. F-wave detection may be used as opposed to H-reflex detection, which
measures reflectory reaction from muscles. In other variations, optionally both F-wave and H-
reflex detection may be used or solely Hereflex detection may be used. Stuvulating to a sab-
motor stimulation may be performed. In certain variations, F-waves, M-waves and/or H-reflex

mav be detected in the foot, hand or other body part.

[0358] Electrical energy may be applied or delivered using any of the devices, applicators or
electrodes described herein at specified frequencies andf/or parameters of using various duty
cycles. In one example, electrical energy may be applied at a frequency of 3 Hz to 20 Hz (e.g., o
provide supermaximal stimolation) in a train of 5 pulses followed by a 1/4 second break, and
then another train of § polses. Up to 10 pulses per treatment ovele may be provided. The ram of

10 pulses can be repeated as needed. In another example, a8 train of 10 pulses followed by a break

Petitioner - Avation Medical, Inc.
Ex. 1019, p. 82



Attorney Docket Nor EMEKNNZO0703

and then another 10 pulses may applied. ez, at a frequency of 5 Hz to 20 Hz or at about 20 Hz.
The 1/4 second break time may be varied as well as the number of pulses applied and the nomber
of cycles. This pulsed treatment may be applied through one or more or several cycles. The
pulsed treatment or stimulation may produce F-waves which may be detected. In certain
variations, any of the treatment parameters as descoibed herein may be apphied where only half of
the pulses are stimulatory, e.g., one or more cveles of pulses may be provided at 20 Hz, where

only half of the pulses are stimulatory.

{8359] In other vaniations, the treatment parameters may vary, e.g., stimulation frequency may
be apphied for an imterval ranging from 0 10 100 minutes or greater or as necessary 1o treat
symptoms followed by a varving frequency for a time interval. In certamn vanations, for example,
stimulation at certain frequency may be apphed or provided for varying times with total
stimulation of 20, 40, 50 or 60 nunutes. In certain variations, for example, the change in
stimulation frequency may be for an interval ranging from 0 to 100 seconds, or 5 to 60 seconds

or 20 to 40 seconds,

[0360] Certain frequencies, g, frequencies applied at greater than 20 Hz, may lead to a panful
condition called tetany (i.e., painful, involuntary muoscle cramping), which is an indication that
the apper level for frequency has been reached in the patient. Tetany may be monitored using a
sensor, e.g., an EMG sensor or Electromyography, to provide feedback regarding tetany. Tetany
may be distingaished by EMG. FIG. 30 shows an example of an EMG reading showing a gradual
increase in the detected level of stimulation or electrical activity, up to a level where tetany is
likely experienced. Once the system detects the beginning of tetany or provides tetany feedback,
the freatment frequency or power {of the stinmdation delivered by an electrode or device) may be
reduced, adjusted or halted automatically or manually. The frequency at which tetany is

experienced may vary in ditferent individuals,

0361} In one variation, a treatment device or applicator for delivering energy, e.g., electrical
energy, may molude a platform with one or more microneedles, microneedle electrode, or other
electrodes positioned upon the platform. Microneedles may vary m length 1o penetrate different
layers of the skin, €., to penetrate a callus on the skin. A patient may place their foot upon the
platform to recerve treatment. Optionally, a separate strap having a feedback/monitoring

electrode or electrode sensor may be wrapped over the foot to place or position a
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feedback/monitoring electrode on the patient. The strap and feedback electroede or electrode
sensor may be coupled to the platform or be separate. In another variation, the stimulatory
electrode may be positioned in a shoe, sock or glove of a patient. In certain variations, a TENS

electrode or stimulator may be utilized.

{63621 Detection of stimulation, excitation, or conduction using a sensor may provide
information to optimize or adjust the applied therapy. I no or reduced stinnglation, excitation,
electrical activity, response, F-waves, and/or EMG is detected during treatment, this may be
indicative of a mis-positioned foot, palm or other body part relative to the one or more electrodes

or the device or applicator,

{0363} Various conditions may be treated using the devices, applicators and/or electrodes and/or
the vartous methods, therapies and treatment parameters for providing stunulation as described

above, ¢.2., urinary incontinence, overactive bladder, epilepsy, nugrames, and depression, etc.

[0364] In certain variations, electrical, electromaguetic, maguetic energy and/or other energy
may be utilized to provide stimulation according to any of the systems and/or methods described

above.

{8365 The present mvention may use electrical stiraudation of one or more of the Ulpar nerve,
the Median nerve, the tibial nerve, or other nerves, either alone or simultaneously, separately or
with other types of therapy to treat various neurclogical conditions, mcluding neuropathies,
migraine, pain, headaches, depression, epilepsy, post-trawmatic stress disorder, overactive
bladder, incontinence, subcutancous fat, effects of stroke, memory enhancement, ete, In some

embodiments, freatment can be combined with certain drugs to merease treatment effectiveness.

0366} Devices used to stimulate one or more of the Ulnar, Median or Tibial nerves can be a
completely external device, a fullv implantable device or a deviee that comprises both exteraal
and mternal components. The devices typically comprise a pulse ganerating component that
provides an electrical wave form as ontput. The electrical pulse comprises cenain typical
parameters. such as pulse width, frequency, number of pulses and amplitude among other
parameters. The choice of parameters may depend on the nerve, the location of the electrodes,

the desired effect sought and the amount of time the therapy treatment occurs.

0367} One method of using the present invention is to stimulate one or both of the Ulnar and

Median nerves to treat migraine. The Ulnar and Median nerves innervate portions of the arm and
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hands. FIG. 51A shows the anterior or palmar view of the forearm and the Ulnar nerve. FIG. 31B
shows the antentor view of the cutaneous distribution of the Ulnar nerve. FIG. S1C shows the
posterior view of the cutaneouns distribution of the Ulnar nerve. FIG. 52 shows a close up view of
the Ulnar nerve and its branches including the pabmar branch. FIG. 53 shows a close up palmar

view of the palmar branch of the Ulnar nerve mcluding the area of sensation.

[0368] FIG. S4A shows an antenor view of the Median nerve of the forearm including the
Median nerve’s palmar branch. FIG. 548 shows the anterior or palmar view of the Median
nerve’s cataneous innervation. FIG. 34C shows the posterior or dorsal view of the Madian
nerve’s cutaneons innervation. FIG. 55 shows a close up anterior or palmar view of the Median

nerve’s palmar branch in the hand and its area of sensation.

[0369] FIG. 56A shows the anterior view of the forearm including the Median and Ulnar and
their respective palmar branches. FIG. 36B shows the anterior or palmar view and the posterior

or dorsal view of the disiribuiion of the cutaneous nerves,

{0370} FIGS. 36(-56F show branches of the Tihial nerve, electrode placement and innervation
of the plantar portion of the foot, In FIG. 56C, the Tibial nerve and its branches are shown
extending from the Scaatic nerve. The Tibial nerve continues to the bottom of the foot as show m
FiG. 56D, FIG. 56E shows possible placement of electrodes 5602 and EMG pad 5604 contaming
multi electrodes, all of which are connected to controller 5604, Both electrodes 5602 may be
microneedles or both may be patch or surface electrodes or one may be a microneedle electrode
while the other 1s a patch electrode. FIG. 36F shows how placement of the elecirodes correspond

to the various cutaneous mnervation regions on the bottom of the foot.

{8371} FIG. 57 iz a diagram showing a mapping of the human cortex as laid out against the
various lobes. An area of possible inferest related to the present invention 18 the primary motor
and somatosensory cortex. As is known, seasory inputs and meotor outputs are arranged along
each of these two cortexes. However, the human body does not scale perfectly proportionally
across these cortexes. In order to understand how the various parts of these areas relate to the
body, it is helpfal to view a cortical bomunculus. The cortical homunculus s a physical
representation of the human body, located within the bram. A cortical homunculus is a
nearofogical "map” of the anatomical divisions of the body. There are two types of cortical

homuncull: sensory and motor.
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{08372} For example, as 1s show in FIG. 88, different areas of the lnsman body take up different
cortical “real estate™ of the somatosensory cortex. One can see by such mapping, that the hand
takes up much more of the somatosensory cortex than, for example, the head, neck or trunk, even

though physically, the head, neck and trunk take up more physical space on the body.

{0373} A different way of visualizing the cortical homuncolus in FIG. 58 is shown in FIG. §94
and 39B. As shown m FIG. 5394 that the human hands and face, including the lips and tongue,
take up a larger part of the cortexes than is proportional to their size relative to the rest of the

human body.

0374} FIG. 60A shows an exploded view of the external generator or comtroller that can be used
in some embodiments of the present invention. The external generator/controller has housing
6002 which contains internal components. The internal components may include a
MICTOPTOCessOr, Memory, & battery, on/off switches and vanious other electronic components for
storing various operational and functional programs and executing those programs i accordance
with a desired instruction set for the relevant indication or neurological malady. Such programs
will include but not be hnated to instroctions refated to the parameters for electrowic pulses which
emit from the electrodes. They typical instruction set will include the desired pulse width,
frequency, amplitude and the desired time intervals, and possibly, time length, for the therapy.
The instructions may mclude more or less mformation as deswed, such as burst modes, high
frequency sequencing, coordinated reset functions and the hike. In addition to dehvering pulses,
the generator/controller may also contain electronics for sensing ¥ and M waves, and the ability to
display, interpret anddor act on such sensed F and M waves. “Acting on™ may mean that the
controlier analyzey and determines whether the parameter instruction set requuires adjustments
order to maximize therapy effectiveness. H an adjustiment is required, the instruction set will
either make an awtomatic adjustment or send an alert or other imformation to the display to

prompt a manual adjostment.

0375} FIG. 60B shows the external generator/controller in FIG. 60A in a non-exploded view
with elecirodes 6004 and 60006 and F/M wave sensors 6008 all connected via insolated wires. The
display 6010 shown in this example displays an M-wave confirmation result 6012 and an F-wave
display 6014 that shows the P-wave percent. The display may show other information such as the

pulse parameters described above. In some embodiments, the external generator/controller
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provides a manual mode switch for determming which mode the system will be set to. It also
contains an on/off switch and a display for displaying varions information relating to the therapy
and/or pulse parameters. The system may include two electrodes, one of which can be a
percutaneous microneedie electrode and one a return electrode. It should be understood, though,
that any of the systems may contain two surface, or skin, electrodes or two percutaneous
microneedle electrodes or one microneedle electrode and one surface electrode. The microneadle
electrodes may be similar to those disclosed herein, or to those already known n the art and
currently sold on the market. This embodiment may also have ove or more EMG sensing
electrodes 1o sense P-Wave and M-Wave electrodes. All the electrodes may be connected to a

generator/controller via a connection cable or wireless connection.

j0376] FIG. 60C shows another embodiment of a generator/controller. This generator/controller
can have all, some of, or additional atiributes as those generator/controllers disclosed herein. FIG.
60C has the components in a compact, portable case. It may have advanced features, such as
wireless comunumication, such as Bluetooth, or other wiveless technology, and the ability to
conmmuticate with current smariphones or other computers via different applications. For
example, any of the embodiments disclosed herein may inchude a controller which sends, and
possible receives, data to/from a centralized server wirelessly. The connection may be via wi-fi,
Bluetooth, cellular connection etc. The controller may be a smartphone, tablet, or other computer
and/or may communicate with a smariphone, tablet, or other computer. The data sent from the
controlier andfor received by the controller mav be anonymous or patient specific data. The data

sent/received may be specific to one person or may be aggregate data of more than one user.

{03771 Alternatively, all or some of the functions of the generator/controller may be wcorporated
tato a mobile computing device, such as a smart phone, tablet, mobile phoue et¢. The nwobile
computing device may include an “app™ or application installed on the mobile device, which
controels the functions of the electrodes, display and/or mobile device. The electrodes may be
mcorporated into the casing of the generator/controller, for example in a ball or handheld format.
The electrodes may be incorporated into a casing which is physically attached to a mobile
computing device. The casing may be powered by the wobile computing device or may be
powered separately. Electrodes may be dry and built into the case for stunulation and EMG so
that the user is m contact with the electrodes when the case is gripped. Electrodes may

atternatively be wet and replaceable with attachments, such as snaps, which attach to, or connect
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to, the case. The app may use an EMG incorporated into the case, or niay use accelerometers in
the mobile device itself to measuore intensity of shmulation. Since the gnipping of the case may
cause the fingers of the user to lay on the touchsereen display. the touchscreen may sense
contraction of the fingers'hand and give an indication of simulation presence/intensity. The
toachscreen may sense the manner in which the fingers move (distance, direction, number of

fingers etc.} or with 3D touch, the pressure on the screen may be measured.
j0378] The generator/controlier and/or electrodes may also be incorporated into a glove.

{63791 FIG. 60D shows four exemplary patch electrodes that are sutable to use with the present
tnvention. Patch 6011 i a patch electrode with only one surface electrode contact area, 1. Patch
6012 is a patch electrode configuration where the paich contains 2 electrode comtact areas, 1 and
2. Likewise, patch 6013 includes 3 electrode contact areas, 1, 2 and 3. Patch 6014 mcludes 4

A

contact areas, 1, 2, 3 and 4. Patch 6013 mcludes 3 electrode contact areas, with one contact area,

(i, bemng configured to serve as a possible ground for the other electrodes.

{0380} FIG. 60D shows a few of the different configurations of electrodes. These contact areas
can be equally spaced or spaced according to the gnatomy of the desired stimulation area. For
example, in patch 6014, contact area 4 may be the same size or smaller or larger than contact area
3 depending on the stimulation area desired, Additionally, FIG. 60D show patch electrodes, but it
should be anderstood that the descriptions bere are translatable to microneedle electrodes used

alone or i conjunction with patch electrodes or fully hmplantable electrodes or both.

0381} FIG. 61A shows electrodes designed for the palmar surface of the hands along with F/M
wave detecting electrodes 6103, In FIG. 014, contact electrode{s) 6101 are placed across the
upper palm portion of the hand and second electrode 6102 is place across towards, near or on the
heel of the hand. The electrodes are connected to generator/controller 6104 and electrical pulses
are delivered to the hand per the instructions on the controller, Depending on the length L7 and
placement of electrode 6101, electrical stimulation of the hand will stimulate the Median or the
Ulnar nerve or both. It should be understood that depending on the therapy and other
considerations, the desired stimulation may be either one or both the Ulnar or Median nerve.
{0382} FIGS. 61B-61G shows electrodes with a length L7 and L7 (177 may be the same or
different size from L) that are placed in a manner that will increase the hikelithood that only the

Median or Ulnar nerve will be stimulated, if that is the desired stimulation result. For example,
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FIG. 618 shows electrodes 61006 and 6108 placed in a manner that will either preferentially or
only stimulate (depending on the parameters and desired therapy) the Median nerve. FIG. 61C
likewise shows placement of electrodes 6110 and 6112 to preferentially or oaly stimulate the
Ulnar nerves. FIG. 61D shows an exemplary external stimulating pair of patches 6114 and 6116,
each containing two electrodes (A and B) that can be used to alternatively stiimulation the Ulnar
and Median nerve if that 1s the desired stimulation therapy. FIG. 61E shows electrodes 6118 and
£120 on the posterior portion of the band to stimulate the Ulnar nerve. FIG. 61F shows
electrode{s) 6122 on the anterior portion of the hand and electrodes 6124 on the posterior portion
of certain fingers to stimulate the Median nerve. 1is important to note that in FIG. 61F_ one, two
or all three fingers could be stimulated depending on the desired stimulation result sought. FIG.
61G shows electrode 6126 placed on the anterior and electrode 6128 placed on the posterior

portion of the band to stimulate both Ulnar and Median nerve simultaneously.

{0383 FIGS. 61A-61G are exemplary only. The present invention contemplates placing the
electrode patches 1 one or more of the combinations hsted above, or i other combinations, as
required to achieve the desired stimulation therapy. Also, the present invention contemplates
using single patch electrodes or one or more paiches with two or more electrodes each that may
stunplate with a more refined or focused Held. For example, # 15 known o the art to use “anodal
guarding” to localize the electric field to stimulate the desired areas while electrical “guarding” or
reducing the field to not stimulate those other areas survounding the particular focus of the
stinntation therapy. Additionally, while not shown in FIGS. 61B-61G, the invention contemplates
that sensing electrode(s) (as shown in FIG. 61A) may be used in these combinations. FIGS, 61A-
61G show patch electrades, but it should be understood that the descriptions here are translatable
to micronecdie electrodes used alone or in conjunction with patch electrodes or fully implantable

etectrodes (such as those disclosed below) or both,

{0384] The type of energy delivered to the nerve or nerves during stimulation by the device may
depend on the pulse parameters. For example, in one therapy type, the pulse parameters have a
frequency of somewhere between about 1-20 bz, a pulse width between about 0-300
microseconds and an amplitude of between abom 0 and 90 mA. In another therapy, high
frequency stimudation can be used, namely frequencies from about 20 hz up to about 10,000 hx.

Such high frequencies can be effective using either external electrodes, or fully tmplantable
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electrodes, or both. The electrodes are placed in a focation to stimulate the Ulnar nerve, the

Median nerve or both nerves.

{1385] The energy palse amplitude may also vary during the freatment. This modudation can
merease both comfort and efficacy. For example, the pulse encrgy applied to the clectrodes may
be at 100% amplitude for X pulses {for example, 5 polses) and then at a lower amplitude (for
example, 30% amplitude} for Y pulses (for example, 5 pulses). The pulse amplitude and length
mayv vary, for example, there may be two amplitude levels, or 3 or more. The different amplitude

durations may be the same, or they may be different. The amplitude variations may be preset, or

may be reset during the use of the device

j0386] FIQ. 62 shows one example of varying amphitudes where the amphitude magnitude s
FH00% and 30%, each for § pulses, alternating between 100%: and 30% amplitude. More
complicated variations are also envisioned. For example, the amplitude may vary in a sine
function, or a nultiple level function with the different amplitude lengths varving per amplitude.
The amplitude variations mav be the same across users or custom to each nser, or even each user
eXperience.

03871 The parameters of the amplitude function include amplitude as a percent of maximum,
amphitude time length, amplitude number of pulses, number of different amplitudes, order of
different amplitudes, ete. These paramelers may be communicated to a remote server for analysis
to optimize treatment of individual users in the future. The data may also be agprepated
{preferably anonymously) to develop treatment algorithms for different patient populations.
Effectiveness input from the individual users may also be incorporated mto the glgorithims, for

example pain level over time, comfort level, medication taken ete.

{0388} Sinularly, pulse frequency parameters can also be modulated. Similarly, pulse width

parameters an alse be modulated.

{0389 In some embodiments of the device, an amphinde (andfor froquency) modulator adapter
may be added to a commercially available TENS {Transcutaneouns Electrical Nerve Stimulation)
device. This adapter would modulate the amplitude and/or frequency ot the signal prodoced by
the TENS device so that the signal delivered 1o the user via the electrodes can be optumized for

comfort and efficacy.
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{0390 Some embodiments allow the user to use the device inconspicucusly, for example at work,
or in a meeting. The electrodes may be part of a phone case so that the user’s hand 1s in contact
with the electrodes while holding the phone. The electrodes may be part of a beverage ng,

computer mouse, steering wheel, ete.
{6391} Feasibility Study.

{83921 A feastbility study was conducted stimulating the Ulnar and Median nerve of the hand,
and the Tibial nerve of the foet, The following paragraphs are the steps taken durmg the study.
One should note that it is recognized that these steps are not exclusive and more or fewer steps
may be taken. Additional, while the feasibihity study occurred uader g controlled setting, such
Hmitations are not required for the imvention in practice. Therefore, these steps, the parameters,
etc., are to show the one implementation of the mvention, but do not restrict the invention m any

Way.

{0393} A study was performed 1o assess the non-invasive peripheral nerve stimulation device to
treat triggerad migraine attacks. Stimulation was imtroduced to the palmar surtace of each hand
{distal branches of median and alnar nerves) and plantar surface of cach foot {distal branches of

posterior tibial nerve).
{6394} Methods

j0395] Voluateer participants who roet ICHD-II beta criteria for episodic nugratue without aura
were given an intravenous mfusion of glyceryl tumitrate to trigger an attack. Triggered attacks

were then treated with the peripheral nerve stimulation device: 15 minutes at each extremity, in

random order. The primary outcome measure was pain relief e, mild or no pain) at two hours.
[1396] Results

0397} See FIG. 64 for the following discussion. Seven patients were earolled: § women, 2 men;
mean age 33.7 yvears (SD 11.5). Mean headache frequency was 7.1 (8D 2.8} days/month. Five
successfully had a nugraine attack triggered. The mean time to nigger was 110 minutes {(SD 65}
Of the five, 4 {80%) had mild/o headache at two hours. One needed headache rescue medication

at 2 hours. Of foor with follow-up data, none had recorrent headache within 24 hours.

{8398 The details of the use of the device to treat a mugraine follows, This is an example of using

the system, but is not the only way to sthmulate the Ulnar, Median or Tibial nerves.
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{0399] The operator {physician, physician’s representative, company representative or patient)
connects the stimulator, electrode patches, and EMG electrodes to the generatorfcontrolier at thew
appropriate connectors. The operator then places the electrode patches on the palmar surfaces of
the patient at the corvect locations per the instructions for use {see FIGS. 61A-61G for examples
of the placement focations). Additionally, two or more small, selfradhering EMG foanyhydrogel
patches were placed over the Ulnar muscle during palmar stimulation to provide real-time
electromyographic evaluation of nerve stimulation. It should be noted that the whether the patches
and F/M wave electrodes are placed on the hand prior to connecting to the generator/controller or
after is not important. The patient is typically seated comfortably and each hand 1s stimulated. The
stimulation can be for each hand at the same time, one at a time o1 just one hand alone. In a recent

study of 7 patients, each hand was stinwilated one at & time for 15 munutes each.

{0400} Once the electrodes are connected, the generator/controlier is turned on to the lowest
setting in pretreatment confirmation mode. The operator increases the setting of the power until
the patient experiences maxunal stimulation as demonstrated by finger-curl or until the hmit of
patient tolerability is reached or the maximum power setting is reached. During confirmation
mode, the svstem displays the power setting, caprured M and Fliwaves, and the battery power
status indicator.

{80401} Once the power setting has been determined, the power setting is set by the operator via
the current control knob, it necessary. The operator actuates the mode button to start the treatment
mode. The embedded software of the generator/controlier then automatically completes a 15-
minute session of treatment at the prelidetermined output eycle. In this configoration, the
operator does not adjust the settings of the output of the generator/controller during the treatment.
The output screen displays the captured glecromyvographical waves during treatment, a timer, and

a batterv power status indicator.

0402} After the IS-mimute treatment is complete, as determined by the internal software timer,
the generator/controller returns to nonltreatment mode (no cutput to the treatment leads and no
EMG capture/display). The operator tums the generator/controller off and removes the electrodes
from the patient’s hand and optionally repeats the treatment protocol on the second hand.

{0403} An example of a Set up Procedure:

{6404} Check the battery level.

Petitioner - Avation Medical, Inc.
Ex. 1019, p. 92



Attorney Docket Nor EMEKNNZO0703

[6405] Place the electrode on the palm (FIGS. 61A-G). Locate the placement site for the
electrode. The median and Ulnar nerve access sites are located on the upper and base of the palm.
To prepare the electrode placement site, use an alcohol pad to clean the skin area surrounding the
identified placement site. Place the patient in a comfortable position, supine or sitting, for easy
access to the placement site. Open the electrode package, remove the electrode then remove the
backing to expose the patient contacting side. Place the electrodes patient contacting side over the
identified and cleaned placement site. Hold the electrode pads paraliel to the placement site and
place the electrode pads. Connect the electrode electrical wire lead to the signal
generator/controtler. If one desires to use the F/M Wave electrodes to confinm therapy, then add
two or more small, self-adhering foamyhydrogel patches to the hand. Cable leads will conpect the

electrodes to the device to monitor and record M-Wave and F-Wave appearance.

0406} Determune Current Setting for Therapy. Tumn on the signal generator/controller. In order to
determine stimulation of afferent pathwavs, intermittent pulses are masked to confirm and record
M-waves and F-waves, By detaah, the current when the signal generator/controller is powered on
is OmAL Slowly increase the current amplitude (90mA maximum level in the particular
generator/controlier used) to the patient’s maximum tolerability while observing the patient’s
hand for a response. Patient response is generally a finger curl, flex or fan, or an extension of the
entire hand. The patient may also report a tingling sensation across the palm or heal of the hand.
Once the patient’s maximum tolerability 18 reached, reduce current amplitude setting by one level,
By observation, confirm M-wave appearance and confirm active neurostimulation of the Median
and Ulnar nerves via F-Wave appearance on the feedback montior, I the imcremental adjustment
of current amplitude fails to elicit finger curl, flex or fan, inactivate the current (OmA) and
reposition the electrode slightly. Resume therapy using the preceding instructions. H repositioning
the electrode and repeating the current step-up procedure fails to elicit patient response, discard

the electrode. Open another electrode, and repeat the procedure on the other hand.

{6407} Conduct therapy. After the current level 15 established, the operator will initiate 15-
mimies of ongong electiic stimulation. Begin therapy at the current amplitude determined above.
The current can be adjusted to increase or decrease the current level at any time during therapy. In
order to deternune stimulation of alterent pathways, tnfernuttent pulses are masked to confirm
and record M-waves and F-waves, When the therapy time has elapsed, inactivate the current
{OmAY.
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{0408] Repeat Treatment Seaston. Repeat the steps above on the opposite hand then complete

treatmesnt session.

[1409] Complete Treatment Session. Tarn off the signal generator/controller. Remove the cable
leads from the electrodes. The treatment session is now compleie. Remove electrodes from the
patient. The skin mayv be cleaned with wipes to remove gel residue on the skin from the
electrodes.

{6410} In the studv conducted, the stimulation svstem that comprised an electrode that connected
by an elecirical cable to a battery U powered pulse source {electncal signal generator/controlier).
The signal generator/controlier produced an adjustable electrical pulse that traveled to the brachial
nerve plexus via the Median and Ulnar nerves when applied to the palmar surface of the hand.
{6411} Study device detasls:

{0412} The electrode was placed onto the hand and used to stimulate the Median and Ulnar
nerves on the hands. The system consists of a 9 volt battery powered elecirical signal
generator/controller with electromvographical captare, display, and patient contact leads and

elactrodes.

{6413] The generator/controlier housing is a plastic enclosure with an on/oft switch, adjustable
current control, mode switch button, and LCD screen facing the operator. The generator/controller
has connections for a stimudation electrode {output), retum electrode (input) and two
electromyographic (EMG) capture electrodes {input). The generator/controller hoasing has a
removable door for replacement of the 9 volt batterv. The housing encloses the printed circunt
board assembly and prevents contact by the user with the mtemal electronics.

{0414} Physical Principles to External Generate Output;

0415} The generator/controller is a 9-volt battery powered, microprocessor controlled, electrical-
neural stimulator with embedded software that delivers pulses of DC energy to the patient via the
stunulation and return elecirodes. The device simultaneously reads electromyographical signals
from the patient via the EMG electrodes and displays them on a display screen. The goal isto

stinmlate the Median and Ulnar nerves of the treated hand.

{0416} Elecirical Current Setiings
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{0417) - There is an adjustable dial to mcrease/decrease current setting levels with a current
range of OmA 1o approximately 90mA. The signal generator/controlier display has a current

setting readout. At level O, the device produces OmA current.

[418] - Pulse characteristics:

j0419] - Lised a fixed pulse frequency of 20 Hz, but can be 0-1000hz

6420} ~ Used a pulse width of 200 microseconds but range can be 0-300 microseconds
jod21} - Used a generator/controller with max amplitude of 90mA, but range can be up to
200mA

0422} - Square waveform, but can use other shaped wavetorms

{0423] Sumulation Signal Program

0424} See FIG. 62, which shows the pulse train used in this study for the following discussion.
The generator/controlier used embedded software to output patterns of monophasic square wave
DC energy at a 20 Hertz frequency. The amplitude of the square waves of the system is adjusted
by the current controller on the generator/controller in order to achieve complete stimulation. The
output program used in this study consisted of patterns of § pulses of maximum stimulation
tollowed by 5 pulses of halfmaxinwrn stimulation for 3 13 minute long preprogranmed

treatment time. But other paradigms can be ased.

[0425] During inttial testing of the systen, the 100%/50% duty cycle enabled neurostimulation of
the peripheral nerves without inducing tetany {muoscle pain}. The maximum length of maximal
neurostimulation without tetany using a 20 Hz palse train was found o be 0.3 seconds (10 pulses
at 20 Hzy. Trams of pulses at this frequency were also found to be tolerable as long as there was at
feast 0.25 seconds of non-maximal, or resting, stimulation between trains.

{0426} The stimulation of the peripheral nerves with the system 1s mtended to be tolerable for the
patient while generating neural stimulation. In this study, the duty cvele, frequency, shape, length
of each pulse, and length of the treatment program were fixed, and the amplitade of the square

waves was adjustable by the operator.

{64271 Principles of Electromyvography
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{0428] See FIG. 63 for the following discussion. The system also captures and displays
electromyographic information during the treatment. Electromyography is the study of the
electrical signals in the muscles for analysis of the behavior of the muscle or nervous systems m a
body. During electrical neural muscle stimulation, signals called M-waves and Fowaves are
created by the body in the stimuidated muscles and nerves m response to the electrical stimalation.
In newoscience, the M-Wave is the first, and the F-wave is the second, voltage change observed
after electrical stimulation is applied to the distal region of a nerve. F-waves are often used to
measure nerve conduction velocity, and are particularly usefid for evaluating conduction
problems in the proximal region of nerves (Lo, portions of nerves near the spinal cord). The

signal is called the F-wave because it was initially recorded in the foot muscles.

[0429] In a tvpical Filiwave study, a strong electrical stiimulus (above maximal muscle
stimalation levels) is apphed to the skin surfiace above (proximally to) the distal portion of a nerve
so that the impulse travels both distally {towards the muscle fiber) and proximally {back to the
motor nearons of the spinal cord; these directions are also known as orthodromic and antidronyic,
respectively). When the orthodromic stimulus reaches the muscle fiber, #t elicits a strong M
response indicative of muscle contraction (Ml wave). When the antidromic stimulus reaches the
motor neuron cell bodies, a small portion of the motor neurons fire in the other direction and an
arthodromic wave travels back down the nerve towards the musele. This reflected stimwulus
evokes a small proportion of the muscle tibers causing a small, second compound muscle action

potential {CMAP) called the Fliwave,

{0430] FIG. 63 shows a graph of detected voltage vs. time and shows M-wave 6304 and Fowave
6306 following stimulation 6302, This type of graph may be displayed by the controller to the end
user. Alternatively, a different parameter of an M-wave andfor an F-wave may be displaved 1o the
user, such as whether or not the wave exists, the amplitude of the wave, the travel time of the
wave, efc.

0431} The generator/controlier may capture and display both the M-wave and F-wave on the
display screen during confirmation and treatment modes. Bemg able to view the MUwaves and
Fiiwaves duning treatments allows the operator fo confirm maximal stimulation of the nerve i
gquestion (Ulnar, Median or Tibial} and its branches m the feet; and the median and Ulnar nerves

in the hand.
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[6432] Example of Data Processing System

j0433] FIG. 65 is a block diagram of a data processing system, which may be used with any
embodiment of the invention. For example, the system 6300 may be used as part of a controller,
server, mobile device, hand piece, computer, tablet, etc. Note that while FIG. 65 iustrates
various components of a computer system, it is not mtended to represent any particular
architecture or manner of interconnecting the components; as such details are not genmane to the
present mvention, It will also be appreciated that network computers, handheld computers, mobile
devices, tablets, cell phones and other data processing systems which have fewer components or

perhaps more components may also be used with the present invention,

0434} As shown in FIG. 63, the computer system 6500, which is a form of a data processing
system, inclades a bus or interconnect 6382 which is coupled o one or niore Microprocessors
6503 and a ROM 6507, a volatile RAM 6505 and a non-volatile memory 6506, The
nucroprocessor 6303 s coupled o cache memory 6304, The bus 6502 mterconnects these varions
components together and also interconnects these components 6303, 65307, 6505, and 6506 1o a
display controller and display device 6308, as well as to inputioutput (FO) devices 6510, which
may be mice, keyboards, modems, network interfaces, printers, and other devices which are well-

known in the art.

{0435 Typically, the input/ontpat devices 6510 are coupled to the system through mput/output
controliers 6509, The volatile RAM 6305 s typically tmplemented as dynamic RAM (DRAM;)
which requires power contingousty i order to refresh or maintain the data in the memory. The
non-volatile memory 6506 is typically a magnetic hard drive, a magnetic optical drive, an optical
drive, or a DVD RAM or other type of memory system which maintains data even after power is

removed from the system. Typically, the non-volatile memory will also be a random access

memory, although this is not reguired.

[0436] While FI{. 83 shows that the non~volatile memuory is a local device coupled directly 1o the
rest of the components in the data processing system, the present invention may utilize a non-
volatile memory which is remote from the system; such as, a network storage device which is
coupled to the data processig svstem through a network miterface such as a modem or Ethernet
interface. The bus 6502 may tnchude one or more buses connected to each other through varions

bridges, controllers, and/or adapters, as is well-known in the art. 1o one embodiment, the VO
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controlier 6309 mceludes a USB (Universal Serial Bus) adapter for controlling USB peripherals.
Ahernatively, 1O controller 6509 may include an IEEE-1394 adapter, also known as Fire Wire

adapter, for controlling FireWire devices.

[0437] Some portions of the preceding detailed descriptions have been presented in terms of
atgorithms and symbolic representations of operations on data bits within a computer memory.
These algonthmic descriptions and representations are the ways used by those skilled mn the data
processing arts to most effectively convey the substance of their work to others skilled i the art.
An algorithm is here, and generally, conceived to be a self-consistent sequence of operations
leading to @ destred result. The operations gre those requiring physical manipulations of physical

quantities.

{0438] It should be borne in mind, however, that all of these and simylar terms are to be
associated with the appropriate physical quantities and are merely convenient labels apphed to
these quantities. Unless specifically stated otherwise as apparent from the above discassion, it i3
appreciated that throughout the description, discussions ytitizing terms such as those set forth in
the claims below, refer {o the action and processes of a computer system, or similar electronic
computing device, that manipulates and transforms data represented as physical (electronic)
quantities within the computer system's registers and memories into other data similarly
represented as physical quantities within the computer systeny meniories or registers or other such

mformation storage, transmission or display devices.

0439} The techmiques shown in the FIGS. can be mmplemented using code and data stored and
executed on one or more clectronic devices. Such electronic devices store and communicate
{internally and/or with other electronic devices over a network) code and data using computer-
readable media, such as non-transitory computer-readable storage media {e.g., magnetic disks;
optical disks; random access memory; read only memory,; flash memory devices; phase-change

memary} and trmzsimry conrputer—readabm transmission media {eg ei&c{rical, optical, acoustical

{6440 The processes or methods depicted in the FIGS. herein may be performed by processing
fogic that comprises hardware (e.g. circuitry, dedicated logic, etc. ), firnyware, software (e.g.,
embodied on a non-transitory computer readable medium), or a combination of both. Although

the processes or methods are described above 1 terms of some sequential operations, it should be
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appreciated that some of the operations described may be performed in a different order.

Muoreover, some operations may be performed in parallel rather than sequentially.

{0441} Each of the individual variations described and illustrated herein has discrete components
and features which may be readily separated from or combined with the features of any of the
other variations. Modifications may be made to adapt a particular situation, matenial, composition
of matter, process, process act{s}) or step{s} to the objective(s). spirit or scope of the present

mveniion.

6442} Methods recited herein may be carried out in any order of the recited events which is
logically possible, as well as the recited order of events. Furthermwore, where a range of values 15
provided, every intervening value between the upper and lower himit of that range and any other
stated or intervening value m that stated range is encompassed within the invention. Also, any
optional feature of the inventive variations described may be set forth and claimed independently,

or i combination with any one or more of the featores described heremn.

{04431 All existing subject matter mentioned herein {e.g., publications, patents, patent
apphcations and hardware) is incorporated by reference herein in is entirety except tnsofar as the
subject matter may conflict with that of the present invention {in which case what 1s present
herein shall prevail). The referenced itens are provided solely for thewr disclosure prior to the
filing date of the present application. Nothing herein 1s to be construed as an admission that the

present invention is not entitled to antedate such material by virtue of prior invention.

j0444] Reference to a singular item, tincludes the possibility that there are plural of the same

items present. More specifically, as used herein and in the appended claims, the singular forms

i, A

a." "an,

o

said” and "the" mclude plural referents unless the context clearly dictates otherwise. kit
is further noted that the claims may be drafted to exclude any optional element. As such, this
statement is intended to serve as antecedent basis for use of such exclusive terminology as
"solely,” "only™ and the bike in connection with the recitation of claim elements, or use of a
“negative” Imuation. Unless defined otherwise, all technical and scientific terms used berein have

the same meaning as commonly understood by one of ordinary skill in the art to which this

invention belongs.

{0443 This disclosure is not itended to be Hmited to the scope of the particular forms set forth,

but is intended o cover alternatives, modifications, and eguivalents of the variations described
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herein. Further, the scope of the disclosure fully encompasses other variations that way become
obvious o those skilled 1o the ant in view of this disclosure. The scope of the present invention is

limited only by the appended claims.
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In the claims

1. A method for providing transdermal electrical stimulation therapy to a subject
cComprismg:

positioning a stimulator electrode over a glabrous skin surface overlying a palm of the
subject; and

delivering electrical stimulation via a pulse generator transdermally through the glabrous
skin surface and 1o a target nerve or tissue within the hand to stimulate the target nerve or Hssue
within the hand so that pan felt by the subject 15 nutigated;

wherein the pulses generated during the electrical stimulation therapy mclude pulses of a
first amplitude and pulses of a second amplitude, where the first amplitude is different from the

second amplitude.

2. The method of claim 1, wherein the electrical stimulation is delivered at a

frequency of about 5 Hz to abount 60 Hx, while remaining safe and tolerable to the subject.

3 The method of claim 1, wherein the stimnlator elecirode 18 8 sarface electrode.
4. The method of chaim 1, wherein the electnical stimulation is deltvered

mitermittently or on a chronic basts.
s The method of claim 1, further comprising:

detecting nerve stimulation via at least one sensor positioned on the subject;

receiving a signal from the sensor indicative of the detected electrical stimulation thereby
providing a feedback about the efficacy of the applied electrical stimulation therapy such that the

therapy 15 adjusted or optimized.

6. The method of claim § wherein the sensor senses an M-Wave,
7. The method of clatm 6 wherein a parameter of the M-Wave is displaved to the
subject.

Petitioner - Avation Medical, Inc.
Ex. 1019, p. 101



Attorney Docket Nor EMEKNNZO0703

&, The method of claim § wherein the sensor senses an F-Wave.

9. The method of claim & wherein a parameter of the F-Wave s displayed 1o the
subject.

10, The method of claim 5, wherem the feedback ix queried such that the electnical

stnnudation therapy 18 adjusted to ensure that a minimum amouant of energy 15 being applied o

stinnulate the target nerve within the hand while reducing the risk of burns or intolerance.

11 The method of claim 5, wherem the feedback 1s queried such that the positioning

of the stimulator electrode is adjusted to optimize the electrical stimulation therapy.

12, The method of claim 5, wheretn the sensor is a surface electrode.
13 The method of claim 1, further comprising positioning a return electrode on the

subject 1o factlitate penetration of an elecirical carrent through the glabrous surface to stimudate

the target nerve within the hand.

&3 The method of claun 1, wherem the stinmulator electrode is attached to the glabrous

skin surface with an adhesive,

15, The method of claim 1, wherein the sthmulator electrode 1s positioned over the

glabrous skin surface with an ergonomic applicator.

16, The method of claie 15, wherein the applicator is a glove or brace configured to
be positioned against the palmar surface of a hand such that the electrode delivers electrical

stimuplation 1o a target nerve within the hand.

17. The method of claim 1, wherem the electrical stimulation s sutomatically paused

for a preset amount of time every 10 minutes to overcome habitaation.
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P&, The method of claun 1, wherem the electrical stimulation is automatically paused
for a preset amount of time every 10 minutes based on feedback provided by a sensor regarding

target nerve stimuiation or habiteation.

19. The method of claim 1, wheretn once tetany is detected in a patient, indicating that
a threshold frequency of the applied stimulation has been reached, the strength of the apphed

stimulation is aptomatically or manually decreased.
20 The method of claim 1, wheretn electrical stimulation 1s provided by delivering ¢
cycle comprising a preset number of pulses followed by a pause in stimulation, followed bv a

preset number of pulses, and repeating the ovele as necessary.

21. The method of claim 1, wherein the pam felt by the subject is nugraine pam.

Petitioner - Avation Medical, Inc.
Ex. 1019, p. 103



Attorney Docket Nor EMEKNNZO0703

ABSTRACT

The disclosure describes devices and methods for providing transdermal electrical
stimulation therapy 1o a subject including positioning a stimulator electrode over a glabrous skin
surface overlying a palm of the subject and delivering electrical stynulation via a pulse generator
transdermally through the glabrous skin surface and 1o a target nerve or tissue within the hand to
stumudate the target perve or tissue within the hand so that pain felt by the subject is mutigated.
The pulses generated during the electrical stimulation therapy may include pulses of two difterent

magnitudes.
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