wo 20207112980 A2 |0 F000 0 KO0 00

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert J
(o wer Orgmiation 2 0 OO0 OO 0 OO0 A0

International Bureau

/ (10) International Publication Number
(43) International Publication Date = WO 2020/112980 A2
04 June 2020 (04.06.2020) WIRPOIPCT
(51) International Patent Classification: HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
AGIN 1/04 (2006.01) AGIN 1/36 (2006.01) KR, KW KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,

(21) International Application Number: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
P CT/US2019/063580 OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

(22) International Filing Date: TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

27 November 2019 (27.11.2019) (84) Designated States (unless otherwise indicated, for every
(25) Filing Language: English kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,

(26) Publication Language: English UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(30) Priority Data: TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
62/774,093 30 November 2018 (30.11.2018) US EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

(71) Applicant: BIOVISICS MEDICAL, LLC [US/US]; 127
Bridge Ave. E., Suite 225, Delano, Minnesota 55328 (US).

(72) Inventors: ROCKLEY, Paul; 535 De Anza Dr., Coro-
na Del Mar, California 92625 (US). CHIAPETTA, James Published:
R.; 3995 100th St. SE, Delano, Minnesota 55328 (US). — without international search report and to be republished
HAROLD, Thomas W.; 14575 Wilds View NW, Prior upon receipt of that report (Rule 48.2(g))
Lake, Minnesota 55372 (US). ASHKER, Michael; 11277
Crocker Grove Lane, Gold River, California 95670 (US).

(74) Agent: SCHROEDER, Mark R.; 100 South 5th Street,
Suite 600, Minneapolis, Minnesota 55402 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

(54) Title: HEAD WORN APPARATUSES FOR VISION THERAPY

(57) Abstract: Systems, devices, and methods for use in delivering stim-
ulation to the head of a patient, including examples directed to delivering
electrical or other stimulation to the eye of the patient. In some examples
eyepieces or eyepatches are configured to deliver electrical or other stimu-
lus to the eye of a patient by being worn on the face of the patient.




WO 2020/112980 PCT/US2019/063580

HEAD WORN APPARATUSES FOR VISION THERAPY

CROSS REFERENCE TO RELATED APPLICATIONS

The present application claims the benefu of and prionity to US Provisional

o

Patent Application No. 62/774,093, filed November 30, 2018, the disclosure of which

is incorporated herein by reference.

FIELD
The present invention relates generally to the field of delivery of therapeutic
10 energy for treatment of conditions around the head More paricularly, the present
mvention is divected to systems and methods adapted to deliver energy to the eve and/or

tissue surrounding the eve.

BACKGROUND

{5 Therapy to prevent or teverse diseases of the eye 1s of great mterest. As hife
expectancy expands, more and more of the population is at nisk for age related macolar
degeneration {AMID). Meanwhile, smaller populations of voung patients suffer from a
varigty of maladies that affect the retina and other structures of the eve. A wide variety
of other vision disorders oxist which can lead to partial or total blindness. There s a
20 continuing demand for new and alternative systems and methods to treat such disorders
wmciuding by prevemiing, arresting or roversing disease progress, of ab least by

alleviating ongoing sympioms.
A vanety of proposed head worn apparatuses have been disclosed for the
delivery of slectrical stimulus (sometimes referred to as microcurrent therapy) o the
25 eve. Patches, goggles, and devices resembling glasses have been proposed. However,
there remains a continuing demand for improved head worn apparatuses for delivering

this pronusing therapy to persons afflicted with diseases of the eye.

OVERVIEW
30 The present inventors have recogmzed that a problem to the solved is the need
for new and alterative, and simple to use, systems for delivering therapy 0 persons
atflicted with discases of the eve. This may include additional or alternative wearable

pulse generator and/or clectrode mterface designs.
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An illustrative, non-lmiting example takes the form of a svstem for delivering
stimulus to a pationt comprising: a pulse generator having a U-shaped housing adapted
and configured o be worn on the neck of a patient, having therein operational circuitry
meluding at least output circuitry configured o generate output elecirical pulses; a
plurality of stondus delivery electrodes electrically coupled to the pulse generator and
adapted, when worn by a patient, to deliver stimohius goocrated using the output circutiry
to at least one eyve of the patiend. Additionally or altematively the systern further
comprises at least one retumn electrode adapted for use as a return or mdifferent
ciectrode when output electrical pulses are generated. Additionally or alternatively, the
at least one roturn clectrode 18 disposed on the U-shaped housing. Additionally or
alternatively, the stimulus delivery electrodes may be disposed on wires retractable mio
and extensible from the U-shaped housing. Additionally or alternatively the stimulus
delivery electrodes may be disposed on a frame that is wearable by the user on the
user’s head. Addaionally or alternatively the stinnddus delivery electrodes may be
disposed on a headband that is wearabie by the user on the users head. Additionally or
alternatively, the stimulus delivery electrodes may be disposed on a goggle adapted to
fit over and about the eve of a user. Additionally or alternatively the pulse generator
meiudes one or more poris for receiving a coupler that clectneally couples to the
stimuloas delivery eloctrodes, allowing disconnection and reconnsction thergof
Additionally or alternatively the pulse generator operational circuitry comprises a
microcontrolier associated with a memory baving thercon instructions for generating
therapeutic outputs, the microcontrolier configured 1o control the output cireuitry, and
a power supply in the form of a replaceable battery. Additionally or alternatively the
pulse generator operational circuitry comprises a microcountrolier associated with a
memory  having  thercon mstructions for generating therapestic outputs, the
microconirolier configured to control the output circuttry, and a power supply in the
form of a rechargeable battery.

Auvother iliustrative and non-limiting example takes the form of a patient
mterface apparatus for delivery of stimuslus to a portion of the head of a patient, the
patient mterface apparatus compnsing: a first eyvepiece adapted to fit about at least one
eye of the patient; a frame or 3 strap to hold the first eyepicce on the head of the patient;
wherein the first evepiece comprises at least first and second clectrodes electrically
isolated from one another, the first evepicce further comprising at least first and second

clectrical connectors separately coupled to the first and second eloctrodes. Additionally

N3
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or altematively the patient interface apparatus further comprises a pulse gencrator
carried on the frame or strap and coupled to at least the first and second electrodes to
issuc therapy pulses therefrom.  Additionally or alternatively the first eyepiece is
configured to hold the first electrode on the patient’s eyelid. Additionally or
afternatively the first evepiece is a closed evepiece having a transparent portion through
which the patient can see while wearing the first eyepioce. Additionally or alternatively
the first evepicce 18 a closed ovepiece having an opaquc portion which the patient can
see while wearing the first evepiece, the opaque portion comprnising a screen configured
to display graphics usable {0 test patient visual acuity or performance.

Ancther dlustrative and non-luniting example takes the form of a method of
treating a patient having an ove disease comprising: a patient donning a neck-worn
pulse gencrator containing operational cirguitry including cutput circuitry configured
to gencrate output electrical pulses; a patient donning a plurality of stimnilus delivery
electrodes electrically coupled to the pulse generator and adapted, when wom by a
patient, to deliver stimulus generated using the output circuttry to at least one eve of the
patient; the patient activating the pulse generator to deliver a stimalus to the eve of the
patient; and the pulse generator isswing stimulus o the eve  Addutionally or
alternatively, the method further comprises, in response to the patient activation, the
pulse generator testing impedance between one or more pairs of stimulus delivery
clectrodes to confinm appropriate contact with patient tissue and, in response o
confuming appropriate contact with patient tissue, the pulsc gencrator issucs the
stimulus 1o the eye. Additionally or alternatively the pulse generator comprises at least
one return clectrode thercon for use as a retwrn or mdifferent electrode when output
ciectrical pulses are generated, and the step of the pulse generator issuing stimulus to
the eye comprises using the at least one electrode on the pulse generator as a return or
mdifferent electrode. Addionally or alternatively the pulse generator comprises a U-
shaped housing adapted to receive af least one extensible and retractable wire carrving
at least one of the stimulus delivery clectrodes thercon, such that the step of the patient
donning the stimulus delivery electrodes comprises extending the wire from the pulse
generator. Additionally or alternatively the stimulus delivery elecirodes are disposed
on a frame that is wearable by the user on the user’s head, and the step of the pationt
donning the stimudus delivery clectrodes comprises the patient putting on the frame.

This overview 13 intended to provide an mtroduction o the subject matier of the

present patent application. U is not intended to provide an exclusive or exhaustive



WO 2020/112980 PCT/US2019/063580

explanation of the mvention. The detaled description 18 included to provide further

mtormation about the present patent application.

BRIEF DESCRIPTION OF THE FIGURES

o

The drawings illustrate generally, by way of example, but not hntation, various
embodiments discussed in the present document, and are not necessanly drawa to scale.

Figure 1 shows a human bead 1o a simplified form;

Figore 2 ilhustrates the flow of current when applied in the vicimty of the eve,

Figures 3-4, SA, 5B, and 6-9 show several examples of stimulus application
10 systems and devices;

Figures 10-11 illustrate multi-clectrode examples;

Figures 12A-12C, 13A-13B, 14-17, 18A-18B, 19, 20A-20D, and 21A-21C
show additional illustrative stimuhus application systems and devices;

Figure 12 shows an overall treatment systom; and

15 Figure 23 shows an dlustrative pulse gencrator,

DETAILED DESCRIPTION

The present jnvention i1s generally directed to svstems for delivening stimulus to

the eye of a patient having a disease of the eve. In various examples, the condition to

20 be treated may include one or more of the following: macular degeneration, inherited
retinal disease, presbvopia, diabetic wounopathy, and glavcoma.  In furher
embodiments, the condition to be treated may melude one ot more of the following:
retimitis pigmentosa, Stargardt's, CMVeretinitis, Best's disease, macular dystrophy,
optic neuritis, ischemic anterior optic neuritis, Usher's syndrome, Leber's congenital

25 amaurosis, cone-rod dystrophy, cone dysirophy, choroideremia, gyrate atrophy, central
retingl artery occlusion, central retinal vein occlusion, branch retinal artery occlusion,
branch retinal vein occlusion, central serous chororetimopathy, cyvstoid macular edema,
ocular histoplasmosis, ocular toxoplasmosis, retinopathy of prematurity, amblyopia,
strabismus, nystagmus, cataracts, refractive grrors, and/or corneal conditions mcluding

30 corneal lesions and abrasions mchuding surgical wounds, as well as dry eve, conditions
amenable to nerve stimudation ncluding by stinuudation of the facial nerve, and any
other ophthalmic, eve, or vision-related condition, disease, disorder, abuommality or
damage. In aliernative embodiments the systems disclosed herein can be used to

optirnize or improve vision for eyes that are “normal™ or have no pathology.
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In some examples, new sysiems and methods for deliverning ocudar modulation
therapy are disclosed. As used herein, ocular modufation refers to the treatment of the
eve with a signal, delivered non-nvasively, or muumaliv-invasively, 1o achicve a
therapeutic benefit.  Therapeutic beneft may mclude, for example and without
limitation, improving or aftering blood flow, upreguiating or downregulating syvnthesis,
degradation, binding, release or activity of proteing, enzymes, DNA, RNA,
polvsaccharides or other endogenous physiological or pathological biomolecules;
and/or upregudating, downregulating, activating, deactivating physiclogical or
pathological biopathways, cte.  Ocular modulation may be combined with the
administration of pharmaceuticals, exogenously derived biomolecules, cell therapy, or
photo-, electro~ or magneto-reactive or active particles, such as nanoparticles, before,
during or after an electrical signal 15 apphied.

In some examples, the devices and systems disclosed herein are suited for use
W conjunction with exogenous and/or endogencus stem cell transplantation therapies.

For example, a method may comprise delivery of electrical stmmlation before, duning,

or after stem cell transplantation to tmprove cell servival, repair and/or replacement. In
some tHustrations, the use of methods and systems disclosed herein may enhance native
cell survival, transplanied cell survival, transplanted cell imtegration, and functional
synapse formation and/or axon regeneration. Non-huouting examples of endogenous
stem cell types which may be suitable for transplantation in combination with systems
or devices of the present wnvention include Miller cells, retinal pigmont epithelial celis
(RPE cells) and cihary pigmented epithelial cells (CPE). Non-limuting examples of
exogenous stem cells suitable for transplantation according (o some embodiments of
the invention mclude neural stem cells (NSCs), mesenchymal stem cells (MSCs)
derived from bone marrow, adipose tissue or dental pulp and stem cells from the inner
cell mass of the blastocvst and induced plunpotent stem cells GPSCs). Sge, for
example, “Using Electrical Stimulation to Enhance the Efficacy of Cell Transplantation
Therapies for Neurodegenerative Retinal Discases: Concepts, Challenges, and Future
Perspectives”, Abby Leigh Manthey, ot al., Cell Transplantation, Vol. 26, pp. 949-965,
2017

In some examples, combination of therapy systems of the invention with
biclogical or pharmaceutical agents may provide improved efficacy or reduced side
gffects assocated with such biological or pharmaceutical agents when administered

alone. Pharmaceutical agents currently used to reduce the growth of new blood vessels

Ly
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im wet AMD include anti-angiogenics such Bevacizomab {Avastin®), Ranibizumab
{Luceniis®) and Aflibercept (Eviea®), cte. While the benefit of these agents for
mitigating symptoms assoctated with wet AMD are known, these also may have side
ctfects including increased eve pressure, mflammation of the eye and others. A benefit
of systems disclosed herein includes modulation of cytokines and other endogencus
mflammatory factors involved i the inflanunation process. In some emboduments it is
forescen that administration of anti-angiogenic agents or other pharmaceunticals m
combination with clectrical therapy apphed simultaneously with, before {e.g. 1, 2, 12,
24, 36, 48 and/or 96 or more hours before), or after {e.g. 1, 2, 12, 24, 36, 48 and/or 96
or more hours after), injection of such anti-angiogenics, at stimulation parameteors used
herein, may beneficially woprove the etficacy andfor reduece the likehhood of mide
gffects associated with admunistration of such agents.

Several differont modes of energy delivery are disclosed, including mechanical
{such as somc encrgy, including for example, ultrasound), light-based {such as by the
debivery of collimated or non-collimated light using, for example, a laser, a hight
emitling diode, ete)), electrical (such as by the dehivery of an electrical signal}, and/or
magnetic {such as by generating a magnetic ficld or ficlds}, and combinations thereof.
In some examples, one mode of therapy delivery 1s used, while the same or a different
mode of sensing 18 used to monitor therapy debvery. One component of several
examples is the use of configurations that arc adapted to provide enhanced tissue
contact, cohanced therapy debivery location, improved efficicncy of energy delivery,
targeted therapy, reduced hikelihood of fissue mjury or irritation, and/or improved
patient comfort and/or compliance.

Figure | shows, in schematic form, a parasagittal section of a patient’s head.
The patient 10 has a skull 12 with the eye shown at 14, The hard and soft palate s
shown at 16, separating the sinus cavity 18 and oral cavity 20, which meet behind the
palate 16 and link to the esophagus 22 and trachea 24, The tongue is represented at 26.
The upper end of the spinal coluow is also represented at 28, Collectively the air, boay
structures and cartilage i thus lower anterior portion of the head represents a relatively
higher impedance than the brain 30, which extends m the posterior portion to the spinal
cord. The brain and cerebrospinal fluid (CSF) that arc present in this region aw
generally of lower topedance.  The blood vessels throughout the brain are also

relatively lower impedance.
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For purposes of delivering ¢lectrical stimndus to the eve, an understanding of
mpedance in the general area is helpful. Gall et al. (2016) dirermating Current
Stimudaiion jor Vision Restoraiion after Optic Nerve Damage: A Randomized Clinical
Trial, PLoS ONE 11{(6): ¢0156134, vsmg a finile clement model, concluded that
delivery of a carrent using transorbital electrodes and a return electrode on the right
arm would result in the current flowing through the cves and then through the brain
stem and nto the CSF at the base of the skull to thereby leave the bead. Forsuch a
configuration, the authors determined that current tends to flow to and through the bram
and then down through the USF toward the retwrn electrode, and may not substantially
pass through the region of the air cavities 18, 20, 22 and 24 and surrounding tissue
thereof,

Bone 18 a poor conductor, so optimizing electrode configurations requires
consideration of how current, having passed through the eyes, can exit without creating
wnwanted stimwlus to other structures such as in the ear and the vagus nerve, for
example. On the other hand, a balance 13 needed to consider where to place the retum
clectrode 1n a manner most conventent for the patient. Non-clectrical stimuly, such as
light~based or mechanical, need not complete a circuit, and can be directed toward the
target tissue without necgssardy considening where the energy will then flow, as the
anficipated power levels for such modalities are unlikely to create side effects beyond
the eye structure iiself, as both hight and mechanical encrgy would ikely be attenuated
by the gve and the surrounding bony structures that separate the eye from the bram
tself

Figoare 2 is a simplified model highlighting current conduction in the human
head 50 when a current i1s applied to the eye 52 with a retorn electrode in the neck or
below. In the example, the skull 54 serves to hmit current Hlow and contams current
within the brain 56 and associated Huid including the CSF and blood. A retum electrode
may be placed on the torso or limbs of the patient, and may also be placed on the neck,
particulardy 1n the region shown at 58, roferior to the lower margin of the skull shown
at 60, as the anierior structures discussed with reference 1o Figure 1 force current to
How more deeply into the middle portion of the skall, while the skull itself then directs
current down generally through the brain stem and suwrrounding CSF as well as within
the vanous blood vessels that also pass through the region highlighted by line and arrow

62. A return electrode may be placed more inferiorly than region 38, ag desired. Figure

(V8

shows an illostrative stimulos apparatos for delivery of stimnudation to the eve. A
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patient 100 18 shown, having eve 102, A pulse generator is shown at 11, with a
stimulation delivery paich 112 on the eye of the patient, and a return electrode shown
at 114, The return clectrode 114 mayv be placed on a hmb, such as on the nght or left
hand, or on the chest or shoulder of the patient. The electrodes may be TENS-tvpe
patch electrodes having a flexable patch of matenal with semi-adhesive gel on one side
to hold the clectrode 1n place and obtain good tissue contact for cwrrent delivery
purposes. A simpilar systor, but haviang two eve-patch electrodes 112, and two retum
clectrodes 114, can be seen with the ScvFIX product deseribed in US Patent 7,251,528
to Harold, the disclosure of which 18 incorporated herein by reference.

Figure 4 shows another cxample. A patient 150 has a patch clectrode 162
apphied 1o one eve 152, The patch electrode 162 18 coupled to a pulse generator 160,
with g return electrode 164 placed on the neck of the patient, below the inferior margin
of the skull. The retum electrode 164 mayv be a simple patch, such as a cireular or
rectangular patch, or mav have a particular shape such as that shown at 170, with a
center portion of lesser width and two edge regions that are of larger area, as shown at
172 and 174; such a shape may be similar to a butterfly bandage, for example, with the
clectrically conductive portion thereof limtted to regions 172, 174 to avoid focusing the
return current over the spine, where the bony structures of the spine itself may merease
impedance and the neural tissue of the spinal cord itself presents at least some nisk of
side effects if neural tissue is stimulated.

In some examples, the pulse generator 160 may be provided as a table-top piece
that couples via cords to the electrodes 162, 164, In other examples, the pulse generator
160 may be a wearable element, such as by having a clip that allows the polse generator
0 be attached to the belt of a user or onto an armband or a torso~worn harness. Figure
SA shows another example. Here, the patient 200 18 receiving stimulation on the eve
202 while wearing a headband 210 that carrics a pulse generator module 212, with the
headband integrating connections (which may be electrical, pnevmatic, and/or optical,
as desired and as further discussed in examples below) to an eve picce 214 and also a
coupling via a tether to a retwrn electrode 216, The headband 210 may be sized and
fitted to the patient or may be elastic to conform to various head sizes, as desired.
Wider, thinner, higher and lower headbands, or an entire cap, may be provided, if
desired.

Figure 5B shows vet ancther example. Here, the patient 15 shown wearing a

farger headband 230, sized to cover the eves and evepiece 232, The headband carrics

o
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the components of the stimolation pulse generator as mdicated at 234, A return
clectrode 238 on a cord 236 can be placed clsewhere on the patient’s body. In this
example, the headband 230 may provide foree to hold the cvepad on the patient’s face
with a more uniform force than the example of Figure 3A. On the other hand, the
gxample of Figure 3A may be secn as less obtrusive to the patient; in short, there may
be advantage and disadvantages to varous different approaches.

Figure 6 shows another example. The patient 230 is receiving stimwlation on
the eve 252, A headband 260 carries the components of a pulse generator and couples
£ an eye piece 262 and retum electrode 264, The headband 260 s not shown in thig
cxample as having a discrote housing such as shown above m Figure 5 and instead
carres the components including a battery and control circuitry in the band 1tseif; a flex
circuit may be used to provide comfort along with one or more small, replaccable or
rechargeable batteries. In this example, no tether is needed for the reburn electrode 264
which 15 straply beld against the back of the head. Electrode position in this example
may not be electrically optimal, but the physical structure may be more convenient than
having a separate tether. Attaining electnical contact to the back of the scalp may
recuure the use of a conductive gel or the use of a retum electrode having a base 270
and a plurality of elongated contacts 272 adapted to pass through the hair of the patient
and press directly against the scalp.

Figure 7 shows another example. The patient 300 1s wearing a headband 310
carrving the coraponents of a puise generator therein or thereon. A compound eyepiece
mcludes first portion 312 on the upper evelid, or coupled over the evebrow, for
example, and second portion 314 on the lower evelid. Alternatively, first portion 312
may be medial of the eyve 302 and second portion 314 may be lateral of the eye 302,
Tethers or lead wires (not shown) may couple the portions 312, 314 to the headband.
A return electrode 318 is carried on an carfiap 316 shaped and designed to rest behind
the car and preferably somewhat behind and below the carlobe. Rather than an carflap
316, the retum clectrode 318 may be on a tether. Whue Figure 7 only shows the nght
side of the patient, it should be understood that the eve plece 312, 314 and carflap 316
and return electrode 318 may be provided on the left side of the patient as well, Inother
examples, the compound evepicee may have only an upper cevelid portion 312, or a
fower evehid portion 314

For some examples, one or more pieces of the system mayv be replaceable

without discarding the entire system. For example, a port for plugging in the retum
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clectrode 318, or eve piece 312, 314 may be provided so that the skin attaching
ciectrodes can be replaced i the event of breakage, for example. In some examples,
an adhesive patch 15 used, and the patch may be replaced when the adhesive ceases to
work. In some examples, adhesive and conductive patches are applied over electrodes
50 that the patches can be replaced without requuring replacement of the electrodes.

Figure 8 shows another example. Here the patient 350 receives stinmudus in the
vicinity of the eye 352 by wearing a frame 360, stmtlar to that for cyeglasses, which
carries a plurality of electrodes. Not all of the clectrodes are needed n some
embodiments. The front portion of the frame 360 carries inferior electrode 364,
supernior electrode 362, and temporal electrode 366, For example, the weight of the
frame itself mayv be used to hold electrodes 362 and 364 m place, while temporal
glectrode 368 15 placed using an adhesive patch. The electrodes toward the front portion
of the apparatus may be described as frontal electrodes, while the return electrode 368
18 placed more rearward on the patient, such as behind the car as shown or eisewhaere
such as on the back of the neck. The elecirodes may also be associated with springs
that press the clectrodes into fissue contact. The retumn clectrode 368 is placed toward
the end of the carpiece of the frame 360, The frame 360 may wtegrate the electronics
for controlling stimulation debivery and conmmunicating with a separate device, such as
a celiphone, tablet, or laptop, while also holding the battenies and wire connections {0
cach clectrode. I desired, the frame 360 may mchide a recharging port to allow
rechargeable batteries to be replenished. {n some examples, a rechargeable battery may
be recharged using nductive recharging by providing an inductor and rectification
cirauit 1 the pulse generator and using a separate charger to generate magnetic ficlds
that will stimulate the inductor to recharge the battery.

The nclusion of plural frontal clectrodes may be useful in several distinet ways.
For example, sach electrode 362, 364, 366 may be separately addressable, to allow
shaping of the stinuudation field as it 1s delivered. In another example, one electrode
may be the active electrade for stimulus delivery, while the other clectrodes are used to
montfor simulation delivery to confirm, for example, that tissue contact 18 bemg
achieved. In some examples, the phural frontal electrodes are ased to test clectrical
contact in a first phase and, if electrical contact 1s good, stimulation can be delivered
or, if clectrical contact is not good, the paticnt may be prompted to modify positioning
of one or more eloctrodes.  In another example, electrode contact may be tested and

only those electrodes showing acceptable contact are used in stimaulation.

10
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For example, a test current between two frontal electrodes may be generated,
and the output can be measured by a third frontal electrode, while the voltage between
the two active clectrodes 1s measured. In this example, dividing the voltage between
the two acuve electrodes by the test current would vield wmpedance for the acuve
glectrodes.  Meanwhile monitoring of the voltage during test by the third frontal
clectrode may allow determination of electrical contact with the thud electrode by
comparing the voltage to a threshold. Thus, for example, test current could flow from
clectrode 364 {o electrode 366 while voltage is measured with electrode 362, testing all
throe tissue contacts interfaces at once. Impedance may be monitored to ensure ¢fficacy
and/or safety, as well as patient status and phvsiclogical condition, as discussed as well
m US Patent Application No. 16/589 383, filed October 1, 2019 and titled SYSTEMS
AND METHODS FOR CONTROLLING ELECTRICAL MODULATION FOR
VISION THERAPY , the disclosare of which is incorporated herein by reference.

In some embodiments therapy outputs are provided to cause firing of neurons
within the eve, particularly n the retina. Such firing of the neural tissues occurs when
an action potential threshold of a particalar neuron is execeded. In normally behaving
cells, receipt of incident hight causes neural firing 1o patterns that the visual systems can
micrpret as an ynage. Sometimes firmg occurs due to non-visual inputs. A phosphene
may be understood as a ring or spot of light produced by pressure on the eyeball or
dircet stimulation of the visual system other than by hight. Application of clectrical
signals to the region of the cve can produce phosphenes, when the electrical signals
deliver enough energy to cause depolarization of neural cells. In several embodiments,
the purpose of electrical stimulation s to affect noural tissue, and the presence of
phosphenes can play a role in determindng therapy efficacy.  In some examples,
phosphenes themaselves are indications of therapy efficacy, and finng of neurons is a
goal of therapy. In other examples, phosphenes provide a way of determiming whether
mput clectrical therapy is reaching desired target tissue.  In still other examples,
phosphenes mav be used in a threshold setting manner, by delivermg therapy to
generate phosphenes, confirmung that electrical pulses are reaching target tissue in the
retina, for example, in the vicinity of the macula, and then setting one or more factors
of the signal imtensity {amplitude, pulse width, frequency} for therapy at, below, or
above the deternuned phosphene threshold. Furhter examples for performing and using
phosphene thresholds are disclosed in US Patent Application No. 16/589.383, the

disclosure of which is meorporated herein by reference.
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Figure 9 shows another example, highlighting clectrode position around the eve.
The patient 400 is {o receive stimulation on the eve 402, When looking to place the
clectrodes arcund the eye, avoiding the eyebrow 404 may be useful. Thus, here, two
superior electrodes 410, 412 arc shown on the upper evelid, with three mferior
glectrodes at 414, 416, 418, In some cxamples, the superior electrodes 410, 412 may
be provided on a sirip of material, such as an adhesive sirip, and may be connected to
wires separate from one another so cach mayv be separately addressed. The inferior
clectrodes 414, 416, 418 may hkewise be provided on a strip of imsulative or dielectric
material and provided with individual wires to allow separate activation. The five
clectrodes shown may be on separate strips of material as shown at 420, or on a smgle,
C-shaped-piece as shown at 430, or may be provided on a loop as shown at 440,
Separate activation of ong or more pairs of electrodes (o tost impedance between contact
pairs, and/or measuring voltage with other, inactive electrodes, may be used to confirm
adequate electrical contact as part of a therapeuvtic regimen. A return electrode may be
provided as shown above m Figores 3-8,

More or fewer clectrodes may be provided than that shown. In some examples
there may be a single electrode over the eves, or one clectrode for each eye, or more
than one electrode for cach eve. In some examples, a plurality of electrodes on a single
gve may serve different purposes at different times.  For example, a set of several
clectrodes on one eye may be used to deliver ocular modulation therapy by making all
the elecirodes anodes or cathodes at once, such as by linking cach ¢lectrode to a simgle
output, or by linking mdividual elecirodes to separate outputs with each output set as
an anodie or cathodic output. The same set of several electrodes may be used for ocular
modulation therapy, or, alternatively, a test output, by having one electrode serve as
anode or cathode, relative to a far field return electrode, while other electrodes are used
to momior clectrical ficlds 1 order to determine tissue contact charactensties.
Assuming, for example, that ocular modalation therapy s delivered at a duty cycle,
such as by delivering a counstant current output pulse having a duration D, and then
waiting a period of mterpulse tirme, L, before a next ouiput pulse, the interpulse period
may be used to deliver a differont therapy such as a therapy adapted to imduce tears
which would reduce local impedance. Some ilustrative sttonudation therapies for
treatment of dry eve or tired ove, which may add to patient comfort and/or increase tear
production, are diselosed i US Patent 9,687,632, utled STIMULATION PATTERNS
FOR TREATING BRY EYE, the disclosure of which iy incorporated herein by
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reference as iustrating such patterns. Some such patterns for mducing tears may use
a range of, for example. 30 to 150 Hz frequency, and a current in the range of 100
microamps o 10 milliamps, with square, triangular or sinusoidal {or other shaped)
waveform.  This mierpulse stimulation may be delivered usimg selected pairs of the
glectrodes that are located on/arcund the eve, and may omut the vse of the distant return
glectrode, thus focosing the stimulation on the naso-lacrimal region, rather than
dirccting current and clectrical field degper tnto the eve structure 1tself. B may be noted
that such localized stimudation delivery may use a higher current, without mcreasing
apphied power or voltage, as stinudation is delivered between a far more closely spaced
bipole {1-3 om, for example} than when delivering the ocular modulation therapv to a
return electrode that 1s 10 om or more away from the delivery clectrode(s).

In some approaches, a heating or warming apparatus 1s included n the eyepiece.
A resistive or inductive heating element may be used, for example. Localized warming
can improve electrode-~skin interface characteristics by causing the patient to secrcte
sweat, tending o reduce local impedance and would aid in delivering stimulation that
reaches the desived structures at reduced power levels. In addition, localized warming
may loosen or relax the tear ducts and/or Meibonuan glands, thereby encouraging tcars
to flow n the area.

In some examples, localized impedance 18 measured as stinndation is delivered
over time - 80, for example, in a therapy session having a duration (such as 5 minuies
to 1 hour, or more or less), tmpedance may be measured at wtervals such as overy
second, or every 10 seconds, or some other interval as desired.  If tear imducing
clectrical or thermal stimulation, or sweat encouraging thermal effects are applied, as
mpedance drops over time it may be determined that the impedance characteristics
have taproved and the warming or tear-inducing electrical sumulation may be duty-
cycled down or off, to aveid patient discomfort from excessive tears or sweat. For
example, a threshold impedance may be established at the start of stimulation, and a
change of greater than some percentage, such as a reduction by half of the localized
sensed impedance, may trigger turming off or down-cycling elements of the stimulation.
Secondary stimulation such as for glavcoma {which may again focus on thermal or
clectrical treatment to modulate, facilitate, unblock, or ease fluid flow), or for cosmetic
purposes, may be delivered as well, if desired.

One or more inductive elements may be provided to deliver magnetic fields to

the region of the eve as well, again using either inactive electrades, taking advantage of
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the time between ocular modelation therapy pulses, or usimg an inductive element or
the hiie which is not part of the oeular modulation therapy circuitry. Magnetic field
therapy may thus also be provided.

Some examples may omit a separate retum electrode, ifdesired. However, it 1s
gencrally contemplated that ocular modulation therapy will ofien be provided using a
return electrode placed elsewhere on the patient, to ensure that the electrical field s
dirccted mto structures deep tnthe oye, such as to the retina and macula. In an example,
one evepatch or goggle may be used as the active debivery electrode, while the other is
a return clectrodes. For example, if multiple electrodes are provided on each eyepatch,
the clectrodes on the “output” patch may be mdividually and/or separately activated
from one another, while the clectrodes on the other evepaich may be coupled together
in commaon as a farger return electrode. In another example, the “return” eyepatch may
selectively have one or more electrodes that are located near mudhine {that i3, closer (o
the other eye) inactivated to discourage current flow through superficial tissue,

Figure 10 shows another example. Here an evepaich is provided as shown at
500, with a first, fissue contacting portion af 510 and a goggle portion at 320, A
plurality of clectrodes 512, 314, 516, 518 are provided on the tissue contacting portion
510 In some examples, the tissue contacting portion 510 18 a soft or flexible matenal.
In one example, the slectrodes 512, 514, 516, 518 are provided on a flex cirawnt or are
themselves flexible to allow casy movement relative to patient tissue.  In anocther
example, the clectrodes 512, 514, 516, 518 may be in the form of metal beads or
protrusions that extend from the face of the tissue contacting portion S0 to provide
enhanced contact. The tissue contacting portion 510 may be sticky, if desired, to
promote tissue contact and adhesion. o still another example, dry electrodes as
deseribed by Stautter et al., Skin Conformal Polymer Elecirodes for Clinicad ECG and
FEG Recordings, Adv. Healthcare Mater. 2018, 7, 1700994, may be incorporated
mciuding, for example, clectrodes having soft polymers with mesh-metal structures,
conductive fillers, nanotubes, nanowires, or microstructures thereon may be used.

The evepatch 300 may be provided on a headband that holds it under mild
pressure against the fissue surrounding the patignt’s eye. The goggle portion 520 may
carry an optical element or clements as shown at 522, The optical element 522 may be,
for example, a laser diode adapted to issue hght into the cve of the patient for
therapeutic or diagnostic purposes. The optical element 522 may mchide one or several

light emitting clements and a camera, in some cxamples, to allow the eyve to be
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iluminated as an image is captured using the camera. The camera may be used to
capture an image of the patient’s anatomy, such as to capture an image of the retina,
Retmal images may be captured over time to monttor disease and/or therapy impact,
for example, by comparing 1mages to dentify changes over time showing progress or
reversal of disease wmpacts, for example as described in US Patent Application No.
16/589.383, filed October 1, 2019, the disclosure of which is incorporated herein by
refercoce. The goggle portion 520 mav be clear in some examples to allow the patient
to engage n daily activities, such as hght chores, exercise, reading or watching
television during stimulation delivery.

The apparatus is powered by a pulse generator shown at 330 A plurality of
connections $32 are provided to the evepatch 500 1o allow separate addressing of the
various electrodes and other elements of the evepateh, as needed. In some examples,
shown below, the eyepatch may mclude an apertare coupled to a tube that provides
negative pressure inside of the evepatch, as further desceribed below, and at least one of
the connections 532 may be a hollow tbe to allow suction to be apphlied. In some
examples, tissue contacting portion 310 may comprise a balloon, such as a comphant
balloon made of a polymenc matenial {or any other suitable material}, which can be
milated by air, nitrogen, saline or other fhud, as desired, to achieve enbanced tissue
contact. For such an example, at least one of the connections 532 may be adapied for
delivery of the inflation medium. As an alternative, a piezo elected element may be
provided to move the electrode mto a desived countact position.

In one example, the goggle portion 310 may be clectrochromatic. When a
diagnostic test is not needed, the electrochromatic goggle portion can be generally clear,
and when a diagoostic test s needed, the electrochromatic goggle portion can be
transitioned o an opague state to block ambient bight while a diagnostic test, such as
image capture of the retina, 1s performed. To transition the electrochromatic goggle,
an electric or magnetic field ts applied or modified using the pulse generator 530 as s
known 1a the art. The opaguc state may be useful t¢ encourage dilation of the pupil for
retinal image capture. The pulse generator 530 may provide an alert to the user before
darkening the eloctrochromatic goggle portion.

In other examples, the goggle portion 320 may be configared with a sercen,
such as the tvpe used in virtual reality goggles. The scroon may be used in diagnostic
tests. For example, with a camera inchuded, placing a dot on the screen and having the

patient track the dot with his eve may be usehud to determune whether the patient
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appropriately tracks the target as 1t moves or when it 1s static.  For example, with
macular degeneration, the patient may not look directly at the target in order to see i,
as the center of the ficld of vision may not work well for such a patient, thus, such
tracking exercises provide a roeasure of the patient’s disease state.  Other diagnostic
tests may mnclude patient gueries, rather than observations,  Hlustrative fests may
include, for example, a Socllen test, a random E test, a kinetic field test, a Goldmann
test, an Amsler test, a Humphrey test, or other tests for contrast, visual acuity, visual
field, racking, color, brightness, and/or peripheral field.

The overall structure 18 designed such that the tissue contacting portion 510 can
be placed over and around the eyve 540 of a patient, with the goggle portion 520
generally over the central portion of the eve and the pupd 542 i particular. While the
optical element 522 15 shown generally n the conter of the goggle portion 520, it is also
contemplated that a plurality of optical elements may be provided away from the center
of the goggle portion 520, either with or without a centrally located clement For
example, moving the optical clement 522 away from the center of the goggle portion
320 may provide unobstructed vision to the patent dunng a therapy session. In an
example, hight eoutting optical clements may be at the peniphory of the goggle portion
5240, with a camera located centrally. Alternatively, a single light erottting element may
be in the center, while a plurality of camera elements are at the periphery. In ancther
example, a plurality of cameras and light sources are located both centrally and at the
periphery of the goggle portion. In still further examples, light and camera clements
may be placed anywhere n the goggle portion 520,

Figure 11 illustrates various features of a multi-electrode system.  The
clectrodes of a systern are shown relative to an eve, without other structures of the
system shown. Around the peripherv of eve 360 are clectrodes A 362, B 564, U 5696,
and [ 368, with a return electrode 370 located elsewhere on the body. For therapy or
test purposes a current may flow between elecirode A 562 and the return electrode 570
Dhunng such current delivery, the voltage on the return clectrode 570 may dlustratively
be treated as the ground or reference of the civenst, and voltages at electrodes A 562, B
564, C 566, and D 568 can be measared or sampled. The voltage measured at electrode
A 562 can be used to determine the unpedance between electrode A and the rehwrn
clectrode 570, indicative of both the bulk (bodv) wmpedance of the system and the
tissue-clectrode mterfaces at electrode A 362 and retum electrode 570, as well as

impedance of the circuitry and connections linking the current delivery and/or voltage

16



WO 2020/112980 PCT/US2019/063580

o

10

15

measurement circuitry to the electrode A 562 and retum clectrode 370, Meanwhile, the
measurement of voltage at electrodes B 564, € 566 and D 568 provide information as
to the gquality of tissuc-electrode interface for cach respective electrode, as the 1ssuance
of current from electrode A will cause detectable elecirical field {(as indicated by the
broken field lines shown) at cach of the other electrodes in the vicmty of A, For
example, through testing on a given patient or by use of modelling based on a patient
population, a determination as o the expected “normal” sensed field at each of
clectrodes B 364, € 366 and D 568 for a given carrent level at electrode A can be
established, gither generically for any patient or on a patient-specific basis. When the
scnsed fields at electrodes B 564, € 566 and B 568 are within the expected range. ©
may be assumed that tissue-electrode contact is adequate and no faults exast for such
glectrodes.

In some examples, one clectrode near the eve and a return electrode may be
used to deliver the current used during such testing. In other examples, testing of ussue
mterface may be deternuned by duty cveling one electrode off while keeping other
clectrodes active. In other examples, rather than relying on field sensing, the impedance
of cach of the eve electrodes A 562, B 564, € 566 and 13 568 may be divectly measured
using the retum clectrode 570 as ground.  In suill other examples, because the
impedance from, say clectrode A to electrode 570 may be relatively large duoc o the
farge amount of intervening tissue {skin, eve, nerve, brain, bone, etc.), a differential
measurement may be made by deternining sensed impedance for cach of electrodes A
362, B 564, C 566 and [ 568 relative to the return electrode 570 and comparing the
resulis to one another. In stll another example, a system may be adapted to confirm
good tissue contact at the ove electrodes a 562, B 364, { 566 and D 368 using local
testing, such as measuring the impedance from A 562 to B 564, then A 562 10 € 566,
gic. through all or a selected subset of all such combinations (A/B, A/C, A/D, B/C, B/D,

>/ to allow a systen to inform the user as to where the problem hies ifhigh impedance
1 detected — that is, whether the issue 1s at the ove clectrodes A 562, B 564, C 566 and
D 568, or with the return clectrode 370, Thus, in a method, impedance during ocular
modulation therapy may be monitored and, if out of bounds, the svstem may tost the
eye electrodes A 562, B 564, C 566 and D 56¥, 1o the exclusion of retam electrode 570,
in order to mstruct the user on whether the high impedance is because of one or more
gyve clectrodes being in poor contact with the skin, versus whether the return electrode

has poor contact or positioning.
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Figure 12A shows another example. Here, an eyepatch is provided as shown at
500 with a tissue contacting portion 510 having electrodes 612, 614 and contact portion
510, and a goggle portion at 6240 having a window 624 and optical clement 622, The
window 624 may be clear, opaque, colored, or electrochromatic and the optical element
622 may include a camera and/or light emitting element, and plural such optical
clements 622 at central, peripheral or other locations may be provided. The tissue
urterface 610 i this example mav be provided with an inflatable member, as shown m
the side section views at 12B and 12C, in which the tissue contacting portion 610 holds
the mflatable element 616 which can be inflated as shown in Figure 12C to enhance
tissue comtact. Such inflation may be used to create a seal, or to press the electrodes
512, 614 more fiomly agammst the skin. Use of a comphiant balloon {such as using a
polyurethane or silicone matenial} may allow more complete tissue contact to be made
than with a non-compliant (made using for exampie nylon or polvesther) or foam
structure.  In other examples, a gel type structure, such as a polymeric gel contained
within a polvineric skin, may be used.

Figures 13A-13B show another example. Here, an evepaich 1s provided as
shown at 650 with a tissuc contacting portion 660 and a goggle portion at 670, The
tissue contacting portion 660 mncludes electrodes 662, 664, As shown in the side view
of Figure 138, the clectrodes 662, 664 may conform to the outer surface of the tissue
contacting portion 660, such as by having a thin film electrode placed on the surface
thercof. For example, the tissue contacting portion may be a two picce clement, baving
a conductive saline therein that passes electrical current to the film electrodes on the
surface of an en¢losing membrane. Thus cach plece, upper and lower, separately
clectrically links to the clectrodes 662 and 664,

Further as shown i Figure 13B, the goggle portion may contain clements drawn
from virtual reality-tvpe goggles, with a view screen 672 and one or more camern
clement(s} 674 ¥ desired the view screen 672 may be used for entertainment purposes
during stimwlation delivery. The systerms may further comprise ear buds, speakers, or
headphones again for entertainment purposes. A more medically usefild reason for the
view screen 672 may be to enable functional vision testing before, duning, and/or after
therapy defivery. For example, visual acuity testing may be provided by tHustrating,
for example, letiers or shapes. In another example, eve-tracking tests may be performed
by having the patient look at a dot on the screen 672 and using the camera element{s}

674 to cbserve how well the patient tracks to the dot as the dot s moved around on the

"
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screen 672, (ther functional vision tests may be performed. The rest of the goggle
portion 674 mayv be opague for purposes of faciitating such testing by blocking ambieont
tight, or may be clectrochromatic for the sarne purpose, if desired. Barbuds, beadphones
or speakers may also be used to dehiver instructions or warnings to the patient during
strradation.

Figures 14 and 15 show additional examples, focusing here on tissue contact
near the eve. o Figure 14, the patient is shown with eve 700, beneath a lower lid 702
and upper Hd 704, An eyepatch 710 rests on the patient’s face, with a lower contact
712 on the cheekbone 708 and the upper contact 714 on the patient’s forchead, basically
at the evebrow. The contact positions here are somewhat more distant from the eye,
vielding less optimal electrical contact and positioming, as the field is not being apphied
as close to the eve 700 as possible, however, a benefit here may be comfort in that the
patient’s gvelids 702, 704 are not contacted, which may be uncomfortable to the patient
or may restrict vision significantly. For this example, the tissue contact interface may
comprise a replaceable mterface pad 702, which may incorporate adhesive therein.
Electrodes (not shown} may pass throagh openings 722 of the pad 702, When the
adhesive wears out, the pad may be replaced. o this example, the goggle is shown
without any camera or optical elements thereon, which s one of several options, though
in other embodiments the various camera, light emitters, and sereens noted above may
be ncluded.

Figure 15 shows a different contact approach. Here, the paticnt’s eve is shown
at 730 with lower hid 732 and upper bd 734, The cvepatch 740 has a lower contact
portion 742 that rests on the lower evelid 732, and an upper contact portion 744 that
again rests against the forchead 736, An advantage here s that the lower contact 742
18 now closer 1o the eve nsclf, which may enhance the electrical performance. In the
gxample, the approach may be to allow pressure aganst the forchead 736 while using
only a light pressure or adhesive contact agamst the lower evelid 732,

Figure 16 shows another example. Here, the goggle or oyvepiese 770 is placed
over the eve 760, A lower contact portion 772 rests agamst the lower evelid 762, while
an upper contact portion 774 rests against the upper evelid. For placement on the eye
the patient may be insiructed o open, or to close, her eyehids as the evepiece 770 i
placed.

Figure 17 shows another contact approach using clectrodes on the lower eyvelid

for delivery of ocular modudation therapy. In this example the evepatch 800 includes a
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forchead contacting portion 302, a lens, 804, and a lower evelid contacting portion 310
having an mert portion 812 and three separately addrossable electrodes A 814, B, 816,
and C 818, Inthis example, the portions of the apparatus that contact the patient’s face
are hnuted to above and below the eve, without attempting to obtain contact at medial
and lateral portions of the eye, which may simphfy the contact achieved and allow for
a single design, or a relatively limited range of designs and sizes {such as 3-5 shapes
with 3-3 sizes cach, for example), to be used with a vanety of patients having difforent
size and shape faces and eves. In another example, an image of the patient’s face may
be captured using a camera, and a structure for the tissue mterface may be mamufactured
specific to the patient using, for example, additive or “31” printing techunigues.

One simplification 1 Figure 17 15 that the forchead contacting portion 802 doces
not need to have stimulos debivery electrodes therein or thereon. If desired, sensing
clectrodes, maguetic field goneration components, mechanical transducers or the like
may be mchuded in the forchead contacting portion 802, The approach therefore
straplifics the design for this part of the system. A fold-down mechamsm may be used,
such as a spring, as shown below i Figures 18A-18B, with a system as in Figure 17,
if a spring mechanism is used, the inert region 812 need not be sticky, as prossure will
already be applied to attain good skin/electrode contact. The use of three electrodes on
portion 810 15 illustrative; as few as a single ¢lectrode or more than three electrodes
may be used if desired.

In this example, the forchead contacting portion 802 may onut stuuulation
electrodes simce such electrodes may be in a less than optimal position for therapy
delivery. However, sensing electrodes, such as small needie electrodes or small button
clectrodes may be used. Soch electrodes could be used if desired to sense pationt
charactenstics, such as by electrically momitoring eye movements during therapy or
during a visual functional test, or to monitor for neural signals mdicating the socurrence
of phosphenes during therapy delivery, using methods known in the ant. For exanple,
various authors bave described testing m rats in which the occurrence of phosphenes s
identificd by sensing clectncal signals. In some examples, smaller cutaneous
clectrodes, such as having a surface area of a few square millimeters, and which may
take the form of dry clectrodes and/or capacitive electrodes, may be useful because the
smaller area tonds to taprove sigoal to noise tatio.

Figures 18A-18B show another example for holding an evepatch on/over the

patient’s eye. In this example, an eveglasses-type frame 830 is used, with a front
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portion comprising a spring 832, The spring 832 may be similar to that used for flip-
down sunglasses, having first and second resting posttions to preferentially be down as
n Figure 18A, or up as in Figure 18B. The front portion of the device may rest on the
nose of the patient, as with regular glasses and/or i yoay rest against the forchead of the
patient. The position of the forehead contacting portion 834 may be fixed or, as shown
inn Figure I8A-18B, may pivot with the rest of the eyepatch. In this example, by
adpusting the nose rost of the frame 830 or the forchead contacting portion 834, the
lower portion 836 will reliably come into contact with the desired location below the
eye, whether on the lower evelid, or inferior thereto, A return electrode may be placed
clsewhere on the paticnt using any of the designs or positions shown or described above.
In an altermative example, the eyeglasses frame 830 may be replaced with a headband,
with the spring 832 used o raise or lower the evepatch.

In use, the patient would don the eveglasses or headband and get the forehead
contacting poriion into its destred posttion before flipping down the evepateh and lower
electrode mio stimulation delivery position.  The patient may then get everything
sttuated for a therapy seassion before fhpping down the eyepateh, potentially simphifying
the process of starting a therapy session. In some examples the act of flipping down
the eyvepaich mayv actuate a switch to turn on stimulation, or, m the aliernative, the
patient may enable the system for stimulation using a swiich, a voice command, or 4
touchscreen, for example. In an example, when the stimnilation clectrodes are placed
uito contact with the patierd’s skin, the sensed impedance or clectrical ficld would
change in a detectable and predictable manuner, and when such a change in impedance
or ficld is detected, stimuelation may begin.

Figures 19 and 20A-208 show illustrative examples of asymmetric oyepaiches
configured fo enhance contact. Referring o Figure 19, the evepaich 900 comprises an
wpper contact portion 902, a goggle portion 904, and a lower contact portion 906 having
electrode 906, the upper contact portion 902 may be adapted for placement on the
forchead or, 1 the alternative, on the upper evelid or over the upper formix of the eyvelid.
Here, the depth from the front of the goggle portion 904 to the forchead contacting
portion 902 18 leas than the depth to the lower portion 906, which is adapted to contact
the lower evelid or the cheek of the patient. In this example, the electrode 908 is not
flush with the surface of the lower portion 906, so that the electrode projects outward
to ensure contact with the skin of the patient. In the example, as in any of the other

examples herein, any suitable electrode material may be used, mcluding for example,
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platinem, bianiom, gold, stamless steel allovs, tin, silver, silver chloride, ahominum and
copper. A coating, such as an oxide layer, may be provided on vartous such electrodes.

Figures 20A-208 shows another exaraple. Here the evepatch 920 comprises an
upper contact portion 922, a gogele portion 924, and a lower contact portion 926 having
an electrode 928 and a removeable adhesive element 930, The adhesive clement may
use a sticky adhesive to provide both adhesion to the patient’s skin as well as enhanced
conductive contact between the electrode 928 and the patient’s skin. o an alicmative
example, shown Figure 20B, the adhesive element 930 may include a plurality of
sections that create clectrical isolation between different electrodes over which the
clement 930 s placed, as by having alternating conductive portions 932 and adbesive,
non~-conductive poruons 934, The adhesive element 930 may be double sided to adhere
on one side (o the evepatch 920 and on the other side to the padent’s skin, Ag the
adhesive wears out over time, the adhesive clement 930 can be replaced, without
requiring replacenment of the evepatch 920 dself

Figures 20C-20D iHlustrate another example in which an eye-mask is used rather
than goggles. In Figure 20C, the ove mask 940 has a conductive region 942 {which
mav be continuous as shown, or which may be similar to that of Figure 208 having
sections of conductive and non-conductive matenial), a nose brdge 944, a side band
046, and a cut siit 948, For this example, wires to and from cloment 942 may be
provided 1 a flex circott that forms the matn body of the mask 940; altematively, as in
Figure 208, the eye mask 940 may have conductive portions on both sides thereof, so
it can be used with a separate eyvepiece carrving stimulus electrodes that couple 1o the
conductive region 942, 1f desired, the nose bridge 944 may be an adjustable member
having a vanable length to adapt to various patient anatomics. The eye mask 940 may
come i a range of sizes to suit diffrent patient anatonues.

In some examples, the eve mask s applied to a set of goggles and then apphed
onto the patient. In other examples, the eyemask 940 may carry its own conduoctors, as
already noted. o still other examples, the evemask 940 may be applied to the patients
face first, with an eyepatch as in Figure 20A, or other designs shown above and below,
apphied over top. For application to the patient, as shown in Figure 20D, the cut shit
948 1s used to open up and fold back tabs over the patient’s eyes, alfowing the patient
to see owt while wearing the mask. fn an exaraple, the mask 940 is applied fust, to
allow the patient o get evervthing siteated before dealing with the wires and puldse

generator of the rest of the system. The skin-facing stde of the mask shown in Figure
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20C may have adhesive and/or hydrogel over much of its area except in the portions
surrounding the cut slit 948, The cutward facing side of the eyemask 940 shown in
Figure 20D may have adhesive over all or some of its area, for exampic 1o bold the
folded-back portions over the eve.

It should be understood that various of the examples shown herein provide
dlustrations of a single evepatch. A single eyepatch may be used alone, or may be
paired with a second patch of simular construction n any of these examples. For
example, if only one evepateh is provided, the patient may be instructed to use the patch
on one eye first and then on the other eve. If a patient has a discase afflictiog only ong
eve, the patiend may treat only the affhicted eve.

In any of the examples shown herein, any suntable adhesive may be used, such
as adhesive products used on transcutaneous electrical nerve stimulation {TENS) umt
pads, or adhesives kaown for use on cutancous ECG electrodes, for example. fn some
examples, a hvdrogel may be used. 1o some examples, the electrode matenials may be
water vapor impermeable to provent evaporation of sweat from the patient, thereby
adding to the conductivity at the electrods and reducing transcutaneous impedance. The
clectrode itself may be of anv conductive matenal, whether skin contacting or not,
though prefersbly materials that are non-allergenic {(1.¢, omitting mickel, in some
examples, though nickel may be included in other examples by providing a patient
warning and making available both nickel and non-nickel containing clectrodes). To
preserve adhesive properties the patient may be nstructed to wipe skin contact arcas
prior {0 a therapy session o remove dint, cosmetics and od, for example. In some
examples, because an external foree is applied using a goggle, headband, or frame, the
clectrodes may pot inchude an adhesive laver, instead being applied dry, or being
apphed with a conductive gel, such as a suitable hydrogel, thereon.

Figures 21 A-21C show another example. Here, the patient 1s shown wearing a
pulse generator 950 on the peck, with a glasses-type frame 952 holding an eyepatch
954 m position, with a wire connector 936 between the pulse gencrator 950 and the
frame 932, In this exanple, the pulse generator may comprise an clongated, curved
housing generally in the shape of a “U”. This may be referred to as a U-shaped pulse
generator, but it should be understood that the shape is in reference to the housing and
not any particular feature of the electronics {such as a circuit board shape). The puise
generator 950 may contain operational circwitry as descnibed elscwhere herein, such as

that 1 Figure 23, below.
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The patient can wear the housing on the neck, similar to the LG-branded line of
Tone headphones which have a housing adapted to be worn on the neck. The pulse
generator may contain circuitry as described elsewhere herem, wncluding primary coll
or rechargeable battery technology. Electronic components may be distributed in any
suttable manner. In one example, which 1s not intended to be hmiting, one “end” ofthe
U-shape contains a power source, such as a battery, and associated recharging cireutiry
for a rechargeable battery, and/or an associated port structure to allow removal of a
non-rechargeable battery, and the other end of the U-shape contains control and cutput
circaitry as well as a structure for receiving a plug in from an associated wearable
clectrode apparatus, or a retractable clectrode, or a retractable cord to attach to an
associated wearable eloctrode apparatus, with clecinical connectors and flexable
structural components running therebetween (o form the central portion of the U-shape.
Other arrangements are contemplated.

The wire connector 956 may be detachable from the frame 952 and retractable
mto the pulse generator 950, In an example, the pulse geverator housing may include
a return clectrode as shown in Figure 21B at 964, A plog receptacie, which may be
multi-pronged, 1s shown at 962 of Figure 218, The plug recoptacie may by coupled to
a charger for recharging a battery, and/or may be for coupling to a programaming device,
such as a smartphone, tablet or laptop computer, usable to set parameters for therapy,
for example. The plug receptacle may use a special purpose design, oF may 1InCorporate
a general purpose or universal design, such as a USB-type port (muni-USB, for
example), or any other commercially available port type. W desired, headphones or car
buds 966 may be provided as well; Blustooth functionality may be provided io allow
the patient to use the car buds 966 and a microphone (not shown} for making phone
calls during therapy. Rather than ear buds 966, clectrodes for application to the
patient’s skin, such as on the evelid, may be provided at cach end: for example,
clectrodes may be provided onto which an adhesive shell/patch may be applied for use,
where the adhesive patch or shell is adapied to be a single use ttom that is placed onthe
electrode before use and then holds the electrode in position adjacent patient skin,
directly or via gel mterface, for therapy purposes. Such electrodes, much like the car
buds 966, would be extensible from and retractable into the U-shaped housing 950, A
-ocharging port is shown at 960 to aliow the pulse generator to be charged for exanple

using an adaptor, a2 USB port, or any other suitable connector.
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The housing for the pulse gencrator 950 may include one or more metal contact
surfaces on an inner portion thercof, which may serve as a retum electrode for
stimnulation delivery. For example, Figure 21C shows a pulse generator 980 having a
plurality of protruding electrodes 986 around at least a portion of its mtenor surface,
such that ong or more of the protruding electrodes will be in contact with patient skin
during stimulus delivery. In some examples, the pulse gencraior 930 may be highly
fiexible and/or tattored or shapeable to counform, at least partly, to the patient’s neck.
In other examples palse generator 930 may be less flexable and instead may have plural
return electrodes on the mner facing portion thereof usable as return electrodes, with
the understanding that least one of the roturm ¢lectrodes would be 1n contact with the
patient’s skin at any given tme.  The retum electrode 986 mav be covered by,
surrounded by, adjacent to, or otherwise associated with a skin adhesive patch to aid in
securing to the skin, and/or a gel pateh to enhance electrical coupling properties {such
as reducing impedance).

The example of Figure 21C omits the car buds and instead shows connecting
wires 982 and/or 984 that may be used for coupling to an eve patch or set of goggles.
Rather than connecting wires, poris may be provided into which couplers associated
with an eve patch or set of goggles as disclosed herein can couple. In the example of
Figure 21C, the pulse generator may contain an inductive element 988 that can be used
for wirclessly recharging the pulse gencrator using an inductive charging apparatus. As
ancther alicrmative, the pulse generator may imchude a replaceable battery with a lid or
cap thereon allowing the battery, such as a standard AAA battery, or several standard
hearing aid batteries (or other size or quantity} to be stored during use and replaced
when spent. In another altemative, the U-shaped pulse generator may be provided in
association with a sleeve carrying an elastic member that connects the two ends of the
U-shaped puolse generator to form an encirgling structure that the user can wear about
the neck, or the pulse generator may include a strap or clasp that closes the open end of
the U when worn, A still further altornative may cocompass all the details of the U-
shaped or neck worn pulse gencrator described herein m a fully encircling pulse
generator housing which can be wom about the neck of the patient as a collar or
necklace. The U-shape form may be easier for the user to remove and don, particulardy
for the user of hinuted visual capability. A fully encircling pulse gencrator may, on the

other hand, stay in place so that the user does not have to find it again onee removed.
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A neck-worn pulse generator as in any of Figures 21A-21C may be permanently
wired to signal delivery clectrodes for ismung therapy 10 a patient’s oye or eyes, of may
have, as noted, one or more ports for receiving clectrical connectors {such as couplers
or plugs) that clectrically connect to such signal debivery electrodes.  The signal
debvery electrodes, which can be permanently or removably coupled to the neck-wom
puise generator, may be provided on or held in place by a frame or headband and/or
other structures disclosed herein, or on an ovepiece, goggles, or other structure
{inchuding nasal electrodes, wet electrodes, and/or conjunctiva electrodes) as disclosed
i any of US Provisional Patent Applications No. 62/832,134, filed Aprd 10, 2019,
titled SYSTEMS AND INTERFACES FOR OCULAR THERAPY, No. 62/861,658,
filed June 14, 2019 and titled WHARABLE MEDICAL DEVICE, No. 62/867 421, filed
Joane 27, 2019, titled SYSTEMS AND INTERFACES FOR OCULAR THERAPY, No.
62/873,450, filed July 12, 2019 and utled OCULAR THERAPY MODES AND
SYSTEMS, No. 62/884 890, filed August 9, 2019 and titled WEARABLE MEDICAL
DEVICE, and US Patent Application Serial No. 16/589 383, filed October 1, 2019, the
disclosures of each of which are imcorporated hergin by reference.

in a method of treating a paticut having an e¢ve discase, the method may
comprise a paticot donning a neck-wom pulse generator 950 containing operational
circuitry inciuding outpat circuitry configured to generate cuiput electrical pulses and
a paticnt donning a phirality of stimelus defivery electrodes electrically coupled to the
pulse gencrator and adapted, when wom by a patient, to deliver stimulus generated
using the output crreuitry to at least one eve of the pauent. The patient may do so by
applyving any of the cloctrode assemblies or types as described m the immediately
preceding paragraph, including those of the mncorporated patent applications. Next, the
method can continue with the patient activating the pulse generator to dehiver a stimulus
to the eve of the patient, and the pulse generator 1ssoing stimulus o the eve. The
stimulos may be automatically delivered, or, imstead, i response to the patient
activation, the puisc geonerator may test impedance between one or more paws of
stimulus delivery electrodes to confirm appropriate contact with patient tissue and, n
response to confirmung appropriate contact with patient tissue, the pulse generator
issues the stiondus to the eve, using for example, methods of testing mmpedance and
tissue contact discussed herein and/or in US Patent Application 16/589 383, As noted,
the pulse generator 950 may comprise at least one return electrode thereon for usc as a

return or indifferent clectrode when output electrical pulses are generated, soch that the
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step of the pulse gencrator ssuing stinndus to the eve may, for at least some stimulus
delivery, use the at least one clectrode on the pulse generator as a retwrn or mdifferont
ciectrode. In addition, in the use example, the pulse generator 18 U-shaped, and the
pulse generator comprises at least one retractable wire carrving at least one of the
stimadus debvery electrodes thereon, such that the step of the patient donning the
stimulos delivery electrodes comprises extending the retractable wire from the pulse
sencrator. Such use steps {except for the U-shape clement} mav be applicable as well
o the other forms for pulse generators described herein, inclading those carried on
headbands and frames or camied elsewhere on the body.

Figure 22 shows an overall system and network for providing ocular modulation
therapy. A pulse generator 1000 15 connected to a retum electrode 1002 and evepatches
1004, 1006, The pulse gencrator 1000 includes communication circuitry, such as an
antenna and driver circurtry therefore which adapted for WiFi, MedRadio, WLAN,
Bluctooth, cellular, or other conumunications modality.

In some examples, a patient communicator 1010 may be provided for
communicating with the pulse generator 1000, In some oxamples, the patient
commuucator 1910 may be a dedicated device specifically designed for use with pulse
generator 1000 by a manufacturer, similar, for example, to the Carelink remote
moniforing systems offered by Mediromic. In other examples, the patient commumcator
1019 takes the form of a multipurpose smartphone, tablet, or laptop computer that is
the patient’s own device, or which may be provided to a patient, having an application
or executable prograr to allow control of the pulse generator 1000 and which retrieves
stimulation and diagnostic information from the pulse generator 1000, The patient
communicator 1010 may therefore mcinde suiable commumication  circuitry
corresponding to that of the pulse generator 1000 to facilitate coramunication such as
by Wik, MedRadio, WLAN, Bluctooth, cellular, or other communications modality.
The communication may be mediated by a network or tower, or may be direct.

The patient conmumumnicator 1010 may nclude cellular or other communications
technology to allow information to be uploaded for example to a cloud server 1020 or
directly to a physician counterpart device 1030, The physician deviee 1030 may be, for
example, a dedicated product or 2 muliipurpose smartphone, tablet, or laptop computer
that mcludes an application or executable program to allow a user to access mformation
from the pulse generator 1000 and/or patient commumicator 1010 to analvze patient

status, stiogdation history or usage, and/or whether the system is 1 working condition
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and/or 1s being properly used. The physician device 1030 may pull nformation from
the cloud server 1020 or directly from the patient communicator 1010 for such
PUEPOSES.

In some examples, the patient commumicator 1010 may be omnitted, and the
pulse generator 1000 can be remotely programmed by the physician device 1030, In
some such examples, and as also disclosed above, the pulse generator 1000 may be
adapted to awtomatically turn on and deliver stimulus when the paticnt (s wearing one
or more of the evepatches 1004, 1006 and retum electrode 1002, In other examples,
the paticnt communicator 1010 may be used to allow the patient to ture stimelus on or
off, or to allow the patient to enter information (such as by answering queries from the
physician or awtomatically generated queries) that the physician may find useful.

Vanous additional details for the design and use of a system and components
thereof as shown in Figure 22 may be found i US Patent Application Serial No.
16/589,383, filed October 1, 2019, the disclosure of which is incorporated herein by
reference.

Figure 23 shows an illostrative pulse generator at 1100, The pulse generator
1100 includes a number of outputs, which may include electrical stvanlus outputs 1110
and, optionally one or more non-stimulus wputs or outputs 1112, 114 The stimulus
outputs 1110 are illustratively shown as imehuding four separate channels: more or fewer
channels may be provided. In anillustrative example, a system ncludes output cirouitry
for debivering elecirical stinuli to the eve of a patient. The output circuttry may include
one or more ouiput channels, operable independently to provide greater control over
current cuiput than 15 possible with a single output channel. By controlling output
across more channels, the resultant ficld can be controlled in 2 manner that allows the
physician to talor therapy to the parficular patient’s anatomy. For examiple, shaping
the developed field to ensure coverage of the therapeutic target can be better facilitated
with a plurality of output channels. 2, 3, 4 or more channels for output currents may be
provided. Other examples may have a single channel output.

Therapy parameters directed to ocular therapy, including for example therapy
parameters that may be used in debivering therapy to the retina and/or macula are also
disclosed in US Patent Apphcation No. 16/5389 383, the disclosure of which i
mcorporated herein by reference. In some examples, an output of less than one volt, or
less than one mulliamp of controlled current, may be provided, with a pulse rate m the

range of .03 Hertz up to as much as 20,000 Hertz, or 6.1 Hertz ap to 1,000 Hertz. In
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some examples, the pulse raie may be up to 300 Hz, or in the range of 10 1o 30 Hz.
Outputs may be in the range of 100 nanoamps, or 100 nanowatts, or 100 nanovolts, or
fower, if desired, up to the range of nucroamps, microwatis, or microvolts, or up to the
range of nulllamps, sulbwatts, or millivolts, or lugher. In some examples, the
mpedance encountered may call for voltage or power to exceed 1 volt and/or 1 watt,
though current in many cases will remain well below 1 amp. In an example, the
maxinm current may be 10 mibiamps. In some examples, voltage may be as hugh as
I volt, or as high as 50 volts. The doty cyele of any therapy output may be controlled
as well, for example, between 109 to 100% duty cycle may be use. Pulse widths of as
short as a foew nanoseconds, for example as short as 10 nanoscconds, up to 1 sccond, or
more or less, may be used; in some examples, the pulse width 18 defined m a
microsecond range, for example, between 10 and 100 microseconds. In other examples,
a miifisecond level pulse width may be used, such as between 1 and 100 midliseconds,
for example, 10 milliseconds, delivered at 10 to 30 Hz. In somc examples, a square
wave or sinusoidal wave, or other waveshape, s delivered at a repetition rate. In other
examples, a burst pattern s used by delivering a first, higher frequency sigoal (such as
a 10 kilohertz square wave} in an envelope defined by a second, lower frequency signal
{such as a signal of less than 1 kilohertz, or 1 the range of 0.3 10 300 Hertz).

The non-electrical-stimohus inputs or ocutputs 1112, 1114 may deliver clectrical,
optical, or mechanical energy for therapy or diagnostic purposes. For example, output
1112 may dehiver clecirical signals that doive a laser diode used for dluminating or
stimulating the patient’s eve, while mput 1114 may receive electnical signals from a
camera that captares images of the retina or other eye structures while the laser diode
illonunates a target anatonical structure. Temperature may be monitored via one of
112, 1114 1o another example. Inputs/outputs 1112, 1114 may be omitted in some
gxamples, while i other examples, more than two such mputs/outputs 1112, 1114 may
be provided. Mechanical {t.e. vibrational, such as ultrasound} energy may be
transautted from a transducer i the pulse generator 1100, or an clectrical signal o drive
such a transducer that 1s located on an evepicce may be provided in some examples. In
some examples, rather than ssuing clectrical therapy on some signal lines and not
others, all the outputs may be adapted for non-clectrical therapy purposes, and nstead
drive transducers for generating macchanical, magnetic, or optical stimaius, if desired.

Filtering or DC blocking circuitry may be provide as mdicated at 1116 for each

ofthe inputs/ouvtputs, as desired and sutable. Inthe example shown, the pulse generator
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1180 may include a sensing circnit 1120, which may include swtable filicring,
amplification and {optionally} analog to digital conversion circuttry to allow signals to
be sensed such as to facilitaic measunng voltages during stivmalus delivery i order to
measure elecirode impedance of active electrodes or to capture electnical fields from
mactive electrodes, as described above. A stimulus outpot circint 1122 18 also shown,
and may inclede appropriate driving circuitry such as digitel to analog conversion
circutiry, amplificrs, and the like, as are known n the art for generating voltage or

current controlled stimudus. In an example, stimulation may be delivered by charging
a capacitor to a desired voltage level and then discharging it In another exaruple, one
or more current mirrors are used, with one circwit path providing a control signal while
other circuit paths match the control signal to generate a current controlled output.
Other driving circuatry known in the art may be used i addition or imgtead.

The iflustrative pulse geoerator 1100 may inchude, if desired, a microcontrolier
1130, Altematively, a statc machine, microprocessor, field prograramable gate array,
or application specific mtegrated circuit may be used 1o conirol the overall operation of
the system. Additional blocks 1132, 1134, 1136 may comprise, for example, a power
sOuUrCE, POwWer management, communication, user werface, and/or memory circuitry.
A power source may take the form of a rechargeable or non-rechargeable battery, or a
supercapacitor, or any other suitable power supply. Power management may comprise
up-converting or dowan-converiing ¢ircuits adapted to take the output of the power
supply and provide suitably controlled voltage or current for use by the rest of the
system; for example, power management may comprise a capacitor and inductor, or a
switched capaciior network, to provide a compliance voltage that s ligher than the
battery voltage for use by a constant current oufput circuit. A compmuucation circuit
may comprise an antenna, or be coupled to an anterna, and melude driver errautry for
Wik, MedRadio, WLAN, Bhuetooth, ¢eliular, or other commanications modality. For
puise generators that are adapted to plug into a system controller, such as a computer
{laptop, deskiop or table} or smartphone, the communication circuit may include
clempents for passing power through 1o the power source (if rechargeable} as well as
ciraubry o receive wired communications through such a plug-in interface (.o, 2 USB
port of any type, such as Mini-USE, USB-A, ete. or other standard or non-standard
and/or proprictary wired connection). A user interface mayv include one or more
buttons, switches, a screen, a touchscreen, a speaker or mucrophone, a buzzer, LED

fights or the like, a kevboard, or any other suitable input or output device 1o enable a
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patient {0 receive instructions or mformation about deviee operation and/or to control
the deviee. Memory cirenity may inciude, for example, flash momory, read only
memory ot any suitable circust that can store information for retrieval, such as a non-
transitory medium for storing mstruction sets for exccution by the mucrocontrolier
1130, as well as to store diagnostic mformation, such as measured impedances, and
stimudation history.

Adduional details regarding power storage, mcluding battery types, size, such
as volume or mags, as well as examples of potential power demand of an Hustrative
svstem described, without limiting the present mvention to such desigus, as well as
further evepiece and clectrode designs, m US Provisional Patent Application No.
62/832.134, filed Apnl 10, 2019, utled SYSTEMS AND INTERFACES FOR
OCULAR THERAPY, the disclosure of which is incorporated herein by reference.
St further examples for mterfacing with tissue near the eve, as well as pulse generator
designs, power concepis and circuitry, are described in US Provisional Patent
Apphication No. 62/867421, filed Jume 27, 2019, tted SYSTEMS AND
INTERFACES FOR OCULAR THERAPY, and 62/873,450, filed July 12, 2019 and
titled OCULAR THERAPY MODES AND SYSTEMS, the disclosures of which are
meorporated herein by reference.

Each of these non-limiting examples can stand on its own, or can be combined
in various permutations or combinations with one or more of the other examples. The
above detatled description includes references o the accompanying drawings, which
form a part of the detailed descrption. The drawings show, by way of iHhustration,
specific embodiments in which the tnvention can be practiced. These embodiments are
alse referred to herein as “examples.” Such examples can include eloments in addition
to those shown or described. However, the present inventors also contemplate
examples in which only those elements shown or described are provided. Moreover,
the present inventors also contemplate examples using any combination or permutation
of those clements shown or descnbed {(or one or more aspects thereof), either with
respect to a particnlar example {or one or more aspects thereot), or with respect to other
examples (or one or more aspeets thereof) shown or described herein.

in the event of inconsistent usages between this document and any documents
s incorporated by reference, the usage m this docuwent controls. In this document, the
terms a7 or “an” are used, as i common in patent documents, (o mclode one or more

than one, mdependent of any other instances or usages of “at least one” or “one or
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more.” Moreover, in the following claims, the terms “first,” “second,” and “third,” ¢tc.
are used merely as labels, and are not mtended to impose nomerical requirements on
their objects.

Method examples deseribed herein can be machine or computer-implemented
at least in part. Some examples can include a computer-readable medium or machine-
readable medium encoded with mstructions operable to configure an electronic device
o perforo methods as described 1o the above examples. An implementation of such
metheds can include code, such as microcode, assembly language code, a higher-level
language code, or the like. Such code can melude computer readable mstructions for
performing various methods.  The code may form portions of computer program
products. Further, in an example, the code can be tangibly stored on one or more
volatide, non-transitory, or non-volatile tangible computer-readable media, such as
during execution or at other times. Examples of these tangible computer-readable
media can include, bit are not limited to, bard disks, removable magnetic or optical
disks, magnetic cassetios, memory cards or sticks, random access memonies {RAMas),
read only memories {ROMsS), and the hke.

The above description 15 intended to be illustrative, and vot restrictive. For
example, the above-described examples {or one or more aspects thereof) may be used
in combination with each other. Other embodiments can be used, such as by one of
ordinary skill in the art upon reviewing the above description. The Abstract is provided
to comply with 37 CF.R. §1.72(b), to allow the reader to quickly ascertain the nature
of the technical disclosure. 1t is submitied with the understanding that 1t will not be
psed to interpret or limit the scope or meaning of the claims. Also, inthe above Betaled
Description, various features may be grouped together to streamiine the disclosure.
This should not be micrpreted as idending that an wnclaimed disclosed featwre 18
gssential to any claim. Rather, inventive subject matter may e in less than all features
of a particular disclosed embodiment. Thos, the following claims are hereby
wmeorporated indo the Petatled Description as examples or emboduments, with cach
claim standing on its own as a separate embodiment, and i 15 contemplated that such
embodiments can be combined with cach other i vanoas combmations or
perruutations. The scope of the wvention should be determined with reference to the
appended clauus, along with the full scope of equivalents to which such claims are

entitled.
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What is claimed is:

I A gystem for delivering stimulus to a patient comprising:

a pulse generator having a U-shaped housiog adapted and configured to be worn
on the neck of a patient, having therem operational eircuitry melading at least output
circuitry configured to generate output electrical pulses;

a plurality of stimulus delivery electrodes electrically coupled to the pulse
gencrator and adapted, when wom by a paticnt, to dehiver stimwhus generated using the
output circuiiry 1o at least one ove of the patient.

2. The system of claim | further comprising at least one roturm electrode
adapted for use as a retum or inditferent electrode when output electrical pulses are

gencrated.

3. The svstem of claim 2 wherein the at least one retum electrode s

disposed on the U-shaped housing,.

4. The system of any of claims 1-3 wherem the stimmalus delivery electrodes

are disposed on wires retractable imto and extensible from the U-shaped housmg,

5. The systerm of any of claims -3 wherein the stiroulus delivery electrodes

arc disposed on a frame that is wearable by the user on the user’s head.

5. The system of any of claims 1-3 wherein the stinmudus delivery electrodes

arc disposed oun a headband that is wearable by the user on the users head.

7. The system of any of claims 1-3 wherein the stimualus debvery electrodes

are disposed on a gogele adapted to it over and about the eye of a user.

h The system of any of clamms -3 or 5-7 wherein the pulse generator
mehedes one or more ports for receiving a coupler that electrically couples to the

stimolus delivery electrodes, allowing disconnection and reconnection thercof.

9. The system of any of clamms 1-8 wherein the pulse generator operational

circuitry comprises a microcontroller associated with a memory having thereon
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matructions for generating therapeutic ouiputs, the muicrocontroller configured to

control the output circuitry, and a power supply in the form of a replaceable battery,

10, The system of any of claims 1-8 wheremn the pulse generator operational
circuitry comprises a microcontroller associated with a memory having thereon
mstractions for generating therapeutic outputs, the microcontroller configured to

control the output circuitry, and a power supply in the form of a rechargeable battery.

11, A patient mterface apparatus for delivery of stimulhus o a portion of the
head of a pationt, the paticnt interface apparatus comprising:

a first evepicce adapted to it about at least one eve of the patient;

a frame or a strap to hold the first evepriece on the head of the patient;

wherein the first ovepiece comprises at least first and second electrodes
electrically isolated from one another, the first cvepiece further corprising at feast first

and second elecirical connectors separately coupled to the first and second electrodes.

12, 'The patient mterface apparatus of clamm 1 further comprising a puise
gencrator carricd on the frame or strap and coupled to at least the first and sccond

glectrodes to issuc therapy pulses therefrom.

13 The patient interface apparatus of either of claims 11-12 wherein the

first evepiece is configured to hold the first clectrode on the patient’s eyelid.

14. The patient interface apparatus of any of claims 11-13 wherein the first
evepiece 1s a closed eyepiece having a transparent porfion through which the patient

can see while wearing the first evepiece.

15 The patient 1nterface apparatus of anv of claims 11-13 wherein the first
eyepiece s a closed evepiece having an opaque portion which the patient can see while
wearing the first evepiece, the opague porion comprising a screen configured to display

graphics usable to tost patient visual acuity or performance.
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