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(57) ABSTRACT

A stimulation system stimulates anatomical targets in a
patient for treatment of dry eye. The system may include a
controller and a microstimulator. The controller may be
implemented externally to or internally within the micro-
stimulator. The components of the controller and microstimu-
lator may be implemented 1n a single unit or 1n separate
devices. When implemented separately, the controller and
microstimulator may communicate wirelessly or via a wired
connection. The microstimulator may generate pulses from a
controller signal and apply the signal via one or more elec-
trodes to an anatomical target. The microstimulator may not
have any intelligence or logic to shape or modity a signal. The
microstimulator may be a passive device configured to gen-
crate a pulse based on a signal recerved from the controller.
The microstimulator may shape or modily a signal. Wave-
forms having different frequency, amplitude and period char-
acteristics may stimulate different anatomical targets 1n a
patient.




Patent Application Publication  Nov. 26, 2015 Sheet 1 of 17 US 2015/0335900 Al

18
24

22 ([\

FIG. 1



Patent Application Publication

44

120

\_
28
26
-~ 2E, 2l
2C. 2G
o 33
T 7
y f\l\ R 2226 35
!@3""”) \l ““‘r‘! g
=)=
\ \ N4 ) ' 32
“ll\\
\ @y )
L 7C, 26 FIG. 2B
2E, 2|

116

- 4 | \\‘S\\&\\\\ \\ 20
12 34
WA SN RN
0 , o
sy I 32

Nov. 26, 2015 Sheet 2 of 17

42

US 2015/0335900 A1l

—

pl——r——

/44

¢/

FIG. 2A



Patent Application Publication  Nov. 26, 2015 Sheet 3 of 17 US 2015/0335900 A1l

122
42
;
16
20
118
22
FIG. 2C

120




US 2015/0335900 A1l

Nov. 26, 2015 Sheet4 of 17

Patent Application Publication

116

ot mem =

PO

-. - sr T
L LE LTI

r -1. e
e -
el LI B
P L
P R L M
1] L -

..:.W-..... .|..- ¥ .

1 2 :

FIG. 2E

120

ON
N
~




Patent Application Publication  Nov. 26, 2015 Sheet S of 17 US 2015/0335900 A1l

.M
|"- . _.uu
Yy ! i E
o A
. - . "
EEEEE
R I
- ‘.."I.l .
L L L
Poeom A e
Al g .
N '
1 I.._'Il _
LK I. B K
P Py
L]
. ™
=T -
-I --

118

118 124

FIG. 26

120




US 2015/0335900 A1l

Nov. 26, 2015 Sheet 6 of 17

Patent Application Publication

FIG. 21

120

CN
O
1




Patent Application Publication  Nov. 26, 2015 Sheet 7 of 17 US 2015/0335900 A1l

113 , FIG. 3




Patent Application Publication  Nov. 26, 2015 Sheet 8 of 17 US 2015/0335900 A1l

FIG. 5

FIG. 6A

170

FIG. 6B




Patent Application Publication  Nov. 26, 2015 Sheet 9 of 17 US 2015/0335900 A1l

Al

FIG. 7



Patent Application Publication  Nov. 26, 2015 Sheet100f17  US 2015/0335900 Al

100
\ 119
-l '”&2
11_ --r/:r-f"""-’:-—h
/ 123
15
121 129
FIG. 8A
100
a
123




Patent Application Publication  Nov. 26, 2015 Sheet 11 0f17  US 2015/0335900 Al

120
120
./
R
FIG. 9A FIG. 9C
FIG. 9B
120
/
/\j
FIG. 9D
120 160
”?3 1?3 1?3 1?3 « e ,1/20 2 7
FIG. 9F FIG. 9G
D
FIG. 9

FIG. 9J



Patent Application Publication  Nov. 26, 2015 Sheet 12 0f 17  US 2015/0335900 Al

113 i
113 .
120
s : ;
113 113 113
FIG. 9K FIG. 9L FIG. OM
113
111 113
111
120 -
= e 120 | \ 230
\__/
i ™ s FIG. 9P
" " FIG. 90
FIG. 9N
230 230)
o H(% [
83_3'3 73
113 111 \120 111



Patent Application Publication  Nov. 26, 2015 Sheet130f17  US 2015/0335900 Al

FIG. 10A

120

FIG. 108

113




Patent Application Publication  Nov. 26, 2015 Sheet 14 0f17  US 2015/0335900 Al

226
|
120
117 k
K&‘*“‘”/’” :
2 J{ % ¢
AN

FIG. 12A

224 220 120

FIG. 128

228



Patent Application Publication  Nov. 26, 2015 Sheet150f17  US 2015/0335900 Al

116
38 Ty
f_,f""‘ e, O
/7
10 5 /
N _/
k__ﬁ}*’i..‘ /
< ,-*“/ ....._Q >
18 Py T Z
"~ — — o
Nttt ¢z
-—
\ g ?;
"
FIG. 13
130
3. L
70 f.-"""#\ H‘T
fﬂ"‘
,.rf
/’
34"
/
32 —~_
/
36
39
/
62

g FIG. 14




Patent Application Publication  Nov. 26, 2015 Sheet16 0of 17  US 2015/0335900 Al

180

Implanting a microstimulator using an insertion device.

182
A S _
Removing the insertion device from the patient.
184
Generating a waveform signal.
186

l Generating a stimulation signal from the waveform signal.

188

]

Applying the stimulation signal to an anatomical target.
190

FIG. 15



Patent Application Publication  Nov. 26, 2015 Sheet170f17  US 2015/0335900 Al

7 ,. 113

200

30

FIG. 16A

202

FIG. 168

208 2 FIG. 17



US 2015/0335900 Al

SYSTEMS AND METHODS FOR TREATMENT
OF DRY EYE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application 1s a continuation of U.S.
patent application Ser. No. 14/561,107, filed on Dec. 4, 2014,
titled “SYSTEMS AND METHODS FOR TREATMENT OF
DRY EYE,” which 1s a continuation of U.S. patent applica-
tion Ser. No. 13/298,042, filed on Nov. 16, 2011, titled “SY'S-
TEMS AND METHODS FOR TREATMENT OF DRY
EYE,”now U.S. Pat. No. 8,918,181, which claims the benefit
of U.S. Provisional Patent Application Nos. 61/414,293, filed
on Nov. 16, 2010, titled “METHOD AND SYSTEM FOR
TREATING DRY EYE;” 61/433,645, filed Jan. 18, 2011,
titled “TREATMENT FOR DRY EYE DISEASE;” 61/433,
649, filed Jan. 18, 2011, titled “SYSTEMS FOR TREATING
DRY EYE;” and 61/433,652, filed Jan. 18, 2011, fitled
“LEADS AND ELECTRODES FOR TREATING DRY
EYE.” The foregoing applications are hereby incorporated by
reference herein in their entirety.

INCORPORATION BY REFERENC.

(Ll

[0002] All publications and patent applications mentioned
in this specification are herein imcorporated by reference to
the same extent as 1f each individual publication or patent
application was specifically and individually indicated to be
incorporated by reference.

FIELD

[0003] The present invention relates generally to a stimu-
lation system and methods of use thereolf. In various respects,
the mvention 1s directed to the devices and techniques for
stimulating the anatomical structures related to the process of
lacrimation for the treatment of dry eye syndrome.

BACKGROUND

[0004] Severe Dry Eye 1s a debilitating disease that affects
millions of patients worldwide and can cripple some patients.
Millions of these individuals sufler from the most severe
form. This disease often inflicts severe ocular discomfort,
results 1n a dramatic shift in quality of life, induces poor
ocular surface health, substantially reduces visual acuity and
can threaten vision. Patients with severe Dry Eye develop a
sensitivity to light and wind that prevents substantial time
spent outdoors, and they often cannot read or drive because of
the discomiort. There 1s no cure for Dry Eye disease, and
current treatment options provide little reliet for those suffer-
ing from severe conditions. Current options include artificial
tears, punctal plugs, humidity goggles, topical cyclosporine,
and tarsorrhaphy. None of these treatments provides suili-
cient relietf or treatment of the disease. What 1s needed 1s a
system for restoring adequate tear production in patient’s
having severe Dry Eye disease.

SUMMARY OF THE DISCLOSUR.

(L]

[0005] Inan embodiment, the present invention relates to a
microstimulator for treating conditions of the eye having a
length of about 0.6 cm to about 1.5 cm and a width of about 1
mm to about 1.5 mm and comprising a passive stimulation
circuit. The microstimulator may be conformable and tlexible
and may have one or more fixation elements. The one or more

Nov. 26, 2015

fixation elements may 1include one or more hooks, barbs, and
anchors. The microstimulator may have one or more coatings
which may be adhesive and bioabsorbable.

[0006] The passive stimulation circuit may include a tank
circuit and have one or more electrical safety features. The
clectrical safety features may include one or more current
limiting rectifiers and one or more zener diodes. The electr-
cal safety features may include a voltage limiting circuit to
limit the voltage emitted by the stimulation component. The
clectrical safety feature may also include a current limiting
circuit to limit the current emitted by the stimulation compo-
nent and a charge output limiting circuit to limit the charge
emitted by the stimulation component.

[0007] Thepassive stimulation circuit within a microstimus-
lator may also include a variable resistive element, a variable
capacitive element and one or more electrodes. The one or
more electrodes of the passive stimulation circuit may be
contact points, may be nestled within the microstimulator,
may be coupled to a flexible lead, and may be coupled to a
rigid lead. The one or more electrodes may contain platinum,
iridium, platinum 1ridium, ridium oxide, titantum nitride,
tantalum, or combinations thereof.

[0008] The microstimulator may be coupled to a controller
and be hermetically sealed. The microstimulator may be
injectable into a patient’s eye with a 12 or larger gauge needle.
The microstimulator may have one or more features to facili-
tate minimally 1nvasive retrieval. The length and width of the
microstimulator may be selected to permit placement of a
portion of the microstimulator adjacent to the lacrimal gland.
The length and width of the microstimulator may also be
selected to permit placement of the entire microstimulator
adjacent to the lacrimal gland and to permit placement of the
microstimulator on, partially in, within or about the lacrimal
gland.

[0009] In an embodiment, a method for treating dry eye by
stimulating one or more nerves that innervate lacrimal gland
tissue includes implanting a microstimulator adjacent to the
lacrimal gland and applying stimulation to the lacrimal gland.
The microstimulator may be adjacent the lacrimal gland and
tully implanted within an orbit of a patient’s eye. The micro-
stimulator may be adjacent and directly contacting the lacri-
mal gland. The microstimulator may be adjacent to and at
least partially penetrating into the lacrimal gland. The micro-
stimulator may be adjacent to and fully implanted into or
completely within the lacrimal gland. Adjacent to the lacrimal
gland may include about, within or partially 1n the lacrimal
gland. The microstimulator may be fully implanted within the
orbit of the eve.

[0010] The stimulation provided by the microstimulator
may selectively stimulate one or more nerves that innervate
the lacrimal gland. The stimulation may selectively stimulate
the one or more nerves that innervate the lacrimal gland
without moving the eye 1n the vertical or horizontal direction,
or rotationally, without stimulating the ocular muscles, and
without stimulating the superior rectus, lateral rectus, levator
palpebrae superioris, retina or corresponding motor nerves.
The autonomic efferent fibers may be selectively stimulated
over the sensory afferent fibers or the A-delta pain fibers or
over the C pain fibers. In various embodiments, the stimula-
tion may stimulate only the one or more nerves that innervate
the lacrimal gland.

[0011] Adter the implanting step, the microstimulator may
be implanted into the fossa for the lacrimal gland and may
conform to the fossa for the lacrimal gland after implantation.
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The microstimulator may conform to an exterior aspect of a
lacrimal gland after implantation. The implanting step may
turther include conforming the microstimulator to an exterior
aspect of the lacrimal gland. After the implanting step, the
microstimulator may conform to an exterior aspect of the
fossa for the lacrimal gland.

[0012] Themicrostimulator may beimplanted usinga 12 or
larger gauge needle. The microstimulator may be loaded into
a 12 or larger gauge needle, a microstimulator needle tip may
be 1nserted using an anatomical landmark at the corner of the
eye, the needle may be positioned 1n proximity to the lacrimal
gland, and the microstimulator may be deployed using the
needle. The anatomical landmark may be the temporal aspect
of the orbit 1into the superior lateral aspect of the orbit and
through the orbital septum. The stimulation may include a
current having a pulse amplitude between about 500 pA to
about 25 mA. The stimulation may include a pulse amplitude,
a pulse width, and a pulse frequency, and one or more of the
pulse amplitude, pulse width, or pulse frequency which may
be varied over the treatment period. The stimulation may have
a pulse frequency between about 2 Hz to about 270 Hz or
between about 30 Hz to about 40 Hz. The stimulation may
include a current having a pulse width between about 50 psec
to about 2700 usec.

[0013] Theimplanting step may further include 1dentitying
an isertion point for implantation based upon a feature of the
orbit. The stimulation may be delivered in bursts and adjusted
in response to a measured variable. The stimulation may
include a current having a pulse width between about 500
usec to about 1000 usec. A controller may be positioned 1n
proximity to the microstimulator and may generate a mag-
netic field. The magnetic field may be adjusted based on input
from the user and based on the degree of coupling to the
microstimulator. The magnetic field may be generated in
bursts and coupled to the microstimulator to generate the
stimulation. The magnetic ficld may have a frequency of
about 10 kHz to about 100 MHz. The magnetic field may have
a frequency of about 100 kHz to about 5 MHz.

[0014] Inanembodiment, a system for treating dry eye may
include a microstimulator configured for implantation into an
orbit of an eye and a controller for generating a magnetic field
to couple to the microstimulator. The controller may be
housed within a hand-held device. The controller may be at
least partially contained within and coupled to an adhesive.
The controller may be tlexible and conformable. The control-
ler may be coupled to, or at least partially contained within, a
flexible or conformable material. The microstimulator may
have a length of about 0.6 cm to about 1.5 cm and a width of
about 1 mm to about 1.5 mm and may include a passive
stimulation circuit configured to receive the magnetic field
generated by the controller. The microstimulator may be flex-
ible, conformable, and capable of detecting one or more oper-
ating parameters of the microstimulator. At least part of the
controller may be disposable and rechargeable. The control-
ler may be coupled to, or at least partially contained within, an
cyeglass frame, a wrist watch, or other object.

[0015] In an embodiment, a method for treating dry eye by
stimulating one or more nerves that innervate lacrimal gland
tissue may 1nclude positioning one or more stimulation elec-
trodes adjacent to the lacrimal gland and applying stimulation
to the lacrimal gland. A microstimulator may be adjacent the
lacrimal gland fully implanted within an orbit of a patient’s
eye. The microstimulator may be adjacent and directly con-
tacting the lacrimal gland, adjacent to and at least partially
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penetrating into the lacrimal gland, and adjacent to and fully
implanted into or completely within the lacrimal gland. Adja-
cent to the lacrimal gland may be about, within or partially 1n
the lacrimal gland. The microstimulator may be fully
implanted within the orbit of the eye. The one or more elec-
trodes are electrically coupled to a pulse generator, which
may be implantable. The pulse generator may be implantable
in proximity to the one or more stimulation electrodes. The
pulse generator may be implantable 1n proximity to the tem-
poral bone, a subclavicular pocket, and a subcutaneous
abdominal pocket. The method may further include position-
ing a controller in proximity to the pulse generator.

[0016] Inan embodiment, a microstimulator may include a
coil, a housing, and a pair of electrodes. The coil may be
formed from a wire having a length turned into a plurality of
windings and responsive to an induced field to produce an
output signal. The microstimulator may be electrically
coupled to receive the output from the coil and produce a
signal responsive to the output. The housing may encompass
the circuit and the coil, and may be adapted and configured for
placement within an orbit and adjacent an eye within the
orbit. The pair of electrodes may extend from the housing and
be configured to recerve the signal.

[0017] The pair of electrodes and the housing may be
shaped for injection through the lumen of a needle. The hous-
ing may be configured for placement adjacent to a lacrimal
gland, within an orbit to permit selective stimulation of a
lacrimal gland with the signal, and within a fossa near the
lacrimal gland to position the pair of electrodes on, 1n or about
a lacrimal gland.

[0018] The housing may be configured for placement 1n
proximity to a lacrimal gland without being 1n proximity to a
muscle of the eye. The housing may have a curvature con-
forming at least partially to the curvature of a fossa for the
lacrimal gland, or a curvature conforming at least partially to
an exterior aspect of a lacrimal gland.

[0019] The microstimulator may further include a second
coil, a second rectifying and tuning circuit. The second coil
may be within the housing and oniented nearly orthogonal to
the second coil. The second rectifying and capacitive circuit
may be within the housing and coupled to the second coil,
such that the second rectifying and capacitive circuit 1s con-
figured to produce a second signal. The selector switch may
be within the housing and connected to receive the first signal
and the second s1ignal and supply one of the first signal and the
second signal to the pair of electrodes. The selector switch
may determine which one of the first signal and the second
signal to send to the electrodes based on a comparison of the
first signal and the second signal. Current from the two sig-
nals may be summed without the use of a selector switch. The
signal from the coil may have a frequency corresponding to
the induced field, which may be generated from an external
coil through mutual inductance. The induced field may be
generated by an external controller.

[0020] The signal generated 1n the coil has a frequency
about equal to the frequency of the induced field generated by
the external controller. The induced field generated by the
external controller may have a frequency based on user input.
The external controller may be contained within a hand-held
device and may be disposable. The external controller may be
contained within one of an adhesive patch, a pair of eye
glasses, and a head set. The circuit may include a capacitor for
storing voltage and a diode to rectity a current signal. The
circuit may include a rectitying circuit that may include a
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diode and a resistor connected in parallel. The signal may
have a voltage with an amplitude of between 0.1V and 0.25V,
a current with an amplitude between 10 uA and 25 mA, and an
alternating current with a frequency of 2 Hz to 1000 Hz. The
pair of electrodes may be connected to leads, which may
include tines.

[0021] In an embodiment, a method of implanting a micro-
stimulator adjacent the eye may include inserting an access
device percutanecously 1nto an orbit of an eye. A microstimu-
lator may be advanced through the access device mnto a posi-
tion 1n proximity to the superior lateral aspect of the orbit. A
stimulation signal may be applied to a portion of the eye with
the microstimulator. Belore the inserting step, an insertion
point may be inserted for the access device based on the
isertion point’s relation to a feature on the orbit. After the
advancing, the microstimulator may be positioned within a
fossa of the lacrimal gland, and at least one electrode of the
microstimulator may be positioned on, 1n or adjacent to a
lacrimal gland, and an electrode of the microstimulator 1s
positioned on, 1n or adjacent a lacrimal gland.

[0022] Tear production may be increased in the eye.
Vasodilation of the lacrimal gland may occur umlaterally or
bilaterally. After advancing, an electrode of the microstimu-
lator may be positioned on, 1n or adjacent to a neural structure
associated with a lacrimal gland. During the applying, the
signal only stimulates a lacrimal gland, the signal may selec-
tively stimulate a lacrimal gland over a muscle of the eye, or
the signal 1s selected to stimulate a lacrimal gland without
stimulating a muscle fiber of the eye. After the advancing, an
clectrode of the microstimulator 1s positioned adjacent to a
neural structure associated with a lacrimal gland and spaced
apart from a muscle of the eye. The muscle of the eye may be
a rectus muscle or an oblique muscle or a levator palpebrae
muscle. The microstimulator may be adjacent a lacrimal
gland and spaced apart from a superior rectus muscle or a
lateral rectus muscle or a levator palpebrae muscle. The signal
may stimulate a lacrimal gland without activating a rectus
muscle or an oblique muscle or a levator muscle 1n proximity
to the lacrimal gland.

[0023] In an embodiment, a method for using an micro-
stimulator may include recerving an microstimulator at the
orbit of a patient’s eye. A magnetic field may be received by
the microstimulator from an external power source such as a
controller. A current may be generated by the microstimulator
from the magnetic field. The current may be applied to the
patient to produce tears in the patient’s eye or vasodilation of
the lacrimal gland.

[0024] Inanembodiment, amethod forusing a microstimu-
lator may 1nclude implanting a stimulation device within a
patient’s orbit. A controller with a power source may be
placed external to the patient’s skin and 1n communication
with the microstimulator. A magnetic field may be applied to
the microstimulator from the controller. A current may be
generated in the microstimulator from the magnetic field. The
current may be applied to produce tears 1n the patient’s eye.

[0025] In an embodiment, a system for treating a patient
with dry eye syndrome may include a microstimulator and a
controller. The microstimulator may be responsive to a mag-
netic field and placed within an orbit of a patient’s eye. The
microstimulator may be configured to generate a current
based on the magnetic field and apply the current to a patient
to produce tears in the patient’s eye. The controller may be
configured to generate the magnetic field and be placed at a
location near the microstimulator.
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[0026] In an embodiment, a method for treating a patient
with dry eye syndrome may begin with insert a microstimu-
lator within an orbit of a patient’s eye using a positioning
device. A controller, which may include a power source, may
be placed external to a patient’s skin and 1n proximaity to the
microstimulator. A magnetic field may be applied to the
microstimulator by the controller. A current may be generated
by the microstimulator from the magnetic field. The current
may then be applied to a patient to produce tears in the
patient’s eye.

[0027] In an embodiment, a method for using an micro-
stimulator may begin with connecting an microstimulator to
a multi-electrode lead positioned on, 1n or adjacent a lacrimal
gland. One or more ¢lectrodes may be selected from the
multi-electrode lead to activate tear production 1n a patient’s
eye.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Thenovel features of the invention are set forth with
particularity in the claims that follow. A better understanding
ol the features and advantages of the present invention will be
obtained by reference to the following detailed description
that sets forth illustrative embodiments, in which the prin-
ciples of the invention are utilized, and the accompanying
drawings of which:

[0029] FIG. 11s a schematic drawing of the front side view
of a patient’s lacrimal apparatus that includes a controller and
a microstimulator.

[0030] FIG. 2A 1s a perspective view of an eye within the
orbit of a patient’s skull that includes a controller and a
microstimulator.

[0031] FIG. 2B 1s a front view of a patient’s skull having a
microstimulator.

[0032] FIG.2C 1s asection medial view of an eye withinthe
orbit of a patient’s skull.

[0033] FIG. 2D 1s an enlarged section view of the micro-
stimulator 1n the orbit of FIG. 2C.

[0034] FIG. 2E 1s another section medial view of an eye
within the orbit of a patient’s skull.

[0035] FIG. 2F 1s another enlarged section view of the fossa
for the lacrimal gland having a microstimulator.

[0036] FIG. 2G 1s another section medial view of an eye
within the orbit of a patient’s skull.

[0037] FIG. 2H 1s another enlarged section view of the
inferior edge of the superior orbit having a microstimulator.
[0038] FIG. 2I 1s another section medial view of an eye
within the orbit of a patient’s skull.

[0039] FIG. 2] 1s a another enlarged section view of the
superior orbit having a microstimulator as implanted i FIG.
21

[0040] FIG. 3 1s an exemplary controller for use with a

stimulation system.

[0041] FIG. 4A 1s an exemplary pulse generator for use
with a stimulation system.

[0042] FIG. 4B 15 an enlarged view of the stimulation sys-
tem components of FIG. 4A near the eye of the patient.
[0043] FIG. 51llustrates a controller with a microstimulator
having a passive stimulation circuit.

[0044] FIG. 6A 1illustrates a power source and a micro-
stimulator with a stimulation control circuit.

[0045] FIG. 6B illustrates a pulse generator implanted into
a patient.
[0046] FIG. 7 1s another exemplary controller for use with

a stimulation system.
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[0047]
system.
[0048]
system.
[0049] FIG. 8C 1s an exemplary circuit for implementing a
stimulation system.

[0050] FIG. 9A 1illustrates a basic microstimulator for use
with a stimulation system.

[0051] FIG. 9B 1illustrates a curved basic microstimulator
for use with a stimulation system.

[0052] FIG. 9C illustrates a planar pliable microstimulator
for use with a stimulation system.

[0053] FIG. 9D illustrates another exemplary microstimu-
lator for use with a stimulation system.

[0054] FIG.9E llustrates a flex segmented microstimulator
for use with a stimulation system.

[0055] FIG. 9F illustrates a flex conduit segmented micro-
stimulator.

[0056] FIG. 9G illustrates a microstimulator having a
recapture loop.

[0057] FIG. 9H illustrates a microstimulator having a
recapture magnet.

[0058] FIG. 911s a side view of an exemplary microstimus-
lator for use with a stimulation system.

[0059] FIG. 9] 1s a cross section view of a basic micro-
stimulator for use with a stimulation system.

[0060] FIG. 9K 1llustrates a microstimulator with elec-
trodes coupled to pulse generation circuit.

FIG. 8A 1s a block diagram of a wireless stimulation

FIG. 8B 1s a block diagram of a wired stimulation

[0061] FIG. 9L illustrates a microstimulator having elec-
trodes.
[0062] FIG. 9M illustrates a microstimulator having

nestled electrodes.

[0063] FIG. 9N illustrates another microstimulator having
electrodes.
[0064] FIG. 90 illustrates another microstimulator con-

nected to electrodes via leads.

[0065] FIG.9Pllustrates a microstimulator having fixation
clements.
[0066] FIG. 9Q illustrates another microstimulator with

fixation elements.

[0067] FIG. 10A 1s a perspective view ol a patient’s eye
with an exemplary microstimulator.

[0068] FIG. 10B 1s a perspective view of a patient’s eye
with another exemplary microstimulator.

[0069] FIG. 10C 1s another perspective view of a patient’s
eye with an exemplary microstimulator.

[0070] FIG. 11 1llustrates an insertion region for deploying
a microstimulator.

[0071] FIG. 12A 1s a side view of an 1nsertion device for
deploying a microstimulator.

[0072] FIG.12B is another side view of an 1insertion device
for deploying a microstimulator.

[0073] FIG. 13 illustrates an exemplary implant zone for a
microstimulator or a multi-electrode lead.

[0074] FIG. 14 1llustrates another exemplary implant zone
for the microstimulator or multi-electrode lead.

[0075] FIG.151s aflow chart of amethod for stimulating an
anatomical target.

[0076] FIG.16A illustrates a microstimulator implemented
with a contact lens.

[0077] FIG. 16B 1s an enlarged view of inductive coils for
use with the microstimulator of FIG. 16A.

[0078] FIG. 17 illustrates a microstimulator implemented
with closed loop control of lacrimal stimulation.
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DETAILED DESCRIPTION

[0079] Thepresentinvention relates to a stimulation system
for stimulating anatomical targets 1n a patient for treatment of
dry eye. The stimulation system may include a controller and
a microstimulator. The controller may be implemented exter-
nal to or internal within the microstimulator. In various
embodiments, the components of the controller and micro-
stimulator may be implemented 1n a single unit or in separate
devices. When implemented separately, the controller and
microstimulator may communicate wirelessly or via a wired
connection. The microstimulator may generate pulses from a
signal received from the controller and apply the signal via
one or more electrodes to an anatomical target. In various
embodiments, the microstimulator does not have any 1ntell:-
gence or logic to shape or modify a signal, but rather 1s a
passive device configured to generate a pulse based on a
signal recerved from the controller. Unlike other implantable
stimulation devices, the passive elements of the microstimu-
lator of the present invention allow for an inexpensive imple-
mentation. The present microstimulator does not include
numerous 1ntegrated components such as ASICs, pieces of
s1licon and other expensive components. In contrast to having
a battery, ASIC and other components, the present micro-
stimulator only has a dissipation circuit to deliver a charge. In
various embodiments, the microstimulator includes intelli-
gence to shape or modily a signal. In various embodiments,
wavelorms having different frequency, amplitude and period
characteristics may stimulate different anatomical targets in a
patient.

[0080] An anatomical target may include a nerve, tissue,
gland or other structure of a patient involved 1n the process of
lacrimation or glandular vasodilation that may be stimulated
by a microstimulator. For example, the anatomical targets
may include, but are not limited to, a lacrimal gland, one or
more meitbomian glands, lacrimal ducts, parasympathetic
nerves, fibers and neurites, sympathetic nerves, fibers and
neurites, rami lacrimales, lacrimal nerve, perivascular nerves
of lacrimal artery and branches thereof, nerve fibers innervat-
ing the meibomian glands, myoepithelial cells of the lacrimal
gland, acinar cells of the lacrimal gland, ductal cells of the
lacrimal gland.

[0081] Retference will now be made 1n detail to exemplary
embodiments of the invention, examples of which are 1llus-
trated 1n the accompanying drawings. While the invention
will be described 1n conjunction with the exemplary embodi-
ments, 1t will be understood that they are not intended to limit
the mvention to those embodiments. On the contrary, the
invention 1s intended to cover alternatives, modifications and
equivalents, which may be included within the spirit and
scope of the invention as defined by the appended claims.
[0082] FIGS. 1-17 discuss and relate to a microstimulator.
Each reference to a microstimulator 1s intended to be illustra-
tive. A microstimulator of the present invention may be
implemented as any of the illustrative microstimulators, a
combination of portions of each illustrative microstimulator,
or with additional or fewer components.

[0083] FIG. 11s aschematic drawing of the front side view
of a patient’s lacrimal apparatus that includes a controller and
a microstimulator. FIG. 1 includes an eye 30 having an upper
l1d 20 and lower l1id 22. The lacrimal (i.e. lachrymal) appara-
tus 1s the physiological system containing the structures of the
orbit for tear production and drainage. The lacrimal apparatus
includes a lacrimal gland 10, ducts 12, puncta 16, lacrimal
ducts 18, and nasolacrimal duct 24. The lacrimal gland 10
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secretes tears 14 (lacrimal fluid) which flow through the ducts
12 1nto the space between the eye 30 and 11ds 20 and 22. When
the eye 30 blinks, tears 14 are spread across the surface of the
eye 30. The tears 14 collect 1n the lacrimal lake (not shown),
and are drawn 1nto the puncta 16 by capillary action. The tears
14 flow through the lacrimal canaliculi (not shown) at the
inner corner of the lids 20 and 22, enter the lacrimal ducts 18
and drain through to the nasolacrimal duct 24, and finally
continue into the nasal cavity.

[0084] A microstimulator 120 may be positioned within an
orbit as shown 1n FIG. 1 and adjacent to eye 30 within the
orbit. The microstimulator 120 may be placed on, 1n or adja-
cent the lacrimal gland 10. In various embodiments, the
microstimulator 120 1s implanted 1nto the fossa of the lacri-
mal gland (1llustrated in FIG. 2). The microstimulator 120
may stimulate one or more nerves that innervate the lacrimal
gland 10. Microstimulator 120 may receive a waveform 112
and may provide an output signal 114 for stimulating one or
more anatomical targets of a patient. In various embodiments,
the microstimulator 120 selectively stimulates one or more
nerves that innervate the lacrimal gland 10. Additionally, the
microstimulator 120 may stimulate one or more nerves that
innervate the lacrimal gland 10 indirectly as opposed to
directly.

[0085] Direct stimulation of a nerve includes delivering
low amplitude electrical stimulation via electrodes that are 1n
direct contact with the nerve to be stimulated. The electrodes
may be located on the sheath of the axon or away from the
portion of the nerve that innervates tissue or gland. An
example of a direct nerve stimulator 1s a nerve cull which
includes electrodes carried on the inside walls of a cylindrical
polymeric sheath. The nerve cuif1s wrapped around the nerve
to bring the electrodes into direct contact with an 1solated
portion of a nerve to be stimulated. Indirect stimulation of a
nerve includes delivering low amplitude electrical stimula-
tion via electrodes that are 1n close proximity, but not 1n direct
contact, with the nerve to be stimulated. Nerves that are 1n a
bundle, plexus or mnnervating tissue or a gland are not i1solated
from other nerves or structures. Target nerves or structures
that are not 1solated may stimulated indirectly by using elec-
trical selectivity.

[0086] The lacrimal gland 10 may be innervated by several
nerves. The nerves may include the rami lacrimales, the lac-
rimal nerve, perivascular nerves of lacrimal artery, and sym-
pathetic nerves fibers and neurites which innervate the lacri-
mal gland and its associated vasculature.

[0087] A controller 110 may provide power to the micro-
stimulator 120. The controller 110 may provide power wire-
lessly or through a wired connection to the microstimulator
120. The power may be provided through a magnetic field,
clectronic signal or 1n some other manner. The controller 110
may be implemented external to the patient’s skin 2 or
implanted into the patient 1. The controller 110 and the micro-
stimulator are discussed 1n more detail with respect to FIGS.

3-8.

[0088] FIG. 2A 1s a perspective view of an eye within the
orbit of a patient’s skull that imncludes a controller and a
microstimulator. FIG. 2A includes the eye 30, upper 1id 20,
lower Iid 22, lacrimal gland 10, ducts 12, microstimulator
120, and controller 110 as shown in FIG. 1. The rim of the
upper lid 20 and the lower lid 22 contain the meibomian
glands 128. The meibomian glands 128 are sebaceous glands
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responsible for the supply of meibum which 1s an oily sub-
stance consisting of lipids that slows evaporation of the eye’s
tear film.

[0089] Theposteriorlacrimal crest 34 1s a vertical ridge that
divides the orbital surface of the lacrimal bone into two parts.
In front of the posterior lacrimal crest 34 1s a longitudinal
groove which unites with the frontal process 46.

[0090] There are two bony depressions in the orbital cavity
that may be referred to as the lacrimal fossa. The first 1s a
smooth, concave shallow depression located on the inferior
surface of each orbital plate of the frontal bone. This depres-
s10n houses the lacrimal gland and 1s referred to as the fossa
for the lacrimal gland 130. The second 1s a smooth, more
deeply concave depression on the lacrimal bone, which forms
the medial wall of the orbital cavity. This depression houses

the lacrimal sac and 1s reterred to as the tossa for the lacrimal
sac 32.

[0091] The supraorbital process 44 1s a passage 1n the fron-
tal bone for the supraorbital artery and nerve. The supraorbital
process 44 1s located on the superior and medial margin of the
orbit 1n the frontal bone. The orbit of the skull 40 1s lined with
a periosteum (1llustrated 1n FIGS. 2C-J) and contains the eye
30, extraocular muscles for movement of the eye 30, veins
(not shown), arteries (not shown), and nerves (not shown)
which traverse the orbit into the face and the lacrimal gland
10. The extraocular muscles include the lateral rectus 118, the
medial rectus (not shown), the superior rectus 116, mferior
rectus 124, superior oblique 117, inferior oblique 126, and
levator palpebrae superioris (not shown). The lateral rectus
118 abducts the eye away from the nose and the medial rectus
adducts the eye towards the nose. The lateral rectus 118 and
medial rectus move the eye only in a horizontal plane. The
superior rectus 116, inferior rectus 124, superior oblique 117,
and inferior oblique 126 control vertical motion. The levator
palpebrae superioris originates on the sphenoid bone 36 and
1s responsible for elevating the upper lid 20.

[0092] The malar process 26 1s the rough projection from
the maxilla (not shown) that articulates with the zygomatic

bone 28. The bones of the skull 40 and the orbit are discussed
further 1n FIG. 2B.

[0093] FIG. 2B 1s a front view of a patient’s skull having a
microstimulator. The front view of the skull 40 includes a
right and lett orbit. The right orbit of FIG. 2B emphasizes the
approximate position of the microstimulator 120 with respect
to the lacrimal gland 10 and the supraorbital process 44 dis-
cussed with respect to FIGS. 1 and 2A. The left orbit of FIG.
2B emphasizes the anatomy of the orbit with respect to the
bones of the skull 40. Exterior to the left orbit includes the
posterior lacrimal crest 34, the supraorbital process 44, the
frontal process 46, sphenoid bone 36, and the zygomatic bone
28 as previously discussed with respect to FIGS. 1 and 2A.

[0094] The interior of the left orbit includes the superior
orbital fissure 33, inferior orbital fissure 35, the fossa for the
lacrimal gland 130 and the fossa for the lacrimal sac 32. The
structures that enter through the superior orbital fissure 33
include the cramal nerves (CN) 111, IV, and V1, lacrimal nerve,
frontal nerve, nasociliary nerve, orbital branch of middle
memngeal artery, recurrent branch of lacrimal artery, superior
orbital vein, and the superior ophthalmic vein. The structures
that enter through the inferior orbital fissure 35 include the
iniraorbital nerve, zygomatic nerve, parasympathetics to the
lacrimal gland, infraorbital artery, infraorbital vein, and infe-
rior ophthalmic vein branch to pterygoid plexus.
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[0095] The structures entering through the superior orbital
fissure 33 and the inferior orbital fissure 35 may be stimulated
by the microstimulator 120. In various embodiments, the
stimulation may be selectively applied to these structures by
varying the pulse amplitude, pulse width, pulse frequency or
other properties of the stimulation signal.

[0096] FIG.2C1s asection medial view of an eye within the
orbit of a patient’s skull. The view of FIG. 2C corresponds to
the view line 2C 1illustrated in FIG. 2B. FIG. 2C includes the
eye 30 with upper l1d 20 and lower 11d 22, superior rectus 116,
lateral rectus 118, inferior rectus 124, the lacrimal gland 10,
and the microstimulator 120 of FIG. 2A. The orbital process
42 of the zygomatic bone 1s a thick, strong plate, projecting
backward and medialward from the orbital margin. The
microstimulator 120 may be positioned between the portion
of the bone forming the fossa for the lacrimal gland 130 and
the periosteum 122. The periosteum 122 of the orbit of a
healthy eye may be tightly attached. In cases of a diseased
eye, the periosteum 122 may be loosely attached and raised
from the bone beneath.

[0097] FIG. 2D 1s an enlarged section view of the micro-
stimulator 1 the orbit of FIG. 2C. FIG. 2D includes the
microstimulator 120 positioned between the portion of the
bone forming the fossa for the lacrimal gland 130 and the
periosteum 133. The bone includes cortical tissue 132 and
cancellous tissue 134. Cortical 132 and cancellous 134 are
two types of osseous tissue that form bone.

[0098] FIG. 2E i1s another section medial view of an eye
within the orbit of a patient’s skull. The view of FIG. 2E
corresponds to the view line 2E illustrated 1n FIG. 2B. FIG.
2C 1s lateral and more medial than FIG. 2E. FIG. 2E includes
the eye 30 with upper lid 20 and lower l1d 22, superior rectus
116, lateral rectus 118, inferior rectus 124, the lacrimal gland
10, and the microstimulator 120 of FIGS. 2A-D. FIG. 2E also
includes the fossa for the lacrimal gland 130. The micro-
stimulator 120 1s shown positioned between the periosteum

133 and the portion of the bone forming the fossa for the
lacrimal gland 130 as 1n FIGS. 2C and 2D.

[0099] FIG. 2F 1s another enlarged section view of the fossa
for the lacrimal gland 130 having a microstimulator. FIG. 2F
includes the microstimulator 120 positioned between the por-
tion of the bone forming the fossa for the lacrimal gland 130
and the periosteum 133 adjacent the lacrimal gland 10. Cor-
tical 132 and cancellous 134 of FIGS. 2C-D are also 1illus-
trated m FIG. 2F.

[0100] FIG. 2G 1s another section medial view of an eye
within the orbit of a patient’s skull. The view of FIG. 2G
corresponds to the view line 2G 1llustrated 1n FIG. 2B. FIG.
2H 1s another enlarged section view of the inferior edge of the
superior orbit having a microstimulator. FIGS. 2G-H are
similar to FIGS. 2C-D except that the microstimulator 1s
shown positioned between the periosteum 133 and the lacri-
mal gland 10. The lacrimal gland 10 1s 1llustrated in the more

medial view of FIGS. 21-J.

[0101] FIG. 21 1s another section medial view of an eye
within the orbit of a patient’s skull. The view of FIG. 2]
corresponds to the view line 21 i1llustrated 1n FIG. 2B. FIG. 2]
1s another enlarged section view of the inferior edge of the
superior orbit having a microstimulator. FIGS. 21-J are simi-
lar to FIGS. 2E-F except that the microstimulator 1s shown

positioned between the periosteum 133 and the lacrimal
gland 10.

[0102] A stimulation system may include a controller and a
microstimulator. The components of the controller and
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microstimulator may be implemented as a single device or
separately. When implemented separately, the controller and
a microstimulator may communicate wirelessly or via a wired
connection. FIGS. 1, 2A, 3-7 illustrate embodiments of a
stimulation system with various configurations of a controller
and a microstimulator. The controller may be contained
within an adhesive. For example, the controller may be
attached to a bandage or flexible band aid designed to con-
form to an outer surface of a patient’s skin. In various embodi-
ments, the color of the adhesive may be designed to be visu-
ally appealing such as matching a patient’s skin tone or
translucent. In various embodiments, the controller may be at
least partially contained within the adhesive. The adhesive
may have a thin profile and may be embedded 1n a polymer.
The polymer may be integrated with a surface of the adhesive.
The adhesive may be mounted to a surface of a flexible
substrate. The flexible substrate may contain components
such as the controller mounted to another surface of the
substrate. The components may be coated and potted within
the substrate, and may be selected for the bandage such that
they are not subjective to eddy currents. The controller may
also be coupled to the adhesive or coupled to or at least
partially contained within a flexible or conformable matenal.
The controller may further be coupled to or at least partially
contained within a wrist watch. The controller may be dis-
posable. The controller may be rechargeable.

[0103] FIG. 3 1s an exemplary controller for use with a
stimulation system. The stimulation system of FIG. 3
includes a controller 110 that 1s implemented separately from
a microstimulator 120. The controller 110 1s embedded
within a pair of eyeglasses frames 52 worn by a patient in
whom the microstimulator 1s implanted. The controller may
also be coupled to at least partially contain within the eyeglass
frame. The controller 110 1s positioned within the frame to be
proximate to the microstimulator 120. From within the eye-
glasses frame 52, controller 110 may generate a waveform
112 which may be applied to microstimulator 120, which 1n
turn may be used to generate a signal used to stimulate an
anatomical target. The controller may be implemented in a
variety of objects 1n addition to that discussed with respect to
FIG. 3 and elsewhere herein.

[0104] FIG. 4A 1s an exemplary pulse generator for use
with a stimulation system. The stimulation system of FIG. 4
includes a pulse generator 172 with a multi-electrode lead. In
various embodiments, the electrode lead may be monopolar.
The pulse generator may be implemented within the patient,
for example near the patients clavicle bone, and thereby form
an implantable pulse generator. The leads may extend within
the body of the patient from the pulse generator 172 to the
microstimulator 120 mounted within the patient’s head.

[0105] FIG. 4B 1s an enlarged view of the stimulation sys-
tem components of FIG. 4A near the eye of the patient. The
stimulation system components of FIG. 4A include elec-
trodes 113 and lead 111. The composition of the electrode
may include, but 1s not limited to, platinum, iridium, platinum
iridium, iridium oxide, sputtered iridium oxide, titanium
nitride, tantalum, and combinations thereotf. Electrodes 113
are attached to lead 111 to form a multi-electrode lead. The
multi-electrode lead 1s positioned such that the electrodes
may be adjacent to or 1n the lacrimal gland. Each of electrodes
113 may be selectively activated to stimulate one or more
desired anatomical targets. For example, electrodes 1, 3 and 4
may be activated to stimulate a first anatomical target and
clectrodes 2 and 5 maybe activated to stimulate a second




US 2015/0335900 Al

anatomical target. The one or more anatomical targets may be
stimulated by diflerent combinations of electrodes to produce
tears 1n the patient’s eye, or to produce vasodilation 1n the
lacrimal gland.

[0106] FIG. 51llustrates a controller with a microstimulator
having a passive stimulation circuit. Controller 110 may be
worn over the patient’s ear near the mastoid region 72 of the
temporal bone as shown 1n FIG. 5. In various embodiments,
the controller 110 may be implemented as an adhesive patch
worn behind the ear 1n the mastoid region 72 of the temporal
bone. The controller 110 may wirelessly transmit a waveform
112 to microstimulator 120. Microstimulator may receive the
wireless wavelorm, which then activates the passive stimula-
tion circuit. The passive stimulation circuit may then process
the wavetorm, for example by generating a rectified signal,
and applying the signal to one or more anatomical targets via
one or more ¢lectrodes.

[0107] FIG. 6A 1illustrates a power source and a micro-
stimulator with a stimulation control circuit. The power
source may be implemented as battery 170. Battery 170 may
or may not include any intelligence and logic. Battery 170
may provide power to microstimulator 168. Microstimulator
168 may receive power from battery 170, generate a signal,
and transmit the signal over leads to electrodes 113. Micro-
stimulator may be implanted within the patient, for example
within the mastoid region 72 of the temporal bone of the
patient. The microstimulator may be positioned subcutane-
ously just beneath the skin, without removing a portion of
bone, or subcutaneous with removing a portion of bone. The
portion of bone that may or may not be removed may include
the mastoid portion of the temporal bone. The microstimula-
tor may be positioned external to the skin, with the lead
percutaneously tunneled through the skin.

[0108] FIG. 6B illustrates a pulse generator implanted into
a patient. Pulse generator 172 of F1G. 6B may include a power
source and be implanted within a mastoid region 72 of the
patient’s temporal bone. Pulse generator 172 may generate a
signal for stimulating anatomical targets and transmit the
signal to one or more electrodes 113 over leads 111.

[0109] FIG. 7 1s another exemplary controller for use with
a stimulation system. The stimulation system of FIG. 7
includes controller 110 and microstimulator 120 which
receives a wavelorm 112 and outputs a signal 114 for stimu-
lating one or more anatomical targets of a patient, such as a
lacrimal gland. Controller 110 may be implemented external
to microstimulator 120 and the body of the patient. In various
embodiments, the controller 110 of FIG. 7 may be imple-
mented as a hand held device. The hand held controller 110
may be manipulated to indicate when the waveform 112
should be applied to the microstimulator 1n order to stimulate
a lacrimal gland or other anatomical target. The handheld
controller may be preset by a health professional or other
person in an office or other location so that the controller
operates automatically. The handheld controller may also be
manually configured by a patient.

[0110] FIG. 8A 1sablock diagram of a wireless stimulation
system. The wireless stimulation system 100 of FIG. 8A
includes a controller 110 and a microstimulator 120. Control-
ler 110 may include a housing 119 and a controller circuit
115. Controller circuit 115 may generate an output signal 112
and transmit the signal to microstimulator 120. The transmiut-
ted signal may be a radio frequency magnetic wave and trans-
mitted wireless through air, tissue and other material to

Nov. 26, 2015

microstimulator 120. Controller circuit 115 1s discussed 1n
more detail below with respect to FI1G. 8C.

[0111] Microstimulator 120 includes one or more elec-
trodes 113 and pulse generation circuit 121. The microstimu-
lator 120 may be implanted within a patient and positioned
with respect to the controller 110 such as to receive the signal
generated by the controller 110. Pulse generation circuit 121
receives the signal generated by controller circuit 115 and
generates a pulse from the received signal. The pulse may be
DC balanced or other signal and may be applied to an ana-
tomical target 123, such as for example a lacrimal gland. An
output signal 114 for stimulating one or more anatomical
targets may be applied via one or more electrodes 113
coupled to the pulse generation circuit 121.

[0112] When stimulated by the pulse generated by the
microstimulator 120, the anatomical target 123 achieves a
desired endocrinological outcome 129 such as for example
generating tears 1n a patient. Another example of a desired
endocrinological outcome 129 may include, but 1s not limited
to, stimulation of one or more anatomical targets to cause
secretion of fluid, electrolytes, and proteins, vasodilatation,
increasing the volume of tears, increasing the quality of tears,
improving surface health, decreasing tear osmolarity, and
decreasing ocular inflammation. In the case of the meibomian
glands 128, lipids may be secreted. The microstimulator 120
1s discussed 1n more detail below with respect to FIG. 8C.

[0113] FIG. 8B 1s a block diagram of a wired stimulation
system. The wired stimulation system 100 of FIG. 8B
includes a controller 110 and a microstimulator 120. Control-
ler 110 of FIG. 8B may include housing 119 and a controller
circuit 115 similar to the controller of F1IG. 8A. Controller 110
of FIG. 8B ditfers from the controller of FIG. 8A 1n that
controller 110 of FIG. 8B transmits an output signal 112 to
microstimulator 120 via a wired transmission line, such as a
conducting wire or other medium. The conducting wire or
other medium may be attached to controller 110 and be routed
through a patient’s body to microstimulator 120.

[0114] Leads 111 between a controller 110 and micro-
stimulator 120 may be tunneled. The tunneling pathway may
depend on where the device 1s implanted. In various embodi-
ments, the tunneling pathway may extend from the ear region
(superficial to the temporal bone) to the temporal aspect ol the
orbit 1nto the superior lateral aspect of the orbit, through the
orbital septum and to the anatomical target.

[0115] A controller and microstimulator may have configu-
rations 1n addition to those illustrated 1n FIGS. 8 A-B, includ-
ing combinations of the configurations 1llustrated and other
configurations. For example, an implantable pulse generator
(IPG) may include a controller and a pulse generator as a
single device. The IPG may be connected to one or more
clectrodes via one or more leads. Hence, the IPG implanted
within a patient may be deployed in one location within a user
and used to stimulate one or more anatomical targets at a
different location within the patient, corresponding to the
location of one or more electrodes connected to the IPG.

[0116] Microstimulator 120 includes pulse generation cir-
cuit 121. The microstimulator may be implanted within a
patient and may be connected to the wired connection
attached to the controller 110. Simuilar to the circuit 121 of
FIG. 8A, pulse generation circuit 121 of FI1G. 8B receives the
signal generated by controller circuit 115, generates a pulse
from the received signal, and applies the pulse to an anatomi-
cal target, such as for example a lacrimal gland. When stimu-
lated by the pulse generated by the microstimulator 120, the
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anatomical target achueves a desired endocrinological out-
come 129 such as for example generating tears 1n a patient.

[0117] FIG. 8C 1s an exemplary circuit for implementing a
stimulation system. The circuit of FIG. 8C includes a control-
ler circuit 1135 and pulse generation circuit 121. Controller
circuit 115 may include a power source 136, mput module
138, and controller 140. Power source 136 may provide a
voltage source, current source, or other power source to con-
troller 140. The power may be a constant voltage or current or
alternating voltage or current. The controller 140 may detect
one or more operating parameters ol the microstimulator.
Controller circuit 115 of FIG. 8C may be used to implement
controller 110 discussed with respect to other figures herein.

[0118] Input 138 may provide one or more inputs signals to
controller 140. The input signals may be generated from 1nput
received from a user such as a patient, a health professional,
or other external source. For example, the user input may be
a depressed button, an input along a slide bar, or some other
input that indicates whether to apply stimulation to one or
more anatomical targets such as a lacrimal gland and/or what
type of stimulation to apply. The mnput signals may also be
generated from logic inside the mput module 138. For
example, input module 138 may include logic to apply stimu-
lation to a lacrimal gland periodically, in a ramped fashion,
continuously, 1n a patterned fashion, 1 response to detecting
a condition of low or decreased tear production, or some other
condition. In various embodiments the stimulation may be
ramped to prevent activation of pain sensation.

[0119] Controller 140 may receive power Irom power
source 136 and 1nput signals from mmput module 138 to gen-
erate an output signal. The output signal may be a voltage
signal or a current signal applied to controller coil 142, an
inductive coil coupled to controller 140. The output signal
may vary in frequency, amplitude, period and/or phase based
on the mput recerved from mput module 138 and power
received from controller 140. When the output signal 1s
applied to controller coil 142, the coil 142 may generate a
magnetic wave having a radio frequency and amplitude based
on the output signal and coil.

[0120] Pulse generation circuit 121 may include a micro-
stimulator coil 144, rectifying circuit consisting of diode 146
and/or resistor 148, and a tuning capacitor 150. One end of
microstimulator coil 144 (a conductive coil) 1s connected to a
first end of tuming capacitor 150, a first end of resistor 148,
and a first end of diode 146. Resistor 148 and diode 146 are
connected 1n parallel, with a first end of the parallel circuit
connected to tuming capacitor 150 and microstimulator coil
144 and the second end of the parallel circuit connected to a
first electrode 113. The second end of microstimulator coil
144 1s connected to the other end of tuning capacitor 150 and
a second electrode 113.

[0121] The rectifying circuit may implement one or more
clectrical safety features. FElectrical safety features may
include one or more elements such as a capacitor in series
with the electrodes 113 to limit charge delivery, one or more
clements such as a capacitor 1n series with the electrodes 113
to ensure DC charge balanced stimulation, one or more resis-
tors 1n parallel with the electrodes 113 and/or series capacitor
to allow for DC charge balanced stimulation by capacitive
discharge, one or more current limiting diodes in series with
the electrodes 113 to limit maximum stimulation current
amplitude, one or more zener diodes to limit maximum output
voltage. The resistor 1n parallel with the electrodes may be of
a larger impedance than the tissue load impedance to ensure
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power eflicient stimulation. If a resistor 1s used 1n parallel
with the electrodes 113, resistor 148 may not be used. The
current limiting diode may be diode 146. The zener diode may
have a turn-on voltage selected to prevent damaging or
uncomiortable stimulation amplitudes from occurring

[0122] The electrodes 113 are connected to one or more
anatomical targets, which may include patient tissue 152 such
as a lacrimal gland. The tissue 152 may have an impedance
which may be described in terms of capacitance and resis-
tance (as illustrated by the capacitor icon and resistor icon
within tissue block 152 of F1G. 8C). In various embodiments,
pulse generation circuit 121 may be a passive stimulation
circuit. The passive stimulation circuit may include a tank
circuit. The passive stimulation circuit may include one or

more variable resistive elements, variable capacitive ele-
ments, variable inductance elements, variable non-linear ele-
ments and one or more electrodes. The variable resistive
clements, capacitive elements, inductive elements, or nonlin-
car elements may be used to alter a characteristic of the pulse
generation circuit 121, such as the resonant frequency, or
stimulation parameter such as for example amplitude. The
variable resistive elements, capacitive elements, inductive
clements, or nonlinear elements may be modified through
delivery of energy to the microstimulator 120. Variable resis-
tive elements, capacitive elements, inductive elements, or
nonlinear elements may be reversibly varied, or 1rreversibly
varied.

[0123] In operation, a magnetic field generated by control-
ler coil 142 1s applied to microstimulator coil 144. Micro-
stimulator coil 144 generates a current 1__,; as a result of the
applied magnetic field. The generated current 1s applied to
tuning capacitor 150. When the magnetic field has varying
amplitude, the tuning capacitor stores charge. The current
applied to the rectitying circuit of resistor 148 and diode 146
produces a pulse at electrode 113 connected to the rectifying
circuit. A current 1, . 1s generated through the tissue, or
anatomical target. The load current travels to the second elec-
trode connected to the other end of the tuning capacitor oppo-
site of the rectifying circuait.

[0124] The tuning capacitor may allow for the device to be
tuned externally from the microstimulator. The variable
capacitor could be adjusted to modify the output of the stimu-
lator. In various embodiments, the microstimulator may
include a tuning resistor. Similar to the variable capacitor, the
tuning resistor may be adjusted externally from the stimulator
to modily the output of the stimulator. The external tuning
may be performed by a device that recerves user input or 1s
controlled by a controller 110 or controller circuit 115.

[0125] In various embodiments, there 1s no intelligence or
logic implemented at the pulse generation circuit 121. The
pulse generation circuit 121 may contain a plurality of coils.
The plurality of coils may contain a plurality of tuning cir-
cuits. Current from the plurality of coils may be summed
using rectifiers. The pulse generation circuit 121 may contain
a plurality of zener diodes. The pulse generation circuit 121
may contain elements which allow for controller 110 to detect
operating parameters of the pulse generation circuit 121. The
pulse generation circuit 121 may contain a full-wave rectifi-
cation circuit. The wavelorm 112 generated at pulse genera-
tion circuit 121, 1 particular by controller coil 142, deter-
mines the frequency and amplitude of the signal applied to
tissue 152 by electrodes 113. For example, as a user provides
input to adjust the frequency or amplitude of stimulation
current, the controller responds by adjusting the amplitude,
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burst width, or burst frequency of the transmitted waveform
112 accordingly. The frequency and amplitude of the signal
applied to tissue 152 by electrodes 113 1s not determined by
components of the pulse generation circuit. Amplitude of the
signal applied to tissue 152 by electrodes 113 may also be
adjusted my modifying the frequency of the magnetic field
transmitted by controller coil 142.

[0126] A microstimulator may take any of several shapes
and forms. FIGS. 9A-] illustrate exemplary microstimulators
for use with a stimulation system of the present technology.
Each of the microstimulators of FIGS. 9A-J] may include
pulse generation circuit 121.

[0127] FIG. 9A 1illustrates a basic microstimulator for use
with a stimulation system. The microstimulator 120 of FIG.
9A 1s shaped like a capsule with a body and two ends. The
body may be relatively straight with a cylindrical, square,
rectangular, trapezoidal or other shaped cross section and
rounded, pointed, or other shaped ends. The basic-capsule
shaped microstimulator 120 may include electrodes at one of
the curved ends of the device or along the length of the device
(electrodes not 1llustrated in FI1G. 9A). The basic microstimu-
lator may 1nclude a passive pulse generation circuit for stimu-
lating one or more anatomical targets in a patient and may be
hermetically sealed.

[0128] The microstimulator 120 may include a coating or
covering to assist in implanting the microstimulator 120 1n the
vicinity of the lacrimal gland. For example, the coating may
be an adhesive coating that helps the microstimulator 120
maintain a constant position. In addition to having a coating,
the microstimulator 120 may be flexible and conformable. In
various embodiments, the coating 1s bioabsorbable. In vari-
ous embodiments the coating facilitates encapsulation or sta-
bilization of the microstimulator 120.

[0129] FIG. 9B 1illustrates a curved basic microstimulator
for use with a stimulation system. The microstimulator of
FIG. 9B may include electrodes and have a body including a
cross section and ends shaped similar to the microstimulator
of FIG. 9A. Unlike the microstimulator of FIG. 9A, the body
of the microstimulator 120 of FIG. 9B may be curved. The
curvature of the microstimulator body 120 may be configured
to conform to an anatomical structure of a patient, such as a
fossa for a lacrimal gland. Implementing a curved basic
microstimulator 120 within a patient 1s discussed 1n more
detail below with respect to FI1G. 10B.

[0130] FIG. 9C illustrates a planar pliable microstimulator
for use with a stimulation system. The microstimulator 120
may have a first form when 1t 1s being 1nserted into a patient
and manipulated to have a second form when 1t 1s position 1n
the patient 1s finalized. For example, the microstimulator of
FIG. 9C may be a planar structure which can be unfurled upon
implantation through a needle. The microstimulator may
uniurl to conform to an anatomical structure of a patient, such
as a fossa for a lacrimal gland. Implementing a planar pliable
microstimulator 120 within a patient 1s discussed 1n more
detail below with respect to FIG. 10A.

[0131] FIG. 9D illustrates another exemplary microstimu-
lator for use with a stimulation system. The microstimulator
120 of FIG. 9D 1s a flexible device shaped to conform to an

anatomical structure of a patient, such as a fossa for a lacrimal
gland 130 of FIGS. 2A-J. The microstimulator 120 of FIG.
9D includes a first curve 1in one direction and a second curve
in a second direction. In the embodiment illustrated in FIG.
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9D, the device curves are formed within a single plane. In
various embodiments, the curves may extend in more than
one plane.

[0132] FIG.9E illustrates a flex segmented microstimulator
for use with a stimulation system. The flex segmented micro-
stimulator may include multiple electrodes 113. For example,
the microstimulator 120 of FIG. 9E may include four elec-
trodes separated by a body segments. The electrodes may be
implemented as part of a pulse generation circuit for stimu-
lating one or more anatomical targets such as a lacrimal gland
10. The electrodes and segments may combine to form a
curved shape which may conform to an anatomical structure
of a patient, such as a fossa for a lacrimal gland 130 of FIGS.
2A-]. Implementing a flex segmented microstimulator 120

within a patient 1s discussed 1n more detail below with respect
to FIG. 10C.

[0133] FIG. 9F illustrates a flex conduit segmented micro-
stimulator 120. The flex conduit segmented microstimulator
120 of FIG. 9F 1s similar to the microstimulator 120 of FIG.
OF 1n that i1t has multiple electrodes separated by body seg-
ments. Fach electrode of the device of FIG. 9F may be imple-
mented as part of a pulse generation circuit such as for
example the circuit 121 of FIG. 8C. The conduit segmented
microstimulator 120 differs from the device of FIG. 9E 1n that
the overall shape of the device does not form a single curve.
Rather, the overall shape of the flex conduit segmented micro-
stimulator 120 of FIG. 9F may be somewhat jagged with each
clectrode extending about parallel to the other electrodes.

[0134] The embodiments of FIGS. 9G-H include features
to facilitate mimimally invasive retrieval. FI1G. 9G 1llustrates a
microstimulator 120 having a recapture loop. The micro-
stimulator of F1G. 9G may include electrodes and have abody
including a cross section and ends shaped similar to the
microstimulator of F1IG. 9A. The microstimulator 120 of FIG.
9G may also include a recapture loop 160. Recapture loop
160 may be positioned at an end of microstimulator 120 as
illustrated 1n FIG. 9G, or along the body of device 120. The
recapture loop may be formed by an arm that forms an aper-
ture. The arm may be engaged by an insertion device and/or
an extraction device to 1nsert and extract the microstimulator
120 within a patient.

[0135] FIG. 9H illustrates a microstimulator 120 having a
recapture magnet 162. The microstimulator of FIG. 9H may
include electrodes and have a body including a cross section
and ends shaped similar to the microstimulator of FIG. 9A,
and may also include a recapture magnet 162 implemented 1n
an end (as illustrated 1n FIG. 9H) or along the body of the
device. Recapture magnet 162 may be engaged by an inser-
tion device and/or an extraction device with an oppositely
charged metal device to insert and extract the microstimulator
120 within a patient.

[0136] A microstimulator may be used 1n conjunction with
a controller to stimulate an anatomical target such as a lacri-
mal gland. To stimulate anatomical targets, the microstimu-
lator must be appropnately sized. FIGS. 9I-] illustrate a
microstimulator and controller having dimensions suitable
for use with an anatomical target such as a lacrimal gland.

[0137] FIG. 91 15 a side view of an exemplary microstimu-
lator for use with a stimulation system. The microstimulator
of FIG. 91 may include electrodes and have a body including
a cross section and ends shaped similar to the microstimulator
of FI1G. 9A. The microstimulator of FIG. 91 may have a length
that extends from the outer edge of one end to the outer end of
a second end. In various embodiments, the length of the
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microstimulator may be about 6.0 to 15 millimeters. The
width of the microstimulator may be about 1 to 1.5 millime-
ters. In various embodiments, the length of the microstimu-
lator may be about 10 millimeters. The width of the micro-
stimulator may be about 1.5 millimeters.

[0138] FIG. 9] 1s a cross section view of a basic micro-
stimulator for use with a stimulation system. In various
embodiments, the microstimulator may be similar to the
device of FIG. 91 and have a width of about 1-1.5 millimeters.
In various embodiments, the microstimulator may be similar

to the device of FIG. 91 and have a width of about 1.5 milli-
meters.

[0139] A microstimulator may have a length and width
selected to permit placement of a portion of the microstimu-
lator or the entire microstimulator adjacent to the lacrimal
gland. A microstimulator may also have a length and width
selected to permit placement of the microstimulator on, par-
tially 1n, within or about the lacrimal gland. The microstimu-
lator may be smaller than the lacrimal gland. In various
embodiments, the microstimulator 1s smaller than a portion of
lacrimal gland. The microstimulator may be sized to extend
the length of the lacrimal gland or fossa for the lacrimal gland.
In various embodiments, the microstimulator may be less
than the length of the lacrimal gland or fossa for the lacrimal
gland.

[0140] The microstimulator may have different types of
leads and electrodes. A microstimulator with different elec-
trodes 1s illustrated 1n FIGS. 9K-9Q. FIG. 9K illustrates a
microstimulator 120 with electrodes 113 coupled to pulse
generation circuit. The pulse generation circuit may have
more or fewer components than those illustrated 1n FIG. 9K.
Electrodes 113 may be coupled to the pulse generation circuit
at ends of the microstimulator 120.

[0141] FIG. 9L 1illustrates a microstimulator having elec-
trodes. The electrodes 113 are attached to microstimulator
120 via small round contact points. The contact points attach
clectrodes 113 to the exterior of microstimulator 120. FIG.
OM 1llustrates a microstimulator having nestled electrodes
113. Flectrodes 113 are nestled at the ends of microstimulator
120 and may be configured as a circular pattern. The elec-
trodes may be on both ends of microstimulator 120.

[0142] FIG. 9N illustrates another microstimulator having
clectrodes 113. The electrodes 113 of FIG. 9N are attached to
a flexible lead 111. Hence, the leads may be curved and
manipulated into a different shape. There may be one or more
leads. One or more electrodes may be integrated into the body
of the device. FIG. 90 1illustrates another microstimulator
connected to electrodes 113 via leads 111. The leads 111 are
rigid and generally maintain a single shape. There may be one
or more leads. One or more electrodes may be integrated into
the body of the device.

[0143] FIG. 9P illustrates a microstimulator 120 having
fixation elements. The fixation elements 230 may include
hooks, barbs or anchors and may be configured to maintain a
location of the microstimulator while embedded within the
patient. In the embodiment of FIG. 9P, the fixation elements
230 are barbs that extend from a length of the microstimula-
tor, extending out therefrom and curving downwards. Though
barbs are shown in FIG. 9P, other shapes may be used to
implement fixation elements 230.

[0144] FIG. 9Q illustrates another microstimulator 120
with fixation elements. Fixation elements 230 are located on
leads 111 between microstimulator 120 and electrodes 113.
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[0145] A microstimulator may be positioned on or adjacent
an anatomical target such as a lacrimal gland. FIGS. 10A-C
illustrate exemplary embodiments of a microstimulator
which are positioned on or adjacent a lacrimal gland of a
patient.

[0146] FIG. 10A 1s a perspective view ol a patient’s eye
with an exemplary microstimulator. The microstimulator 120
of FIG. 10A 1s similar to the planar pliable microstimulator
discussed above with respect to FIG. 9C. The planar pliable
device 1s positioned on or adjacent to the lacrimal gland and
has been unturled such that a surface of the microstimulator
expands over a portion of the surface of the lacrimal gland.

[0147] FIG. 10B 1s a perspective view of a patient’s eye
with another exemplary microstimulator. The microstimula-
tor 120 of FIG. 10B 1s similar to the basic curved microstimu-
lator 120 discussed above with respect to FIG. 9B. The basic
curved device 1s positioned on or adjacent the lacrimal gland
10 and curves to conform to an anatomical structure of a
patient, such as the fossa for the lacrimal gland 130 of FIGS.
2A-].

[0148] FIG. 10C 1s another perspective view of a patient’s
eye with an exemplary microstimulator. The exemplary flex
segmented microstimulator 120 of FIG. 10C may include
multiple electrodes 113 separated by a body segments. Each
of the electrodes may be implemented as part of a pulse
generation circuit and may deliver a pulse to stimulate an
anatomical target, such as a lacrimal gland 10. In various
embodiments, the electrodes and segments may combine to
form a curved shape which may conform to an anatomical

structure of a patient, such as a fossa for a lacrimal gland 130
of FIGS. 2A-1].

[0149] FIG. 11 illustrates an isertion region for deploying
a microstimulator. An insertion device 220 may be used to
implant a microstimulator 120 into a patient. The 1nsertion
device 220 may insert the microstimulator 120 through an
insertion region near the fossa for the lacrimal gland 130 of
FIGS. 2A-]J. The microstimulator 120 may be secured within
the msertion device 220 while being positioned within the
patient. Once the 1nsertion device has positioned the micro-
stimulator 120 at the desired location within the patient, the
insertion device may deploy the microstimulator 120 1n the
patient.

[0150] FIG. 12A 1s a side view of an insertion device for
deploying a microstimulator. Insertion device 220 includes a
housing 224, distal end 226, and device shait 228. Micro-
stimulator 120 1s secured near distal end 226 of insertion
device 220. Insertion device 220 may position the micro-
stimulator 120 at or adjacent an anatomical target, such as a
lacrimal gland, within a patient while the microstimulator 120
1s secured as shown. In various embodiments, the insertion
device 220 15 a 12 or larger gauge needle. In various embodi-
ments the msertion device 220 contains elements for posi-
tioning the insertion device in a location which facilitates safe
and accurate delivery of the microstimulator 120. The 1nser-
tion device may house the microstimulator 120 1n a non-
needle canula. The msertion device may contain one or more
energy storage devices to facilitate insertion, for example a
spring. The insertion device may contain an element with
which the implanting physician triggers the insertion or
deployment of the microstimulator, such a plunger or button.

[0151] FIG. 12B 1s another side view of an insertion device
for deploying a microstimulator. The insertion device of FIG.
12B 1s similar to that of FIG. 12 A, except that the microstimu-
lator 120 1s positioned outside the distal end of insertion
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device 220. The microstimulator 120 may be displaced to a
position outside the distal end by extending shaft 228 through
device housing 224. When installing a microstimulator 120,
the microstimulator 120 may be placed on or adjacent an
anatomical target such as a lacrimal gland when the distal end
of the msertion device 220 is positioned near the target.

[0152] FIG. 13 illustrates an exemplary implant zone for a
microstimulator or a multi-electrode lead. Microstimulator
120 or a multi-electrode lead may be positioned within the
fossa for the lacrimal gland 130 of the orbit between the
superior rectus muscle 116 and the lateral rectus muscle 118.
The microstimulator or multi-electrode lead may selectively
stimulate an anatomical target such as a lacrimal gland 10
without fully activating the extraocular muscles. For
example, stimulation of the lacrimal gland may be suificient
to produce lacrimation or vasodilation of glandular blood
vessels without engaging the extraocular muscles that would
move the eye 1n a horizontal or vertical direction.

[0153] FIG. 14 1llustrates another exemplary implant zone
tor the microstimulator or multi-electrode lead. FIG. 14 1llus-
trates the bony structures and regions of the skull that provide
access to one or more of the anatomical targets specific to the
process ol lacrimation. Some of the bony structures and
regions include, but are not limited to, the sphenoid bone 36,
inferior orbital fissure 35, the infraorbital foramen 62, the
maxillary axis 64, the nasal-maxillary area 66, the nasal cav-
ity 68, the fossa for the lacrimal sac 32, the posterior lacrimal
crest 34, the inferior medial aspect of the supraorbital process

70, the superior orbital fissure 33 and the fossa for the lacrimal
gland 130.

[0154] FIG.151s atlow chart of amethod for stimulating an
anatomical target. In various embodiments, the method may
treat dry eye by stimulating one or more nerves that innervate
lacrimal gland tissue. First, a microstimulator may be
implanted using an isertion device at step 182. The micro-
stimulator may be implanted about, in proximity to, within or
partially in the lacrimal gland. In various embodiments, the
microstimulator may implanted into the fossa for the lacrimal
gland. Once implanted, the microstimulator may conform to
the fossa for the lacrimal gland. The microstimulator may
conform to an exterior aspect ol a lacrimal gland after implan-
tation. The microstimulator may be implanted using a 12 or
larger gauge needle. The insertion device may be removed
from the patient at step 184.

[0155] A wavelorm signal may be generated at step 186.
The wavelorm signal may be generated by a controller. The
wavelorm may be generated automatically based on closed
loop control or based on user input recerved by the controller.
A stimulation signal may be generated from the waveform
signal at step 188. The stimulation signal may be generated by
a microstimulator based on the transform generated by the
controller and received by the microstimulator. The stimula-
tion signal may then be applied to the anatomical target at step
190. In various embodiments, stimulation may be applied to
the lacrimal gland from a microstimulator fully implanted
within the orbit of the eye. The stimulation may selectively
stimulate one or more nerves that innervate the lacrimal
gland. In various embodiments, the stimulation only stimu-
lates one or more nerves that innervate the lacrimal gland.

[0156] The stimulation may be electrically selective and
may stimulate the one or more nerves that innervate the lac-
rimal gland without moving the eye in the vertical or hori-
zontal direction. In various embodiments, the stimulation
selectively stimulates the one or more nerves that innervate
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the lacrimal gland without stimulating the ocular muscles
discussed with respect to FIGS. 2B and 13. The autonomic
ciferent fibers may be selectively stimulated over the sensory
alferent fibers and the A-delta pain fibers. The eflerent fibers
may be selectively stimulated over the C pain fibers.

[0157] The stimulation may include a current having a
pulse amplitude between about 500 pA to about 25 mA. The
stimulation may include a pulse amplitude, a pulse width, and
a pulse frequency. One or more of the pulse amplitude, pulse
width, or pulse frequency may be varied over the treatment
period. The stimulation may have a pulse frequency between
about 2 Hz to about 200 Hz. The pulse frequency may be
between about 30 Hz to about 40 Hz. The stimulation may
include a current having a pulse width between about 50 usec
to about 2000 usec.

[0158] Implanting the device may include 1dentifying an
insertion point for implantation based upon a feature of the
orbit. In various embodiments, the stimulation may be
adjusted 1n response to a measured variable. The stimulation
may be delivered 1n bursts and may include a current having
a pulse width between about 500 sec to about 1000 usec. A
controller may be positioned in proximity to the microstimu-
lator. The stimulation may be delivered 1n a pattern. The
patterned stimulation may be used to ensure the comiort of
the patient. The patterned stimulation may be used to efficacy
of the stimulation. The stimulation may be delivered periodi-
cally at regular or irregular intervals. Stimulation bursts may
be delivered periodically at regular or 1rregular intervals. The
stimulation amplitude, pulse width or frequency may be
modified during the course of stimulation. For example, the
stimulation amplitude may be ramped from a low amplitude
to a higher amplitude over a period of time. Stimulation
amplitude may be ramped from a high amplitude to a lower
amplitude over a period of time. Stimulation pulse width may
be ramped from a low pulse width to a higher pulse width over
a period of time. Stimulation pulse width may be ramped
from a high pulse width to a lower pulse width over a period
of time. The ramp period may be between 1 second and 15
minutes. The ramp period may be between 5 seconds and 30
seconds. Stimulation may be delivered at night time. Stimu-
lation may only be delivered at night time. Stimulation may
consist of very high frequency pulses to block activity in the

target tissue. These very high frequency pulses may be of a
frequency between 1,000 Hz and 100,000 Hz.

[0159] A magnetic field may be generated by the controller.
The magnetic field may be coupled to the microstimulator to
generate the stimulation. The magnetic field may be gener-
ated 1n bursts and may have a frequency of about 10 kHz to

about 100 MHz or 100 kHz to about 10 MHz.

[0160] In various embodiments, the present nvention
includes a method for treating dry eye by indirectly stimulat-
Ing one or more nerves that innervate lacrimal gland tissue.
First, one or more stimulation electrodes may be positioned
adjacent to or 1n the lacrimal gland. Stimulation may be
applied to the lacrimal gland, wherein the one or more elec-
trodes are electrically coupled to a pulse generator. The pulse
generator may be implantable in proximity to the one or more
stimulation electrodes, to the temporal bone, 1n the subclav-
icular pocket, and 1n a subcutaneous abdominal pocket. A
controller may be positioned 1n proximity to the pulse gen-
erator.

[0161] FIG.16A 1llustrates a microstimulator implemented
with a contact lens. The embodiment of FIG. 16 A 1includes a

contact lens positioned over an 1r1s 200 and having electrodes
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113. The contact lens stimulator 1s 1n contact with the cornea,
and its mner surface conforms to the shape of the comea
and/or the conjunctiva.

[0162] Each of one or more electrodes 113 maybe posi-
tioned at the outer edge 204 of the contact lens. The device
contains two or more electrodes 113 and delivers electrical
current to the surface of the eye 1n order to activate affluent
flows. Activation of these fibers results 1n reflex lacrimation.
A patient’s upper eyelid 20 and lower eye lid 22 may both
close over the contact lens.

[0163] The contact lens stimulator may have a battery/en-
ergy storage unit. The stimulator may be powered by a mag-
net placed within the eyelids. The stimulator may also be
powered externally, either continuously or intermittently by
an external power source with a coil. The coil may part of an
inductive pair of coils 202. FIG. 16B 1s an enlarged view of
inductive coils 202 for use with the microstimulator of FIG.
16 A. The power source using inductive coils 202 could be
implemented 1n a handheld device, a pair of sunglasses, or
other devices such as those described in FIGS. 3,5, and 7. The
microstimulator may be activated by blinking an eye, in
which case a blink detection mechanism would be used in
conjunction with the microstimulator.

[0164] FIG. 17 illustrates a microstimulator implemented
with closed loop control of lacrimal stimulation. The envi-
ronment of FIG. 17 includes a lacrimal gland 10, stimulator
206, and an eyeball system. Stimulator 206 may have sensors
208 positioned on the patient’s eyeball. The stimulator 206
may be connected to sensors 208 and to stimulator lead 210.
Stimulator lead 210 may extend between stimulator 206 and
one or more anatomical targets, such as lacrimal gland 10.
When stimulated by one or more signals, tears may be pro-
duced under upper eye lid 20 and may travel over an ir1s 200
of the patient’s eye assembly.

[0165] Closed loop stimulation works by detecting a con-
dition (surface impedance to detect wetness) that provides
information about the requirement of tear production and
generating a condition signal. The device then modulates 1ts
output in response to this condition signal to modity 1ts output
in tear production. Detecting the condition may include mea-
surement of one or more variables. Measured variables for
use 1n the closed loop stimulation may include one or more of
tear conductivity, tear volume, and gland conductivity. A
sensing element may be part of an implantable microstimu-
lator, or could be separate (e.g. a contact lens, part of the
controller, etc.) from the implanted microstimulator. The
adjustment of stimulation output may be based on an algo-

rithm.

[0166] While specific microstimulator implant locations
have been illustrated and described above, other implant loca-
tions and relative positions between a microstimulator, the
lacrimal gland and the surrounding anatomy are possible.
(Given the variation between patient treatment conditions and
human anatomy, numerous alternative microstimulator
placements and variable degrees of interaction with the tar-
geted tissue are also considered within the scope of the dis-
closure. As such, a microstimulator may be positioned such
that all or a portion of a microstimulator 1s adjacent, on, in, or
within a target tissue, such as the lacrimal gland. All or a
portion ol a microstimulator refers to a body, casing or other
clectrically nactive element or the electrically active ele-
ments such as electrodes. Each of these relative positions may
be understood 1n terms of spacing and invasiveness to the
lacrimal gland or other target structure. Positioning that 1s
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adjacent refers to a placement that 1s not within direct physi-
cal contact but within the stimulation zone of any active
clement ol the microstimulator. Positioning that 1s on refers to
a placement 1n physical contact with the lacrimal gland or
stimulation target. Positionming that 1s in refers to the insertion
by penetration or fixation of at least a portion of the micro-
stimulator. As such, 1n the lacrimal gland or 1n a stimulation
target would encompass the use of one or more penetrating
clements—including electrically active elements like elec-
trodes or electrically passive elements like a hermetically
sealed housing, a casing or one or more fixation elements (1.e.,
a tine, a barb, a hook and the like). In light of the above, within
means that the microstimulator 1s completely within an
implant location or position. For example, a microstimulator
may be considered within the orbit when it 1s placed com-
pletely within the orbit. Additionally or alternatively, a micro-
stimulator may be considered within the lacrimal gland when
it 1s 1mplanted completely within the gland. For example, a
microstimulator may be held within a needle used to inject the
microstimulator not only mto a position 1n the orbit but actu-
ally within the lacrimal gland itself. Implanting within may be

accomplished, for example, using the device and technique
described above 1n FIGS. 12A and 12B.

[0167] Stll further variations 1n the placement of a micro-
stimulator are possible i terms of the physical placement of
the microstimulator relative to the targeted tissue as well as
surrounding structures. Oftentimes 1t 1s the case 1n the field of
implanted stimulations systems, optimal placement of a
microstimulator adjacent to the targeted structure to achieve
the desired modulation or stimulation result 1s tensioned
against unintended damage to or unwanted stimulation of
adjacent structures. One specific example would be place-
ment of amicrostimulator to achueve enhanced lacrimal gland
activity that imnadvertently resulted in muscles firing to cause
eyelid shuttering or flickering or, 1n another example, undes-
ired eye movement. Both of these examples illustrate adverse
reactions to be avoided during lacrimal stimulation. Embodi-
ments of the present invention may be considered selective to
the targeted tissue through the use of one or both of electrical
selectivity or physical selectivity. Electrical selectivity
includes the adjustment of one or more electrical variables or
aspects of the applied neuromodulation signal to control the
placement, intensity, neuronal fiber-type recruitment or
stimulation zone of the microstimulator. Physical selectivity
refers to the placement or position of the microstimulator
within the body 1n proximity to the stimulation target but also
considers the adjacent tissue as well. In some cases, a micro-
stimulator 1s placed so that when the stimulation current 1s
delivered, it will generate electrical fields 1n the target tissue
that are sufficient to induce cellular activity. Alternatively, the
clectric field in the non-target tissue are 1nsutficient to pro-
duce any deleterious effect such as undesired motor response
(1.e., eve lid flutter or eye movement as discussed herein).

[0168] With reference to FIG. 13, consider the location of
the lacrimal gland 38 relative to the rectus muscles of the eye
116, 118. In one illustrative example, a microstimulator may
be positioned along the lacrimal gland 10 by 1n a medial
portion of the stimulation zone 38. Such a position would be
physically selective to the gland over the adjacent muscles.
The stimulation pattern used could also be devised so that the
stimulation signal induces activity by the gland with no, low
or imperceptive amounts of energy reaching the adjacent
muscles. Here, no, low or imperceptive amounts of energy
relates to an amount that 1s below that level resulting in
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undesired results, such as an undesired motor response. In
view ol specific treatment or anatomical conditions for a
patient, a microstimulator may be positioned 1 any of a
number of different orientations relative to a target implanta-
tion site. Moreover, the electrical stimulation patterns may be
adjusted according to the resulting placement, proximity to
the neural target and stimulation etfects to be avoided. Such
implant orientations include, for example, on or along a supe-
rior aspect of a stimulation or a neuromodulation target, on or
along a lateral aspect of a stimulation or a neuromodulation
target; on or along a medial aspect of a stimulation or a
neuromodulation target; on or along a caudal aspect of a
stimulation or a neuromodulation target; or, on or along a
dorsal aspect of a stimulation or a neuromodulation target.

[0169] Thetforegoing descriptions of specific embodiments
of the present invention have been presented for purposes of
illustration and description. They are not intended to be
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exhaustive or to limit the mvention to the precise forms dis-
closed, and obviously many modifications and variations are
possible 1n light of the above teaching. The embodiments
were chosen and described in order to best explain the prin-
ciples of the invention and 1ts practical application, to thereby
enable others skilled in the art to best utilize the invention and
various embodiments with various modifications as are suited
to the particular use contemplated. It 1s intended that the
scope of the invention be defined by the Claims appended
hereto and their equivalents.

What 1s claimed 1s:

1. An implantable microstimulator for treating conditions
of the eye having a length of about 0.6 cm to about 1.5 cm and
a width of about 1 mm to about 1.5 mm and comprising a
passive stimulation circuit.
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