Innovation, Sciences et Innovation, Science and CA 3012828 C 2024/04/30

I*I Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 3 0 1 2 828
12y BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépét PCT/PCT Filing Date: 2017/01/26 (51) CLInt./Int.Cl. A67N 1/05(2006.01),
(87) Date publication PCT/PCT Publication Date: 2017/08/03 AGTN 1/37(2006.01)
" . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2024/04/30 NASSIF. RABIH, US.
(85) Entrée phase nationale/National Entry: 2018/07/26 HANKINS, STEVE, US;
®6) N° demande PCT/PCT Application No.: US 2017/015124 BOWES, CHRISTOPHER J., US

(87) N° publication PCT/PCT Publication No.: 2017/132374 (73) Propriétaire/Owner:

e AXONICS, INC., US
(30) Priorité/Priority: 2016/01/29 (US62/289,073)
(74) Agent: SMART & BIGGAR LP

(54) Titre : PROCEDES ET SYSTEMES POUR AJUSTEMENT DE FREQUENCE POUR OPTIMISER LA CHARGE D'UN
NEUROSTIMULATEUR IMPLANTABLE

(54) Title: METHODS AND SYSTEMS FOR FREQUENCY ADJUSTMENT TO OPTIMIZE CHARGING OF IMPLANTABLE
NEUROSTIMULATOR

DOU 100
CABLESETFOR %
TEST STIMULATION
40 120
20— LEAD % o —
3
o o Cu;\.cuw .. Lead placement, 2
Leed placement ™ ~vau.| prograrming, st
p ing, PROGRAMMER - Py
,+stim control b

»' ,
- stir control stmeontrol 4, A
80— =] bettery stalf> = v . l P “Battery status == [ipG 19
i 1
3 52
\—'_’/ PATIENT REMOTE PGCD 50
re STICK-ON FIXATION

ORBAND FIXATION

o

CHARGE DOCK

(57) Abrégé/Abstract:

Devices, systems, and methods for coupling with an implantable neurostimulator for delivering one or more electrical pulses to a
target region within a patient's body are disclosed herein. A device, such as a charger, can include: a power source for storing
electrical energy; a resonant circuit that can have a plurality of selectable natural frequencies; a driver coupled to the power source
and the resonant circuit; and a processor coupled to the resonant circuit to control the natural frequency of the resonant circuit.
The processor can control the natural frequency of the resonant circuit according to stored data associated with the implantable
neurostimulator.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191



wo 2017/132374 A1 [N NI 0000000 R0 O

(43) International Publication Date

CA 03012828 2018-07-26

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/132374 Al

3 August 2017 (03.08.2017) WIPOIPCT
(51) International Patent Classification: 1100 Peachtree Street, Suite 2800, Atlanta, Georgia 30309
AG6IN 1/05 (2006.01) AG6IN 1/37(2006.01) (US).
(21) International Application Number: (81) Designated States (uniess otherwise indicated, for every
PCT/US2017/015124 kind of national protection available). AE, AG, AL, AM,
. . AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(22) International Filing Date: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
26 January 2017 (26.01.2017) DO, DZ, EC, FE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
(26) Publication Language: English MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
(30) Priority Data: NI NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
62/289,073 29 January 2016 (29.01.2016) Us RU, RW, SA, SC, 8D, SE, 8G, 8K, SL, SM, ST, SV, §Y,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
(71) Applicant: AXONICS MODULATION TECHNOLO- ZA, ZM, ZW.
GIES, INC. [US/US]; 7575 Irvine Center Drive, Suite . L
200, Irvine, California 92618 (US). (84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(72) Inventors: NASSIF, Rabih; C/O Axonics Modulation GM, KFE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
Technologies, Inc., 7575 Irvine Center Drive, Suite 200, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
Irvine, California 92618 (US). HANKINS, Steve; C/O TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
Axonics Modulation Technologies, Inc., 7575 Irvine Cen- DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
ter Drive, Suite 200, Irvine, California 92618 (US). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
BOWES, Christopher J.; C/O Axonics Modulation Tech- SM, TR), OAPI (BF, BI, CF, CG, CIL, CM, GA, GN, GQ,
nologies, Inc., 7575 Irvine Center Drive, Suite 200, Irvine, GW, KM, ML, MR, NE, SN, TD, TG).
California 92618 (US). .
Published:

74

Agents: CHRISTIANSEN, Richard, B. et al.; Kilpatrick
Townsend & Stockton LLP, Mailstop: IP Docketing - 22,

with international search report (Art. 21(3))

(54) Title: METHODS AND SYSTEMS FOR FREQUENCY ADJUSTMENT TO OPTIMIZE CHARGING OF IMPLANTABLE
NEUROSTIMULATOR

200

/

Trial System

CARLE SETFOR
TEST STIMULATION

LEAD

Ce=

4
Lead placement

p i
#stim contrel
.

stim control

o Dattery stk romo, > O &

B

=

|

PATIENT REMOTE

56 f}arge
51
jizeden]

"""" Fertery stafus:

100

Permanent System

Lead placement,
programming, sfim
Y contro!

stim confrol

FGGD

>iicmm FIKATION [~
OR BAND FIXATION
< =

.

D

FIG. 1

CHARGE DOCK

(57) Abstract: Devices, systems, and methods for coupling with an implantable neurostimulator for delivering one or more electrical
pulses to a target region within a patient's body are disclosed herein. A device, such as a charger, can include: a power source for
storing electrical energy; a resonant circuit that can have a plurality of selectable natural frequencies; a driver coupled to the power
source and the resonant circuit; and a processor coupled to the resonant circuit to control the natural frequency of the resonant cir-
cuit. The processor can control the natural frequency of the resonant circuit according to stored data associated with the implantable
neurostimulator.
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METHODS AND SYSTEMS FOR FREQUENCY ADJUSTMENT TO
OPTIMIZE CHARGING OF IMPLANTABLE NEUROSTIMULATOR

[0001]

FIELD OF THE INVENTION

[0002] The present invention relates to neurostimulation treatment systems and associated
devices, as well as methods of treatment, implantation and configuration of such treatment

systems.
BACKGROUND OF THE INVENTION

[6063] Treatments with implantable neurostimulation systems have become increasingly
common in recent years. While such systems have shown promise in treating a number of
conditions, effectiveness of treatment may vary considerably between patients. A number of
factors may lead to the very different outcomes that patients experience, and viability of
treatment can be difficult to determine before implantation. For example, stimulation systems
often make use of an array of electrodes to treat one or more target nerve structures. The
electrodes are often mounted together on a mulii-electrode lead, and the lead implanted in tissue
of the patient at a position that is intended to result in electrical coupling of the electrode to the
target nerve structure, typically with at least a portion of the coupling being provided via
intermediate tissues. Other approaches may also be employed, for example, with one or more
electrodes attached to the skin overlying the target nerve structures, implanted in cuffs around a
target nerve, or the like. Regardless, the physician will typically seek to establish an appropriate
treatment protocol by varying the electrical stimulation that is applied to the electrodes.

[0004] Current simulation electrode placement/implantation techniques and known treatment

setting techniques suffer from significant disadvantages. The nerve tissue structures of different
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patients can be quite different, with the locations and branching of nerves that perform specific
functions and/or enervate specific organs being challenging to accurately predict or identify. The
electrical properties of the tissue structures surrounding a target nerve structure may also be quite
different among different patients, and the neural response to stimulation may be markedly
dissimilar, with an electrical stimulation pulse pattern, frequency, and/or voltage that is effective
1o affect a body function for one patent may impose significant pain on, or have limited effect
for, another patient. Even in patients where implantation of a neurostimulation system provides
effective treatment, frequent adjustments and changes to the stimulation protocol are often
required before a suitable treatment program can be determined, often involving repeated office
visits and significant discomfort for the patient before efficacy 1s achieved. While a number of
complex and sophisticated lead structures and stimulation setting protocols have been
implemented to seek to overcome these challenges, the variability in lead placement results, the
clinician time to establish suitable stimulation signals, and the discomfort (and in cases the
significant pain} that is imposed on the patient rematn less than ideal. In addition, the lifetime
and battery life of such devices is relatively short, such that implanted systems are routinely
replaced every few vears, which requires additional surgenies, patient discomfort, and significant

costs to healthcare systems.

[B005] The effectiveness of such current stimulation systems relies heavily on the ability to
roaintain a charge in an implanted neurostimulator. This requires effective charging of the
implanied neurostimulator. However, due to complexities arising from charging an implanted
device, the coupling of the implanted neurostimulator and a charger is not always effective or
efficient. This leads to problems such as excess heating of the implanted neurostimulator and/or

of tissue surrounding the implanted neurostimulator.

[0006] The tremendous benefits of these neural stimulation therapies have not yet been fully
realized. Therefore, 1t 1s desirable to provide improved newrostimulation methods, systems and
devices, as well as methods for implanting and configuring such neurostimulation systems fora
particular patient or condition being treated. It would be particularly helpful to provide such
systems and methods so as to improve ease of use by the physician in implanting and configuring
the system, as well as to improve patient comfort and alleviation of symptoms for the patient,

and/or to provide improved charging features or charging methods.
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BRIEF SUMMARY OF THE INVENTION

{8007} One aspect of the present disclosure relates to a charger for coupling with an
implantable neurostimulator for delivering one or more electrical pulses to a target region within
a patient’s body. The charger includes: a power source for storing electrical energy; a resonant
circuit that can be configured to have a plurality of natural frequencies; a driver coupled to the
power source and the resonant circuit, which driver can power the resonant circuit; and a
processor coupled to the resonant circuit to control the natural frequency of the resonant circuit.
In some embodiments, the processor can control the natural frequency of the resonant circuit

according to stored data associated with the implantable neurostimulator.

{0008] In some embodiments, controlling the natural frequency of the resonant circuit
according to stored data associated with the implantable neurostimulator includes: receiving
wdentifying data from the implantable neurostimulator; and retrieving characterization data,
which characterization identifies a natural frequency of a resonant circuit of the implantable
neurostimulator. In some embodiments, controlling the natural frequency of the resonant circuit
according to stored data associated with the implantable neurostimulator includes: detecting a
first natural frequency of the resonant circuit of the charger; comparing the first natural
frequency of the resonant circutt of the charger to the characterization data; and changing the
natural frequency of the resonant circuit of the charger from the first natural frequency to a
second natural frequency. In some embodiments, detecting the first natural frequency of the
resonant circuit of the charger includes at least one of: determining the driving frequency of the
driver; or detecting ringing of the resonant circuit, In some embodiments, the second natural

frequency corresponds to the characterization data.

{00091 In some embodiments, the resonant circuit includes: an inductor; a first capacitor
coupled in series to the inductor; and a plurality of capacitors switchably coupleable to the
inductor, which plurality of capacitors are each configured to be in parallel with the first
capacitor when switchably coupled to the inductor. In some embodiments, the plurality of
capacitors includes three capacitors. In some embodiments, each of the plurality of capaciiors i
switchably coupleable to the inductor via a transistor. In some embodiments, the transisior is g

field effect transistor.

(43
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{0010} In some embodiments, changing the natural frequency of the resonant circuit of the
charger from the first natural frequency to a second natural frequency includes: identifying a first
switch configuration of the resonant circuit resulting in the first natural frequency; wdentifying a
second switch configuration of the resonant circuit resulting in the second natural frequency; and
generating a control signal to control at least one of: the opening of at least one switch in the
resonant circuit to disconnect at least one of the plurality of capacitors from the inductor; or the
closing of at least one switch in the resonant circuit to connect at least one of the plurality of
capacitors from the inductor. In some embodiments, changing the natural frequency of the
resonant circuit of the charger from the first natural frequency to a second natural frequency
mncludes: identitying a first inductance of an inductor in the resonant circuit resulting in the first
natural frequency; identifying a second inductance of the inductor in the resonant circuit
resulting in the second natural frequency; and generating a control signal to change the

inductance of the inductor from the first inductance to the second inductance.

[06011] In some embodiments, changing the inductance of the inductor from the first
inductance to the second inductance includes changing a saturation level of a core of the inductor
from a first saturation level {0 a second saturation level. In some embodiments, changing the
saturation level of the core of the inductor from the first saturation level to the second saturation
level includes changing a voltage applied the core of the inductor from a first voltage to a second

voltage.

[6612] In some embodiments, the first natural frequency is repeatedly detected, and in some
embodiments, the first natural frequency is periodically detected. In some embodiments, the
natural frequency of the resonant circuit can be adjusted within a range of 20 Hz. In some
embodiments, the natural frequency of the resonant circuit can be adjusted within a range of 10
Hz. In some embodiments, the natural frequency of the resonant circuit can be adjusted between
approximately 119 Hz and 130 Hz. In some embodiments, the driver includes a class-E driver. In
some embodiments, the stored data associated with the implantable neurostinmulator identifies the
implantable neurostimulator and/or the stored data associated with the implantable
neurostinuilator identifies a previously determined natural frequency of the implantable

neurostimulator,
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{6013] One aspect of the present disclosure relates to a neurostimulation system for delivering
one or more electrical pulses (o a target region within a patient’s body. The neurcstimulation
system includes: an implantable neurostimulator including: a hermetic housing having an
external surface that is implantable within a body of a patient, the housing including a ceramic
transmission region; and a charging circuit that can receive power through the ceramic region of
the hermetic housing. The system can include a charger for coupling with an implantable
neurostimulator, the charger including: a resonant circuit, which resonant circuit is configurable
to a plurality of natural frequencies; and a processor coupled to the resonant circuit to control the
natural frequency of the resonant circuit according to stored data identifying a previously

determined natural frequency of the charging circuit of the implantable neurostimulator.

[0014] 1In some embodiments, the processor can control the natural frequency of the resonant
circuit according to characterization data identifying a natural frequency of the charging circuit
of the implantable neurostimulator. In some embodiments, the characterization data 1s uniquely
associated with the implantable neurostimulator, and the characterization data is stored in a
database in memory at the charger. In some embodiments, the characterization data is received at
the charger from the implantable neurostimulator when the charger is coupled with the
implantable neurostimulator. In some embodiments, the characterization data is generated by the
charger when the database does not contain characterization data for the implantable

neurostimulator.

[0015] In some embodiments, generating the characterization data includes: controlling the
natural frequency of the resonant circuit to iteratively cvele through a plurality of natural
frequencies of the resonant circuit; iteratively receiving data from the implantable
neurostimulator indicative of a level of matching between the plurality of natural frequencies of
the resonant circuit and a natural frequency of the charging circuit of the implantable
neurostimulator; and identitying one of the plurality of natural frequencies as the natural

frequency of the charging circuit of the implantable neurostimulator.

[B016] In some embodiments, the identified one of the plurality of natural frequencies is the
one of the plurality of natural frequencies that best matches the natural frequency of the charging
circuit of the implantable neurostimulator. In some embodiments, the identified one of the

plurality of natural frequencies is the one of the plurality of natural frequencies that best matches
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the natural frequency of the charging circuit of the implantable neurostimulator over a
statistically significant number of iterations. In some embodiments, the identified one of the

plurality of natural frequencies is a default natural frequency.

{0017] One aspect of the present disclosure relates to a method for coupling a charger with an
implantable neurostimulator for delivering one or more electrical pulses to a target region within
a patient’s body. The method includes: powering a resonant circuit of a charger with a driver
coupled to a power source, which resonant circuit is configurable to a plurality of natural
frequencies; determining a first natural frequency of the resonant circuit; retrieving stored
characterization data, which characterization identifies a previously determined natural
frequency of a resonant circuit of the implantable neurostimulator; and changing the natural
frequency of the resonant circuit from the first natural frequency to a second natural frequency

with control signals generated by a processor according to the characterization data.

{0018} In some embodiments, determining the natural frequency of the resonant circuit of the
charger includes at least one of’ determining the driving frequency of the driver; or detecting
ringing of the resonant circuit. In some embodiments, the resonant circuit includes: an inductor; a
first capacitor coupled in series to the inductor; and a plurality of capacitors switchably
coupleable to the inductor, which plurality of capacitors can be in parallel with the first capacitor
when switchably coupled to the inductor. In some embodiments, the plurality of capacitors
includes three capacitors. In some embodiments, each of the plurality of capacitors is switchably

coupleable to the inductor via a transistor.

[06019] In some embodiments, changing the natural frequency of the resonant circuit of the
charger from the first natural frequency to a second natural frequency includes: identifyving a first
switch configuration of the resonant circuit resulting in the first natural frequency; identifving a
second switch configuration of the resonant circuit resulting in the second natural frequency; and
generating a control signal to control at least one of the opening of at least one switch in the
resonant circuit to disconnect at least one of the plurality of capacitors from the inductor; or the
closing of at least one switch in the resonant circuit to connect at least one of the plurality of
capacttors from the inductor. In some embodiments, changing the natural frequency of the
resonant circuit of the charger from the first natural frequency to a second natural frequency

mcludes: identifying a first mductance of an inductor in the resonant circuit resulting in the first

6
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natural frequency; identifying a second inductance of the inductor in the resonant circuit
resulting in the second natural frequency; and generating a control signal to change the

inductance of the inductor from the {irst inductance to the second inductance.

{0020} In some embodimenits, the characterization data is retrieved from a database in memory
at the charger. In some embodiments, the characterization data is generated by the charger. In
some embodiments, generating the characterization data mcludes: controlling the natural
frequency of the resonant circuit to iteratively cycle through a plurality of natural frequencies of
the resonant circuit; iteratively receiving data from the implantable neurostimulator indicative of
a level of matching between the plurality of natural frequencies of the resonant circuit and a
natural frequency of the charging circuit of the implantable neurostimulator; and identifying one
of the plurality of natural frequencies as the natural frequency of the charging circuit of the

implantable neurostimulator.

{0021} Further areas of applicability of the present disclosure will become apparent from the
detatled description provided hereinafter. It should be understood that the detailed description
and specific examples, while indicating various embodiments, are intended for purposes of

illustration only and are not intended to necessarily limit the scope of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022] FIG. 1 schematically tllustrates a nerve stimulation system, which includes a clinician
programmer and a patient remote used in positioning and/or programming of both a trial

neurostimulation system and a permanently implanted neurostimulation system, in accordance

with aspects of the invention.

{00231 FIGS. 2A-ZC show diagrams of the nerve structures along the spine, the lower back and

sacrum region, which may be stimulated in accordance with aspects of the invention,

[0024] FIG. 3A shows an example of a fully implanted neurostimulation system in accordance

with aspects of the invention,

{0025] FIG. 3B shows an example of a neurostimulation system having a partly implanted
stimulation lead and an external pulse generator adhered to the skin of the patient for use ina

trial stimulation, in accordance with aspects of the invention.
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{0026] FIG. 4 shows an example of a neurostimulation system having an implantable
stimulation lead, an implantable pulse generator, and an external charging device, in accordance

with aspects of the invention.

{0027) FIGS. 3A-5C show detail views of an implantable pulse generator and associated

components for use in a neurostimulation system, in accordance with aspects of the invention.
{8028] FIG. 6 shows a schematic illusiration of one embodiment of the architecture of the IPG.

{0029] FIG. 7 shows a schematic illustration of one embodiment of the architecture of the

charging device.

{6030] FIG. 8 shows a schematic illustration of one embodiment of a charging circuit

including a plurality of switchably coupleable capacitors.

{0031] FIG. 9 shows a schematic illustration of one embodiment of a charging circuit

including a variable inductance inductor.

{0032] FIG. 10 is a flowchart illustrating one embodiment of a process for dynamic

modulation of the natural frequency of a charging circuit.

[0033] FIG. 11 1s a flowchart illustrating one embodiment of a process for characterizing an

PG

[B034] FIG. 12 15 a flowchart illustrating one embodiment of a process for dynamically

controlling the natural frequency of the charging circuit of the charging device,
DETAILED DESCRIPTION OF THE INVENTION

[06035] The present invention relaies to neurostimulation treatment systems and associated
devices, as well as methods of treatment, implantation/placement and configuration of such
treatment systems. In one particular embodiment, the invention relates to sacral nerve
stimulation treatment systems configured to treat overactive bladder (“OAB”) and relieve
symptoms of bladder related dysfunction. It will be appreciated, however, that the present
mvention may also be utilized for any vanety of neuromodulation uses, such as fecal
dysfunction, the treatment of pain or other indications, such as movement or affective disorders,

as will be appreciated by one of skill in the art.
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. Neurostimulation Indications

{0036] Neurostimulation (or neuromodulation as may be used interchangeably hereunder)
treatment systems, such as any of those described herein, can be used to treat a variety of
ailments and associated symptoms, such as acute pain disorders, movement disorders, affective
disorders, as well as bladder related dysfunction. Examples of pain disorders that may be treated
by neurostimulation include failed back surgery syndrome, reflex sympathetic dystrophy or
complex regional pain syndrome, causalgia, arachnoiditis, and peripheral neuropathy.
Movement orders include muscle paralysis, tremor, dystonia and Parkinson’s disease. Affective
disorders include depressions, obsessive-compulsive disorder, cluster headache, Tourette
syndrome and certain types of chronic pain. Bladder related dysfunctions include but are not
fimited to OAB, urge incontinence, urgency-frequency, and urinary retention. OAB can include
urge incontinence and urgency- frequency alone or in combination. Urge incontinence is the
involuntary loss or urine associated with a sudden, strong desire to void (urgency). Urgency-
frequency is the frequent, often uncontrollable urges to urinate {urgency) that often result in
voiding in very small amounts {frequency). Urinary retention is the inability to empty the
bladder. Neurostimulation treatments can be configured to address a particular condition by
effecting neurostimulation of targeted nerve tissues relating to the sensory and/or motor control

associated with that condition or associated symptom.

[6037] In one aspect, the methods and systems described herein are particularly suited for
treatment of urinary and fecal dvsfunctions. These conditions have been historically under-
recognized and significantly underserved by the medical community. OAB is one of the most
common urinary dysfunctions. It is a complex condition characterized by the presence of
bothersome urinary symptoms, including urgency, frequency, nocturia and urge incontinence. [t
is estimated that about 33 million Americans suffer from OAB. Of the adult population, about

30% of all men and 40% of all women live with OAB symptoms.

[06038] OAB symptoms can have a sigmficant negative impact on the psychosocial functioning
and the quality of life of patients. People with OAB often restrict activities and/or develop
coping strategies. Furthermore, OAB imposes a significant financial burden on individuals, their
families, and healthcare organizations. The prevalence of co-morbid conditions is also

significantly higher for patients with OAB than in the general population. Co~-morbidities may

9
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include falls and fractures, urinary tract infections, skin infections, vulvovaginiiis,
cardiovascular, and central nervous system pathologies. Chronic constipation, fecal

incontinence, and overlapping chronic constipation occur more frequently in patients with OAB.

{0039] Conventional treatments of OAB generally include lifestyle modifications as a first
course of action. Lifestyle modifications include eliminating bladder irritants (such as caffeine)
from the diet, managing fluid intake, reducing weight, stopping smoking, and managing bowel
regularity. Behavioral modifications include changing voiding habits (such as bladder training
and delayed voiding), training pelvic floor muscles to improve strength and control of urethral
sphincter, biofeedback and techniques for urge suppression. Medications are considered a
second-line treatment for OAB. These include anti-cholinergic medications {oral, transdermal
patch, and gel) and oral beta-3 adrenergic agonists. However, anti-cholinergics are frequently
associated with bothersome, systemic side effects including dry mouth, constipation, urinary
retention, blurred vision, somnolence, and confusion. Studies have found that more than 30% of
patients stop using anti~-cholinergic medications within 90 days due to a lack of benefit, adverse

events, or cost.

[0040] When these approaches are unsuccessful, third-line treatment options suggested by the
American Urological Association include intradetrusor {(bladder smooth muscle) injections of
Botulinum Toxin (BoNT-A), Percutaneous Tibial Nerve Stimulation (PTNS) and Sacral Nerve
Stmulation (SNM). BoNT-A (Botox®) is administered via a series of intradetrusor injections
under cystoscopic guidance, but repeat injections of Botox are generally required every 4 to 12
months to maintain effect and Botox may undesirably result in urinary retention. A number of
randomized controlled studies have shown some efficacy of BoNT-A in OAB patients, but long-~

term safety and effectiveness of BoNT-A for OAB is largely unknown.

[0041] Alternative treatment methods, typically considered when the above approaches prove
ineffective, 1s neurostimulation of nerves relating to the urinary system. Such neurostimulation
methods include PTNS and SNM. PTNS therapy consists of weekly, 30-minute sessions over a
period of 12 weeks, each session using electrical stimulation that is delivered from a hand-held

stumulator to the sacral plexus via the tibial nerve. For patients who respond well and continue

treatment, ongoing sessions, typically every 3-4 weeks, are needed to maintain symptom

reduction. There is potential for declining efficacy if patients fail to adhere to the treatment

10
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schedule. Efficacy of PTNS has been demonstrated in a few randomized-controlled studies;

however, long-term safety and effectiveness of PTNE are relatively unknown at this time.
I, Sacral Nevromodulation

{0042] SNM 13 an esiablished therapy that provides a safe, effective, reversible, and long-
lasting treatment option for the management of urge incontinence, urgency-frequency, and non-
obstructive urinary retention. SNM therapy involves the use of mild electrical pulses to
stimulate the sacral nerves located in the lower back. Electrodes are placed next to a sacral
nerve, usually at the 53 level, by inserting the electrode leads into the corresponding foramen of
the sacrum. The electrodes are inserted subcutaneously and are subsequently attached to an
implantable pulse generator (IPG), also referred to herein as an “implantable neurostimulator” or
a “neurostimulator.” The safety and effectiveness of SNM for the treatment of OAB, including
durability at five years for both urge incontinence and urgency-frequency patients, are supported
by multiple studies and are well-documented. SNM has also been approved to treat chronic fecal

incontinence in patients who have failed or are not candidates for more conservative treatments.
A. Implantation of Sacral Neuromodulation System

{0043] Currently, SNM qualification has a trial phase, and 1s followed if successful by a
permanent implant. The trial phase is a test stimulation period where the patient is allowed to
evaluate whether the therapy is effective. Typically, there are two techniques that are utilized to
perform the test stimulation. The first is an office-based procedure termed the Percutaneous

MNerve Evaluation (PNE) and the other is a staged trial.

[0044] 1In the PNE, a foramen needle is typically used first to identify the optimal stimulation
location, usually at the 83 level, and to evaluate the integrity of the sacral nerves. Motor and
sensory responses are used to verify correct needle placement, as described in Table 1 below. A
temporary stimulation lead {a unipolar electrode) is then placed near the sacral nerve under local
anesthesia. This procedure can be performed in an office setting without fluoroscopy. The
temporary lead is then connected to an external pulse generator (EPG) taped onto the skin of the
patient during the trial phase. The stimulation level can be adjusted to provide an optumal
comfort level for the particular patient. The patient will monitor his or her voiding for 3to 7

days to see if there is any symptom improvement. The advantage of the PNE 1s that it is an
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incision free procedure that can be performed in the physician’s office using local anesthesia.
The disadvantage is that the temporary lead i3 not securely anchored in place and has the
propensity to migrate away from the nerve with physical activity and thereby cause failure of the
therapy. If a patient fails this trial test, the physician may still recommend the staged trial as
described below. If the PNE trial is positive, the temporary trial lead is removed and a

permanent quadri-polar tined lead is implanted along with an IPG under general anesthesia.

[0045] A staged trial involves the implantation of the permanent quadri-polar tined stimulation
lead into the patient from the start. It also requires the use of a foramen needle to identify the
nerve and optimal stimulation location. The lead is implanted near the 83 sacral nerve and is
connected to an EPG via a lead extension. This procedure is performed under fluoroscopic
guidance in an operating room and under local or general anesthesia. The EPG is adjusted to
provide an optimal comfort level for the patient and the patient monitors his or her voiding for up
to two weeks. If the patient obtains meaningful symptom improvement, he or she 15 considered a
suitable candidate for permanent implantation of the IPG under general anesthesia, typically in

the upper buttock area, as shown in FIGS. | and 3A.

{0046] 'Fable 1: Motor and Sensory Responses of SNM at Different Sacral Merve Reots
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{0047] In regard to measuring outcomes for SNM treatment of voiding dysfunction, the
voiding dysfunction indications {e.g., urge incontinence, urgency-frequency, and non-obstructive
urinary retention} are evaluated by unique primary voiding diary variables. The therapy
outcomes are measured using these same variables. SNM therapy is considered successful if a
minimum of 50% improvement occurs in any of primary voiding diary variables compared with
the baseline. For urge incontinence patients, these voiding diary variables may include: number
of leaking episodes per day, number of heavy leaking episodes per day, and number of pads used
per day. For patients with urgency-frequency, primary voiding diary variables may include:
number of voids per day, volume voided per void and degree of urgency experienced before each
void. For patients with retention, primary voiding diary variables may include: catheterized

volume per catheterization and number of catheterizations per day.

[0048] The mechanism of action of SNM is multifactorial and imapacts the neuro-axis at
several different levels. In patients with OAB, it is believed that pudendal afferents can activate
the inhibitory reflexes that promote bladder storage by inhibiting the afferent limb of an
abnormal voiding reflex. This blocks input to the pontine micturition center, thereby restricting
mvoluntary detrusor contractions without interfering with normal voiding patterns. For patients
with urinary retention, SNM 1is believed to activate the pudendal nerve afferents originating from
the pelvic organs into the spinal cord. At the level of the spinal cord, pudendal afferents may
turn on voiding reflexes by suppressing exaggerated guarding reflexes, thus relieving symptoms
of patients with urinary retention so normal voiding can be facilitated. In patients with fecal
incontinence, it is hypothesized that SNM stimuiates pudendal afferent somatic fibers that inhibit
colonic propulsive activity and activates the internal anal sphincter, which in turn improves the
symptoms of fecal incontinence patients. The present invention relates to a system adapted to
deliver neuwrostimulation to targeted nerve tissues in a manner that disrupts, inhibits, or prevents
neural activity in the targeted nerve tissues so as to provide therapeutic effect in treatment of
OAB or bladder related dysfunction. In one aspect, the system is adapted to provide therapeutic
effect by neurostimulation without inducing motor control of the muscles associated with OAB
or bladder related dysfunction by the delivered neurostimulation. In another aspect, the system is
adapted to provide such therapeutic effect by delivery of sub-threshold neurostimulation below a
threshold that induces paresthesia and/or neuromuscular response or to allow adjustment of

neurostimulation to delivery therapy at sub-threshold levels.
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B. Positioning Neurostimulation Leads with EMG

{0049] While conventional approaches have shown efficacy in treatment of bladder related
dysfunction, there exists a need to improve positioning of the neurostimulation leads and
consistency between the trial and permanent implantation positions of the lead.
Neurostimulation relies on consistently delivering therapeutic stimulation from a pulse generator,
via one or more neurostimulation electrodes, to particular nerves or targeted regions. The
neurostimulation electrodes are provided on a distal end of an implantable lead that can be
advanced through a tunnel formed in patient tissue. Implantable neurostimulation systems
provide patients with great freedom and mobility, but 1t may be easier to adjust the
neurostimulation electrodes of such systems before they are surgically implanted. It is desirable
for the physician to confirm that the patient has desired motor and/or sensory responses before
implanting an IPG. For at least some treatments (including treatments of at least some forms of
urinary and/or fecal dysfunction), demonstrating appropriate motor responses may be highly
beneficial for accurate and objective lead placement while the sensory response may not be

required or not available (e.g., patient is under general anesthesia).

[0050] Placement and calibration of the neurostimulation electrodes and implantable leads
sufficiently close to specific nerves can be beneficial for the efficacy of treatment. Accordingly,
aspects and embodiments of the present disclosure are directed to aiding and refining the
accuracy and precision of neurostimulation electrode placement. Further, aspects and
embodiments of the present disclosure are directed to aiding and refining protocols for setting
therapeutic treatment signal parameters for a stimulation program implemented through

implanted neurostimulation electrodes.

{00511  Prior to implantation of the permanent device, patients may undergo an initial testing
phase to estimate potential response to treatment. As discussed above, PNE may be done under
focal anesthesia, using a test needle to identify the appropriate sacral nerve(s) according to a
subjective sensory response by the patient. Gther testing procedures can involve a two-stage
surgical procedure, where a quadri-polar tined lead 1s implanted for a testing phase to determine
if patients show g sufficient reduction in symptom frequency, and if appropriate, proceeding to

the permanent surgical implantation of a neuromodulation device. For testing phases and
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permanent implantation, determining the location of lead placement can be dependent on

subjective qualitative analysis by erther or both of a patient or a physician.

{0052] In exemplary embodiments, determination of whether or not an implantable lead and
neurostimulation electrode is located in a desired or correct location can be accomplished
through use of electromyography (“EMG”), also known as surface electromyography. EMGisa
technique that uses an EMG system or module to evaluate and record electrical activity produced
by muscles, producing a record called an electromyogram. EMG detects the electrical potential
generated by muscle cells when those cells are electrically or neurologically activated. The
signals can be analyzed to detect activation level or recruitment order. EMKG can be performed
through the skin surface of a patient, intramuscularly or through electrodes disposed within a
patient near target muscles, or using a combination of external and internal structures. When a
muscle or nerve is stimulated by an electrode, EMG can be used to determine if the related
muscle is activated, (i.e. whether the muscle fully contracts, partially contracts, or does not
contract), in response o the stimulus. Accordingly, the degree of activation of a muscle can
ndicate whether an implantable lead or neurostimulation electrode is located in the desired or
correct location on a patient. Further, the degree of activation of a muscle can indicate whether a
neurostimulation electrode is providing a stimulus of sufficient strength, amplitude, frequency, or
duration to affect a treatment regimen on a patient. Thus, use of EMG provides an objective and
quantitative means by which to standardize placement of implantable leads and neurostimulation

electrodes, reducing the subjective assessment of patient sensory responses.

[B033] In some approaches, positional titration procedures may optionally be based in parton a
paresthesia or pain-based subjective response from a patient. In contrast, EMG triggers a
measureable and discrete muscular reaction. As the efficacy of treatment often relies on precise
placement of the neurostimulation electrodes at target tissue locations and the consistent,
repeatable delivery of neurostimulation therapy, using an objective EMG measurement can
substantially improve the utility and success of SNM treatment. The measureable muscular
reaction can be a partial or a complete muscular contraction, including a response below the
triggering of an observable motor response, such as those shown in Table 1, depending on the
stimulation of the target muscle. In addition, by utilizing a trial system that allows the

neurostimulation lead to remain implanted for use in the permanently implanted system, the
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efficacy and outcome of the permanently implanted system is more consistent with the resulis of

the trial period, which moreover leads to improved patient outcomes.
C. Example Embeodiments

[0054] FIG. 1 schematically illustrates an exemplary nerve stimulation system, which includes
both a tnal neurostimulation system 200 and a permanently implanted neurostimulation system
100, in accordance with aspects of the invention. The EPG 80 and PG 10 are each compatible
with and wirelessly communicate with a clinician programmer 60 and a patient remote 70, which
are used in positioning and/or programming the trial neurostimulation system 200 and/or
permanently implanted system 100 after a successful trial. As discussed above, the chinician
programumer can include specialized software, specialized hardware, and/or both, to aid in lead
placement, programming, re-programming, stimulation control, and/or parameter setting. In
addition, each of the IPG and the EPG allows the patient at least some control over stimulation
{e.g., initiating a pre-set program, increasing or decreasing stimulation), and/or to monitor
battery status with the patient remote. This approach also allows for an almost seamless

transition between the trial system and the permanent system.

[00558] In one aspect, the clinician programmer 60 is used by a physician to adjust the settings
of the EPG and/or IPG while the lead is implanted within the patient. The chinician programmer
can be a tablet computer used by the clinician to program the [PG, or to control the EPG during
the trial period. The clinician programmer can also include capability to record stiimulation-
mduced electromyograms to facilitate lead placement and programming. The patient remote 70
can allow the patient to turn the stimulation on or off, or to vary stimulation from the IPG while

implanted, or from the EPG during the trial phase.

[0036] In another aspect, the clinician programmer 60 has a control unit which can include a
mucroprocessor and specialized computer-code instructions for implementing methods and
systems for use by a physician in deploying the treatment system and setting up treatment
parameters. The clinician programmer generally includes a user interface which canbe a
graphical user interface, an EMG module, electrical contacts such as an EMG input that can
couple to an EMG ocutput stimulation cable, an EMG stimulation signal generator, and a

stimulation power source. The stimulation cable can further be configured to couple to any or all
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of an access device {(e.g., a foramen needle), a treatment lead of the system, or the like. The
EMG input may be configurad to be coupled with one or more sensory patch electrode(s) for
attachment to the skin of the patient adjacent a muscle (e.g., a muscle enervated by a target
nerve). Other connectors of the clinician programmer may be configured for coupling with an
electrical ground or ground patch, an electrical pulse generator {(e.g., an EPG or an IPG), or the
iike. As noted above, the clinician programmer can include a module with hardware and
computer-code to execute EMG analysis, where the module can be a component of the control
unit MiCroprocessor, a pre-processing unit coupled to or in-line with the stimulation and/or

sensory cables, or the like.

{0057} In some aspects, the clinician programmer is configured to operate in combination with
an EPG when placing leads mn a patient body. The chinician programmer can be electromically
coupled to the EPG during test simulation through a specialized cable set. The test simulation
cable set can connect the clinician programmer device to the EPG and allow the clinician
programmer to configure, modify, or otherwise program the electrodes on the leads connected to

the EPG.

[0058] The electrical pulses generated by the EPG and TPG are delivered to one or more
targeted nerves via one or more neurostimulation electrodes at or near a distal end of each of one
or more leads. The leads can have a variety of shapes, can be a variety of sizes, and can be made
from a variety of materials, which size, shape, and materials can be tailored to the specific
treatment application. While in this embodiment, the lead is of a suitable size and length to
extend from the TPG and through one of the foramen of the sacrum fo a targeted sacral nerve, in
various other applications, the leads may be, for example, implanted in a peripheral portion of
the patient’s body, such as in the arms or legs, and can be configured to deliver glectrical pulses
to the peripheral nerve such as may be used to relieve chronic pain. It is appreciated that the

leads and/or the stimulation programs may vary according to the nerves being targeted.

[B059] FIGS. 2A-2C show diagrams of various nerve structures of a patient, which may be
used in neuwrostimulation treatments, in accordance with aspects of the invention. FIG. 2A shows
the different sections of the spinal cord and the corresponding nerves within each section. The
spinal cord 1s a long, thin bundle of nerves and support cells that extend from the brainstem

along the cervical cord, through the thoracic cord and to the space between the first and second
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lumbar vertebra in the lumbar cord. Upon exiting the spinal cord, the nerve fibers split into
multiple branches that innervate various muscles and organs transmitting impulses of sensation
and control between the brain and the organs and muscles. Since certain nerves may mnclude
branches that innervate certain organs, such as the bladder, and branches that innervate certain
muscles of the leg and foot, stimulation of the nerve at or near the nerve root near the spinal cord
can stimulate the nerve branch that innervate the targeted organ, which may also result in muscle
responses associated with the stimulation of the other nerve branch. Thus, by monitoring for
certain muscle responses, such as those in Table 1, either visually, through the use of EMG as
described herein or both, the physician can determine whether the targeted nerve is being
stimulated. While stimulation at a certain threshold may trigger the noted muscle responses,
stimulation at a sub-threshold level may still provide stimulation to the nerve associated with the
targeted organ without causing the corresponding muscle response, and in some embodiments,
without causing any paresthesia. This is advantageous as it allows for treatment of the condition
by neurostimulation without otherwise causing patient discomfort, pain or undesired muscle

TeSponses.

[0068] FIG. 2B shows the nerves associated with the lower back section, in the lower lumbar
cord region where the nerve bundles exit the spinal cord and travel through the sacral foramens
of the sacrum. In some embodiments, the neurostimulation lead is advanced through the
foramen until the neurostimulation electrodes are positioned at the anterior sacral nerve root,
while the anchoring portion of the lead proxamal of the stimulation electrodes are generally
disposed dorsal of the sacral foramen through which the lead passes, s0 as to anchor the lead in
position. FIG. 2C shows detail views of the nerves of the Tumbosacral trunk and the sacral
plexus, in particular, the S1-85 nerves of the lower sacrum. The §3 sacral nerve is of particular

interest for treatment of bladder-related dysfunction, and in particular OAB.

{00617 TFIG 3A schematically illustrates an example of a fully implanted neurostimulation
system 100 adapted for sacral nerve stimulation. Neurostimulation system 100 includes an IPG
implanted in a lower back region and connected to a neurostimulation lead extending through the
$3 foramen for stimulation of the 83 sacral nerve. The lead is anchored by a tined anchor
portion 30 that mainiains a position of a set of neurostimulation electrodes 40 along the targeted

nerve, which in this example, is the anterior sacral nerve root 83 which enervates the bladder so
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as to provide therapy for various bladder related dysfunctions. While this embodiment is
adapted for sacral nerve simulation, it is appreciated that similar systems can be used in treating
patients with, for example, chronic, severe, refractory neuropathic pain originating from
peripheral nerves or various urinary dysfunctions or still further other indications. Implantable
neurostimulation systems can be used to either stimulate a target peripheral nerve or the posterior

epidural space of the spine.

[0062] Properties of the elecirical pulses can be controlled via a controller of the implanted
pulse generator. In some embodiments, these properties can include, for example, the frequency,
strength, pattern, duration, or other aspects of the electrical pulses. These properties can include,
for example, a voltage, a current, or the like. This control of the electrical pulses can include the
creation of one or more electrical pulse programs, plans, or patterns, and in some embodiments,
this can include the selection of one or more pre-existing electrical pulse programs, plans, or
patterns. In the embodiment depicted in FIG. 3A, the implantable neurostimulation system 100
includes a controller in the TPG having one or more pulse programs, plans, or patterns that may
be pre-programmed or created as discussed above. In some embodiments, these same properties
associated with the IPG may be used in an EPG of a partly implanted trial system used before

implantation of the permanent neurostimulation system 100

[0063] FIG. 3B shows a schematic iHlustration of a tral neurostirulation system 200 utilizing
an EPG patch 81 adhered to the skin of a patient, particularly to the abdomen of a patient, the
EPG 80 being encased within the patch. In one aspect, the lead is hardwired to the EPG, while in
another the lead is removably coupled to the EPG through a port or aperture in the top surface of
the flexible patch 81, Excess lead can be secured by an additional adherent patch. In one aspect,
the EPG patch is disposable such that the lead can be disconnected and used in a permanently
implanted system without removing the distal end of the lead from the target location.
Alternatively, the entire system can be disposable and replaced with a permanent lead and IPG.
When the lead of the trial system is implanted, an EMG obtained via the clinician programmer
using one or more sensor patches can be used to ensure that the leads are placed at a location

proximate to the target nerve or muscle, as discussed previously.

[0064] In some embodiments, the trial neurostimulation system utilizes an EPG 80 within an

EPG patch 81 that 1s adhered to the skin of a patient and s coupled to the implanted
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neurostinmuiation lead 20 through a lead extension 22, which is coupled with the lead 20 through
a connector 21. This extension and connector structure allows the lead to be extended so that the
EPG patch can be placed on the abdomen and allows use of a lead having a length suitable for
permanent implantation should the trial prove successful. This approach may utilize two
percutaneous incisions, the connector provided in the first incision and the lead extensions
extending through the second percutaneous incision, there being a short tunneling distance (e.g.,
about 10 cm) therebetween. This technique may also minimize movement of an implanted lead

during conversion of the trial system to a permanently implanted system.

{0068] In one aspect, the EPG umit is wirelessly controlled by a patient remote and/or the
clinician programmer in a similar or identical manner as the IPG of a permanently implanted
system. The physician or patient may alter treatment provided by the EPG through use of such
portable remotes or programmers and the treatments delivered are recorded on a memory of the
programmer for use in determining a treatment suitable for use in a permanently implanted
system. The clinician programmer can be used in lead placement, programming and/or
stimulation control in each of the trial and permanent nerve stimulation systems. In addition,
each nerve stimulation system allows the patient to control stimulation or monitor battery status
with the patient remote. This configuration is advantageous as it allows for an almost seamless
transition between the trial system and the permanent systermn. From the patient’s viewpoint, the
systems will operate in the same manner and be controlled in the same manner, such that the
patient’s subjective experience in using the trial system more closely matches what would be
experienced in using the permanently implanted system. Thus, this configuration reduces any
uncertainties the patient may have as to how the system will operate and be countrolled such that

the patient will be more hikely to convert a trial system o a permanent system,

[0066] As shown in the detailed view of FIG. 3B, the EPG 80 15 encased within a flexible
faminated patch 81, which includes an aperture or port through which the EPG 80 is connected to
the lead extension 22. The patch may further include an “on/off” button 83 with a molded tactile
detail to allow the patient to turn the EPG on and/or off through the outside surface of the
adherent patch 81. The underside of the patch 81 is covered with a skin-compatible adhesive 82
for continuous adhesion to a patient for the duration of the trial period. For example, a

breathable strip having skin-compatible adhesive 82 would allow the EPG 80 to remain attached
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o the patient continuocusly during the trial, which may last over a week, typically two weeks to

four weeks, or even longer.

{0067] FIG. 4 illustrates an example neurostimulation system 100 that is fully implantable and
adapted for sacral nerve stimulation treatment. The implantable system 100 includes an IPG 10
that 1s coupled 1o a neurostimulation lead 20 that includes a group of neurostimulation electrodes
40 at a distal end of the lead. The lead includes a lead anchor portion 30 with a series of tines
extending radially outward so as to anchor the lead and maintain a position of the
neurostimulation lead 20 after implantation. The lead 20 may further include one or more
radiopaque markers 25 to assist in locating and positioning the lead using visualization
techniques such as fluoroscopy. In some embodiments, the IPG provides monopelar or bipolar
electrical pulses that are delivered 1o the targeted nerves through one or more neurostimulation
electrodes, typically four electrodes. In sacral nerve stimulation, the lead is typically imaplanted

through the S3 foramen as described herein.

{0068} In one aspect, the IPG is rechargeable wirelessly through conduciive coupling by use of
a charging device 50 (CD), which is a portable device powered by a rechargeable battery to
allow patient mobility while charging. The CD 50 is used for transcutaneous charging of the IPG
through RF induction. The CD 50 can either be either patched to the patient's skin using an
adhesive or can be held in place using a belt 53 or by an adhesive patch 52. The CID 50 may be
charged by plugging the CD directly into an outlet or by placing the CD in a charging dock or

station 51 that connects to an AC wall outlet or other power source.

[0069] The CD 50 can include a housing 51. The housing 51 can comprise a variety of shapes
and sizes. In some embodiments, the housing 51 can be cylindrically shaped as shown in FIG. 4,
and specifically, can comprise a plurality of connected cylindrical portions, wherein the
connected cvlindrical portions have different diameters and/or lengths. In some embodiments,

the housing 51 can be a metal or polymer such as a plastic or the like,

[0070] The CD 50 can include a processor and/or memory adapted to provide instructions to
and receive information from the other components of the implantable neurostimulation system.
The processor can include a microprocessor, such as a commercially available microprocessor

from Intel® or Advanced Micro Devices, Inc.®, or the like. The CD 50 may include an energy
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storage feature, such as ong or more capacitors, and typically mcludes a wireless charging unit,

Some details of CD 50 will be discussed at greater lengths below with respect to FIG. 7.

{0071] The system may further include a patient remote 70 and clinician programmer 60, each
configured to wirelessly communicate with the implanted IPG, or with the EPG during a trial.
The clinician programmer 60 may be a tablet computer used by the clinician to program the IPG
and the EPG. The device also has the capability to record stimulation-induced electromyograms
{(EMGs) to facilitate lead placement, programming, and/or re-programming. The patient remote
may be a battery-operated, portable device that utilizes radio-frequency (RF) signals to
communicate with the EPG and IPG and allows the patient to adjust the stimulation levels, check

the status of the IPG battery level, and/or to turn the stimulation on or off.

[0072] FIG 5A-5C show detail views of the IPG and its internal components. In some
embodiments, the pulse generator can generate one or more non-ablative electrical pulses that are
delivered to a nerve to control pain or cause some other desired effect, for example to inhibit,
prevent, or disrupt neural activity for the treatment of OAB or bladder related dysfunction. In
some applications, the pulses having a pulse amplitude in a range between 0 mA to 1,000 mA, O
mA to 100 mA, 0 mA to 50 mA, 0 mA to 25 mA, and/or any other or intermediate range of
amplitudes may be used. One or more of the pulse generators can include a processor and/or
memory adapted to provide instructions to and receive information from the other components of
the implantable neurostimulation system. The processor can include a microprocessor, such as a
comruercially available microprocessor from Intel® or Advanced Micro Devices, Inc.®, or the
fike. An IPG may include an energy storage feature, such as one or more capacitors, and

typically includes a wireless charging unit.

{00731  One or more properties of the electrical pulses can be controlled via a controller of the
PG or EPG. In some embodiments, these properties can include, for example, the frequency,
strength, pattern, duration, or other aspects of the timing and magnitude of the electrical pulses.
These properties can further include, for example, a voltage, a current, or the like. This control
of the electrical pulses can include the creation of one or more electrical pulse programs, plans,
or patierns, and in some embodiments, this can include the selection of one or more pre-existing
electrical pulse programs, plans, or patterns. In one aspect, the IPG 100 includes a controller

having one or more pulse programs, plans, or patterns that may be created and/or pre-
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programmed. In some embodiments, the IPG can be programmed to vary stimulation parameters
meluding pulse amplitude in a range from 0 mA to 10 mA, pulse width in a range from 50 us to
500 ps, pulse frequency in a range from 5 Hz to 250 Hz, stimulation modes (e.g., continuous or
cycling), and electrode configuration {(e.g., anode, cathode, or off), to achieve the optimal
therapeutic outcome specific to the patient. In particular, this allows for an optimal setting to be

determined for each patient even though each parameter may vary from person to person.

[0074] As shown in FIGS. SA-5B, the IPG may include a header portion 11 atoneend and a
ceramic portion 14 at the opposite end. The header portion 11 houses a feed-through assembly
12 and connector stack 13, while the ceramic case portion 14 houses an antennae assembly 16 to
facilitate wireless communication with the clinician program, the patient remote, and/or a
charging coil to facilitate wireless charging with the CD. The remainder of the IPG is covered
with a titanium case portion 17, which encases the printed circuit board, memory and controller
components that facilitate the electrical pulse programs described above. The ceramic portion 14
mcludes an end 22, sides 24, and a connection portion 26 that connects the ceramic portion 14 to
the case portion 17. In the example shown in Figure 5B, the antennae assembly 16 is positionad
such that a plane 28, in which loops of a radiating element lay, is perpendicular to and extends

through the sides 24 of the ceramic portion 14.

[B075] In the example shown in FIG. 5C, the header portion of the TPG includes a four-pin
feed-through assembly 12 that couples with the connector stack 13 in which the proximal end of
the lead is coupled. The four pins correspond to the four electrodes of the neurostimulation lead.
In some embodiments, a Balseal® connector block is electrically connected to four platinam /
iridium alloy feed-through pins which are brazed to an alumina ceramic insulator plate along
with a titanium alloy flange. This feed-through assembly is laser seam welded to a titanium-
ceramic brazed case to form a complete hermetic housing for the electronics. In some
embodiments, some or all of the pieces of the IP(G 10 forming the hermetic housing can be

bocompatible, and specifically, can bave external surfaces made of biocompatible materials.

[06076] In some embodiments, such as that shown in FIG. 5A, the ceramic and fitanium brazed
case i3 utilized on one end of the IPG where the ferrite coil and PCB antenna assemblies are
positioned. A reliable bermetic seal is provided via a ceramic-to-metal brazing technique. The

zircoma ceramic may comprise a 3Y-TZP (3 mol percent Yitria-stabilized tetragonal Zirconia
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Polycrystals) ceramic, which has a high flexural strength and impact resistance and has been
commercially utilized m a number of implantable medical technologies. It will be appreciated,
however, that other ceramics or other suitable materials may be used for construction of the PG,

and that ceramic may be used to form additional portions of the case.

{6077} In one aspect, utilization of ceramic material provides an efficient, radio-frequency-
transparent window for wireless communication with the external patient remote and clinician’s
programmer as the communication antenna is housed inside the hermetic ceramic case. This
ceramic window has further facilitated miniaturization of the implant while maintaining an
etficient, radio-frequency-transparent window for long term and reliable wireless communication
between the IPG and external controllers, such as the patient remote and clinician programmer.
The IP(G's wireless communication 18 generally stable over the lifetime of the device, unlike
prior art products where the communication antenna is placed in the header outside the hermetic
case. The communication reliability of such prior art devices tends to degrade due to the change

in dielectric constant of the header material in the human body over time.

[0078] In another aspect, the ferrite core 15 part of the charging coil assembly 15, shown in
FIG. 5B, which is positioned inside the ceramic case 14. The ferrite core concentrates the
magnetic field flux through the ceramic case as opposed to the metallic case portion 17. This
configuration maximizes coupling efficiency, which reduces the required magnetic field and in
turn reduces device heating during charging. In particular, because the magnetic field flux is
oriented in a direction perpendicular to the smallest metallic cross section area, heating during
charging 1s mimimized. This configuration also allows the TPG to be effectively charged at a
depth of 3 cm with the CD, when positioned on a skin surface of the patient near the IPG, and

reduces re-charging time.

[0079] FIG. 6 shows a schematic illustration of one embodiment of the architecture of the IPG
10. In some embodiments, each of the components of the architecture of the IPG 10 can be
implemented using the processor, memory, and/or other hardware component of the IPG 10, In
some embodiments, the components of the architecture of the IP(G 10 can mnclude software that
interacts with the hardware of the IPG 10 to achieve a desired outcome, and the components of

the architecture of the IPG 10 can be located within the housing.
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{0080] In some embodiments, the IPG 10 can include, for example, a communication module
600. The commumnication module 600 can be configured to send data to and receive data from
other components and/or devices of the exemplary nerve stimulation system including, for
example, the clinician programmer 60, the charging device 50, and/or the patient remote 70. In
some embodiments, the communication module 600 can include one or several antennas and
software configured to control the one or several antennas to send information to and receive
information from one or several of the other components of the IPG 10. In some embodimentis,
for example, when connecting with the charging device 50, the communications module 600 can
be configured to send data identifying the TPG 10 and/or characterizing one or several attributes
of the PG 10. In some embodiments, this information can be, for example, a number uniquely
identifying the TPG 10 such as, for example, a serial number, or the like. In some embodiments,
this data can characterize one or several atiributes of the IPG 10 such as, for example, the natural
frequency of a charging module 606 of the IPG 10 and/or of one or several components of the

charging module 606 of the IPG..

{60811 The IPG 10 can further include a data module 602. The data module 602 can be
configured to manage data relating to the identity and properties of the IPG 10. Insome
embodiments, the data module can include one or several databases that can, for example,
melude information relating to the IPG 10 such as, for example, the identification of the IPG 10,
one or several properties of the IPG 10, or the like. In one embodiment, the data identifying the
IPG 10 can include, for example, a serial number of the IPG 10 and/or other 1dentifier of the IPG
10 inchuding, for example, a unigue identifier of the IPG 10, In some embodiments, the
mformation associated with the property of the IPG 10 can include, for example, data identifying
the function of the IPG 10, data identifying the power consumption of the IPG 10, data
identifying the charge capacity of the IPG 10 and/or power storage capacity of the IPG 10, data
identifying potential and/or maximum rates of charging of the IPG 10, and/or the like. In some
embodiments, the information associated with the property of the PG 10 can include, for
example, data identifying the natural frequency of the IPG 10 and/or components thereof. In
some embodiments, this information identifying the natural frequency can be generated at the

time of the manufacture of the IPG 10.

25



10

is

20

30

CA 03012828 2018~07~26

WO 2017/132374 PCT/US2017/015124

{0082] The IPG 10 can include a pulse control 604. In some embodiments, the pulse control
604 can be configured to control the generation of one or several pulses by the IPG 10, In some
embodiments, for example, this can be performed based on information that identifies one or
several pulse patterns, programs, or the like. This information can further specify, for example,
the frequency of pulses generated by the IPG 10, the duration of pulses generated by the [PG 10,
the strength and/or magnitude of pulses generated by the IPG 10, or any other details relating to
the creation of one or several pulses by the IPG 10. In some embodiments, this information can
specify aspects of a pulse pattern and/or pulse program, such as, for example, the duration of the
pulse pattern and/or pulse program, and/or the like. In some embodiments, information relating

to and/or for controlling the pulse generation of the IPG 10 can be stored within the memory.

{6083] The IPG 10 can mclude a charging module 606. In some embodiments, the charging
module 606 can be configured to control and/or mouitor the charging/recharging of the IPG 10.
In some embodiments, for example, the charging module 606 can include one or several features
configured to receive energy for recharging the IPG 10 such as, for example, one or several
mductive coils/features that can interact with one or several inductive coils/features of the
charging device 50 to create an inductive coupling to thereby recharge the IPG 10, Insome
embodiments, the charging module 606 can include hardware and/or software configured to

monitor the charging of the IPG 10 including, for example, the charging coil assembly 15.

[6084] The charging module 606 of the IPG 10 can include a charging circuit 607, also
referred to herein as the resonant circuit 607, the secondary charging circuit 607, the secondary
resonant circuit 607, the receiving charging circuit 607, or the receiving resonant circuit 607, In
some embodiments, the charging circuit 607 can comprise, for example, at least one of’ an
inductor; a capacitor; or a resistor. The charging circuit 607 can be characterized by a natural
frequency, which natural frequency can be determined at, for example, the time of assembly of
the charging circuit 607 or after the implantation of the IPG 10 in the body, In some
embodiments, because of the relatively constant temperature and environment in the body, the
natural frequency of the charging circuit 607 can remain constant after the implantation of the

IPG 10 mto the body.

[0085] The IPG 10 can mclude an energy storage device 608. The energy storage device 608,

which can mclude the energy storage features, can be any device configured to store energy and
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can include, for example, one or several batteries, capacitors, fuel cells, or the like. In some
embodiments, the energy storage device 608 can be configured to receive charging energy from

the charging module 606.

[0086] FIG. 7 shows a schematic illustration of one embodiment of the architecture of the
charging device 50. In some embodiments, each of the components of the architecture of the
charging device 50 can be implemented using the processor, memory, and/or other hardware
component of the charging device 50. In some embodiments, the components of the architecture
of the charging device 50 can include software that interacts with the hardware of the charging
device 50 to achieve a desired outcome, and the components of the architecture of the charging

device 50 can be located within the housing 31.

[06087] 1In some embodiments, charging device 50 can include, for example, a communication
module 600. The communication module 700 can be configured to send data to and receive data
from other components and/or devices of the exemplary nerve stimulation system including, for
example, the clinician programmer 60, the IPG 10, and/or the patient remote 70. In some
embodiments, the communication module 700 can include one or several antennas and software
configured to conirol the one or several antennas to send information to and receive information
from one or several of the other components of the CI> S0. In some embodiuments, for example,
when connecting with the TPG 10, the communications module 700 can be configured to receive
data identifying the IPG 10 and/or characterizing one or several attributes of the IPG 10. In some
embodiments, this information can be, for example, a number uniguely identifying the IPG 10
such as, for example, a serial mumber, or the like. In some embodiments, this data can
characterize one or several attributes of the IPG 10 such as, for example, the natural frequency of
the charging module 606 of the IPG 10 and/or of one or several components of the charging

module 606 of the IPG.

{60881 The CD 50 can further include a data module 702. The data module 702 can be
configured 1o manage data relating to the identity and properties of the IPG 10. In some
embodiments, the data module can include one or several database that can, for example, include
nformation relating to the IP(G 10 such as, for example, the identification of the IPG 10, one or
several properties of the IPG 10, or the like. In one embodiment, for example, the data module

can comprise a database including one or several IPG 10 dentifiers such as serial numbers for
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those one or several IPGs 10. In some embodiments, the data module 702 can further include
characterization data associated with some or all of the one or several IPGs 10 identified in the
data module 702, In some embodiments, for example, this characterization data can include the
identification of the natural frequency of charging circuit 607 of the IPG 10. In some
embodiments, this characterization data can be received from the IPG 10 and/or can be generated

by the CD 50 in response to interactions with the PG 10.

{6089] The CD 50 can include a charging module 704. In some embodiments, the charging
module 704 can be configured to control and/or monitor the charging/recharging of the IPG 10
In some embodiments, for example, the charging module 704 can include one or several features
configured to provide energy for recharging the IPG 10 such as, for example, one or several
mnductive coils/features that can interact with one or several inductive coils/features of the IPG
10 to create an inductive coupling to thereby recharge the IPG 10. In some embodiments, the
charging module 704 can include hardware and/or software configured to monitor the charging

of the PG 10 including, for example, the charging coil assembly 15

{6090} The charging module 704 of the CD 50 can include a charging circuit 706, also referred
to herein as the resonant circuit 706, the primary charging circuit 706, the primary resonant
circuit 700, the transmitter charging circuit 706, or the transmitter resonant circuit 706. In some
embodiments, the charging circuit 706 can comprise, for example, at least one of: an inductor; a
capacitor; or a resistor. The charging circuit 607 can be characterized by a natural frequency,
which natural frequency can be fixed or vanable. In some embodiments, the natural frequency of
the charging circuit 706 can be varied by the selective switched connection of one or several
capacitors to the charging circuit 706. In some embodiments, the natural frequency of the
charging circuit 706 can be varied by changing the inductance of one or several inductors in the
charging circuit 706. In some embodiments, the inductance of these one or several inductors can
be changed by changing the electrical saturation of a core, such as a ferritic core of the inductors
via, for example, the changing of a voltage or a current, such as a DC current, passing through

the core of the inductor.

{6091} In some embodiments, the charging module 704 can include a duver 708, The driver
708 can be, for example, a non-class E driver, and in some embodiments, the driver 708 can be a

class E driver, and specifically can be a microprocessor controlled class E driver as disclosed in

28



10

15

20

84379391

J.8. Patent Application No. 14/446,294, filed on July 29, 2014. In some embodiments, the driver
708 can be configured to provide electrical pulses to the resonant circuit 706 to thereby charge
the IPG 10. In some embodiments, the driver 708 can be further configured to provide these
pulses at a frequency corresponding to the natural frequency of the resonant circuit 706, Thus, in
some embodiments, the natural frequency of the resonant circuit 706 of the CD 50 can be
determined by determining the frequency with which the driver 708 is providing pulses to the

resonant circuit 706.

[0092] The CD 50 can include an energy storage device 710. The energy storage device 710
can be any device and/or features configured to store energy and can include, for example, one or
several batteries, capacitors, fuel cells, or the like. In some embodiments, the energy storage
device 710 can be configured to provide charging energy to the charging module 704 for
charging of the IPG 10.

[0093] FIG. 8 is a schematic illustration of one embodiment of the charging circuit 706 of the
charging module 704 of the CD 50. As seen in FIG. &, the charging circuit 706 is connected to
the driver 708. The charging circuit 706 includes an inductor 800 in parallel with an optional first
capacitor 802, and the inductor 800 is in series with a second capacitor 804, In some
embodiments, the first capacitor 802 can be included in the charging circuit 706, for example,
when the driver 708 comprises a class E driver. The charging circuit can further include ground
820,

[0094] The charging circuit 706 additionally includes a capacitor array 806 comprising a
plurality of capacitors. In some embodiments, the plurality of capacitors forming the array 806
are switchably connectable or coupleable with the charging circuit 706 such that each of the
capacitors of the array 806 is electrically coupled or connected to charging circuit 706 when a
switch associated with each capacitor of the array 806 is closed. Similarly, in some
embodiments, the plurality of capacitors forming the array 806 are switchably connectable with
the charging circuit 706 such that each of the capacitors of the array 806 is electrically
disconnected to charging circuit 706 when a switch associated with each capacitor of the array

806 is open.
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{00958} The arrav 806 can be positioned such that when the capacitors in the array 806 are
electrically connected to the charging circutt 706, these capacitors are in parallel with the second
capacitor 804 and are in series with the inductor 800. Through this arrangement, the selective
coupling of the capacitors of the array 806 can change the natural frequency of the charging

circuit 706,

{0096] The array 806 can include, for example, a first array capacitor 808 switchably
coupleable to the charging circuit 706 via a first switch 810, a second array capacitor 812
switchably coupleable to the charging circuit 706 via a second switch 814, and a third array
capacitor 816 switchably coupleable to the charging circuit 706 via a third switch 818, In some
embodiments, the switches 810, 814, 818 can be controllably connected to the processor of the
charger 50 such that control signals generated by the processor can result in the opening and/or
closing of one or several of the switches 810, 814, 818. In some embodiments, these switches
810, 814, 818 can each comprise one or several transistors such as field-effect transistors (FET)

such as, for example, a metal-oxide—semiconductor field-effect transistor (MOSFET).

[06097} Although the embodiment of FIG. 8 depicts three array capacitors 808, 812, 816, the
array 806 can include more or fewer capacitors than shown 1n FIG. 8. In some embodiments, the
number of capacitors can be selected to provide, for example, a desired number of different
achievable natural frequencies of the charging circuit. In some embodiments, this desired number
of different achievable natural frequencies can be selected based on, for example, manufacturing

tolerances, range of expected frequency shifts from implantation, or the like.

[06098] The array capacitors 808, 812, 816 can comprise a variety of capacitances. In some
embodiments, the capacitance of the array capacitors 808, 812, 816 can be selected to provide a
desired range of possible natural frequencies of the charging circuit 706. In some embodiments,
for example, the array 806 can be configured to allow the natural frequency of the charging
circuit 706 to be adjusted within a range of approximately 30 Hz, approximately 30 Hz,
approximately 20 Hz, approximately 10 Hz, approximately 5 Hz, between O and 10 Hz, between
0 and 20 Hz, between 0 and 30 Hz, between 0 and 50 Hz, and/or any other or intermediate range
of frequencies. As used herein, “approximately” refers to a range of values extending +/- 10
percent of the associated value arcund that associated value. In some embodiments, for example,

the array 806 can allow adjustment of the vatural frequency of the charging circuit 706 between
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100 Hz and 150 Hz, between 110 Hz and 140 Hz, between 119 Hz and 130 Hz, between 120 Hz

and 130 Hz, and/or between any other or intermediate frequencies.

{6099] In some embodiments, the array capacitors can be selected to, for example, provide a
plurality of equal and/or approximately equal changes in the natural frequencies of the charging
circuit 706, In one embodiment, for example, in which the array 806 includes three array
capacitors 808, 812, 816, the capacitances of these three array capacitors 808, 812, 816 can be
selected to provide approximately eight equal separated natural frequencies of the charging
circuit. Thus, in embodiments in which the array 806 provides approximately 10 Hz of natural
frequency adjustment to the charging circuit 706, the capacitances can be selected such that each
of these eight natural frequencies is separated by a step of between 1 Hz and 2 Hz or of

approximately 1.25 Hz from its one or several adjacent natural frequencies.

[00100] FIG. 9 is a schematic illustration of another embodiment of the charging circuit 706 of
the charging module 704 of the CD 50. As seen in FIG. 9, the charging circuit 706 is connected
to the driver 708. The charging circuit 706 inchudes an inductor 800 in parallel with an optional
first capacitor 802, and the inductor 800 is in series with a second capacitor 804, In some
embodiments, the first capacitor 802 can be included in the charging circuit 706, for example,
when the driver 708 comprises a class E driver. The charging circuit 706 can further include

ground 820,

[60101] The charging circut 706 can further include a second inductor 900. In some
embodiments, the second inductor 900 can be positioned in series with the inductor 800. The
second inductor 200 can be electrically coupled to a current source 902 and/or voltage source. In
some embodiments, the current source 902 and/or the voltage source can be controlled 1o apply a
different current and/or voltage to second inductor 902 to change the inductance of the second
inductor 902 to thereby affect the natural frequency of the resonant circuit 706. In some
embodiments, this change in voltage and/or current applied to the second inductor 900 can result
in a change 1n the saturation level of the core of the second inductor 900, which core can be a
ferritic core. In some embodiments, this change in the saturation of the core of the second
inductor 900 can change the natural frequency of the resonant circuit 706 from a first natural

frequency to a second natural frequency.
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{00102] FIG. 10 15 a flowchart illustrating one embodiment of a process 1000 for dynamic
modulation of the natural frequency of the charging circuit 706 of the CI> 50 for management of
wireless charging. The process 1000 can be performed by the CD 50. The process 1000 begins at
block 1002 wherein IPG data is received. The IPG data can be received by the CD 50 via the
communication module 700 of the CD 50 from the communication module 600 of the IPG 10. In
some embodiments, the IPG data can include an identifier and can identify the IPG 10, and can,
in some embodiments, uniqguely identify the TPG 10, In some embodiments, the IPG data can
further include characterization data characterizing, for example, the natural frequency of the
charging circuit 607 of the PG 10,

{00103] After the IPG data has been received, the process 1000 proceeds to block 1004 wherein
the IPG 1s 1dentified. In some embodiments, the idenuification of the IPG can include the
extraction of identification information from the IPG data. In some embodiments, this can be
performed by a processor of the CD 50 and can be performed by, for example, a processor

associated with the data module 702,

[00104] After the IPG 10 has been identified, the process 1000 proceeds to decision state 1006
wherein 1t 15 determined if there is stored data for the identified IPG 10. In some embodiments,
this story data can include, for example, characterization data characterizing the natural
frequency of the charging circuit 607 of the TPG 10. In some embodiments, the determination of
whether there is stored data can include querying the data module 702 and/or one or several

databases of the data module for information relating to the IPG 10 identified at block 1004.

[00105] If the CD 50 does not include stored data relating to that IPG 10 identified and block
1004, the process 1000 proceeds to block 1008 wherein the TPG 10 is characterized, and
specifically wherein a natural frequency of the charging circuit 607 of the IPG 10 15
characterized. In some embodiments, this characterization can include the selective modulation
of the natural frequency of the charging circuit 706 of the CD 30. In some embodiments, this
selective modulation can be tieratively performed. In some embodiments, information relating 1o
the effectiveness of the coupling between the charging circuit 706 of the CD 50 and the charging
circuit 607 of the TPG 10 can be generated by the CD 50 and/or can be received from the IPG 10,

Based on this information and, in some embodiments, the number of iterations of the selective
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moedulation of the natural frequency of the charging circuit 706 of the CD 50, a natural frequency

of the IPG 10 can be identified.

{006106] In some embodiments, the IPG 10 can be characterized at the time of assembly at, for
example, the factory in which the IPG 10 is assembled. In such embodiments, the IPG 10 can
provide data identifying the IPG 10, and/or identifyving the natural frequency of the IP(G 10 to the
CD 50. In some embodiments, the IPG 10 can be characterized after implantation into the body
of the patient. In some embodiments, the IPG 10 can be characterized multiple times after
implantation into the body of the patient, and in some embodiments, the IPG 10 can be
characterized a single time after implantation. In some embodiments, for example, the natural
frequency of the IPG 10 can remain constant after the implantation of the IPG 10 into the body
of the patient, and thus a one-time characterization of the IP( 10 after implantation can be

adequate for coupling between the CD 50 and the IPG 10.

{00107] After the PG 10 has been characterized, and specifically after the natural frequency of
the IPG 10 has been characterized, the process 1000 proceeds to block 1010 wherein the natural
frequency of the IPG 10, and specifically of the charging circuit 607 of the IPG 10 is stored. In
some embodiments, this natural frequency can be stored in the data module 702 of the CD 50,

and more specifically can be stored in the database in the data module 702 of the CD 50.

[00108] Returning again to decision state 1006, if it is determined that the CDD 50 has stored data
for the IPG 10 1dentified at block 1004, then the process 1000 proceeds to block 1012 wherein
the stored data 15 retrieved. In some embodiments, the store data can be retrieved from the data

module 702, and particularly from one of the databases of the data module 702.

[00109] After the stored data has been retrieved, or returning to block 1010 after the IPG
frequency has been stored, the process 1000 proceeds to block 1014 wherein the resonant
frequency of the charging circuit is configured. In some embodiments, this can include changing
and/or modifying the natural frequency of the charging circuit such that the natural frequency of
the charging circuit matches and/or corresponds to the natural frequency of the IPG 10 either as

characterized 1o block 1008 or as identified 1n the retrieved stored data of block 1012,
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{00E10] After the resonant frequency of the charging circuit has been configured, the process
1000 proceeds to block 1016 wherein the IPG 10 is charged. In some embodiments, the IPG 10

can be charged by the delivery of power to the charging circuit by the driver 708

{00111] With reference now to FIG. 11, a flowchart illustrating one embodiment of a process
1100 for characterizing an IP 10 i1s shown. The process 1100 can be performed as part of, or in
the place of the step depicted by block 1008 of FIG. 10. The process begins at block 1102
wherein a frequency is selected. In some embodiments, this specifically includes a selection of a
natural frequency for the charging circuit 706 of the CD 50. In some embodiments, this
frequency can be selected by, for example, selecting a switching contiguration to electrically
couple a desired number of array capacitors 808, 812, 816 to the charging circuit 706, and
generating one or several control signals to cause switching corresponding to the selected
switching configuration. Alternatively, this frequency can be selected by, for example, selecting
an inductance of an inductor of the charging circuit 706 and generating one or several control
signals to achieve the selected inductance. This selected frequency can be one of a plurality of

natural frequencies of the charging circuit 706,

j00112] After the frequency has been selected, the process 1100 proceeds to block 1104
wherein the resonant frequency of the charging circuit 706 of the CD 50 is configured to maich
the selected frequency of block 1102. In some embodiments, this can include, for example,
providing the control signals generated in block 1102 to components of the charging circuit 706
of the CD 50. In some embodiments, the components, such as, for example, switches 810, 814,
818 and/or the second inductor 900, can receive the control signals and can act according to

those receipts control signals.

[00113] After the resonant frequency of the charging circuit has been configured to match the
frequency selected i block 1102, the process 1100 proceeds to block 1106 wherein the IPG 10 15
charged. In some embodiments, the charging of the IPG can include the control of the driver 708
to send one or several electrical pulses to the charging circuit 706 1o cause resonance within the
charging circuit 706 to thereby be inductively coupled with the charging circuit 607 of the IPG
10. In some embodiments, the driver 708 can provide one or several electrical pulses to the
charging circuit 706 of the CD 50 at a frequency corresponding to the resonant frequency of the

charging circuit 706 of the CD 50.
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{00114] After or during the charging of the IPG, the process 1100 can proceed to block 1108
wherein charging efficiency feedback is received and/or generated. In some embodiments, this
feedback can indicate the effectiveness of the inductive coupling between the charging circuits
607, 706 which can likewise indicate the degree to which the natural frequency of the charging
circuit 706 of the CD 50 matches and/or corresponds to the natural frequency of the charging
circuit 607 of the IPG 10. In some embodiments, this feedback can include and/or can be based
on data indicative of the amount of power received at the IPG 10 and/or the amount of power
provided to the charging circuit 706 of the CD 50. In some embodiments, this feedback can be
received by the communication module 700 of the CD 50 from the communication module 600
of the IPG 10.

[00118] After the charging efficiency feedback has been received, the process 1100 proceeds to
decision state 1110 wherein it is determined if the characterization cyele is complete. In some
embodiments, the characterization cycle can be complete when the charging circuit 706 of the
CD 50 has been configured at a desired number of natural frequencies and charging of the IPG
10 has been performed at each of those natural frequencies. In some smbodiments, the cvcle is
completed when, the charging circuit 706 of the CD 50 is iteratively configured a desired number
of times at each of the destred number of natural frequencies and the IPG is charged at each of
the desired number of natural frequencies a desired number of times. If it 1s determined that the
cycle is not complete such as, for example, when configuration of the charging circuit 706 and
the desired number frequencies has not been completed and/or when the desired number of
iterations has not been atiained, the process 1100 returns to block 1102 and proceeds as outlined

above.

[00116] If it 1s determined that the cycle is complete, then the process 1100 proceeds to block
1112 wherein the best performing frequency of the CI3 50 1s selected. In some embodiments, this
best-performing’s frequency can be selected based on the feedback recetved in block 1108 In
some embodiuments, the best-performing frequency of the CD 50 can be the natural frequency of
the charging circuit 706 of the CD 50 that most efficiently mductively coupled with the charging
circutt 607 of the IPG 10, In some embodiments, the identified natural frequency canbe one of a

plurality of natural frequencies. In some embodiments, the identified matching frequency is the
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one of the plurality of natural frequencies that best matches the natural frequency of the charging
circuit 607 of the IPG 10

{00117] After the matching frequency has been identified, the process 1100 proceeds to decision
state 1114 wherein 1t 1s determined if a desired confidence level is achieved. In some
embodiments, this can include applying one or several statistical methods or techniques to the
IPG feedback received in block 1108. In some embodiments, these can be used to determine the
statistical confidence that the matching frequency identified and block 1112 1s in fact the
frequency of the CID 50 that best matches the natural frequency of the IPG 10, This
determination can be performed by, for example, the data module 702 or the charging module
704 of the CD 50. In some embodiments, this can include determining if the identified matching
frequency maiches the natural frequency of the charging circuit 607 of the IPG 10 overa

statistically significant number of iterations.

{060118] If it 1s determined that the confidence level is not attained, then the process 1100
proceeds to block 1116 wherein it 1s determined if an additional cycle should be performed. In
some embodiments, the additional cycle can include one or several additional iterations of
configuring the charging circuit 706 of the CD 50 at one or several selected natural frequencies
and charging the IPG 10 at those one or several selected natural frequencies. In some
embodiments, the one or several selected natural frequencies of the additional cycle can be the
same selected natural frequencies applied in previous cycles or one or several different natural
frequencies that have been selected and applied in previous cycles. In some embodiments,
determining whether to perform an additional cycle can include comparing the number of
already completed and/or performed cycles to a maximum number of allowable cyeles and
determining if the number of already performed cycles meets or exceeds the maximum number
of allowable cycles. Alternatively, in some embodiments, the determination of whether to
perform an additional cycle can include determining whether convergence in the feedback and/or
identified matching frequencies 1s occurring such that one or several additional cycles would
likely result in the identification of a matching frequency having a destred confidence level. This
determination of whether to perform an additional cycle can be made by the processor of the CD3
50, and specifically by one or more of the data module 702 in the charging module 706 of the
Ch 50
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{00119] If it is determined to perform an additional cycle, then the process 1100 returns to block
1102 and proceeds as outlined above. If it is determined not to perform an additional cycle, then
the process 1100 proceeds to block 1118 wherein a default frequency is identified. In some
embodiments, the default frequency can be a natural frequency of the charging circuit 706 of the
CD that can be selected when no matching frequency achieving the desired confidence level is
wdentified. In some embodiments, one or several default frequencies can be stored in the data
module 702 and the identification of a default frequency as indicated in block 1118 can include

retrieving one or several default frequencies from the data module 702,

{060120] After the default frequency has been identified or, returning again to decision state
1114, if it 1s determined that the desired confidence level is achieved, then the process 1100

proceeds to block 1120 and continues to block 1010 of FIG. 10.

[00121] With reference not to FIG. 12, a flowchart ilustrating one embodiment of a process
1200 for dynamically controlling the natural frequency of the charging circuit 706 of the
charging device 50 is shown. In some embodiments, the process 1200 can be performed using
stored data identifying the natural frequency of the IPG 10, and specifically identifying the
natural frequency of the charging circuit 607 of the IPG 10. In some embodiments, the use of
stored IPG data can adequately characterize the natural frequency of the IPG 10 as the natural
frequency of the TPG 10 can be constant after implantation. In some embodiments, controlling
the natural frequency of the charging circuit 706 of the CD 50 with stored IPG data can improve
system performance as compared to control of the natural frequency of the charging circuit 706
based on real-time data received from the IPG 10 as stored IPG data can be accessed regardless
of the existence of a communicating connection between the IPG 10 and the CD 50 and as use of
stored IPG data can allow quicker processing times and thus more responsive control of the

natural frequency of the charging circuit 706 of the CD 50.

[00122] The process 1200 can be performed as part of, or in the place of the step depicted by
block 1016 of FIG. 10. The process begins at block 1202 wherein the charging circuit 706 of the
CD 50 1s driven by, for example, the driver 708. In some embodiments, the driver 708 1s
configured io drive the charging circuit 706 of the CD 50 at the natural frequency of the charging

circuit 706 of the CD 50,
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{00123] After the charging circuit 706 is driven, or while the charging circuit is being driven,
the process 1200 proceeds to block 1204 wheremn 1t is determmned whether to validate the natural
frequency of the charging circuit 706 of the CD 50. In some embodiments, this validation can be
pericdically performed in which case the determination of whether to validate the natural
frequency of the charging circuit 706 of the CD 50 can include determining whether the desired
amount of time has passed since the last validation the natural frequency. In some embodiments,
the natural frequency can be validated when a trigger signal is received from, for example, the
PG 10, In some embodiments, the trigger signal can be generated and sent by the IPG 10 when a
change i charging efficiency s determined. If it is determined not to validate the natural
frequency of the charging circuit 706, the process 1200 returns to block 1202 and proceeds as

outlined above.

[00124] If it is determined to validate the natural frequency of the charging circuit 706, than the
process 1200 proceeds to block 1206 wherein the natural frequency of the charging circuit 706 of
the CD 50 is determined. In some embodiments, the natural frequency of the charging circuit 706
can be determined by determining the driving frequency of the driver 708, As previously
mentioned, in some embodiments, the driver 708 can be configured to provide electrical pulses
to the charging circuit 706 of the CD 50 at the natural frequency of the charging circuit 706. In
such an embodiment, the frequency with which the driver 708 drives the charging circuit 706 can
be retrieved from the driver 708 and the natural frequency of the charging circuit 706 can thereby
be determined. Alternatively, in some embodiments, the natural frequency of the charging circuit
706 can be determined by termination of the driving of the charging circuit 706 by the driver 708
and the detection of frequency of ringing of the charging circuit 706. In some embodiments, this

frequency of ringing corresponds to the natural frequency of the charging circuit.

[00125] After the natural frequency of the charging circuit 706 has been determined, the process
1200 proceeds to block 1208 wherein IPG data 1s retrieved. In some embodiments, the IPG data
can include the characterization data for the IPG 10 which wdentifies the natural frequency of the
PG In some embodiments, the IPG data can be retrieved from the data module 702, and
specifically from one of the databases of the database module 702, In some embodiments, the
IP(G data can be generated by the characterization of the IPG 10 as discussed with reference to
FIG 11
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{060126] After the IPG data has been retrieved, the process 1200 proceeds 1o block 1210 wherein
the natural frequency of the charging circuit 706 is determined and block 1206 15 compared to
the IPG data. In some embodiments this can include, for example, determining whether the
natural frequency of the charging circuit 706 is greater than, less than, or equal to the natural
frequency of the charging circuit 607 of the IP(G 10 as identified in the IPG data. In some
embodiments, a first value can be associated with the natural frequency of the charging circuit
706 when the natural frequency of the charging circuit 706 is greater than the natural frequency
of the charging circuit 607 of the IPG 10, a second value can be associated with the natural
frequency of the charging circuit 706 when the natural frequency of the charging circuit 706 is
less than the natural frequency of the charging circuit 607 of the IPG 10, and the third value can
be associated with the natural frequency of the charging circuit 706 when the natural frequency
of the charging circuit 706 13 equal to the natural frequency of the charging circuit 607 of the IPG
10.

[060127] After the natural frequency of the charging circuit 706 of the CD 50 is compared to the
natural frequency of the charging circuit 607 of the IPG data as indicated in the TPG data, the
process 1200 proceeds to decision state 1212 wherein it is determined if there 1s a mismatch
between the natural frequency of the charging circuit 706 of the CD 50 and the natural frequency
of the charging circuit 607 of the TPG 10, In some embodiments, this can be based on the results
of the comparison of block 1210, and in some particular embodiments, this determination can
mnclude determining which of the first, second, and third values was associated with the natural
frequency of the charging circuit 706 and block 1210, If it is determined that there is no
mismatch between the natural frequency of the charging circuit 706 of the CD 50 and the IPG

data, then the process 1200 returns to block 1202 and proceeds as outlined above.

[00128] If it s determined that there 1s a mismatch between the natural frequency of the
charging circuit 706 of the CD 50 and the PG data, then the process 1200 proceeds to block
1214 where the natural frequency correction is identified. In some embodiments, this can mclude
identifying a change in the natural frequency of the charging circuit 706 that would result in a
match between the natural frequency of the charging circuit 706 and the TPG data and/or
minimize the difference between the natural frequency of charging circuit 706 and the IPG data,

This determination can be based on the comparison performed in block 1210, In some
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embodiments, identifying the natural frequency correction in block 1214 can further include
generating one or several control signals to change the natural frequency of the charging circuit

706 to thereby correct the natural frequency of the charging circuit 706.

[00129] After the natural frequency correction has been identified, the process 1200 proceeds to
block 1216 wherein the charging circuit 706 of the CD 50 is reconfigured according to the
natural frequency correction identified at block 1214. In some embodiments, this can include
sending the conirol signals generated in block 1214 to the charging circuit 706 to thereby change
the opened and closed state of one or several of the switches 810, 814, 818 and/or the inductance

of the second inductor 900.

{00130] After the charging circuit has been reconfigured, the process 1200 can return to block
1202 and proceed as outlined above. In some embodiments, the process 1200 can be performed
until charging of the IPG 10 13 complete. In some embodiments, the completeness of the
charging of the IP(G 10 can be determined based on one or several signals received from the IPG

10 by the communication module 700 of the CD 50.

[060131] In the foregoing specification, the invention is described with reference to specific
embodiments thereof, but those skilled in the art will recognize that the invention is not limited
thereto. Various features and aspects of the above-described invention can be used individually
or jointly. Further, the invention can be utilized in any number of environments and applications
beyond those described herein without departing from the broader spirit and scope of the
specification. The specification and drawings are, accordingly, to be regarded as illustrative

rather than restrictive. It will be recognized that the terms “comprising,” “including,” and

“having,” as used herein, are specifically intended to be read as open-ended terms of art.
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CLAIMS:

1. A charger for coupling with an implantable neurostimulator for delivering
one or more electrical pulses to a target region within a patient’s body, the charger comprising:
a memory;
a power source for storing electrical energy;
aresonant circuit, wherein the resonant circuit is configurable to a plurality of
natural frequencices;
a driver coupled to the power source and the resonant circuit, wherein the driver is
configured to power the resonant circuit; and
a processor coupled to the resonant circuit to control the natural frequency of the
resonant circuit, wherein the processor is configured to control the natural frequency of the
resonant circuit according to data associated with the implantable neurostimulator and stored in
the memory, wherein controlling the natural frequency of the resonant circuit according to data
associated with the implantable neurostimulator comprises:
receiving identifying data from the implantable neurostimulator; and
retrieving characterization data, wherein the characterization data

identifies a natural frequency of a resonant circuit of the implantable neurostimulator.

2. The charger of claim 1, wherein controlling the natural frequency of the
resonant circuit according to data associated with the implantable neurostimulator comprises:

detecting a first natural frequency of the resonant circuit of the charger;

comparing the first natural frequency of the resonant circuit of the charger to the
characterization data; and

changing the natural frequency of the resonant circuit of the charger from the first

natural frequency to a second natural frequency.

3. The charger of claim 2, wherein detecting the first natural frequency of the
resonant circuit of the charger comprises at least one of: determining a driving frequency of the

driver; or detecting ringing of the resonant circuit.

4. The charger of claim 2 or 3, wherein the second natural frequency

corresponds to the characterization data.
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5. The charger of any one of claims 2 through 4, wherein the resonant circuit
comprises:

an inductor;

a first capacitor coupled in series to the inductor; and

a plurality of capacitors switchably coupleable to the inductor, wherein the
plurality of capacitors are each configured to be in parallel with the first capacitor when

switchably coupled to the inductor.

6. The charger of claim 5, wherein the plurality of capacitors comprises three

capacitors.

7. The charger of claim 5 or 6, wherein each of the plurality of capacitors is

switchably coupleable to the inductor via a transistor.
8. The charger of claim 7, wherein the transistor is a field effect transistor.

9. The charger of any one of claims 5 through 8, wherein changing the
natural frequency of the resonant circuit of the charger from the first natural frequency to the
second natural frequency comprises:

identifying a first switch configuration of the resonant circuit resulting in the first
natural frequency;

identifying a second switch configuration of the resonant circuit resulting in the
second natural frequency; and

generating a control signal to control at least one of: opening of at least one
switch in the resonant circuit to disconnect at least one of the plurality of capacitors from the
inductor; or closing of at least one switch in the resonant circuit to connect at least one of the

plurality of capacitors from the inductor.

10.  The charger of any one of claims 2 through 4, wherein changing the
natural frequency of the resonant circuit of the charger from the first natural frequency to the
second natural frequency comprises:

identifying a first inductance of an inductor in the resonant circuit resulting in the
first natural frequency;

identifying a second inductance of the inductor in the resonant circuit resulting in

the second natural frequency; and
42
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generating a control signal to change the inductance of the inductor from the first

mductance to the second inductance.

11.  The charger of claim 10, wherein changing the inductance of the inductor
from the first inductance to the second inductance comprises changing a saturation level of a

core of the inductor from a first saturation level to a second saturation level.

12.  The charger of claim 11, wherein changing the saturation level of the core
of the inductor from the first saturation level to the second saturation level comprises changing a

voltage applied to the core of the inductor from a first voltage to a second voltage.

13.  The charger of any one of claims 2 through 4, wherein the first natural
frequency is repeatedly detected.

14.  The charger of any one of claims 2 through 4, wherein the first natural
frequency is periodically detected.

15.  The charger of any one of claims 2 through 4, wherein the natural

frequency of the resonant circuit can be adjusted within a range of 20 Hz.

16.  The charger of any one of claims 2 through 4, wherein the natural

frequency of the resonant circuit can be adjusted within a range of 10 Hz.

17.  The charger of any one of claims 2 through 4, wherein the natural

frequency of the resonant circuit can be adjusted between approximately 119 Hz and 130 Hz.

18.  The charger of any one of claims 1 through 17, wherein the driver

comprises a class-E driver.

19.  The charger of any one of claims 1 through 17, wherein the data
associated with the implantable neurostimulator identifies the implantable neurostimulator and

identifies a previously determined natural frequency of the implantable neurostimulator.

20. A neurostimulation system for delivering one or more electrical pulses to a
target region within a patient’s body, the neurostimulation system comprising:

an implantable neurostimulator comprising:
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a hermetic housing having an extemnal surface that is configured to be
implanted within a body of a patient, the housing comprising a ceramic transmission
region; and

a charging circuit configured to receive power through the ceramic region
of the hermetic housing; and

a charger for coupling with the implantable neurostimulator, the charger
comprising:

a resonant circuit, wherein the resonant circuit is configurable to a
plurality of natural frequencies; and

a processor coupled to the resonant circuit to control the natural frequency
of the resonant circuit according to stored data identifying a previously determined

natural frequency of the charging circuit of the implantable neurostimulator.

21.  The neurostimulation system of claim 20, wherein the processor is
configured to control the natural frequency of the resonant circuit according to characterization

data identifying a natural frequency of the charging circuit of the implantable neurostimulator.

22.  The neurostimulation system of claim 21, wherein the characterization
data is uniquely associated with the implantable neurostimulator, and wherein the

characterization data is stored in a database in memory at the charger.

23.  The neurostimulation system of claim 21 or 22, wherein the
characterization data is received at the charger from the implantable neurostimulator when the

charger is coupled with the implantable neurostimulator.

24.  The neurostimulation system of claim 21 or 22, wherein the
characterization data is generated by the charger when the database does not contain

characterization data for the implantable neurostimulator.

25.  The neurostimulation system of claim 24, wherein generating the
characterization data comprises:
controlling the natural frequency of the resonant circuit to iteratively cycle

through a plurality of natural frequencies of the resonant circuit;
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iteratively receiving data from the implantable neurostimulator indicative of a
level of matching between the plurality of natural frequencies of the resonant circuit and a
natural frequency of the charging circuit of the implantable neurostimulator; and

identifying one of the plurality of natural frequencies as the natural frequency of

the charging circuit of the implantable neurostimulator.

26.  The neurostimulation system of claim 25, wherein the identified one of the
plurality of natural frequencies is the one of the plurality of natural frequencies that best matches

the natural frequency of the charging circuit of the implantable neurostimulator.

27.  The neurostimulation system of claim 25 or 26, wherein the identified one
of the plurality of natural frequencies is the one of the plurality of natural frequencies that best
matches the natural frequency of the charging circuit of the implantable neurostimulator over a

statistically significant number of iterations.

28.  The neurostimulation system of any one of claims 25 through 27, wherein

the identified onc of the plurality of natural frequencies is a default natural frequency.

29. A method for coupling a charger with an implantable neurostimulator for
delivering one or more electrical pulses to a target region within a patient’s body, the method
comprising:

powering a resonant circuit of a charger with a driver coupled to a power source,
wherein the resonant circuit is configurable to a plurality of natural frequencies;

determining a first natural frequency of the resonant circuit;

retrieving stored characterization data, wherein the characterization data identifies
a previously determined natural frequency of a resonant circuit of the implantable
neurostimulator; and

changing the natural frequency of the resonant circuit from the first natural
frequency to a second natural frequency with control signals generated by a processor according

to the characterization data.

30.  The method of claim 29, wherein determining the natural frequency of the
resonant circuit of the charger comprises at least one of: determining the driving frequency of the

driver; or detecting ringing of the resonant circuit.
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31.  The method of claim 29 or 30, wherein the resonant circuit comprises:

an inductor;

a first capacitor coupled in series to the inductor; and

a plurality of capacitors switchably coupleable to the inductor, wherein the
plurality of capacitors are each configured to be in parallel with the first capacitor when

switchably coupled to the inductor.

32.  The method of claim 31, wherein the plurality of capacitors comprises

three capacitors.

33.  The method of claim 31 or 32, wherein each of the plurality of capacitors

is switchably coupleable to the inductor via a transistor.

34.  The method of claim 33, wherein changing the natural frequency of the
resonant circuit of the charger from the first natural frequency to the second natural frequency
comprises:

identifying a first switch configuration of the resonant circuit resulting in the first
natural frequency;

identifying a second switch configuration of the resonant circuit resulting in the
second natural frequency; and

generating one of the control signals to control at least one of: the opening of at
least one switch in the resonant circuit to disconnect at least one of the plurality of capacitors
from the inductor; or the closing of at least one switch in the resonant circuit to connect at least

one of the plurality of capacitors from the inductor.

35.  The method of claim 30, wherein changing the natural frequency of the
resonant circuit of the charger from the first natural frequency to the second natural frequency
comprises:

identifying a first inductance of an inductor in the resonant circuit resulting in the
first natural frequency;

identifying a second inductance of the inductor in the resonant circuit resulting in
the second natural frequency; and

generating one of the control signals to change the inductance of the inductor

from the first inductance to the second inductance.
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36.  The method of claim 29, wherein the characterization data is retrieved

from a database in memory at the charger.

37.  The method of claim 29, wherein the characterization data is generated by

the charger.

38.  The method of claim 37, wherein generating the characterization data
comprises:

controlling the natural frequency of the resonant circuit to iteratively cycle
through a plurality of natural frequencies of the resonant circuit;

iteratively receiving data from the implantable neurostimulator indicative of a
level of matching between the plurality of natural frequencies of the resonant circuit and a
natural frequency of the charging circuit of the implantable neurostimulator; and

identifying one of the plurality of natural frequencics as the natural frequency of

the charging circuit of the implantable neurostimulator.

47

Date regue/Date received 2023-06-09



17156

I "Old

0030 JOdVHD

0§
‘ NOILVX!d ONVE 4O
NOLLVXH NO-DUS

as-od

0% ao-odi
5

YRR
$padtiy

0L Bdi

A'llill'l-

jOBU0D
wips ‘Bunuwesfoud
‘Juswaseld pes

sbeGal

00}

el |

T

J10WTH INJILYd
£
3| <.
smejs amﬁmmua..-n.iﬁ. L aa..,...!.m%wﬁwamnmﬁw-!::.!.!..‘ 08
" “losues wys [oueo wis ¥ O
01 o
i \ JONUOD WRs®
b N ‘Bunwesbosd Mm
TSeee NVIOINIO L Juetusoeid pee]
e 8 A
o 0%
%© avay 0
b, y llllllll.oww
NOUYINWILS 1831
09 H04 135 379v0

G0¢

Date regue/Date received 2023-06-09



WO 2017/132374

Cervical
Cord

P :

Thoracic
Cord ™

Lumbar .
Cord

Sacra] =
Cord

CA 03012828 2018~07~26

2115

Cervical
nerves

PCT/US2017/015124
-:i__

—LJ i

pm ||

Vertebra

S~

6 g

7
R ey
SOTDOH tl

Il

IR Y
= O OO0 O UT D WNE

227"

FIG. 2A

Thoracic
nerves %
™) L%
2 7 A
Lumbar 3 L -
Nerves D {—:\ cabda
& Equina
b 5
s 1
Sacral 2
Nerves 3 A
5 v
. C cal m—)
Nervee Z



CA 03012828 2018~07~26

WO 2017/132374 PCT/US2017/015124

3/15

Lumbosacral -
frunk

S3

Superior gluteal —

Nerve fo piriformis

&« , .
& == Pelvic splanchnic

Interior gluteale———

Nerve to guadratus Temoris \
and inferior gemellus ~\
Nerve fo obfurator internus—sg

and superior gemellus
Perforating cufaneous—" »
Common [/
Sciatic { fibular

Tibial~—7

Nerve {o levator ani and
COCCYgeus

Posterior femoral cutaneous Anterior view

nemnve ™ Pudental

FIG. 2B



CA 03012828 2018~07~26

WO 2017/132374 PCT/US2017/015124

4/15

N. fibular <5
N. ciétim{ comun s

N. tibial .
N. del m. cuadrado femoral b, / ’ Co

N. del m. obturador interno
M. cutaneo femoral posterior
N. cutdneo perforante

N. pudendo

i
Alos mm. elevador del ano,
coccigeo y esinter ext. del ano

FIG. 2C

Sacral
Plexus

Pudendal

.)

Plexus

~

> Coccygeal
Plexus

H/D>-Nn. anococcigeos



CA 03012828 2018~07~26

WO 2017/132374 PCT/US2017/015124

5/15

Sacral
nerves

Bladder

FIG. 3A



CA 03012828 2018~07~26

WO 2017/132374 PCT/US2017/015124

6/15

200

A

/S ,
emcnron O "
connector / \1 0 cm
{ Short tunneling
H length

FIG. 3B



CA 03012828 2018~07~26

WO 2017/132374 PCT/US2017/015124

7115

100

FIG. 4



10
™\ 11

Suture hole

XerayiD o
tag y

Seplimn  woss

Set-screw
black

Strain
relisf

8/15

17 14
\ \
AY li
R
l
I
l
LU
FIG. 5A P %

EB EF B3
5B ER KX
Ll 53 L3
L3 ER KX
ERER EX
ER EE I3
ER EX K%
£ ER KX
EX ER ER
ER EX EX
E3 EX KX
EX EF £X
E3 B £3
L3 £ L3
E3 IR I%

]

22

/10

Date regue/Date received 2023-06-09

FIG. 5C

15

16



WO 2017/132374

CA 03012828 2018~07~26

9/15

Data Module

Communication
Module

PCT/US2017/015124

Puise Control

8071

Charging Module

Energy Storage
Device




CA 03012828 2018~07~26

WO 2017/132374 PCT/US2017/015124

10/15

Communication

Module Data Module

706 1"

Energy Storage

Charging Module Device




708

11/15

/— 706

800
¢

Date regue/Date received 2023-06-09

Cy

3
/

804
I A 810
- (is_gf;'{ 806
813 s \év—-—my
81@q o
e
818




CA 03012828 2018~07~26

WO 2017/132374 PCT/US2017/015124

12/15

708

’/r—706

800

-‘ifSDQ

“mj»SOA

S00 902
@’

FIG. ©



WO 2017/132374

CA 03012828 2018~07~26

PCT/US2017/015124

13/15

/— 1000

1002
Receive IPG |

Data

i

identify IPG

(/’-1004

1006

1012 oo P o Characterize 1008
trieve p ~
Stored Data ' Sored Bata Freéigency
1014"'\(: - - 1010
onfigure Resonant :
Frequency of Charging =& Fi‘i;orj;if
Circuit : !
:1016"\.\
Charge IPG

FIG. 10



CA 03012828 2018~07~26

WO 2017/132374 PCT/US2017/015124

14/15
I,,.—-J.ODS
KIIQZ
Select >
Frequency
1100
1104 )
v

Configure Resonant
Frequency of Charging
Circuit

* rl 106
Charge IPG

v

Receive IPG
Feedback

1108
f’

YES |

1112—'*\

Identify Matching
Freguency

YES

1118
N\

“Confidence
Level?

identify Default

e ’ e D ’
~ Add | Cyele? , Frequency

YES

1120
v a

Proceed to Block
1010 of Figure 10

FIG. 11




WO 2017/132374

CA 03012828 2018-07-26

1

5/15

PCT/US2017/015124

Drive Circuit

Validate

. Nat. Freq.?

1202
(»—-
g}

1204

NO

Determine Natural
Frequency

1206
/‘”’

Y

Retrieve IPG Data

1208
/""

Y

Compare Nat. Freq.
and IPG Data

// 1210

Mismaich?

NO

12147

Identify Nat. Freq.
Correction

1216
/

Reconfigure Charging
Circuit

FIG. 12




200
CABLESETFOR %
TEST STIMULATION
P, —— 40
20— LEAD % % LEAD
1 %, t—20
Laad paoemant,";' CLINICIAN ‘.'"'- ;en;‘qdrzl:wmmg. ai‘lm
; ing, PROGRAMMER e, control
'.".«umoc'm'ol o 'a_...
& ; stim control K
i cortrol M GOMTGL e e e
30—%‘-”-.-."ﬁmwm}"..“'-) ‘_.__.--Wsms - PG 10
@
3 52
PATIENT REMOTE 1PG-CD 50

N

100

PGCD
STICK-ON FIXATION

o

CHARGE DOCK



	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - DESCRIPTION
	Page 43 - CLAIMS
	Page 44 - CLAIMS
	Page 45 - CLAIMS
	Page 46 - CLAIMS
	Page 47 - CLAIMS
	Page 48 - CLAIMS
	Page 49 - CLAIMS
	Page 50 - DRAWINGS
	Page 51 - DRAWINGS
	Page 52 - DRAWINGS
	Page 53 - DRAWINGS
	Page 54 - DRAWINGS
	Page 55 - DRAWINGS
	Page 56 - DRAWINGS
	Page 57 - DRAWINGS
	Page 58 - DRAWINGS
	Page 59 - DRAWINGS
	Page 60 - DRAWINGS
	Page 61 - DRAWINGS
	Page 62 - DRAWINGS
	Page 63 - DRAWINGS
	Page 64 - DRAWINGS
	Page 65 - REPRESENTATIVE_DRAWING

