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

(19) World Intellectual Property
Organization

International Bureau (10) International Publication Number

(43) International Publication Date WO 2019/094786 Al
16 May 2019 (16.05.2019) W 1P O PCT

(51) International Patent Classification: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
A61N 1/375 (2006.01) A61N 1/36 (2006.01) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
A61N 1/378 (2006.01) HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,

KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
(21) International Application Number:

MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
PCT/US2018/0601 19

OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(22) International Filing Date: SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

09 November 2018 (09. 11.2018) TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(25) Filing Language: English (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

(26) Publication Language: English GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,

(30) Priority Data: UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

62/585,405 13 November 2017 (13. 11.2017) US TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, ΓΕ , IS, IT, LT, LU, LV,

(71) Applicant: BOSTON SCIENTIFIC NEUROMODU¬ MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
LATOR CORPORATION [US/US]; 25 155 Rye Canyon TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
Loop, Valencia, CA 91355 (US). KM, ML, MR, NE, SN, TD, TG).

(72) Inventors: FUNDERBURK, Jeffery Van; 25524 Morn¬
ing Mist Drive, Stevenson Ranch, CA 91381 (US). Published:
MALINOWSKI, Zdzislaw Bernard; 291 15 St. Tropez — with international search report (Art. 21(3))

Place, Castaic, CA 91384 (US).

(74) Agent: BLACK, Bruce E.; Lowe Graham Jones PLLC,
701 5th Ave., Suite 4800, Seattle, WA 98104 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available) : AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

(54) Title: SYSTEMS AND METHODS FOR MAKING AND USING A LOW-PROFILE CONTROL MODULE FOR AN ELEC¬
TRICAL STIMULATION SYSTEM

(57) Abstract: A control module for an electrical stimulation system in¬

cludes an electronic subassembly disposed within an electronics housing. A
power assembly extends outwardly from the electronics housing and collec¬
tively with the electronics housing forms a sealed cavity. The power assem¬
bly includes a power source; a conduit assembly extending from the power
source to the electronics housing; and one or more power conductors extend¬
ing along the conduit assembly and electrically coupling the power source
to the electronic subassembly. The control module further includes one or
more connector assemblies. Each of the one or more connector assemblies
includes a connector lumen configured to receive a lead; connector contacts
arranged along the connector lumen and in electrical communication with
the electronic subassembly; and connector conductors electrically coupled
to the connector contacts.



SYSTEMS AND METHODS FOR MAKING AND USING A LOW-PROFILE

CONTROL MODULE FOR AN ELECTRICAL STIMULATION SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit under 35 U.S.C. § 119(e) of U.S. Provisional

Patent Application Serial No. 62/585,405, filed November 13, 2017, which is

incorporated herein by reference.

FIELD

The present invention is directed to the area of implantable electrical stimulation

systems and methods of making and using the systems. The present invention is also

directed to a control module with an electronics housing and a power assembly that

collectively form a sealed cavity, as well as methods of making and using the connector,

control modules, and electrical stimulation systems.

BACKGROUND

Implantable electrical stimulation systems have proven therapeutic in a variety of

diseases and disorders. For example, spinal cord stimulation systems have been used as a

therapeutic modality for the treatment of chronic pain syndromes. Peripheral nerve

stimulation has been used to treat chronic pain syndrome and incontinence, with a number

of other applications under investigation. Functional electrical stimulation systems have

been applied to restore some functionality to paralyzed extremities in spinal cord injury

patients.

Stimulators have been developed to provide therapy for a variety of treatments. A

stimulator can include a control module (with a pulse generator) and one or more

stimulator electrodes. The one or more stimulator electrodes can be disposed along one

or more leads, or along the control module, or both. The stimulator electrodes are in

contact with or near the nerves, muscles, or other tissue to be stimulated. The pulse

generator in the control module generates electrical pulses that are delivered by the

electrodes to body tissue.

BRIEF SUMMARY

In some aspects, a control module for an electrical stimulation system includes an

electronics housing having an outer surface. An electronic subassembly is disposed

within the electronics housing. A power assembly extends outwardly from the electronics



housing and collectively with the electronics housing forms a sealed cavity. The power

assembly includes a power source; a conduit assembly extending from the power source

to the electronics housing; and one or more power conductors extending along the conduit

assembly and electrically coupling the power source to the electronic subassembly. The

control module further includes one or more connector assemblies. Each of the one or

more connector assemblies includes a connector lumen configured to receive a lead;

connector contacts arranged along the connector lumen and in electrical communication

with the electronic subassembly; and connector conductors electrically coupled to the

connector contacts.

In at least some embodiments, the conduit assembly includes a coupler and one or

more tubular conduits extending from the coupler. The coupler is coupleable to the

power source. The coupler and the one or more tubular conduits form a portion of the

sealed cavity. The one or more power conductors extend through the one or more tubular

conduits. In at least some embodiments, the one or more tubular conduits are flexible to

permit bending relative to the electronics housing and power source upon application of a

force and are configured to maintain a bent configuration. In at least some embodiments,

the one or more tubular conduits are formed from a shape memory material. In at least

some embodiments, the one or more tubular conduits include a bend forming an angle

that is no smaller than 3° and no larger than 10°. In at least some embodiments, the angle

of the bend corresponds to a contour of a portion of an outer surface of a skull to which

the control module is attachable. In at least some embodiments, the electronics housing

includes opposing parallel major surfaces extending along a first plane, and the bend

causes the power assembly to extend along a second plane that is different from the first

plane.

In at least some embodiments, feedthrough pins extend through the electronics

housing, and the conductors of the one or more connector assemblies are electrically

coupled to the feedthrough pins, and the feedthrough pins are electrically coupled to the

electronic subassembly. In at least some embodiments, a charging coil is disposed

external to the electronics housing and coupled to at least one of the feedthrough pins. In

at least some embodiments, one or more antennas are disposed external to the electronics

housing and coupled to at least one of the feedthrough pins.



In at least some embodiments, a covering is disposed over at least a portion of

each of the electronics housing, the power assembly, and the one or more connector

assemblies. In at least some embodiments, a fastener aperture is defined in the covering,

the fastener aperture configured to receive a fastener for fastening the control module to

an outer surface of a skull.

In at least some embodiments, when the control module is configured for

fastening to an outer surface of a skull, the control module extends radially outwards from

the outer surface of the skull by an amount no greater than 7 mm.

In other aspects, an electrical stimulation system includes any of the above-

described control modules, and an electrical stimulation lead coupleable to the control

module.

In yet other aspects, a method for making any of the above-described control

modules includes disposing an electronic subassembly in an electronics housing. A

power assembly having a power source is attached to at least one aperture defined in the

electronics housing to create a sealed connection between the power assembly and the

electronics housing. The power source is electrically coupled to the electronic

subassembly. The electronics housing is sealed to, collectively with the power assembly,

form a sealed cavity. A connector assembly is electrically coupled to the electronic

subassembly. The connector assembly is configured to receive a lead.

In at least some embodiments, attaching a power assembly having a power source

to at least one aperture defined in the electronics housing includes attaching the power

source and the electronics housing to opposing ends of a conduit assembly. In at least

some embodiments, the method further includes bending the conduit assembly relative to

the electronics housing and power source. In at least some embodiments, the method

further includes coupling a charging coil and one or more antennas to the electronic

subassembly.

In still yet other aspects, a control module for an electrical stimulation system

includes an electronics housing having an outer surface. An electronic subassembly is

disposed within the electronics housing. A power assembly extends laterally outwardly

from the electronics housing and collectively with the electronics housing forms a sealed

cavity. The power assembly includes a power source; and one or more power conductors



disposed entirely in the sealed cavity and electrically coupling the power source to the

electronic subassembly. One or more connector assemblies extend laterally outwardly

from the electronics housing. Each of the one or more connector assemblies includes a

connector lumen configured to receive a lead; connector contacts arranged along the

connector lumen and in electrical communication with the electronic subassembly; and

connector conductors electrically coupled to the connector contacts.

In at least some embodiments, the one or more connector assemblies includes a

first connector assembly and a second connector assembly each extending laterally

outwardly from the electronics housing, where the first connector assembly and the

second connector assembly flank the power assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting and non-exhaustive embodiments of the present invention are

described with reference to the following drawings. In the drawings, like reference

numerals refer to like parts throughout the various figures unless otherwise specified.

For a better understanding of the present invention, reference will be made to the

following Detailed Description, which is to be read in association with the accompanying

drawings, wherein:

FIG. 1 is a schematic view of one embodiment of an electrical stimulation system,

according to the invention;

FIG. 2 is a schematic side view of one embodiment of an electrical stimulation

lead, according to the invention;

FIG. 3 is a schematic overview of one embodiment of components of a

stimulation system, including an electronic subassembly disposed within a control

module, according to the invention;

FIG. 4A is a schematic top view of one embodiment of a low-profile control

module disposed along an outer surface of a skull and two leads extending from the

control module and into the skull via burr holes covered with burr-hole covers, according

to the invention;



FIG. 4B is a schematic front view of one embodiment of the low-profile control

module of FIG. 4A disposed along an outer surface of a skull and two leads extending

from the control module and into the skull via burr holes covered with burr-hole covers,

according to the invention;

FIG. 5A is a schematic top view of one embodiment of a low-profile control

module, the control module including a connector assembly and a sealed cavity formed

collectively from an electronics housing and a power assembly, according to the

invention;

FIG. 5B is a schematic end view of one embodiment of the low-profile control

module of FIG. 5A, according to the invention;

FIG. 5C is a schematic perspective, exploded view of one embodiment of the low-

profile control module of FIG. 5A, according to the invention;

FIG. 6 is a schematic perspective, exploded view of an alternate embodiment of a

low-profile control module including a connector assembly and a sealed cavity formed

collectively from an electronics housing and a power assembly, according to the

invention;

FIG. 7A is a schematic side view of one embodiment of the low-profile control

module of FIG. 5A with the power assembly bent relative to the electronics housing,

according to the invention;

FIG. 7B is a schematic side view of one embodiment of the bent low-profile

control module of FIG. 7A disposed along a patient's skull with the bending of the power

assembly relative to the sealed electronics housing corresponding to a contour of the

skull, according to the invention;

FIG. 8A is a schematic top view of another embodiment of a low-profile control

module disposed along an outer surface of a skull and two leads extending from the

control module and into the skull via burr holes covered with burr-hole covers, according

to the invention; and

FIG. 8B is a schematic front view of one embodiment of the low-profile control

module of FIG. 8A disposed along an outer surface of a skull and two leads extending



from the control module and into the skull via burr holes covered with burr-hole covers,

according to the invention.

DETAILED DESCRIPTION

The present invention is directed to the area of implantable electrical stimulation

systems and methods of making and using the systems. The present invention is also

directed to a control module with an electronics housing and a power assembly that

collectively form a sealed cavity, as well as methods of making and using the connector,

control modules, and electrical stimulation systems.

Suitable implantable electrical stimulation systems include, but are not limited to,

a least one lead with one or more electrodes disposed on a distal portion of the lead and

one or more terminals disposed on one or more proximal portions of the lead. Leads

include, for example, percutaneous leads, paddle leads, cuff leads, or any other

arrangement of electrodes on a lead. Examples of electrical stimulation systems with

leads are found in, for example, U.S. Patents Nos. 6,181,969; 6,516,227; 6,609,029;

6,609,032; 6,741,892; 7,244,150; 7,450,997; 7,672,734;7,761,165; 7,783,359; 7,792,590;

7,809,446; 7,949,395; 7,974,706; 8,175,710; 8,224,450; 8,271,094; 8,295,944; 8,364,278;

8,391,985; and 8,688,235; and U.S. Patent Applications Publication Nos. 2007/0150036;

2009/0187222; 2009/0276021; 2010/0076535; 2010/0268298; 2011/0005069;

2011/0004267; 2011/0078900; 2011/0130817; 2011/0130818; 2011/0238129;

2011/0313500; 2012/0016378; 2012/0046710; 2012/0071949; 2012/0165911;

2012/0197375; 2012/0203316; 2012/0203320; 2012/0203321; 2012/0316615;

2013/0105071; and 2013/0197602, all of which are incorporated by reference. In the

discussion below, a percutaneous lead will be exemplified, but it will be understood that

the methods and systems described herein are also applicable to paddle leads and other

leads.

A percutaneous lead for electrical stimulation (for example, deep brain, spinal

cord, peripheral nerve, or cardiac-tissue) includes stimulation electrodes that can be ring

electrodes, segmented electrodes that extend only partially around the circumference of

the lead, or any other type of electrode, or any combination thereof. The segmented

electrodes can be provided in sets of electrodes, with each set having electrodes

circumferentially distributed about the lead at a particular longitudinal position. A set of

segmented electrodes can include any suitable number of electrodes including, for



example, two, three, four, or more electrodes. For illustrative purposes, the leads are

described herein relative to use for deep brain stimulation, but it will be understood that

any of the leads can be used for applications other than deep brain stimulation, including

spinal cord stimulation, peripheral nerve stimulation, dorsal root ganglion stimulation,

sacral nerve stimulation, or stimulation of other nerves, muscles, and tissues.

Turning to Figure 1, one embodiment of an electrical stimulation system 10

includes one or more stimulation leads 12 and an implantable pulse generator (IPG) 14.

The system 10 can also include one or more of an external remote control (RC) 16, a

clinician's programmer (CP) 18, an external trial stimulator (ETS) 20, or an external

charger 22.

The IPG 14 is physically connected, optionally, via one or more lead extensions

24, to the stimulation lead(s) 12. Each lead carries multiple electrodes 26 arranged in an

array. The IPG 14 includes pulse generation circuitry that delivers electrical stimulation

energy in the form of, for example, a pulsed electrical waveform (i.e., a temporal series of

electrical pulses) to the electrode array 26 in accordance with a set of stimulation

parameters. The implantable pulse generator can be implanted into a patient's body, for

example, below the patient's clavicle area or within the patient's buttocks or abdominal

cavity. The implantable pulse generator can have eight stimulation channels which may

be independently programmable to control the magnitude of the current stimulus from

each channel. In some embodiments, the implantable pulse generator can have more or

fewer than eight stimulation channels (e.g., 4-, 6-, 16-, 32-, or more stimulation channels).

The implantable pulse generator can have one, two, three, four, or more connector ports,

for receiving the terminals of the leads and/or lead extensions.

The ETS 20 may also be physically connected, optionally via the percutaneous

lead extensions 28 and external cable 30, to the stimulation leads 12. The ETS 20, which

may have similar pulse generation circuitry as the IPG 14, also delivers electrical

stimulation energy in the form of, for example, a pulsed electrical waveform to the

electrode array 26 in accordance with a set of stimulation parameters. One difference

between the ETS 20 and the IPG 14 is that the ETS 20 is often a non-implantable device

that is used on a trial basis after the neurostimulation leads 12 have been implanted and

prior to implantation of the IPG 14, to test the responsiveness of the stimulation that is to



be provided. Any functions described herein with respect to the IPG 14 can likewise be

performed with respect to the ETS 20.

The RC 16 may be used to telemetrically communicate with or control the IPG 14

or ETS 20 via a uni- or bi-directional wireless communications link 32. Once the IPG 14

and neurostimulation leads 12 are implanted, the RC 16 may be used to telemetrically

communicate with or control the IPG 14 via a uni- or bi-directional communications link

34. Such communication or control allows the IPG 14 to be turned on or off and to be

programmed with different stimulation parameter sets. The IPG 14 may also be operated

to modify the programmed stimulation parameters to actively control the characteristics

of the electrical stimulation energy output by the IPG 14. The CP 18 allows a user, such

as a clinician, the ability to program stimulation parameters for the IPG 14 and ETS 20 in

the operating room and in follow-up sessions. Alternately, or additionally, stimulation

parameters can be programed via wireless communications (e.g., Bluetooth) between the

RC 16 (or external device such as a hand-held electronic device) and the IPG 14.

The CP 18 may perform this function by indirectly communicating with the IPG

14 or ETS 20, through the RC 16, via a wireless communications link 36. Alternatively,

the CP 18 may directly communicate with the IPG 14 or ETS 20 via a wireless

communications link (not shown). The stimulation parameters provided by the CP 18 are

also used to program the RC 16, so that the stimulation parameters can be subsequently

modified by operation of the RC 16 in a stand-alone mode (i.e., without the assistance of

the CP 18).

For purposes of brevity, the details of the RC 16, CP 18, ETS 20, and external

charger 22 will not be further described herein. Details of exemplary embodiments of

these devices are disclosed in U.S. Pat. No. 6,895,280, which is expressly incorporated

herein by reference. Other examples of electrical stimulation systems can be found at

U.S. Patents Nos. 6,181,969; 6,516,227; 6,609,029; 6,609,032; 6,741,892; 7,949,395;

7,244,150; 7,672,734; and 7,761,165; 7,974,706; 8,175,710; 8,224,450; and 8,364,278;

and U.S. Patent Application Publication No. 2007/0150036, as well as the other

references cited above, all of which are incorporated by reference.

Turning to Figure 2, one or more leads are configured for coupling with a control

module. The term "control module" is used herein to describe a pulse generator (e.g., the



IPG 14 or the ETS 20 of Figure 1). Stimulation signals generated by the control module

are emitted by electrodes of the lead(s) to stimulate patient tissue. The electrodes of the

lead(s) are electrically coupled to terminals of the lead(s) that, in turn, are electrically

coupleable with the control module. In some embodiments, the lead(s) couple(s) directly

with the control module. In other embodiments, one or more intermediary devices (e.g., a

lead extension, an adaptor, a splitter, or the like) are disposed between the lead(s) and the

control module.

Percutaneous leads are described herein for clarity of illustration. It will be

understood that paddle leads and cuff leads can be used in lieu of, or in addition to,

percutaneous leads. The leads described herein include 8 electrodes (+1 auxiliary

electrode in some embodiments). It will be understood that the leads could include any

suitable number of electrodes. The leads described herein exclusively include ring

electrodes. It will be understood that the leads can include a distal-tip electrode, or one or

more segmented electrodes in lieu of, or in addition to one or more ring electrodes.

Additionally, the term "elongated member" used herein includes leads (e.g.,

percutaneous, paddle, cuff, or the like), as well as intermediary devices (e.g., lead

extensions, adaptors, splitters, or the like).

Figure 2 illustrates one embodiment of a lead 110 with electrodes 125 disposed at

least partially about a circumference of the lead 110 along a distal end portion of the lead

and terminals 135 disposed along a proximal end portion of the lead. The lead 110 can be

implanted near or within the desired portion of the body to be stimulated such as, for

example, the brain, spinal cord, or other body organs or tissues. In one example of

operation for deep brain stimulation, access to the desired position in the brain can be

accomplished by drilling a hole in the patient's skull or cranium with a cranial drill

(commonly referred to as a burr), and coagulating and incising the dura mater, or brain

covering. The lead 110 can be inserted into the cranium and brain tissue with the

assistance of a stylet (not shown). The lead 110 can be guided to the target location

within the brain using, for example, a stereotactic frame and a microdrive motor system.

In some embodiments, the microdrive motor system can be fully or partially automatic.

The microdrive motor system may be configured to perform one or more the following

actions (alone or in combination): insert the lead 110, advance the lead 110, retract the

lead 110, or rotate the lead 110 .



In some embodiments, measurement devices coupled to the muscles or other

tissues stimulated by the target neurons, or a unit responsive to the patient or clinician,

can be coupled to the implantable pulse generator or microdrive motor system. The

measurement device, user, or clinician can indicate a response by the target muscles or

other tissues to the stimulation or recording electrode(s) to further identify the target

neurons and facilitate positioning of the stimulation electrode(s). For example, if the

target neurons are directed to a muscle experiencing tremors, a measurement device can

be used to observe the muscle and indicate changes in, for example, tremor frequency or

amplitude in response to stimulation of neurons. Alternatively, the patient or clinician

can observe the muscle and provide feedback.

The lead 110 for deep brain stimulation can include stimulation electrodes,

recording electrodes, or both. In at least some embodiments, the lead 110 is rotatable so

that the stimulation electrodes can be aligned with the target neurons after the neurons

have been located using the recording electrodes.

Stimulation electrodes may be disposed on the circumference of the lead 110 to

stimulate the target neurons. Stimulation electrodes may be ring-shaped so that current

projects from each electrode equally in every direction from the position of the electrode

along a length of the lead 110. In the embodiment of Figure 2, two of the electrodes 125

are ring electrodes 120. Ring electrodes typically do not enable stimulus current to be

directed from only a limited angular range around of the lead. Segmented electrodes 130,

however, can be used to direct stimulus current to a selected angular range around the

lead. When segmented electrodes are used in conjunction with an implantable pulse

generator that delivers constant current stimulus, current steering can be achieved to more

precisely deliver the stimulus to a position around an axis of the lead (i.e., radial

positioning around the axis of the lead). To achieve current steering, segmented

electrodes can be utilized in addition to, or as an alternative to, ring electrodes.

The lead 100 includes a lead body 110, terminals 135, and one or more ring

electrodes 120 and one or more sets of segmented electrodes 130 (or any other

combination of electrodes). The lead body 110 can be formed of a biocompatible, non-

conducting material such as, for example, a polymeric material. Suitable polymeric

materials include, but are not limited to, silicone, polyurethane, polyurea, polyurethane-

urea, polyethylene, or the like. Once implanted in the body, the lead 100 may be in



contact with body tissue for extended periods of time. In at least some embodiments, the

lead 100 has a cross-sectional diameter of no more than 1.5 mm and may be in the range

of 0.5 to 1.5 mm. In at least some embodiments, the lead 100 has a length of at least 10

cm and the length of the lead 100 may be in the range of 10 to 70 cm.

The electrodes 125 can be made using a metal, alloy, conductive oxide, or any

other suitable conductive biocompatible material. Examples of suitable materials include,

but are not limited to, platinum, platinum iridium alloy, iridium, titanium, tungsten,

palladium, palladium rhodium, or the like. Preferably, the electrodes are made of a

material that is biocompatible and does not substantially corrode under expected

operating conditions in the operating environment for the expected duration of use.

Each of the electrodes can either be used or unused (OFF). When the electrode is

used, the electrode can be used as an anode or cathode and carry anodic or cathodic

current. In some instances, an electrode might be an anode for a period of time and a

cathode for a period of time.

Deep brain stimulation leads may include one or more sets of segmented

electrodes. Segmented electrodes may provide for superior current steering than ring

electrodes because target structures in deep brain stimulation are not typically symmetric

about the axis of the distal electrode array. Instead, a target may be located on one side of

a plane running through the axis of the lead. Through the use of a radially segmented

electrode array ("RSEA"), current steering can be performed not only along a length of

the lead but also around a circumference of the lead. This provides precise three-

dimensional targeting and delivery of the current stimulus to neural target tissue, while

potentially avoiding stimulation of other tissue. Examples of leads with segmented

electrodes include U.S. Patents Nos. 8,473,061; 8,571,665; and 8,792,993; U.S. Patent

Application Publications Nos. 2010/0268298; 2011/0005069; 2011/0130803;

2011/0130816; 2011/0130817; 2011/0130818; 2011/0078900; 2011/0238129;

2012/0016378; 2012/0046710; 2012/0071949; 2012/0165911; 2012/0197375;

2012/0203316; 2012/0203320; 2012/0203321; 2013/0197424; 2013/0197602;

2014/0039587; 2014/0353001; 2014/0358208; 2014/0358209; 2014/0358210;

2015/0045864; 2015/0066120; 2015/0018915; 2015/0051681; U.S. Patent Applications

Serial Nos. 14/557,211 and 14/286,797; and U.S. Provisional Patent Application Serial

No. 62/113,291, all of which are incorporated herein by reference. Segmented electrodes



can also be used for other stimulation techniques including, but not limited to, spinal cord

stimulation, peripheral nerve stimulation, dorsal root ganglion stimulation, or stimulation

of other nerves, muscles, and tissues.

Figure 3 is a schematic overview of one embodiment of components of an

electrical stimulation system 300 including an electronic subassembly 358 disposed

within a control module. The electronic subassembly 358 may include one or more

components of the IPG. It will be understood that the electrical stimulation system can

include more, fewer, or different components and can have a variety of different

configurations including those configurations disclosed in the stimulator references cited

herein.

Some of the components (for example, a power source 312, one or more antennas

318, a receiver 302, and a processor 304) of the electrical stimulation system can be

positioned on one or more circuit boards or similar carriers within a sealed electronics

housing of an implantable pulse generator (see e.g., 14 in Figure 1), if desired. Any

power source 312 can be used including, for example, a battery such as a primary battery

or a rechargeable battery. Examples of other power sources include super capacitors,

nuclear or atomic batteries, mechanical resonators, infrared collectors, thermally -powered

energy sources, flexural powered energy sources, bioenergy power sources, fuel cells,

bioelectric cells, osmotic pressure pumps, and the like including the power sources

described in U .S. Patent No. 7,437, 193, incorporated herein by reference.

As another alternative, power can be supplied by an external power source

through inductive coupling via the optional antenna 318 or a secondary antenna. In at

least some embodiments, the antenna 318 (or the secondary antenna) is implemented

using the auxiliary electrically-conductive conductor. The external power source can be

in a device that is mounted on the skin of the user or in a unit that is provided near the

user on a permanent or periodic basis.

If the power source 312 is a rechargeable battery, the battery may be recharged

using the optional antenna 318, if desired. Power can be provided to the battery for

recharging by inductively coupling the battery through the antenna to a recharging unit

316 external to the user. Examples of such arrangements can be found in the references



identified above. The electronic subassembly 358 and, optionally, the power source 312

can be disposed within a control module (e.g., the IPG 14 or the ETS 20 of Figure 1).

In one embodiment, electrical stimulation signals are emitted by the electrodes

(e.g., 26 in Figure 1) to stimulate nerve fibers, muscle fibers, or other body tissues near

the electrical stimulation system. The processor 304 is generally included to control the

timing and electrical characteristics of the electrical stimulation system. For example, the

processor 304 can, if desired, control one or more of the timing, frequency, strength,

duration, and waveform of the pulses. In addition, the processor 304 can select which

electrodes can be used to provide stimulation, if desired. In some embodiments, the

processor 304 selects which electrode(s) are cathodes and which electrode(s) are anodes.

In some embodiments, the processor 304 is used to identify which electrodes provide the

most useful stimulation of the desired tissue.

Any processor can be used and can be as simple as an electronic device that, for

example, produces pulses at a regular interval or the processor can be capable of

receiving and interpreting instructions from an external programming unit 308 that, for

example, allows modification of pulse characteristics. In the illustrated embodiment, the

processor 304 is coupled to a receiver 302 which, in turn, is coupled to the optional

antenna 318 . This allows the processor 304 to receive instructions from an external

source to, for example, direct the pulse characteristics and the selection of electrodes, if

desired.

In one embodiment, the antenna 318 is capable of receiving signals (e.g. , RF

signals) from an external telemetry unit 306 which is programmed by the programming

unit 308. The programming unit 308 can be external to, or part of, the telemetry unit 306.

The telemetry unit 306 can be a device that is worn on the skin of the user or can be

carried by the user and can have a form similar to a pager, cellular phone, or remote

control, if desired. As another alternative, the telemetry unit 306 may not be worn or

carried by the user but may only be available at a home station or at a clinician's office.

The programming unit 308 can be any unit that can provide information to the telemetry

unit 306 for transmission to the electrical stimulation system 300. The programming unit

308 can be part of the telemetry unit 306 or can provide signals or information to the

telemetry unit 306 via a wireless or wired connection. One example of a suitable



programming unit is a computer operated by the user or clinician to send signals to the

telemetry unit 306.

The signals sent to the processor 304 via the antenna 318 and the receiver 302 can

be used to modify or otherwise direct the operation of the electrical stimulation system.

For example, the signals may be used to modify the pulses of the electrical stimulation

system such as modifying one or more of pulse duration, pulse frequency, pulse

waveform, and pulse strength. The signals may also direct the electrical stimulation

system 300 to cease operation, to start operation, to start charging the battery, or to stop

charging the battery. In other embodiments, the stimulation system does not include the

antenna 318 or receiver 302 and the processor 304 operates as programmed.

Optionally, the electrical stimulation system 300 may include a transmitter (not

shown) coupled to the processor 304 and the antenna 318 for transmitting signals back to

the telemetry unit 306 or another unit capable of receiving the signals. For example, the

electrical stimulation system 300 may transmit signals indicating whether the electrical

stimulation system 300 is operating properly or not or indicating when the battery needs

to be charged or the level of charge remaining in the battery. The processor 304 may also

be capable of transmitting information about the pulse characteristics so that a user or

clinician can determine or verify the characteristics.

Turning to Figures 4A-4B, conventional control modules (e.g., IPG 14) include

power sources, electronics, and connector assemblies that collectively create a size and

shape that may limit the locations where the control module can be implanted. At least

some conventional control modules stack a battery above, below and/or adjacent to the

main electronic subassembly, thereby forming a hermetic enclosure of a size or shape that

limits potential implantation locations. In some instances, the size or shape of a control

module may prevent the control module from physically fitting within a desired

implantation location. In other instances, although a control module may physically fit

within a desired implantation location, the size or shape of the control module may result

in an undesirable cosmetic issue, such as the control module causing visible bulging of

patient tissue.

In the case of deep brain stimulation, leads are typically extended through burr

holes drilled into the patient's skull with the control module either implanted below the



patient's clavicle area or disposed in a recessed region formed along an outer surface of

the patient's skull. In the case of the former, the leads are undesirably tunneled along

patient tissue from the burr holes in the skull to the patient's clavicle. Accordingly, such

as technique may involve undesirably forming a lengthy tunnel along patient tissue. In

the case of the latter, a medical practitioner needs to carve out a section of skull large

enough to position the control module within the carved-out region. Such a technique is

time-consuming and tedious for the medical practitioner, and invasive for the patient.

As described herein, a low-profile control module can be implanted into a patient.

The low-profile control module ("control module") may increase the number of locations

within a patient where a control module is implantable. Furthermore, the control module

may also improve patient cosmetics, by reducing undesirable bulging of patient tissue

caused by the control module.

For illustrative purposes, the control module is described herein relative to use for

deep brain stimulation. It will be understood, however, that the control module can be

used for applications other than deep brain stimulation, including peripheral nerve

stimulation (e.g., occipital nerve stimulation, pudental nerve stimulation, or the like),

spinal cord stimulation, dorsal root ganglion stimulation, sacral nerve stimulation, or

stimulation of other nerves, muscles, and tissues.

In at least some embodiments, the control module is suitable for disposing over

the patient's skull and beneath the patient's scalp. In at least some embodiments, the

control module is attachable to an outer surface of the patient's skull without being inset

into a recess carved into the skull. In at least some embodiments, when mounted to an

outer surface of a patient's skull, the control module extends radially outwardly from the

outer surface of the skull by no more than 20 mm, 18 mm, 16 mm, 14 mm, 12 mm, 10

mm, 9, mm, 8 mm, 7 mm, 6 mm, 5 mm, 4 mm, or 3 mm.

The below-described control module reduces a height dimension of the control

module, as compared to conventional control modules, by removing the power supply

from the electronics housing and, instead, positioning the power supply in a power

assembly disposed laterally from the electronics housing, while still maintaining the

power supply within the same sealed cavity as an electronic subassembly within the

electronics housing. In some embodiments, the power assembly and one or more



connector assemblies are each lateral to the electronics housing. Accordingly, when, for

example, the control module is disposed along an anatomical structure, such as a patient's

skull, each of the electronics housing, the power supply, and the connector assembly are

positioned lateral to one another and do not overlap.

Figure 4A shows, in top view, one embodiment of an electrical stimulation system

410 that includes a control module 414 disposed along an outer surface of a skull 441 .

Figure 4B shows the electrical stimulation system 410 and skull 441 in front view. Two

leads 412a, 412b extend from the control module 414 and into the skull 441 via burr

holes, over which burr hole covers 443a, 443b, respectively, are disposed.

Figure 8A shows, in top view, another embodiment of an electrical stimulation

system 810 that includes a control module 814 disposed along an outer surface of a skull

841 . Figure 8B shows the electrical stimulation system 8 10 and skull 841 in front view.

Two leads 812a, 812b extend from the control module 814 and into the skull 841 via bun-

holes, over which burr hole covers 843a, 843b, respectively, are disposed.

As shown in Figures 4A-4B and 8A-8B, the control module extends radially

outwards from the skull by approximately the same amount as the burr hole covers.

Accordingly, when a patient's scalp is subsequently repositioned over the skull, the

bulging caused by the control module may be less than would be possible with a

conventional control module without undesirably disposing the conventional control

module in a recess carved out of the skull.

Figure 5A shows, in schematic top view, one embodiment of the control module

414. Figure 5B shows the control module 414 in end view. Figure 5C shows the control

module 414 in exploded, perspective view. The control module 414 includes an

electronics housing 545, a power assembly 549, one or more connector assemblies 553a,

553b, and a covering 557 disposed over at least a portion of each of the electronics

housing 545, the power assembly 549, and the connector assemblies 553a, 553b.

As will be described in more detail below, the electronics housing 545 and the

power assembly 549 collectively form a sealed cavity. In at least some embodiments, the

sealed cavity is hermetically sealed. As shown in Figure 5C, in at least some

embodiments the electronics housing 545 includes a top piece 558 and a bottom piece 559

that can be attached (e.g., laser welded) to the top piece 557 to form a sealed environment



within the electronics housing 545. An electronic subassembly 560 is disposed in the

electronics housing 545. In at least some embodiments the electronic subassembly 560

includes a printed circuit board assembly. The electronics housing can be formed from

any biocompatible material suitable for providing a sealed environment. In at least some

embodiments, the electronics housing is formed from a material suitable for being laser

welded. In at least some embodiments, the electronics housing is formed from titanium.

In at least some embodiments, the electronics housing 545 is disc-shaped, with a

first maj or surface 561, an opposing second major surface 563, and a side surface 565

extending between the opposing maj or surfaces 561 , 563. In at least some embodiments,

the first and second major surfaces are parallel to one another. In some embodiments, the

side surface 565 has a length, or height, (the shortest distance between the first and

second major surfaces) that is no more than 20 mm, 18 mm, 16 mm, 14 mm, 12 mm, 10

mm, 9, mm, 8 mm, 7 mm, 6 mm, 5 mm, 4 mm, or 3 mm.

Multiple feedthrough pins, such as feedthrough pin 577, are disposed along an

outer surface of the electronics housing 545. The feedthrough pins can be disposed at any

suitable location along the outer surface of the electronics housing. In the illustrated

embodiments, the feedthrough pins are disposed along the periphery of the first major

surface 561 . The feedthrough pins enable components external to the sealed cavity to

electrically couple with the electronic subassembly within the sealed cavity. The

feedthrough pins are electrically coupled to the electronic subassembly 560, as shown

schematically in Figure 5C, by a dotted line 579. The feedthrough pins are electrically

insulated from the electronics housing.

One or more power apertures 567 are defined along the electronics housing 549.

In Figures 5A-5C, two power apertures are shown extending through the side surface 565.

The power assembly 549 attaches to the power apertures 567 and extends outwardly

therefrom to form a sealed environment therebetween. In the illustrated embodiments,

the power assembly extends laterally outwardly from the electronics housing. As

mentioned above, the electronics housing 545 and the power assembly 549 collectively

form a sealed cavity.

The power assembly 549 includes one or more power supplies 569, such as one or

more batteries, disposed within the sealed cavity, yet the outside of the electronics



housing 545. In at least some embodiments, the power supply 569 is coupled directly to

the electronics housing (e.g., via the power apertures). In other embodiments, the power

assembly 549 includes at least one conduit assembly 571 extending between the power

supply 569 and the electronics housing 545. In at least some embodiments, the power

assembly includes multiple structures extending from (and forming a sealed environment

with) the housing, where at least two of the multiple structures includes a different power

source.

As shown in Figure 5A, the conduit assembly 571 includes a coupler 572 coupled,

or coupleable, to one or more tubular conduits 574. The coupler 574 is coupled to, and

forms a sealed connection with, the power supply 569. The one or more tubular conduits

574 of the conduit assembly(s) 571 are coupled to, and form a sealed connection with, the

electronics housing 545 (e.g., via the power apertures). In at least some embodiments,

one or more of the sealed connections along the electronics housing or the power

assembly, or therebetween, is formed via laser welding.

The coupler 574 is disposed over power-supply contacts 568 of the power supply

569. Note that the power supply may include a power-supply feedthrough assembly

coupled to the power-supply contacts and extending through a shell of the power supply.

The coupler 574 forms a sealed connection with the portion of the power supply 569 that

includes the power-supply contacts. In some embodiments, the coupler 574 is disposed

over a portion of the power supply 569. In other embodiments, the coupler 574 is

disposed over the entire power supply 569, thereby sealing the entire power supply within

the coupler 574. The one or more tubular conduits 574 are of sufficient size to receive

one or more power conductors 573 for electrically coupling the power supply 569 to the

electronic subassembly 560.

In Figure 5C, one of the power conductors 573 is shown schematically as a dotted

line extending from along the conduit assembly 571 to a connection along the electronic

subassembly 560. In the illustrated embodiment, the conduit assembly 571 includes

separate anode and cathode conduits for facilitating electrical separation of an anode

power conductor from a cathode power conductor. In at least some embodiments, the top

and bottom pieces of the electronics housing are sealed (e.g., laser welded) after the one

or more power conductors are electrically coupled to the electronic subassembly.



One or more connector assemblies extend laterally from the electronics housing.

In some embodiments, the control module includes a single connector assembly. In other

embodiments, the control module includes multiple connector assemblies. In the

illustrated embodiment, the control module includes two connector assemblies 553a,

553b. The connector assemblies 553a, 553b are each configured and arranged to receive

a single lead.

The connector assemblies 553a, 553b define connector lumens 581a, 581b,

respectively. Each connector assembly 553a, 553b is configured to receive a proximal

portion of a lead. An array of connector contacts, such as connector contacts 583a, 583b,

is arranged along each of the connector lumens 581 a, 581b, respectively, and is

configured to electrically couple with terminals of the leads when the proximal portions

of the leads are received by the connector assemblies. The connector contacts can be

electrically isolated from one another by electrically -nonconductive spacers. The

connector assemblies may, optionally, include end stops to promote alignment of the lead

terminals with the connector contacts.

The connector contacts 583a, 583b are electrically coupled to the electronic

subassembly 560. In at least some embodiments the electronic subassembly 560 is

disposed in a sealed cavity, while the connector assemblies are external to the sealed

cavity. Accordingly, in at least some embodiments connector conductors can be extended

between the connector contacts and the feedthrough pins disposed along the electronics

housing which, in turn, extend into the electronics housing and electrically couple with

the electronic subassembly. As an example, in the embodiment illustrated in Figure 5A,

connector conductors, such as connector conductor 585, electrically couple the connector

contacts, such as connector contact 583b of the connector assembly 553b, to the

feedthrough pins 577 which, in turn, are coupled to the electronic subassembly 560 (as

shown in Figure 5C).

The connector assemblies can extend outwardly from the electronics housing 545

in any suitable direction. In the illustrated embodiments, the connector lumens 581a,

581b of the connector assembly extend approximately radially (e.g., +/- 10°) outwards

from the electronics housing. In which case, when proximal portions of leads are

disposed in the connector assemblies, the proximal portions of the lead extend radially

inwards towards the electronic subassembly, or the electronics housing, or both.



It may be advantageous to form the control module with the connector assembly

abutting, or in close proximity to, the power assembly to collectively form a lateral unit

595 of the control module. In the illustrated embodiments, the lateral unit 595 is shown

with the connector assemblies 553a, 553b flanking the power assembly 549, with the

power assembly and connector lumens extending parallel to one another. Such an

arrangement may provide increased structure to both the power assembly and connector

assemblies, as well as facilitate electrical connections between the connector contacts and

the feedthrough pins when the feedthrough pins are disposed on opposing sides of the

electronics housing. Additionally, as described below with reference to Figures 7A-7B,

in some embodiments, the power assembly is configured to bend. In which case, it may

be advantageous for the connector assemblies to bend with the power assembly to

facilitate implantation of the control module along a contoured surface.

The covering 557 is disposed over at least a portion of each of the electronics

housing and the lateral unit to provide protection to the control module. In at least some

embodiments, the covering 557 also seals at least a portion of each of the electronics

housing, power assembly, and one or more connector assemblies. In at least some

embodiments, the covering 557 is formed from an electrically-nonconductive material to

insulate the electrical components from one another and/or the patient. The covering can

be formed from any suitable biocompatible material. In at least some embodiments, the

covering 557 is formed from silicone.

In at least some embodiments, the covering 557 defines one or more fastener

apertures, such as fastener apertures 587a, 587b, for receiving fasteners (e.g., screws,

pins, or the like) suitable for fastening the control module to patient tissue. In at least

some embodiments, at least one of the fastener apertures is disposed along the lateral unit

of the control module. In at least some embodiments, the fastener apertures are

configured to receive fasteners suitable for fastening the control module to an anatomical

structure, such as an outer surface of a patient's skull (see e.g., Figures 4A-4B and 8A-

8B).

In at least some embodiments, the control module 414 includes a charging coil

589. As shown schematically in Figure 5C by dotted line 591 , the optional charging coil

can be coupled to the electronic subassembly via one or more of the feedthrough pins

577. In at least some embodiments, the control module 414 includes one or more



antennas 593 (e.g., Bluetooth, or the like). As shown schematically in Figure 5C by

dotted line 595, the optional antenna(s) can be coupled to the electronic subassembly via

one or more of the feedthrough pins 577. In at least some embodiments, the charging coil

and antenna(s) are disposed external to the electronics housing. In at least some

embodiments, the charging coil and antenna(s) are disposed beneath, or embedded within,

the electrically nonconductive covering 557.

Figure 6 shows, in schematic perspective, exploded view, the control module 814.

The control module 814 includes an electronics housing 645, a power assembly 649,

connector assemblies 653a, 653b, and a covering 657 disposed over at least a portion of

each of the electronics housing 645, the power assembly 649, and the connector

assemblies 653a, 653b. In the illustrated embodiment, the connector assemblies 653a,

653b are configured to receive two leads and include connector contacts electrically

coupled to an electronic subassembly 660 disposed in the electronics housing 645.

The power assembly 649 is physically attached to the electronics housing 645 and

extends laterally outwardly therefrom to collectively form a sealed cavity with the

electronics housing. The power assembly 649 includes a power supply 669, such as one

or more batteries, with power-supply contacts disposed within the sealed cavity, yet the

outside of the electronics housing 645. The power supply 669 is electrically coupled to

the electronic subassembly 660. In the illustrated embodiment, the power assembly 649

includes a conduit assembly 671 extending between the power supply 669 and the

electronics housing 645.

The connector assemblies 653a, 653b extend laterally outward from the

electronics housing. In the illustrated embodiment, the power assembly 649 and the

connector assemblies 653a, 653b collectively form a lateral unit 695 extending laterally

from the electronics housing 645. In the illustrated embodiment, the power assembly

extends approximately radially (e.g., +/- 10°) outwards from the electronics housing and

connector lumens of the connector assembly extend parallel to the power assembly. In at

least some embodiments, the control module 814 includes a charging coil 689. In at least

some embodiments, the control module 814 includes one or more antennas 693 (e.g.,

Bluetooth, or the like).



The control module 814 includes a differently-shaped covering 657 from the

control module 414. As shown in Figure 6, the portion of the 657 disposed over the

power assembly 649 and the connector assemblies 653a, 653b (i.e., the lateral unit 695)

has a smaller lateral profile than the corresponding portion of the covering 557 (see e.g.,

Figures 5A-5C). In at least some embodiments, the portion of the covering 657 disposed

over the lateral unit 695 and extending radially from the electronics housing 645 has

parallel opposing edges. In contrast, the portion of the covering 557 disposed over the

lateral unit 595 (see e.g., Figures 5A-5C) and extending radially from the electronics

housing 545 has tapered opposing edges extending outwardly from the electronics

housing 645.

The covering 657 defines fastener apertures 687a-c. The fastener apertures can be

disposed along any portion of the covering 657 suitable for anchoring the control module

814 to patient tissue. In the illustrated embodiment, the fastener apertures 687a, 687b are

defined along the portion of the covering 657 disposed over the electronics housing 645,

while the fastener aperture 687c is defined along the portion of the covering 657 disposed

over the lateral unit 695.

Turning to Figures 7A-7B, in some instances it may be advantageous for the

power assembly to include at least one bend to enable the lateral unit of the control

module to extend outwardly from the electronics housing out of plane with the major

surfaces of electronics housing (i.e., at a non-1 800 angle relative to a major axis of the

electronics housing). Providing such a bend may enable the control module to better

conform to a curved surface when anchored to that surface than were the lateral unit to

extend outwardly from the electronics housing in the same plane as the major surfaces of

the electronics housing. In at least some embodiments, the power assembly includes a

bend forming an angle that corresponds to a contour of an anatomical structure, such as a

portion of an outer surface of a patient's skull to which the control module is attachable.

Figure 7A shows one embodiment of the control module 414 in side view. As

shown in Figure 7A, the electronics housing extends along a plane 797 which, in at least

some embodiments, is parallel to the first major surface 561 and the second major surface

563. The lateral unit extends from the electronics housing along a plane 798 that is not

parallel to the plane 797 of the electronics housing. Instead, as shown in Figure 7A, the



plane 798 upon which the lateral unit 595 of the control module 414 extends forms an

angle 796 with the plane 797.

In at least some embodiments, the bending of the lateral unit 595 relative to the

electronics housing is enabled by a bend formed along the conduit assembly 571. The

bend can form any suitable angle 796 including, for example, 1°, 2°, 3°, 4°, 5°, 6, 7, 8°,

9°, 10°, 15°, 20°, 25°, 30°, 35°, 40°, 45°, 50°, 60°, 70°, 80°, 90°, 100°, 110°, 120°, 130°,

140°, 150°, 160°, 170°, or more. In some embodiments, the bend is no smaller than 1°

and no larger than 25°. In some embodiments, the bend is no smaller than 3° and no

larger than 15°. In some embodiments, the bend is no smaller than 5° and no larger than

10°. In at least some embodiments, the angle 796 is acute. In at least some embodiments,

the angle 796 corresponds to a contour of an anatomical structure (e.g., a portion of an

outer surface of a patient's skull) to which the control module is attachable.

Figure 7B shows, in schematic side view, one embodiment of the control module

414 attached to an outer surface of a skull 741 . As shown in Figure 7B, the control

module is in a bent configuration with the lateral unit 595 out of plane with the major

surfaces of the electronics housing. The angle of the bend corresponds to the contour of

the skull 741 so that the control module extends along the skull and maintains a

consistently low profile.

In some embodiments, the bend in the conduit assembly is formed during the

manufacturing process. In some embodiments, the conduit assembly is formed from a

material (e.g., a shape memory material, such as Nitinol) that is flexible enough to enable

a medical practitioner to bend the conduit assembly, as needed, to provide a desired angle

between the electronics housing and the lateral unit. In some embodiments, the conduit

assembly is configured to maintain a given angle to which it is bent into until a

subsequent external force is applied to the conduit assembly to change the angle of the

bend. In other embodiments, the conduit assembly is configured to return to a given

configuration when a force applied to the conduit assembly to form a bend of a particular

angle is removed.

The above specification and examples provide a description of the manufacture

and use of the invention. Since many embodiments of the invention can be made without



departing from the spirit and scope of the invention, the invention also resides in the

claims hereinafter appended.



CLAIMS

What is claimed as new and desired to be protected by Letters Patent of the United

States is:

1. A control module for an electrical stimulation system, the control module

comprising:

an electronics housing having an outer surface;

an electronic subassembly disposed within the electronics housing;

a power assembly extending outwardly from the electronics housing and

collectively with the electronics housing forming a sealed cavity, the power assembly

comprising

a power source,

a conduit assembly extending from the power source to the electronics

housing, and

one or more power conductors extending along the conduit assembly and

electrically coupling the power source to the electronic subassembly; and

one or more connector assemblies, each of the one or more connector assemblies

comprising:

a connector lumen configured and arranged to receive a lead,

a plurality of connector contacts arranged along the connector lumen and

in electrical communication with the electronic subassembly, and

a plurality of connector conductors electrically coupled to the connector

contacts.

2 . The control module of claim 1, wherein the conduit assembly comprises a

coupler and one or more tubular conduits extending from the coupler, the coupler

coupleable to the power source, the coupler and the one or more tubular conduits forming

a portion of the sealed cavity, wherein the power conductors extend through the one or

more tubular conduits.



3 . The control module of claim 2, wherein the one or more tubular conduits

are flexible to permit bending relative to the electronics housing and power source upon

application of a force and are configured to maintain a bent configuration.

4 . The control module of any one of claims 2-3, wherein the one or more

tubular conduits are formed from a shape memory material.

5 . The control module of any one of claims 3-4, wherein the one or more

tubular conduits comprise a bend forming an angle that is no smaller than 3° and no larger

than 10°.

6 . The control module of claim 5, wherein the angle of the bend corresponds

to a contour of a portion of an outer surface of a skull to which the control module is

attachable.

7 . A control module for an electrical stimulation system, the control module

comprising:

an electronics housing having an outer surface;

an electronic subassembly disposed within the electronics housing;

a power assembly extending laterally outwardly from the electronics housing and

collectively with the electronics housing forming a sealed cavity, the power assembly

comprising

a power source, and

one or more power conductors disposed entirely in the sealed cavity and

electrically coupling the power source to the electronic subassembly; and

one or more connector assemblies extending laterally outwardly from the

electronics housing, each of the one or more connector assemblies comprising:

a connector lumen configured and arranged to receive a lead,

a plurality of connector contacts arranged along the connector lumen and

in electrical communication with the electronic subassembly, and

a plurality of connector conductors electrically coupled to the connector

contacts.



8 . The control module of claim 7, wherein the one or more connector

assemblies comprises a first connector assembly and a second connector assembly each

extending laterally outwardly from the electronics housing, and wherein the first

connector assembly and the second connector assembly flank the power assembly.

9 . The control module of any one of claims 1-8, further comprising a

plurality of feedthrough pins extending through the electronics housing, wherein the

conductors of the one or more connector assemblies are electrically coupled to the

feedthrough pins and the feedthrough pins are electrically coupled to the electronic

subassembly.

10. The control module of claim 9, further comprising a charging coil disposed

extemal to the electronics housing and coupled to at least one of the feedthrough pins.

11. The control module of any one of claims 9-10, further comprising one or

more antennas disposed extemal to the electronics housing and coupled to at least one of

the feedthrough pins.

12. The control module of any one of claims 1-11, further comprising a

covering disposed over at least a portion of each of the electronics housing, the power

assembly, and the one or more connector assemblies.

13. The control module of claim 12, further comprising a fastener aperture

defined in the covering or electronics housing or power assembly, the fastener aperture

configured and arranged to receive a fastener for fastening the control module to an outer

surface of a skull.

14. The control module of any one of claims 1-13 wherein, when the control

module is configured for fastening to an outer surface of a skull, the control module

extends radially outwards from the outer surface of the skull by an amount no greater than

7 mm.



15. An electrical stimulation system comprising:

the control module of any one of claims 1-14; and

an electrical stimulation lead coupleable to the control module.
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