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(57) Abstract: A multi-branch stimulation electrode is disclosed herein. The
multi -branch stimulation electrode can include a plurality of branches that ex-

Fig. 2

tend from a hub. The branches can each include one or several stimulation
contacts that can deliver an electrical current to tissue contacting the stimula-
tion contacts. The stimulation contacts can be electrically connected with the
lead. The lead can extend from the hub and can be connected with the pulse
generator. The branches can include features to facilitate implantation includ-
ing, for example, one or several removable stiffening elements.
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MULTI-BRANCH STIMULATION ELECTRODE FOR SUBCUTANEOUS
FIELD STIMULATION

CROSS-REFERENCES TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No. 61/819,441,
entitted "MULTI-BRANCH STIMULATION ELECTRODE FOR SUBCUTANEOUS FIELD
STIMULATION," and filed on May 3, 2013, the entirety of which is hereby incorporated by

reference herein.

BACKGROUND
[0002] The prevalence of use of medical devicesin treating ailments isincreasing with time. In
many instances, and as these medical devices are made smaller, these medical devices are
frequently implanted within apatient. While the desirability of implantable devicesisincreasing
as the size of the devices has decreased, the implantation process still frequently requires
complicated surgery which can expose the patient to significant risks and protracted recovery
times. In light of this, further methods, systems, and devices are desired to increase the ease of

implantation of medical devices.

BRIEF SUMMARY
[0003] One aspect of the present disclosure relates to a neurostimulation system. The
neurostimulation system includes an implantable pulse generator that can generate one or more
non-ablative neurostimulation electrical signals, and amulti-branch electrode array that can be
coupled to the pulse generator to thereby transmit the one or more non-ablative neurostimulation
electrical signalsto anerve tissue. The multi-branch electrode array can include aplurality of
branches. In some embodiments, at |east some of the branches each include aplurality of

electrode contacts. In some embodiments, when in a deployed configuration, the plurality of
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branches diverge away from one another such that distal tips of the branches are spaced farther
apart than proximate portions of the branches. In some embodiments, when in the deployed

configuration, the plurality of branches are in a substantially planar arrangement.

[0004] In some embodiment of the neurostimulation system, the plurality of branches arein a
rake-shaped arrangement when in the deployed configuration. In some embodiments, the
substantially planar arrangement comprises an arrangement in which the branches branch out
across and curve downwardly from areference plane. In some embodiments, the downward
curve of the branches facilitates maintaining the branches in a subcutaneous tissue layer during
deployment of the electrode array. In some embodiments, &t least some of the branches include

blunt dissecting distal tips.

[0005] In some embodiment of the neurostimulation system, the non-ablative neurostimulation
electrical signals have apulse amplitude of 0- 1,000 mA. In some embodiments, the electrode
array further can include a hub that can include features to allow anchoring of the hub to atissue.
In some embodiments, at least some of the electrode contacts are anode electrode contacts and
wherein at least some of the electrode contacts are cathode electrode contacts. In some
embodiments, of the electrodes on one branch are anode electrode contacts and al of the

electrodes on an adjacent branch are cathode electrode contacts.

[0006] In some embodiment of the neurostimulation system, at least some of the branches
include stiffening components that increase the stiffness of the branches to facilitate blunt
dissecting by the branches. In some embodiments, the stiffening components can be aplurality of
elongate members that can be connected by a stiffening element hub. In some embodiments, a

least some of the branches can receive the stiffening elements.

[0007] In some embodiment of the neurostimulation system, the size of the electrode contacts
varies as a function of position on & least some of the branches. The branches have aproximal
end and adistal end. In some embodiments, the size of the electrode contact increases when the
distance from the proximal end increases, or in other words, when the proximity of the electrode
contact to the distal end of the branch increases. In some embodiments, some of the electrode

contacts are each electrically connected to aresistive element. In some embodiments, the
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resistance of the resistive element increases when the proximity of the electrode contact to the

proximal end of the branch increases.

[0008] One aspect of the present disclosure relates to an implantable electrode array system.
The implantable electrode array system includes a multi-branch electrode array including a
plurality of elongated branches that each include at least one electrode contact and a blunt
dissecting distal tip, and an implantation cartridge for deploying the multi-branch electrode array
from aretracted configuration to a deployed configuration. In some embodiments, the branches
are retracted relative to the implantation cartridge when in the retracted configuration, and,
wherein, the branches extend outwardly from the implantation cartridge a further distance than in
the retracted configuration when in the deployed configuration. In some embodiments, the
branches are arranged in a substantially planar fan-shaped arrangement when in the deployed
configuration.

[0009] In some embodiments, at least some of the branches include stiffening components that
increase the stiffness of the branches to facilitate blunt dissecting by the branches. In some
embodiments, the stiffening components can include aplurality of elongate members that are
connected by a stiffening element hub. In some embodiments, at least some of the branches can
receive the stiffening elements. In some embodiments, the stiffening element can be a
biodegradable outer layer on a least some of the branches. In some embodiment, at |east some of
the branches include an integrated stiffening element.

[0010] One aspect of the present disclosure relates to an implantable electrode array. The
implantable electrode array includes amulti-branch electrode array including aplurality of
elongated branches that each include &t least one electrode contact and ablunt dissecting distal
tip. In some embodiments, the branches are arranged in a substantially planar fan-shaped
arrangement when in the deployed configuration.

[0011] In some embodiments, at least some of the branches include stiffening components that
increase the stiffness of the branches to facilitate blunt dissecting by the branches. In some
embodiments, the stiffening components can be aplurality of elongate members that are
connected by a stiffening element hub. In some embodiments, at least some of the branches can
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receive the stiffening elements. In some embodiments, the stiffening element can be a
biodegradable outer layer on a least some of the branches. In some embodiments, a least some

of the branches include an integrated stiffening element.

[0012] One aspect of the present disclosure relates to amethod of implanting a
neurostimulation system. The method includes pushing aplurality of branches of an electrode
array into a subcutaneous tissue including or proximate nerve tissue such that distal tips of the
plurality of branches pierce through the subcutaneous tissue and such that the plurality of
branches fan outwardly into a substantially planar fan-shaped arrangement, and connecting the

electrode array to aneurostimulation pulse generator that can stimulate the nerve tissue.

[0013] In some embodiments, the method can further include inserting an implantation
cartridge through an incision. In some embodiments, the implantation cartridge holds the
plurality of branches of the electrode array. In some embodiments, the method includes
separating the plurality of branches from the implantation cartridge and extracting the
implantation cartridge from the incision. The method can include, removing a stiffening element
from at least one of the branches. In some embodiments, the method includes plugging any void
left by the removing of the stiffening element from the at least one of the branches.

[0014] Further areas of applicability of the present disclosure will become apparent from the
detailed 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
[0015] Figure 1isaschematic illustration of one embodiment of an implantable

neurostimulation system.
[0016] Figure 2isatop view of one embodiment of amulti-branch stimulation electrode.

[0017] Figures 2A and 2B are side views of embodiments of the multi-branch stimulation

electrode shown in Figure 2.
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[0018] Figure 3isatop view of one embodiment of an implantation system including the

multi-branch stimulation electrode.

[0019] Figures 4A-4C depict one embodiment of aprocess for implanting amulti-branch

stimulation electrode.
[0020] Figure 5isaschematic illustration of one embodiment of apulse delivery system.

[0021] Figure 6isaside view of one embodiment of abranch of amulti-branch stimulation

electrode.

[0022] Figures 7A-7C are section views of embodiment of branches of amulti-branch

stimulation electrode.

[0023] Inthe appended figures, similar components and/or features may have the same
reference label. Where the reference label isused in the specification, the description is
applicable to any one of the similar components having the same reference label.

DETAILED DESCRIPTION OF THE FIGURES
[0024] A significant percentage of the Western (EU and US) population is affected by
Neuropathic pain (chronic intractable pain due to nerve damage). In many people, thispainis
severe. There are thousands of patients that have chronic intractable pain involving anerve.
Neuropathic pain can be very difficult to treat with only half of patients achieving partial relief.
Thus, determining the best treatment for individual patients remains challenging. Conventional
treatments include certain antidepressants, anti-epileptic drugs and opioids. However, side
effects from these drugs can be detrimental. In some of these cases, electrical stimulation,
including FES, can provide effect treatment of this pain without the drug-related side effects.

[0025] A spina cord stimulator is adevice used to deliver pulsed electrical signalsto the spinal
cord to control chronic pain. Because electrical stimulation is apurely electrical treatment and
does not cause side effects similar to those caused by drugs, an increasing number of physicians
and patients favor the use of electrical stimulation over drugs as atreatment for pain. The exact

mechanisms of pain relief by spinal cord stimulation (SCS) are unknown. Early SCStrials were
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based the Gate Control Theory, which posits that pain istransmitted by two kinds of afferent
nerve fibers. One isthe larger myelinated A & fiber, which carries quick, intense-pain messages.
The other isthe smaller, unmyelinated "C" fiber, which transmits throbbing, chronic pain
messages. A third type of nerve fiber, called A B, is "non-nociceptive,” meaning it does not
transmit pain stimuli. The gate control theory asserts that signals transmitted by the Ad and C
pain fibers can bethwarted by the activation/stimulation of the non-nociceptive A B fibers and
thus inhibit an individual's perception of pain. Thus, neurostimulation provides pain relief by
blocking the pain messages before they reach the brain.

[0026] SCSisoften used in the treatment of failed back surgery syndrome, a chronic pain
syndrome that has refractory pain due to ischemia. SCS complications have been reported in a
large portion, possibly 30% to 40%, of all SCS patients. This increases the overall costs of
patient pain management and decreases the efficacy of SCS. Common complications include:
infection, hemorrhaging, injury of nerve tissue, placing device into the wrong compartment,
hardware malfunction, lead migration, lead breakage, lead disconnection, lead erosion, pain a
the implant site, generator overheating, and charger overheating. The occurrence rates of
common complications are surprisingly high: including lead extension connection issues, lead

breakage, lead migration and infection.

[0027] Periphera neuropathy, another condition that can be treated with electrical stimulation,
may be either inherited or acquired. Causes of acquired peripheral neuropathy include physical
injury (trauma) to anerve, viruses, tumors, toxins, autoimmune responses, nutritional
deficiencies, acoholism, diabetes, and vascular and metabolic disorders. Acquired peripheral
neuropathies are grouped into three broad categories. those caused by systemic disease, those
caused by trauma, and those caused by infections or autoimmune disorders affecting nerve
tissue. One example of an acquired peripheral neuropathy istrigeminal neuralgia, in which
damage to the trigeminal nerve (the large nerve of the head and face) causes episodic attacks of

excruciating, lightning-like pain on one side of the face.

[0028] A high percentage of patients with peripheral neuropathic pain do not benefit from SCS
for various reasons. However, many of these patients can receive acceptable levels of pain relief
via direct electrical stimulation to the corresponding peripheral nerves. Thistherapy is caled
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periphera nerve stimulation (PNS). AsFDA approved PNS devices have not been commercially
available in the US market, Standard spinal cord stimulator (SCS) devices are often used off
label by pain physicians to treat this condition. A significant portion of SCS devices that have
been sold may have been used off-label for PNS.

[0029] Ascurrent commercially-available SCS systems were designed for stimulating the
spinal cord and not for peripheral nerve stimulation, there are more device complications
associated with the use of SCS systems for PNS than for SCS. Current SCS devices (generators)
are large and bulky. In the event that an SCS isused for PNS, the SCS generator istypically
implanted in the abdominal or in the lower back above the buttocks and long leads are tunneled
across multiple joints to reach the target peripheral nerves in the arms, legs or face. The
excessive tunneling and the crossing of joints leads to increased post-surgical pain and higher
device failure rates. Additionally, rigid leads can lead to skin erosion and penetration, with lead
failure rates being far too high within the first few years of implantation. Many or even most
complications result in replacement surgery and even multiple replacement surgeries in some

cases.

[0030] One embodiment of an implantable neurostimulation system 100 is shown in Figure 1,
which implantable neurostimulation system 100 can be, for example, a peripherally-implantable
neurostimulation system 100. In some embodiments, the implantable neurostimulation system
100 can be used in treating patients with, for example, chronic, severe, refractory neuropathic
pain originating from peripheral nerves. In some embodiments, the implantable neurostimulation
system 100 can be used to either stimulate atarget peripheral nerve or the posterior epidural
space of the spine.

[0031] Theimplantable neurostimulation system 100 can include one or severa pulse
generators. The pulse generators can comprise avariety of shapes and sizes, and can be made
from avariety of materials. In some embodiments, the one or several pulse generators can
generate one or several non-ablative electrical pulses that are delivered to anerve to control pain.
In some embodiments, these pulses can have apulse amplitude of between 0-1,000 niA, 0-100
mA, 0-50 mA, 0-25 mA, and/or any other or intermediate range of amplitudes. One or more of

the pulse generators can include a processor and/or memory. In some embodiments, the
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processor can provide instructions to and receive information from the other components of the
implantable neurostimulation system 100. The processor can act according to stored instructions,
which stored instructions can be located in memory, associated with the processor, and/or in
other components of the content injection system 100. The processor can, in accordance with
stored instructions, make decisions. The processor can comprise amicroprocessor, such asa

microprocessor from Intel® or Advanced Micro Devices, Inc.®, or the like.

[0032] In some embodiments, the stored instructions directing the operation of the processor
may be implemented by hardware, software, scripting languages, firmware, middleware,
microcode, hardware description languages, and/or any combination thereof. When implemented
in software, firmware, middleware, scripting language, and/or microcode, the program code or
code segments to perform the necessary tasks may be stored in amachine readable medium such
as a storage medium. A code segment or machine-executable instruction may represent a
procedure, afunction, a subprogram, aprogram, aroutine, a subroutine, amodule, a software
package, ascript, aclass, or any combination of instructions, data structures, and/or program
statements. A code segment may be coupled to another code segment or ahardware circuit by
passing and/or receiving information, data, arguments, parameters, and/or memory contents.
Information, arguments, parameters, data, etc. may be passed, forwarded, or transmitted via any
suitable means including memory sharing, message passing, token passing, network

transmission, etc.

[0033] In some embodiments, the memory of one or both of the pulse generators can bethe
storage medium containing the stored instructions. The memory may represent one or more
memories for storing data, including read only memory (ROM), random access memory (RAM),
magnetic RAM, core memory, magnetic disk storage mediums, optical storage mediums, flash
memory devices and/or other machine readable mediums for storing information. In some
embodiments, the memory may be implemented within the processor or external to the
processor. In some embodiments, the memory can be any type of long term, short term, volatile,
nonvolatile, or other storage medium and isnot to be limited to any particular type of memory or
number of memories, or type of media upon which memory is stored. In some embodiments, the

memory can include, for example, one or both of volatile and nonvolatile memory. In one
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specific embodiment, the memory can include avolatile portion such asRAM memory, and a

nonvolatile portion such as flash memory.

[0034] In some embodiments, one of the pulse generators can be an external pulse generator
102 or an implantable pulse generator 104. The external pulse generator 102 can be used to
evaluate the suitability of apatient for treatment with the implantable neurostimulation system

100 and/or for implantation of an implantable pulse generator 104.

[0035] In some embodiments, one of the pulse generators can bethe implantable pulse
generator 104, which can be sized and shaped, and made of material to alow implantation of the
implantable pulse generator 104 inside of abody. In some embodiments, the implantable pulse
generator 104 can be sized and shaped so asto allow placement of the implantable pulse
generator 104 at any desired location in abody, and in some embodiments, placed proximate to a
peripheral nerve such that leads (discussed below) are not tunneled acrossjoints and/or such that

extension cables are not needed.

[0036] In some embodiments, the electrical pulses generated by the pulse generator can be
delivered to one or several nerves 110 and/or to tissue proximate to one or several nerves 110 via
one or several leads. The leads can include conductive portions, such as electrodes or contact
portions of electrodes, and non-conductive portions. The leads can have avariety of shapes, can
bein avariety of sizes, and can be made from avariety of materials, which size, shape, and

materials can be dictated by the application or other factors.

[0037] In some embodiments, the leads can include an anodic lead 106 and/or a cathodic lead
108. In some embodiments, the anodic lead 106 and the cathodic lead 108 can beidentical |eads,

but can receive pulses of different polarity from the pulse generator.

[0038] In some embodiments, the leads can connect directly to the pulse generator, and in
some embodiments, the leads can be connected to the pulse generator via a connector 112 and a
connector cable 114. The connector 112 can comprise any device that is ableto electrically
connect the leads to the connector cable 114. Likewise, the connector cable can be any device
capable of transmitting distinct electrical pulses to the anodic lead 106 and the cathodic lead 108.
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[0039] In some embodiments, the implantable neurostimulation system 100 can include a
charger 116 that can be configured to recharge the implantable pulse generator 104 when the
implantable pulse generator 104 isimplanted within abody. The charger 116 can comprise a
variety of shapes, sizes, and features, and can be made from avariety of materials. Like the pulse
generators 102, 104, the charger 116 can include aprocessor and/or memory having similar
characteristics to those discussed above. In some embodiments, the charger 116 can recharge the

implantable pulse generator 104 via an inductive coupling.

[0040] In some embodiments, one or several properties of the electrical pulses can be
controlled via a controller. 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. In one embodiment, these properties can include, for example, avoltage, a
current, or the like. In one embodiment, afirst electrical pulse can have afirst property and a
second electrical pulse can have a second property. This control of the electrical pulses can
include the creation of one or several electrical pulse programs, plans, or patterns, and in some
embodiments, this can include the selection of one or several pre-existing electrical pulse
programs, plans, or patterns. In the embodiment depicted in Figure 1, the implantable
neurostimulation system 100 includes a controller that isaclinician programmer 118. The
clinician programmer 118 can be used to create one or several pulse programs, plans, or patterns
and/or to select one or several of the created pulse programs, plans, or patterns. In some
embodiments, the clinician programmer 118 can be used to program the operation of the pulse
generators including, for example, one or both of the external pulse generator 102 and the
implantable pulse generator 104. The clinician programmer 118 can comprise a computing
device that can wiredly and/or wirelessly communicate with the pulse generators. In some
embodiments, the clinician programmer 118 can be further configured to receive information
from the pulse generators indicative of the operation and/or effectiveness of the pulse generators
and the leads.

[0041] In some embodiments, the controller of the implantable neurostimulation system 100
can include apatient remote 120. The patient remote 120 can comprise a computing device that

can communicate with the pulse generators via awired or wireless connection. The patient
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remote 120 can be used to program the pulse generator, and in some embodiments, the patient
remote 120 can include one or several pulse generation programs, plans, or patterns created by
the clinician programmer 118. In some embodiments, the patient remote 120 can be used to
select one or several of the pre-existing pulse generation programs, plans, or patterns and to
select, for example, the duration of the selected one of the one or several pulse generation

programs, plans, or patterns.

[0042] Advantageously, the above outlined components of the implantable neurostimulation
system 100 can be used to control and provide the generation of electrical pulses to mitigate

patient pain.

[0043] With reference now to Figure 2, aschematic illustration of one embodiment of amulti-
branch stimulation electrode 200, also referred to herein as amulti-branch electrode array, is
shown. In some embodiments, the multi-branch stimulation electrode 200 can be used in the
place of one or both of leads 106, 108 shown in Figure 1. In some embodiments, the multi-
branch stimulation electrode 200 can advantageously enable treatment of abroader areathan
treated by use of leads 106, 108. Specifically, in some embodiments, the multi-branch
stimulation electrode 200 can enable peripheral field stimulation (PFS). In some embodiments,
PFS includes the treatment of an area of pain or an area of referred pain. In some embodiments,
this pain isnot associated with an identified nerve. In contrast to PNS in which a specific nerve
isidentified and targeted, PFS can include stimulation of abroad area as no specific nerve is
identified and targeted.

[0044] In one embodiment, for example, the broader areatreatment enabled by the multi-
branch stimulation electrode 200 can ease placement of the multi-branch stimulation electrode
200 with respect to the nerve asthe exact placement of the multi-branch stimulation electrode
200 is less important than in the case of leads 106, 108. The multi-branch stimulation electrode
200 can, in some embodiments, be placed in subcutaneous tissue such as, for example, the layer

of subcutaneous adipose tissue located between muscle and the epidermis.

[0045] The multi-branch stimulation electrode 200 can include aplurality of branches 202. In

some embodiments, the branches 202 can be configured to deliver one or several electric pulses
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to tissue of the patient. In some embodiments, the branches 202 can comprise avariety of shapes
and sizes and can be made from avariety of materials. In the embodiment depicted in Figure 2,
the branches 202 comprise aplurality of the elongate members that have aproximal end 204 and
adistal end 206.

[0046] Multi-branch stimulation electrode 200 can have any desired number of branches
including, for example, an even number of branches 202 or an odd number of branches 202. In
some embodiments, the multi-branch stimulation electrode can have, for example, 2 branches
202, 3 branches 202, 4 branches 202, 5 branches 202, 6 branches 202, 7 branches 202, 8
branches 202, 9 branches 202, 10 branches 202, 11 branches 202, 12 branches 202, 15 branches
202, 20 branches 202, 50 branches 202, and/or any other or intermediate number of branches. In
some embodiments, some of the branches 202 can be an anodic branches, and some of the
branches 202 can be cathodic branches. In some embodiments, the branches 202 can alternate
between anodic and cathodic branches such that the adjacent branches 202 to an anodic branch
are cathodic branches and the adjacent branches to a cathodic branch are anodic branches.
Alternatively, in some embodiments, some or all of the branches can include one or several
stimulation contacts that can be anodic stimulation contacts, and some or all of the branches can
include one or severa stimulation contacts that can be cathodic stimulation contacts. In some
embodiments, these stimulation contacts can alternate such that an anodic stimulation contact is
adjacent to cathodic stimulation contacts, and such that cathodic stimulation contacts are
adjacent to anodic stimulation contacts. Advantageously, by alternating between an anodic and a
cathodic branch, and/or alternating between anodic and cathodic stimulation contacts, the
creation of circuits through the patient's tissue to allow transmission of electric pulses can be
facilitated. In some instances, the system is designed to re-configure one or more of the branches
between anodic or cathodic configurations and/or one or more of the stimulation contacts

between anodic or cathodic configurations.

[0047] In some embodiments, each of the branches 202 can be the same size, have the same
shape, and be made from the same material, and in some embodiments, some of the branches
202 can have one of adifferent size, shape, or material than others of the branches 202. For
example, in the embodiment depicted in Figure 2, afirst branch 202-A, located along a central

12
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axis of the multi-branch stimulation electrode 200, is longer than a second branch 202-B, located
adjacent to the central access of the multi-branch stimulation electrode 200. In the embodiment
depicted in Figure 2, the first branch 202-A extends parallel to ay-axis such that the distal end
206 is farther in the positive y-direction than the proximal end 204. Asfurther seenin Figure 2,
the first branch 202-A extends perpendicular to the x-axis, and the second branch 202-B is
farther in the positive x-direction than the first branch 202-A. Although not shown, the multi-
branch stimulation electrode 200 can be further defined by the z-axis which extends from the

intersection of the x-and y-axes according to the right-hand rule.

[0048] Inthe embodiment depicted in Figure 2, the branches 202 can be spaced apart from
each other. In some embodiments, the branches 202 can be spaced apart from each other such
that branches 202 extend parallel to each other, and in some embodiments, the branches can be
spaced apart such that the branches 202 are non-parallel to each other. As described further
below, in some instances, the spacing and arrangement of the branches will vary depending on
whether the electrode array isin a deployed or non-deployed configuration. In some
embodiments, the branches 202 can be spaced in afan or rake-shaped arrangement, wherein the
proximal ends 204 of the branches 202 are spaced more closely to each other than are the distal
ends 206 of the branches. In some embodiments, the nonparallel extension of the branches 202
(when in adeployed configuration) can result in changing spacing between the branches.
Specifically, in the embodiment depicted in Figure 2, the spacing between the branches 202
increases when moving in the positive y-direction (towards the top of the page) from the
proximal end 204 to the distal end 206 of any of the branches 202. In some embodiments, some
or all of the branches 202 can be each located in a single plane along the z-axis (e.g. in aplane
defined by or paralel to the page of figure 2) and in some embodiments, one or several of the
branches 202 can be located in multiple planes along the z-axis, and/or extend through multiple
planes along the z-axis. In some embodiments, the position of the branches 202 along the z-axis
can serve to match the shape of the multi-branch stimulation electrode 202, for example, a
curved body part into which the multi-branch stimulation electrode 202 is being implanted. In
one embodiment in which the multi-branch stimulation electrode 202 is configured for being
implanted in, for example, alimb, the position of a point on one or several of the branches 202 in
the z-axis can vary as a function of, for example position on the y-axis and/or on the x-axis. In
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some embodiments, the shaping of the multi-branch stimulation electrode 202 in the z-axis can
facilitate maintaining the multi-branch stimulation electrode 200 in the subcutaneous tissue. In
one embodiment, for example, the position of apoint on one or severa of the branches 202 z-

axis can vary as afunction of distance in the x-axis from the first branch 202-A.

[0049] Inthe particular embodiment of Figure 2, the branches 202 of the electrode array arein
asubstantially planar arrangement, although the branches 202 are not entirely located in asingle
plane. As shown in Figure 2A, which showsthe electrode array of Figure 2 in aside view, all of
the branches 202 curve dlightly downwardly towards distal tips of the branches 202, which
facilitates maintaining the branches 202 in a subcutaneous layer of tissue during implantation
and insertion, as described further below. As shown inin Figure 2B, which shows another
embodiment of the electrode array of Figure 2 in aside view, some of the branches 202 curve
dlightly downwardly towards distal tips of the branches 202, which facilitates maintaining the
branches 202 in a subcutaneous layer of tissue during implantation and insertion, as described
further below. In some embodiments, the branches 202 curve downwardly such that the distal
tips are approximately 0.5 mm, 1 mm, 2 mm, 3mm, 5mm, 10 mm, 15 mm, and/or any other or

intermediate distance below proximal ends of the branches.

[0050] Asthe spacing between the branches 202 changes, the spacing between the conductive
portions of the branches 202, which may be stimulation contacts or electrode contacts, changes.
This change in the distance between the conductive portions of the branches 202 changes one or
several of the electrical properties, which can be, for example, impedance, of the circuit
extending from one of the conductive portions of one branch to another conductive portion of
another branch. In some embodiments, differences in electrical properties of circuits extending
from different conductive portions of different branches to each other affects the ability of the
implantable neurostimulation system 100 to provide desired stimulation to anerve and/or area.

[0051] In some embodiments, for example, in which the electrical property is an impedance,
different impedances for different circuits can result in more current passing through some
circuits and less current passing through others. This can disadvantageous® result in unequal
stimulation across an area and of anerve which can inhibit the ability of the implantable
neurostimulation system 100 to treat pain and/or to stimulate anerve. In some embodiments, the

14



10

15

20

25

WO 2014/179811 PCT/US2014/036850

multi-branch stimulation electrode 200 can include one or several features configured to
counteract the effects of differentia spacing between conductive portions of different branches
such that the electrical properties of these circuits are the same and/or approximately the same. In
some embodiments, the electrical properties of the circuits are approximately the same when
they vary by less than 40%, 30%>, 20%>, 10%>, 5%, 1%, or any other or intermediate percent from
each other.

[0052] In some embodiments, some or all of the branches 202 can include abody 208. The
body 208 can comprise avariety of shapes and sizes and can be made from avariety of
materials. In some embodiments, the body 208 can extend the entire length of the branch 202,
and in some embodiments, the body can extend a portion of the length of the branch 202. In
some embodiments, the body 208 can be approximately cylindrical when the body 208 is
positioned to extend in astraight line and body 208 can have acircular cross-section.

[0053] In some embodiments, the body 208 can berigid, flexible, and/or elastic. In some
embodiments, the properties of the body 208 can facilitate the implantation of the body 208 and
decrease problems caused by the implantation of the body 208. In some embodiments, the body
208 can be more easily implanted when it isrigid. In some embodiments, the body 208 is less
likely to cause negative side effects when the body 208 is flexible and/or elastic. In some
embodiments, the body 208 can be made of amateria that isrigid a afirst, pre-insertion
temperature and flexible at a second, body temperature. In some embodiments, such material can
berigid during the implantation process but can, asthe body 208 warms to body temperature,
become flexible. In such an embodiment, the body can have an "integrated stiffening element.”
Properties of some aspects of stiffening elements will be discussed at greater lengths below. In
some embodiments, the body 208 can include, for example, arigid, biodegradable outer coating
and aflexible, inner portion. In such an embodiment, the rigid, biodegradable outer coating can
biodegrade after the implantation of the body 208 to leave the flexible, inner portion of the body
208. In some embodiments, the body 208 can comprise a flexible member and a stiffening
member, which can be, for example, apre-formed stiffening member, can beinserted into the
body 208 to facilitate implantation. In such an embodiment, after the body 208 has been

implanted, the stiffening member can be removed.
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[0054] In some embodiments, the bodies 208 of the branches 202 can comprise a
biocompatible material. In some embodiments, the bodies 208 of the branches 202 can comprise,
for example, anatural material, aman-made material, apolymer, ametal or metal aloy, or the
like. In some embodiments, the materia of the body 208 can be selected so asto beflexible a a

body temperature and to berigid or semi rigid at room temperature.

[0055] In some embodiments, some or all of the branches 202 can include one or several
stimulation contacts 210 that can be, for example, located at positions along the body 208 of the
therewith associated branch 202. The one or several stimulation contacts 210 can be configured
to pass one or several electrical pulses to aportion of the patient's tissue. In some embodiments,
the stimulation contacts 210 can comprise a conductive material that can form, for example, a
peripheral band around one or several portions of the body 208. In some embodiments, the
stimulation contacts 206 can radially extend beyond the outside edge of the body 204 so as not to
be flush with the body 204, and in some embodiments, the stimulation contacts 206 can be flush
with the body 204.

[0056] The stimulation contacts 210 on a single branch 202 can be spaced apart. In some
embodiments, each of the stimulation contacts 210 can be equally spaced along the body 208 of
the branch 202, and in some embodiments, the stimulation contacts 210 can be unequally spaced
and/or unevenly spaced along the body 208 of the branch 202.

[0057] The stimulation contacts 210 can comprise avariety of shapes and sizes and can be
made from avariety of materials. In some embodiments, each of the stimulation contacts 210 can
comprise the same size and/or shape, and in some embodiments, some or al of the stimulation
contacts 210 can comprise different sizes and/or shapes. In some embodiments, the size, shape,
and/or material of some or al of the stimulation contacts 210 can be selected based on desired
effect on one or several electrical properties of the completed circuit including to stimulation
contacts 210 and aportion of the patient tissue. In one embodiment, for example, the size of the
stimulation contacts 210 can increase as the distance of the stimulation contact 210 from the

proximal end 204 of the branch increases.
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[0058] In some embodiments, the stimulation contacts 210 can have similar and/or the same
material properties asthe material of the body 208. Advantageously the matching and/or pairing
of the material properties of the stimulation contacts 210 and the body 208 can decrease stresses
that may arise in the one or both of the body 208 and the stimulation contacts 210 during
implantation of the multi-branch stimulation electrode 200 in the body of a patient.

[0059] In some embodiments, and as seen in Figure 2, the proximal ends 204 of the branches
202 connect to hub 212. The hub 212 can comprise avariety of shapes and sizes and can be
made from avariety of materials. In some embodiments, the hub 212 can comprise a
biocompatible outer housing and/or can be made up one or several biocompatible materials. In
some embodiments, the housing of the hub 212 can comprise an interior housing and/or an
exterior housing. In some embodiments, the interior housing of the hub 212 can berigid and the
exterior of the hub 212 can be flexible and/or deformable. Advantageously, aflexible and/or
deformable exterior housing of the hub 212 can decrease irritation that may arise from

implanting the hub 212 in the patient's body.

[0060] The branches 202 can connect to the hub 212 in many ways. In some embodiments, the
connections of the branches 202 to the hub 212 can bewithin asingle plane in the Z axis, and in
some embodiments, the connections of the branches 202 to the hub 212 can be in multiple planes
in the z-axis. In some embodiments, the connections of the branches 202 to the hub 212 can be
spaced along the x-axis and can, for example, be equally spaced along the x-axis. In some
embodiments, the hub 212, including the connection points of the branches 202 to the hub 212,
can be sealed so asto decrease the likelihood of bacterial growth within and/or associated with
the hub 212.

[0061] The hub 212 caninclude one or several anchor features 214 that can be used to secure
and/or fix the position of the hub 212 in the patient's body. In the embodiment depicted in Figure
2, these anchor features 214 comprise suture eyelets that can be used in suturing the hub to tissue

within the patient's body.

[0062] The hub 212 can connect to lead 216, which lead 216 can connect to one of the pulse

generators 102, 104. Hub 212 can include one or several conductors that are electrically
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connected with one or several of the stimulation contacts 210 of the branches 202. These one or
several conductors can be used to conduct electrical pulses from the pulse generator 102, 104 to
the stimulation contacts 210. In some embodiments, the one or severa conductors can be
enclosed in an insulative, biocompatible shell. In some embodiments, the conductors and the
biocompatible shell can be flexible and/or rigid, can comprise avariety of shapes and sizes, and

can be made from avariety of materials.

[0063] With reference now to Figure 3, aschematic illustration of one embodiment of an
implantation system 300 is shown. In some embodiments, the implantation system 300 can be
used to implant the multi-branch stimulation electrode 200 in apatient's body. The components
of the implantation system 300 can comprise avariety of shapes and sizes and can be made from
avariety of materials. In some embodiments, the components of the implantation system 300 and
the implantation system 300 as awhole can be sized and shaped to allow insertion of portions of
the implantation system 300 through an incision 302. As seen in Figure 3, the implantation
system includes the multi-branch stimulation electrode 200 including, the leads 202, and the hub
212.

[0064] The implantation system 300 can include an implantation cartridge 304 that can include
an insertion tip 305. The insertion tips 305, also referred to herein as apiercing tip, can be
configured to pierce tissue of the patient. The implantation cartridge 304 can comprise avariety
of shapes and sizes and can be made of avariety of materias. In some embodiments, for
example, the insertion tip 305 of the implantation cartridge 304 can extend to apoint where a
rounded tip and/or can taper to apoint or arounded tip. In some embodiments, the point or
rounded tip can beinserted into the patient's body through the incision 302 and can ease the

insertion of the implantation cartridge 304 through the incision 302.

[0065] In some embodiments, the implantation cartridge 304 can comprise an elongate
member having aU-shaped cross-section with abottom and sides extending in the same
direction from the bottom. This bottom and sides of the implantation cartridge 304 partially
bound an internal volume of the implantation cartridge 304. In some embodiments, the other
components of the implantation system 300 can be held within and/or retained within the internal

volume of the implantation cartridge 304.
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[0066] In some embodiments, the implantation cartridge 304 can be configured to house the
multi-branch stimulation electrode 200 and hold the branches 202 of the multi-branch
stimulation electrode 200 in afirst, insertion position. As depicted in Figure 3, the branches 202,
which can be, for example, pre-formed branches of the multi-branch stimulation electrode 200
that are held parallel to each other in the first, insertion position. The implantation cartridge 304
can include features configured to hold the branches 202 of the multi-branch stimulation
electrode 200 and the first, insertion position. In one embodiment, for example, the features
configured to hold the branches 202 of multi-branch stimulation electrode 200 in the first,
insertion position can comprise a comb-shaped guide. In one such embodiment, one or severa of
the branches 202 of the multi-branch stimulation electrode 200 can be held between teeth of the
comb-shaped guide. In such an embodiment, the teeth of the comb shaped guide can extend in
the same direction as the sides such that the comb shaped guide and the implantation cartridge
304 can be lifted off of the multi-branch stimulation electrode 200 after implantation of the
multi-branch stimulation electrode 200 in the patient's body.

[0067] Theimplantation system 300 can include an insertion sleigh 306. In some
embodiments, the insertion sleigh can fit within the internal volume of the implantation cartridge
304 and can be didable towards and away from the insertion tip 305 of the implantation cartridge
304. In some embodiments, the insertion sleigh 304 can engage with, for example, some or al of
the multi-branch stimulation electrode 200 such as, for example, the hub 212 to allow insertion
of and/or implantation of the multi-branch stimulation electrode 200 when the insertion sleigh

304 ismoved towards the insertion tip 305 of the implantation cartridge 304.

[0068] With reference now to Figures 4A, 4B, and 4C a schematic illustration of one
embodiment of aprocess for the implantation of the multi-branch stimulation electrode 200 is
shown. The process begins in Figure 4A, wherein the insertion tip 305 of the insertion cartridge
304 isinserted through the incision 302 in the patient's body.

[0069] After the insertion cartridge 304 isplaced in the desired position, the insertion sleigh
306 is displaced towards the insertion tip 305 of the insertion cartridge 304. Asthe insertion
sleigh 306 is displaced towards the insertion tip 305 of the insertion cartridge 304, the branches
202 of the multi-branch stimulation electrode 200 penetrate into the tissue of the patient and

19



10

15

20

25

WO 2014/179811 PCT/US2014/036850

move towards a second, implanted position. In some embodiments, the branches 202 of the
multi-branch stimulation electrode 200 have adesired spacing and distribution when they reach

the second, implanted position.

[0070] Figure 4B depicts one embodiment of the implantation system 300 after the branches
202 of the multi-branch stimulation electrode 200 have reached the second, implanted position.
A's seen, the branches 202 of the multi-branch stimulation electrode 200 have reached the
second, implanted position when the insertion sleigh 306 has reached the insertion .305 of the
insertion cartridge 304 and when the hub 212 of the multi-branch stimulation electrode is

inserted through the incision 302.

[0071] After the branches 202 of the multi-branch stimulation electrode 200 have reached the
second, implanted position, and after the multi-branch stimulation electrode 200, including the
branches 202 have reached a desired position, the insertion sleigh 306 and the insertion cartridge
304 are separated from the multi-branch stimulation electrode and removed from the patient's
body out of the insertion 302 asisdepicted in Figure 4C. In some embodiments, after the
separation of the multi-branch stimulation electrode 200 from the insertion sleigh 306 and the
insertion cartridge 304, the multi-branch stimulation electrode 200 can be secured with respect to
the incision 302 and/or with respect to the patient's body. In some embodiments, the multi-
branch stimulation electrode 200 can be secured with respect to the patient's body via the anchor
features 214 of the hub 212.

[0072] After the multi-branch stimulation electrode has been secured within the patient's body,
and as further depicted in Figure 4C, the stiffening elements 308, if the multi-branch stimulation
electrode 200 includes stiffening elements 308, can be withdrawn. In some embodiments, the
stiffening elements 308 can provide rigidity to the branches 202 of the multi-branch stimulation
electrode 200 to allow penetration of the branches 202 into and through tissue of the patient's
body, and in some embodiments, the stiffening elements 308 can bias the branches 202 of the
multi-branch stimulation electrode 200 towards the second, implanted position. After the
branches 202 have reached the desired position, the stiffening elements 308 can be withdrawn
from the branches 202 so the branches 202 have a desired level of flexibility. In some

embodiments, the stiffening members 308 can be connected to a stiffening element hub 310 and
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the stiffening members 308 can be withdrawn from the branches 202 of multi-branch stimulation
electrode 200 by withdrawing the stiffening element hub 310 from the hub 212 and out of and
through the incision 302. In the event that the withdrawal of the stiffening members 308 created
one or several voids or cavities within one or both of the hub 212 and the branches 202, the one

or severa voids or cavities can be seaed, plugged, and/or filled.

[0073] With reference now to Figure 5, a schematic illustration of one embodiment of apulse
delivery system 500 is shown. The pulse delivery system 500 can include the implanted multi-
branch stimulation electrode 200 including, for example, branches 202 in the second, implanted
position and hub 212. In some embodiments, and as shown in Figure 5, the lead 216 of the multi-
branch stimulation electrode 200 can be connected to the pulse generator 102, 104. In some
embodiments, the hub 212 and the branches 202 of the multi-branch stimulation electrode 200
can be implanted within the patient's body, inserted past the incision 302, and the lead 216 can
extend through the incision 302 from inside the patient's body to outside the patient's body. The
lead 216 and can connect to the pulse generator 102, 104 a apoint outside the patient's body.
However, in other embodiments, the lead 216 can be entirely implanted within the patient's body
and the pulse generator 102, 104 can likewise be entirely implanted within the patient's body.

[0074] With reference now to Figure 6, aside view of one embodiment of one of the branches
202 is shown. The branch 202 can include the proxima end 204 connecting to the hub 212 that
contacts the stiffening member hub 312, and the distal end 206. As depicted in Figure 6, the
distal end 206 of the branch 202 can include the insertion member 400. The insertion of the 400
can comprise avariety of shapes and sizes and can be made from avariety of materials. In some
embodiments, the insertion member 400 can be configured to interact with the stiffening member
308 during the implantation of the hub 212 to prevent the stiffening member 308 from
penetrating through the branch 202. In such embodiments, the insertion member 400 can
comprise apenetration material that can be, for example, metal, hard plastic, a composite, and/or
any other material capable of interacting with the stiffening member 308 during the implantation
and not alowing the stiffening member to penetrate the branch 202. In some embodiments, the

insertion member 400 can be further configured to facilitate implantation. In such embodiments,

21



10

15

20

25

WO 2014/179811 PCT/US2014/036850

the insertion member 400 can be shaped to facilitate the insertion and can include, for example, a

pointed tip.

[0075] The branch 202 depicted in Figure 6 further includes an elastic zone 402 and an
inelastic zone 404. The elastic zone 402 can be aportion of the branch 202 that has elastic
properties and therefore allows a dimension of the branch 202 to temporarily change in response
to the application of aforce. In some embodiments, the elastic zone 402 can be located a any
position on and/or along the insertion member 202 and the elastic zone 402 can have any desired

size and shape.

[0076] In some embodiments, the entire branch 202 can bethe elastic zone 402, and in some
embodiments, the branch 202 can include an inelastic zone 404. The inelastic zone can be a
portion of the branch 202 that is not intended to have elastic properties and/or that does not have
elastic properties at the load levels applied during the implantation of the multi-branch
stimulation electrode 200. In some embodiments, the elastic zone 402 can be located proximate
to the proximal end 204 of the branch 202 and the inelastic zone 404 can be located proximate to
the distal end 206 of the branch 202. In some embodiments, and as depicted in Figure 6, the
stimulation contacts 210 can be located in the inelastic zone 404. Advantageously, placement of
the stimulation contacts 210 in the inelastic zone can decrease stresses created in one or both of
the stimulation contacts 210 and the branch 202 during the implantation of the multi-branch
stimulation electrode 200 by eliminating and/or decreasing discrepancies between the material
properties of the stimulation contacts 210 and the branch 202.

[0077] With reference now to Figure 7A-7C, section views of some embodiments of the
branch 202 are shown. With reference now to Figure 7A, section view of one embodiment of
branch 202 is shown. The branch 202 is connected at its proximal end 204 to hub 212, which hub
is connected to lead 216 and contacts stiffening element hub 312. The branch 202 further
includes a penetrating element 400 located at the distal end 200. In some embodiments, the
branch 202 can include one or several branch walls 406 that can define an internal channel 408
of the branch 202. In some embodiments, the internal channel 408 can comprise a single channel
that can be, for example, configured to receive a stiffening element 308, and in some

embodiments, the internal channel 408 can comprise a channel configured to receive the
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stiffening element 308 and a channel configured to receive one or several conductors configured
to connect the stimulation contacts 210 to the lead 216.

[0078] In some embodiments, the one or several conductors can be incorporated into the
branch walls 406 of the branch 202, and in some embodiments, the one or several conductors can
be loosely contained within the internal channel 408. In the embodiment depicted in Figure 7A,
the branch 202 includes asingle internal channel 408 configured to receive both the stiffening
element 308, amain wire 410, and aplurality of branch wires 412. In some embodiments, the
main wire 410 can carry electrical pulses from the lead 216 to the stimulation contacts 210. In
some embodiments, the main wire can connect to the lead 216 in the hub 212 and can be
electrically connected to the stimulation contacts 210 via one or several branch wires 412. In
some embodiments, the branch wires can include one or several electrical components
configured to carry electrical property of the circuit with which the stimulation contact 210
connected to the branch wire 412 is associated. In some embodiments, these electrical

components can include one or several resistors, capacitors, or the like.

[0079] Asfurther seenin Figure 7A, in some embodiments, the stiffening element 308 can
extend from the stiffening element hub 312 to contact the insertion tip 400. In some
embodiments, as dight differences in the length of one or several of the branches 202 and/or of
the stiffening elements 308 may arise, the stiffening elements 308 may not adequately stiffen one
or severa of the branches 202 to allow implantation of the branches 202.

[0080] In one embodiment, for example, one of the stiffening elements 308 may berelatively
longer than others of the stiffening elements 308 with respect to one or several branches. As
such, the relatively longer of the stiffening elements 308 may contact the insertion tip 408 of one
of the branches 202 and others of the stiffening elements 308 may not contact the insertion tip
408 of the others of the branches 202.

[0081] In some embodiments, the multi-branch stimulation electrode 200 can include one or
severa features to overcome these problems to thereby facilitate implantation of multi-branch
stimulation electrode 200. In some embodiments, these features can include one or several elastic
portions of the branches 202. In some embodiments, these features can include one or several
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features located in the stiffening element 308 and/or in the stiffening element hub 312 that can
allow achange to the length of the stiffening element and/or similar features in the hub 212
which can alow changes in the length of the branches 202. Advantageously, such features can
allow for improved implantation of the multi-branch stimulation electrode 200.

[0082] With reference now to Figure 7B, a section view of one embodiment of abranch 202 is
shown. In this embodiment, the branch 202 includes features configured to facilitate in creating
the same and/or similar electrical properties at circuits arising when the branches 202 of the
multi-branch stimulation electrode 200 are not parallel spaced, and features configured to allow
the branch 202 to stretch so asto compensate for discrepancies in the length of some or all of the
branches 202 and/or the stiffening elements 308. As specifically seen, in the embodiment
depicted in Figure 7B, the branch 202 includes extending wire 414 and returning wire 416. The
extending wire extends from the hub 212 towards the distal end 206 of the branch 202 wherein
the direction of the extension of the wire changes and the returning wire 414 returns towards the
hub 212. In some embodiments, this can reverse the order with which the stimulation contacts
210 are connected to the wire which can thereby result in the greatest amount of resistance being
experienced at the stimulation contact 210 relatively closest to the hub 212. In some
embodiments, this looping of the wire can further provide access wire within the branch 202
such that the wire does not break or stretch if the branch 202 elastically deforms during
implantation of the multi-branch stimulation electrode 200.

[0083] With reference now to Figure 7C, a section view of one embodiment of the branch 202
is shown. In this embodiment, the branch 202 includes features configured to allow the branch
202 to stretch so asto compensate for discrepancies in the length of some or al of the branches
202 and/or the stiffening elements 308. As specifically seen, the main wire 410 includes a
plurality of extension coils 418 located in the internal channel 408 of the branch 202. In some
embodiments, these extension coils 418 can allow the overall length of the main wire 410 to
change with changes in the length of the branch 202. Advantageously, this can allow for the
elastic deformation of the branch 202 without stretching and/or breaking the main wire 410. The

extension coils can comprise avariety of shapes and sizes and can include, for example, any
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desired number of loops or coils. In some embodiments, the extension coils 418 can be designed

according to expected changes in the length of the branch 202.

[0084] Inthe foregoing specification, the invention is described with reference to specific
embodiments thereof, but those skilled in the art will recognize that the invention isnot limited
thereto. Various features and aspects of the above-described invention can be used individually
orjointly. 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 beregarded as illustrative
rather than restrictive. It will be recognized that the terms "“comprising,” "including,” and

"having," asused herein, are specifically intended to beread as open-ended terms of art.
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WHAT ISCLAIMED IS:

1. A neurostimulation system, comprising:

@ an implantable neurostimulation pulse generator configured to generate
one or more neurostimulation electrical signals;

(b) amulti-branch electrode array configured to be coupled to the pulse
generator and to transmit the one or more non-ablative neurostimulation electrical signalsto a
nerve tissue, the multi-branch electrode array comprising:

0] aplurality of branches, wherein at least some of the branches each
include aplurality of electrode contacts;

(i) wherein, when in adeployed configuration, the plurality of
branches diverge away from one another such that distal tips of the branches are spaced
farther apart than proximate portions of the branches; and

(iii)  wherein, when in the deployed configuration, the plurality of

branches are in a substantialy planar arrangement.

2. The neurostimulation system of claim 1, wherein, when in the deployed

configuration, the plurality of branches are in afan-shaped or rake-shaped arrangement.

3. The neurostimulation system of claim 1, wherein the substantialy planar
arrangement comprises an arrangement in which the branches branch out across and curve
downwardly from areference plane, wherein the downward curve of the branches facilitates

maintaining the branches in a subcutaneous tissue layer during deployment of the electrode

array.

4. The neurostimulation system of claim 3, wherein at least some of the

branches include blunt dissecting distal tips.

5. The neurostimulation system of claim 1, wherein the non-ablative

neurostimulation electrical signals have apulse amplitude of 0- 1,000 mA.

6. The neurostimulation system of claim 1, wherein the electrode array

further comprises ahub configured to be anchored to atissue.
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7. The neurostimulation system of claim 1, wherein at least some of the
electrode contacts are configured as anode electrode contacts and wherein a least some of the

electrode contacts are configured as cathode electrode contacts.

8. The neurostimulation system of claim 1, wherein all of the electrodes on
one branch are configured as anode €electrode contacts and wherein all of the electrodes on an

adjacent branch are configured as cathode el ectrode contacts.

9. The neurostimulation system of claim 1, wherein at least some of the
branches include stiffening components configured to increase the stiffness of the branches to

facilitate blunt dissecting by the branches.

10. The neurostimulation system of claim 9, wherein the stiffening
components comprise aplurality of elongate members that are connected by a stiffening element
hub.

11.  Theneurostimulation system of claim 9, wherein & least some of the

branches are configured to receive the stiffening elements.

12. The neurostimulation system of claim 1, wherein the size of the electrode

contacts varies as afunction of position on at least some of the branches.

13 .  The neurostimulation system of claim 12, wherein the branches comprise
aproximal end and adistal end, and wherein the size of the electrode contact increases when the

proximity of the electrode contact to the distal end of the branch increases.

14. The neurostimulation system of claim 1, wherein the branches comprise a

proximal end and a distal end.

15. The neurostimulation system of claim 14, wherein some of the electrode
contacts are each electrically connected to aresistive element, wherein the resistance of the
resistive element increases when the proximity of the electrode contact to the proximal end of the

branch increases.
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16. The neurostimulation system of claim 1, wherein the pulse generator is

configured to generate one or more non-ablative neurostimulation electrical signals.

17.  Animplantable electrode array system, comprising:

@ amulti-branch electrode array, the multi-branch electrode array
comprising aplurality of elongated branches extending along an insertion axis, wherein each
branch includes at least one electrode contact and ablunt dissecting distal tip; and

(b) an implantation cartridge for deploying the multi-branch electrode array
from aretracted configuration to a deployed configuration, wherein, when in the retracted
configuration, the branches are positioned proximally relative to the implantation cartridge, and,
wherein, when in the deployed configuration, the branches extend distaly and laterally
outwardly along afirst transverse orientation, relative to the insertion axis, from the implantation
cartridge afurther distance than in the retracted configuration; and

wherein, when in the deployed configuration, the branches are positioned with a
first branch disposed between a second branch and athird branch, and afourth branch disposed
between the second branch and the first branch so that the electrode array is distributed along a

thin surface.

18. The implantable electrode array system of claim 17, wherein at least some
of the branches include stiffening components configured to increase the stiffness of the
branches to facilitate blunt dissecting by the branches.

19. The implantable electrode array system of claim 18, wherein the stiffening
components comprise aplurality of elongate members that are connected by a stiffening element
hub.

20. The implantable electrode array system of claim 18, wherein at least some

of the branches are configured to receive the stiffening elements.

21. The implantable electrode array system of claim 18, wherein the stiffening

element comprises a biodegradable outer layer on at least some of the branches..
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22. The implantable electrode array system of claim 17, wherein at least some

of the branches include an integrated stiffening element.

23.  Animplantable electrode array, comprising:

@ amulti-branch electrode array, the multi-branch electrode array
comprising aplurality of elongated branches, wherein each branch includes at least one electrode
contact and ablunt dissecting distal tip;

wherein, when in the deployed configuration, the branches are arranged in a
substantially planar fan-shaped or rake-shaped arrangement.

24. The implantable electrode array of claim 23, wherein at least some of the
branches include stiffening components configured to increase the stiffness of the branches to

facilitate blunt dissecting by the branches.

25. The implantable electrode array of claim 24, wherein the stiffening
components comprise aplurality of elongate members that are connected by a stiffening element
hub.

26. The implantable electrode array of claim 24, wherein at least some of the
branches are configured to receive the stiffening elements.

27. The implantable electrode array of claim 24, wherein the stiffening
element comprises abiodegradable outer layer on at least some of the branches..

28. The implantable electrode array of claim 23, wherein at least some of the

branches include an integrated stiffening element.

29. A method of implanting aneurostimulation system, comprising:

€) pushing aplurality of branches of an electrode array into a subcutaneous
tissue including or proximate nerve tissue such that distal tips of the plurality of branches pierce
through the subcutaneous tissue and such that the plurality of branches branch outwardly into a
substantially planar arrangement in which outer branches on afirst side of the electrode array
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extend away from a center of the electrode array in afirst direction and outer branches on a
second side of the electrode array extend away from the center in a second direction that is
opposite the first direction; and

(b) connecting the electrode array to aneurostimulation pulse generator

configured to stimulate the nerve tissue.

30. The method of claim 29, further comprising inserting an implantation
cartridge through an incision, wherein the implantation cartridge holds the plurality of branches

of the electrode array.

31 The method of claim 30, further comprising separating the plurality of
branches from the implantation cartridge and extracting the implantation cartridge from the

incision.

32. The method of claim 29, further comprising removing a stiffening element

from at least one of the branches.

33. The method of claim 32 comprising plugging any void left by the

removing of the stiffening element from the a least one of the branches.
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