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NEUROLOGICAL TREATMENT SYSTEM

RELATED APPLICATIONS

[0001] The present application claims the benefit of each of
U.S. Pat. App. Ser. No. 61/697,432, filed on Sep. 6, 2012 and
U.S. Pat. App. Ser. No. 61/739,977, filed on Dec. 20, 2012.
The entire contents of each of the above referenced applica-
tions is incorporated by reference, as if fully set forth herein.

FIELD

[0002] The present disclosure relates to neurological treat-
ment. In particular, the present disclosure relates to neuro-
logical treatment by electrostimulation along pathways
within brain tissue.

BACKGROUND

[0003] Neurodegenerative diseases and their effects can
include Alzheimer’s Disease, Parkinson’s disease, Hunting-
ton’s disease, tremor, epilepsy, and/or ischemia of the brain,
such as stroke. These may include or lead to progressive loss
of structure or function of neurons, including death of neu-
rons.

SUMMARY

[0004] The subject technology is illustrated, for example,
according to the following non-limiting summary of some
embodiments disclosed herein. Various examples of aspects
of the subject technology are described as numbered clauses
(1,2, 3, etc.) for convenience. These are provided as examples
and do not limit the subject technology. It is noted that any of
the dependent clauses may be combined in any combination,
and placed into a respective independent clause, e.g., clause 1
or clause 55. The other clauses can be presented in a similar
manner.

[0005] Clause 1. A method, comprising:

[0006] inserting a first endovascular device within a first
cerebral blood vessel, the first endovascular device compris-
ing a plurality of first electrodes extending along a first length
in a distal portion of the first device;

[0007] inserting a second endovascular device within a sec-
ond cerebral blood vessel, the second endovascular device
comprising plurality of second electrodes extending along a
second length in a distal portion of the second device;
[0008] passing electrical currents along a plurality of path-
ways between the first electrodes and the second electrodes,
wherein at least a portion of the pathways pass through at least
one of the hippocampus or dentate gyms.

[0009] Clause2. The method of clause 1, wherein inserting
the second endovascular device comprises placing the second
electrodes on a side of the hippocampus or dentate gyms
opposite the first electrodes.

[0010] Clause 3. The method of clause 1, wherein passing
electrical currents comprises passing said currents between a
plurality of said first electrodes and a plurality of said second
electrodes.

[0011] Clause 4. The method of clause 1, wherein said
currents comprise neurostimulative currents.

[0012] Clause 5. An apparatus comprising:

[0013] afirst endovascular device comprising a plurality of
first electrodes extending along a first length in a distal por-
tion of the first device, the distal portion of the first device
being configured for endoluminal navigation into cerebral
vasculature;
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[0014] asecond endovascular device comprising a plurality
of second electrodes extending along a second length in a
distal portion of the second device, the distal portion of the
second device being configured for endoluminal navigation
into cerebral vasculature;

[0015] apowersourcein electrical communication with the
first electrodes and the second electrodes;

[0016] a controller in communication with the power
source; and
[0017] a machine-readable medium comprising instruc-

tions executable by the controller to operate the power source
s0 as to establish a network of neurostimulation current path-
ways between the first electrodes and the second electrodes.
[0018] Clause 6. The apparatus of clause 5, wherein:
[0019] oneofsaid endovascular devices comprises a proxi-
mally located electrode;

[0020] the other of said endovascular devices comprises a
distally located electrode; and

[0021] said network includes at least one neurostimulation
current pathway between said proximally located electrode
and said distally located electrode.

[0022] Clause 7. The apparatus of clause 5, wherein said
network comprises first neurostimulation pathways that
extend mainly or only laterally, and second neurostimulation
pathways that extend both laterally and longitudinally.
[0023] Clause 8. The apparatus of clause 5, wherein said
algorithm is executable by the controller to operate the power
source so as to pass neurostimulative electrical current along
said current pathways.

[0024] Clause 9. The apparatus of clause 8, wherein said
electrical current is configured to regenerate neurocytes in the
tissue through which said network passes.

[0025] Clause 10. An apparatus comprising:

[0026] afirst endovascular device comprising a plurality of
first electrodes extending along a first length in a distal por-
tion of the first device, the distal portion of the first device
being configured for endoluminal navigation into cerebral
vasculature;

[0027] asecond endovascular device comprising a plurality
of second electrodes extending along a second length in a
distal portion of the second device, the distal portion of the
second device being configured for endoluminal navigation
into the cerebral vasculature; and

[0028] means for passing -electrostimulative current
between the first electrodes and the second electrodes.
[0029] Clause 11. The apparatus of clause 10, wherein said
means further comprises means for establishing a network of
neurostimulation current pathways between the first elec-
trodes and the second electrodes.

[0030] Clause 12. The apparatus of clause 11, wherein said
network comprises first neurostimulation pathways that
extend mainly or only laterally, and second neurostimulation
pathways that extend both laterally and longitudinally.
[0031] Clause 13. The apparatus of clause 10, wherein said
means comprises a controller and program instructions acces-
sible by said controller.

[0032] Clause 14. The apparatus of clause 10, wherein said
means is configured for at least one of:

[0033] regenerating cerebral neurocytes;

[0034] inhibiting or reversing the formation of neurofibril-
lary tangles;

[0035] inhibiting or reversing the formation of amyloid

plaques;
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[0036] inhibiting or reversing the attachment of amyloid
plaques to neurocytes;

[0037] inhibiting the cellular apoptosis cascade associated
with ischemic stroke; or

[0038] increasing rate and volume of pharmacologic agent
delivery.

[0039] Clause 15. A method, comprising:

[0040] providing a first treatment to increase blood flow

downstream of an obstruction at an obstruction location
within a blood vessel of a patient;

[0041] inserting a first endovascular device downstream of
the obstruction location, the first endovascular device com-
prising a plurality of first electrodes extending along a first
length in a distal portion of the first device;

[0042] inserting a second endovascular device downstream
of the obstruction location, the second endovascular device
comprising plurality of second electrodes extending along a
second length in a distal portion of the second device;
[0043] passing electrical currents along a plurality of path-
ways between the first electrodes and the second electrodes,
wherein at least a portion of the pathways pass through a
region of brain tissue affected by the obstruction.

[0044] Clause 16. The method of clause 15, wherein the
first treatment comprises mechanically removing, lysine,
breaking up, or aspirating the obstruction.

[0045] Clause 17. The method of clause 15, wherein the
first treatment comprises administering a blood thinner to the
patient.

[0046] Clause 18. The method of clause 15, wherein insert-
ing the first endovascular device comprises inserting the first
endovascular device into a first blood vessel downstream of
the obstruction location.

[0047] Clause 19. The method of clause 18, wherein insert-
ing the second endovascular device comprises inserting the
second endovascular device into a second blood vessel, dif-
ferent from the first blood vessel, downstream of the obstruc-
tion location.

[0048] Clause 20. The method of clause 15, wherein the
region of brain tissue affected by the obstruction comprises an
infarction.

[0049] Additional features and advantages of the subject
technology will be set forth in the description below, and in
part will be apparent from the description, or may be learned
by practice of the subject technology. The advantages of the
subject technology will be realized and attained by the struc-
ture particularly pointed out in the written description and
claims hereof as well as the appended drawings.

[0050] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the subject technology as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0051] The accompanying drawings, which are included to
provide further understanding of the subject technology and
are incorporated in and constitute a part of this specification,
illustrate aspects of the subject technology and together with
the description serve to explain the principles of the subject
technology.

[0052] FIG. 1 is a schematic view of a vasculature of a
brain.
[0053] FIG. 2 is a schematic view of a neurological treat-

ment system.
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[0054] FIG. 3A is a schematic view of the neurological
treatment system of FIG. 2 and a method of using the system
to treat brain tissue.

[0055] FIG. 3B is a schematic view of a neurological treat-
ment system and a method of using the system to treat brain
tissue.

[0056] FIG. 4A is a schematic view of an obstructed blood
vessel and a stage of a method of using the neurological
treatment system of FIG. 2 to treat brain tissue.

[0057] FIG. 4B is a schematic view of a mechanical throm-
bectomy device and a stage of a method of using the neuro-
logical treatment system of FIG. 2 to treat brain tissue.
[0058] FIG. 4C is a schematic view of the neurological
treatment system of FIG. 2 and a stage of a method of using
the system to treat brain tissue.

[0059] FIG. 4D is a schematic view of the neurological
treatment system of FIG. 2 and a stage of a method of using
the system to treat brain tissue.

DETAILED DESCRIPTION

[0060] Inthe following detailed description, numerous spe-
cific details are set forth to provide a full understanding of the
subject technology. However, the subject technology may be
practiced without some of these specific details. In other
instances, well-known structures and techniques have not
been shown in detail so as not to obscure the subject technol-
ogy.

[0061] FIG. 1 shows the vasculature of the brain. The brain
3 is supplied with blood through the carotid and the vertebral
arteries on each side of the neck. The arteries include the
common carotid artery 4 in the neck, which is a common
access pathway for the various devices and/or methods dis-
closed herein, the internal carotid 5 which supplies the oph-
thalmic artery 6. The external carotid 7 supplies the maxillary
artery 8, the middle meningeal artery 9, and the superficial
temporal arteries 10 (frontal) and 11 (parietal). The vertebral
artery 12 supplies the basilar artery 13 and the cerebral arter-
ies including the posterior cerebral artery 14 and the circle of
Willis indicated generally at 15. The siphon of the vertebral
artery appears in the intra-cranial vasculature on the vertebral
approach to the Circle of Willis. Also supplied by the internal
carotid artery are the anterior cerebral artery 16 and the
middle cerebral artery 17, as well as the circle of Willis,
including the posterior communicating artery 18 and the ante-
rior communicating artery 19. The siphon of the internal
carotid artery 5 appears in the intra-cranial vasculature on the
carotid approach into the Circle of Willis. These arteries
typically have an internal diameter of about 1 mm to 5 mm,
most commonly from 2-4 mm. The methods and devices
described herein allow access to these arteries for treatment
(s). InFIG. 1, an insertion catheter 2 (which can comprise, for
example, a microcatheter) is shown extending through the
common carotid artery 4 and the internal carotid artery 5, with
a device 1 extending through the catheter 2 and into the
anterior cerebral artery 16.

[0062] FIGS. 2 and 3A-3B depict a neurological treatment
system 100 that can be used to treat neurological disorders
such as Alzheimer’s disease by applying energy to the
affected tissue, such as brain tissue and/or other neurological
tissues. The system 100 can comprise an energy generation
portion 120 that is coupled or configured to be coupled to an
energy application portion 150, so that energy developed by
the generation portion 120 can be transmitted to, and applied
to tissue by, the application portion 150.
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[0063] In one embodiment, the energy generation portion
120 can comprise an electrical generator 122 configured to
output medically useful electrical current, which can be elec-
trostimulative, electrosurgical and/or ablative current. The
generation portion 120 can include a suitable controller 124
that can be used to control various parameters of the energy
output by the portion 120/generator 122, such as intensity,
amplitude, duration, frequency, duty cycle, polarity, etc. The
energy application portion 150 can comprise one or more
endovascular devices (such as the depicted pair of first and
second endovascular devices 152, 154), or an endovascular
device and an extracorporeal conductive device such as a
grounding pad.

[0064] One or both of the endovascular devices 152, 154
can comprise an elongate, flexible shaft 156 that is sized and
configured for navigation through blood vessels such as cere-
bral blood vessels. The shaft 156 can be a tube or other
elongate member formed from a flexible, preferably electri-
cally insulative material. Suitable materials for the shaft 156
include medically acceptable polymers, or metals (e.g. in the
form of ahypotube) coated with a suitable electrical insulator,
or combinations thereof. The endovascular devices 152, 154
can each further comprise an energy application region 158
which can in turn comprise one or more (e.g., 1, 2,3, 4,5, 8,
10, 12, 15, or 20 or more) electrodes 160. The devices 152,
154 can each have the same number of electrodes, or the
device 152 can have a number of electrodes 160 that is dif-
ferent from the number of electrodes of the device 154.

[0065] The electrodes 160 can comprise metallic or other
conductive rings, or coils or other suitable conductive struc-
tures, and can each form an outer conductive surface that is
exposed and configured for electrically conductive contact
with adjacent tissue, such as the inner wall of a blood vessel,
and/or brain tissue or other neurological tissue being treated
by the system 100. Some or all of the outer conductive sur-
faces can extend partially or completely circumferentially
around the longitudinal axis of the endovascular device 152/
154. The outer conductive surfaces can be approximately
flush with the outer surface of the shaft 156, or they can extend
radially outward from the outer surface of the shaft 156, e.g.
in a bulged or toroidal shape. The electrodes 160 can have a
fixed outer diameter or size, or a radially expandable outer
diameter or size. One, some, or all of the electrodes 160 can be
“painted” electrodes.

[0066] Duringuse, one or both of the endovascular devices
152, 154 can be employed to apply energy to the tissue being
treated. For example, FIG. 3A schematically depicts the use
ofboth endovascular devices 152, 154 to treat brain tissue BT,
which can be located within a cranium. To facilitate treatment
of the brain tissue BT, the devices 152, 154 can be inserted
into or otherwise located in blood vessels A, B, which can be
cerebral, intracranial, pericranial, and/or neurovascular blood
vessels. Alternatively, one or both of the devices 152, 154 can
be inserted or implanted directly into the brain tissue BT.
[0067] After insertion, one or both of the devices 152, 154
can be energized to apply energy to the brain tissue BT. For
example, one or more, or all, of the electrodes 160 of the first
endovascular device 152 can be energized and pass electrical
current to one or more, or all, of the electrodes 160 of the
second endovascular device 154. This can be accomplished
by activating a current source (e.g. the generator 122) con-
nected to the energized electrode(s) of the first endovascular
device 152 by leads 126, or activating those portions of the
current source 122 that are connected to the energized elec-
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trode(s), and/or at least temporarily (e.g. electronically via the
controller 124) switching the energized electrode(s) into elec-
trical communication with the current source 122 or the acti-
vated portion(s) thereof. While the electrode(s) 160 of the first
device 152 are energized in this manner to thereby serve as
“active” electrode(s), one or more of the electrodes 160 of the
second device 154 can be connected to ground and thereby
serve and ground electrodes that receive current propagating
from the active electrode(s). This can be accomplished by at
least temporarily (e.g. electronically via the controller 124)
switching the selected ground electrode(s) into electrical
communication with ground, or simply leaving the selected
ground electrodes in electrical communication with ground
throughout the desired treatment period. One or more elec-
trode pairs can thereby be formed between at least one active
electrode and at least one ground electrode, and electrical
current 162 passed across the electrode pair from the active to
the ground electrode.

[0068] During operation, in one embodiment, each elec-
trode 160 of both endovascular devices 152, 154 can be
bifunctional; that is, each electrode 160 can serve as either an
active electrode or a ground electrode at different points in
time as the treatment proceeds. Electrode pairs can be estab-
lished temporarily and the constituent electrodes selected
randomly or in a preset pattern to form a large variety of
conduction pathways or currents 162 during the treatment
cycle. For example, an electrode pair can be formed tempo-
rarily from a relatively distally located electrode 160 of the
second device 154 (serving, e.g., as the active electrode) and
a relatively proximally located electrode 160 of the first
device 152 (serving, e.g., as the ground electrode), thereby
creating a pathway or current 162 that traverses both longi-
tudinally and laterally through the brain tissue BT, from the
second device 154 to the first device 152. Instead of or in
addition to currents/pathways of this type, electrode pairs can
be formed from electrodes that are longitudinally closer
together, so that the resulting current traverses mainly or only
laterally through the brain tissue BT. If desired, during the
period of time that a given electrode pair is formed, the
polarity can be switched once or repeatedly, to create currents
traveling in either direction along the pathway.

[0069] Preferably, during operation the system 100 uses all
(or a large proportion) of the available current pathways at
various times during the treatment cycle. Thus is formed a
relatively dense “stimulation matrix™ or network as depicted
by the current pathways in FIG. 3A, and a relatively large
proportion of the volume of the treated tissue BT is located on
or near a conduction pathway 162, as the system 100 sequen-
tially or simultaneously activates a large selection of available
electrode pairs during the treatment period. For example, a
first pair of electrodes 160 may form a pathway 162 in a first
operation. Subsequently, a second pair of electrodes 160,
different from the first pair of electrodes 160, may form a
different pathway 162 in a second operation. Alternatively or
in combination, a first pair of electrodes 160 and the second
pair of electrodes 160 may form respective pathways 162
simultaneously.

[0070] The controller 124 or other suitable hardware can
execute an algorithm or program instructions, stored in
memory accessible by the controller 124, to activate electrode
pairs or sets in a sequence that is preset, random or otherwise.
The controller 124 may provide a module for executing such
an algorithm or program instructions. Further provided are a
processor 130 for executing instructions and a machine-read-
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able medium 132, such as a volatile or non-volatile memory,
for storing data and/or instructions. The instructions, which
may be stored in a machine-readable medium, may be
executed by the controller 124.

[0071] Where the first and second device 152, 154 contain
X and Y electrodes, respectively, the devices collectively
form 2XY possible conduction pathways (comprising only
one electrode from the first device and only one electrode
from the second device), taking into account that each con-
duction pathway can operate in two directions or polarities.
Preferably, the algorithm or program instructions call for use
of all, or significantly more than half, of the 2XY available
pathways during a single treatment period with the system
100. In various embodiments, X and Y can each be greater
than or equal to 5, or greater than or equal to 10, or any other
suitable number or range disclosed herein.

[0072] AsshowninFIG. 3B, instead of or in addition to the
“two-device” pathways depicted in FIG. 3A, “single-device”
pathways may be formed and employed, using two or more
electrodes 160 on a single device 152 to form an electrode
pair or set and pathway 162 through brain tissue BT. In any
operation of the system 100, one or both devices 152, 154 can
be moved or reciprocated longitudinally within the treated
tissue (e.g. brain tissue BT) to move the resulting conduction
pathways within the tissue, increasing the proportion of
treated tissue.

[0073] The current 162 applied by the system 100 can be
any suitable therapeutic current. For example, the current 162
can be electrostimulative current, and the generator 122 can
comprise an electrostimulation generator. Where the treated
tissue comprises the brain tissue BT, any electrostimulation
current suitable for brain tissue can be employed. Other suit-
able therapeutic current includes radiofrequency current, or
any therapeutic or ablative alternating or direct current.
Instead of or in addition to the electrodes 160, suitable anten-
nae may be employed on the device(s) 152, 154 to apply
microwave energy to the treated tissue. Alternatively, the
device(s) 152, 154 can be configured to direct light energy
(e.g. infrared laser) into or through the desired treated tissue.
Multiple such emitters, for example, fiber optics, can be
arranged in an array similar to the electrode arrays shown in
FIGS. 2 and 3A-3B. The laser wavelength can be selected to
either propagate through or be absorbed by the treated tissue,
to a desired degree in either case.

[0074] When the system 100 is employed to treat Alzhe-
imer’s disease, the treated brain tissue BT can comprise the
hippocampus and/or dentate gyms, and the devices 152, 154
(e.g., the electrodes 160 thereof, or other energy emitters) can
be inserted into vascular locations near either such structure,
e.g. in vascular locations on opposite sides of either structure.
For example, the devices 152, 154 can be inserted into the
cerebral arteries (i.e., Posterior, Middle, Anterior and/or Basi-
lar), and then employed to apply energy, such as electrostimu-
lative current as described above and/or depicted in FIGS.
3A-3B to the hippocampus and/or dentate gyms. Thus, the
applied electrostimulative current can take the form of neu-
rostimulative current, including any such current that is suit-
able for regenerating cerebral neurocytes. The applied current
can therefore treat Alzheimer’s disease by regenerating cere-
bral neurocytes, and/or inhibiting or reversing the formation
of neurofibrillary tangles or amyloid plaques, in the treated
area. In one embodiment, a method comprises administering
to a patient electrostimulative or neurostimulative current
using any apparatus or technique disclosed herein.
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[0075] The device(s) 152, 154 can be delivered to and/or
through any one or more of a number of vessels to access a
treatment region. One or more blood vessels may be utilized
to reach the target region. The device(s) 152, 154 may span,
straddle, or encompass a treatment region based on location
within one or more blood vessels.

[0076] The device(s) 152, 154 can stimulate the cortex of
the brain or the deep brain to provide post-stroke rehabilita-
tion (from hemorrhagic stroke, ischemic stroke or head/brain
trauma), Parkinson’s disease, essential tremor, Huntington’s
disease, Alzheimer’s disease, epilepsy, depression, obsessive
compulsive disorder, schizophrenia, and neuropathic pain.
Any lobe of the cortex or deep brain can be stimulated, for
example, the cortical region of the brain, the motor strip,
sensor strip, and/or premotor cortex, inter alia. Examples of
arteries providing access to the cortex include any of the
branches off of the external carotid, maxillary, or meningeal
arteries. Examples of veins providing access to the cortex
include the superior sagittal sinus, any of the superior cerebral
veins branching from the superior sagittal sinus (e.g., the
lacuna, frontopolar vein, anterior frontal vein, posterior fron-
tal vein, precentral vein, central vein, anterior parietal vein,
posterior parietal vein, and occipital vein), superior sylvian
vein, vein of Labbe, vein of Trolard, inferior sagittal sinus,
and any inferior cerebral veins branching off of the inferior
sagittal sinus, transverse sinus, and meningeal sinus.

[0077] The device(s) 152, 154 can stimulate the deep brain
region by accessing the anterior thalamus, ventrolateral thala-
mus (Thal), internal segment of globus pallidus (GPi), sub-
stantia nigra pars reticulata (SNr), subthalamic nucleus
(STN), external segment of globus pallidus (GPe), neostria-
tum, cingulate, and cingulate gyms, inter alia. Examples of
arteries providing access to the deep brain include any
branches off of the internal carotid or vertebral arteries.
Examples of veins providing access to the deep brain include
the inferior sagittal sinus, pericallosal sinus, cavernous sinus,
sphenoid sinus, temperal basal vein, and occipital veins.
[0078] The device(s) 152, 154 can stimulate the spheno
palatine ganglion (SPG), which can control the amount of
blood flow to the brain and the permeability of the blood brain
barrier, e.g., to hyperperfuse a hemisphere of the brain dam-
aged as a result of an ischemic event, such as a stroke, or to
help metabolize amlyoid plaques caused by Alzheimer’s Dis-
ease and prevent the occurrence of vaso-spasms, both
achieved through increased blood flow to the brain. Examples
of arteries providing access to the SPG include the maxillary
artery, descending palatine artery, and facial artery. Examples
of veins providing access to the SPG include the superficial
temporal veins and the facial vein.

[0079] The various embodiments of the system 100 dis-
closed herein can be employed in still further applications.
For example, any of the disclosed embodiments of the system
100 can be employed to promote local uptake or tissue diffu-
sion of vascularly delivered pharmacologic or biologic
agents. To accomplish this, the system 100 (particularly the
electrodes 160 of the device(s) 152, 154) can be employed to
establish or maintain an electrical field in the presence of a
pharmacologic or biologic agent, and thereby enhance the
uptake and/or tissue diffusion of the agent(s). This can be
performed in brain tissue BT as described in connection with
FIGS. 3A-3B, or in other types of tissue. The electrical field
established or maintained with the system 100 can be of an
intensity that induces electro-permeation of the blood-brain
barrier, e.g. at an intensity below that which induces elec-
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troporation. According to the above-disclosed methods, the
various embodiments of the system 100 can be employed to
enhance drug delivery through electropermeation of barrier
tight junctions.

[0080] The various disclosed embodiments of the system
100 can also be used to accelerate neural stem cell differen-
tiation and/or activation, e.g. into a functional network. The
system 100 can be activated to electrically stimulate undif-
ferentiated stem cells and induce potentiation to neurons. The
system 100 can also be employed to electrically stimulate
implanted pluripotent stem cells or previously cultured neu-
rons, and cause them to populate and connect into functioning
neural networks faster or more efficaciously. When used for
the purposes described in this paragraph, the system 100 can
be deployed, e.g. as described in connection with FIGS.
3A-3B, to provide endovascular or transvascular electrical
stimulation to stem cells, cultured neurons or a combination
of'the two. In this manner the system can provide neurological
therapy by enhancing or accelerating the formation or repair
of neural networks.

[0081] The disclosed embodiments of the system 100 can
also be used to heal, enhance or repair neural tissue by accel-
erating myelin sheath formation. For example, the system 100
can be deployed endovascularly into neural tissue, e.g. as
described in connection with FIGS. 3A-3B, and be activated
to electrically stimulate myelin sheath repair or formation in
the targeted neural tissue. This may be done in a patient
suffering from degenerated or ungenerated myelin sheaths.
[0082] The disclosed embodiments of the system 100 can
also be used to inhibit the apoptosis cascade associated with
ischemic stroke. For example, the system 100 can be
deployed endovascularly into neural tissue, e.g. as described
in connection with FIGS. 3A-3B, and be activated to electri-
cally stimulate infarcted areas of targeted tissue. In this man-
ner, the system 100 can inhibit the amount of neurological
decline associated with ischemic stroke.

[0083] With reference to FIGS. 4A-4D, the disclosed
embodiments of the system 100 can be used as a secondary
treatment in conjunction with a primary treatment, such as
mechanical thrombectomy and/or blood thinners. A primary
treatment may be adapted to address conditions including
deep vein thrombosis, pulmonary embolism, myocardial inf-
arction, and stroke. For example, a stroke may be treated by
restoration of blood flow and/or by removal of a thrombus or
other obstruction in a blood vessel. Mechanical thrombec-
tomy devices include any device capable of removing, lysing,
breaking up, and/or aspirating a thrombus or other obstruc-
tion. Mechanical thrombectomy devices, such as stentrievers,
may be employed to address a cause of an ischemic stroke.
Examples of some mechanical thrombectomy devices and
methods are disclosed in U.S. Pub. No. 2011/0060212, pub-
lished on Mar. 10, 2011, and U.S. Pub. No. 2012/0083868,
published on Apr. 5, 2012, and U.S. Pub. No. 2012/0316600,
published on Dec. 13, 2012, the entire contents of each of
which are incorporated herein by reference. Alternatively or
in combination with the above, an aspiration device may be
provided to remove a thrombus or other obstruction from a
blood vessel by aspiration. Alternatively or in combination
with the above, a drug therapy may be applied as a primary
stroke treatment. For example, blood thinners (e.g., antico-
agulants) may be provided to treat an ischemic stroke or
enhance performance of a mechanical thrombectomy device.
A primary treatment may be applied to address an obstruction
at or near an internal carotid artery (ICA), a middle cerebral
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artery (MCA), an M1 bifurcation, a vertebral artery, a basilar
artery or bifurcation, or other location in a vasculature.
[0084] As shown in FIG. 4A, an obstruction 190 partially
blocks blood flow to each of the blood vessels A, B. The brain
tissue BT near or between the blood vessels A, B may be
affected by the obstruction 190. As shown in FIG. 4B, an
exemplary mechanical thrombectomy device 200 (such as a
stentriever and/or any other suitable mechanical thrombec-
tomy device(s)) may be deployed from a catheter 210 to treat
the obstruction 190. The obstruction 190 is removed, lysed,
broken up, and/or aspirated.

[0085] As shown in FIG. 4C, a secondary treatment
employing the disclosed embodiments of the system 100 may
be applied, and can comprise operating the system 100 in any
manner or method disclosed herein. For example, the devices
152, 154 may be navigated from the catheter 210 or another
catheter through the blood vessels A, B so as to encompass an
affected region of the brain tissue BT. The blood vessels A, B
may be downstream of the location of the obstruction 190.
The affected region of the brain tissue BT may have suffered
an infarction, acute hypoxia, or be otherwise affected by
inadequate blood flow during the stroke. As shown in FIG.
4D, one or more pathways or currents 162 are provided in the
brain tissue BT between the electrodes 160 of the device 152
and the electrodes 160 of the device 154. While two devices
152, 154 are shown, the use of only one device 152 is also
contemplated according to embodiments disclosed herein.
[0086] Operation of the device(s) 152, 154 provides stimu-
lation to the affected region. For example, based on the loca-
tion of an obstruction, a target region downstream of the
location of the obstruction is identified. The target region of
the brain tissue BT may be one or more of the brainstem, the
cerebral cortex, the cerebellum, the parietal lobe, the tempo-
ral lobe, the frontal lobe, the spinothalamic tract, corticospi-
nal tract, the dorsal column, the motor cortex, the sensory
cortex, Wernicke’s area, Broca’s area, or any other region
affected by a stroke. One or both of the device(s) 152, 154 are
navigated vascularly to at least partially encompass the target
region affected by the stroke. For example, one or both of the
device(s) 152, 154 may be navigated to be near or encompass
an affected region at, near, or downstream of an internal
carotid artery (ICA), a middle cerebral artery, an M1 bifur-
cation, a vertebral artery, or a basilar artery or bifurcation.
One or both of the device(s) 152, 154 may be navigated
through the blood vessel in which the obstruction occurred.
One or both of the device(s) 152, 154 provides stimulation to
one or more affected regions to inhibit an amount of neuro-
logical decline associated with the stroke.

[0087] A secondary treatment employing the disclosed
embodiments of the system 100 may be applied prior to,
during, and/or after a primary treatment. A secondary treat-
ment may be applied during the same procedure in which a
primary treatment is employed. For example, the device(s)
152, 154 may provide a stimulation treatment for a period of
time following reperfusion of a blood vessel. The stimulation
may promote growth factors, thereby stimulating cellular
growth. Applying a stimulation treatment immediately or
otherwise after reperfusion can decrease the severity of a
stroke, thereby reducing complications and cost associated
with further recovery. Alternatively or in combination with
the above, a secondary treatment employing the disclosed
embodiments of the system 100 may be applied in a (second,
third, fourth, etc.) procedure apart from the (first) procedure
in which a primary treatment is employed. For example, the
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second, third, fourth and/or any other such subsequent pro-
cedure can be performed on a different day, and/or in a dif-
ferent week, month, or year from the first procedure.

[0088] While a secondary treatment may supplement a pri-
mary treatment for stroke, the disclosed embodiments of the
system 100 can be used with other primary treatments to
address conditions including deep vein thrombosis, pulmo-
nary embolism, and myocardial infarction. In each case, a
secondary treatment employing the disclosed embodiments
of'the system 100 may be performed prior to, during, or after
a primary treatment of the condition (e.g., deep vein throm-
bosis, pulmonary embolism, and myocardial infarction). A
target region aftected by the condition is identified and stimu-
lated.

[0089] A primary treatment may be applied to address other
conditions, such as atherosclerosis, vasoconstriction, artery
dissection, vasculopathy, Moyamoya disease, fibromuscular
dysplasia, arterial embolus, and intracerebral hemorrhage.
Corresponding primary treatments may be provided in con-
junction with a secondary treatment employing the disclosed
embodiments of the system 100.

[0090] The disclosed embodiments of the system 100 can
be used to treat the effects of traumatic brain injury. Rapid
acceleration or deceleration of the head can result in the
corpus callosum shearing against the falx cerebri. The stimu-
lation provided by the system 100 may promote growth fac-
tors, thereby stimulating cellular growth. Applying a stimu-
lation treatment after traumatic brain injury may reduce the
severity of its effects.

[0091] An exemplary treatment of the present disclosure
has a duration of approximately one hour, or less than
approximately one hour. For example, a treatment may
include applying stimulation for about 10, 20, 30, 40, 50, 60,
70, 80,90, 100, 110, or 120 minutes. A treatment session may
be repeated multiple times with consistent or varied fre-
quency within a given time period. For example, a treatment
may be applied one or more times in a day, one or more times
in a week, one or more times in a month, or one or more times
in a year. An interval between consecutive treatment sessions
may be one or more days, one or more weeks, one or more
months, or one or more years.

[0092] As used herein, the word “module” refers to logic
embodied in hardware or firmware, or to a collection of soft-
ware instructions, possibly having entry and exit points, writ-
ten in a programming language, such as, for example C++. A
software module may be compiled and linked into an execut-
able program, installed in a dynamic link library, or may be
written in an interpretive language such as BASIC. It will be
appreciated that software modules may be callable from other
modules or from themselves, and/or may be invoked in
response to detected events or interrupts. Software instruc-
tions may be embedded in firmware, such as an EPROM or
EEPROM. It will be further appreciated that hardware mod-
ules may be comprised of connected logic units, such as gates
and flip-flops, and/or may be comprised of programmable
units, such as programmable gate arrays or processors. The
modules described herein are preferably implemented as soft-
ware modules, but may be represented in hardware or firm-
ware.

[0093] In general, it will be appreciated that the processors
caninclude, by way of example, computers, program logic, or
other substrate configurations representing data and instruc-
tions, which operate as described herein. In other embodi-
ments, the processors can include controller circuitry, proces-
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sor circuitry, processors, general purpose single-chip or
multi-chip microprocessors, digital signal processors,
embedded microprocessors, microcontrollers and the like.
[0094] According to one aspect of the disclosure, a
machine-readable medium is a computer-readable medium
encoded or stored with instructions and is a computing ele-
ment, which defines structural and functional interrelation-
ships between the instructions and the rest of the system,
which permit the instructions’ functionality to be realized. In
one aspect, a machine-readable medium is a non-transitory
machine-readable medium, a machine-readable storage
medium, or a non-transitory machine-readable storage
medium.

[0095] Furthermore, it will be appreciated that in one
embodiment, the program logic may advantageously be
implemented as one or more components. The components
may advantageously be configured to execute on one or more
processors. The components include, but are not limited to,
software or hardware components, modules such as software
modules, object-oriented software components, class compo-
nents and task components, processes methods, functions,
attributes, procedures, subroutines, segments of program
code, drivers, firmware, microcode, circuitry, data, databases,
data structures, tables, arrays, and variables.

[0096] The foregoing description is provided to enable a
person skilled in the art to practice the various configurations
described herein. While the subject technology has been par-
ticularly described with reference to the various figures and
configurations, it should be understood that these are for
illustration purposes only and should not be taken as limiting
the scope of the subject technology.

[0097] There may be many other ways to implement the
subject technology. Various functions and elements described
herein may be partitioned differently from those shown with-
out departing from the scope of the subject technology. Vari-
ous modifications to these configurations will be readily
apparent to those skilled in the art, and generic principles
defined herein may be applied to other configurations. Thus,
many changes and modifications may be made to the subject
technology, by one having ordinary skill in the art, without
departing from the scope of the subject technology.

[0098] It is understood that the specific order or hierarchy
of steps in the processes disclosed is an illustration of exem-
plary approaches. Based upon design preferences, it is under-
stood that the specific order or hierarchy of steps in the pro-
cesses may be rearranged. Some of the steps may be
performed simultaneously. The accompanying method
claims present elements of the various steps in a sample order,
and are not meant to be limited to the specific order or hier-
archy presented.

[0099] A phrase such as “an aspect” does not imply that
such aspect is essential to the subject technology or that such
aspect applies to all configurations of the subject technology.
A disclosure relating to an aspect may apply to all configu-
rations, or one or more configurations. An aspect may provide
one or more examples of the disclosure. A phrase such as “an
aspect” may refer to one or more aspects and vice versa. A
phrase such as “an embodiment” does not imply that such
embodiment is essential to the subject technology or that such
embodiment applies to all configurations of the subject tech-
nology. A disclosure relating to an embodiment may apply to
all embodiments, or one or more embodiments. An embodi-
ment may provide one or more examples of the disclosure. A
phrase such “an embodiment” may refer to one or more
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embodiments and vice versa. A phrase such as “a configura-
tion” does not imply that such configuration is essential to the
subject technology or that such configuration applies to all
configurations of the subject technology. A disclosure relat-
ing to a configuration may apply to all configurations, or one
or more configurations. A configuration may provide one or
more examples of the disclosure. A phrase such as “a con-
figuration” may refer to one or more configurations and vice
versa.

[0100] As used herein, the phrase “at least one of”” preced-
ing a series of items, with the terms “and” or “or” to separate
any of the items, modifies the list as a whole, rather than each
member of the list (i.e., each item). The phrase “at least one
of” does not require selection of at least one item; rather, the
phrase allows a meaning that includes at least one of any one
of the items, and/or at least one of any combination of the
items, and/or at least one of each of the items. By way of
example, the phrases “at least one of A, B, and C” or “at least
one of A, B, or C” each refer to only A, only B, or only C; any
combination of A, B, and C; and/or at least one of each of A,
B, and C.

[0101] Terms such as “top,” “bottom,” “front,” “rear” and
the like as used in this disclosure should be understood as
referring to an arbitrary frame of reference, rather than to the
ordinary gravitational frame of reference. Thus, a top surface,
a bottom surface, a front surface, and a rear surface may
extend upwardly, downwardly, diagonally, or horizontally in
a gravitational frame of reference.

[0102] Furthermore, to the extent that the term “include,”
“have,” orthe like is used in the description or the claims, such
term is intended to be inclusive in a manner similar to the term
“comprise” as “comprise” is interpreted when employed as a
transitional word in a claim.

[0103] Theword “exemplary” is used herein to mean “serv-
ing as an example, instance, or illustration.” Any embodiment
described herein as “exemplary” is not necessarily to be con-
strued as preferred or advantageous over other embodiments.

[0104] A reference to an element in the singular is not
intended to mean “one and only one” unless specifically
stated, but rather “one or more.” Pronouns in the masculine
(e.g., his) include the feminine and neuter gender (e.g., her
and its) and vice versa. The term “some” refers to one or more.
Underlined and/or italicized headings and subheadings are
used for convenience only, do not limit the subject technol-
ogy, and are not referred to in connection with the interpre-
tation of the description of the subject technology. All struc-
tural and functional equivalents to the elements of the various
configurations described throughout this disclosure that are
known or later come to be known to those of ordinary skill in
the art are expressly incorporated herein by reference and
intended to be encompassed by the subject technology. More-
over, nothing disclosed herein is intended to be dedicated to
the public regardless of whether such disclosure is explicitly
recited in the above description.

[0105] While certain aspects and embodiments of the
invention have been described, these have been presented by
way of example only, and are not intended to limit the scope
of the invention. Indeed, the novel methods and systems
described herein may be embodied in a variety of other forms
without departing from the spirit thereof. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the invention.
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What is claimed is:

1. A method, comprising:

inserting a first endovascular device within a first cerebral
blood vessel, the first endovascular device comprising a
plurality of first electrodes extending along a first length
in a distal portion of the first device;

inserting a second endovascular device within a second
cerebral blood vessel, the second endovascular device
comprising plurality of second electrodes extending
along a second length in a distal portion of the second
device;

passing electrical currents along a plurality of pathways
between the first electrodes and the second electrodes,
wherein at least a portion of the pathways pass through
at least one of the hippocampus or dentate gyms.

2. The method of claim 1, wherein inserting the second
endovascular device comprises placing the second electrodes
on a side of the hippocampus or dentate gyms opposite the
first electrodes.

3. The method of claim 1, wherein passing electrical cur-
rents comprises passing said currents between a plurality of
said first electrodes and a plurality of said second electrodes.

4. The method of claim 1, wherein said currents comprise
neurostimulative currents.

5. An apparatus comprising:

a first endovascular device comprising a plurality of first
electrodes extending along a first length in a distal por-
tion of the first device, the distal portion of the first
device being configured for endoluminal navigation into
cerebral vasculature;

a second endovascular device comprising a plurality of
second electrodes extending along a second length in a
distal portion of the second device, the distal portion of
the second device being configured for endoluminal
navigation into cerebral vasculature;

a power source in electrical communication with the first
electrodes and the second electrodes;

a controller in communication with the power source; and

a machine-readable medium comprising instructions
executable by the controller to operate the power source
so as to establish a network of neurostimulation current
pathways between the first electrodes and the second
electrodes.

6. The apparatus of claim 5, wherein:

one of said endovascular devices comprises a proximally
located electrode;

the other of said endovascular devices comprises a distally
located electrode; and

said network includes at least one neurostimulation current
pathway between said proximally located electrode and
said distally located electrode.

7. The apparatus of claim 5, wherein said network com-
prises first neurostimulation pathways that extend mainly or
only laterally, and second neurostimulation pathways that
extend both laterally and longitudinally.

8. The apparatus of claim 5, wherein said algorithm is
executable by the controller to operate the power source so as
to pass neurostimulative electrical current along said current
pathways.

9. The apparatus of claim 8, wherein said electrical current
is configured to regenerate neurocytes in the tissue through
which said network passes.
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10. An apparatus comprising:

a first endovascular device comprising a plurality of first
electrodes extending along a first length in a distal por-
tion of the first device, the distal portion of the first
device being configured for endoluminal navigation into
cerebral vasculature;

a second endovascular device comprising a plurality of
second electrodes extending along a second length in a
distal portion of the second device, the distal portion of
the second device being configured for endoluminal
navigation into the cerebral vasculature; and

means for passing electrostimulative current between the
first electrodes and the second electrodes.

11. The apparatus of claim 10, wherein said means further
comprises means for establishing a network of neurostimu-
lation current pathways between the first electrodes and the
second electrodes.

12. The apparatus of claim 11, wherein said network com-
prises first neurostimulation pathways that extend mainly or
only laterally, and second neurostimulation pathways that
extend both laterally and longitudinally.

13. The apparatus of claim 10, wherein said means com-
prises a controller and program instructions accessible by
said controller.

14. The apparatus of claim 10, wherein said means is
configured for at least one of:

regenerating cerebral neurocytes;

inhibiting or reversing the formation of neurofibrillary
tangles;

inhibiting or reversing the formation of amyloid plaques;

inhibiting or reversing the attachment of amyloid plaques
to neurocytes;

inhibiting the cellular apoptosis cascade associated with
ischemic stroke; or
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increasing rate and volume of pharmacologic agent deliv-

ery.

15. A method, comprising:

providing a first treatment to increase blood flow down-

stream of an obstruction at an obstruction location
within a blood vessel of a patient;
inserting a first endovascular device downstream of the
obstruction location, the first endovascular device com-
prising a plurality of first electrodes extending along a
first length in a distal portion of the first device;

inserting a second endovascular device downstream of the
obstruction location, the second endovascular device
comprising plurality of second electrodes extending
along a second length in a distal portion of the second
device;

passing electrical currents along a plurality of pathways

between the first electrodes and the second electrodes,
wherein at least a portion of the pathways pass through
a region of brain tissue affected by the obstruction.

16. The method of claim 15, wherein the first treatment
comprises mechanically removing, lysine, breaking up, or
aspirating the obstruction.

17. The method of claim 15, wherein the first treatment
comprises administering a blood thinner to the patient.

18. The method of claim 15, wherein inserting the first
endovascular device comprises inserting the first endovascu-
lar device into a first blood vessel downstream of the obstruc-
tion location.

19. The method of claim 18, wherein inserting the second
endovascular device comprises inserting the second endovas-
cular device into a second blood vessel, different from the first
blood vessel, downstream of the obstruction location.

20. The method of claim 15, wherein the region of brain
tissue affected by the obstruction comprises an infarction.
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