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(57) ABSTRACT

A neuromodulation system includes neuromodulation elec-
trodes on an electrode support that is positionable within a
blood vessel for transvascular stimulation of target nerves.
Cathode surface area, cathode-to-anode spacing, and other
parameters are selected for capture of specific types of
nerves (sympathetic, parasympathetic, and/or mixed
nerves), nerves located at larger or shorter distances from the
vascular wall, and also for proper nerve capture for the
targeted types of nerves.

7 Claims, 11 Drawing Sheets




US 11,185,699 B2
Page 2

(56) References Cited
U.S. PATENT DOCUMENTS

2015/0012070 Al 1/2015 Hoffer
2015/0039058 Al 2/2015 Masson et al.
2015/0045810 Al* 2/2015 Hoffer A6IN 1/3601

606/129

OTHER PUBLICATIONS
Office Action for Japanese Application 2017-553423.
Examination Report for Australian Application 2016248118.
Supplemental European Examination Report for EP 16836078.2.

* cited by examiner



U.S. Patent Nov. 30, 2021 Sheet 1 of 11 US 11,185,699 B2

100 1




U.S. Patent Nov. 30, 2021 Sheet 2 of 11 US 11,185,699 B2




US 11,185,699 B2

Sheet 3 of 11

Nov. 30, 2021

U.S. Patent




U.S. Patent Nov. 30, 2021 Sheet 4 of 11 US 11,185,699 B2

ARRAY CATH

~
e ARRAY FOR PARA SYMP
™ 12a

o,

SVC*\\

S

.
N

kS

R~
ATRIUM ;; /



U.S. Patent Nov. 30, 2021 Sheet 5 of 11 US 11,185,699 B2

-~ TELESCOPING

SVC~] et

ST

R \Z T
ATRIUM / /




U.S. Patent Nov. 30, 2021 Sheet 6 of 11 US 11,185,699 B2

TRUNK (ARTERY}

{ ~BCT —TARGET NERVES

s ALEIAY WITH
w;&\ CATHODE




U.S. Patent Nov. 30, 2021 Sheet 7 of 11 US 11,185,699 B2

R

FIG. 6B

ottty

13 mm Spacing

s

o

FIG. 6A

1 mm Spacing




U.S. Patent Nov. 30, 2021 Sheet 8 of 11 US 11,185,699 B2

X R

-
e

SRR

SR

R

IR

5
R

5
R

=
#




U.S. Patent Nov. 30, 2021 Sheet 9 of 11 US 11,185,699 B2

@ &
& &
L 2 &

FIG. 8




US 11,185,699 B2

Sheet 10 of 11

Nov. 30, 2021

U.S. Patent

ae 'DId

MR 7
B g a

46 DI

z L1 U M
ZENN NN

d6 DId

EE .
N7 .

FAOHLY D H0 JAONY = THd HOLVH TYNOOVIG
JAOHLYD HO 3GONY = T4 A0S
Q3ZIDHIND-NN = THd NIdO

:ASN
H36 "DIA
O ®m m O
0@ 72 O
26 D4
07 3 7
O ®m W H
V6 DI
00 O &
000 .



US 11,185,699 B2

Sheet 11 of 11

Nov. 30, 2021

U.S. Patent

YT DL

g81 0

SNOULDNALEE0
418880
ONINIYIMOD
ENOIDIY



US 11,185,699 B2

1
SYSTEMS AND METHODS FOR
GENERATING THERAPEUTIC ELECTRIC
FIELDS FOR CAPTURE OF NERVOUS
SYSTEM TARGETS

This application is a continuation in part of PCT/US2016/
027363, filed Apr. 13, 2016, which claims the benefit of U.S.
Provisional Application No. 62/146,802, filed Apr. 13, 2015,
each of which is incorporated herein by reference.

TECHNICAL FIELD OF THE INVENTION

The present application generally relates to systems and
methods for capturing nervous system targets using electri-
cal energy. More specifically, the application relates to
systems and methods for optimizing characteristics of a
generated electric field in order to optimize capture of
nervous system targets.

BACKGROUND

Co-pending U.S. application Ser. No. 13/547,031 entitled
System and Method for Acute Neuromodulation, filed Jul.
11, 2012 (the “’031 application™), filed by an entity engaged
in research with the owner of the present application, and
U.S. application Ser. No. 14/642,699, filed Mar. 9, 2015 and
commonly owned with the present application (the “699
application”) and U.S. application Ser. No. 14/820,536, filed
Aug. 6, 2015 (the “’536 application™) describe systems that
may be used for hemodynamic control in the acute hospital
care setting, or for other purposes, by transvascularly direct-
ing therapeutic stimulus to nervous system targets (e.g.
parasympathetic nerves and/or sympathetic cardiac nerves)
using one or more therapeutic elements (e.g. electrodes or
electrode arrays) positioned in the neighboring vasculature.
In some methods of transvascular nerve capture, including
some described in the ’031 application, therapy may be
delivered using therapeutic elements positioned in a blood
vessel so as to capture parasympathetic nerves and/or sym-
pathetic cardiac nerves outside that vessel. In other methods
of transvascular nerve capture, including some described in
the ’699 application, therapy may be delivered using mul-
tiple therapeutic elements positioned in different blood ves-
sels. For example, one therapeutic element may be position-
able within a first blood vessel so as to capture a first nervous
system target outside the first blood vessel, and the other
may be positionable in a second, different, blood vessel in
order to capture a second nervous system target outside the
second blood vessel.

A neuromodulation system used for such therapy may
include an external pulse generator/stimulator that is posi-
tioned outside the patient’s body. The therapeutic elements
may be carried by one or more percutaneous catheters that
are coupled to the external pulse generator. In other embodi-
ments an implantable stimulator may instead be used, in
which case the therapeutic elements may be disposed on
leads electrically coupled to the implantable stimulator/
pulse generator. The stimulator/pulse generator is configured
to energize the therapeutic elements to transvascularly cap-
ture the target nerve fibers.

Commonly owned Publication No. WO 2016/022867,
filed Aug. 6, 2015, shows and describes various features for
use on electrode systems of the type used to transvascularly
stimulate nerves located outside the vasculature by energiz-
ing one or more electrode pairs of the electrode system.

Each of the above-referenced applications is incorporated
herein by reference.
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The present application describes systems and methods
that can help to optimize delivery of therapy to target nerves.
While references will be made to electrodes on catheters
used for acute systems intended for short-term use over a
period of hours or days, modifications are contemplated in
which the electrodes are on leads that are chronically
implanted for longer term treatment. Thus, the term “cath-
eter” is used here for convenience and is not intended in a
limiting sense, since in each of the described embodiments
the catheter can be replaced with an implantable lead.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1A shows an exemplary catheter system.

FIG. 1B shows a modified version of the electrode support
of the system of FIG. 1A FIG. 2 schematically shows
electrode supports of an alternative system positioned with
therapeutic elements in the left brachiocephalic vein
(LBCV) and the superior vena cava (RB CV).

FIG. 3 schematically shows another catheter system with
therapeutic elements positioned in the left brachiocephalic
vein and superior vena cava.

FIG. 4 schematically shows another catheter system with
therapeutic elements positioned in the left brachiocephalic
vein.

FIGS. 5A and 5B illustrate use of an anode in one vessel
and a cathode in a second vessel to create an electric field
that captures target nerves within the brachiocephalic tri-
angle (BCTr).

FIGS. 6A, 6B, 6C and 7 graphically depict electric field
models for systems incorporating certain of the identified
electrode array characteristics.

FIG. 8 depicts electrode array characteristics, including
numbers of electrodes, electrode area, and electrode spacing
in two directions.

FIGS. 9A-9F each illustrate an array of eight electrodes,
and each shows an example of selective use of subsets of
those electrodes as the cathode and anode for creating an
electric field for stimulation.

FIG. 10A is a partially cut-away side view of a blood
vessel, and FIG. 10B is a cross-section view of the blood
vessel. Hach shows positioning of an electrode carrying
member such that its struts contact the blood vessel wall on
opposite sides of a CRM lead.

DESCRIPTION

Referring to FIG. 1A, a system incorporating the features
described herein is one having a pulse generator/stimulator
100 as well as a catheter. The catheter includes an electrode
support 10 carrying one or more electrodes as described in
the referenced applications. Each electrode support is posi-
tionable within a target blood vessel and expandable to place
the electrodes into contact with the vascular wall. The pulse
generator/stimulator 100 may be an external device that is
positioned outside the patient’s body, although in modified
embodiments an implantable stimulator may instead be
used, in which case each of the percutaneous catheter
systems disclosed herein may be replaced with leads. When
the stimulator is used to energize the electrodes (or select
ones of the electrodes), an electric field is created that
extends beyond the walls of the blood vessel so as to capture
nerve targets located outside the blood vessel. The elec-
trodes are shielded so as to minimize electrical conduction
into the blood pool. The electrodes may be operated in a
bipolar or a monopolar configuration.
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One exemplary electrode support 10 (also referred to as
an “electrode carrying member”) 10 is shown in FIG. 1A. It
should be appreciated that this support is shown by way of
example, and that the concepts disclosed herein may be used
in conjunction with supports having different configurations.
Support 10 is positioned on the distal part of a catheter
member 14. The electrode carrying member 10 includes a
plurality of struts 12. One or more of the struts carries one
or a plurality of electrodes 17. The support 10 is designed to
bias such electrodes into contact with the vessel wall. The
electrodes 17 may be carried by the struts 12 in a variety of
ways. For example, the electrodes may be mounted to or
formed onto a substrate 15 that is itself mounted onto a strut
or a plurality of struts, or the struts might be flex circuits
including the electrodes, or the electrodes might be formed
or deposited directly onto the struts. The material forming
the struts 12 may have a shape set or shape memory that aids
in biasing the circumferentially-outward facing surfaces
(and thus the electrodes) against the vessel wall. The struts
12 or substrates 15 might utilize materials or coatings that
allow the electrodes’ active surfaces (those intended to be
placed against the vascular wall) to be exposed, but that
insulate the remainder of each electrode’s surface(s) against
loss of stimulation energy into the blood pool. In some
embodiments, the struts 12 or substrate may be formed of an
insulative substrate such as a polymer (including silicone,
polyurethanes, polyimide, and copolymers) or a plastic.

The electrodes can be constructed onto the strut or sub-
strate using a variety of manufacturing techniques, including
subtractive manufacturing processes (such as mechanical
removal by machining or laser cutting), additive processes
(such as laser sintering, deposition processes, conductor
overmolding), or combinations (such as printed circuit tech-
nology with additive plating). In some embodiments, the
struts and electrodes may be flex circuit or printed circuit
elements. FIG. 1A shows that the electrodes on one strut
might be arranged longitudinally in a single column. FIG.
1B shows that the electrodes on a strut might be arranged in
a plurality of columns and rows. In each case, electrodes
may be carried on multiple struts of the support. These
embodiments as well as those described below may be
configured for bipolar use, with some of the electrodes
functioning as cathodes and others functioning as anodes.
They may also be configured for monopolar use, by incor-
porating an anode 102 mounted on the catheter shaft as
described with respect to the FIG. 2-5B configurations.

Other electrode support configurations, suitable for posi-
tioning electrodes in multiple blood vessels, are shown in
FIGS. 2-5B. The details of these embodiments, and details
of' the illustrated anatomical region as well as other desirable
regions for electrode positioning and nerve capture, are
found in the *699 application which is incorporated herein
by reference. These configurations are suitable for bipolar
use, but in the attached drawings the embodiments are
modified to include indifferent electrodes 102 on the elec-
trode support (e.g. on the shaft of the catheter or lead to
which the support is mounted) allowing the electrodes to be
used in a monopolar configuration. In these embodiments,
the indifferent electrodes are shown on the catheter shaft
such that they are disposed within the blood pool during use.
In these embodiments, the electrode in the blood pool may
be used as the anode and the electrode positioned against the
vessel wall may be used as the cathode, or vise versa.
Various other configurations may be used for the catheters,
electrode supports, and electrodes, and those from the *699
application are shown only for purposes of illustration.

10

15

20

25

30

35

40

45

50

55

60

65

4

Described herein are characteristics that may be incorpo-
rated into a neuromodulation system to create an electric
field having desired properties. In this description, the
portion of an electric field that has electrical properties that
will capture a target nerve will be referred to as the “capture
portion.” The desired properties that may be achieved using
one or more of the characteristics include dimensional
properties of the capture portion, such as the depth of
capture portion (“capture depth”) and the width of the
capture portion (“capture width”). Relating to the capture
depth and/or capture width is the “nerve capture specificity”,
or the ability to generate a capture portion in the region of
the nerve target while minimizing the amount of capture
portion extending outside the region of the nerve target.
Other desired properties might be the ability to preferentially
capture small-diameter nerves without capturing large-di-
ameter nerves (“small nerve specificity”), or the ability to
preferentially capture large-diameter nerves without captur-
ing small-diameter nerves (“large nerve specificity”). Yet
another desired property is the magnitude of the physiologic
response as determined using feedback from physiologic
sensors on the patient or in the patient’s vasculature. A
determination of physiologic response may be based on
values of sensed or derived patient parameters, such as
central venous pressure (CVP), pulmonary capillary wedge
pressure (PCWP), cardiac index, cardiac output, derivations
of vascular resistance, heart rate, blood pressure (arterial).

FIGS. 6 and 7 depict electric field models for systems
incorporating certain of the identified characteristics. In
these figures, electrodes are schematically illustrated in
contact with the inner surface of the wall of the blood vessel
(shown in cross-section) within which the electrodes are
positioned. In these drawings, the white region functions as
a marker for depth (in the vertical direction) and width (in
the horizontal direction). The neuromodulation system char-
acteristics that can be used (individually or in combination)
to achieve the desired electric field properties include the
following:

Electrode size—the surface area of the active face of the
cathode electrode in contact with the vascular wall. The
anode may be the identical size, or a different size, such
as in a monopolar configuration. In general, a larger
electrode size will produce an electric field having a
larger capture depth, a larger capture width, decreased
nerve capture specificity and an equivalent magnitude
of physiologic response compared with a smaller sized
electrode used under otherwise identical conditions.
FIG. 7 illustrates a field model for an electrode having
a 1 mmx] mm active surface. A field model for an
electrode having a larger surface area would show
white regions that are larger in both the vertical (depth)
and horizontal (width) directions. Small and large
nerve specificity might also be impacted by differences
in electrode size. A range of suitable electrode sizes for
therapeutic applications of the type described in the
referenced applications is approximately 0.5 mm>-10
mm?, preferably in the range of 3 mm?>-10 mm?®, and
most preferably in the range of 5 mm?-10 mm?. Note
that the electrodes may have various shapes, including
the rectangular or square shapes shown, other polygo-
nal shapes, circular, elliptical, etc.

Electrode spacing or separation distance—the edge-to-
edge spacing between active electrodes. More particu-
larly, this relates to the spacing between active elec-
trodes of opposite polarity in a bipolar system, or the
spacing between the active and indifferent electrodes in
a monopolar system. In FIG. 6, the electric field model
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on the left simulates use of a bipolar arrangement using
a 1 mm spacing, and the one on the center simulates use
of a bipolar arrangement using a 13 mm spacing. As
shown, increasing electrode spacing creates a wider
and deeper electric field. A monopolar arrangement
such as those with the indifferent electrode in the blood
pool as shown in the drawings creates a significantly
wider and deeper electric field. These progressions to a
larger electrode spacing also decrease the specificity of
the field. Moreover, an electrode field generated using
electrodes having greater electrode spacing will pref-
erentially capture larger diameter nerves, while an
electric field generated using electrodes having a
smaller electrode spacing will preferentially capture
small diameter nerves. Where parasympathetic nerves
and/or cardiac sympathetic nerves are targeted for the
type of therapy described in the above-referenced
applications, the parasympathetic nerve fibers would be
considered large nerves and the cardiac sympathetic
nerves fibers would be considered small nerves. A
suitable range of electrode spacing for such therapeutic
applications is approximately 0.5 mm-10 mm or 0.05-
15 mm. Wide spacing has shown particularly beneficial
with large surface area electrodes (e.g. electrodes in the
surface area range of 3 mm?-10 mm?). Suitable wide
spacing distances for electrodes in that size range are in
the range of 1.5-15 mm, and more preferably in the
range of 2.25 mm-10 mm. Note that in many cases
electrode spacing will not be uniform either due to the
design of the electrode support or as a result of varia-
tions in blood vessel diameter.

Stimulation Waveform, such as whether a balanced or
unbalanced biphasic waveform is utilized, can impact
the magnitude of the physiologic response. In particu-
lar, a balanced biphasic waveform will give a greater
physiologic response than will an unbalanced biphasic
waveform when all other parameter are identical.

Electrical Parameters—such as current amplitude and
pulse width. These can be varied to vary the capture
depth, capture width, and nerve capture specificity. As
one example, increasing the output current increases
the capture depth.

Selection of the disclosed parameters can also be used to
target certain types of nerves. More specifically, small
surface area electrodes with smaller spacing may be used to
capture “independent nerves” (nerves that are either para-
sympathetic or sympathetic), while larger spacing/larger
electrodes can be used to capture “mixed nerves”. The term
“mixed nerves” is used here to refer to the common nerve
bodies formed by parasympathetic and sympathetic nerves
that anastamose as they extend towards the cardiac plexus,
and also independent parasympathetic and cardiac sympa-
thetic nerves that coexist in a particular area.

Smaller spacing with smaller electrodes can be used give
increased “specificity” of capture compared with capture
that can be achieved using larger spacing and larger elec-
trodes. This means the ability to differentiate parasympa-
thetic and sympathetic nerves that run in close proximity to
each other in order to capture one type preferentially over
the other type. This is especially true in the area of, or
approaching near, the cardiac plexus, where the different
nerve types come together.

FIG. 8 schematically illustrates the variations that may be
achieved with an array of electrodes. In this drawing, two
rows of electrodes are shown. If the electrode support
includes struts (e.g. such as the FIGS. 1A and 1B embodi-
ments), each row might extend longitudinally on a different
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strut as in FIG. 1A, or both rows might be on the same strut
as in FIG. 1B. Parameters that may be selected depending on
the desired properties of the electric field include the elec-
trode area (which, in the case of the illustrated square or
rectangular electrodes, is the length X times the width Y),
the lateral distance Z between the electrodes, the longitudi-
nal distance D between the electrodes, and the number N of
electrodes in the row(s). In some embodiments the array is
configured such that the longitudinal direction is generally
parallel to the direction of blood flow of the vessel. Preferred
configurations will have arrays of between 2-16 active
electrodes. Where rows of electrodes are formed on separate
struts, the lateral distance Z may be a function of the
circumferential spacing between those struts. Note that this
arrangement results in relatively wide electrode spacing
such as spacing in the ranges discussed above, and it
facilitates positioning of the electrodes around interfering
structures within the blood vessel, such as other medical
devices, scarring, venous valves, etc. FIGS. 10A and 10B
show electrode carrying struts positioned on opposite sides
of a cardiac rhythm management (“CRM”) leads L extend-
ing through a blood vessel.

The electrode size and spacing characteristics can be
achieved by physically building the electrodes to have the
required size and spacing to achieve the desired properties,
or the characteristics may be achieved through programming
of the stimulator 100. For example, a system may be
programmed to energize a single electrode (e.g. | mmx1 mm
or some other size) when electric field properties achieved
from an electrode of that size are desired (see, e.g. FIGS.
9(a) and 9(b) in which one electrode is used as an anode,
another electrode is used as an cathode, and the remaining
electrodes are left inactive). Note that the active electrodes
may be laterally positioned related to one another as in FIG.
1(a) (on the same or different struts), or diagonally posi-
tioned as in FIG. 1(5) for greater spacing. They might also
be longitudinally adjacent, (not shown—but consider active
use of two of the electrodes visible in FIG. 1A). The system
might also be programmed to simultaneously energize a
collection of those electrodes, causing them to function as if
they were a single electrode, when electric field properties
achieved from a larger surface area electrode are desired.
For example, in FIGS. 9(e) and 9(f), a pair of laterally spaced
electrodes forms the anode and a separate pair of laterally
spaced electrodes forms the cathode, and in FIG. 9(c) three
active electrodes form the cathode and three form the anode.
As illustrated in FIG. 9(d), in some cases the number of
electrodes activated to form the anode might be larger or
smaller than the number of electrodes activated to form the
cathode. Note that the term “surface area,” when used with
respect to a collection of physical electrodes operated
together to function as a single cathode, means the combined
surface area of the active electrodes functioning as the
cathode. In FIG. 9(d), for example, the surface area of the
virtual electrode formed by simultaneous activation of the
three black physical electrodes is the sum of the surface area
of the three black physical electrodes. Note that a virtual
electrode may be formed by simultaneously activation of
physical electrodes carried on a common member (e.g. on
the same strut of the illustrated electrode support) or on
different members (e.g. on different struts of the illustrated
electrode support).

Similarly, the catheter may be constructed so that the
electrodes are physically spaced using the spacing that will
give the electric field the desired properties, or the system
may be programmed to selectively energize electrode pairs
in a larger array that are spaced by the desired spacing (e.g.
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in a longitudinal array of four electrodes, energizing the first
and second electrodes if closer spacing is needed, and
energizing the first and fourth electrodes if greater spacing
is needed). Looking again at FIG. 9(d), the “electrode
spacing” for this embodiment is determined by measuring
the shortest distance between an edge of the active electrode
on the left (formed by the three black physical electrodes)
and an edge of active electrode (the hatched physical elec-
trode) on the right.

Note also that while the FIG. 9(a)-(f) arrays have indi-
vidual physical electrodes physically constructed to have
uniform size and uniform spacing, other arrays might have
one or more regions with different characteristics. For
example, a first region might be provided to have electrodes
with a first surface area and/or a first electrode spacing
distance, and a second region might have electrodes with a
second surface area and/or a second electrode spacing
distance, where either or both of the surface area and/or
electrode spacing used in the second region differs from that
used in the first region.

Methods of using such systems may be employed to aid
in mapping procedures performed to ensure optimal catheter
placement for capturing target nerves. For example, certain
of the listed characteristics described above may be
employed in a catheter positioning and mapping procedure
by generating broad electric fields and looking for a desired
physiologic response to discover whether the nerves whose
capture would achieve the desired physiologic response
would fall within the capture portion of the electric field
generated by electrodes on the catheter. If the desired
physiologic response is not achieved with the catheter in the
current position, the catheter is repositioned. If the desired
physiologic response is achieved, the catheter position is
maintained and therapy is delivered using the same charac-
teristics that were used for mapping, or the characteristics
are altered to narrow the field to increase the specificity of
the therapy at the target nerves or to preferentially select
large- or small-diameter nerves for therapy or to modulate
physiologic response.

As another example, a first mapping step might generate
a broad and shallow field to determine whether “near field”
or “close distance” nerves (close to the vessel wall, such as
less than 1 mm away from the wall) can be captured using
electrodes in the current catheter position, and a second
mapping step might generate a deeper and wider field to
determine whether “far field” or “long distance” nerves
(further from the vessel wall, such as further than 1 mm
away from the wall) can be captured from the catheter site.
If the desired physiologic response is not achieved with the
catheter in the current position, the catheter is repositioned.
If the desired physiologic response is achieved using the
close distance or long distance stimulus, the catheter posi-
tion is maintained and therapy is delivered with the stimulus
that generated the physiologic response. The therapy can be
one that delivers either the broad and shallow field to capture
the close distance nerves or the deeper and wider field to
capture the long distance nerves, or it can be one that
alternates a broad/shallow mode for capture of the close
distance nerves duty cycled with a with a deep/wide mode
for capture of the long distance (by alternating between the
current, surface area, and spacing for each mode).
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We claim:

1. A neuromodulation system comprising:

a plurality of neuromodulation electrodes on a common
electrode support, the support positionable within a
blood vessel to position electrodes within the plurality
of electrodes in contact with an interior wall of the
blood vessel; and

a stimulator configured to activate at least a subset of the
plurality of electrodes to generate an electric field to
capture target nerves disposed external to the blood
vessel;

wherein the system includes

a mixed nerve capture mode for capturing both parasym-
pathetic and sympathetic nerves, wherein in the mixed
nerve capture mode a first combination of the plurality
of electrodes is activated to create an anode and a
cathode, the anode and cathode in the mixed nerve
capture mode having a first separation distance between
them, wherein the cathode in the mixed nerve capture
mode is comprised of one or more of the electrodes and
has a first combined surface area positioned for contact
with the blood vessel wall, and

an independent nerve capture mode, wherein in the inde-
pendent nerve capture mode a second combination of
the plurality of electrodes is activated to create an
anode and a cathode having a second separation dis-
tance between them, wherein the cathode in the inde-
pendent nerve capture mode is comprised of one or
more of the electrodes and has a second combined
surface area positioned for contact with the blood
vessel wall, wherein the first separation distance is
greater than the second separation distance, and the first
combined surface area is greater than the second com-
bined surface area;

wherein in the mixed nerve capture mode the system
generates an electric field that is wider and deeper than
an electric field generated by the system in the inde-
pendent nerve capture mode, and wherein in at least
one of the mixed nerve capture mode and the indepen-
dent nerve capture mode, the cathode is formed from an
activated plurality of the plurality of electrodes on the
electrode support; and

wherein the system is configured to capture, in the mixed
nerve capture mode, a region of at least one nerve body
formed by an anastomosis of both parasympathetic and
sympathetic nerves.

2. The system of claim 1, wherein the first separation

distance is in the range of 1.5-15 mm.

3. The system of claim 1, wherein the first separation
distance is in the range of 2.5-10 mm.

4. The system of claim 2, wherein the first combined
surface area is in the range of 3 mm?>-10 mm?>.

5. The system of claim 3, wherein the second combined
surface area is in the range of 3 mm>-10 mm?>.

6. The system of claim 1, wherein the stimulator is
configured to activate a first plurality of the electrodes to
collectively form the anode or cathode.

7. The system of claim 1, wherein the second combined
surface area is in the range of 3 mm>-10 mm?>.
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