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G7) ABSTRACT

A minimally invasive intraluminal electrode assembly that
includes a cannulated tube and a plurality of wires disposed
within the cannulated tube. Each of the plurality of wires has
one of a plurality of electrical contacts on a distal end
thereof. The distal portion of the plurality of wires assumes
a radially constrained configuration within the cannulated
tube in a retracted position and a radially extended position
outward of the cannulated tube in a deployed position. The
electrode assembly further comprises a spring electrode
connecting the plurality of electrical contacts to collectively
form a substantially circular configuration in a deployed
position.




Patent Application Publication Mar. 16, 2006 Sheet 1 of 4 US 2006/0058597 Al




Patent Application Publication Mar. 16, 2006 Sheet 2 of 4 US 2006/0058597 Al

O

%03




Patent Application Publication Mar. 16, 2006 Sheet 3 of 4 US 2006/0058597 Al




US 2006/0058597 A1

Patent Application Publication Mar. 16,2006 Sheet 4 of 4

Sorw

z
®
2
=
&

‘W&

> O




US 2006/0058597 Al

INTRALUMINAL ELECTRODE ASSEMBLY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to U.S.
Provisional Application No. 60/608,513, filed on Sep. 10,
2004, which is incorporated by reference herein.

FIELD OF THE INVENTION

[0002] The present invention is directed to an expandable
intraluminal electrode assembly.

BACKGROUND OF THE INVENTION

[0003] Neuromodulation, which involves delivering elec-
trical impulses to neural target sites, has become an impor-
tant therapeutic method and is an option when other forms
of treatment, such as drug administration, are ineffective.
Neuromodulation has revolutionized the treatment of sev-
eral neurological disorders, such as movement disorders and
chronic pain and has been described in U.S. Pat. No.
6885,888 for treating heart contractility. Technical and
mechanical limitations, however, create obstacles to the final
application of such methods in patients. For example, one
obstacle is in the invasive nature of neuromodulation, which
requires open SUrgery.

[0004] As such, there is a need for further approaches for
neuromodulation,  particularly =~ minimally  invasive
approaches.

SUMMARY OF THE INVENTION

[0005] In an embodiment, the present invention provides
an intraluminal electrode assembly comprising a cannulated
tube and a plurality of wires disposed in the cannulated tube.
Each of the plurality of wires has one of a plurality of
electrical contacts at a distal end thereof. The plurality of
wires assumes a radially constrained configuration within
the cannulated tube in a retracted position and a radially
extended configuration outward of the cannulated tube in a
deployed position. The electrode assembly further com-
prises a spring wire connecting the plurality of electrical
contacts together to collectively form a substantially circular
configuration in a deployed position.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The present invention will become more fully
understood from the detailed description given hereinbelow
and the accompanying drawings which are given by way of
illustration only. It should be understood that the present
invention is in no way limited to the particular arrangement
or inclusion of components depicted in the accompanying
drawings and wherein:

[0007] FIG. 1 depicts a perspective view of an embodi-
ment of an intraluminal electrode assembly according to the
present invention in a retracted position.

[0008] FIG. 2 depicts a perspective view of an embodi-
ment of an intraluminal electrode assembly according to the
present invention in a deployed position.

[0009] FIG. 3 depicts an end view of an embodiment of an
intraluminal electrode assembly according to the present
invention.

Mar. 16, 2006

[0010] FIG. 4 depicts a pulmonary artery catheter includ-
ing an embodiment of an intraluminal electrode assembly
according to the present invention.

[0011] FIG. 5 illustrates a step from an exemplary method
of delivering a pulmonary artery catheter including an
embodiment of an intraluminal electrode assembly accord-
ing to the present invention.

[0012] FIG. 6 illustrates a step after the step illustrated in
FIG. 5 from an exemplary method of delivering a pulmo-
nary artery catheter including an embodiment of an intralu-
minal electrode assembly according to the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0013] Referring to FIGS. 1-3, the present invention pro-
vides an electrode assembly 10 comprising a cannulated
tube 20, which can be a catheter, housing a plurality of wires
30. Each of the plurality of wires 30 has one of a plurality
of electrical contacts 40 at a distal end thereof. Referring
specifically to FIG. 1, in a retracted position, the plurality of
wires 30 assumes a radially constrained configuration within
cannulated tube 20. Referring to FIG. 2, in a deployed
position, the distal portion of plurality of wires 30 assumes
aradially extended configuration outward of cannulated tube
20. As seen from the end view of electrode assembly 10 in
FIG. 3, a spring wire 50 connects the plurality of electrical
contacts 40 (depicted as electrical contacts 40a-40g)
together to form a substantially circular configuration in a
deployed position. In an embodiment, plurality of wires 30,
or at least the distal portion of plurality of wires 30 having
electrical contacts 40 are fabricated from a shape memory
material to allow the distal portion to project concentrically
out of cannulated tube 20. Of course, other mechanisms for
allowing the distal portion of plurality of wires 30 having
electrical contacts 40 to project radially outward from can-
nulated tube 20 can be employed.

[0014] Although electrode assembly 10 is not necessarily
limited to any particular use, the substantially circular con-
figuration of the distal end of deployed plurality of wires 30
allows electrode assembly 10 to be used for intraluminal
purposes, such as transvascular electrical neuromodulation
of a target site adjacent to a vessel. Specifically, referring to
FIG. 1, electrode assembly 10 can be inserted into a vessel
60 and urged distally forward. Referring to FIG. 2, upon
reaching the desired point in vessel 60, plurality of wires 30
can be deployed to project radially outward to reach and
contact the walls of vessel 60. Since all the plurality of wires
30 have the same shape, the final resulting vector drives the
distal portion of plurality of wires 30 out from cannulated
tube 20 to contact the wall of vessel 60.

[0015] In a preferred embodiment, plurality of wires 30
comprises six to eight wires. Further preferably, each of the
plurality of electrical contacts 40 of the plurality of wires 30
can be selectively activated such that select electrical con-
tacts 40 on one segment of the arc of the distal end of the
plurality of wires 30 can be activated to apply focused
electrical signals on a desired side of a vessel. The selective
powerability over each electrical contact 40 may be
achieved by employing a system including a programmer
coupled via a conductor to a telemetry antenna. The pro-
grammer is capable of sending signals via the telemetry
antenna to control the electrical signal delivered to electrical
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contacts 40. Such a system permits the selection of various
pulse output options after electrode assembly 10 is posi-
tioned using telemetry communications. The present inven-
tion also contemplated radio-frequency systems to selec-
tively power electrical contacts 40.

[0016] As will be understood by one of skill in the art, the
independent powerability of electrical contacts 40 also pro-
vides a practitioner with a means of modify or steering the
direction and locus of application of electrical signals to
precisely target portions of the target region to achieve the
desired therapy. For example, with reference to FIG. 2,
electrical contact 40a may be powered to apply an electrical
signal to an area adjacent thereto while the signal to elec-
trical contact 40e may be substantially minimized to reduce
or stop the application of an electrical signal to an area
adjacent to electrical contact 40e. Because the locus of
stimulation can be selectively adjusted and/or steered in this
embodiment of electrode assembly 10, specific areas of the
target region can be precisely targeted to achieve the desired
therapy. Other or additional means of selectively steering the
application of electrical signals may also be utilized in the
present invention, such as the methods described in U.S. Pat.
No. 5,713,922, which is incorporated by reference herein.

[0017] Referring to FIG. 2, in a preferred embodiment,
the proximal end of each of the plurality of wires 30 is in
communication with rotator 70 at the proximal end of
cannulated tube 20 such the distal end of the plurality of
wires 30 can be rotated by similar motion of rotator 70. For
example, rotator 70 could be a rotary motor or a manual dial
that transfers rotational motion from rotator 70 to the distal
end of the plurality of wires 30.

[0018] The present invention also provides an electrode
assembly system including electrode assembly 10 and fur-
ther including components useful in identifying, monitoring,
or affecting a target region. For example, such a system
could include a component for lesioning and temperature
monitoring, and/or a component that has a fiberoptic moni-
tor which allows telemetric intracranial monitoring capa-
bilities, and/or a microelectrode recording component, and/
or a sensing component to incorporate a feedback
mechanism to assist in determining whether electrical con-
tacts 40 should be adjusted. With respect to a sensing
component, a sensor can be incorporated with the electrode
assembly system according to the present invention. The
sensors can be used with a closed-loop feedback system in
order to automatically determine the level of electrical signal
to apply to provide the desired therapy. The sensors may be
implanted or positioned in or at a portion of the patient’s
body suitable for detecting characteristics, symptoms or
attributes of the condition or disorder being treated, for
example, such as electrical brain activity, cerebral blood
flow, and/or vital signs or other chemical and electrical
activity of the body. Sensors suitable for use in a system
according to the present invention include, for example,
those disclosed in U.S. Pat. No. 5,711,316, which is incor-
porated by reference herein. In cases where the attribute of
the symptom is the electrical activity of the brain, stimulat-
ing electrodes may be intermittently used to record electrical
activity. Alternatively, one or more electrodes implanted or
positioned within the brain may serve as a sensor or a
recording electrode. When necessary, these sensing or
recording electrodes may deliver stimulation therapy to the
target region. The output of an external feedback sensor may
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communicate with a pulse generator through a telemetry
down-link. Any sensing functions in accordance with the
present invention can be performed locally, distally, or
remotely from the target site. The present invention also
contemplates use of electrode assembly 10 integrated with
imaging methods known in the art such as X-rays, computer
tomography, magnetic resonance imaging, and functional
magnetic resonance imaging.

[0019] Electrode assembly 10 may also be implemented
within a drug delivery system to provide chemical stimula-
tion utilizing a drug, pharmaceutical, or therapeutic agent. In
this embodiment, the signal generator is replaced with or
includes a pump and electrical contacts 10 are replaced with
a drug ports. The pump may be implanted below the skin of
a patient and may have a port into which a hypodermic
needle can be inserted through the skin to inject a quantity
of a liquid, such as a drug, pharmaceutical, or therapeutic
agent. The liquid agent is delivered from a pump through a
catheter port into a catheter. Alternatively, the pump may be
located outside of the patient’s body. The catheter is posi-
tioned to deliver the liquid agent to specific infusion sites in
the brain or other target site. Alternatively, electrode assem-
bly 10 may be combined with a drug delivery system to
provide both chemical and electrical signals to target
regions.

[0020] Referring to FIG. 4, in another embodiment, the
present invention provides a catheter 80 having multiple
lumens, wherein one of the multiple lumens houses elec-
trode assembly 10. In a preferred embodiment, catheter 80
is a pulmonary artery catheter, such as a Swan-Ganz type
pulmonary artery catheter, wherein the multiple lumens
allow for the measurement of cardiac output, pulmonary
pressure, atrial pressure, and for providing an electrical
signal to a target site adjacent a lumen. Specifically, in an
embodiment catheter 80 comprises a thermistor lumen 31
housing a thermistor 32 to measure cardiac output; a pul-
monary artery distal lumen 41 housing a sensor 42 to
measure pulmonary artery pressure or pulmonary capillary
wedge pressure; a proximal right atrial lumen 51 housing a
sensor 52 to measure right atrial or central venous pressure;
a balloon lumen 71 housing a balloon 72 to isolating the
right chamber of the heart from the left chamber; and an
electrode lumen 61 housing electrode assembly 10.

[0021] In an exemplary method of using catheter 80 in a
pulmonary artery, catheter 80 is delivered and implanted in
a manner similar to the delivery and implantation process
used in currently available pulmonary artery catheters.
Referring to FIG. 5 and FIG. 6, after venous access, catheter
80 is passed through an introducer up to a 20 cm mark. Then,
balloon 72 at the distal end of balloon lumen 71 is inflated
and pressure and tracings are recorded. As soon as catheter
80 is advanced to the point where the inflated balloon 72
occludes the pulmonary artery, a wedge pulmonary pressure
can be obtained from the sensor of pulmonary artery distal
lumen 41. This pressure indication provides the physician
the necessary feedback that the distal end of catheter 80 is
well positioned in the pulmonary artery. Once adequate
positioning is achieved, the electrode assembly 10 is urged
forward out from electrode lumen 61 to the walls of the
pulmonary artery. X-ray and fluoroscopy can be used to aid
in positioning catheter 80. Such a method could be used to
apply an electrical signal to a target site adjacent a pulmo-
nary nerve, such as cardiac nerves to modulate the activity
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thereof. Of course, such a method of delivering catheter 80
is only exemplary and catheter 80 is not limited by any
particular method of delivery and implantation.

[0022] The foregoing description has been set forth merely
to illustrate the invention and are not intended as being
limiting. Each of the disclosed aspects and embodiments of
the present invention may be considered individually or in
combination with other aspects, embodiments, and varia-
tions of the invention. In addition, unless otherwise speci-
fied, none of the steps of the methods of the present
invention are confined to any particular order of perfor-
mance. Further, although electrode assembly 10 is occasion-
ally described with respect to neuromodulation, electrode
assembly 10 is not limited to this particular use. Modifica-
tions of the disclosed embodiments incorporating the spirit
and substance of the invention may occur to persons skilled
in the art and such modifications are within the scope of the
present invention. For example, although catheter 80 is
described as have a balloon lumen 71 with a balloon 72 at
the distal end thereof, other embodiments can include cath-
eter 80 having multiple lumens without a balloon. Further-
more, all references cited herein are incorporated by refer-
ence in their entirety.

We claim:
1. An electrode assembly comprising:

a cannulated tube;

a plurality of wires disposed within the cannulated tube,
each of the plurality of wires having one of a plurality
of electrical contacts on a distal end thereof, the distal
portion of the plurality of wires assuming a radially
constrained configuration within the cannulated tube in
a retracted position and a radially extended position
outward of the cannulated tube in a deployed position;
and
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a spring electrode connecting the plurality of electrical
contacts to collectively form a substantially circular
configuration in a deployed position.

2. The electrode assembly of claim 1, wherein the plu-

rality of wires comprises six to eight wires.

3. The electrode assembly of claim 1, wherein the plu-

rality of wires is fabricated from a shape memory material.

4. The electrical assembly of claim 1, wherein a proximal

end of the plurality of wires is connected to a rotator at a
proximal end of the canulated tube to transfer rotational
motion from the rotator to the plurality of wires.

5. The electrical assembly of claim 1, wherein each of the

electrical contacts is selectively powerable.

6. A catheter comprising multiple lumens, one of the

multiple lumens housing the electrode assembly of claim 1.

7. The catheter of claim 6, wherein the multiple lumens

comprise:

a thermistor lumen housing a thermistor to measure
cardiac output;

)

pulmonary artery distal lumen housing a sensor to
measure pulmonary artery pressure or pulmonary cap-
illary wedge pressure;

)

proximal right atrial lumen for housing a sensor to
measure right atrial or central venous pressure;

a balloon lumen housing a balloon to isolating the right
chamber of the heart from the left chamber; and

an electrode lumen housing the electrode assembly of
claim 1.
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