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ULTRASOUND-BASED NEUROMODULATION SYSTEM

BACKGROUND
Field
[0001] This application relates generally to minimally-invasive devices, systems
and methods of energy delivery to a targeted anatomical location of a subject, and more
specifically, to catheter-based, intraluminal devices and systems configured to emit ultrasonic
energy for the neuromodulation (e.g., ablation, necrosing, etc.) of nerve tissue.

Description of the Related Art

[0002] Catheter-based energy delivery systems can be used to access and treat
portions of a subject’s anatomy minimally-invasively. Such systems can be advanced
through a subject’s vasculature to reach a target anatomical site. Various embodiments
disclosed herein provide improved devices, systems and methods related to energy delivery
within a subject.

SUMMARY

[0003] According to some embodiments, a catheter for enhancing fluid delivery to
a distal end of the catheter while reducing an overall diameter of the catheter comprises a
guidewire lumen oriented along an axis that is eccentric relative to a center axis of the
catheter (e.g., not positioned along the radial centerline or along the central axis or
longitudinal axis of the catheter). The guidewire lumen being can be configured to receive a
guidewire therethrough in order to intraluminally deliver the catheter to a target location
within a subject. The catheter further comprises at least one fluid lumen configured to
transfer a fluid through the catheter. In one embodiment, the eccentric orientation of the
guidewire lumen within the catheter allows the cross-sectional area of the at least one fluid
lumen to be increased.

[0004] According to some embodiments, the catheter further comprises at least
one centering assembly located at or near the distal end of the catheter, wherein the at least
one centering assembly comprises a passage that is positioned along the center axis of the
catheter. In some embodiments, a guidewire is configured to be positioned through the

passage of the at least one centering assembly so that the guidewire is generally radially
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centered along the distal end of the catheter, while the guidewire is configured to
eccentrically located within the guidewire lumen of the catheter. In some embodiments, the
at least one centering assembly is located immediately adjacent the distal end of the catheter
(e.g., such that the centering assembly at least partially touches or otherwise engages or abuts
the catheter). In one embodiment, the at least one centering assembly is separated from the
distal end of the catheter by a separation distance (e.g., 0-1 mm, 1-2 mm, 2-3 mm, 3-4 mm, 4-
5 mm, 5-10 mm, more than 10 mm, etc.). In some embodiments, the at least one centering
assembly is located proximal to the distal end of the catheter (e.g., at least partially within the
catheter).

[0005] In some embodiments, the ultrasonic transducers are operated in a range of
from 1 to 20 MHz (e.g., 1-5 MHz, 5-10 MHz, 10-15 MHz, 15-20 MHz, 8-10 MHz, other
values or ranges within the foregoing, etc.). In one embodiment, for example, the ultrasound
transducer of the system is configured to operate at a frequency of about 9 MHz. In other
embodiments, however, the frequency at which a transducer is operated can be below 1 MHz
(e.g., 0.1-0.2, 0.2-0.3, 0.3-0.4, 0.4-0.5, 0.5-0.6, 0.6-0.7, 0.7-0.8, 0.8-0.9, 0.9-1.0 MHz,
frequencies between the foregoing ranges, less than 0.1 MHz, etc.) or above 20 MHz (e.g.,
20-25, 25-30 MHz, frequencies between the foregoing ranges, above 30 MHz, etc.), as
desired or required for a particular application or use. The power supplied to the ultrasound
transducer can vary, as desired or required, and in some embodiments, is 5 to 80 Watts (e.g.,
5 to 50, 5 to 10, 10 to 20, 20 to 30, 30 to 40, 40 to 50, 50 to 60, 60 to 70, 70 to 80 Watts,
power levels between the foregoing ranges, etc.) at the transducer.

[0006] In some embodiments, the ultrasonic transducer is activated for about 10
seconds to 5 minutes (e.g., 10-30 seconds, 30 seconds to 1 minute, 30 seconds to 5 minutes, 1
to 3 minutes, about 2 minutes, 10 seconds to 1 minute, 1 to 2 minutes, 2 to 3 minutes, 3 to 4
minutes, 4 to 5 minutes, time periods between the foregoing ranges, etc.). In other
embodiments, the ultrasonic transducer is activated for less than 10 seconds (e.g., 0-1, 1-2, 2-
3, 3-4,4-5, 5-6, 6-7, 7-8, 8-9, 9-10 seconds, time periods between the foregoing ranges, etc.)
or more than 5 minutes (e.g., 5-6, 6-7, 7-8, 8-9, 9-10, 10-15, 15-20 minutes, time periods

between the foregoing, more than 20 minutes, etc.).



WO 2014/159276 PCT/US2014/022804

[0007] According to some embodiments, the system comprises an ultrasound
transducer having a variety of shapes. The transducer can be cylindrical or non-cylindrical.
In some embodiments, the transducer comprises, at least in part, an hourglass shape, a barbell
shape, a convex shape or surface, a concave shape or surface and cone shape, an irregular
shape and/or the like.

[0008] According to some embodiments, prior to inflation of a balloon or other
expandable member, the ultrasonic transducer is activated to measure the vessel’s diameter.
In one embodiment, this is accomplished by sending out a single (or a distinct number of)
ultrasonic waves and recording the time period required for the signals to return (e.g., bounce
back) to the transducer surface. Thus, in some embodiments, a control system of the system
can be configured to both emit acoustic energy and detect it (e.g., at or along the outside of
the transducer).

[0009] According to some embodiments, a system comprises an array of
transducers (e.g., an array comprising 2, 3, 4, 5, 6, 7, 8, 9, 10, 10-15, more than 15
transducers, etc.). In embodiments comprising 2 or more transducers (e.g., an array of
transducers), one or more of the transducers can be configured to emit more or less ultrasonic
energy than one or more other transducers. In some embodiments, the amount of acoustic
energy that is emitted by the plurality of transducers varies (e.g., linearly, non-linearly,
randomly, etc.) along a longitudinal axis of the system. In some embodiments, one or some
ultrasound transducer of a system emit (or are configured to emit) greater acoustic energy in
one or more directions in relation to one or more other directions.

[0010] According to some embodiments, an ultrasound transducer includes
differing wall thickness (e.g., along its longitudinal axis). In embodiments comprising two or
more transducers, the wall thickness of one transducer is greater or less than the wall
thickness of another transducer. In some embodiments, one or more transducers of a system
can be independently controllable (e.g., such that power and/or frequency to one transducer
can be different than power and/or frequency to another transducer, etc.). In some
embodiments, two or more transducers of a system are controlled together or in unison. In
one embodiment, a transducer can include an eccentric or non-uniform backing lumen or

opening.
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[0011] According to some embodiments, the transducer comprises a varying wall
thickness along at least a portion of its circumferential extent. Accordingly, rotating the
transducer can alter the acoustic energy pattern emitted by the transducer and/or alter one or
more other aspects of energy emission (e.g., frequency, efficiency, etc.) during use. In some
embodiments, one or more regions, surfaces and/or other portions of a transducer can be at
least partially masked, covered, obstructed, etc. in order to alter the acoustic energy profile of
the transducer during use. In one embodiment, at least a portion of the transducer is masked
or otherwise covered by selective plating and/or etching of the electrodes along the
transducer, covering a portion of the transducer, using one or more features of the balloon,
etc.).

[0012] According to some embodiments, ultrasonic energy is directed directly
within the tissue of the targeted nerve tissue (e.g., sympathetic nerves). In any of the
embodiments disclosed herein, a balloon and/or other expandable structure or member can be
used to at least partially expand the area or volume of tissue being treated (e.g., the renal
artery, other body lumen or vessel, etc. can be radially expanded). In some embodiments, an
ablation system includes a balloon (e.g., positioned at least partially around one or more
transducers), but no fluid is configured to be circulated through the balloon during use. In
one embodiment, the balloon can be inflated with one or more gases, liquids and/or fluids
(e.g., in order to expand the balloon, so that balloon contacts the adjacent wall of the targeted
vessel, so that the one or more transducers of the system are radially centered or generally
radially centered within the vessel, etc.), but no fluids are circulated through the balloon. In
some embodiments, the balloon is configured to maintain an inflated or expanded state
without the continuous or intermittent delivery of fluid therethrough.

[0013] In some embodiments, a catheter of the system comprises a chip (e.g., a
smart catheter) and/or one or more related components or features (e.g., an identification
device or reader, a transducer, etc.). In one embodiment, a generator can detect which
catheter is being used. In some embodiments, the system can monitor one or more aspects of
a therapy or procedure using one or more metrics that are detected, such as, for example,
pressure, temperature, flowrate, vessel diameter, thermal profile, presence and/or degree of

spasm of a vessel, degree of narrowing of a vessel and/or the like. In some embodiments,
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such information is used in a control scheme to regulate one or more aspects of the generator
and/or other components or devices of the system (e.g., to modulate power, frequency,
duration of procedure, automatic shutoff, billing, patient records or other recordkeeping,
memorization of a procedure for other reasons, etc.).

[0014] According to some embodiments, the at least one fluid lumen of the
catheter includes an axis that is eccentric to the central axis of the catheter (e.g., one or more
fluid lumens are not oriented along or near the central or longitudinal axis of the catheter).
According to some embodiments, the at least one fluid lumen comprises a non-circular shape
to increase the cross-sectional area of the at least one fluid lumen. In one embodiment, the at
least one fluid lumen includes a circular shape along the periphery of the catheter. In some
embodiments, the at least one fluid lumen comprises a fluid delivery lumen and a fluid return
lumen.

[0015] According to some embodiments, the catheter comprises an over-the-wire
design such that the guidewire lumen extends from a proximal end to the distal end of the
catheter. In some embodiments, the catheter comprises a rapid exchange design such that the
guidewire lumen is located only along a distal portion of the catheter. In one embodiment, a
proximal portion of the catheter that does not include a guidewire lumen comprises a groove
or recess along an exterior surface of the catheter, wherein the groove or recess is configured
to receive a guidewire therein.

[0016] According to some embodiments, the distal end of the catheter is attached
to a balloon, wherein the at least one fluid lumen is in fluid communication with an interior
of the balloon to enable fluids to be delivered to and/or from the interior of the balloon
through the at least one fluid lumen. In some embodiments, the catheter further includes an
energy delivery device (e.g., ultrasound device, RF electrode, microwave device, etc.) located
at least partially within the balloon. In some embodiments, the catheter comprises a 5 French
or 6 French catheter.

[0017] According to some embodiments, an intraluminal (e.g., intravascular),
ultrasound-based ablation system comprises a catheter comprising at least one fluid lumen
and a guidewire lumen, wherein the guidewire lumen is not positioned along the cross-

sectional centerline of the catheter, and a balloon positioned along a distal end of the catheter,
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an interior of the balloon being in fluid communication with the at least one fluid lumen of
the catheter, wherein the balloon is configured to inflate when fluid is delivered into the
interior through the at least one lumen of the catheter. The system further includes an
ultrasound transducer positioned within the balloon, a distal tip comprising a central passage,
wherein the balloon is positioned between the catheter and the distal tip and an electrically
non-conductive member extending from the guidewire lumen to the central passage of the
distal tip, the electrically non-conductive member positioned through an interior of the
ultrasound transducer and configured to receive a guidewire. The system additionally
comprises a backing member positioned between the electrically non-conductive member and
the ultrasound transducer, the backing member being configured to support the ultrasound
transducer. In some embodiments, the system comprises one or more centering assemblies
positioned proximal to the catheter between the distal end of the catheter and the distal tip. In
some embodiments, the centering assembly comprises a center opening or passage configured
to receive the electrically non-conductive member, wherein the radial orientation of the
center opening is offset relative to the radial orientation of the guidewire lumen of the
catheter, wherein the center opening of the centering assembly is aligned with the cross-
sectional centerline of the catheter and the balloon so as to radially center the ultrasound
transducer when a guidewire is positioned through the electrically non-conductive member.
[0018] According to some embodiments, the electrically non-conductive member
comprises polyimide. In some embodiments, the centering assembly comprises a plurality of
wings extending radially outwardly from the center opening, the wings configured to engage
an inner surface of the balloon. In one embodiment, the centering assembly comprises at
least three wings. According to some embodiments, the centering assembly a plurality of
wings that are evenly or unevenly distributed around the circumference of the assembly (e.g.,
spaced apart at 90° or 120° intervals). In other embodiments, a centering assembly can
include fewer (e.g., 1, 2) or more (e.g., 4, 5, 6, more than 6, etc.) than 3 wings. According to
some embodiments, the outer diameter of the centering assembly (e.g., taken along the
outermost portions of the wings) is identical or substantially identical (e.g., within about 0-

1%, 1-2%, 2-3%, 3-4%, 4-5%, more than 5%) of the outer diameter of the catheter. In some
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embodiments, the centering assembly comprises one or more suitable materials (e.g.,
thermoplastics, metals, alloys, combinations thereof, etc.).

[0019] In some embodiments, the balloon 14 (e.g., including the proximal portion
15, the main radially expandable portion, etc.) is extruded from a single material or member.
In some embodiments, the proximal portion of the balloon can comprise a greater thickness
of the extruded material or portion relative to the distal portions of the balloon. In some
embodiments, the thickness of the proximal portion of the balloon is greater than the
thickness of more distally located portions (e.g., along the main, radially expandable portion
of the balloon) by about 0-10%, 10-20%, 20-30%, 30-40%, 40-50%, 50-60%, 60-70%, 70-
80%, 80-90%, 90-100%, 100-125%, 125-150%, 150-200%, greater than 200%, percentages
between the foregoing values and/or the like. In some embodiments, the distal portion of the
balloon includes a generally cylindrical portion that is configured to maintain its shape during
use (e.g., when cooling fluid is circulated through the balloon interior). In some
embodiments, the proximal and distal portions of the balloon can be secured to the catheter
and the tip, respectively, using one or more attachment methods or devices (e.g., adhesives,
pressure or friction fit connections, fasteners, etc.).

[0020] According to some embodiments, in order to transition from a peripheral
lumen of the catheter to the central opening of the centering assembly, the guidewire is
angled through a portion of the catheter system (e.g., between the distal end of the catheter
and the proximal end of the centering assembly). The guidewire can be angled within the
proximal, cylindrical portion of the balloon at angle ®, which, in some embodiments, is about
0-40° (e.g., about 0-5°, 5-10°, 10-15°, 15-20°, 20-25°, 25-30°, 30-35° 35-40°, angles
between the foregoing, etc.). In some embodiments, the angle ® is greater than about 40°
(e.g., about 40-50°, 50-60°, greater than 60°, etc.).

[0021] In some embodiments, the cross-sectional area of each of the fluid lumens
of the catheter is about 0.00005 to 0.00012 square inches (e.g., 0.00005 to 0.00006, 0.00006
to 0.00007, 0.00007 to 0.00008, 0.00008 to 0.00009, 0.00009 to 0.00010, 0.00010 to
0.00011, 0.00011 to 0.00012 square inches, areas between the foregoing, etc.), less than
about 0.00005 square inches, more than about 0.00012 square inches for a 6 French catheter,
and about 0.00003 to 0.00010 square inches (e.g., 0.00003 to 0.00004, 0.00004 to 0.00005,
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0.00005 to 0.00006, 0.00006 to 0.00007, 0.00007 to 0.00008, 0.00008 to 0.00009, 0.00009 to
0.00010 square inches, areas between the foregoing, etc.), less than about 0.00003 square
inches, more than about 0.00010 square inches for a 5 French catheter. In some
embodiments, by eliminating a central lumen (e.g., a central guidewire lumen) within the
catheter, the size of one or more of the other lumens (e.g., the fluid lumens) can be increased.

[0022] In some embodiments, the at least one fluid lumen comprises a fluid
delivery lumen and a fluid return lumen. In some embodiments, the catheter further
comprises an electrical conductor lumen, wherein each of the electrical conductor lumen and
the at least one fluid lumen is not positioned along the cross-sectional centerline of the
catheter.

[0023] According to some embodiments, the guidewire lumen is positioned along
an entire length of the catheter. In some embodiments, the guidewire lumen is positioned
only along a distal portion of the catheter, so that the catheter comprises a rapid exchange
type catheter. In one embodiment, the catheter comprises a groove or recess along at least a
proximal length of the catheter that does not comprise a guidewire lumen, the groove being
configured to at least partially receive an adjacent guidewire. In some embodiments, the
catheter comprises a 5 French or 6 French catheter. In some embodiments, the system is
configured to be advanced into a subject via femoral or radial access. In one embodiment,
the at least one fluid lumen comprises a non-circular shape (e.g., oval, triangular, irregular,
etc.).

[0024] In some embodiments, the catheter includes a rapid-exchange design in
which the catheter comprises a guidewire lumen only partially along its length. In one
embodiment, the guidewire lumen extends only through the distal-most portion of the
catheter (e.g., along a length immediately proximal to the balloon). In some embodiments,
the catheter comprises an interior guidewire lumen only along the last 5 to 30 cm (e.g., 5-6,
6-8, 8-10, 10-12, 12-14, 14-16, 16-18, 18-20, 20-25, 25-30 cm, lengths between the
foregoing, etc.) of the catheter’s distal end. In some embodiments, the catheter comprises a
guidewire lumen only along 0-30% (e.g., 0-5%, 5-10%, 10-15%, 15-20%, 20-25%, 25-30%,

percentages between the foregoing, etc.) of its length (e.g., the distal end of catheter).
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[0025] According to some embodiments, an intravascular, ultrasound-based
ablation system comprises a catheter including at least one fluid lumen, a guidewire lumen
and an electrical cable lumen, wherein each of the at least one fluid lumen, the guidewire
lumen and the electrical cable lumen is not positioned along the cross-sectional centerline of
the catheter (e.g., the electrical cable lumen is eccentric relative to the longitudinal or central
axis of the catheter). In some embodiments, the system additionally comprises a balloon
positioned along a distal end of the catheter, wherein an interior of the balloon is in fluid
communication with the at least one fluid lumen of the catheter, and wherein the balloon is
configured to inflate when fluid is delivered into the interior through the at least one lumen of
the catheter. In some embodiments, the system further comprises an ultrasound transducer
(e.g., a cylindrical transducer) positioned within the balloon, a distal tip, wherein the balloon
is positioned between the catheter and the distal tip, and an electrically non-conductive
member extending distally from the guidewire lumen through an interior of the ultrasound
transducer, the electrically non-conductive member being configured to receive a guidewire.
In some embodiments, the system further includes a centering assembly positioned proximal
to the catheter between the distal end of the catheter and the distal tip, the centering assembly
comprising a center opening configured to receive the electrically non-conductive member,
wherein the center opening of the centering assembly is aligned with the cross-sectional
centerline of the catheter and the balloon so as to radially center the ultrasound transducer
when a guidewire is positioned through the electrically non-conductive member.

[0026] According to some embodiments, the electrically non-conductive member
comprises polyimide. In some embodiments, the centering assembly comprises a plurality of
wings extending radially outwardly from the center opening, the wings configured to engage
an inner surface of the balloon. In one embodiment, the guidewire lumen is positioned along
an entire length of the catheter. In some embodiments, the guidewire lumen is positioned
only along a distal portion of the catheter, so that the catheter comprises a rapid exchange
type catheter. In some embodiments, the catheter comprises an exterior groove along at least
a proximal length of the catheter, the groove being configured to at least partially receive an

adjacent guidewire.
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[0027] According to some embodiments, an intravascular, ultrasound-based
ablation system includes a catheter comprising a guidewire lumen, at least one cable lumen
and at least one fluid lumen, and a balloon or other expandable structure or member
positioned at a distal end of the catheter, wherein an interior of the balloon is in fluid
communication with the at least one fluid lumen of the catheter. In some embodiments, the
balloon is configured to inflate when fluid (e.g., cooling fluid) is delivered into the interior
through the at least one fluid lumen of the catheter. The system further comprises a tip
extending distally from a distal end of the balloon, wherein the tip comprises an internal
guidewire passage, and one or more ultrasound transducers positioned within the balloon. In
some embodiments, the ultrasound transducer includes a cylindrical tube with inner and outer
surfaces, each of the inner and outer surfaces comprising an electrode, wherein the ultrasound
transducer defines an internal space adjacent the inner electrode surface, the internal space
being in fluid communication with the interior cavity of the balloon so that, when in use,
fluid entering the balloon passes along both the inner and outer surfaces to transfer heat away
from the ultrasound transducer.

[0028] In some embodiments, at least one electrical cable (e.g., coaxial cable) is
routed or otherwise positioned within the at least one cable lumen of the catheter, wherein the
at least one electrical cable is electrically coupled to the electrodes along the inner and outer
surfaces of the ultrasound transducer. The system further includes a backing member or post
extending from the catheter to the tip and connecting the catheter with the tip. In some
embodiments, the backing member is positioned within the internal space of the ultrasound
transducer, wherein the backing member comprises a central opening that is generally aligned
with the guidewire lumen of the catheter and the internal guidewire passage of the tip to
permit the system to be delivered to a desired vascular position over a guidewire. In some
embodiments, the backing member serves as a fluid barrier between fluid circulated within
the balloon interior and the central opening.

[0029] According to some embodiments, the backing member comprises an
electrically insulating material (e.g., polyimide, another polymeric material, etc.) along an
interior surface of the central opening of the backing member so as to prevent electrical

conduction between a guidewire and the backing member. In some embodiments, the
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guidewire lumen extends from a proximal end of the catheter to the balloon. In other
embodiments, the guidewire lumen extends from a location between the proximal and distal
ends of the catheter to the distal end of the catheter, such that the catheter comprises a rapid
exchange design.

[0030] According to some embodiments, an intravascular, ultrasound-based
ablation system comprises a catheter having at least one cable lumen and at least one fluid
lumen, a balloon or other expandable structure positioned at a distal end of the catheter, an
interior of the balloon being in fluid communication with the at least one fluid lumen of the
catheter and an ultrasound transducer positioned within the balloon, wherein the ultrasound
transducer comprises a cylindrical tube having a proximal end and a distal end and inner and
outer surfaces. In some embodiments, each of the inner and outer surfaces comprises an
electrode, wherein the proximal end of the cylindrical tube comprising a stepped portion, and
wherein a portion of the outer diameter formed by the outer surface of the cylindrical tube is
smaller than a portion of the outer diameter of the cylindrical tube located distal to the
stepped portion. The system further comprises at least one electrical cable positioned within
the at least one cable lumen of the catheter, the at least one electrical cable being configured
to supply electrical power to the ultrasound transducer, wherein the at least one electrical
cable comprises a first conductor and a second conductor.

[0031] In some embodiments, the system further comprises one or more a stand-
off assemblies located within an interior and along or near the proximal end of the cylindrical
tube of the ultrasound transducer. In one embodiment, the stand-off assembly is electrically
conductive and in contact with, at least intermittently, the electrode along the inner surface of
the cylindrical tube of the ultrasound transducer, wherein the first conductor is connected to
an exterior of the cylindrical tube along the stepped portion, and wherein the second
conductor is connected to the stand-off assembly so that the second conductor is electrically
coupled to the electrode along the inner surface of the cylindrical tube. The system further
comprise a ring surrounding the stepped portion of the cylindrical tube, the ring being sized
and shaped to surround the portion of the outer diameter of the cylindrical tube located distal
to the stepped portion, wherein the ring is electrically conductive so that the first connector is

electrically coupled to the electrode along the outer surface of the cylindrical tube, and
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wherein the ring allows for more uniform electrical loading of the ultrasound transducer
when the electrical transducer is energized.

[0032] According to some embodiments, the ring comprises conductive solder. In
some embodiments, the ring comprises a conductive machined ring or other member or
feature that couples around the stepped portion of the cylindrical tube. In some
embodiments, the stepped portion extends approximately 5% to 25% (e.g., 5% to 10%, 10%
to 15%, 15% to 20%, 20% to 25%, etc.) of a length of the cylindrical tube. In one
embodiment, the stepped portion comprises a portion of the cylindrical tube that is removed
using grinding or other removal techniques. In some embodiments, an impedance of the at
least one electrical cable substantially matches an impedance of the ultrasound transducer. In
some embodiments, the impedance of the electrical cable and the ultrasound transducer is
approximately 40 to 60 ohms (e.g., 50, 40-42, 42-44, 44-46, 46-48, 48-50, 50-52, 52-54, 54-
56, 56-58, 58-60 ohms, etc.). In some embodiments, the diameter or other cross-sectional
dimension of the stepped portion 68a is 50-95% (e.g., 50-55, 55-60, 60-65, 65-70, 70-75, 75-
80, 80-85, 85-90, 90-95%, percentages between the foregoing ranges, etc.) of the outer
diameter 66a of the transducer. In other embodiments, the diameter or other cross-sectional
dimension of the stepped portion 68a is less than 50% (e.g., 20-30, 30-40, 40-50%,
percentages between the foregoing ranges, less than 20%, etc.) or greater than 95% (e.g., 95-
96, 96-97, 97-98, 98-99, 99-100%, percentages between the foregoing ranges, etc.) of the
outer diameter 66a of the transducer.

[0033] According to some embodiments, the electrical impedance of the electrical
conductors (e.g., the one or more electrical cables that electrically couple the transducer to the
power supply) can be matched or substantially matched (e.g., within about 0-10%, 0.1%,
0.2%, 0.3%, 0.4%, 0.5%, 0.5-1%, 1-2%, 2-3%, 3-4%, 4-5%, 5-6%, 6-1%, 7-8%, 8-9%, 9-
10%, etc.) to the electrical impedance of the ultrasound transducer.

[0034] According to some embodiments, an intravascular, ultrasound-based
ablation system comprises a catheter having a cable lumen extending from a proximal end to
a distal end of the catheter, an ultrasound transducer positioned at or near a distal end of the
catheter, wherein the ultrasound transducer comprises a cylindrical tube with inner and outer

surfaces, wherein each of the inner and outer surface comprising an electrode. The system
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further comprises a backing member or post extending from the distal end of the catheter and
positioned within an interior of the ultrasound transducer, wherein the backing member is
configured to support the ultrasound transducer, and wherein the backing member is
electrically coupled to the electrode along the inner surface of the cylindrical tube of the
ultrasound transducer. In some embodiments, the system comprises an electrical cable
positioned within the cable lumen of the catheter and extending from the proximal end to the
distal end of the catheter, wherein a proximal end of the electrical cable is coupled to a
generator configured to selectively provide electrical power to the ultrasound transducer
through the electrical cable. In one embodiment, the electrical cable comprises a first
electrical connector and a second electrical connector, wherein the first connector is
electrically coupled to the electrode along the outer surface of the ultrasound transducer, and
wherein the second connector is electrically coupled to the backing member and the electrode
along the inner surface of the ultrasound transducer. In some embodiments, an impedance of
the electrical cable is substantially equal to an impedance of the ultrasound transducer,
thereby providing a more efficient power transfer from the generator to the ultrasound
transducer when the ablation system is in use.

[0035] According to some embodiments, the electrical cable comprises a coaxial
cable. In one embodiment, the backing member or post comprises at least one stand-off
assembly that electrically couples the backing member to the electrode along the inner
surface of the cylindrical tube of the ultrasound transducer. In some embodiments, the
backing member or post is coupled to both the proximal and the distal ends of the transducer.
In some embodiments, the impedance of the electrical cable and the ultrasound transducer is
approximately 40 to 60 ohms (e.g., approximately 50 ohms). In some embodiments, the first
connector of the electrical cable is electrically coupled to the electrode while not physically
attached to the outer surface of the ultrasound transducer.

[0036] According to some embodiments, an intravascular, ultrasound-based
ablation system includes a catheter comprising at least one fluid lumen, a balloon or other
expandable member positioned at a distal end of the catheter, wherein an interior of the
balloon is in fluid communication with the at least one fluid lumen of the catheter, and

wherein the balloon is configured to inflate when fluid is delivered into the interior through
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the at least one lumen of the catheter. The system further comprises an ultrasound transducer
positioned within the balloon, wherein the ultrasound transducer includes a cylindrical tube
with inner and outer surfaces, wherein each of the inner and outer surface comprising an
electrode. In some embodiments, the ultrasound transducer defines an internal space adjacent
the inner electrode surface, wherein the internal space is in fluid communication with the
interior cavity of the balloon so that, when in use, fluid entering the balloon passes along both
the inner and outer surfaces to cool the ultrasound transducer. In some embodiments, the
system additionally comprises a fluid transfer device configured to selectively deliver a
cooling fluid within the balloon when the ultrasound transducer is activated in order to
transfer heat away from the ultrasound transducer during use, wherein the fluid transfer
device comprises a reservoir for storing a volume of cooling fluid and a movable member
configured to move within an interior of the reservoir in order to transfer cooling fluid
through the at least one fluid lumen of the catheter to the balloon, and wherein the reservoir is
sized to store sufficient cooling fluid for an entire ablation procedure.

[0037] In some embodiments, cooling fluid is circulated through the system in
such a manner so that the temperature along the interior wall of the vessel surrounding the
transducer is maintained at a temperature of about 50-55°C (e.g., 50°C, 51°C, 52°C, 53°C,
54°C, 55°C, etc.). In other embodiments, the target temperature can be below 50°C (e.g., 30-
35°C, 35-40°C, 40-45°C, 45-50°C, temperatures between the foregoing ranges, less than
30°C, etc.) or greater than 55°C (e.g., 55-60°C, 60-65°C, 65-70°C, 70-75°C, temperatures
between the foregoing ranges, greater than 75°C, etc.). In addition, in some embodiments,
the temperature of the vessel wall is maintained within such a target range (e.g., 50-55°C, 30-
75°C, etc.), while the temperature of tissue approximately 0.5 mm to 8 mm (e.g., 1 mm to 6
mm, where, in some embodiments, target tissue is located) is heated to about 60-80°C (e.g.,
60-70°C, 70-80°C, 65-75°C, etc.), 50-100°C (e.g., 50-60°C, 60-70°C, 70-80°C, 80-90°C, 90-
100°C, temperatures between the foregoing ranges, etc.), greater than 100°C, when the
transducer is activated.

[0038] In some embodiments, the volume of the reservoir is approximately 50 ml
to 1,000 ml (e.g., 50-100, 100-200, 200-300, 300-400, 400-500, 500-600, 600-700, 700-800,
800-900, 900-1,000 ml, capacities between the foregoing, etc.). In other embodiments, the
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volume of the reservoir is less than 50 ml (e.g., 20-30, 30-40, 40-50 ml, volumes between the
foregoing ranges, less than 20 ml) or greater than 1,000 ml (e.g., 1,000-1,100, 1,100-1,200,
1,200-1,300, 1,300-1,400, 1,400-1,500, 1,500-2,000, 2,000-3,000, 3,000-5,000 ml, volumes
between the foregoing ranges, greater than 5,000 ml, etc.).

[0039] According to some embodiments, the movable member is coupled to a
motor for selectively advancing the movable member relative to the reservoir. In one
embodiment, the motor comprises a stepper motor or another type of motor. In some
embodiments, the fluid transfer device comprises a syringe pump. In some embodiments, the
catheter comprises a fluid delivery lumen and a fluid return lumen, wherein cooling fluid is
delivered to the balloon from the fluid transfer device via the fluid delivery lumen, and
wherein cooling fluid is withdrawn from the balloon via the fluid return lumen. In some
embodiments, the fluid transfer lumen is in fluid communication with a first fluid transfer
device, and wherein the fluid return lumen is in fluid communication with a second fluid
transfer device, wherein both the first and the second fluid transfer devices are operated
simultaneously to circulate cooling fluid through the balloon during an ablation procedure. In
some embodiments, the fluid transfer device is configured to deliver cooling fluid through the
at least one fluid lumen of the catheter and into the balloon at a flowrate of 30-50 ml/min
(e.g., 30-40 ml/min, 40-50 ml/min, 35-45 ml/min, 40 ml/min). In other embodiments, the
fluid transfer device is configured to deliver cooling fluid through the at least one fluid lumen
of the catheter and into the balloon at a flowrate of less than 30 ml/min (e.g., 0-10, 10-20, 20-
25, 25-30 ml/min, flowrates between the foregoing, etc.) or greater than 50 ml/min (e.g., 50-
60, 60-70, 70-80, 80-90, 90-100 ml/min, flowrates between the foregoing, greater than 100
ml/min, etc.).

[0040] A method of intraluminally ablating or otherwise neuromodulating nerve
tissue using an ultrasound-based ablation system includes advancing a catheter of the ablation
system intraluminally to a target anatomical location of a subject, wherein the system
comprises a balloon positioned at a distal end of the catheter, an interior of the balloon being
in fluid communication with at least one fluid delivery lumen and at least one fluid return
lumen of the catheter, wherein an ultrasound transducer is positioned within the interior of

the balloon. The method further includes circulating cooling fluid through the interior of the
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balloon by transferring cooling fluid from a fluid transfer device through the at least one fluid
lumen of the catheter and transferring cooling fluid away from the interior of the balloon
through the at least one fluid return lumen and activating the ultrasound transducer positioned
within the balloon to ablate nerve tissue adjacent to the target anatomical location of the
subject. In some embodiments, cooling fluid is circulated adjacent the ultrasound transducer
within the balloon when the ultrasound transducer is activated. In some embodiments, the
fluid transfer device comprises a reservoir for storing a volume of cooling fluid and a
movable member configured to move within an interior of the reservoir in order to transfer
cooling fluid through the at least one fluid lumen of the catheter to the balloon, wherein the
reservoir is sized to store sufficient cooling fluid for an entire ablation procedure.

[0041] According to some embodiments, the movable member (e.g., plunger) is
coupled to a motor for selectively advancing the movable member relative to the reservoir.
In one embodiment, the motor comprises a stepper motor or another type of motor or
actuator. In some embodiments, the fluid transfer device comprises a syringe pump or
another type of pump. In some embodiments, cooling fluid is circulated through the balloon
at a flowrate of 30-50 ml/min (e.g., 30-40 ml/min, 40-50 ml/min, 35-45 ml/min, 40 ml/min,
etc.).

[0042] According to some embodiments, a coupling configured for use in an
outlet of a fluid container (e.g., IV bag) includes a hub configured to abut against the outlet of
the coupling, wherein the hub is configured to prevent over-insertion of the coupling into the
fluid container. In some embodiments, a proximal end of the hub comprises a fitting
configured for attachment to a fluid conduit. The coupling further comprises a spike portion
extending distally from the hub, wherein a length of the spike is 0.5 inches to 3 inches. In
some embodiments, the coupling comprises at least two fluid lumens (e.g., 2, 3, 4, 5, more
than 5, etc.) that extend throughout an entire length of the coupling from the proximal end of
the hub to a distal end of the spike, wherein the lumens place an interior of the fluid container
in fluid communication with at least one fluid conduit secured to the hub. In some
embodiments, the coupling permits at two different fluid sources to be placed in fluid
communication with an interior of a fluid container comprising only a single outlet. In some

embodiments, such a coupling or spike can be used on an IV bag or other fluid container that
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is placed in fluid communication with a syringe pump of a treatment system. Thus, the IV
bag can be configured to store additional fluid that will be delivered through a delivery lumen
into a balloon and/or can be configured to store excess fluid being returned from the balloon
via a return lumen in the catheter. Thus, the coupling can be placed in fluid communication
with the catheter and/or the syringe pump of the treatment system. In some embodiments, the
inner diameters of the internal lumens or passages of the spike or coupling are approximately
0.05 to 0.125 inches (e.g., 0.05-0.06, 0.06-0.07, 0.07-0.08, 0.08-0.09, 0.09-0.1, 0.1-0.11,
0.11-0.125 inches, diameter between the foregoing, etc.) and the minimum penetration
distance 80 is about 1.5 inches (e.g., 0.75, 1.0, 1.25, 1.5 inches, distances between the
foregoing, less than 0.75 inches, more than 1.5 inches, 1.5-2.0 inches, 2.0-3.0 inches, more
than about 3 inches, etc.).

[0043] In some embodiments, the spike includes a taper along at least a portion of
its length, so that a cross-sectional dimension of the spike is smaller along the distal end of
the spike than a cross-sectional dimension of the spike along a proximal end of the spike. In
some embodiments, the spike comprises a cone-shaped, with either a linear or non-linear
(e.g., curved) profile. In some embodiments, the spike is configured for placement into an IV
bag comprising only a single outlet or port. In some embodiments, the coupling comprises
two fluid lumens.

[0044] The methods summarized above and set forth in further detail below
describe certain actions taken by a practitioner; however, it should be understood that they
can also include the instruction of those actions by another party. Thus, actions such as
“advancing a catheter intraluminally” or “activating a transducer”’ include “instructing
advancing a catheter intraluminally” and “instructing activating a transducer.”

BRIEF DESCRIPTION OF THE DRAWINGS

[0045] FIG. 1 illustrates an ultrasound-based treatment system according to one
embodiment.

[0046] FIG. 2 illustrates a detailed side view of a distal end of the system depicted
in FIG. 1.

[0047] FIG. 3 illustrates a side cross-sectional view of the distal end of an

ultrasound-based system according to one embodiment.
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[0048] FIG. 4 illustrates a section view across a portion of the system of FIG. 3.
[0049] FIG. 5 illustrates a partial cross-sectional view of the expandable member

and ultrasound transducer according to one embodiment.

[0050] FIG. 6 illustrates a partial cross-sectional view of the ultrasound transducer
of FIG. 5.
[0051] FIG. 6a illustrates a cross-sectional view of an ultrasound transducer

having a stepped portion according to another embodiment.

[0052] FIG. 6b illustrates a partial perspective view of the transducer of FIG. 6b.

[0053] FIG. 6c illustrates a partial cross-sectional view of an ultrasound
transducer according to another embodiment;

[0054] FIG. 7 illustrates the fluid lumens of an ultrasound-based system according
to one embodiment.

[0055] FIG. 8 illustrates an IV bag and spike or coupling inserted therein
according to one embodiment.

[0056] FIG. 9 illustrates a distal end of a catheter system (with the balloon hidden
for clarity) according to one embodiment.

[0057] FIG. 10 illustrates a side view of the catheter system of FIG. 9.

[0058] FIG. 11 illustrates a perspective view of the catheter system of FIG. 9.

[0059] FIG. 12 illustrates one embodiment of a centering assembly.

[0060] FIG. 13 illustrates the centering assembly of FIG. 12 positioned along the
distal end of a catheter according to one embodiment.

[0061] FIGS. 14 and 15 illustrate different perspective views of a distal end of a

catheter assembly according to one embodiment comprising a centering assembly.

[0062] FIG. 16 illustrates a cross-sectional view of a catheter according to one
embodiment.

[0063] FIG. 17 illustrates a cross-sectional view of a catheter according to another
embodiment.

[0064] FIG. 18 illustrates a partial perspective view of one embodiment of a

catheter comprising an external groove or recess.
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DETAILED DESCRIPTION

[0065] In the various embodiments described herein, catheter-based systems and
methods for treating targeted tissue of a subject are disclosed. The systems and methods are
particularly useful in neuromodulation procedures (e.g., denervation). For example, as
discussed in greater detail herein, the systems can be used to target select nerve tissue of the
subject. Targeted nerve tissue can be heated by the application of ultrasonic energy thereto in
order to neuromodulate (e.g., ablate, necrose, stimulate, etc.) the tissue. In other
embodiments, the application of ultrasonic energy can be used to target other adjacent tissue
of a subject, either in lieu of or in addition to nerve tissue. Accordingly, the systems and
methods disclosed herein can be used to treat hypertension, other nerve-mediated diseases
and/or any other ailment. The systems and methods disclosed herein can also be used in
ablative procedures of non-nerve tissue (including, but not limited to, tumors, cardiac tissue,
and other tissue types). Arrhythmias are treated according to one embodiment.

[0066] The catheter-based systems disclosed herein can be delivered
intraluminally (e.g., intravascularly) to a target anatomical region of the subject, such as, for
example, the renal artery, another targeted vessel or lumen, etc. Once properly positioned
within the target vessel, the ultrasound transducer can be activated to selectively deliver
acoustic energy radially outwardly from a distal end of the system and toward the targeted
tissue. The transducer can be activated for a particular time period and at a particular energy
level (e.g., power, frequency, etc.) in order to accomplish the desired effect on the targeted
tissue (e.g., to achieve a target temperature). In embodiments where the targeted tissue is
nerve tissue, the systems are configured to deliver ultrasonic energy through the adjacent wall
of the vessel in which the system is positioned. For example, with respect to the renal artery,
targeted nerve tissue is typically located about 0.5 mm to 8 mm (e.g., about 1 mm to 6 mm)
from the vessel wall. In some embodiments, nerve tissue is located 0.5, 1, 1.5, 2, 2.5, 3, 3.5,
4,45,5,55, 6, 6.5, 7, 7.5, 8 mm, distances between the foregoing, away from the interior
wall of the vessel. In other embodiments, nerve tissue can be located less than 0.5 mm or
greater than 8 mm from the interior wall of the vessel. Accordingly, ultrasonic energy can be
used to heat the nerve tissue to at least partially neuromodulate the nerve tissue. As used

herein, neuromodulation shall be given its ordinary meaning and shall include, without
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limitation, complete or partial ablation, necrosis, stimulation and/or the like. In some
embodiments, the acoustic energy is delivered radially outwardly from the ultrasound
transducer, permitting the delivery of ultrasonic energy to target nerve tissue regardless of the
radial orientation of such nerve tissue relative to a vessel (e.g., renal artery). In some
embodiments, the acoustic energy is delivered along an entire, continuous circumference of
the transducer. In other embodiments, however, the acoustic energy is emitted non-
continuously or intermittently around the circumference of the transducer. Further, as
discussed in greater detail herein, the various systems disclosed herein can be configured to
deliver a cooling fluid to the anatomical region being treated in order to protect certain tissue
of the subject (e.g., to prevent or reduce the likelihood of stenosis or other damage to the wall
of the vessel through which energy is delivered during a procedure). For example, cooling
fluid can be selectively delivered to and/or circulated within a balloon that at least partially
surrounds the transducer.

General System Components and Features

[0067] FIGS. 1 and 2 illustrate an ultrasound-based ablation system 100 according
to one embodiment. As shown, the system 10 can comprise a catheter 12 having a proximal
end 20 and a distal end 22, an expandable member 14 (e.g., balloon) along the distal end of
the catheter and one or more ultrasound transducers 16 positioned within the expandable
member 14. A proximal portion of the system can comprise a handle 8 and one or more
connectors or couplings (e.g., an electrical coupling 32 for connecting the system to a power
generator, one or more ports 34 for placing the system in fluid communication with a cooling
fluid, etc.).

[0068] In some embodiments, the catheter 12 includes one or more lumens that
can be used as fluid conduits, electrical cable passageways, guidewire lumen and/or the like.
For example, as illustrated in FIG. 5, the catheter 12 can include at least one cable lumen 24
that is shaped, sized and otherwise configured to receive an electrical cable 28 (e.g., coaxial
cable, wire, other electrical conductor, etc.). The electrical cable 28 advantageously permits
the electrode of the system’s ultrasound transducer to be selectively activated in order to emit

acoustic energy to a subject.
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[0069] The catheter 12 can also include at least one fluid lumen 26 for
transferring cooling fluid (e.g., water, saline, other liquids or gases, etc.) to and from the
balloon or other expandable member 14 located at the distal end of the system. As discussed
in greater detail herein, in some embodiments, the catheter comprises at least two fluid
lumens 26, one for delivering cooling fluid to the balloon and the other for returning the
cooling fluid from the balloon. However, the catheter 12 can include only a single fluid
lumen or more than two fluid lumen (e.g., 3, 4, more than 4, etc.), as desired or required. As
described in greater detail herein, the lumens can be located along any part of the cross-
sectional area of the catheter (e.g., along the centerline, offset from the centerline, etc.) and/or
can include any cross-sectional shape (e.g., circular, oval, rectangular or other polygonal,
irregular, etc.), as desired or required.

[0070] As illustrated in FIGS. 2 and 3, the ultrasound transducer 16 can be
positioned completely within an interior of the expandable member 14 (e.g., balloon). In
some embodiments, as shown in FIG. 2, when expanded, the outer wall of the balloon 14 is
generally parallel with the walls of the cylindrical ultrasound transducer 16. The balloon 14
can be a compliant, semi-compliant or non-compliant medical balloon, as desired or required.
Thus, when inflated, the balloon or other expandable member that at least partially surrounds
the transducer can at least partially contact the adjacent wall of the vessel. In some
embodiments, however, one or more portions of the balloon are configured to not contact the
adjacent vessel wall when expanded. In some embodiments, the ultrasound transducer 16 is
liquid cooled along both its outer and inner electrodes, meaning that cooling liquid entering
the balloon 14 is permitted to pass across both the exterior and interior surfaces of the
cylindrical transducer to transfer heat away from the transducer. In some embodiments, the
cooling liquid or other fluid can directly contact the exterior and/or interior surfaces of the
transducer. The transducer 16 can include a reflective interface (e.g., along its interior) so as
to permit ultrasonic energy generated at the inner electrode (e.g. along the interior surface of
the cylindrical transducer) to be reflected radially outwardly.

[0071] Additional details regarding possible ultrasonic transducer designs and
embodiments (e.g., both structurally and operationally) and/or catheter-based ultrasound

delivery systems are provided in U.S. Patent Application No. 11/267,123, filed on July 13,
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2001 and published as U.S. Publ. No. 2002/0068885 on June 6, 2002; U.S. Patent
Application No. 09/905,227, filed July 13, 2001 and issued as U.S. Patent No. 6,635,054 on
October 21, 2003; U.S. Patent Application No. 09/904,620, filed on July 13, 2001 and issued
as U.S. Patent No. 6,763,722 on July 20, 2004; U.S. Patent Application No. 10/783,310, filed
February 20, 2004 and issued as U.S. Patent No. 7,837,676 on November 23, 2010; U.S.
Patent Application No. 12/227,508, filed on February 3, 2010 and published as U.S. Publ.
No. 2010/0130892 on May 27, 2010; U.S. Patent Application No. 10/611,838, filed on June
30, 2003 and published as U.S. Publ. No. 2004/0082859 on April 29, 2004; and PCT Appl.
No. PCT/US2011/025543, filed on February 18, 2011 and published as PCT Publ. No. WO
2012/112165 on August 23, 2012. The entireties of all the foregoing applications is hereby
incorporated by reference herein and made a part of the present application.

[0072] With continued reference to FIG. 1, one or more electrical cables that
supply electrical power to the transducer 16 can be coupled via the electrical coupling 32
located at the proximal end of the system. In some embodiments, the electrical coupling
comprises a standard or non-standard connection to a power supply and controller (not
illustrated). For example, in some embodiments, the electrical coupling 32 can be easily and
quickly attached and detached to a power supply and controller. As is described in greater
detail below, the fluid lumen(s) 26 of the catheter can be used to selectively transfer fluid
(e.g., cooling fluid) between a fluid transfer device (e.g., fluid pump) and the interior of the
balloon or other expandable member 14. The cooling fluid can be used to inflate the
expandable member 14 and to provide cooling (e.g., when the ultrasound transducer 16 is
activated) in order to transfer heat away from the ultrasound transducer 16 and/or the
surrounding tissue of the subject during use.

[0073] The system 100 can be delivered to the target anatomical location (e.g., a
renal artery) via femoral, radial or other intravascular access. The system can be delivered
through the vasculature or other lumen of the subject either with or without the assistance of
a guidewire. Accordingly, as discussed in greater detail below, the catheter and other
components of the system can include a guidewire lumen or other passages to permit delivery

over a guidewire. In other embodiments, a steerable catheter or sheath and/or any other
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guiding device or method can be used to deliver the system to the targeted anatomical
location of the subject.

[0074] In some embodiments, the ultrasonic transducers are operated in a range of
from 1 to 20 MHz (e.g., 1-5 MHz, 5-10 MHz, 10-15 MHz, 15-20 MHz, 8-10 MHz, other
values or ranges within the foregoing, etc.). In one embodiment, for example, the ultrasound
transducer of the system is configured to operate at a frequency of about 9 MHz. In other
embodiments, however, the frequency at which a transducer is operated can be below 1 MHz
(e.g., 0.1-0.2, 0.2-0.3, 0.3-0.4, 0.4-0.5, 0.5-0.6, 0.6-0.7, 0.7-0.8, 0.8-0.9, 0.9-1.0 MHz,
frequencies between the foregoing ranges, less than 0.1 MHz, etc.) or above 20 MHz (e.g.,
20-25, 25-30 MHz, frequencies between the foregoing ranges, above 30 MHz, etc.), as
desired or required for a particular application or use. The power supplied to the ultrasound
transducer can vary, as desired or required, and in some embodiments, is 5 to 80 Watts (e.g.,
5 to 50, 5 to 10, 10 to 20, 20 to 30, 30 to 40, 40 to 50, 50 to 60, 60 to 70, 70 to 80 Watts,
power levels between the foregoing ranges, etc.) at the transducer. As noted above, the
period of time during which the ultrasound is activated for a particular treatment procedure
can vary, and can also depend on one or more other factors, such as, for example, the power
level at the transducer, the frequency of ultrasonic energy emitted, the size of the vessel or
other tissue being treated, the age, weight and gender of the patient being treated and/or the
like. However, in some embodiments, the ultrasonic transducer is activated for about 10
seconds to 5 minutes (e.g., 10-30 seconds, 30 seconds to 1 minute, 30 seconds to 5 minutes, 1
to 3 minutes, about 2 minutes, 10 seconds to 1 minute, 1 to 2 minutes, 2 to 3 minutes, 3 to 4
minutes, 4 to 5 minutes, time periods between the foregoing ranges, etc.). In other
embodiments, the ultrasonic transducer is activated for less than 10 seconds (e.g., 0-1, 1-2, 2-
3, 3-4,4-5, 5-6, 6-7, 7-8, 8-9, 9-10 seconds, time periods between the foregoing ranges, etc.)
or more than 5 minutes (e.g., 5-6, 6-7, 7-8, 8-9, 9-10, 10-15, 15-20 minutes, time periods
between the foregoing, more than 20 minutes, etc.), as desired or required for a particular
application or treatment protocol.

[0075] In some embodiments, the delivery of ultrasound energy during the
execution of a treatment protocol is continuous or substantially continuous, e.g., without any

interruptions or fluctuations in frequency, power, duty cycle and/or any other parameters. In
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other embodiments, however, the frequency, power, duty cycle and/or any other parameter is
modified during the course of a procedure. For example, in some embodiments, the delivery
of acoustic energy is modulated (e.g., between an on or off position, between a high and low
level, etc.) to prevent or reduce the likelihood of overheating of adjacent (e.g., targeted or
non-targeted tissue). Additional information regarding such modulation is provided in co-
pending U.S. Application No. 12/227,508, filed on February 3, 2010 and published as U.S.
Publication No. 2010/0130892 on May 27, 2010, the entirety of which is incorporated by
reference herein and made part of the present application.

[0076] Referring now to FIG. 2, in several embodiments, the system can be
delivered intravascularly through a subject so that the transducer is positioned within a target
vessel (e.g., a renal artery) 36 and adjacent nerve tissue N to be neuromodulated. As shown,
the expandable member (e.g., balloon) 14 can inflated (e.g., using a cooling fluid and/or any
other fluid). Expansion of the balloon 14 can cause the wall of the balloon to at least
partially engage the adjacent interior wall of the vessel 36. As discussed herein, however, in
some embodiments, inflation of the balloon does not cause the balloon to contact the interior
wall and/or any other portion of the adjacent vessel or lumen. In addition, in some
embodiments, expansion of the balloon or other expandable member 14 causes the transducer
16 to be generally centered within the vessel. The ultrasound transducer 16 can be activated
to generate ultrasonic energy that passes radially outwardly through the balloon and to the
adjacent tissue of the subject. For example, the ultrasonic or acoustic energy can pass
through the wall of the vessel 36 and heat the adjacent nerve tissue N. In some embodiments,
sufficient energy is delivered to the nerve tissue N to cause a desired heating and/or other
response. Thus, the energy delivered to the nerve tissue can neuromodulate (e.g., necrose,
ablate, stimulate, etc.) the nerves, as desired or required.

Guidewire-Enabled Catheter System

[0077] As noted above, the ultrasound treatment systems described herein can be
configured to be delivered to a target anatomical location of a subject with or without the use
of a guidewire. FIG. 3 illustrates a cross-sectional view of the distal end of an ultrasound-
based ablation system 100 that is configured to be delivered over a guidewire. As shown, the

ultrasound transducer 16 can comprise a cylindrical tube 44 comprising a piezoelectric
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material (e.g., PZT, lead zirconate titanate, etc.) with inner and outer electrodes 46, 48 along
the inner and outer surfaces of the cylindrical tube 44, respectively. When activated, the
piezoelectric material vibrates transverse to the longitudinal direction of the cylindrical tube
44 (e.g., radially).

[0078] With continued reference to FIG. 3, the transducer 16 is generally
supported within the interior of the balloon 14 using a backing member or post 56. As
shown, the backing member 56 can extend from the catheter 12 to a distal tip 18. For
example, in some embodiments, the backing member 56 is positioned within adjacent
openings of the catheter and tip. Further, the balloon or other expandable member 14 can be
secured along an exterior or other portion of the catheter and tip.

[0079] In order to permit liquid cooling along both the inner and outer electrodes
46, 48 of the transducer, the transducer can include one or more stand-off assemblies 50. As
shown schematically in FIGS. 3 and 4, for example, the stand-off assemblies 50 can be
positioned along or near each end of the transducer and couple the cylindrical portion of the
transducer 16 to the backing member 56. The stand-off assemblies 50 can define one or more
annular openings 55 through which cooling fluid may enter the interior space 52 of the
cylindrical tube. One or more of the stand-off assemblies 50 can be electrically conductive so
as to electrically couple the inner electrode 46 of the transducer 16 to the backing member or
post 56. As discussed in greater detail herein, for example, in some embodiments, one or
more conductors of the electrical cable 28 can be electrically coupled to the backing member
56. The conductors can be directly or indirectly coupled to the backing member, as desired
or required. Thus, as the power generator is activated, current can be delivered from the
cable 28 to the inner electrode 46 of the transducer via the post 56 and the stand-off assembly
50. According to one embodiment, this advantageously eliminates the need to electrically
couple the cable directly to the inner electrode of the transducer.

[0080] With reference to FIG. 4, the stand-off assembly 50 can have a plurality of
ribs or attachment points 54 that engage the inner electrode 46. The number, dimensions and
placement of the ribs 54 can vary, as desired or required. For example, in some
embodiments, as illustrated in FIG. 4, a total of three ribs 54 are generally equally-spaced

apart from one another at an angle of 120°. However, in other embodiments, the quantity,
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shape, size, orientation, spacing and/or other details of the rigs or other attachment points can
vary, as desired or required by a particular design or application.

[0081] With further reference to FIG. 3, the internal space 52 defined by the
ultrasound transducer 16 can allow the piezoelectric material to vibrate both outwardly and
inwardly in the transverse direction. As discussed herein, the internal space 52 of the
transducer can be in fluid communication with the interior cavity 38 of the expandable
member 14 so that, when in use, fluid entering the expandable member 14 can pass along and
cool both the inner and outer surfaces of the ultrasound transducer 44. The cooling fluid can
be used to maintain a desired temperature threshold along the interior wall of the vessel (e.g.,
renal artery) while allowing a higher temperature profile a particular distance radially away
from the vessel wall. For example, such a configuration can permit ultrasonic energy to
provide targeted heating to a specific location or zone located at a particular distance from the
transducer. In some embodiments, such a configuration can advantageously permit targeted
nerve tissue to be neuromodulated (e.g., necrosed, ablated, etc.) while protecting the vessel
wall from unwanted harm or injury (e.g., stenosis, ablation or reconstruction, scarring, etc.).
Likewise, for embodiments that treat tissue other than nerves, target tissue can be treated,
while protecting non-target tissue.

[0082] According to some embodiments, as illustrated in FIGS. 3 and 4, the
ultrasound-based ablation system 100 can be configured for delivery over a guidewire (e.g.,
regular guidewire, rapid-exchange system, etc.). Thus, the catheter can include a central
guidewire lumen 60. In addition, other portions of the system can also include a lumen or
other passage for receiving a guidewire. For example, the backing member or post 56 and the
tip 18 can each comprise a central opening, lumen or passage 62, 64 that are generally
aligned with the guidewire lumen 60 of the catheter. In one embodiment, the guide wire
lumen 60 of the catheter 12 extends from the proximal end 20 of the catheter to the distal tip
18. Alternatively, a monorail guidewire configuration could be used, where the catheter rides
on the wire just on the tip section distal to the transducer. In another embodiment, the
guidewire lumen 58 extends from a location between the proximal 20 and distal 22 ends of
the catheter to the distal end 22 of the catheter, such that the catheter comprises a rapid

exchange design (e.g., one in which the guidewire lumen of the catheter does not extend to
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the proximal end of the catheter). In any of the embodiments disclosed herein, regardless of
whether or not the system is configured for delivery over a guidewire, the catheter could
comprise one or more pull wires or other features (e.g., steerable catheters or sheaths) that
permit the system to be selectively manipulated (e.g., for selective deflection of the catheter)
to aid in the delivery and placement within the subject, either in lieu of or in addition to a
guidewire lumen.

[0083] In some embodiments, the backing member 56 advantageously serves as a
fluid barrier between the cooling fluid circulated within the expandable member 14 and the
central opening, lumen or passage 62 through which the guidewire is routed. In some
embodiments, the backing member or post 56 can include one or more layers of an
electrically insulating material or member 57 (e.g., polyimide, other polymeric or elastomeric
material, other natural or synthetic material, etc.) along an interior surface of the central
opening 62 of the backing member 56 so as to prevent or reduce the likelihood of electrical
conduction between the guidewire 58 and the backing member 56. Such an electrically
insulating member 57 can also provide one or more other benefits to the system, such as, for
example, reduced friction between the guidewire and the post. As illustrated in FIG. 3, the
various lumens or other openings of the catheter 12, backing member or post 56 and the
distal tip 18 can be generally aligned and sized and shaped so at to allow a guidewire to freely
and easily pass therethrough. Thus, the size, shape and other details of the lumens can be
customized according to a particular application or use (e.g., based, at least in part, on the
size of the catheter, the size of the guidewire, etc.).

Electrical L.oading of Transducer

[0084] FIG. 5 illustrates a partial cross-sectional view of the expandable member
(e.g., balloon) 14 and ultrasound transducer 16 of an ultrasound-based ablation system 100
according to one embodiment. As shown in FIG. 5, in some embodiments, the ultrasound
transducer 16 comprises a uniform and cylindrical outer and inner diameters to provide for a
uniform distribution of acoustic energy radially emanating therefrom (e.g., toward adjacent
nerve tissue surrounding a vessel). In some embodiments, the outer and inner surfaces of the
transducer 16 are coaxial and parallel with one another. Such a configuration can help ensure

that a generally equal acoustic energy profile is delivered by the transducer during use.
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Accordingly, localized hotspots of ultrasonic energy, where a greater amount of heating is
observed along one circumferential area and/or longitudinal area of the treatment region, are
eliminated (or their likelihood is reduced). Further, as noted herein, adjacent portions of the
balloon or other expandable member 14 can also include a uniform and/or flat profile upon
expansion, such that outer and inner surfaces of the cylindrical transducer are generally
parallel with the wall of the expanded balloon. Such a feature can help ensure that acoustic
energy delivered by the transducer moves radially outwardly with little or no deflection at the
balloon and/or the balloon-tissue interface.

[0085] In some embodiments, the acoustic energy profile of the transducer can be
negatively affected by attaching anything to the outside and/or inside surfaces of the
transducer tube (e.g., along the outer and/or inner electrodes of the transducer). For example,
connecting an electrical conductor of the electrical cable that supplies current to the
transducer can results in a diminished or undesirable acoustic energy profile. In such a
configuration, for example, the wire or other electrical connection may be positioned along
the outer surface of the electrode, which can disrupt the uniformity of such a surface and the
uniformity of the acoustic energy pattern originating therefrom. Embodiments for
eliminating the need to attach any electrical conductors or other leads to the outer and inner
electrodes of a transducer are illustrated in, e.g., FIGS. 5, 6 and 6c¢.

[0086] In FIGS. 5 and 6, the cylindrical tube 44 can include a distal, non-stepped
portion 66 and a proximal, stepped portion 68. As shown, the non-stepped portion comprises
an outer electrode 48 along the exterior surface of the tube 44 and an inner electrode 46 along
an interior surface of the tube. In some embodiments, the outer and/or inner electrodes can
extend completely or partially along the length of the tube 44. As discussed in greater detail
below, the non-stepped portion of the transducer 16 can comprise a vast majority of the
transducer length, such as, for example, 50-95% or 60-90% (e.g., 50-60%, 60-70%, 70-80%,
80-90%, 90-95%, 90-99%, percentages between the foregoing ranges, etc.) of the overall
length of the transducer 16. In other embodiments, however, the non-stepped portion can
extend along less than 60% (e.g., 40-50%, 50-55%, 55-60%, less than 40%, etc.) or greater
than 95% (e.g., 95-96, 96-97, 97-98, 98-99%, more than 99%, etc.) of the overall length of

the transducer, as desired or required.
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[0087] With continued reference to FIGS. 5 and 6, the proximal, stepped portion
68 includes an outer diameter 68a that is less than the outer diameter 66a of the non-stepped
portion 66. In other words, the cylindrical tube 44 can comprise a step change in outer
diameter along one of its ends (e.g., the proximal end). In the depicted embodiments, the
stepped portion includes a generally flat or non-sloped step. However, in other embodiments,
the step can include, without limitation, a sloped, non-flat, curved or rounded, undulating,
roughened or otherwise uneven surface profile. Regardless of its exact shape and
configuration, as shown in FIGS. 5 and 6, the stepped portion 68 of the tube can provide a
surface on which a conductor of the electrical cable 28 can be positioned and/or to which it
can attach. By placing an additional at least partially electrically conductive material or
member along the outside of the conductor at the stepped portion of the tube, the cable can be
advantageously electrically coupled to the outer electrode 48 of the transducer without
attaching any conductors along an outer diameter or portion of the transducer. Accordingly,
the cylindrical outer surface of the transducer can be maintained along the entire or
substantially the entire length of the transducer to provide for a more even acoustic energy
profile when the transducer is activated.

[0088] In some embodiments, the stepped portion 68 can be fabricated or
otherwise manufactured by machining and/or grinding away a proximal portion of the tube’s
outer diameter 66a. As noted herein, such a step can include a uniform or constant outer
diameter; however, in other embodiments, the stepped portion comprises a non-flat (e.g.,
rounded, curved, sloped, etc.) or irregular profile, as desired or required. In other
embodiments, the stepped portion 68 can be fabricated or otherwise created by manufacturing
the cylindrical tube 44 as a single piece of material with the step integrated into the tube
during formation (e.g., by casting or molding the step into the original design). In yet another
embodiment, the cylindrical tube 44 with the step can be created as two separate components
(e.g., one with a larger diameter and one with the step diameter) which are bonded together
(e.g., by welds, adhesives, rivets, screws, threaded couplings or features on the tube itself,
press-fit connections, other mechanical or non-mechanical features, etc.).

[0089] In one embodiment, the cable 28 that supplies electrical current to the

transducer comprises a coaxial cable having an inner conductor 28a and outer tubular

20.



WO 2014/159276 PCT/US2014/022804

conducting shield 28b. As shown in FIG. 6, the inner conductor 28a can be electrically
coupled with the outer electrode 48 (e.g., via attachment to the stepped portion), while the
outer tubular conducting shield 28b can be electrically coupled with the inner electrode 46 of
the cylindrical tube 44. In other embodiments, the conductors of the coaxial cable can be
reversed and/or different types of electrical cables or connectors can be used.

[0090] With continued reference to FIG. 5, one or more rings and/or other
components 72 can be placed around the stepped portion 68 of the tube to form a generally
constant outer diameter along an entire length of the transducer 16 (e.g., both along the
stepped and non-stepped regions). For example, an electrically conductive ring 72 can
surround the stepped portion 68 of the cylindrical tube 44 to electrically couple the outer
electrode 48 to the inner conductor 28a. The ring 72 can be sized and shaped to have
substantially the same outer diameter as the outer diameter 66a of the non-stepped portion 66
and provide a substantially continuous, flat and/or uniform outer surface for the entire
transducer. In such an embodiment, the ring 72 can act as an active portion of the transducer
16 and allow for more uniform electrical loading of the ultrasound transducer when the
electrical transducer is energized. The ring can be a machined ring having very precise
dimensions. The ring, which comprises one or more metals or alloys (e.g., brass, stainless
steel, etc.), can include a solid or partially-solid (e.g., having one or more hollow portions or
area) design. The ring can include a uniform or unitary structure. Alternatively, in some
embodiments, the ring or other member or components that is positioned along the outside of
the stepped portion of the tube can include two or more pieces (e.g., 2, 3, 4, more than 4, etc.)
that are configured to secure to one another when properly positioned relative to the stepped
portion.

[0091] In other embodiments, one or more other components can be placed over
the stepped portion 68 of the tube. For example, one or more layers of solder or other masses
of at least partially electrically conductive can be deposited and secured to the outside of the
stepped portion. Such layers or masses can include an outer diameter that matches the outer
diameter 66a of the non-stepped portion 66 of the transducer. In some embodiments, an outer
surface of the conductive electrical solder or other material or component placed along the

outside of the stepped portion is reshaped or otherwise treated to achieve a substantially
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uniform overall outer diameter for the transducer (e.g., by mechanical grinding, etching, or
polishing).

[0092] In some embodiments, the stepped portion 68 extends approximately 5%
to 25% (e.g., 5% to 10%, 10% to 15%, 15% to 20%, 20% to 25%, etc.) of a length of the
cylindrical tube 44. For example, the stepped portion 68 (and the corresponding ring, solder
or other material or component placed around the stepped portion) can be approximately 1
mm in length, while the non-stepped portion 66 can be approximately 5 mm in length.

[0093] Alternatively, the cylindrical tube 44 can include a stepped portion 68
without an electrically conductive ring or other component 72. In such embodiments, the
stepped portion 68 can form an inactive portion (or a partially inactive portion) of the
transducer 16 and the distal, non-stepped portion 66 can form the active portion of the
transducer 16. One or more electrical connections (e.g., wires, other conductors, traces, etc.)
can be placed along the inactive stepped portion and be routed to the outer electrode of the
non-stepped portion 66 of the transducer.

[0094] In some embodiments, as illustrated in FIGS. 6a and 6b, the tube 16
comprises a stepped portion 68' that extends only partially around the tube. Thus, the stepped
portion 68’ can include one or more (e.g., 2, 3, 4, more than 4, etc.) regions of the tube 16 that
are recessed or that otherwise do not extend to the outer circumference of the tube.
Alternatively, as illustrated and discussed herein with reference to FIG. 6, the stepped portion
68 can extend completely around the tube.

[0095] With continued attention to the embodiment illustrated in FIGS. 6a and 6b,
an end (e.g., proximal end) of the tube 16 can include, for example, oppositely oriented
flattened or non-circular features along the stepped portion 68'. As noted in greater detail
herein, the tube 16 can be manufactured (e.g., cast, formed, etc.) with a desired stepped
portion 68'. In other embodiments, however, the features of the stepped portion 68' can be
created by removing material from one or more regions of a cylindrical tube. For example,
the stepped portion 68' can be created by selectively cutting, grinding and/or otherwise
removing material from the tube.

[0096] As illustrated in the embodiment illustrated in FIGS. 6a and 6b, the tube

16 can comprise upper and lower flattened regions along the stepped portion 68'. In other
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embodiments, however, the stepped portion 68' can include fewer (e.g., one) or more (e.g., 3,
4,5, 6, more than 6, etc.) flattened features or portions and/or other recesses (e.g., relative to
the main outer diameter of the tube). Such features or recesses of the stepped portion can be
continuous or discontinuous and/or may include any shape (e.g., flat, curved or rounded,
irregular, fluted, undulating, etc.), as desired or required. In some embodiments, for example,
the stepped portion includes a length of the tube 16 having a smaller outer diameter than the
major outer diameter of the tube (e.g., the adjacent main portion of the tube). Therefore, the
stepped portion can comprise a generally circular outer diameter (e.g., FIG. 6) that extends
completely around the tube.

[0097] In some embodiments, the diameter or other cross-sectional dimension of
the stepped portion 68a is 50-95% (e.g., 50-55, 55-60, 60-65, 65-70, 70-75, 75-80, 80-85, 85-
90, 90-95%, percentages between the foregoing ranges, etc.) of the outer diameter 66a of the
transducer. In other embodiments, the diameter or other cross-sectional dimension of the
stepped portion 68a is less than 50% (e.g., 20-30, 30-40, 40-50%, percentages between the
foregoing ranges, less than 20%, etc.) or greater than 95% (e.g., 95-96, 96-97, 97-98, 98-99,
99-100%, percentages between the foregoing ranges, etc.) of the outer diameter 66a of the
transducer.

[0098] As shown in FIG. 6a, regardless of the exact shape and configuration of
the stepped portion 68', one or more wires or other electrical conductors 28 (e.g., portions of
a cable) can be advantageously secured to the outer surface of the tube. Since, in such
embodiments, the outer surface of the tube 16 along the stepped portion 68' does not extend
to the major outer diameter of the tube 16, the conductors 28 can be retained within the major
outer diameter. As discussed herein with reference to FIG. 6, one or more components,
materials and/or the like 72' can be positioned along the stepped portion 68' to match or
substantially match the final major outer diameter of the stepped portion 68' to the adjacent
portion (e.g., non-stepped portion) of the tube 16. Such components and/or materials 72' can
comprise, without limitation, solder (e.g., silver-based solder, conductive epoxy, other
flowable or malleable materials, mechanical rings and/or the like. Such components and/or

materials can be at least partially electrically conductive in order to electrically couple the one
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or more conductors 28 positioned along the stepped portion 68’ to the outer electrode of the
transducer.

[0099] With reference to FIG. 6¢, in some embodiments, the distal ring 72 does
not extend past the innermost portion of the adjacent stand-off assembly 50 that is positioned
between the backing member or post 56 and the transducer. In other words, the distance from
the end of the transducer tube 44 to the proximal end of the ring 72 (designated as distance
X2 in FIG. 6¢) is less than the distance from the end of the tube to the proximal end of the
stand-off assembly 50 (designated as distance X1 in FIG. 6¢). Such a configuration can help
ensure that the acoustic energy profile generated by the transducer is uniform, both radially
around the circumference of the transducer and axially along the length of the transducer. In
some embodiments, if X2 is equal to or greater than X1 (e.g., in other words, if the ring 72
extends proximally to the stand-off assembly 50), the manner in which the transducer is
permitted to vibrate during use can be negatively impacted, thereby causing at least partial
non-uniformity (e.g., radial and/or axial) of the resulting acoustic pattern generated from the
transducer.

Electrical Impedance Matching

[0100] As discussed herein, the ultrasonic transducer 16 can convert input
electrical energy into ultrasonic energy that is delivered radially outwardly (e.g., toward target
nerve tissue or other tissue adjacent a vessel wall). In some embodiments, for ultrasonic
transducers, the power factor, or conversion rate from electrical energy into generated
acoustical energy, can be relatively low. Thus, a large portion of the electrical power
delivered by the power supply may be lost as wasted heat. Accordingly, in one embodiment,
to increase the efficiency of the ultrasound system, the electrical impedance of the electrical
conductors (e.g., the one or more electrical cables 28 that electrically couple the transducer to
the power supply) can be matched or substantially matched (e.g., within about 0-10%, 0.1%,
0.2%, 0.3%, 0.4%, 0.5%, 0.5-1%, 1-2%, 2-3%, 3-4%, 4-5%, 5-6%, 6-1%, 7-8%, 8-9%, 9-
10%, etc.) to the electrical impedance of the ultrasound transducer 44. Thus, in some
embodiments, by matching or substantially matching the impedance values of the cable and

the transducer, the electrical load of the system can help reduce or minimize the electrical
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inefficiency of the system, while increasing or maximizing the amount of power transferred
to the transducer.

[0101] Accordingly, in some embodiments, the ultrasound system 100 comprises
only a single cable (e.g., coaxial cable) routed through a corresponding lumen of the catheter
and electrically coupled to the transducer. The electrical cable can be selected to match or
substantially match an impedance of the ultrasound transducer. For example, in some
embodiments, the impedance of both the electrical cable and the ultrasound transducer is
approximately 40 to 60 ohms (e.g., 50, 40-42, 42-44, 44-46, 46-48, 48-50, 50-52, 52-54, 54-
56, 56-58, 58-60 ohms, etc.). In other embodiments, the impedance of the electrical cable
and the ultrasound transducer can be less than 40 ohms or greater than 60 ohms, as desired or
required.

Cooling fluid considerations

[0102] FIG. 7 schematically illustrates one embodiment of a catheter-based
ultrasound system 100 having at least two fluid lumens 26a, 26b positioned within the
catheter 12. As shown, each lumen 26a, 26b of the catheter is placed in fluid communication
with a separate fluid transfer device (e.g., pump). Further, with reference back to FIG. 1,
each lumen 26a, 26b can be in fluid communication with corresponding pumps or other fluid
transfer devices (not shown) via ports 34a, 34b (e.g., a luer fittings, other standard or non-
standard couplings, etc.). Accordingly, cooling fluid can be injected, infused or otherwise
delivered into the vessel to transfer heat away from the transducer and/or other areas at or
near the treatment site. As discussed herein, such heat transfer can protect adjacent tissue of
the subject (e.g., the wall of the vessel in which the system is placed), can help maintain the
transducer within a desired temperature range during use (e.g., for safety and/or performance
reasons) and/or the like.

[0103] According to some embodiments, the cooling fluid that is circulated
through the balloon at the distal end of the system can include, for example, saline, water
and/or any other liquid or fluid. The cooling fluid can be room temperature or actively
cooled (e.g., cooled relative to room temperature, body temperature, etc.), as desired or
required. In some embodiments, cooling fluid is circulated through the system in such a

manner so that the temperature along the interior wall of the vessel surrounding the
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transducer is maintained at a temperature of about 50-55°C (e.g., 50°C, 51°C, 52°C, 53°C,
54°C, 55°C, etc.). In other embodiments, the target temperature can be below 50°C (e.g., 30-
35°C, 35-40°C, 40-45°C, 45-50°C, temperatures between the foregoing ranges, less than
30°C, etc.) or greater than 55°C (e.g., 55-60°C, 60-65°C, 65-70°C, 70-75°C, temperatures
between the foregoing ranges, greater than 75°C, etc.), as desired or required. In addition, in
some embodiments, the temperature of the vessel wall is maintained within such a target
range (e.g., 50-55°C, 30-75°C, etc.), while the temperature of tissue approximately 0.5 mm to
8 mm (e.g., | mm to 6 mm, where, in some embodiments, target tissue is located) is heated to
about 60-80°C (e.g., 60-70°C, 70-80°C, 65-75°C, etc.), 50-100°C (e.g., 50-60°C, 60-70°C,
70-80°C, 80-90°C, 90-100°C, temperatures between the foregoing ranges, etc.), greater than
100°C, when the transducer is activated. The higher temperature at a particular distance
away from the vessel wall can be due, at least in part, on the less effective cooling by the
cooling fluid at those distances away from the balloon. In some embodiments, raising the
temperature of nerve and/or other nerve tissue to about 60-80°C can help perform the desired
neuromodulation (e.g., ablation, necrosing, stimulation, etc.) to such tissue. A treatment
protocol that accomplishes the desired heating of the targeted tissue (e.g. nerves) while
maintaining adjacent vessel tissue to safe levels (e.g., to reduce the likelihood of stenosis or
other damage to such tissue) can be based, either completely or in part, on empirical or
experimental data.

[0104] Certain vessels (e.g., renal arteries) in which the system can be placed can
have a relatively small catheter diameter. As a result, the diameter of the fluid lumens 26a,
26b located within the catheter may also need to be reduced. As the diameter of the fluid
lumens 26 are decreased, the pressure required to move the cooling fluid increases (e.g., due
to an increase in back pressure and head losses through the fluid lumens). As a result, in
some arrangements, increased cooling fluid pressure can be required by one or more of the
pumps or other fluid transfer devices in fluid communication with the system. However, if
the system fluid pressure is increased to a high enough value, the increased pressure of the
balloon can create one or more safety concerns. For example, the balloon itself may be
susceptible to rupture or other damage. Further, the pressure created within the balloon can

cause the balloon to expand to a degree that poses a risk of harm to the adjacent tissue of the
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subject (e.g., the artery or other vessel of the subject may rupture or otherwise be damaged).
Accordingly, in some embodiments, it is desirable to regulate and limit the pressure within
the balloon. For example, in some embodiments, the internal pressure of the balloon 14 is
maintained at about 1.5-2 ATM (e.g., for a 6 FR catheter).

[0105] As illustrated in FIG. 7, in one embodiment, the fluid lumens 26a, 26b can
include a delivery lumen 26a and a return lumen 26b for supplying and returning cooling
fluid to and from, respectively, the balloon or other expandable member 14. The use of
separate fluid lumens 26a, 26b can help reduce the overall internal pressure of the balloon
during use, while still being able to circulate cooling fluid at a target flowrate through the
balloon interior. Thus, a desired flowrate of cooling fluid can be sustained through the
system without over-pressurizing the balloon 14. This is due, in part, because the vacuum
created through the return lumen 26b (e.g., by one of other pumps P) helps reduce the
pressure within the balloon interior accordingly. By way of example, the delivery lumen 26a
can have a pressure of approximately 70 psig and the return lumen 26b can have a vacuum of
10 psig. Thus, under those circumstances, the internal pressure of the balloon is about 30
psig (e.g., (70 psig -10 psig) / 2) = 30 psig).

[0106] In one embodiment, the pumps P or other fluid transfer devices that are
placed in fluid communication with the fluid lumens 26a, 26b comprise positive
displacement pump, such as a peristaltic pump. However, in some circumstances, when the
back-pressures associated with delivering the cooling fluid to the balloon is above a particular
threshold, peristaltic pumps or similar positive displacement pumps are unable to deliver the
necessary flowrate of cooling fluid to the balloon.

[0107] Accordingly, in some embodiments, one or more pumps P of the systems
can comprise a syringe pump. A syringe pump can include a reservoir for storing a volume
of cooling fluid and a movable member configured to move (e.g., slide) within an interior of
the reservoir. The movement of the movable member within the corresponding reservoir
exerts the necessary backpressure on the fluid (e.g., cooling fluid) stored within the reservoir
and transfers the fluid through the fluid delivery lumen 26a of the catheter and into the
balloon. In some embodiments, the use of such syringe pumps can provide sufficient force to

achieve the required backpressure at a desired flowrate of cooling fluid. The movable
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members of syringe or other such pumps can be selectively moved by one or more stepper
motors or other mechanical devices. In such embodiments, the stepper motor can prevent
and/or minimize deflection of the movable member caused by the corresponding torques,
moments and forces.

[0108] According to some embodiments, the reservoir of the syringe or other
pump P in fluid communication with the fluid lumen 26a and the balloon 14 is sized and
otherwise configured to store a sufficient volume of cooling fluid for an entire treatment
procedure. In some embodiments, the volume of the reservoir is approximately 50 ml to
1,000 ml (e.g., 50-100, 100-200, 200-300, 300-400, 400-500, 500-600, 600-700, 700-800,
800-900, 900-1,000 ml, capacities between the foregoing, etc.). In other embodiments, the
volume of the reservoir is less than 50 ml (e.g., 20-30, 30-40, 40-50 ml, volumes between the
foregoing ranges, less than 20 ml) or greater than 1,000 ml (e.g., 1,000-1,100, 1,100-1,200,
1,200-1,300, 1,300-1,400, 1,400-1,500, 1,500-2,000, 2,000-3,000, 3,000-5,000 ml, volumes
between the foregoing ranges, greater than 5,000 ml, etc.), as desired or required.

[0109] In one embodiment, the fluid lumens 26 can be operated simultaneously to
circulate cooling fluid through the expandable members 14 during an ablation procedure. In
one embodiment, the flowrate of cooling fluid through the lumens 26 can be between 30-50
ml/min (e.g., 30-40 ml/min, 40-50 ml/min, 35-45 ml/min, 40 ml/min).

IV bag connector

[0110] IV bags used for the storage of cooling fluid in connection with the various
systems disclosed herein can have two outlet ports (e.g., for mating to the two fluid lumens
26 of the catheter). In other embodiments, however, the IV bag 200 is constructed with only
a single inlet/outlet port 210, as depicted in FIG. 8. In such embodiments, a dual lumen spike
or coupling 74 can be inserted within the port 210 of the IV bag 200 to enable fluid to be
transferred both to and from the bag. This can effectively turn a single-port IV bag into a
dual port IV bag without redesigning the bag itself.

[0111] In some embodiments, the dual lumen spike or coupling 74 can comprise
two or more lumens or passages 76, 78 that are separated from one another. Such separate
passage 76, 78 can be connected to different fluid conduit or sources, as desired or required.

As shown, the spike 74 can include a proximal hub 82 that is shaped, sized and otherwise
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configured to abut against an end of bag’s port 210 (or other inlet or outlet). A proximal
conduit 84 can be inserted within or otherwise placed in fluid communication with one or
more fluid sources (e.g., lumen of a catheter as disclosed herein, a pump, etc.). In some
embodiments, the spike can include a minimum penetration depth 80 into the IV bag to
ensure adequate flow (e.g., supply and return) into and out of the bag. Such a minimum
penetration depth can help prevent or reduce the likelihood of short-circuiting of fluids
entering and exiting the bag 200. In some embodiments, the inner diameters of the internal
lumens or passages 76, 78 of the spike or coupling 74 are approximately 0.05 to 0.125 inches
(e.g., 0.05-0.06, 0.06-0.07, 0.07-0.08, 0.08-0.09, 0.09-0.1, 0.1-0.11, 0.11-0.125 inches,
diameter between the foregoing, etc.) and the minimum penetration distance 80 is about 1.5
inches (e.g., 0.75, 1.0, 1.25, 1.5 inches, distances between the foregoing, less than 0.75
inches, more than 1.5 inches, 1.5-2.0 inches, 2.0-3.0 inches, more than about 3 inches, etc.).

[0112] In some embodiments, such a coupling or spike 74 can be used on an IV
bag or other fluid container that is placed in fluid communication with a syringe pump of a
treatment system. Thus, the IV bag can be configured to store additional fluid that will be
delivered through a delivery lumen into a balloon and/or can be configured to store excess
fluid being returned from the balloon via a return lumen in the catheter. Thus, the coupling
74 can be placed in fluid communication with the catheter and/or the syringe pump of the
(reatment system.

Vessel Diameter Detection

[0113] In some embodiments, prior to inflation of a balloon or other expandable
member 14, the ultrasonic transducer 16 can be activated to measure the vessel’s diameter.
This can be accomplished by sending out a single (or a distinct number of) ultrasonic waves
and recording the time period required for the signals to return (e.g., bounce back) to the
transducer surface. Thus, in some embodiments, a control system of the system can be
configured to both emit acoustic energy and detect it (e.g., at or along the outside of the
transducer). By detecting the diameter of the vessel (e.g., renal artery) at a desired treatment
location, the clinician can make any necessary adjustments to the procedure (e.g., what size
balloon to use, how much energy should be delivered to the subject and for what time period,

etc.).
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Miscellaneous Concepts

[0114] In any of the embodiments disclosed herein, the system can comprise an
ultrasound transducer having a variety of shapes. The transducer can be cylindrical or non-
cylindrical, as desired or required. For example, in some embodiments, the transducer
comprises, at least in part, an hourglass shape, a barbell shape, a convex shape or surface, a
concave shape or surface and cone shape, an irregular shape and/or the like.

[0115] In some embodiments, a system comprises an array of transducers (e.g., an
array comprising 2, 3, 4, 5, 6, 7, 8, 9, 10, 10-15, more than 15 transducers, etc.). In
embodiments comprising 2 or more transducers (e.g., an array of transducers), one or more of
the transducers can be configured to emit more or less ultrasonic energy than one or more
other transducers. In some embodiments, the amount of acoustic energy that is emitted by the
plurality of transducers varies (e.g., linearly, non-linearly, randomly, etc.) along a
longitudinal axis of the system. In some embodiments, one or some ultrasound transducer of
a system emit (or are configured to emit) greater acoustic energy in one or more directions in
relation to one or more other directions.

[0116] In any of the embodiments disclosed herein, an ultrasound transducer can
include differing wall thickness (e.g., along its longitudinal axis). In embodiments
comprising two or more transducers, the wall thickness of one transducer is greater or less
than the wall thickness of another transducer. In some embodiments, one or more
transducers of a system can be independently controllable (e.g., such that power and/or
frequency to one transducer can be different than power and/or frequency to another
transducer, etc.). In some embodiments, two or more transducers of a system are controlled
together or in unison. In one embodiment, a transducer can include an eccentric or non-
uniform backing lumen or opening.

[0117] In any of the embodiments disclosed herein, the transducer comprises a
varying wall thickness along at least a portion of its circumferential extent. Accordingly,
rotating the transducer can alter the acoustic energy pattern emitted by the transducer and/or
alter one or more other aspects of energy emission (e.g., frequency, efficiency, etc.) during
use. In some embodiments, one or more regions, surfaces and/or other portions of a

transducer can be at least partially masked, covered, obstructed, etc. in order to alter the

-30-



WO 2014/159276 PCT/US2014/022804

acoustic energy profile of the transducer during use. For example, at least a portion of the
transducer can be masked or otherwise covered by selective plating and/or etching of the
electrodes along the transducer, covering a portion of the transducer, using one or more
features of the balloon, etc.). Additional information regarding such masking or selective
blocking of ultrasonic energy emitted from a transducer is provided in PCT Application No.
PCT/US2011/025543, filed on January 18, 2011 and published on August 23, 2012 as PCT
Publication WO 2012/112165, the entirety of which is incorporated by reference herein and
made a part of this application.

[0118] In some embodiments, ultrasonic energy is directed directly within the
tissue of the targeted nerve tissue (e.g., sympathetic nerves). In any of the embodiments
disclosed herein, a balloon and/or other expandable structure or member can be used to at
least partially expand the area or volume of tissue being treated (e.g., the renal artery, other
body lumen or vessel, etc. can be radially expanded). In some embodiments, an ablation
system includes a balloon (e.g., positioned at least partially around one or more transducers),
but no fluid is configured to be circulated through the balloon during use. For example, in
one embodiment, the balloon can be inflated with one or more gases, liquids and/or fluids
(e.g., in order to expand the balloon, so that balloon contacts the adjacent wall of the targeted
vessel, so that the one or more transducers of the system are radially centered or generally
radially centered within the vessel, etc.), but no fluids are circulated through the balloon.
Thus, the balloon can be configured to maintain an inflated or expanded state without the
continuous or intermittent delivery of fluid therethrough.

[0119] In some embodiments, a catheter of the system comprises a chip (e.g., a
smart catheter) and/or one or more related components or features (e.g., an identification
device or reader, a transducer, etc.). Accordingly, the generator can detect which catheter is
being used. Further, the system can monitor one or more aspects of a therapy or procedure
using one or more metrics that are detected, such as, for example, pressure, temperature,
flowrate, vessel diameter, thermal profile, presence and/or degree of spasm of a vessel,
degree of narrowing of a vessel and/or the like. Such information can be used in a control
scheme to regulate one or more aspects of the generator and/or other components or devices

of the system (e.g., to modulate power, frequency, duration of procedure, automatic shutoff,
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billing, patient records or other recordkeeping, memorization of a procedure for other
reasons, etc.).

Catheter Embodiments

[0120] According to some embodiments, as illustrated in FIG. 9-15, the catheter
12 comprises a guidewire lumen 13d that is generally offset relative to the centerline of the
catheter. In other words, the guidewire lumen 13d of the catheter is not along the centerline
or center of the catheter. Such a configuration could be incorporated into any catheter design,
irrespective of size (5 French, 6 French, etc.), type (e.g., over-the-wire, rapid exchange, etc.)
and/or the like. For example, such a catheter can be incorporated into any treatment system
disclosed herein or variation thereof. As discussed in greater detail herein, an offset
orientation of the guidewire lumen can permit other lumens (e.g., the delivery and/or return
fluid lumens) 13b, 13c (see, e.g., FIGS. 16 and 17) to be enlarged given a specific catheter
outer diameter.

[0121] With continued reference to FIGS. 9-15, a centering assembly 90 can be
positioned adjacent or near the distal end of the catheter 12. Such a centering assembly 90
can center the guidewire GW within the interior of the balloon 14 and/or distal tip 18.
Accordingly, the transducer 16 and other components (e.g., the electrically non-conductive
member, backing member or post, etc.) through which the guidewire GW is routed can be
advantageously centered (e.g., radially) within the balloon 14. As discussed in greater detail
herein, centering of the transducer within the balloon 14 can help provide a more evenly
distributed acoustic energy profile in the radial direction from the transducer 16 during use.
As a result, if the balloon is centered or substantially centered within the target vessel (e.g.,
renal artery), acoustic energy is delivered in a uniform manner to the adjacent tissue of the
subject. Thus, targeted anatomical tissues (e.g., nerves) surrounding the vessel in which the
system is placed can be heated in a more predictable and consistent manner.

[0122] As depicted in the perspective view of FIG. 12, the centering assembly 90
can include two or more wings 92 that extend radially outwardly from a central hub. The hub
can include a central opening 96 through which a guidewide GW can pass. As discussed in
greater detail herein, an electrically non-conductive tube or other member 57 (e.g.,

comprising polyimide) can be positioned within the central opening 96 of the centering
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assembly. Thus, in such embodiments, a guidewire GW can be routed through the
electrically non-conductive tube 57 and the central opening 96 of the centering assembly. In
any of the embodiments disclosed herein, the electrically non-conductive tube or member 57
can extend from the distal end of the catheter 12 (e.g., from a guidewire lumen of the
catheter) to the distal tip 18 (e.g., an interior passage of the distal tip), through the interior of
the transducer 16. According to some embodiments, the centering assembly 90 comprises
three wings 92 that are evenly distributed around the circumference of the assembly 90 (e.g.,
spaced apart at 120° intervals). In other embodiments, however, a centering assembly can
include fewer (e.g., 1, 2) or more (e.g., 4, 5, 6, more than 6, etc.) wings 92 as desired or
required.

[0123] In some embodiments, the wings 92 include a curved outer surface. Such
an outer surface can be generally smooth and configured to contact an adjacent surface of one
or more components of the catheter system (e.g., catheter, balloon, etc.). In some
embodiments, the curved outer surface of the wings 92 are shaped so as to match the adjacent
interior surface of the balloon or other adjacent component of the system against which they
may rest. As discussed in greater detail herein, the centering assembly 90 can be secured
within a desired portion of the catheter system using one or more attachment methods or
devices, such as, for example, adhesives, fasteners, hot melt connections, friction fit or press
fit connections and/or the like. In some embodiments, the outer diameter of the centering
assembly 90 (e.g., taken along the outermost portions of the wings 92) is identical or
substantially identical (e.g., within about 0-1%, 1-2%, 2-3%, 3-4%, 4-5%, more than 5%) of
the outer diameter of the catheter 12. The centering assembly can comprise one or more
suitable materials (e.g., thermoplastics, metals, alloys, combinations thereof, etc.).

[0124] With continued reference to FIGS. 9 and 10, the centering assembly 90 can
help center the guidewire GW and the various components that are supported along the
guidewire GW within the interior of the balloon 14 when the catheter system is in use. As
shown, such components include the electrically non-conductive member (e.g., polyimide)
57, the ultrasound transducer 16 and the backing member or post 56 positioned between the
non-conductive member and the transducer. As noted above, the electrically non-conductive

member or tube 57 can extend partially or entirely through the interior of the balloon (e.g.,

42



WO 2014/159276 PCT/US2014/022804

from the distal end of the catheter 12 to the distal tip 18). The electrically non-conductive
tube 57, which in some embodiments comprises polyimide and/or another thermoplastic
material, can advantageously electrically shield a metal guidewire GW from other
components of the system (e.g., the backing member or post 56, transducer 16, etc.). As
noted above, by radially centering the transducer 16 within the balloon 14, the centering
assembly 90 helps to ensure that the energy profile of the acoustic energy delivered by the
transducer 16 during use is generally uniform in the radial direction (e.g., circumferentially
around the transducer and balloon). In some embodiments, this provides more even and
consistent heating of tissue (e.g., renal nerves) around the targeted portion of the vessel (e.g.,
renal artery) into which the catheter system is positioned during a treatment procedure.

[0125] As illustrated in FIGS. 9, 10 and 13, the centering assembly 90 enables the
guidewire GW to transition from an radially non-centered position of the catheter 12 (e.g.,
from a peripheral or non-centered lumen 13d of the catheter 12) to a radially centered
orientation through the assembly 90 and components distal to the assembly (e.g., a majority
of the balloon 14, the distal tip 18, etc.). The guidewire GW can transition from a peripheral
lumen 13d of the catheter 12 to the central opening 96 of the centering assembly 90 within a
transition region along the proximal portion 15 of the balloon 14. In some embodiments,
such a proximal portion 15 of the balloon comprises a generally cylindrical shape that is not
configured to expand when fluid is circulated through the balloon 14. In other words, such a
proximal portion 15 will maintain its outer shape during use (e.g., as cooling fluid is
circulated within the balloon).

[0126] In some embodiments, the entire balloon 14 (e.g., including the proximal
portion 15, the main radially expandable portion, etc.) is extruded from a single material or
member. In order to maintain the proximal portion 15 of the balloon from expanding during
use, the proximal portion can comprise a greater thickness of the extruded material or portion
relative to the distal portions of the balloon 14. For example, in some embodiments, the
thickness of the proximal portion 15 of the balloon is greater than the thickness of more
distally located portions (e.g., along the main, radially expandable portion of the balloon) by
about 0-10%, 10-20%, 20-30%, 30-40%, 40-50%, 50-60%, 60-70%, 70-80%, 80-90%, 90-
100%, 100-125%, 125-150%, 150-200%, greater than 200%, percentages between the
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foregoing values and/or the like. The distal portion of the balloon 14 can also include a
generally cylindrical portion that is configured to maintain its shape during use (e.g., when
cooling fluid is circulated through the balloon interior). As depicted in FIGS. 10 and 11, the
proximal and distal portions of the balloon can be secured to the catheter 12 and the tip 18,
respectively, using one or more attachment methods or devices (e.g., adhesives, pressure or
friction fit connections, fasteners, etc.).

[0127] According to some embodiments, in order to transition from a peripheral
lumen 13d of the catheter 12 to the central opening 96 of the centering assembly 90, the
guidewire GW is angled through a portion of the catheter system (e.g., between the distal end
of the catheter 12 and the proximal end of the centering assembly 90). For example, as
illustrated in FIG. 10, the guidewire GW can be angled within the proximal, cylindrical
portion 15 of the balloon 14 at angle ®, which, in some embodiments, is about 0-40° (e.g.,
about 0-5°, 5-10°, 10-15°, 15-20°, 20-25°, 25-30°, 30-35°, 35-40°, angles between the
foregoing, etc.). However, in other embodiments, the angle ® is greater than about 40° (e.g.,
about 40-50°, 50-60°, greater than 60°), as desired or required.

[0128] As illustrated in FIG. 14, in addition to the guidewire lumen 13d discussed
above, the catheter 12 can comprise one or more other lumens 13a, 13b, 13c. For example, in
the depicted embodiment, the catheter 12 includes a lumen 13a for routing one or more
electrical conductors (e.g., coaxial cables) 28 to the distal end of the system. As discussed in
greater detail herein, such cables or other electrical conductors 28 can electrically couple the
inner and outer electrodes of the transducer 16 to a generator. In addition, the catheter can
include one or more fluid lumens 13b, 13c that are shaped, sized and otherwise configured to
transfer cooling fluid (e.g., water, saline, other liquid or gas, etc.) to and/or from the interior
of the balloon 14. For example, in some embodiments, the catheter comprises separate fluid
delivery 13b and fluid return 13c lumens that are in fluid communication with the balloon
interior.

[0129] According to some embodiments, the catheter 12 does not include any
central lumens. In other words, all of the lumens 13a-13d of the catheter can be located away
from the radial centerline of the catheter (e.g., along the periphery of the catheter, locations

between the radial centerline of the catheter and the periphery, etc.). Such a configuration
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can allow the various lumens 13a-13d to be more tightly packed within the cross-sectional
area of the catheter. For example, in some embodiments, a certain minimum flowrate of
cooling fluid is required or desired through the balloon 14 during use. For instance, the
minimum required or desired flowrate for such a cooling fluid can be about 40 ml/min (e.g.,
about 40-42, 42-45, 45-50, 50-60 ml/min, flowrates between the foregoing, greater than 50
ml/min, etc.).

[0130] Accordingly, in order to transfer cooling fluid to and/or from the interior
balloon at a desired or required flowrate while preventing over-pressurization of the balloon,
the fluid lumens 13b, 13c of the catheter 12 can comprise a minimum cross sectional size.
Such a design can also help ensure that the delivery of fluid through the catheter lumens
occurs at acceptable flowrates, velocities, headlosses and/or other fluid dynamic
considerations. In some embodiments, for example, the cross-sectional area of each of the
fluid lumens 13b, 13c of the catheter 12 is about 0.00005 to 0.00012 square inches (e.g.,
0.00005 to 0.00006, 0.00006 to 0.00007, 0.00007 to 0.00008, 0.00008 to 0.00009, 0.00009 to
0.00010, 0.00010 to 0.00011, 0.00011 to 0.00012 square inches, areas between the foregoing,
etc.), less than about 0.00005 square inches, more than about 0.00012 square inches for a 6
French catheter, and about 0.00003 to 0.00010 square inches (e.g., 0.00003 to 0.00004,
0.00004 to 0.00005, 0.00005 to 0.00006, 0.00006 to 0.00007, 0.00007 to 0.00008, 0.00008 to
0.00009, 0.00009 to 0.00010 square inches, areas between the foregoing, etc.), less than
about 0.00003 square inches, more than about 0.00010 square inches for a 5 French catheter.
Thus, by eliminating a central lumen (e.g., a central guidewire lumen) within the catheter 12,
the size of one or more of the other lumens (e.g., the fluid lumens 13b, 13c¢) can be
advantageously increased. This can be particularly helpful smaller diameter catheters, such
as, for example, 5 French catheters, which may be advanced through the subject’s anatomy
using radial access.

[0131] One embodiment of a cross-sectional area of a catheter 12 is illustrated in
FIG. 16. As shown, the catheter can include four lumens 13a-13d, each of which is oriented
away from the radial centerline CL of the catheter. The lumens 13a, 13d can comprise a
circular or oval shape. However, the shape of one or more of the lumens can be non-circular,

as desired or required. For example, in the depicted embodiment, the catheter comprises two
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fluid lumens 13b, 13c having a generally irregular shape (e.g., having one or more curved
portions that generally surround and fit around the adjacent circular lumens 13a, 13d). Thus,
as shown, the cross-sectional size of each of the fluid lumens 13b, 13c can be advantageously
increased (e.g., relative to a circular or oval lumen). In addition, such an orientation allows
for the various lumens 13a-13d of a catheter to be more tightly packed. For example, in some
embodiments, the combined cross-sectional shape of the lumens 13a-13d is approximately
60-90% (e.g., 60-65%, 65-70%, 70-75%, 75-80%, 80-85%, 85-90%, percentages between the
foregoing values, etc.) of the entire cross-sectional area of the catheter. In some
embodiments, none of the lumens 13a-13d comprises a circular or oval shape. For example,
all of the lumens can include a generally irregular shape, such as the shape of the fluid
lumens 13b, 13c¢ of FIG. 16.

[0132] As noted above, such a strategic orientation of the lumens (e.g., in which
the amount of non-lumen space is reduced or minimized) can permit the use of smaller
catheter sizes for a particular treatment procedure. For example, the ability to include larger,
non-circular fluid lumens 13b, 13c can allow for the necessary delivery of cooling fluid to
and from the balloon interior by using a smaller catheter size (e.g., 5 French, 6 French, etc.).
This can be particularly helpful when advancing the catheter through smaller diameter
portions of the subject’s vasculature (e.g., via radial access).

[0133] According to some embodiments, the cross-sectional orientation of the
various lumens 13a-13d can be maintained throughout the entire length of the catheter. For
example, the lumens illustrated in FIG. 16 can extend from a proximal to a distal end of the
catheter 12. Such a catheter can include a traditional over-the-wire design in which the entire
length of the catheter is routed over a guidewire GW during the advancement of the catheter
to the target anatomical site.

[0134] However, in other embodiments, as noted herein, the catheter can include
a rapid-exchange design in which the catheter comprises a guidewire lumen 13d only
partially along its length. For example, the guidewire lumen 13d can extend only through the
distal-most portion of the catheter (e.g., along a length immediately proximal to the balloon).
In some embodiments, the catheter comprises an interior guidewire lumen 13d only along the

last 5 to 30 cm (e.g., 5-6, 6-8, 8-10, 10-12, 12-14, 14-16, 16-18, 18-20, 20-25, 25-30 cm,
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lengths between the foregoing, etc.) of the catheter’s distal end. In some embodiments, the
catheter comprises a guidewire lumen 13d only along 0-30% (e.g., 0-5%, 5-10%, 10-15%,
15-20%, 20-25%, 25-30%, percentages between the foregoing, etc.) of its length (e.g., the
distal end of catheter).

[0135] According to some embodiments, for catheters 12 that include such a
rapid-exchange design, a proximal portion of the catheter does not include an interior
guidewire lumen. A cross-sectional area along a proximal end of one embodiment of such a
catheter 12 is illustrated in FIG. 17. As shown, the catheter 12 can include a groove, slot,
recess or other opening 113 that is sized, shaped and otherwise configured to accommodate
an adjacent guidewire GW. Such a groove or recess 113 can advantageously permit the
guidewire to be positioned therein (e.g., at least through the length of the proximal length of
the catheter that does not include an interior guidewire lumen). One embodiment of a
catheter 12 comprising such a groove or recess 113 is illustrated in the partial perspective
view of FIG. 18. As shown in FIG. 18 and noted above, such a groove or recess 113 can
extend from the proximal end of the catheter 12 to a location proximal to the distal end of the
catheter 12 and the balloon 14.

[0136] Such a configuration comprising a groove or recess 113 can facilitate
positioning the catheter 12 and the guidewire through a smaller diameter sheath or guiding
catheter during a treatment procedure. As noted herein, the use of smaller catheters, sheaths
and other components can be helpful when using a radial access approach. For example, in
such a rapid exchange catheter design, the guidewire can be nestled or otherwise positioned
within the groove or recess 113 of the catheter along the entire length or substantially the
entire length of the catheter. In some embodiments, for the entire length of the catheter 12,
the guidewire is configured to be located either within the groove or recess 113 (e.g., along
the proximal end of the catheter) or within the guidewire lumen of the catheter 12 (e.g., along
the most distal end of the catheter). Thus, in such embodiments, the guidewire does not need
to extend along the outer circular area formed by the catheter. This can advantageously
permit the catheter and guidewire to be positioned within a smaller delivery catheter or
sheath. As noted herein, such a smaller delivery catheter or sheath can permit the device to

be delivered to a target vessel of the subject through smaller vasculature or access points of
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the subject (e.g., radial access). Relatedly, such a configuration can allow the system to
include a larger main catheter, which can provide the cross-sectional areas of one or more of
the internal lumens of the main catheter to be maximized or increased. Accordingly, the area
of the fluid lumens (e.g., the fluid delivery lumen, the fluid return lumen, etc.) can be
increased (e.g., relative to a rapid exchange catheter that does not include a groove or recess
113).

[0137] In some embodiments, for example, such a design can facilitate the
passage of cooling fluid through the catheter (e.g., reduced head loss), thereby improving
circulation of cooling fluid through a balloon located along the distal end of the main
catheter. These features can be especially advantageous when the guidewire lumen along the
distal end of the catheter (e.g., distal to the groove or recess 113) is eccentrically-located in
the catheter. For example, in such embodiments, the orientation of the eccentrically-located
guidewire lumen further helps to increase the area of one or more other lumens of the catheter
(e.g., fluid lumens).

[0138] Further, in some embodiments for example, the inclusion of a groove or
recess 113 along the outside of the catheter can allow the ablation and/or other intravascular
procedure to be performed using a shorter guidewire. This may, in certain circumstances,
allow a procedure to be completed with fewer personnel (e.g., the surgeon or other physician
may be able to handle the procedure by himself or herself and/or with fewer assistants).

[0139] To assist in the description of the disclosed embodiments, words such as
upward, upper, bottom, downward, lower, rear, front, vertical, horizontal, upstream,
downstream have been used above to describe different embodiments and/or the
accompanying figures. It will be appreciated, however, that the different embodiments,
whether illustrated or not, can be located and oriented in a variety of desired positions.

[0140] Although several embodiments and examples are disclosed herein, the
present application extends beyond the specifically disclosed embodiments to other
alternative embodiments and/or uses of the inventions and modifications and equivalents
thereof. It is also contemplated that various combinations or subcombinations of the specific
features and aspects of the embodiments may be made and still fall within the scope of the

inventions. Accordingly, it should be understood that various features and aspects of the
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disclosed embodiments can be combine with or substituted for one another in order to form
varying modes of the disclosed inventions. Thus, it is intended that the scope of the present
inventions herein disclosed should not be limited by the particular disclosed embodiments
described above, but should be determined only by a fair reading of the claims that follow.
[0141] While the inventions are susceptible to various modifications, and
alternative forms, specific examples thereof have been shown in the drawings and are herein
described in detail. It should be understood, however, that the inventions are not to be
limited to the particular forms or methods disclosed, but, to the contrary, the inventions are to
cover all modifications, equivalents, and alternatives falling within the spirit and scope of the
various embodiments described and the appended claims. Any methods disclosed herein
need not be performed in the order recited. The methods disclosed herein include certain
actions taken by a practitioner; however, they can also include any third-party instruction of
those actions, either expressly or by implication. For example, actions such as “advancing a
catheter intraluminally” or “activating a transducer” include “instructing advancing a catheter
intraluminally” and “instructing activating a transducer.” The ranges disclosed herein also

encompass any and all overlap, sub-ranges, and combinations thereof. Language such as “up

2% &6 2%

to,” “at least,” “greater than,” “less than,” “between,” and the like includes the number
recited. Numbers preceded by a term such as “about” or “approximately” include the recited
numbers. For example, “about 10 mm” includes “10 mm.” Terms or phrases preceded by a
term such as “substantially” include the recited term or phrase. For example, “substantially

parallel” includes “parallel.”
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WHATIS CLAIMED IS:

1. An intravascular, ultrasound-based ablation system comprising:

a catheter comprising at least one fluid lumen;

a balloon positioned at a distal end of the catheter, an interior of the balloon
being in fluid communication with the at least one fluid lumen of the catheter,
wherein the balloon is configured to inflate when fluid is delivered into the interior
through the at least one fluid lumen of the catheter;

a tip extending distally from a distal end of the balloon;

an ultrasound transducer positioned within the balloon, the ultrasound
transducer comprising a cylindrical tube with inner and outer surfaces, each of the
inner and outer surfaces comprising an electrode, wherein the ultrasound transducer
defines an internal space adjacent the inner electrode surface, the internal space being
in fluid communication with the interior cavity of the balloon so that, when in use,
fluid entering the balloon passes along both the inner and outer surfaces to transfer
heat away from the ultrasound transducer; and

a backing member extending from the catheter to the tip and connecting the
catheter with the tip, the backing member positioned within the internal space of the
ultrasound transducer.

2. The system of Claim 1, wherein the catheter further comprises a guidewire
lumen.

3. The system of Claim 1, wherein the catheter further comprises at least one
cable lumen.

4. The system of Claim 3, further comprising at least one electrical cable
positioned within the at least one cable lumen of the catheter, the at least one electrical cable
being electrically coupled to the electrodes along the inner and outer surfaces of the
ultrasound transducer.

5. The system of Claim 2, wherein the backing member comprises a central
opening configured to receive a guidewire, wherein the backing member serves as a fluid

barrier between fluid circulated within the balloon interior and the central opening.
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6. The system of Claim 5, wherein the central opening of the backing member is
generally aligned with the guidewire lumen of the catheter and an internal guidewire passage
of the tip to permit the system to be delivered to a desired vascular position over a guidewire.

1. The system of Claim 2, wherein the central opening of the backing member is
offset relative to the guidewire lumen of the catheter.

8. The system of Claim 5, wherein the backing member comprises an electrically
insulating material along an interior surface of the central opening of the backing member so
as to prevent electrical conduction between a guidewire and the backing member.

9. The system of Claim 8, wherein the electrically non-conductive material
comprises polyimide.

10. The system of Claim 2, wherein the guidewire lumen extends from a proximal
end of the catheter to the balloon.

11. The system of Claim 2, wherein the guidewire lumen extends from a location
between the proximal and distal ends of the catheter to the distal end of the catheter, such that
the catheter comprises a rapid exchange design.

12. The system of Claim 1, wherein the cylindrical tube of the ultrasound
transducer comprises a proximal end and a distal end, wherein the proximal end of the
cylindrical tube comprises a stepped portion, wherein a portion of the outer diameter formed
by the outer surface of the cylindrical tube is smaller than a portion of the outer diameter of
the cylindrical tube located distal to the stepped portion, the system further comprising:

at least one electrical cable configured to supply electrical power to the
ultrasound transducer, wherein the at least one electrical cable comprises a first

conductor and a second conductor;
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a stand-off assembly located within an interior and along or near the proximal
end of the cylindrical tube of the ultrasound transducer, the stand-off assembly being
electrically conductive and in contact with, at least intermittently, the electrode along
the inner surface of the cylindrical tube of the ultrasound transducer; wherein the first
conductor is connected to an exterior of the cylindrical tube along the stepped portion,
and wherein the second conductor is connected to the stand-off assembly so that the
second conductor is electrically coupled to the electrode along the inner surface of the
cylindrical tube; and

a ring surrounding the stepped portion of the cylindrical tube, the ring being
sized and shaped to surround the portion of the outer diameter of the cylindrical tube
located distal to the stepped portion, wherein the ring is electrically conductive so that
the first connector is electrically coupled to the electrode along the outer surface of
the cylindrical tube, and wherein the ring allows for more uniform electrical loading
of the ultrasound transducer when the electrical transducer is energized.

13. The system of Claim 12, wherein the ring comprises conductive solder.

14. The system of Claim 12, wherein the ring comprises a conductive machined
ring that couples around the stepped portion of the cylindrical tube.

15. The system of Claim 12, wherein the stepped portion extends approximately
5% to 25% of a length of the cylindrical tube.

16. The system of Claim 12, wherein the stepped portion comprises a portion of
the cylindrical tube that is removed using grinding or other removal techniques.

17. The system of Claim 12, wherein an impedance of the at least one electrical
cable substantially matches an impedance of the ultrasound transducer.

18. The system of Claim 17, wherein the impedance of the electrical cable and the
ultrasound transducer is approximately 40 to 60 ohms.

19. The system of Claim 18, wherein the impedance of the electrical cable and the
ultrasound transducer is approximately 50 ohms.

20. The system of Claim 4, wherein an impedance of the at least one electrical

cable substantially matches an impedance of the ultrasound transducer, thereby providing a
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more efficient power transfer from the generator to the ultrasound transducer when the
ablation system is in use.

21. The system of Claim 4, wherein the at least one electrical cable comprises a
coaxial cable.

22. The system of Claim 20, wherein the backing member comprises at least one
stand-off assembly that electrically couples the backing member to the electrode along the
inner surface of the cylindrical tube of the ultrasound transducer.

23. The system of Claim 20, wherein the impedance of the electrical cable and the
ultrasound transducer is approximately 40 to 60 ohms.

24. The system of Claim 23, wherein the impedance of the electrical cable and the
ultrasound transducer is approximately 50 ohms.

25. The system of Claim 20, wherein the first connector of the electrical cable is
electrically coupled to the electrode while not physically attached to the outer surface of the
ultrasound transducer.

26. The system of Claim 2, wherein the guidewire lumen oriented along an axis
that is eccentric relative to a center axis of the catheter, wherein the eccentric orientation of
the guidewire lumen within the catheter allows the cross-sectional area of the at least one
fluid lumen to be increased.

27. The system of Claim 26, further comprising at least one centering assembly
located at or near the distal end of the catheter, wherein the at least one centering assembly
comprises a passage that is positioned along the center axis of the catheter, wherein a
guidewire is configured to be positioned through the passage of the at least one centering
assembly so that the guidewire is generally radially centered along the distal end of the
catheter, while the guidewire is configured to eccentrically located within the guidewire
lumen of the catheter.

28. The system of Claim 27, wherein the at least one centering assembly is located
immediately adjacent the distal end of the catheter.

29. The system of Claim 27, wherein the at least one centering assembly is

separated from the distal end of the catheter by a separation distance.
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30. The system of Claim 27, wherein the at least one centering assembly is located
proximal to the distal end of the catheter.

31. The system of Claim 27, wherein the at least one fluid lumen includes an axis
that is eccentric to the central axis of the catheter.

32. The system of Claim 27, wherein the at least one fluid lumen comprises a non-
circular shape to increase the cross-sectional area of the at least one fluid lumen.

33. The system of Claim 27, wherein the at least one fluid lumen comprises a
fluid delivery lumen and a fluid return lumen.

34. The system of Claim 27, wherein the catheter comprises an over-the-wire
design such that the guidewire lumen extends from a proximal end to the distal end of the
catheter.

35. The system of Claim 27, wherein the catheter comprises a rapid exchange
design such that the guidewire lumen is located only along a distal portion of the catheter.

36. The system of Claim 35, wherein a proximal portion of the catheter that does
not include a guidewire lumen comprises a groove along an exterior surface of the catheter,
wherein the groove is configured to receive a guidewire therein.

37. The system of Claim 27, wherein the catheter comprises a 5 French or 6
French catheter.

38.  The system of Claim 1, further comprising a fluid transfer device configured
to selectively deliver a cooling fluid within the balloon when the ultrasound transducer is
activated in order to transfer heat away from the ultrasound transducer during use, wherein
the fluid transfer device comprises a reservoir for storing a volume of cooling fluid and a
movable member configured to move within an interior of the reservoir in order to transfer
cooling fluid through the at least one fluid lumen of the catheter to the balloon, wherein the
reservoir is sized to store sufficient cooling fluid for an entire ablation procedure.

39. The system of Claim 38, wherein the movable member is coupled to a motor
for selectively advancing the movable member relative to the reservoir.

40. The system of Claim 39, wherein the motor comprises a stepper motor.

41. The system of Claim 38, wherein the fluid transfer device comprises a syringe

pump.
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42. The system of Claim 38, wherein the at least one fluid lumen of the catheter
comprises a fluid delivery lumen and a fluid return lumen, wherein cooling fluid is delivered
to the balloon from the fluid transfer device via the fluid delivery lumen, and wherein cooling
fluid is withdrawn from the balloon via the fluid return lumen.

43. The system of Claim 42, wherein the fluid delivery lumen is in fluid
communication with a first fluid transfer device, and wherein the fluid return lumen is in
fluid communication with a second fluid transfer device, wherein both the first and the
second fluid transfer devices are operated simultaneously to circulate cooling fluid through
the balloon during an ablation procedure.

44. The system of Claim 38, wherein the fluid transfer device is configured to
deliver cooling fluid through the at least one fluid lumen of the catheter and into the balloon
at a flowrate of 30 to 50 ml/min.

45. A method of intraluminally ablating nerve tissue using the ablation system
according to any one of the preceding claims.

46. The method of Claim 45, comprising intraluminally advancing the system to a
targeted intraluminal location of the subject, and activating the ultrasound transducer.

47. An intravascular, ultrasound-based ablation system comprising:

a catheter comprising at least one fluid lumen and a guidewire lumen, wherein
the guidewire lumen is not positioned along the cross-sectional centerline of the
catheter;

a balloon positioned along a distal end of the catheter, an interior of the
balloon being in fluid communication with the at least one fluid lumen of the catheter,
wherein the balloon is configured to inflate when fluid is delivered into the interior
through the at least one lumen of the catheter;

an ultrasound transducer positioned within the balloon;

a distal tip comprising a central passage, wherein the balloon is positioned
between the catheter and the distal tip;

an electrically non-conductive member extending from the guidewire lumen to

the central passage of the distal tip, the electrically non-conductive member
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positioned through an interior of the ultrasound transducer and configured to receive a

guidewire;

a backing member positioned between the electrically non-conductive member
and the ultrasound transducer, the backing member being configured to support the
ultrasound transducer; and

a centering assembly positioned proximal to the catheter between the distal
end of the catheter and the distal tip, the centering assembly comprising a center
opening configured to receive the electrically non-conductive member, wherein the
radial orientation of the center opening is offset relative to the radial orientation of the
guidewire lumen of the catheter, wherein the center opening of the centering assembly
1s aligned with the cross-sectional centerline of the catheter and the balloon so as to
radially center the ultrasound transducer when a guidewire is positioned through the
electrically non-conductive member.

48. The system of Claim 47, wherein the electrically non-conductive member
comprises polyimide.

49. The system of Claim 47 or 48, wherein the centering assembly comprises a
plurality of wings extending radially outwardly from the center opening, the wings
configured to engage an inner surface of the balloon.

50. The system of Claim 49, wherein the centering assembly comprises at least
three wings.

51. A system according to any one of Claims 47 to 50, wherein the at least one
fluid lumen comprises a fluid delivery lumen and a fluid return lumen.

52. A system according to any one of Claims 47 to 51, wherein the catheter
further comprises an electrical conductor lumen, wherein each of the electrical conductor
lumen and the at least one fluid lumen is not positioned along the cross-sectional centerline
of the catheter.

53. A system according to any one of Claims 47 to 52, wherein the guidewire

lumen is positioned along an entire length of the catheter.
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54. A system according to any one of Claims 47 to 53, wherein the guidewire
lumen is positioned only along a distal portion of the catheter, so that the catheter comprises a
rapid exchange type catheter.

55. The system of Claim 54, wherein the catheter comprises a groove along at
least a proximal length of the catheter that does not comprise a guidewire lumen, the groove
being configured to at least partially receive an adjacent guidewire.

56. A system according to any one of Claims 47 to 55, wherein the catheter
comprises a 5 French or 6 French catheter.

57. A system according to any one of Claims 47 to 56, wherein the system is
configured to be advanced into a subject via femoral or radial access.

58. A system according to any one of Claims 47 to 57, wherein the at least one
fluid lumen comprises a non-circular shape.

59. An intravascular, ultrasound-based ablation system comprising:

a catheter comprising at least one fluid lumen, a guidewire lumen and an
electrical cable lumen, wherein each of the at least one fluid lumen, the guidewire
lumen and the electrical cable lumen is not positioned along the cross-sectional
centerline of the catheter;

a balloon positioned along a distal end of the catheter, an interior of the
balloon being in fluid communication with the at least one fluid lumen of the catheter,
wherein the balloon is configured to inflate when fluid is delivered into the interior
through the at least one lumen of the catheter;

a cylindrical ultrasound transducer positioned within the balloon;

a distal tip, wherein the balloon is positioned between the catheter and the
distal tip;

an electrically non-conductive member extending distally from the guidewire
lumen through an interior of the ultrasound transducer, the electrically non-conductive

member being configured to receive a guidewire;

-57-



WO 2014/159276 PCT/US2014/022804

a centering assembly positioned proximal to the catheter between the distal
end of the catheter and the distal tip, the centering assembly comprising a center
opening configured to receive the electrically non-conductive member, wherein the
center opening of the centering assembly is aligned with the cross-sectional centerline
of the catheter and the balloon so as to radially center the ultrasound transducer when
a guidewire is positioned through the electrically non-conductive member.

60. The system of Claim 59, wherein the electrically non-conductive member
comprises polyimide.

61. The system of Claim 59 or 60, wherein the centering assembly comprises a
plurality of wings extending radially outwardly from the center opening, the wings
configured to engage an inner surface of the balloon.

62. A system according to any one of Claims 59 to 61, wherein the guidewire
lumen is positioned along an entire length of the catheter.

63. A system according to any one of Claims 59 to 62, wherein the guidewire
lumen is positioned only along a distal portion of the catheter, so that the catheter comprises a
rapid exchange type catheter.

64. The system of Claim 63, wherein the catheter comprises an exterior groove
along at least a proximal length of the catheter, the groove being configured to at least
partially receive an adjacent guidewire.

65. An intravascular, ultrasound-based ablation system comprising:

a catheter comprising a guidewire lumen, at least one cable lumen and at least
one fluid lumen;

a balloon positioned at a distal end of the catheter, an interior of the balloon
being in fluid communication with the at least one fluid lumen of the catheter,
wherein the balloon is configured to inflate when fluid is delivered into the interior
through the at least one fluid lumen of the catheter;

a tip extending distally from a distal end of the balloon, the tip comprising an

internal guidewire passage;
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an ultrasound transducer positioned within the balloon, the ultrasound
transducer comprising a cylindrical tube with inner and outer surfaces, each of the
inner and outer surfaces comprising an electrode, wherein the ultrasound transducer
defines an internal space adjacent the inner electrode surface, the internal space being
in fluid communication with the interior cavity of the balloon so that, when in use,
fluid entering the balloon passes along both the inner and outer surfaces to transfer
heat away from the ultrasound transducer;

at least one electrical cable positioned within the at least one cable lumen of
the catheter, the at least one electrical cable being electrically coupled to the
electrodes along the inner and outer surfaces of the ultrasound transducer; and

a backing member extending from the catheter to the tip and connecting the
catheter with the tip, the backing member positioned within the internal space of the
ultrasound transducer, wherein the backing member comprises a central opening that
i1s generally aligned with the guidewire lumen of the catheter and the internal
guidewire passage of the tip to permit the system to be delivered to a desired vascular
position over a guidewire, wherein the backing member serves as a fluid barrier
between fluid circulated within the balloon interior and the central opening.

66. The system of Claim 65, wherein the backing member comprises an
electrically insulating material along an interior surface of the central opening of the backing
member so as to prevent electrical conduction between a guidewire and the backing member.

67. The system of Claim 66, wherein the electrically non-conductive material
comprises polyimide.

68. A system according to any one of Claims 65 to 67, wherein the guidewire
lumen extends from a proximal end of the catheter to the balloon.

69. A system according to any one of Claims 65 to 68, wherein the guidewire
lumen extends from a location between the proximal and distal ends of the catheter to the

distal end of the catheter, such that the catheter comprises a rapid exchange design.
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70. An intravascular, ultrasound-based ablation system comprising:

a catheter comprising at least one cable lumen and at least one fluid lumen;

a balloon positioned at a distal end of the catheter, an interior of the balloon
being in fluid communication with the at least one fluid lumen of the catheter;

an ultrasound transducer positioned within the balloon, the ultrasound
transducer comprising a cylindrical tube having a proximal end and a distal end and
inner and outer surfaces, wherein each of the inner and outer surfaces comprises an
electrode; the proximal end of the cylindrical tube comprising a stepped portion,
wherein a portion of the outer diameter formed by the outer surface of the cylindrical
tube is smaller than a portion of the outer diameter of the cylindrical tube located
distal to the stepped portion;

at least one electrical cable positioned within the at least one cable lumen of
the catheter, the at least one electrical cable being configured to supply electrical
power to the ultrasound transducer, wherein the at least one electrical cable comprises
a first conductor and a second conductor;

a stand-off assembly located within an interior and along or near the proximal
end of the cylindrical tube of the ultrasound transducer, the stand-off assembly being
electrically conductive and in contact with, at least intermittently, the electrode along
the inner surface of the cylindrical tube of the ultrasound transducer; wherein the first
conductor is connected to an exterior of the cylindrical tube along the stepped portion,
and wherein the second conductor is connected to the stand-off assembly so that the
second conductor is electrically coupled to the electrode along the inner surface of the
cylindrical tube; and

a ring surrounding the stepped portion of the cylindrical tube, the ring being
sized and shaped to surround the portion of the outer diameter of the cylindrical tube
located distal to the stepped portion, wherein the ring is electrically conductive so that
the first connector is electrically coupled to the electrode along the outer surface of
the cylindrical tube, and wherein the ring allows for more uniform electrical loading
of the ultrasound transducer when the electrical transducer is energized.

71. The system of Claim 70, wherein the ring comprises conductive solder.
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72. The system of Claim 70 or 71, wherein the ring comprises a conductive
machined ring that couples around the stepped portion of the cylindrical tube.

73. A system according to any one of Claims 70 to 72, wherein the stepped
portion extends approximately 5% to 25% of a length of the cylindrical tube.

74. A system according to any one of Claims 70 to 72, wherein the stepped
portion comprises a portion of the cylindrical tube that is removed using grinding or other
removal techniques.

75. A system according to any one of Claims 70 to 74, wherein an impedance of
the at least one electrical cable substantially matches an impedance of the ultrasound
transducer.

76. The system of Claim 75, wherein the impedance of the electrical cable and the
ultrasound transducer is approximately 40 to 60 ohms.

7. The system of Claim 76, wherein the impedance of the electrical cable and the
ultrasound transducer is approximately 50 ohms.

78. An intravascular, ultrasound-based ablation system comprising:

a catheter comprising a cable lumen extending from a proximal end to a distal
end of the catheter;

an ultrasound transducer positioned at or near a distal end of the catheter, the
ultrasound transducer comprising a cylindrical tube with inner and outer surfaces,
each of the inner and outer surface comprising an electrode;

a backing member extending from the distal end of the catheter and positioned
within an interior of the ultrasound transducer, the backing member configured to
support the ultrasound transducer, wherein the backing member is electrically coupled
to the electrode along the inner surface of the cylindrical tube of the ultrasound

transducer;
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an electrical cable positioned within the cable lumen of the catheter and
extending from the proximal end to the distal end of the catheter, wherein a proximal
end of the electrical cable is coupled to a generator configured to selectively provide
electrical power to the ultrasound transducer through the electrical cable, the electrical
cable comprising a first electrical connector and a second electrical connector,
wherein the first connector is electrically coupled to the electrode along the outer
surface of the ultrasound transducer, and wherein the second connector is electrically
coupled to the backing member and the electrode along the inner surface of the
ultrasound transducer;

wherein an impedance of the electrical cable is substantially equal to an
impedance of the ultrasound transducer, thereby providing a more efficient power

transfer from the generator to the ultrasound transducer when the ablation system is in

use.

79. The system of Claim 78, wherein the electrical cable comprises a coaxial
cable.

80. The system of Claim 78 or 79, wherein the backing member comprises at least

one stand-off assembly that electrically couples the backing member to the electrode along
the inner surface of the cylindrical tube of the ultrasound transducer.

81. A system according to any one of Claims 78 to 80, wherein the impedance of
the electrical cable and the ultrasound transducer is approximately 40 to 60 ohms.

82. The system of Claim 81, wherein the impedance of the electrical cable and the
ultrasound transducer is approximately 50 ohms.

83. A system according to any one of Claims 78 to 82, wherein the first connector
of the electrical cable is electrically coupled to the electrode while not physically attached to

the outer surface of the ultrasound transducer.
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84. An intravascular, ultrasound-based ablation system comprising:

a catheter comprising at least one fluid lumen;

a balloon positioned at a distal end of the catheter, an interior of the balloon
being in fluid communication with the at least one fluid lumen of the catheter,
wherein the balloon is configured to inflate when fluid is delivered into the interior
through the at least one lumen of the catheter;

an ultrasound transducer positioned within the balloon, the ultrasound
transducer comprising a cylindrical tube with inner and outer surfaces, each of the
inner and outer surface comprising an electrode, wherein the ultrasound transducer
defines an internal space adjacent the inner electrode surface, the internal space being
in fluid communication with the interior cavity of the balloon so that, when in use,
fluid entering the balloon passes along both the inner and outer surfaces to cool the
ultrasound transducer; and

a fluid transfer device configured to selectively deliver a cooling fluid within
the balloon when the ultrasound transducer is activated in order to transfer heat away
from the ultrasound transducer during use, wherein the fluid transfer device comprises
a reservoir for storing a volume of cooling fluid and a movable member configured to
move within an interior of the reservoir in order to transfer cooling fluid through the
at least one fluid lumen of the catheter to the balloon, wherein the reservoir is sized to
store sufficient cooling fluid for an entire ablation procedure.

85. The system of Claim 84, wherein the movable member is coupled to a motor
for selectively advancing the movable member relative to the reservoir.

86. The system of Claim 85, wherein the motor comprises a stepper motor.

87. A system according to any one of Claims 84 to 86, wherein the fluid transfer
device comprises a syringe pump.

88. A system according to any one of Claims 84 to 87, wherein the at least one
fluid lumen of the catheter comprises a fluid delivery lumen and a fluid return lumen,
wherein cooling fluid is delivered to the balloon from the fluid transfer device via the fluid
delivery lumen, and wherein cooling fluid is withdrawn from the balloon via the fluid return

lumen.
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89. The system of Claim 88, wherein the fluid transfer lumen is in fluid
communication with a first fluid transfer device, and wherein the fluid return lumen is in
fluid communication with a second fluid transfer device, wherein both the first and the
second fluid transfer devices are operated simultaneously to circulate cooling fluid through
the balloon during an ablation procedure.

90. A system according to any one of Claims 84 to 89, wherein the fluid transfer
device is configured to deliver cooling fluid through the at least one fluid lumen of the
catheter and into the balloon at a flowrate of 30-50 ml/min.

91. A method of intraluminally ablating nerve tissue using an ultrasound-based
ablation system, the method comprising:

advancing a catheter of the ablation system intraluminally to a target
anatomical location of a subject, wherein the system comprises a balloon positioned
at a distal end of the catheter, an interior of the balloon being in fluid communication
with at least one fluid delivery lumen and at least one fluid return lumen of the
catheter, wherein an ultrasound transducer is positioned within the interior of the
balloon;

circulating cooling fluid through the interior of the balloon by transferring
cooling fluid from a fluid transfer device through the at least one fluid lumen of the
catheter and transferring cooling fluid away from the interior of the balloon through
the at least one fluid return lumen; and

activating the ultrasound transducer positioned within the balloon to ablate
nerve tissue adjacent to the target anatomical location of the subject, wherein cooling
fluid is circulated adjacent the ultrasound transducer within the balloon when the
ultrasound transducer is activated;

wherein the fluid transfer device comprises a reservoir for storing a volume of
cooling fluid and a movable member configured to move within an interior of the
reservoir in order to transfer cooling fluid through the at least one fluid lumen of the
catheter to the balloon, wherein the reservoir is sized to store sufficient cooling fluid

for an entire ablation procedure.

-64-



WO 2014/159276 PCT/US2014/022804

92. The method of Claim 91, wherein the movable member is coupled to a motor
for selectively advancing the movable member relative to the reservoir.

93. The method of Claim 92, wherein the motor comprises a stepper motor.

94. A system according to any one of Claims 92 to 93, wherein the fluid transfer
device comprises a syringe pump.

95. A system according to any one of Claims 92 to 94, wherein cooling fluid is
circulated through the balloon at a flowrate of 30 to 50 ml/min.

96. A coupling configured for use in an outlet of a fluid container, the coupling
comprising:

a hub configured to abut against the outlet of the coupling, the hub being

configured to prevent over-insertion of the coupling into the fluid container, a

proximal end of the hub comprising a fitting configured for attachment to a fluid

conduit;

a spike portion extending distally from the hub, wherein a length of the spike
is 0.5 inches to 3 inches;

wherein the coupling comprising at least two fluid lumens that extend

throughout an entire length of the coupling from the proximal end of the hub to a

distal end of the spike, the at least two lumens placing an interior of the fluid

container in fluid communication with at least one fluid conduit secured to the hub;
and

wherein the coupling permits at two different fluid sources to be placed in
fluid communication with an interior of a fluid container comprising only a single
outlet.

97. The coupling of Claim 96, wherein the spike includes a taper along at least a
portion of its length, so that a cross-sectional dimension of the spike is smaller along the
distal end of the spike than a cross-sectional dimension of the spike along a proximal end of
the spike.

98. The coupling of Claim 96 or 97, wherein the spike is configured for placement

into an IV bag comprising only a single outlet or port.

-65-



WO 2014/159276 PCT/US2014/022804

=2
D
g




WO 2014/159276 PCT/US2014/022804
2013




PCT/US2014/022804

WO 2014/159276
313

i68

38

48 g5 [ B
i

50
/

81/
/




PCT/US2014/022804

WO 2014/159276

13

{

T -]
o




WO 2014/159276 PCT/US2014/022804
5113

28 638’ 16
08 W\ 68

72

FIG. 6a

16

FIG. 6b



WO 2014/159276

/13

PCT/US2014/022804

S T —"

Y

_ .
e
.
:.
§
f"




PCT/US2014/022804

WO 2014/159276

7113




WO 2014/159276 PCT/US2014/022804
813

b

/’\/24’%}




WO 2014/159276

913

57, GW

HiG. 2

& 14
12 . = \,~

%
AR

AR

3
&\\\\S\%\&z&w&m

o

PCT/US2014/022804



WO 2014/159276 PCT/US2014/022804
1313




WO 2014/159276 PCT/US2014/022804
1113

FiG. 15



PCT/US2014/022804

WO 2014/159276

GW

. L

I s

e

i S

: A AL g
s : Frcries,
K

. e \xw\,\.\w.\.}\
Cansiismnrani ST
. \\\\S\\

e i

o,
~ g

eyt

resd

T

e v,
o,

., o
G

"

e
Rl QNSNS bt

fa

s

S

A A



WO 2014/159276 PCT/US2014/022804
13/13

113

FIG. 18



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US14/22804

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - A61N 7/02 (2014.01)
USPC - 600/470

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

USPC - 600/439, 459, 466, 467, 470; 601/2; 606/27

Minimum documentation searched (classification system followed by classification symbols)
1PC(8) - A61B 8/12, 17/00, 17/22, 17/32, 18/00, 18/04, 18/24, 19/00; A61M 25/00; A61N 7/00, 7/02 (2014.01)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

MicroPatent (US-G, US-A, EP-A, EP-B, WO, JP-bib, DE-C,B, DE-A, DE-T, DE-U, GB-A, FR-A); Google Scholar; ProQuest Dialog;
Medline/PubMed: ablate, balloon, catheter, connect, dental, dermatology, detach, direct, electromagnetic, energy, exchange, fluid,
handheld, handpiece, heat, intravascular, laser, microprocessor, rapid, screw, target, temperature, transfer, ultrasound

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 5324255 A (PASSAFARO, JD, et al.) June 28, 1994; figures 1, 4; column 2, lines 38-41; 1-25, 38-44, 45/1-25,
column 7, lines 11-23, 47-50; column 9, lines 14-20 45/38-44, 46/45/1-25,
column 15, lines 58-62 46/45/38-44, 91-93,
94/92, 94/93
Y US 2002/0065512 A1 (FJIELD, T, et al.) May 30, 2002; figures 1-3, 11, 13, 19-22; paragraph 1-25, 38-44, 45/1-25,
[0045], [0048], [0059]), [0062], [0075], [0080]-[0083], [0099], [0104] 45/38-44, 46/45/1-25,
: 46/45/38-44, 91-93,
94/92, 94/93
Y WO 2011/139589 A2 (LEUNG, MS, et al.) November 10, 2011; figures 10, 11, 14, 39, 40; page | 7, 16, 45/1-25, 45/38-44,
136, 147, paragraphs [00224], {00243], (00285], [00286], [00484], [00486] 46/45/1-25, 46/45/38-44,
91, 92, 93, 94/92, 94/93
Y US2004/0044286 A1 (HOSSACK, NH, et al.) March 04, 2004, figure 2; paragraph [0055] 8, 9, 45/8, 45/9, 46/45/8,
46/45/9
Y US 5327885 A (GRIFFITH, JM) July 12, 1994, column 8, lines 7-17 11, 45/11, 46/45/11
Y US 2010/0168737 A1 (GRUNEWALD, DE) July 01, 2010; figure 7; paragraph [0054] 13, 45/13, 46/45/13
Y US 2012/0078278 A1 (BALES, TO, Jr, et al.) March 29, 2012; paragraph [0213] 14, 45/14, 46/45/14

IZ Further documents are listed in the continuation of Box C.

L]

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“Q” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive

step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

wyn

“&” document member of the same patent family

Date of the actual completion of the international search

08 June 2014 (08.06.2014)

Date of mailing of the international search report

09 JuL 2014

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-3201

Authorized officer:
Shane Thomas

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International app]ica[ion No.

PCT/US14/22804

C (Continuation). = DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y

US 4841977 A (GRIFFITH, JM, et al.) June 27, 1989; figure 8; column 9, lines 12-14; column
18, lines 66-68; column 19, lines 1-5

US 7678104 B2 (KEIDAR, Y) March 16, 2010; figures 4-6; column 5, lines 6-12

US 2012/0004656 A1 (JACKSON, J, et al.) January 05, 2012; paragraph [0050]

US 5713849 A (BOSMA, G, et al.) February 03, 1998; figures 1, 2; column 2, lines 25-47

US 2011/0004184 A1 (PROKSCH, K, et al.) January 08, 2011; figure 2; paragraph [0030],
(0032]

US 2009/0124964 A1 (LEACH, JS, et al.) May 14, 2009; paragraph [0105]

US 5769812 A (STEVENS, JH, et al.) June 23, 1998; figures 39, 40; column 45, lines 47-67,;
column 486, lines 1-6

17-20, 22-25, 45/17-20,
45/22-25, 46/45/17-20,
46/45/22-25, 78-79

25, 45/25, 46/45/25
39-41, 45/39-41,
46/45/39-41, 85, 86,
87/84-86, 92-93,
94/92-93

96, 97, 98/96, 98/67

96, 97, 98/96, 98/67

96, 97, 98/96, 98/67

26, 27-37, 45/26-37,
46/45/26-37

Form PCT/ISA/210 (continuation of second sheet) (July 2009)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - claims
	Page 52 - claims
	Page 53 - claims
	Page 54 - claims
	Page 55 - claims
	Page 56 - claims
	Page 57 - claims
	Page 58 - claims
	Page 59 - claims
	Page 60 - claims
	Page 61 - claims
	Page 62 - claims
	Page 63 - claims
	Page 64 - claims
	Page 65 - claims
	Page 66 - claims
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - wo-search-report
	Page 81 - wo-search-report

