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RADIO FREQUENCY (RF) BALLOON CATHETER
HAVING FLUSHING AND COOLING CAPABILITY

Cross-Reference To Related Applications

This application claims priority under 35 U.S.C. § 1 19 to U.S. Provisional

Application Serial No. 61/873,751, filed September 4, 2013, the entirety of which is

incorporated herein by reference.

Technical Field

The invention generally pertains to percutaneous and intravascular devices for

nerve modulation and/or ablation.

Background

Certain treatments require the temporary or permanent interruption or

modification of select nerve function. One example treatment is renal nerve ablation,

which is sometimes used to treat conditions related to congestive heart failure. The

kidneys produce a sympathetic response to congestive heart failure, which among

other effects, increases the undesired retention of water and/or sodium. Ablating

some of the nerves running to the kidneys may reduce or eliminate this sympathetic

function, which may provide a corresponding reduction in the associated undesired

symptoms.

Many body tissues, such as nerves, including renal nerves, brain tissue,

cardiac tissue and the tissue of other body organs, are in close proximity to blood

vessels or other body cavities. This location enables the body tissues to be accessed

percutaneously or intravascularly through the walls of the blood vessels. In some

instances, it may be desirable to ablate perivascular nerves using a radio frequency

(RF) electrode. In other instances, the perivascular nerves may be ablated by other

means, including application of thermal, ultrasonic, laser, microwave, and other

related energy sources to the vessel wall. The target nerves must be heated

sufficiently to make them nonfunctional, however tissue adjacent to the nerves may

also be damaged. It may be desirable to provide for alternative systems and methods

for intravascular nerve modulation.



Brief Summary

This disclosure provides design, material, manufacturing method, and use

alternatives for medical devices. An example medical device may include a medical

device for modulating nervous system activity. The medical device may include an

intravascular catheter for nerve modulation. The catheter includes an outer tubular

member having proximal and distal ends, and an inner tubular member having

proximal and distal ends. An inflatable balloon having a proximal end waist coupled

to the outer tubular member adjacent to its distal end, and a distal end waist coupled

to the inner tubular member adjacent to its distal end. The balloon includes an interior

surface, exterior surface, and lumen defined by the interior surface. The balloon

further includes at least one section extending from the interior surface of the balloon

to the exterior surface of the balloon. An electrode is disposed about the inner tubular

member. The proximal end waist is also coupled to the outer tubular member, such

that an inflation fluid exits the balloon.

Some embodiments are directed to other intravascular catheters. In one such

embodiment, the catheter includes an outer tubular member having proximal and

distal ends, and an inner tubular member having proximal and distal ends. An

inflatable balloon having a proximal end waist is coupled to the outer tubular member

adjacent to its distal end, and a distal end waist is coupled to the inner tubular member

adjacent to its distal end. The balloon further includes an interior surface, exterior

surface, lumen defined by the interior surface, and at least one section that is

permeable to RF radiation. This section extends from the interior surface of the

balloon to the exterior surface of the balloon. An electrode is disposed about the inner

tubular member. The distal end waist is also coupled to the inner tubular member

such that an inflation fluid exits the balloon.

Still other embodiments are directed to an intravascular catheter including an

outer tubular member having proximal and distal ends, and an inner tubular member

having proximal and distal ends. An inflatable balloon having a proximal end waist

coupled to the outer tubular member adjacent to its distal end, and a distal end waist

coupled to the inner tubular member adjacent to its distal end. The balloon further

includes an interior surface, exterior surface, lumen defined by the interior surface,

and at least one section that is permeable to RF radiation. This section extends from

the interior surface of the balloon to the exterior surface of the balloon. An electrode

is disposed about the inner tubular member. The proximal end waist and the distal



end waist are also secured to the outer tubular member and the inner tubular member,

such that an inflation fluid exits the balloon.

The above summary of some example embodiments is not intended to

describe each disclosed embodiment or every implementation of the disclosed subject

matter, and other embodiments are intended to be applied in other contexts of medical

treatment.

Brief Description of the Drawings

The disclosed subject matter may be more completely understood in

consideration of the following detailed description of various embodiments in

connection with the accompanying drawings, in which:

Fig. 1 is a schematic view illustrating a renal nerve modulation system in situ.

Fig. 2 is a side view of a portion of an illustrative medical device.

Fig. 3A is cross-sectional view of the illustrative medical device taken through

line 3A-3A of Fig. 2.

Fig. 3B is cross-sectional view of the illustrative medical device taken through

line 3B-3B of Fig. 2.

Fig. 4 is a cross-sectional view of another illustrative medical device.

Fig. 5A is cross-sectional view of the illustrative medical device taken through

line 5A-5A of Fig. 4.

Fig. 5B is cross-sectional view of the illustrative medical device taken through

line 5B-5B of Fig. 5.

Fig. 6 is a cross-sectional view of another illustrative medical device.

Fig. 7 is a cross-sectional view of another illustrative medical device.

Fig. 8 is a cross-sectional view of another illustrative medical device.

Fig. 9 is cross-sectional view of the illustrative medical device taken through

line 9-9 of Fig. 8.

Fig. 10 is cross-sectional view of the illustrative medical device taken through

line 10-10 of Fig. 8.

Fig. 11 is a side view of another illustrative medical device.

Figure 12 is a cross-sectional view of the illustrative medical device taken

through line 11-1 1 of Figure 11.

While the disclosed subject matter is amenable to various modifications and

alternative forms, specifics thereof have been shown by way of example in the



drawings and will be described in detail. It should be understood, however, that the

intention is not to limit aspects of the invention to the particular embodiments

described. On the contrary, the intention is to cover all modifications, equivalents,

and alternatives falling within the spirit and scope of the invention.

Detailed Description

The following description should be read with reference to the drawings,

wherein like reference numerals indicate like elements throughout the several views.

The drawings, which are not necessarily to scale, are not intended to limit the scope of

the claimed invention. The detailed description and drawings illustrate exemplary

embodiments of the claimed invention.

All numbers or values are herein assumed to be modified by the term "about."

The disclosure of numerical ranges by endpoints includes all numbers subsumed

within that range (e.g., 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5).

As used in this specification and the appended claims, the singular forms "a",

"an", and "the" include the plural referents unless the content clearly dictates

otherwise. In other words, these terms refer to one or more of the elements at issue.

As used in this specification and the appended claims, the term "or" is generally

employed to include or otherwise cover "and/or" unless the content clearly dictates

otherwise.

References in the specification to "an embodiment", "some embodiments",

"other embodiments", etc., indicate that the embodiment described may include a

particular feature, structure, or characteristic, but every embodiment may not

necessarily include the particular feature, structure, or characteristic. Moreover, such

phrases do not necessarily refer to the same embodiment. Further, any particular

feature, structure, or characteristic described in connection with a particular

embodiment is intended to be applied, incorporated or substituted into other

embodiments, regardless of whether this application, incorporation or substitution is

explicitly stated, unless cleared stated to the contrary.

Certain treatments require the temporary or permanent interruption or

modification of select nerve function. One example treatment is renal nerve ablation,

which is sometimes used to treat conditions related to hypertension, congestive heart

failure, diabetes, or other conditions impacted by high blood pressure or salt retention.

The kidneys produce a sympathetic response to congestive heart failure, which,



among other effects, increases the undesired retention of water and/or sodium.

Ablating some of the nerves running to the kidneys may reduce or eliminate this

sympathetic function, which may provide a corresponding reduction in the associated

undesired symptoms.

While the devices and methods described herein are discussed relative to renal

nerve modulation, it is contemplated that the devices and methods may be used in

other treatment locations and/or applications where nerve modulation and/or other

tissue modulation including heating, activation, blocking, disrupting, or ablation are

desired, such as, but not limited to: blood vessels, urinary vessels, or in other tissues

via trocar and cannula access. For example, the devices and methods described herein

can be applied to hyperplastic tissue ablation, cardiac ablation, pulmonary vein

isolation, tumor ablation, benign prostatic hyperplasia therapy, nerve excitation or

blocking or ablation, modulation of muscle activity, hyperthermia or other warming

of tissues, etc. In some instances, it may be desirable to ablate perivascular renal

nerves with ultrasound ablation.

Figure 1 is a schematic view of an illustrative renal nerve modulation system

in situ. System 10 may include one or more conductive element(s) 16 for providing

power to a renal ablation system including a renal nerve modulation device 12 and,

optionally, within a delivery sheath or guide catheter 14. A proximal end of

conductive element(s) 16 may be connected to a control and power unit 18, which

may supply the appropriate electrical energy to activate one or more electrodes

disposed at or near a distal end of the renal nerve modulation device 12. In addition,

control and power unit 18 may also be utilized to supply/receive the appropriate

electrical energy and/or signal to activate one or more sensors disposed at or near a

distal end of the renal nerve modulation device 12. When suitably activated, the

electrodes are capable of ablating tissue as described below and the sensors may be

used to sense desired physical and/or biological parameters. The terms electrode and

electrodes may be considered to be equivalent to elements capable of ablating

adjacent tissue in the disclosure which follows. In some instances, return electrode

patches 20 may be supplied on the legs or at another conventional location on the

patient's body to complete the electrical circuit. A proximal hub (not illustrated)

having ports for a guidewire, an inflation lumen and a return lumen may also be

included.



The control and power unit 18 may include monitoring elements to monitor

parameters such as power, voltage, pulse size, temperature, force, contact, pressure,

impedance and/or shape and other suitable parameters, with sensors mounted along

renal nerve modulation device 12, as well as suitable controls for performing the

desired procedure. In some embodiments, the power unit 18 may control a

radiofrequency (RF) electrode or transmitter and, in turn, may "power" other

electrodes including so-called "virtual electrodes" described herein. As the RF

electrode may transmit RF energy to other electrodes, the RF electrode may be

referred to as a transmitter. However, the use of the word transmitter is not intended

to limit the RF electrode to a particular structure. In some embodiments, the

transmitter may be configured to operate at a frequency of approximately 460 kHz.

However, any desired frequency in the RF range may be used, for example, from 450

- 500 kHz. The transmitter may be configured to operate at a suitable frequency and

generate a suitable signal. It is further contemplated that other ablation devices may

be used as desired, for example, but not limited to resistance heating, ultrasound,

microwave, and laser devices and these devices may require that power be supplied

by the power unit 18 in a different form.

Figure 2 illustrates a distal portion of a renal nerve ablation device 12 in

accordance with one embodiment. Renal nerve modulation device 12 may include a

catheter shaft 26 including an inner tubular member 30 and an outer tubular member

32, an expandable member or balloon 22 coupled to the shaft 26, and a transmitter 24

disposed within balloon 22. The balloon 22 may have a proximal end region or waist

36 and a distal end region or waist 34. The proximal end region 36 may be affixed to

the outer tubular member 32 and the distal end region 34 may be affixed to the inner

tubular member 30. In some embodiments, the balloon 22 may further include one or

more sensors 52, such as but not limited to temperature sensors, for monitoring the

modulation procedure. When in use, the balloon 22 can be filled with a conductive

fluid such as saline to allow the ablation energy (e.g. radiofrequency energy) to be

transmitted from transmitter 24 through the conductive fluid, to one or more virtual

electrodes 28 disposed along balloon 22. While saline is one example conductive

fluid, other appropriate conductive fluids include, but are not limited to, hypertonic

solutions, contrast solution and mixtures of saline or hypertonic saline solutions with

contrast solutions. The conductive fluid may be introduced through a fluid inlet and

evacuated through a fluid outlet, as will be discussed in more detail below. In some



embodiments, the fluid outlet may be formed in the inner tubular member 30 or the

outer tubular member 32. In other embodiments, the fluid outlet may be formed in

the balloon 22. This may allow the fluid to be circulated within balloon 22. As

described in more detail herein, virtual electrodes 28 may be generally hydrophilic

portions of balloon 22. Accordingly, virtual electrodes 28 may absorb fluid (e.g., the

conductive fluid) so that energy delivered from the conductive fluid can be conducted

to virtual electrodes 28 such that virtual electrodes 28 are capable of ablating tissue.

A cross-sectional view of shaft 26 of the renal nerve modulation device 12

proximal to balloon 22 is illustrated in Figure 3A. Here it can be seen that shaft 26

may include an inner tubular member 30 and an outer tubular member 32. Inner

tubular member 30 may define a guidewire lumen 44 while the generally annular

region between the inner tubular member 30 and the outer tubular member 32 may

define an inflation lumen 46. It is contemplated that outer tubular member 32 may

have a distal end 38 proximal to a distal end region 34 of balloon 22 so as to define a

fluid inlet 40 (see Figure 2). Other configurations are contemplated. In some

embodiments, guidewire lumen 44 may be omitted. In other embodiments, a fluid

outlet lumen may be provided. In some embodiments, guidewire lumen 44 may

extend from the distal end of device 12 to a proximal hub. In other embodiments, the

guidewire lumen can have a proximal opening that is distal the proximal portion of

the system. In some embodiments, the fluid lumen 46 can be connected to a system to

circulate the fluid through the balloon 22 or to a system that supplies new fluid and

collects the evacuated fluid. It can be appreciated that embodiments may function

with merely a single fluid lumen and a single fluid outlet into the balloon.

The catheter shaft 26 may be a long, thin, flexible tubular configuration. In

some embodiments, the catheter shaft 26 may define a generally circular cross-

section, however, the catheter shaft 26 may be provided in any shape that enables or

facilitates its operation. For example, the catheter shaft 26 may define the following

or other cross-sectional shapes: rectangular, oval, irregular, etc. In addition, the

catheter shaft 26 may have a cross-sectional configuration adapted to be received in a

desired vessel, such as a renal artery. For instance, the catheter shaft 26 may be sized

and configured to accommodate passage through the intravascular path, which leads

from a percutaneous access site in, for example, the femoral, brachial, or radial artery,

to a targeted treatment site, for example, within a renal artery. Additionally, the

proximal end of the catheter shaft 26 may include a hub attached thereto for



connection with other treatment devices, or for providing a port for facilitating other

treatments. The stiffness of the catheter shaft 26 may be modified to form a nerve

modulation system for use in various vessel diameters and various locations within

the vascular tree.

Transmitter 24 (or a conductive element to supply power to transmitter 24)

may extend along the outer surface of inner tubular member 30 or may be embedded

within the tubular member 30 proximal to the balloon 22. Transmitter 24 proximal to

the balloon may be electrically insulated and may be used to transmit power to the

portion of the transmitter 24 disposed within balloon 22. Transmitter 24 may be a

wire filament made from platinum, gold, stainless steel, cobalt alloys, or other non-

oxidizing materials. These elements may also be clad with copper in another

embodiment. In some instances, titanium, tantalum, or tungsten may be used.

Transmitter 24 may extend along substantially the whole length of the balloon 22 or

may extend only as far as the distal edge of the most distal virtual electrode 28. The

transmitter 24 may have a generally helical shape and may be wrapped around tubular

member 30. While the transmitter 24 is illustrated as having adjacent windings

spaced a distance from one another, in some instances the windings may be contact

one another. Alternatively, transmitter 24 may have a linear or other suitable

configuration. In some cases, transmitter 24 may be bonded to inner tubular member

30. The transmitter 24 and virtual electrodes 28 may be arranged so that the

transmitter 24 extends directly under the virtual electrodes 28. In some embodiments,

transmitter 24 may be a ribbon or may be a tubular member disposed around inner

tubular member 30. In some embodiments, a plurality of transmitters 24 may be used

and each of the plurality may be fixed to the tubular member 30 under virtual

electrodes 28. In other embodiments that include more than one electrode, each

electrode may be separately controllable. In such embodiments, balloon 22 may be

partitioned into more than one chamber and each chamber may include one or more

electrodes. The transmitter 24 may be selected to provide a particular level of

flexibility to the balloon to enhance the maneuverability of the system. It can be

appreciated that there are many variations contemplated for transmitter 24.

A cross-sectional view of the shaft 26 distal to fluid inlet 40 is illustrated in

Figure 3B. The guidewire lumen 44 and the transmitter 24 are present. In addition,

balloon 22 is shown in cross-section as having a first layer 48 and a second layer 50.

Virtual electrode or window 28 is formed in balloon 22 by the absence of second



layer 50. First layer 48 may include a hydrophilic, hydratable, RF permeable, and/or

conductive material. One example material is hydrophilic polyurethane (e.g.,

TECOPHILIC® TPUs such as TECOPHILIC® HP-60D-60 and mixtures thereof,

commercially available from the Lubrizol Corporation in Wickliffe, Ohio). Other

suitable materials include other hydrophilic polymers such as hydrophilic polyether

block amide (e.g., PEBAX® MV1074 and MH1657, commercially available from

Arkema headquartered in King of Prussia, PA), hydrophilic nylons, hydrophilic

polyesters, block co-polymers with built-in hydrophilic blocks, polymers including

ionic conductors, polymers including electrical conductors, metallic or nanoparticle

filled polymers, and the like. Suitable hydrophilic polymers may exhibit between

20% to 120% water uptake (or % water absorption) due to their hydrophilic nature or

compounding. In at least some embodiments, first layer 48 may include a hydratable

polymer that is blended with a non-hydratable polymer such as a non-hydratable

polyether block amide (e.g., PEBAX® 7033 and 7233, commercially available from

Arkema) and/or styrenic block copolymers such as styrene-isoprene-styrene. These

are just examples.

The second layer 50 may include an electrically non-conductive polymer such

as a non-hydrophilic polyurethane, homopolymeric and copolymeric polyurethanes

(e.g., NeoRez R-967, commercially available from NeoResins, Inc. in Wilmington,

MA; and/or TECOFLEX® SG-85A and/or TECOFLEX SG-60D, commercially

available from Lubrizol Corp. in Wickliffe, Ohio), polyether block amide, nylon,

polyester or block-copolymer. Other suitable materials include any of a range of

electrically non-conductive polymers. These are just examples.

The materials of the first layer 48 and the second layer 50 may be selected to

have good bonding characteristics between the two layers. For example, a balloon 22

may be formed from a first layer 48 made from a hydrophilic polyether block amide

and a second layer 50 made from a regular or non-hydrophilic polyether block amide.

In some embodiments, a suitable tie layer (not illustrated) may be provided between

adjacent layers. These are just examples.

Prior to use, balloon 22 may be hydrated as part of the preparatory steps.

Hydration may be effected by soaking the balloon in a saline solution. During

ablation, a conductive fluid may be infused into balloon 22, for example via inlet 40.

The conductive fluid may expand the balloon 22 to the desired size. In some

instances, the balloon 22 may be sized to accommodate the renal vasculature.



However, this is not required. It is contemplated that the balloon 22 may be of any

size desired to accommodate the desired treatment location. The balloon expansion

may be monitored indirectly by monitoring the volume of conductive fluid introduced

into the system or may be monitored through radiographic or other conventional

means. Optionally, once the balloon is expanded to the desired size, fluid may be

circulated within the balloon by continuing to introduce fluid through the fluid inlet

40 while withdrawing fluid from the balloon through a fluid outlet (discussed in more

detail below). The rate of circulation of the fluid may be between but not limited to 5

and 20 ml/min. This is just an example. The circulation of the conductive fluid may

mitigate the temperature rise of the tissue of the blood vessel in contact with the non

virtual electrode areas.

Transmitter 24 may be activated by supplying energy to transmitter 24. The

energy may be supplied at 400-500 KHz at about 5-30 watts of power. These are just

examples, other energies are contemplated. The energy may be transmitted through

the medium of the conductive fluid and through virtual electrodes 28 to the blood

vessel wall to modulate or ablate the tissue. The second layer 50 of the balloon

prevents the energy transmission through the balloon wall except at virtual electrodes

28 (which lack second layer 50).

Transmitter 24 may be activated for an effective length of time, such as less

than 1 minute, 1 minute, 2 minutes, or more than 2 minutes. Once the procedure is

finished at a particular location, balloon 22 may be partially or wholly deflated and

moved to a different location such as the other renal artery, and the procedure may be

repeated at another location as desired using conventional delivery and repositioning

techniques.

As discussed above, the balloon 22 shown in Figure 2 may be suitable for use

in a renal nerve modulation application. A renal nerve extends generally

longitudinally around the outside of a renal artery. In some instances, one can vary

the longitudinal position of any particular circumferential treatment to achieve the

desired nerve modulation effect. In some instances, the windows 28 may be arranged

to achieve complete or substantially complete circumferential coverage of the blood

vessel while spaced apart longitudinally. However, this is not required.

Figure 2 illustrates four virtual electrodes 28, spaced about a circumference of

the balloon 22. In the embodiment shown in Figure 2, each virtual electrode 28 may

cover a different approximately 90 degree arc of the blood vessel, but in other



embodiments each window 28 may cover more than a 90 degree arc. For example,

the virtual electrodes 28 may cover a 100 or 110 degree arc to allow for some

overlapping coverage of the windows 28. The four virtual electrodes 28 of the

embodiment shown in Figure 2 may be generally oblong in shape. However, any

number or shape of virtual electrodes 28 can be provided to perform the disclosed

operation(s). In other words, embodiments are intended to include any number of

virtual electrodes 28 and/or shape of the virtual electrodes 28. For example, some

embodiments include 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more windows, and include

windows that are circular, oval, rectangular, polygonal, and/or any other shape to

perform the disclosed operation(s). Moreover, virtual electrodes 28 having different

lengths and widths may be oriented so that the largest dimension is parallel to the

longitudinal axis, perpendicular to the longitudinal axis, and/or at another angle with

respect to the longitudinal axis, such as a 45 degree angle. In some embodiments,

each window 28 may have an aspect ratio of 2:1, 3:1 or 4:1, where the major

dimension is perpendicular to the longitudinal axis of the balloon 22. In some

embodiments, the virtual electrode(s) 28 may have a custom pattern to provide a

particular treatment pattern.

It may be beneficial for the virtual electrodes 28 to be arranged so that the

virtual electrodes 28 provide the desired treatment at the treatment region. For

example, in some embodiments, the virtual electrodes 28 are arranged so that any

straight line drawn longitudinally along the balloon 22 wall, and parallel with the

artery, passes through at least one window. Such a window arrangement allows for

coverage around the circumference of the blood vessel, while still permitting the

virtual electrodes 28 to be spaced apart longitudinally. In other embodiments, one or

more of the virtual electrodes 28 are arranged so that a line drawn longitudinally

along the balloon wall passes through parts of two virtual electrodes 28. In other

embodiments, the number and arrangement of virtual electrodes 28 is such that any

line drawn longitudinally along the balloon 22 wall passes through at least two virtual

electrodes 28.

Some embodiments may include one or more helically shaped virtual

electrodes along the length of the balloon 22, or along a portion of the length of the

balloon 22, while other embodiments include one or more windows that extend

circumferentially around the balloon 22. In addition, the virtual electrodes 28 may be

disposed either along the entire length or a portion of length of the balloon 22.



Figure 4 illustrates a cross-sectional view of the distal portion of another

illustrative renal nerve modulation device 112. Nerve modulation device 112 may be

similar in form and function to nerve modulation device 12 described above.

Modulation device 112 may include a catheter shaft 126 including an inner tubular

member 130 and an outer tubular member 132, an expandable member or balloon 122

coupled to the shaft 126, and a transmitter 124 disposed within balloon 122. In some

embodiments, the balloon 122 may further include one or more sensors 152, such as

but not limited to, temperature sensors, for monitoring the modulation procedure.

Sensors 152 may be connected to a controller, such as a control and power element at

the proximal end of the system 112, although this connection is not shown in the

figures. The sensors 152 can also or alternatively be connected to other monitoring

device(s) to enable the monitoring of one or more conditions (e.g., pressure of the

inflation media or temperature of the inflation media), such as within the catheter

shaft 126, within the balloon 122, or the temperature of the blood and/or luminal

surface of the blood vessel proximate the site of ablation. In some embodiments, a

temperature sensor may be positioned near, adjacent, or at the site of transmitter 124,

allowing for temperature measurements at the electrode location.

When in use, the balloon 122 can be filled with a conductive fluid such as

saline to allow the ablation energy (e.g. radiofrequency energy) to be transmitted from

transmitter 124 through the conductive fluid, to one or more virtual electrodes 128

disposed along balloon 122. It is contemplated that while balloon 122 is not

illustrated as having two layers, balloon 122 may be formed in similar manner to

balloon 22 described above to form virtual windows 128. Accordingly, virtual

electrodes 128 may absorb fluid (e.g., the conductive fluid) so that energy exposed to

the conductive fluid can be conducted to virtual electrodes 128 such that virtual

electrodes 128 are capable of ablating tissue.

Transmitter 124 (or a conductive element to supply power to transmitter 124)

may extend along the outer surface of inner tubular member 130 or may be embedded

within the tubular member proximal to the balloon 122. Transmitter 124 proximal to

the balloon may be electrically insulated and may be used to transmit power to the

portion of the transmitter 124 disposed within balloon 122. Transmitter 124 may be

similar in form and function to transmitter 24 discussed above. Transmitter 124 may

extend along substantially the whole length of the balloon 122 or may extend only as

far as the distal edge of the most distal virtual electrode 128. The transmitter 124 may



have a generally helical shape and may be wrapped around tubular member 130,

although this is not required. The transmitter 124 and virtual electrodes 128 may be

arranged so that the transmitter 124 extends directly under the virtual electrodes 128.

It can be appreciated that there are many variations contemplated for transmitter 124

such as, but not limited to, those discussed above.

Transmitter 124 may be activated by supplying energy to transmitter 124. The

energy may be supplied at 400-500 KHz at about 5-30 watts of power. These are just

examples, other energies are contemplated. The energy may be transmitted through

the medium of the conductive fluid and through virtual electrodes 128 to the blood

vessel wall to modulate or ablate the tissue. A second non-conductive layer of the

balloon prevents the energy transmission through the balloon wall except at virtual

electrodes 128 (which lack second layer) similar to balloon 22 discussed above.

The inflatable balloon 122 may further includes an interior surface 121, an

exterior surface 123, and a lumen 125 defined by the interior surface. The balloon

122 may further include at least one section, referred to as a virtual electrode 128 that

is permeable to radiofrequency (RF) radiation. These virtual electrodes 128 extend

from the interior surface 121 of the balloon 122 to the exterior surface 123 of the

balloon 122. The exterior surface 123 of the balloon 122 may constructed so as to

allow electricity, such as RF energy, through at certain locations, e.g., virtual

electrodes 128, and to reduce or prevent the transmission of RF energy or electricity

at other locations.

Figure 4 illustrates three virtual electrodes 128, spaced about the balloon 122.

The virtual electrodes 128 of the embodiment shown in Figure 4 may be generally

oblong in shape. However, any number or shape of virtual electrodes 128 can be

provided to perform the disclosed operation(s). In other words, embodiments are

intended to include any number of virtual electrodes 128 and/or shape of the virtual

electrodes 128. For example, some embodiments include 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or

more virtual electrodes, and include virtual electrodes that are circular, oval,

rectangular, polygonal, and/or any other shape to perform the disclosed operation(s).

Moreover, virtual electrodes 128 having different lengths and widths may be oriented

so that the largest dimension is parallel to the longitudinal axis, perpendicular to the

longitudinal axis, and/or at another angle with respect to the longitudinal axis, such as

a 45 degree angle. In some embodiments, the virtual electrode(s) 128 may have a

custom pattern to provide a particular treatment pattern.



The catheter shaft 126 may be a generally long and elongated, flexible tubular

construction that may be inserted into the body for a medical diagnosis and/or

treatment. The catheter shaft 126 may include a proximal and a distal end, and extend

proximally from its distal end to the proximal end that is configured to remain outside

of a patient's body. Inner tubular member 130 may define a guidewire lumen 144

while the generally annular region between the inner tubular member 130 and the

outer tubular member 132 may define an inflation lumen 146. However, in some

embodiments, the inflation lumen 146 can be formed from a separate tubular

structure. The inflation lumen 146 may define a space for entry of an inflation fluid

154 that operates to inflate the balloon 122 during operation. The inflation lumen 146

may be connected to an external fluid system or reservoir (although not shown) to

deliver or inject the fluid through the inflation lumen 146 to the balloon 122. The

external fluid systems can be disposed at any location that enables or otherwise

facilitates entry of the fluid, such as at the proximal end of the catheter shaft 126.

As discussed above, the inflation fluid 154 may inflate the balloon 122,

conduct R energy from the transmitter 124 to the virtual electrodes 128 on the walls

of the balloon 122, and/or cool the balloon 122 and/or transmitter 124. In some

embodiments, all of the virtual electrodes 128 may be activated at the same time. The

inflation fluid 154 acts as a conductive medium to facilitate transmission of the RF

current field from the transmitter 124 to the virtual electrodes 128. The fluid flows

inside the balloon 12 may be ultimately discharged through discharge channels

either in the elongate shaft 126 or in the balloon 122 (discussed below in detail). The

circulation of the conductive fluid 154 may also mitigate the temperature rise of the

tissue of the blood vessel in contact with the windows 128. The inflation fluid 154

may be saline or any other suitable fluid that is compatible with blood. In some

instances, a small amount of an imaging contrast material (not shown) may be added

to the inflation fluid 154 to facilitate imaging of the vessel. Suitable examples of such

imaging contrast material may include, but are not limited to, fluorine, iodine, barium,

etc.

In some instances, the proximal waist 136 of the balloon 122 may be coupled

to the outer tubular member 132 such that one or more discharge channels 160 are

defined adjacent the proximal waist 136 of the balloon 122. In a similar fashion, the

distal waist 134 of the balloon 122 may be coupled to the inner tubular member 130 to

define one or more discharge channels 162 adjacent the distal waist 134 of the balloon



122. Thus, discharge channels 160, 162 may be formed at the proximal and distal

waists 136, 134 of the balloon 122. These discharge channels 160, 162 may allow the

inflation fluid 154 to exit the balloon 122 from both the proximal and distal waists

136, 134. It is contemplated that although the infusion fluid 154 acts as a carrier for

electrical current, the electric field 158 may be fairly localized. The radiofrequency

and power ranges may be selected such that a strong electric field does not extend a

sufficient distance beyond the proximal waist 136 or distal waist 134 of the balloon

122. As such, a conductive infusion fluid 154 may be used for balloon cooling and as

an energy carrier. The infusion fluid may also be released through discharge channels

160, 162 into the lumen during treatment (provided that the location of release is a

sufficient distance, e.g. outside of the electric field or outside of the strongest portion

of the electric field). The infusion fluid 154 that exits the balloon 122 may flow into

the blood vessel and mix with the blood. It is contemplated that the balloon 122 may

be coupled to the elongate shaft 126 in a variety of manners to create discharge

channels 160, 162. Two illustrative, but non-limiting, mechanisms of coupling the

balloon 122 to the elongate shaft 126 are discussed below with reference to Figures

5A and 5B.

An illustrative method of using the nerve modulation system for ablating renal

nerves is disclosed. For renal ablation therapy, a caregiver, such as a physician, may

advance the system through a vasculature in accordance with known, related art, or

later developed techniques. For example, a guide wire may be introduced

percutaneously through a femoral artery, and navigated to a renal artery using known,

related art, or later developed techniques, such as standard radiographic techniques.

The catheter shaft 126 may then be introduced into the artery over the guidewire, until

the distal end of the catheter shaft 126 reaches a desired position proximate the target

tissue. In some embodiments, the physician may subsequently manipulate the distal

portion of the catheter shaft 126 to point towards the target tissue using known,

related art, or later developed steering mechanisms. Once positioned, the distal

portion of the catheter shaft 126, including the balloon 122 and the transmitter 124,

may be located proximate the target tissue.

Once the balloon 122 and transmitter 124 are positioned proximate the target

tissue, inflation fluid 154 may be introduced through the catheter shaft 126, through

an inflation lumen 146, to inflate the balloon 122. The inflation fluid 154 may occupy

the entire space within the balloon 122, and a supply of the inflation fluid 154 may be



continuously or semi-continuously provided. As the balloon 122 becomes completely

inflated, the transmitter 124 disposed around the inner tubular member 130 may

activated. During the procedure, the inflation fluid 154 may be evacuated from the

balloon 122 through the discharge channels 160, 162. The transmitter 124 emits radio

frequency energy into the desired renal tissue. The radio frequency energy

transmitted by the transmitter 124 is carried by the inflation fluid 154 to the

conductive portion of the balloon 122, e.g., the virtual electrodes 128. The virtual

electrodes 128 transmit the desired energy to the target tissue, thereby ablating the

renal tissue. Once the procedure is finished or substantially completed at a particular

location, the balloon 122 may be partially or wholly deflated and moved to a different

location within the same vessel or a different vessel, and the procedure may be

repeated at this other location as desired using known, related art or later developed

delivery and repositioning techniques.

It is contemplated that allowing the inflation fluid 154 to exit the balloon 122

through one or more discharge channels 160, 162 positioned adjacent the balloon 122

may reduce the profile of the elongate shaft 126 by substantially eliminating the need

for a return lumen for the inflation fluid 154. In some instances, by not using a closed

loop inflation fluid system, the system 112 may be simplified by reducing the number

of components necessary.

Figure 5A illustrates a cross-sectional view taken at line 5A-5A of Figure 4

and Figure 5B illustrates a cross-sectional view taken at line 5B-5B of Figure 4.

While Figures 5A and 5B illustrate the proximal waist 136 and distal waist 134 of the

balloon 122 bonded in different manners it is contemplated that either waist 136, 134

may be bonded to the elongate shaft 126 in any manner desired. For example, either

the structure illustrated in Figure 5A may be used at the distal waist 134 and/or the

structure illustrated in Figure 5B may be used at the proximal end 136. It is further

contemplated that the proximal waist 136 and the distal waist 134 may be bonded to

the elongate shaft 126 using the same method or using different methods, as desired.

Figure 5A illustrates an embodiment in which the balloon 122 is bonded

directly to the outer tubular member 132. The balloon 122 may be attached to the

outer tubular member 132 at one or more discrete locations 164 about the

circumference of the outer tubular member 132. The proximal waist 136 of the

balloon 122 may be mechanically pinched in at discrete locations 164 around the

balloon 122, such that unbonded regions are defined. The unbonded regions may



form the discharge channels 160 at the proximal end of the balloon 122, allowing the

inflation fluid 154 to exit the balloon 122. As shown in Figure 5A, the balloon 122

may be bonded to the outer elongate member 132 at four points, and the regions that

remain unbonded define the discharge channels 160. However, in other

embodiments, the balloon 122 may be bonded to the outer tubular member 132 at

more or less than four points. In some instances, a longitudinal seam weld(s) or a

longitudinal bonding process may be used to secure the balloon 122 to the outer

tubular member 132 such that one or more longitudinal discharge channels 160 are

formed. For example, the balloon 122 the bond may extend along the length of the

proximal waist 136 of the balloon. In some instances, the balloon 122 may be secured

to the outer tubular member 132 through laser spotting, seam welding, mechanical

thermal bonding, adhesive, other known techniques, or later developed techniques. In

still other embodiments, the outer tubular member 132 may be integrally formed with,

fixedly secured to, or otherwise coupled to, the proximal waist 136.

Figure 5B illustrates an embodiment in which the distal waist 134 of the

balloon 122 is bonded to the inner tubular member 130 through one or more raised

portions 166. The distal waist 134 may attached to the inner tubular member 130

through the four raised portions 166 using mechanisms including, but not limited to,

welding, thermal bonding, adhesives, lasers, or other known, related art, or later

developed techniques. One or more regions between adjacent raised portions 166

may define the discharge channels 162 adjacent the distal end of the balloon 122. The

creation of discharge channels 162 at the distal end of the balloon 122 allows the

inflation fluid 154 exit the balloon 122 from the distal end.

In some embodiments, the raised portions 166 may be formed as a unitary

structure with the inner tubular member 130. In these embodiments, certain portions

of the inner tubular member 130 may have a suitably thicker wall to define the raised

portions. For example, the entire inner tubular member 130 can initially be formed

with a relatively thick wall, and sections of the inner surface can be cut out or

otherwise removed to form the raised portions 166 therebetween. In some instances,

the raised portions 166 may be formed as a unitary structure with the balloon 122. In

other embodiments, the raised portions 166 may be formed of a separate structure and

bonded to both the balloon 122 and the inner tubular member 130.

While the raised portions 166 are illustrated as having a generally oval shape,

it is contemplated that the raised portions 166 may have any shape or structure that



performs the operation disclosed above. Furthermore, while the raised portions 166

are illustrated as having generally uniform spacing, it is contemplated that the raised

portions 166 may be spaced as desired, evenly or unevenly. It is further contemplated

that fewer than or more than four raised portions 166 may be used.

Blood may enter the balloon 122 under certain circumstances such as, but not

necessarily limited to when the inflatable balloon 122 is deflated, repositioned or

reflated. To address this issue, valves or other mechanism(s) may be used to reduce

or prevent the blood from entering the balloon 122. For example, mechanical one

way valves (not explicitly shown), such as a flapper valve, or hydraulic valves, can be

placed in the discharge channels 160, 162 to allow the inflation fluid 154 to exit,

while preventing the blood from entering the balloon 122. However, it is

contemplated that in normal operating situations, the positive flow of fluid 154 exiting

the balloon 122 may be sufficient to prevent blood from entering the balloon 122.

Figure 6 illustrates a cross-sectional view of the distal portion of another

illustrative renal nerve modulation device 212. Nerve modulation device 212 may be

similar in form and function to nerve modulation devices 12, 112 described above.

Modulation device 212 may include a catheter shaft 226 including an inner tubular

member 230 and an outer tubular member 232, an expandable member or balloon 222

coupled to the shaft 226, and a transmitter 224 disposed within balloon 222. In some

embodiments, the balloon 222 may further include one or more sensors (not explicitly

shown), such as but not limited to, temperature sensors, for monitoring the

modulation procedure. When in use, the balloon 222 can be filled with a conductive

fluid such as saline to allow the ablation energy (e.g. radiofrequency energy) to be

transmitted from transmitter 224 through the conductive fluid, to one or more virtual

electrodes 228 disposed along balloon 222. It is contemplated that while balloon 222

is not illustrated as having two layers, balloon 222 may be formed in similar manner

to balloon 22 described above to form virtual windows 228. Accordingly, virtual

electrodes 228 may absorb fluid (e.g., the conductive fluid) so that energy exposed to

the conductive fluid can be conducted to virtual electrodes 228 such that virtual

electrodes 228 are capable of ablating tissue.

Transmitter 224 (or a conductive element to supply power to transmitter 224)

may extend along the outer surface of inner tubular member 230 or may be embedded

within the tubular member proximal to the balloon 222. Transmitter 224 proximal to

the balloon may be electrically insulated and may be used to transmit power to the



portion of the transmitter 224 disposed within balloon 222. Transmitter 224 may be

similar in form and function to transmitter 24 discussed above. Transmitter 224 may

extend along substantially the whole length of the balloon 222 or may extend only as

far as the distal edge of the most distal virtual electrode 228. The transmitter 224 may

have a generally helical shape and may be wrapped around tubular member 230,

although this is not required. The transmitter 224 and virtual electrodes 228 may be

arranged so that the transmitter 224 extends directly under the virtual electrodes 228.

It can be appreciated that there are many variations contemplated for transmitter 224

such as, but not limited to, those discussed above.

Transmitter 224 may be activated by supplying energy to transmitter 224. The

energy may be supplied at 400-500 KHz at about 5-30 watts of power. These are just

examples, other energies are contemplated. The energy may be transmitted through

the medium of the conductive fluid and through virtual electrodes 228 to the blood

vessel wall to modulate or ablate the tissue. A second non-conductive layer of the

balloon prevents the energy transmission through the balloon wall except at virtual

electrodes 228 (which lack second layer) similar to balloon 22 discussed above.

Figure 6 illustrates three virtual electrodes 228, spaced about the balloon 222.

The virtual electrodes 228 of the embodiment shown in Figure 6 may be generally

oblong in shape. However, any number or shape of virtual electrodes 228 can be

provided to perform the disclosed operation(s). In other words, embodiments are

intended to include any number of virtual electrodes 228 and/or shape of the virtual

electrodes 228. For example, some embodiments include 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or

more virtual electrodes, and include virtual electrodes that are circular, oval,

rectangular, polygonal, and/or any other shape to perform the disclosed operation(s).

Moreover, virtual electrodes 228 having different lengths and widths may be oriented

so that the largest dimension is parallel to the longitudinal axis, perpendicular to the

longitudinal axis, and/or at another angle with respect to the longitudinal axis, such as

a 45 degree angle. In some embodiments, the virtual electrode(s) 228 may have a

custom pattern to provide a particular treatment pattern.

The catheter shaft 226 may be a generally long and elongated, flexible tubular

construction that may be inserted into the body for a medical diagnosis and/or

treatment. The catheter shaft 226 may include a proximal and a distal end, and extend

proximally from its distal end to the proximal end that is configured to remain outside

of a patient's body. Inner tubular member 230 may define a guidewire lumen 244



while the generally annular region between the inner tubular member 230 and the

outer tubular member 232 may define an inflation lumen 246. However, in some

embodiments, the inflation lumen 246 can be formed from a separate tubular

structure. The inflation lumen 246 may define a space for entry of an inflation fluid

254 that operates to inflate the balloon 222 during operation. The inflation lumen 246

may be connected to an external fluid system or reservoir (although not shown) to

deliver or inject the fluid through the inflation lumen 246 to the balloon 222. The

external fluid systems can be disposed at any location that enables or otherwise

facilitates entry of the fluid, such as at the proximal end of the catheter shaft 226.

As discussed above, the inflation fluid 254 may inflate the balloon 222,

conduct R energy from the transmitter 224 to the virtual electrodes 228 on the walls

of the balloon 222, and/or cool the balloon 222 and/or transmitter 224. In some

embodiments, all of the virtual electrodes 228 may be activated at the same time. The

inflation fluid 254 acts as a conductive medium to facilitate transmission of the RF

current field from the transmitter 224 to the virtual electrodes 228. The fluid flows

inside the balloon 222 may be ultimately discharged through discharge channels

either in the elongate shaft 226 or in the balloon 222 (discussed below in detail). The

circulation of the conductive fluid 254 may also mitigate the temperature rise of the

tissue of the blood vessel in contact with the windows 228. The inflation fluid 254

may be saline or any other suitable fluid that is compatible with blood. In some

instances, a small amount of an imaging contrast material (not shown) may be added

to the inflation fluid 254 to facilitate imaging of the vessel. Suitable examples of such

imaging contrast material may include, but are not limited to, fluorine, iodine, barium,

etc.

In some instances, the proximal waist 236 of the balloon 222 may be coupled

to the outer tubular member 232 such that one or more discharge channels 260 are

defined adjacent the proximal waist 236 of the balloon 222. It is contemplated that

the distal waist 234 of the balloon 222 may be coupled to the inner tubular member

230 such that inflation fluid 254 cannot exit the system 212 adjacent the distal end of

the balloon 222. The discharge channels 260 may allow the inflation fluid 254 to exit

the balloon 222 from the proximal waist 236 of the balloon 222. It is contemplated

that although the infusion fluid 254 acts as a carrier for electrical current, the electric

field may be fairly localized. The radiofrequency and power ranges may be selected

such that a strong electric field does not extend a sufficient distance beyond the



proximal waist 236 or distal waist 234 of the balloon 222. As such, a conductive

infusion fluid 254 may be used for balloon cooling and as an energy carrier. The

infusion fluid may also be released through discharge channels 260 into the lumen

during treatment (provided that the location of release is a sufficient distance, e.g.

outside of the electric field or outside of the strongest portion of the electric field).

The infusion fluid 254 that exits the balloon 222 may flow into the blood vessel and

mix with the blood. It is contemplated that the balloon 222 may be coupled to the

elongate shaft 226 in a variety of manners to create discharge channels 260. For

example, it is contemplated that the proximal waist 236 of the balloon 222 may be

secured to the outer tubular member 232 in any manner desired to create discharge

channels 260, such as but not limited to the two illustrative, but non-limiting,

mechanisms discussed with reference to Figures 5A and 5B. The distal waist 234 of

the balloon 222 may be secured to the inner tubular member 230 in any manner

known in the art to create a fluid-tight seal.

Figure 7 illustrates a cross-sectional view of the distal portion of another

illustrative renal nerve modulation device 312. Nerve modulation device 312 may be

similar in form and function to nerve modulation devices 12, 112, 212 described

above. Modulation device 312 may include a catheter shaft 326 including an inner

tubular member 330 and an outer tubular member 332, an expandable member or

balloon 322 coupled to the shaft 326, and a transmitter 324 disposed within balloon

322. In some embodiments, the balloon 322 may further include one or more sensors

(not explicitly shown), such as but not limited to, temperature sensors, for monitoring

the modulation procedure. When in use, the balloon 322 can be filled with a

conductive fluid such as saline to allow the ablation energy (e.g. radiofrequency

energy) to be transmitted from transmitter 324 through the conductive fluid, to one or

more virtual electrodes 328 disposed along balloon 322. It is contemplated that while

balloon 322 is not illustrated as having two layers, balloon 322 may be formed in

similar manner to balloon 22 described above to form virtual windows 328.

Accordingly, virtual electrodes 328 may absorb fluid (e.g., the conductive fluid) so

that energy exposed to the conductive fluid can be conducted to virtual electrodes 328

such that virtual electrodes 328 are capable of ablating tissue.

Transmitter 324 (or a conductive element to supply power to transmitter 324)

may extend along the outer surface of inner tubular member 330 or may be embedded

within the tubular member proximal to the balloon 322. Transmitter 324 proximal to



the balloon may be electrically insulated and may be used to transmit power to the

portion of the transmitter 324 disposed within balloon 322. Transmitter 324 may be

similar in form and function to transmitter 24 discussed above. Transmitter 324 may

extend along substantially the whole length of the balloon 322 or may extend only as

far as the distal edge of the most distal virtual electrode 328. The transmitter 324 may

have a generally helical shape and may be wrapped around tubular member 330,

although this is not required. The transmitter 324 and virtual electrodes 328 may be

arranged so that the transmitter 324 extends directly under the virtual electrodes 328.

It can be appreciated that there are many variations contemplated for transmitter 324

such as, but not limited to, those discussed above.

Transmitter 324 may be activated by supplying energy to transmitter 324. The

energy may be supplied at 400-500 KHz at about 5-30 watts of power. These are just

examples, other energies are contemplated. The energy may be transmitted through

the medium of the conductive fluid and through virtual electrodes 328 to the blood

vessel wall to modulate or ablate the tissue. A second non-conductive layer of the

balloon prevents the energy transmission through the balloon wall except at virtual

electrodes 328 (which lack second layer) similar to balloon 22 discussed above.

Figure 7 illustrates three virtual electrodes 328, spaced about the balloon 322.

The virtual electrodes 328 of the embodiment shown in Figure 7 may be generally

oblong in shape. However, any number or shape of virtual electrodes 328 can be

provided to perform the disclosed operation(s). In other words, embodiments are

intended to include any number of virtual electrodes 328 and/or shape of the virtual

electrodes 328. For example, some embodiments include 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or

more virtual electrodes, and include virtual electrodes that are circular, oval,

rectangular, polygonal, and/or any other shape to perform the disclosed operation(s).

Moreover, virtual electrodes 328 having different lengths and widths may be oriented

so that the largest dimension is parallel to the longitudinal axis, perpendicular to the

longitudinal axis, and/or at another angle with respect to the longitudinal axis, such as

a 45 degree angle. In some embodiments, the virtual electrode(s) 328 may have a

custom pattern to provide a particular treatment pattern.

The catheter shaft 326 may be a generally long and elongated, flexible tubular

construction that may be inserted into the body for a medical diagnosis and/or

treatment. The catheter shaft 326 may include a proximal and a distal end, and extend

proximally from its distal end to the proximal end that is configured to remain outside



of a patient's body. Inner tubular member 330 may define a guidewire lumen 344

while the generally annular region between the inner tubular member 330 and the

outer tubular member 332 may define an inflation lumen 346. However, in some

embodiments, the inflation lumen 346 can be formed from a separate tubular

structure. The inflation lumen 346 may define a space for entry of an inflation fluid

354 that operates to inflate the balloon 322 during operation. The inflation lumen 346

may be connected to an external fluid system or reservoir (although not shown) to

deliver or inject the fluid through the inflation lumen 346 to the balloon 322. The

external fluid systems can be disposed at any location that enables or otherwise

facilitates entry of the fluid, such as at the proximal end of the catheter shaft 326.

As discussed above, the inflation fluid 354 may inflate the balloon 322,

conduct R energy from the transmitter 324 to the virtual electrodes 328 on the walls

of the balloon 322, and/or cool the balloon 322 and/or transmitter 324. In some

embodiments, all of the virtual electrodes 328 may be activated at the same time. The

inflation fluid 354 acts as a conductive medium to facilitate transmission of the RF

current field from the transmitter 324 to the virtual electrodes 328. The fluid flows

inside the balloon 322 may be ultimately discharged through discharge channels

either in the elongate shaft 326 or in the balloon 322 (discussed below in detail). The

circulation of the conductive fluid 354 may also mitigate the temperature rise of the

tissue of the blood vessel in contact with the windows 328. The inflation fluid 354

may be saline or any other suitable fluid that is compatible with blood. In some

instances, a small amount of an imaging contrast material (not shown) may be added

to the inflation fluid 354 to facilitate imaging of the vessel. Suitable examples of such

imaging contrast material may include, but are not limited to, fluorine, iodine, barium,

etc.

In some instances, the distal waist 334 of the balloon 322 may be coupled to

the inner tubular member 330 such that one or more discharge channels 362 are

defined adjacent the distal waist 334 of the balloon 322. It is contemplated that the

proximal waist 336 of the balloon 322 may be coupled to the outer tubular member

332 such that inflation fluid 354 cannot exit the system 312 adjacent the proximal end

of the balloon 322. The discharge channels 362 may allow the inflation fluid 354 to

exit the balloon 322 from the distal waist 234 of the balloon 322. It is contemplated

that although the infusion fluid 354 acts as a carrier for electrical current, the electric

field may be fairly localized. The radiofrequency and power ranges may be selected



such that a strong electric field does not extend a sufficient distance beyond the

proximal waist 336 or distal waist 334 of the balloon 322. As such, a conductive

infusion fluid 354 may be used for balloon cooling and as an energy carrier. The

infusion fluid 354 may also be released through discharge channels 362 into the

lumen during treatment (provided that the location of release is a sufficient distance,

e.g. outside of the electric field or outside of the strongest portion of the electric field).

The infusion fluid 354 that exits the balloon 322 may flow into the blood vessel and

mix with the blood. It is contemplated that the balloon 322 may be coupled to the

elongate shaft 326 in a variety of manners to create discharge channels 362. For

example, it is contemplated that the distal waist 234 of the balloon 322 may be

secured to the inner tubular member 330 in any manner desired to create discharge

channels 362, such as but not limited to the two illustrative, but non-limiting,

mechanisms discussed with reference to Figures 5A and 5B. The proximal waist 236

of the balloon 322 may be secured to the outer tubular member 332 in any manner

known in the art to create a fluid-tight seal.

Figure 8 illustrates the distal portion of another illustrative renal nerve

modulation device 412. Nerve modulation device 412 may be similar in form and

function to nerve modulation device 12 described above. Renal nerve modulation

device 412 may include a balloon 422 and a transmitter 424. When in use, the

balloon 422 is preferably filled with a conductive fluid such as saline to allow the

ablation energy to be transmitted from the transmitter 424 through virtual electrodes

428 that are permeable to RF radiation. Other appropriate conductive fluids include

hypertonic solutions, contrast solution and mixtures of saline or hypertonic saline

solutions with contrast solutions. The conductive fluid may be introduced through a

fluid inlet 414 and evacuated through a fluid outlet 416, both in a central shaft 426.

One or more sensors (not explicitly shown, such as thermocouple, may be included

and may be disposed on the shaft 426, on the balloon 422 or at another suitable

location.

A cross-sectional view of the shaft 426 of the renal nerve modulation device

412 proximal to the balloon 422 is illustrated in Figure 9. The catheter shaft 426 may

be a generally long and elongated, flexible tubular construction that may be inserted

into the body for a medical diagnosis and/or treatment. The catheter shaft 426 may

include a proximal and a distal end, and extend proximally from its distal end to the

proximal end that is configured to remain outside of a patient's body. Shaft 426 may



include a guidewire lumen 444, a lumen 438 connected to the fluid inlet 414, and a

lumen 440 connected to the fluid outlet 416. The transmitter 424, or a conductive

element to supply power to the electrode, may extend along the outer surface of the

shaft 426 or may be embedded within the shaft 426 proximal to the balloon 422. The

transmitter 424 proximal to the balloon 422 is preferably electrically insulated and is

used to transmit power to the portion of the transmitter 424 disposed in the balloon

422. In some embodiments, the guidewire lumen and/or one of the fluid lumens 438,

440 may be omitted. In some embodiments, the guidewire lumen 444 extends from

the distal end of the device to a proximal hub. In other embodiments, the guidewire

lumen 444 can have a proximal opening that is distal to the proximal portion of the

system. In some embodiments, the fluid lumens 438, 440 can be connected to a

system to circulate the fluid through the balloon 422 or to a system that supplies new

fluid and collects the evacuated fluid. It can be appreciated that embodiments may

function with merely a single fluid inlet lumen and a single fluid outlet into the

balloon. It can also be appreciated that other lumen configurations are contemplated.

For example, the three lumens may be disposed within each other or may be

concentric. The guidewire lumen may be the innermost lumen and may be

surrounded by the fluid inlet lumen which, in turn may be surrounded by the fluid

outlet lumen. In another contemplated embodiment, only one of the fluid inlet and

fluid outlet lumens is disposed around the guidewire lumen and the other of the fluid

inlet and fluid outlet lumens extends parallel to and spaced apart from the guidewire

lumen. Another contemplated embodiment lacks the fluid outlet lumen and the fluid

inlet lumen is disposed around or concentrically around the guidewire lumen. In

another contemplated embodiment, the guidewire lumen is omitted and the system

includes only the fluid inlet lumen or only the fluid inlet and outlet lumens.

A cross-sectional view of the shaft 426 distal to fluid outlet 416 is illustrated

in Figure 10. The guidewire lumen 444 and the fluid inlet lumen 438 are present, as

well as transmitter 424. Balloon 422 is shown in cross-section as having a first layer

448 and a second layer 450. A window or virtual electrode 428 is formed in balloon

422 by the absence of second layer 450. First layer 448 is preferably made from an

RF permeable material. The second layer 450 is preferably made from an electrically

non-conductive polymer such as a non-hydrophilic polyurethane, Pebax, nylon,

polyester or block-copolymer. Other suitable materials include any of a range of

electrically non-conductive polymers. The materials of the first layer and the second



layer may be selected to have good bonding characteristics between the two layers.

For example, a balloon 422 may be formed from a first layer 448 made from a

hydrophilic Pebax and a second layer 450 made from a regular or non-hydrophilic

Pebax. In other embodiments, a suitable tie layer (not illustrated) may be provided

between the two layers.

Virtual electrodes 428 may be arranged to achieve complete circumferential

coverage of the blood vessel while spaced apart longitudinally. In this particular case,

the four virtual electrodes 428 each cover a different 90 degree arc of the blood

vessel. Each window may cover more than a 90 degree arc. For example, the virtual

electrodes 428 may cover a 100 or 110 degree arc to allow for some overlapping

coverage of the virtual electrodes 428. Virtual electrodes 428 of this embodiment are

four in number and generally circular in shape. It can be appreciated that variations in

the number of virtual electrodes and the shape of the virtual electrodes are

contemplated. For example, embodiments are contemplated which include 1, 2, 3, 4,

5, 6, 7, 8, 9, 10 or more virtual electrodes and which include virtual electrodes that are

circular, oval, rectangular, or polygonal. Moreover, the virtual electrodes having a

different length and width may be oriented so that the largest dimension is parallel to

the longitudinal axis, perpendicular to the longitudinal axis or at another angle with

respect to the longitudinal axis such as a 45 degree angle. In some embodiments,

each virtual electrode may have an aspect ratio of 2:1, 3:1 or 4:1, where the major

dimension is perpendicular to the longitudinal axis of the balloon. In some

embodiments, the virtual electrodes may have a custom pattern to provide a particular

treatment pattern.

Transmitter 424 (or a conductive element to supply power to transmitter 424)

may extend along the outer surface of shaft 426 or may be embedded within the

tubular member proximal to the balloon 422. Transmitter 424 proximal to the balloon

may be electrically insulated and may be used to transmit power to the portion of the

transmitter 424 disposed within balloon 422. Transmitter 424 may be similar in form

and function to transmitter 24 discussed above. Transmitter 424 may extend along

substantially the whole length of the balloon 422 or may extend only as far as the

distal edge of the most distal virtual electrode 428. The transmitter 424 may have a

generally helical shape and may be wrapped around shaft 426, although this is not

required. The transmitter 424 and virtual electrodes 428 may be arranged so that the

transmitter 424 extends directly under the virtual electrodes 428. It can be



appreciated that there are many variations contemplated for transmitter 424 such as,

but not limited to, those discussed above.

Transmitter 424 may be activated by supplying energy to transmitter 424. The

energy may be supplied at 400-500 KHz at about 5-30 watts of power. These are just

examples, other energies are contemplated. The energy may be transmitted through

the medium of the conductive fluid and through virtual electrodes 428 to the blood

vessel wall to modulate or ablate the tissue. A second non-conductive layer of the

balloon prevents the energy transmission through the balloon wall except at virtual

electrodes 428 (which lack second layer) similar to balloon 22 discussed above.

As discussed above, the inflation fluid may inflate the balloon 422, conduct

RF energy from the transmitter 424 to the virtual electrodes 428 on the walls of the

balloon 422, and/or cool the balloon 422 and/or transmitter 424. In some

embodiments, all of the virtual electrodes 428 may be activated at the same time. The

inflation fluid acts as a conductive medium to facilitate transmission of the RF current

field from the transmitter 424 to the virtual electrodes 428. The fluid flows inside the

balloon 422 may be ultimately discharged through fluid outlet 416. The circulation of

the conductive fluid may also mitigate the temperature rise of the tissue of the blood

vessel in contact with the windows 428. In some instances, the shaft 426 may include

one more additional fluid outlets 420, 422 positioned along the shaft 426 proximal to

the balloon 422. It is contemplated that fluid outlets 420, 422 may discharge the

inflation fluid into the vessel at a location proximal to balloon 422. This may provide

some additional cooling to the vessel and/or treatment region without inadvertently

transferring RF energy beyond the desired treatment region. It is further

contemplated that the fluid outlet lumen 438 may not need to extend to the proximal

end of the shaft 426. This may reduce the profile of the shaft 426 as well as simplify

the design. While two fluid outlets 420, 422 are shown, it is contemplated that the

shaft 426 may include any number of outlets desired, such as, but not limited to one,

three, four, or more.

Figure 11 illustrates a side view of the distal portion of another illustrative

renal nerve modulation device 512. Figure 12 illustrates a cross-sectional view of the

illustrative modulation device 512 of Figure 11, taken at line 11-1 1. Referring both to

Figure 11 and Figure 12, nerve modulation device 512 may be similar in form and

function to nerve modulation devices 12, 112, 212, 312, 412 described above.

Modulation device 512 may include a catheter shaft 526 including an inner tubular



member 530 and an outer tubular member 532, an expandable member or balloon 522

coupled to the shaft 526. A proximal end region 536 of the balloon 522 may be

affixed to the outer tubular member 532 adjacent to a distal end 538 thereof and a

distal end region 534 of the balloon 522 may be affixed to the inner tubular member

530. In some embodiments, the balloon 522 may further include one or more sensors

(not explicitly shown), such as but not limited to, temperature sensors, for monitoring

the modulation procedure. Sensors may be connected to a controller, such as a

control and power element at the proximal end of the system 512, although this

connection is not shown in the figures. The sensors can also or alternatively be

connected to other monitoring device(s) to enable the monitoring of one or more

conditions (e.g., pressure of the inflation media or temperature of the inflation media),

such as within the catheter shaft 526, within the balloon 522, or the temperature of the

blood and/or luminal surface of the blood vessel proximate the site of ablation.

In some instances, the modulation device 512 may include one or more

electrode assemblies 560 positioned on a surface of the balloon 522 for delivering RF

energy to a desired treatment region. An exemplary electrode assembly useable with

the embodiments disclosed herein is disclosed in U.S. Patent Application Serial No.

61/856,523 entitled "Spiral Bipolar Electrode Renal Denervation Balloon", the full

disclosure of which is incorporated by reference herein. Each electrode assembly 560

may be constructed as a flexible circuit having a plurality of layers. Such layers may

be continuous or non-contiguous, i.e., made up of discrete portions. A base layer 564

of insulation may provide a foundation for the electrode assemblies 560. The base

layer 564 may be constructed from a polymer such as polyimide, although other

materials are contemplated. However, the modulation systems disclosed herein are

not intended to be limited to the use of only flexible circuits to deliver the treatment

energy to the treatment region. It is contemplated that the energy delivery devices

may be of any type desired. A conductive layer made up of a plurality of discrete

traces may be layered on top of the base layer 564. The conductive layer may be, for

example, a layer of electrodeposited copper. Other materials are also contemplated.

An insulating layer may be discretely or continuously layered on top of the

conductive layer, such that the conductive layer may be fluidly sealed between the

base layer 564 and the insulating layer. Like the base layer 564, the insulating layer

may be constructed from a polymer such as polyimide, although other materials are

contemplated. In other embodiments, the insulating layer may be a complete or



partial polymer coating, such as PTFE or silicone. Other materials are also

contemplated.

The electrode assemblies 560 may include a distal electrode pad 570. In this

region, the base layer 564 may form a rectangular shape. This is not intended to be

limiting. Other shapes are contemplated. While not explicitly shown, the electrode

assemblies 560 may include a plurality of openings to provide for added flexibility,

and the pads and other portions of the assemblies may include rounded or curved

corners, transitions and other portions. In some instances, the openings and rounded /

curved features may enhance the assembly's resistance to delamination from its

expandable device, as may occur, in some instances, when the expandable device is

repeatedly expanded and collapsed (which may also entail deployment from and

withdrawal into a protective sheath), such as may be needed when multiple sites are

treated during a procedure. It is contemplated that in some embodiments, the base

layer 564 may not be required. For example, the electronic components, electrodes

and thermistors, could be mounted on the balloon 522 and the conductive traces could

be fine wires, or could be traced inside the balloon 522 using for example, Micropen

technology.

The distal electrode pad 570 may include a plurality of discrete traces 568

layered on top of the base layer 564. These traces may include a ground trace, an

active electrode trace, and a sensor trace (not explicitly shown) for electrically

connecting electrodes, components, and/or a power and control unit. The ground

trace may include an elongated electrode support laterally offset from a sensor ground

pad. The sensor ground pad may be electrically coupled to the elongated support of

the ground trace and may be centrally located on the distal electrode pad. A bridge

may connect a distal most portion of the sensor ground pad to a distal portion of the

elongated electrode support of the ground trace. The bridge may taper down in width

as it travels to the sensor ground pad. In some embodiments, the bridge may have a

relatively uniform and thin width to enable a desired amount of flexibility. The

elongated electrode support may taper down in width at its proximal end; however,

this is not required. In some embodiments, the elongated electrode support may

abruptly transition to a much thinner trace at its proximal portion, to enable a desired

amount of flexibility. The shape and position of the traces may also be optimized to

provide dimensional stability to the electrode assembly 560 as a whole, so as to

prevent distortion during deployment and use. The ground trace and active electrode



trace may share a similar construction. The active electrode trace may also include an

elongated electrode support.

The ground electrode trace and active electrode trace may include a plurality

of electrodes 562. Three electrodes 562 may be provided for each electrode trace,

however, more or less may be used. Additionally, each electrode 562 may have

radiused corners to reduce tendency to snag on other devices and/or tissue. Although

the above description of the electrodes 562 and the traces associated with them has

been described in the context of a bi-polar electrode assembly, those of skill in the art

will recognize that the same electrode assembly may function in a monopolar mode as

well. For instance, as one non-limiting example, the electrodes associated with active

electrode traces may be used as monopolar electrodes, with ground trace disconnected

during energization of those electrodes.

In some embodiments, the electrodes 562 may be gold pads approximately

0.038 mm thick from the conductive layer and that may protrude about 0.025 mm

above the insulating layer 564. Without limiting the use of other such suitable

materials, gold may be a good electrode material because it is very biocompatible,

radiopaque, and electrically and thermally conductive. In other embodiments, the

electrode thickness of the conductive layer may range from about 0.030 mm to about

0.05 1 mm. At such thicknesses, relative stiffness of the electrodes 562, as compared

to, for example, the copper conductive layer, may be high. Because of this, using a

plurality of electrodes, as opposed to a single electrode, may increase flexibility. In

other embodiments, the electrodes may be as small as about 0.5 mm by about 0.2 mm

or as large as about 2.2 mm by about 0.6 mm for electrode 562.

The sensor trace may be centrally located on the distal electrode pad 570 and

may include a sensor power pad facing the sensor ground pad. These pads may

connect to power and ground poles of a temperature sensor 566, such as a

thermocouple (for example, Type T configuration: Copper/Constantan) or thermistor.

The temperature sensor 566 may be proximately connected to the sensor power pad

and may be distally connected to the sensor ground pad. To help reduce overall

thickness, the temperature sensor 566 may be positioned within an opening within the

base layer 564.

From the distal electrode pad 570, the combined base layer 564, conductive

layer, and insulating layer may reduce in lateral width to an intermediate tail 572.

Here, the conductive layer may be formed to include an intermediate ground line,



intermediate active electrode line, and intermediate sensor line, which may be

respectively coextensive traces of the ground trace, active electrode trace, and sensor

trace of the distal electrode pad 570.

From the intermediate tail 572, the combined base layer 564, conductive layer,

and insulating layer may increase in lateral width to form a proximal electrode pad

574. The proximal electrode pad 574 may be constructed similarly to the distal

electrode pad 570, with the electrode geometry and temperature sensor arrangement

being essentially identical, although various differences may be present. However, as

shown, the proximal electrode pad 574 may be laterally offset from the distal

electrode pad 570 with respect to a central axis extending along the intermediate

ground line. The intermediate active electrode line and intermediate sensor line may

be laterally coextensive with the proximal electrode pad 574 on parallel respective

axes with respect to the central axis.

From the proximal electrode pad 574, the combined base layer 564,

conductive layer, and insulating layer may reduce in lateral width to form a proximal

tail 576. The proximal tail 576 may include a proximal ground line, proximal active

electrode line, and proximal sensor line, as well the intermediate active electrode line

and intermediate sensor line. The proximal tail 576 may include connectors (not

shown) to enable coupling to one or more sub-wiring harnesses and/or connectors and

ultimately to a power and control unit. Each of these lines may be extended along

parallel respective axes with respect to the central axis.

As shown, the electrode assembly 560 may have an asymmetric arrangement

of the distal electrode pad 570 and proximal electrode pad 574, about a central axis.

Further, the ground electrodes of both electrode pads may be substantially aligned

along the central axis, along with the intermediate and proximal ground lines. It has

been found that this arrangement may present certain advantages. For example, by

essentially sharing the same ground trace, the width of the proximal tail may be only

about one and a half times that of the intermediate tail 572, rather than being

approximately twice as wide if each electrode pad had independent ground lines.

Thus, the proximal tail 576 may be narrower than two of the intermediate tails 572.

Further, arranging the electrode pads to share a ground trace may allow

control of which electrodes will interact with each other. The various electrode pads

may be fired and controlled using solid state relays and multiplexing with a firing

time ranging from about 100 microseconds to about 200 milliseconds or about 10



milliseconds to about 50 milliseconds. For practical purposes, the electrode pads may

appear to be simultaneously firing yet stray current between adjacent electrode pads

of different electrode assemblies 560 may be prevented by rapid firing of electrodes in

micro bursts. This may be performed such that adjacent electrode pads of different

electrode pad assemblies 560 are fired out of phase with one another. Thus, the

electrode pad arrangement of the electrode assembly may allow for short treatment

times - about 10 minutes or less of total electrode firing time, with some approximate

treatment times being as short as about 10 seconds, with an exemplary embodiment

being about 30 seconds. Some benefits of short treatment times may include

minimization of post-operative pain caused when nerve tissue is subject to energy

treatment, shortened vessel occlusion times, reduced occlusion side effects, and quick

cooling of collateral tissues by blood perfusion due to relatively minor heat input to

luminal tissue.

It is contemplated that the modulation device 512 may include any number of

electrode assemblies 560 desired based on the size of the modulation device 512

and/or the desired treatment region. For example, the modulation device 512 may

include one, two, three, four, five, or more electrode assemblies. It is further

contemplated that the electrode assemblies 560 may be staggered about the

circumference and/or length of the balloon 522 such that a maximum number of

electrode assemblies 560 can be positioned on the modulation device.

In some instances the electrodes 562 of each electrode assembly 560 may

optionally provide a grouping or sub-array of electrodes for treating an associated

portion or region of a target tissue. Alternative sub-arrays may be provided among

electrodes of different flex circuits, may be defined by programmable logic of the

processor, and/or may comprise any of a wide variety of alternative electrode circuit

structures, with the sub-arrays often being employed for multiplexing or treating the

region of target tissue with a plurality of differing electrical energy paths through the

tissue.

Multiplexing between selected electrodes of an array or sub-array can be

effected by selectively energizing electrode pairs, with the target tissue region for the

sub-array being disposed between the electrodes of the pairs so that the energy passes

therethrough. For example, a pair of electrodes selected from a plurality of electrodes

of electrode assembly 560 may be energized and then turned off, with another pair

then being energized, and so forth. Bipolar potentials between the electrodes of the



pair can induce current paths in the same general tissue region, with the power

dissipated into the tissue optionally remaining substantially constant. Monopolar

energy might also be applied using a larger ground pad on the skin of the patient or

the like, with the duty cycle optionally being cut in half relative to bipolar energy.

The catheter shaft 526 may be a generally long and elongated, flexible tubular

construction that may be inserted into the body for a medical diagnosis and/or

treatment. The catheter shaft 526 may include a proximal and a distal end, and extend

proximally from its distal end to the proximal end that is configured to remain outside

of a patient's body. Inner tubular member 530 may define a guidewire lumen 544

while the generally annular region between the inner tubular member 530 and the

outer tubular member 532 may define an inflation lumen 546. However, in some

embodiments, the inflation lumen 546 can be formed from a separate tubular

structure. The inflation lumen 546 may define a space for entry of an inflation fluid

554 that operates to inflate the balloon 522 during operation. The inflation lumen 546

may be connected to an external fluid system or reservoir (although not shown) to

deliver or inject the fluid through the inflation lumen 546 to the balloon 522. The

external fluid systems can be disposed at any location that enables or otherwise

facilitates entry of the fluid, such as at the proximal end of the catheter shaft 526.

The inflation fluid 554 may fill an inner volume 525 of the balloon 522 and/or

cool the balloon 522 and/or electrode assembly 560. The fluid flowing inside the

balloon 522 may be ultimately discharged through discharge channels either in the

elongate shaft 526 or in the balloon 522 (discussed below in detail). The circulation

of the inflation fluid 554 may also mitigate the temperature rise of the tissue of the

blood vessel in contact with the electrode assembly 560. The inflation fluid 554 may

be saline or any other suitable fluid that is compatible with blood. In some instances,

a small amount of an imaging contrast material (not shown) may be added to the

inflation fluid 554 to facilitate imaging of the vessel. Suitable examples of such

imaging contrast material may include, but are not limited to, fluorine, iodine, barium,

etc.

In some instances, the proximal end region 536 of the balloon 522 may be

coupled to the outer tubular member 532 such that one or more discharge channels

504 are defined adjacent the proximal end region 536 of the balloon 522.

It is contemplated that the distal end region 534 of the balloon 522 may be

coupled to the inner tubular member 530 such that inflation fluid 554 cannot exit the



system 212 adjacent the distal end of the balloon 522. The discharge channels 504

may allow the inflation fluid 554 to exit the balloon 522 from the proximal end region

536 of the balloon 522. In a similar fashion, the distal end region 534 of the balloon

522 may be coupled to the inner tubular member 530 to define one or more discharge

channels 502 adjacent the distal end region 534 of the balloon 522. Thus, discharge

channels 504, 502 may be formed at the proximal and distal end regions 536, 534 of

the balloon 522. These discharge channels 504, 502 may allow the inflation fluid 554

to exit the balloon 522 from both the proximal and distal waists 536, 534. The

infusion fluid may also be released through discharge channels 504 into the lumen

during treatment. The infusion fluid 554 that exits the balloon 522 may flow into the

blood vessel and mix with the blood. It is contemplated that the balloon 522 may be

coupled to the elongate shaft 526 in a variety of manners to create discharge channels

504. For example, it is contemplated that the proximal end region 536 of the balloon

522 may be secured to the outer tubular member 532 in any manner desired to create

discharge channels 504, such as but not limited to the two illustrative, but non-

limiting, mechanisms discussed with reference to Figures 5A and 5B. Similarly, the

distal end region 534 of the balloon 522 may be secured to the inner tubular member

530 in any manner desired to create discharge channels 502, such as but not limited to

the two illustrative, but non-limiting, mechanisms discussed with reference to Figures

5A and 5B. It is contemplated that in some embodiments, only one of the proximal or

distal end regions 536, 534 of the balloon 522 will be coupled to the elongate shaft

522 to create discharge channels 504, 502. In such an instance either the proximal

end region 536 or the distal end region 534 of the balloon 522 may be secured to the

elongate shaft 526 in any manner known in the art to create a fluid-tight seal. It is

further contemplated that in some instances, both the proximal end region 536 and the

distal end region 534 of the balloon 522 may be secured to the elongate shaft 526 in

any manner known in the art to create a fluid-tight seal.

Those skilled in the art will recognize that the present disclosed subject matter

may be manifested in a variety of forms other than the specific embodiments

described and contemplated herein. Accordingly, departure in form and detail may be

made without departing from the scope and spirit of the present disclosure as

described in the appended claims.



What is claimed is:

1. An intravascular catheter, comprising:

an outer tubular member having a proximal end and a distal end;

an inner tubular member having a proximal end and a distal end;

an inflatable balloon having a proximal end region coupled to the outer tubular

member adjacent to the distal end thereof and a distal end region coupled to the inner

tubular member adjacent to the distal end thereof; and

at least one electrode assembly affixed to an outer surface of the inflatable

balloon;

wherein the proximal end region is coupled to the outer tubular member or the

distal end waist is coupled to the inner tubular member such that an inflation fluid

exits the balloon.

2. The intravascular catheter of claim 1, wherein the proximal end region

is coupled to the outer tubular member to define one or more discharge channels

adjacent the proximal end region of the balloon.

3. The intravascular catheter of any one of claims 1-2, wherein the

proximal end region is coupled to the outer tubular member at one or more discrete

locations about the circumference of the proximal end region.

4. The intravascular catheter of any one of claims 1-3, wherein the

proximal end region is coupled to the outer tubular member through one or more

longitudinal seam welds.

5. The intravascular catheter of any one of claims 1-3, wherein the

proximal end region is thermally bonded to the outer tubular member at one or more

discrete locations about the circumference of the proximal end region.

6. The intravascular catheter of claim 1, wherein the outer tubular

member includes two or more raised portions spaced a distance from one another.

7. The intravascular catheter of claim 6, wherein the proximal end region

is secured to the two or more raised portions.



8. The intravascular catheter of any one of claims 6-7, wherein one or

more regions between the two or more raised portions define one or more discharge

channels adjacent to the proximal end region of the balloon.

9. The intravascular catheter of any one of claims 1-8, wherein the distal

end region is coupled to the inner tubular member to define one or more discharge

channels adjacent the distal end region of the balloon.

10. The intravascular catheter of any one of claims 1 or 9, wherein the

distal end region is coupled to the inner tubular member at one or more discrete

locations about the circumference of the distal end region.

11. The intravascular catheter of any one of claims 1 or 9-10, wherein the

distal end region is coupled to the inner tubular member through one or more

longitudinal seam welds.

12. The intravascular catheter of any one of claims 9-11, wherein the distal

region is thermally bonded to the inner tubular member at one or more discrete

locations about the circumference of the distal end region.

13. The intravascular catheter of any one of claims 1 or 9, wherein the

inner tubular member includes two or more raised portions spaced a distance from

one another.

14. The intravascular catheter of claim 13, wherein the distal end region is

secured to the two or more raised portions.

15. The intravascular catheter of any one of claims 13-14, wherein one or

more regions between the two or more raised portions define one or more discharge

channels adjacent the distal end region of the balloon.
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