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(57) Abstract: The present disclosure is directed to a method for treating tissue in a passageway within a body. The method may in
clude positioning a medical device adjacent a treatment site in the passageway. The medical device may include an elongate member

o having a proximal end and a distal end, and an energy emitting portion positioned adjacent the distal end. The method may further
include supplying an amount of energy from an energy source to the energy emitting portion. A first portion of the amount of the en

o ergy may be transmitted through the energy emitting portion to the tissue and a second portion of the amount of energy may be re
flected from the energy emitting portion. The method may further include monitoring a signal corresponding to one of the first por
tion of the amount of energy and the second portion of the amount of energy.



SYSTEMS AND METHODS FOR TREATING TISSUE OF A PASSAGEWAY
WITHIN A BODY

DESCRIPTION OF THE INVENTION

Cross-Reference to Related Applications

[001] This application claims the benefit of priority from U.S. Provisional

Application No. 61/655,229 filed on June 4, 2012, the entirety of which is

incorporated by reference herein.

Field of the Invention

[002] The embodiments described herein relate to systems and methods for

treating tissue of a passageway within a body. In particular, embodiments of the

present disclosure relate to systems and methods for treating tissue by delivering

energy to tissue of a passageway within a body and monitoring tissue treatment by,

for example, using a reflected portion of the energy delivered to the tissue during the

tissue treatment procedure.

Background of the Invention

[003] The anatomy of a lung includes multiple airways. As a result of certain

genetic and/or environmental conditions, an airway may become fully or partially

obstructed, resulting in an airway disease such as emphysema, bronchitis, chronic

obstructive pulmonary disease (COPD), and asthma. Certain obstructive airway

diseases, including, but not limited to, COPD and asthma, are reversible.

Treatments have accordingly been designed in order to reverse the obstruction of

airways caused by these diseases.

[004] One treatment option includes management of the obstructive airway

diseases via pharmaceuticals. For example, in a patient with asthma, inflammation



and swelling of the airways may be reversed through the use of short-acting

bronchodilators, long-acting bronchodilators, and/or anti-inflammatories.

Pharmaceuticals, however, are not always a desirable treatment option because in

many cases they do not produce permanent results.

[005] Accordingly, more permanent/longer-lasting treatment options have

been developed in the form of energy delivery systems for reversing obstruction of

airways. Such systems may include a delivery device having an energy emitting

portion including one or more energy conducting elements. The one or more energy

conducting elements may be designed to contact an airway of a lung to deliver

energy at a desired intensity for a period of time that allows for the smooth muscle

tissue of the airway to be altered and/or ablated.

[006] Some systems may control tissue treatment by monitoring one or more

parameters of the tissue. For example, some systems may additionally include one

or more thermocouples that continuously or intermittently monitor the temperature of

the treated tissue. When the temperature of the tissue is raised beyond a

temperature threshold, the treatment may be terminated.

[007] These systems, while effective for their intended purpose, may not

prevent overtreatment during the treatment procedure (i.e., treatment of adjacent

tissue and/or anatomical structures). Indeed, these systems may resume treatment

of the targeted tissue after the temperature of the tissue drops below a threshold

temperature when the tissue has been sufficiently altered and/or ablated.

[008] Furthermore, the one or more thermocouples may add to the overall

cost of manufacturing the energy delivery devices. While the cost may be less of an

issue with reusable energy delivery devices where the cost can be amortized due to



repeated usage, this cost may be high in the case of disposable energy delivery

devices.

[009] Therefore, there is a need for alternative systems and methods for

treating tissue and monitoring tissue treatment.

SUMMARY OF THE INVENTION

[010] Embodiments of the present invention are directed to systems and

methods for treating tissue in a passageway within a body.

[01 1] One embodiment of the disclosure is directed to a method for treating

tissue in a passageway within a body. The method may include positioning a

medical device adjacent a treatment site in the passageway. The medical device

may include an elongate member having a proximal end and a distal end, and an

energy emitting portion adjacent the distal end. The method may further include

supplying an amount of energy from an energy source to the energy emitting portion

to treat tissue at the treatment site. A first portion of the amount of energy may be

transmitted through the energy emitting portion to the tissue and a second portion of

the amount of energy may be reflected back towards the proximal end of the

elongate member. The method may also include monitoring a signal corresponding

to one of the first portion of the amount of energy transmitted to the tissue and the

second portion of the amount of energy reflected back from the tissue.

[012] In various embodiments, the device may include one or more of the

following additional features: wherein the signal corresponds to the first portion of

the amount of energy, the signal has a power, and wherein the power decreases

during delivery of energy to the tissue; wherein the signal corresponds to the second

portion of the amount of energy, the signal has a power, and wherein the power

increases during delivery of energy to the tissue; wherein the monitoring includes



measuring a rate of change of the power; further including determining whether a

change in the rate of change of the power passes a threshold value, and further

including terminating the supply of energy from the energy source when the change

in the rate of change of the power falls under the threshold value; wherein the energy

source is an RF generator.

[013] Another embodiment of the disclosure is directed to a method for

treating tissue in a passageway within a body. The method may include positioning

a medical device at a treatment site in the passageway. The medical device may

include an elongate member having a proximal end and a distal end, and an energy

emitting portion adjacent the distal end. The method may further include supplying

an amount of energy from an energy source to the energy emitting portion to treat

tissue at the treatment site. A first portion of the amount of energy may be

transmitted through the energy emitting portion to the tissue and a second portion of

the amount of energy may be reflected back towards the proximal end of the

elongate member. The method may also include detecting a signal corresponding to

the reflected energy and determining a state of treatment based on the signal.

[014] In various embodiments, the device may include one or more of the

following additional features: wherein the detecting is performed by a bi-directional

coupler; wherein the signal has a power, and wherein the method further includes

determining if the power passes a threshold; wherein the method further includes

terminating the supply of energy to the energy emitting portion when the power

exceeds the threshold; wherein the threshold corresponds to a power level for

ablating or otherwise altering tissue; wherein the signal corresponding to the

reflected energy has a power, and wherein the power is proportional to the

impedance of the tissue; wherein the impedance of the tissue decreases during



delivery of energy to the tissue; and wherein the energy source is an RF generator;

wherein the signal corresponding to the reflected energy has a power, and wherein

the power is a function of the amount of tissue contact; further including analyzing

the signal to determine a rate of change in the signal, and determining the amount of

contact based on the rate of change; further including expanding the energy emitting

portion from a collapsed configuration to an expanded configuration to contact

tissue; wherein the signal corresponding to the reflected energy has a power, and

wherein the power is configured to change as the energy emitting contacts tissue;

and wherein the energy source is an RF generator.

[01 5] Another embodiment is directed to system for treating tissue of a

passageway within a body. The system may include an energy source, a medical

device for delivering energy to a treatment site in the passageway within the body.

The medical device may include an elongate member having a proximal end and a

distal end. The medical device may be configured to receive an amount of energy

from the energy source. A first portion of the amount of energy may be transmitted

through the distal end to tissue at the treatment site and a second portion of the

amount of energy may be reflected back towards the proximal end of the elongate

member. The system may also include a dual directional coupler coupled to the

medical device, the dual directional coupler may be configured to detect a signal

corresponding to one or both of the first portion of the amount of energy and the

second portion of the amount of energy. The system may also include a controller

that may be configured to analyze the signal to determine the state of treatment.

[016] In various embodiments, the system may include one or more of the

following features: wherein the signal may correspond to the second portion of the

amount of energy, the signal may have a power having a magnitude which may



increase during delivery of energy to the tissue, and the controller may be configured

to terminate the supply of energy from the energy source when the change in the

rate of change of the power falls under a threshold value.

[01 7] It is to be understood that both the foregoing general description and

the following detailed description are exemplary and explanatory only and are not

restrictive of the invention, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[018] The accompanying drawings, which are incorporated in and constitute

a part of this specification, illustrate exemplary embodiments of the present

disclosure and together with the description, serve to explain the principles of the

disclosure.

[019] FIG. 1 illustrates a system for treating tissue in a passageway within a

body, the system including an energy delivery device having an energy emitting

portion, according to an embodiment of the present disclosure.

[020] FIG. 2 is a side view of the energy emitting portion of FIG. , according

to an embodiment of the present disclosure.

[021] FIG. 3 is an exploded view of a portion of a leg of the energy emitting

portion of FIG. 2 , according to an embodiment of the disclosure.

[022] FIG. 4 is a schematic diagram of the system of FIG. 1, according to an

embodiment of the disclosure.

[023] FIG. 5 is a flow diagram illustrating a method for monitoring tissue

treatment by using reflected power, according to an embodiment of the disclosure.

[024] FIG. 6 is a flow diagram illustrating a method for monitoring the contact

between at least one energy conducting element and tissue at a treatment site by

using reflected power, according to an embodiment of the disclosure.



DESCRIPTION OF THE EMBODIMENTS

[025] Reference will now be made in detail to exemplary embodiments of the

invention, examples of which are illustrated in the accompanying drawings.

Whenever possible, the same reference numbers will be used throughout the

drawings to refer to same or like parts.

[026] Generally described, the present disclosure relates to systems and

methods for treating tissue by delivering energy to tissue within the wall of a

passageway in a patient's body and monitoring tissue treatment. "Passageway" as

used herein refers to and includes any cavity, lumen, space, or like within the body.

More particularly, embodiments of the present disclosure relate to systems and

methods for delivering energy to tissue, such as airway smooth muscle tissue, nerve

tissue, or other structures, in the airway of a lung in order to treat reversible

obstructive airway diseases including, but not limited to, COPD and asthma.

Embodiments of the present disclosure further include monitoring the effects of the

treatment on one or more characteristics of the tissue. It is contemplated that the

disclosed systems and methods may also be utilized to deliver energy to tissue

located in the heart, bile ducts, urinary system, gastrointestinal system (e.g., liver

cancer), or for other applications within the lung (e.g., lung cancer), and monitor the

effects of the treatment on the tissue of those systems.

[027] FIG. 1 illustrates an exemplary system 10. System 10 includes an

energy generator 12, a controller 14, a user interface surface 16, and an energy

delivery device 18. Energy generator 12 may be any suitable device configured to

produce energy for heating and/or maintaining tissue in a desired temperature range.

In one embodiment, for example, energy generator 12 may be an RF energy

generator. The RF energy generator may be configured to emit energy at specific



frequencies and for specific amounts of time in order to reverse obstruction in an

airway of a lung.

[028] In certain obstructive airway diseases, obstruction of an airway may

occur as a result of narrowing due to airway smooth muscle contraction.

Accordingly, in one embodiment, energy generator 12 may be configured to emit

energy that reduces the ability of the smooth muscle to contract and/or increases the

diameter of the airway by debulking, denaturing, and/or eliminating the smooth

muscle or nerve tissue. That is, energy generator 12 may be configured to emit

energy capable of killing smooth muscle cells, preventing smooth muscle cells from

replicating, and/or eliminating the smooth muscle by damaging and/or destroying the

smooth muscle cells.

[029] More particularly, energy generator 2 may be configured to generate

energy with a wattage output sufficient to maintain a target tissue temperature in a

range of about 60 degrees Celsius to about 80 degrees Celsius. In one

embodiment, for example, energy generator 12 may be configured to generate RF

energy at a frequency of about 400 kHz to about 500 kHz and for treatment cycle

durations of about 5 seconds to about 5 seconds per treatment cycle. Alternatively,

the duration of each treatment cycle may be set to allow for delivery of energy to

target tissue in a range of about 125 Joules of RF energy to about 50 Joules of RF

energy. In the preferred embodiment, the duration of each treatment cycle may be

set to allow for delivery of monopolar energy to target tissue for about 0 seconds at

65 degrees Celsius or, alternatively, delivery of biopolar energy in a range of about

2-3 seconds at 65 degrees Celsius.

[030] An energy operating mechanism 22 may be associated with energy

generator 12. Energy operating mechanism 22 may be any suitable automatic



and/or user operated device in operative communication with energy generator 12

via a wired or wireless connection, such that energy operating mechanism 22 may

be configured to enable activation of energy generator 12. Energy operating

mechanism 22 may therefore include, but is not limited to, a switch, a push-button, or

a computer. In the exemplary embodiment, energy operating mechanism 22 is a

footswitch. A conductive cable 24 may extend from energy operating mechanism 22

to user interface 16, and may include a coupler 24a configured to be electrically

coupled to an interface coupler 26 disposed on user interface surface 16.

[031] Controller 14 may be coupled to energy generator 12. Controller 14

may include a processor 20 configured to receive information feedback signals,

process the information feedback signals according to various algorithms, produce

signals for controlling the energy generator 12, and produce signals directed to

visual and/or audio indicators. For example, processor 20 may include one or more

integrated circuits, microchips, microcontrollers, and microprocessors, which may be

all or part of a central processing unit (CPU), a digital signal processor (DSP), an

analogy processor, a field programmable gate array (FPGA), or any other circuit

known to those skilled in the art that may be suitable for executing instructions or

performing logic operations. That is, processor 20 may include any electric circuit

that may be configured to perform a logic operation on at least one input variable. In

some embodiments, processor 20 may be configured to use a control algorithm to

analyze one of a reflected portion or a forward portion of the energy delivered to the

targeted tissue and generate control signals for energy generator 12.

[032] Controller 14 may additionally be coupled to and in communication with

user interface 16. In the exemplary embodiment illustrated in FIG. 1, controller 14

may be electrically coupled to user interface 16 via a wire connection. In alternative



embodiments, controller 14 may be in wireless communication with user interface

6 . User interface 16 may be any suitable device capable of providing information to

an operator of the energy delivery system 10. Accordingly, user interface 16 may be

configured to be operatively coupled to each of the components of energy delivery

system 10, receive information signals from the components, and output at least one

visual or audio signal to a device operator in response to the information received.

In the exemplary embodiment, the surface of user interface 16 includes at least one

switch 36 and a digital display 38. It is contemplated that user interface may

additionally include one or more audio tone indicators and/or graphical

representations of components of system 10.

[033] Energy delivery device 18 may be coupled to user interface 16. For

example, a cable 40 may extend from energy delivery device 18 to user interface 16 ,

and include a coupler 40a configured to be electrically coupled to an interface

coupler 42 associated with user interface 16.

[034] Energy delivery device 18 may include a handle portion 44, an

elongate member 46, and an energy emitting portion 48. Elongate member 46 has a

proximal end 46a and a distal end 46b. For purposes of this disclosure, "proximal"

refers to the end closer to the device operator during use, and "distal" refers to the

end further from the device operator during use. Handle portion 44 may be disposed

at proximal end 46a of elongate member 46 and energy emitting portion 48 may be

disposed at distal end 46b. Handle portion 44 may be any known, suitable handle

having one or more actuators, switches, or the like to control movement of elongate

member 46 and/or manipulate energy emitting portion 48.

[035] Elongate member 46 extends distally from handle portion 44. Elongate

member 46 may be a flexible tube, made from any suitable biocompatible material



known to one of ordinary skill in the art and having sufficient flexibility to traverse

tortuous anatomy. Such materials may include, but are not limited to, rubber, silicon,

polymers, stainless steel, metal-polymer composites, and metal alloys of nickel,

titanium, copper cobalt, vanadium, chromium, iron, and/or superelastic material such

as nitinol, which is a nickel-titanium alloy.

[036] Elongate member 46 may be a solid tube or a hollow tube. In some

embodiments, elongate member 46 may include one or more lumens or channels

formed therein (not shown) for the passage of a variety of surgical equipment,

including, but not limited to, imaging devices and tools for irrigation, insufflation,

vacuum suctioning, biopsies, and drug delivery. Elongate member 46 may further

include an atraumatic exterior surface having a rounded shape and/or coating. The

coating be any coating known to those skilled in the art enabling ease of movement

of energy delivery device 18 through an access device such as, for example, a

bronchoscope, or a passageway within the patient's body. The coating may

therefore include, but is not limited to, a lubricious coating and/or an anesthetic.

[037] Energy emitting portion 48 may be attached to and extend from distal

end 46b of elongate member 46. Energy emitting portion 48 may be made out of the

same piece of material as elongate member 46. Alternatively, energy emitting

portion 48 may be fabricated independently by any known means and may be made

permanently or removably attached to distal end 46b of elongate member 46. For

example, energy emitting portion 48 may be permanently or removably attached to

distal end 46b of elongate member 46 via a flexible junction enabling movement of

energy emitting portion 48 relative to distal end 46b of elongate member 46.

[038] Referring to FIG. 2 , energy emitting portion 48 may be any size, shape

and/or configuration having dimensions that can be inserted into a passageway



within a body and advanced to a treatment site 60. In the exemplary embodiment,

energy emitting portion 48 may be configured to expand between a first, collapsed

configuration (not shown) and a second, expanded configuration (FIG. 2) once

inserted into the passageway. In the second, expanded configuration, a contact

region 50 of energy emitting portion 48 may be configured to contact tissue at

treatment site 60. One or more actuators (not shown) disposed on handle portion 44

may facilitate expansion of energy emitting portion 48.

[039] Energy emitting portion 48 may have any shape, size, and/or

configuration in the second, expanded configuration. In the exemplary embodiment

shown in FIG. 2 , energy emitting portion 48 may be a basket having a plurality of

legs 52 that converge at a distal tip 53. Legs 52 may be configured so that energy

emitting portion 48 forms an ovular shape in the second, expanded configuration. In

this embodiment, region 50 may be the portion of basket that is the greatest distance

from the longitudinal axis of energy emitting portion 48 when energy emitting portion

48 is in the second, expanded configuration. It is contemplated that legs 52 may

form any other shape and/or configuration that facilitates contact between contact

region 50 and tissue of treatment site 60 in the second, expanded configuration.

[040] Legs 52 may be constructed from a material such as, for example, a

shape memory metal alloy or a polymer material so that legs 28 may collapse to

have a smaller cross-section in the first, collapsed configuration (not shown).

Although FIG. 2 , shows that that energy emitting portion 48 comprises four legs 52,

energy emitting portion 48 may include any number of legs 52 (e.g., 6 legs) having

any desired pattern and/or configuration. For example, legs 52 may be cylindrical,

square, semi-circular, rectangular, or any other suitable shape. In addition, legs 52



may be any cross-sectional shape known in the art including, but not limited to,

circular, square, or ovular.

[041] Energy emitting portion 48 may further include at least one energy

conducting element 56. The at least one energy conducting element 56 may be

located along the length of at least one of the plurality of legs 52 and may include at

least a portion of the contact region 50 of energy emitting portion 48. In the

exemplary embodiment illustrated in FIG. 3 , the at least one leg 52 of the energy

emitting portion 48 is made up of a single, elongate energy conducting element 56.

Portions 54 of energy conducting element 56 may have an insulating material, such

as, for example, a non-conducting polymeric sheath that is heat shrunk onto each

leg 52. In addition, a portion of energy conducting element 56 disposed between the

insulated portions 54 may be exposed, forming an active region for delivering energy

to tissue at treatment site 60.

[042] The at least one energy conducting element 56 may be, for example,

any suitable electrode known to those skilled in the art configured to emit energy.

The electrode may be monopolar or bipolar. In the exemplary embodiment, energy

emitting portion 48 includes monopolar electrodes. Accordingly, system 10 further

includes a return electrode component configured to complete an electrical energy

emission or patient circuit between energy generator 12 and a patient (not shown).

[043] Referring back to FIG. 1, the return electrode component may include a

conductive pad 28. Conductive pad 28 may include a conductive adhesive surface

configured to removably stick to a patient's skin. In addition, conductive pad 28 may

include a surface area having a sufficient size in order to alleviate burning or other

injury to the patient's skin that may occur in the vicinity of the conductive pad 28

during energy emission. A cable 30 may extend from conductive pad 28 and may



include a coupler 30a. Coupler 30a may be configured to be coupled to an interface

coupler 32 on user interface surface 16 to electrically couple conductive pad 28 to

the at least one energy conducting element 56.

[044] FIG. 4 is a simplified schematic of system 10. As will be described

below, components of system 10 may be configured to deliver energy to tissue at

treatment site 60. In addition, components of system 10 may be configured to

monitor tissue treatment.

[045] With reference to FIG. 4 , energy generator 12 of system 10 may be

controlled by controller 14, and may be configured to generate a forward signal for

delivering energy to tissue at treatment site 60. As discussed above, energy

generator 12 may be an RF generator configured to generate a forward RF signal.

The forward RF signal may be carried to the at least one energy conducting element

56 in contact with tissue at treatment site 60 via transmission line 58. Transmission

line 58 broadly refers to any structure or structures designed to carry alternating

current of, for example, radio frequency or microwave energy. In the exemplary

embodiment, transmission line 58 may include energy generator 12, the at least one

energy conducting element 56, and conducting elements therebetween including, but

not limited to, cable 40, elongate member 46, and at least one of the plurality of legs

52 (not shown).

[046] The forward RF signal carried via transmission line 58 may be supplied

to the at least one energy conducting element 56. The at least one energy

conducting element 56 may then deliver energy to tissue at treatment site 60. In

particular, energy may be delivered through the exposed region of the at least one

energy conducting element 56 in contact with tissue at treatment site 60 to raise a



temperature of the tissue to a threshold temperature that ablates or otherwise alters

the target tissue.

[047] Components of system 10 may also be used to monitor tissue

treatment during the treatment procedure. As will be described below, system 10

may be configured to monitor tissue treatment by using a reflected portion of the

energy delivered to the at least one energy conducting element 56. The reflection of

energy may be a function of the impedance of tissue at treatment site 60.

[048] Impedance refers to an opposition to the flow of electrical current

through the tissue. In certain applications, damaged (e.g., ablated) or unhealthy

(e.g., cancerous tissue) tissue possesses lower characteristic impedance compared

to that of healthy tissue of the same type. As tissue is treated, the characteristic

impedance of the tissue may be altered. In particular the characteristic impedance

will decrease.

[049] When the impedance of transmission line 58 is tuned to match the

impedance of the tissue, a substantial portion of the energy delivered via

transmission line 58 may be transmitted through the at least one energy conducting

element 56 to tissue at treatment site 60. When the impedance of the transmission

line 58 and the impedance of the tissue at treatment site 60 are not matched, a

portion of energy supplied to energy conducting element 56 may be reflected back

along transmission line 58 to energy generator 12 via secondary signals. The

secondary signals may have reflected power.

[050] The magnitude of the reflected power may be proportional to the

mismatch between the impedance of transmission line 58 and the impedance of

tissue at treatment site 60. That is, the magnitude of the reflected power may

increase as the impedance of tissue at treatment site 60 decreases during treatment.



In addition, the net forward power, which is approximately equal to the difference

between the forward power (associated with the forward signal) and the reflected

power, may decrease.

[051] As illustrated in FIG. 4 , system 10 may include a bi-directional coupler

62 for detecting the reflected power and the forward power of the primary RF signal

carried via transmission line 58. Bi-directional coupler 62 may be positioned

between energy generator 12 and the at least one energy conducting element 56,

and in communication with energy generator 12 and the at least one energy

conducting element 56. In some embodiments, bi-directional coupler 62 may be

integrally provided with energy generator 12. In other embodiments, bi-directional

coupler 62 may be a separate component placed between energy generator 12 and

the at least one energy conducting element 56. As shown in FIG. 4 , the primary RF

signal may be inputted to bi-directional coupler 62. The primary RF signal may pass

therethrough unaffected and may be outputted from bi-directional coupler 62 to be

transmitted to the at least one energy conducting element 56.

[052] Bi-directional coupler 62 may be any known coupler configured to

provide one or more signal sample outputs for measurement. In the exemplary

embodiment, bi-directional coupler 62 may be configured to sample the forward RF

signal passing therethrough and detect the forward power and the reflected power.

Bi-directional coupler 62 may output a first signal 64 indicative of the forward power

and a second signal 66 indicative of the reflected power to first monitoring device 68

and second monitoring device 70, respectively.

[053] First monitoring device 68 and second monitoring device 70 may be

any known electrical component configured to measure a power signal. In some

embodiments, one or both of first monitoring device 68 and second monitoring



device 70 may be a power meter. First monitoring device 68 and second monitoring

device 70 may be in communication with processor 20 either wirelessly or via a wire

connection to transmit information relating to the forward power and the reflected

power. In this manner, the forward and reflected powers may be measured in real

time, and changes in the net power level may be detected. Alternative known means

for detecting and measuring the forward power and the reflective power are also

contemplated.

[054] A method for monitoring tissue treatment by using reflected power will

now be described. In this exemplary embodiment, the method 90 may be used to

determine the state of tissue treatment (e.g., whether the tissue has been altered

and/or ablated). In some embodiments, the state of tissue treatment may be used to

control the treatment procedure.

[055] Prior to initiating the treatment procedure, controller 14 may be

configured to tune transmission line 58 to have an impedance similar to the healthy

tissue at treatment site 60. For example, the transmission line 58 may be tuned to

have an impedance that is substantially equal to the impedance of the healthy tissue

at treatment site 60, which will result in a negligible amount of reflected power. The

impedance of the healthy tissue may be well-known or may be calculated by any

known means.

[056] As treatment is initiated (step 100), energy delivery device 18 may be

inserted into and advanced through a passageway within a patient's body to

treatment site 60. After energy emitting portion 48 has been positioned at treatment

site 60 (step 110), energy emitting portion 48 may be expanded from a first,

collapsed configuration to a second, expanded configuration so that contact region

50 is placed in contact with tissue at treatment site 60 (step 120).



[057] An operator may then engage energy operating mechanism 22 to

activate energy generator 12. Activation of energy generator 12 may generate a

forward signal, for example, a forward RF signal, for delivery through the least one

energy conducting element 56 of energy emitting portion 48 to tissue at treatment

site (step 130). In particular, energy generator 12 may generate a forward signal

that may be supplied to the at least one energy conducting element 56 via

transmission line 58. The energy supplied to the at least one energy conducting

element 56 may be delivered to tissue at treatment site 60 to raise the temperature

of the tissue beyond a threshold temperature.

[058] After the initial treatment of tissue at treatment site 60, the tissue may

no longer have an impedance substantially equal to and matched with the

impedance of the transmissions line 58. In particular, the impedance of the tissue at

treatment site 60 may be decreased. Accordingly, a portion of the energy supplied

to energy conducting element 56 may be reflected back along transmission line 58 to

energy generator 12 via secondary signals. The secondary signals have reflected

power. As the treatment progresses, the magnitude of the reflected power may

increase.

[059] Over the course of the treatment, bi-directional coupler 62 may be

configured to sample the signal passing therethrough and output a first signal 64

indicative of forward power and a second signal 66 indicative of reflective power to

first monitoring device 68 and second monitoring device 70, respectively. In some

cases, first signal 64 and second signal 66 may be proportional to the forward power

and the reflected power of the forward signal, respectively.

[060] In the exemplary embodiment, second monitoring device 70 may

continuously monitor the second signal 66 corresponding to the reflected power



(step 140). In particular, second monitoring device 70 may monitor second signal 66

to measure the magnitude of the reflective power. Second monitoring device 70 may

then transmit the measured value to processor 20.

[061] Processor 20 may analyze the reflected power to determine the state

of treatment. For example, processor 20 may be configured to execute a control

algorithm or any other signal processing program to obtain a derivative of the

reflected power signal. Processor 20 may then calculate from the derivative a

change in slope of the reflected power signal to determine the state of treatment.

[062] In some additional embodiments, processor 20 may be configured to

compare the change in slope of the reflected power signal to a preset threshold to

determine if the change in slope reaches or passes the pre-set threshold value (step

150). The preset threshold may, for example, correspond to finished treatment of

tissue at treatment site 60. For example, when the change in slope of the reflected

power signal is greater than the preset threshold, system 10 may continue to deliver

energy to tissue. However, when the change in slope of the reflected power signal

falls under the preset threshold, an operator may be notified via user interface 1 so

that treatment may be terminated (step 160). In alternative embodiments, processor

20 may instead analyze the magnitude of the reflected power or voltage and

compare the magnitude to a threshold. In those embodiments, operator may be

notified when the magnitude of the reflected power or voltage exceeds a threshold

corresponding to finished treatment.

[063] In some alternate embodiments, the net forward power may be used to

monitor treatment. As discussed above, the net forward power may decrease as the

reflected power increases as a function of mismatches between the impedance of

transmission line 58 and the impedance of tissue at treatment site 60. In these



embodiments, the method for monitoring treatment by using the net forward power

may be substantially similar to the method described above with reference to FIG. 5.

In this method, however, first monitoring device 68 may continuously monitor the first

signal 64 corresponding to the forward power. In particular, first monitoring device

68 may monitor first signal 64 to measure the magnitude of the forward power. First

monitoring device 68 may then transmit the measured value to processor 20 for

similar processing. In this embodiment, system 0 may further include one or more

attenuators to facilitate measurement of the forward power.

[064] Another method for monitoring tissue treatment by reflected power will

now be described. In this exemplary embodiment, the reflected power may be

measured to determine if the at least one conducting element 56 is in contact with

the tissue at treatment site 60. This method may be particularly advantageous

because when the energy conducting element 56 is positioned over the tissue during

operation, the operator's view of the contact between the energy conducting element

56 and the tissue may be obstructed. Thus, the method may allow the operator to

determine whether sufficient contact has been established without requiring visual

confirmation.

[065] Referring to FIG. 6, the method 190 may include inserting and

advancing energy delivery device 18 through a passageway within a patient's body

to treatment site 60 (step 200). In this embodiment, energy delivery device 18 may

have a first, collapsed configuration when energy delivery device 18 is positioned at

treatment site 60.

[066] After energy emitting portion 48 has been positioned adjacent

treatment site 60 (step 200), an operator may engage energy operating mechanism

22 to activate energy generator 12, which may generate a forward signal for delivery



through the least one energy conducting element 56 (step 210). In particular, energy

generator 12 may generate a forward signal for delivery to the at least one energy

conducting element 56 via transmission line 58. In this embodiment, a forward non-

therapeutic signal of low power may be provided to prevent tissue damage. The

signal may be, for example, on the order of 1-3 dBm.

[067] Energy emitting portion 48 may be manipulated to position energy

emitting portion 48 relative to tissue at treatment site 60 and/or expand energy

emitting portion 44 from the first collapsed configuration to the second expanded

configuration (step 220). Over the course of the positioning and expansion of energy

emitting portion 48, bi-directional coupler 62 may be configured to sample the signal

passing therethrough and output a first signal 64 indicative of forward power and a

second signal 66 indicative of reflective power to first monitoring device 68 and

second monitoring device 70, respectively. In some cases, first signal 64 and

second signal 66 may be proportional to the forward power and the reflected power,

respectively.

[068] In the exemplary embodiment, second monitoring device 70 may

continuously monitor the second signal 66 corresponding to the reflected power

(step 230). In particular, second monitoring device 70 may monitor second signal 66

to measure the magnitude of the reflected power.

[069] The magnitude of the reflected power may be a function of the position

of the at least one conducting element 56 relative to tissue at treatment site 60. For

example, the magnitude of the reflected power may differ when the at least one

conducting element 56 is not in contact with tissue and when the at least one

conducting element 56 is in contact with tissue. In addition, in embodiments where

energy emitting portion 44 includes two or more conducting elements 56, the



magnitude of the reflected power may change based on the ratio of conducting

elements 56 in contact with tissue and the conducting elements 56 that are not in

contact with tissue.

[070] Processor 20 may analyze the measured reflected power to determine

whether there is sufficient contact between the at least one energy conducting

element 56 and tissue at the treatment site 60 (step 240). For example, processor

20 may be configured to execute a control algorithm or any other signal processing

program to determine the change in slope of the reflected power signal. The change

in slope may reflect an amount of contact between the at least one energy

conducting element 56 and tissue at treatment site 60. For example, the smaller the

slope the more likely the at least one energy conducting element 56 is in contact with

tissue of treatment site 60. In some additional embodiments, processor 20 may

compare the amount of contact to a threshold value to determine if there is sufficient

contact between the at least one energy conducting element 56 and tissue at

treatment site 60 so that the operator may begin delivering energy to tissue at

treatment site 60 (step 250).

[071] In additional and/or alternative embodiments, a method may be

provided to monitor tissue impedance to detect diseased tissue at treatment site 60

prior to initiating delivery of energy to the tissue. In this embodiment, an operator

may insert the exemplary energy delivery device 8 or, alternatively, a separate RF

probe or other instrument into a passageway within a patient's body. The energy

delivery device or RF probe may be swept across tissue at treatment site 60. The

operator may monitor the reflected power. A gross change in reflected power could

reflect that cancerous or other diseased tissue is present.



[072] It is contemplated that in other embodiments, system 10 may

additionally and/or alternatively directly measure impedance of tissue at treatment

site 60 during treatment via one or more electrodes (not shown) in contact with the

treatment site 60. An AC current may be applied to the electrodes to measure the

electrode voltage. Processor 20 may analyze the measured electrode voltage and

compute the impedance based on the known input signal characteristics and the

measured electrode voltage. These embodiments may be found in U.S. Patent No.

7,104, 987 titled CONTROL SYSTEM AND PROCESS FOR APPLICATION OF

ENERGY TO AIRWAY WALLS AND OTHER MEDIUMS, issued September 12,

2006; U.S. Patent Application Publication No. 2006/0247746 A 1 titled CONTROL

METHODS AND DEVICES FOR ENERGY DELIVERY, published November 2,

2006, and U.S. Patent Application Publication No. 2009/0030477 A 1 titled SYSTEM

AND METHOD FOR CONTROLLING POWER BASED ON IMPEDANCE

DETECTION, SUCH AS CONTROLLING POWER TO TISSUE TREATMENT

DEVICES, published January 29, 2009, which are all incorporated by reference

herein in their entirety.

[073] The disclosed systems and methods may provide certain benefits. For

example, the disclosed systems and methods may remove the need for

thermocouples, reducing disposable costs. In addition, the systems and methods

disclosed herein may result in lower costs as the components for performing the

method of monitoring treatment may already be present in the system delivering

energy to tissue at treatment site 60.

[074] Other embodiments of the invention will be apparent to those skilled in

the art from consideration of the specification and practice of the invention disclosed

herein. It is intended that the specification and examples be considered as



exemplary only, with a true scope and spirit of the invention being indicated by the

following claims.



WHAT IS CLAIMED IS:

1. A method for treating tissue in a passageway within a body, the method

comprising:

positioning a medical device adjacent a treatment site in the passageway, the

medical device including:

an elongate member having a proximal end and a distal end; and

an energy emitting portion adjacent the distal end;

supplying an amount of energy from an energy source to the energy emitting

portion to treat tissue at the treatment site, a first portion of the amount of energy

being transmitted through the energy emitting portion to the tissue and a second

portion of the amount of energy being reflected back towards the proximal end of the

elongate member; and

monitoring a signal corresponding to one of the first portion of the amount of

energy and the second portion of the amount of energy.

2. The method of claim , wherein the signal corresponds to the first portion of

the amount of energy, the signal has a power, and wherein the power decreases

during delivery of energy to the tissue.

3. The method of claim , wherein the signal corresponds to the second

portion of the amount of energy, the signal has a power, and wherein the power

increases during delivery of energy to the tissue.

4. The method of claim 3 , wherein the monitoring includes measuring a rate of

change of the power.



5. The method of claim 4, further including determining whether a change in

the rate of change of the power passes a threshold value, and further including

terminating the supply of energy from the energy source when the change in the rate

of change of the power falls under the threshold value.

6. The method of claim 1, wherein the energy source is an RF generator.

7 . A method for treating tissue in a passageway within a body, the method

comprising:

positioning a medical device at a treatment site in the passageway, the

medical device including:

an elongate member having a proximal end and a distal end; and

an energy emitting portion adjacent the distal end;

supplying an amount of energy from an energy source to the energy emitting

portion to treat tissue at the treatment site, a first portion of the amount of energy

being transmitted through the energy emitting portion to the tissue and a second

portion of the amount of energy being reflected back towards the proximal end of the

elongate member;

detecting a signal corresponding to the reflected energy; and

determining a state of treatment based on the signal.

8 . The method of claim 7 , wherein the detecting is performed by a bi¬

directional coupler.



9 . The method of claim 7 , wherein the signal has a power, and wherein the

method further includes determining if the power passes a threshold.

10. The method of claim 9, wherein the method further includes terminating

the supply of energy to the energy emitting portion when the power exceeds the

threshold.

1 . The method of claim 9, wherein the threshold corresponds to a power

level for ablating tissue.

12. The method of claim 7 , wherein the signal corresponding to the reflected

energy has a power, and wherein the power is proportional to the impedance of the

tissue.

3. The method of claim 12, wherein the impedance of the tissue decreases

during delivery of energy to the tissue.

4 . The method of claim 7 , wherein the energy source is an RF generator.

15. The method of claim 7 , wherein the signal corresponding to the reflected

energy has a power, and wherein the power is a function of the amount of tissue

contact.



6. The method of claim 7, further including analyzing the signal to determine

a rate of change in the signal, and determining the amount of contact based on the

rate of change.

7. The method of claim 7 , further including expanding the energy emitting

portion from a collapsed configuration to an expanded configuration to contact

tissue, wherein the signal corresponding to the reflected energy has a power, and

wherein the power is configured to change as the energy emitting portion contacts

tissue.

8. The method of claim 7 , wherein the energy source is an RF generator.

19. A system for treating tissue of a passageway within a body, the system

comprising:

an energy source;

a medical device for delivering energy to a treatment site in the passageway

within the body, the medical device including an elongate member having a proximal

end and a distal end, the medical device being configured to receive an amount of

energy from the energy source, a first portion of the amount of energy being

transmitted through the distal end to tissue at the treatment site and a second portion

of the amount of energy being reflected back towards the proximal end of the

elongate member;

a dual directional coupler coupled to the medical device, the dual directional

coupler being configured to detect a signal corresponding to one or both of the first

portion of the amount of energy and the second portion of the amount of energy; and



a controller configured to analyze the signal to determine the state of

treatment.

20. The system of claim 9 , wherein the signal corresponds to the second

portion of the amount of energy, the signal has a power having a magnitude which

increases during delivery of energy to the tissue, and the controller is configured to

terminate the supply of energy from the energy source when the change in the rate

of change of the power falls under a threshold value.
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