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SYSTEMS AND METHODS FOR THERMAL THERAPY

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of United

States provisional patent application Ser. No.

61/042,199, filed April 3 , 2008, entitled "SYSTEMS AND

METHODS FOR THERMAL THERAPY", the entire contents of

which are hereby incorporated by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to systems and

methods for thermal therapy, especially to detection-

guided, -controlled, and temperature-modulated

interstitial thermal therapy.

BACKGROUND OF THE INVENTION

[0003] In the medical industry, undesirable lesions

can be treated through their removal. It is known to have

a practitioner, such as a doctor, physically remove such

lesions through surgery. It is also known to have a

practitioner destroy lesions by controlling an

application of heat local to the lesion. Known processes

whereby a practitioner destroys the lesion by using heat

require the practitioner to control the process based on

visual data and temperature data. Based upon this

information, the practitioner will modify the heat source

to change an attribute of the heat, such as its location,

direction, and intensity. The proper application of the

heat delivery process is dependent upon the ability of

the practitioner to interpret available visual and

temperature data, and to implement an appropriate

treatment in response. A s a result, the ability to

control processes in a predictable manner varies between



practitioners, and even varies instance-to-instance for a

given practitioner.

SUMMARY OF THE INVENTION

[0004] The present invention is directed to systems

and methods for thermal therapy, for example, to

detection-guided, -controlled, and/or temperature-

modulated interstitial thermal therapy. Thermal therapy

may be used to treat the tissues of a patient by

transferring energy, such as applying energy and/or

removing energy. In the case of interstitial thermal

therapy, energy is applied to generate a temperature

change in the tissue to affect treatment, such as, for

example, thermally inducing tissue damage (e.g.

thermally- induced tissue necrosis) , which may be useful

in treating tumors and/or other diseased tissues. Since

targets for thermal therapy are internal to the patient,

the use of image and/or a form of detection guidance may

be useful and/or desirable in locating and monitoring

treatment of a target tissue.

[0005] In one aspect of the present invention, a

thermal therapy system includes at least one detection

device, at least one treatment device and at least one

control system. In one embodiment, a treatment device may

be inserted into and/or in the vicinity of the body of a

patient and monitored by the detection device for proper

placement near a target tissue. A treatment device may

generally be an energy delivery device such as, for

example, a laser probe, a radio frequency (RF) probe, a

microwave device, an electromagnetic antenna, an

ultrasound probe, a brachytherapy device, and/or any

other appropriate energy delivery device. Treatment

devices may also include, but are not limited to, biopsy

and/or material removal devices, material introducing



devices such as catheters and/or injection devices,

target access devices, and/or any other appropriate

device. In general, an energy delivery device may be

selected for compatibility with a given detection device

and/or for a particular type of treatment. A detection

device may employ, but is not limited to, a magnetic

resonance imaging (MRI) , ultrasound imaging, X-ray or

other electromagnetic imaging, positron emission

tomography (PET) imaging, and/or any other appropriate

imaging and/or detection modality. In general, an imaging

and/or detection modality capable of detecting and/or

mapping temperature responses and/or thermally- and/or

energy- induced changes to tissues may be utilized.

[0006] The treatment device may be an energy delivery

device in communication with a control system which may

also receive information from a detection device. The

control system may generally incorporate a predictive

and/or adaptive treatment modulation in a feedback

response manner with the detection device and treatment

device if desired. In an exemplary aspect, the control

system, for example, may control at least one treatment

device to transfer, for example, a predetermined amount

of energy between the treatment device and at least a

portion of a target. In an exemplary embodiment, the

control system utilizes information about the target from

the detection device, which may, for example, contain

temperature-sensitive information and/or spatially-

resolved information about at least a portion of the

target . The control system and/or a user may then

determine a preselected amount of energy to transfer

between a treatment device and at least a portion of the

target based at least in part on the information from the

detection device. The energy may then be transferred by

at least one treatment device and the effect on the



target may then be determined by a detection device. The

control system may further store information on previous

energy transfers, such as over the general course of a

therapy and/or treatment, and may generally base an

amount of energy to be transferred at least in part on

previous energy transfer information. Previous

information may be stored by the control system in, for

example, a memory module and/or other information storage

device and/or system. In some embodiments, multiple

energy transfers may be utilized.

[0007] In general, a thermal therapy system may be

utilized to deliver energy to a target tissue such that

the tissue may form a lesion by thermally- induced

necrosis. This may be useful and/or desirable in treating

harmful tissue formations such as, for example, tumors.

[0008] In an exemplary embodiment, the treatment

device is a laser with a fluid circulation probe. In

general, the probe may include an optical fiber and/or

other light transporting medium, and may also include a

diffusing and/or targeting element for placement of the

energy delivered through the light transporting medium

from the laser. The fluid circulation in the probe may be

used to affect the temperature of the probe and/or the

tissue surrounding the probe by circulating fluid of a

desired temperature. The temperature of the fluid may be

varied to determine the temperature effect on the probe

and/or tissue. The flow characteristics of the fluid and

energy output of the laser may be determined by the

control system such that it may modulate the energy

delivery characteristics of the laser to the tissue.

[0009] The control system may receive temperature

and/or spatial information from a detection device that

may detect features and/or changes to the tissues of a

patient. The control system may then utilize the



information to monitor the progress of a treatment, if

desired. In an exemplary embodiment, the treatment device

may be a laser. In one embodiment, the device may be a

laser with a fluid circulation probe. In general, the

probe may include an optical fiber and/or other light

transporting medium, and may also include a diffusing

and/or targeting element for placement of the energy

delivered through the light transporting medium from the

laser. The fluid circulation in the probe may be used to

affect the temperature of the probe and/or the tissue

surrounding the probe by circulating fluid of a desired

temperature. The temperature o f the fluid may be varied

to determine the temperature effect on the probe and/or

tissue. The flow characteristics of the fluid and energy

output of the laser may be determined by the control

system such that it may modulate the energy delivery

characteristics of the laser to the tissue.

[0010] In some embodiments, the circulating fluid may

be utilized to cool the probe and the surrounding tissue.

This may be useful in protecting the probe from thermal

damage and may also be utilized to help minimize

carbonized tissue formation around the probe during

treatment, such that the energy being delivered may reach

further from the probe.

[0011] In other embodiments, the circulating fluid may

also be utilized to raise the temperature of the tissue

surrounding the probe before and/or during treatment such

that, for example, the tissue may reach a given

temperature faster during energy delivery by the probe.

The temperature may also be raised if the control system

determines that insufficient heating is occurring in the

tissue to affect treatment, if desired. Raising the

temperature of the tissue may also generally enhance the

size of the ablated volume as a smaller increase in



temperature may be required by energy delivery from the

treatment device, particularly at distances further away

from the treatment device.

[0012] The fluid may be circulated at a constant rate

or it may be circulated at a variable rate, which may

include periods of no circulation, during the course of a

treatment. The temperature of the fluid may also be

varied during the course of a treatment .

[0013] In some embodiments, the temperature in the

locality of the tissue for treatment may be altered by

altering the temperature of the circulatory flow and/or

surrounding tissue. This may be accomplished through a

variety of methods, which may include, but are not

limited to, introducing temperature controlled fluid into

the circulatory flow, such as through a nearby blood

vessel; altering the temperature of the circulatory flow

by contact with a closed temperature controlled object,

such as a closed catheter which may contain circulating

temperature controlled fluid; contacting the nearby

tissue with a temperature controlled object or material,

such as a hot or cold pad; and/or any other appropriate

method. For example, a temperature controlled energy

delivery device and/or heating element may be placed in a

blood vessel which may be in proximity to and/or supply a

tissue for treatment.

[0014] In still other embodiments, the thermal therapy

system may incorporate multiple treatment devices, which

may be the same or different. The treatment devices may

be controlled as a group or they may be individually

controlled. The treatment devices may be spatially

oriented in or near a tissue for treatment and may be

utilized to affect treatment in a spatially controlled

manner. The treatment devices may, for example, be

targeted in particular directions for coverage of a



treatment area. The treatment devices may also be

controlled in a temporal manner by controlling the

activation and/or modulation of each device in a time-

dependent manner .

[0015] In an exemplary embodiment, the multiple

treatment devices may be laser probes with fluid

circulation, as discussed above, and may be individually

modulated by the control system. The laser probes may,

for example, be spatially oriented in or near a tissue

for treatment to optimize and/or increase the volume

being treated. This may be used, for example, to increase

the overall size of a thermally generated lesion. Each

laser probe may also be targeted such that energy

delivery may be substantially confined to a given volume.

The fluid circulation characteristics of each laser probe

may also be individually modulated, as discussed above.

[0016] The control system of the thermal therapy

system may incorporate predictive and/or adaptive

treatment modulation, as noted above. In one embodiment,

the control system may generate a predictive model of a

treatment based on known and/or assumed parameters, and

may calculate an appropriate treatment course, such as,

for example, applying energy to a tissue at a particular

rate and/or duration based on the predicted model . The

control system may then monitor the progress of treatment

by receiving information from a detection device, and/or

it may then adapt to the measured progress of the

treatment by entering and/or altering parameters in the

predicted model to aid in generating a more accurate

model, after which the control system may apply a

modulation to the treatment, such as, for example, an

alteration to the energy delivery characteristics of a

treatment device.



[0017] The thermal therapy system may incorporate

safety systems. In one embodiment, the control system of

a thermal therapy system may shut down the treatment

device and/or warn the user of a detected safety

parameter. The control system may, for example, shut down

the treatment device in response to a detected

temperature above a given level in the information

provided by a detection device. This may be useful in

detecting failures in a treatment device, such as, for

example, a laser light transport medium breaking and/or

otherwise overheating past a design limitation. This may

also be useful by halting treatment if the temperature of

the tissue being treated and/or nearby tissue exceeds a

given safety threshold.

[0018] Communication between devices as used herein

may include physical contact, physical connection, wired

or wireless connection, or integral with each other.

[0019] The present invention together with the above

and other advantages may best be understood from the

following detailed description of the embodiments of the

invention illustrated in the drawings.

BRIEF DESCRIPTION OF THE FIGURES

[002O]FIG. 1 illustrates a thermal therapy system in

one embodiment of the present invention;

[0021] FIG. Ia illustrates another embodiment of a

thermal therapy system;

[0022] FIG. Ib illustrates a temperature profile

utilizing from stepped energy transfers;

[0023] FIG. 2 illustrates an embodiment of a treatment

device;

[0024] FIGs. 2a and 2b illustrate the use of a

scattering material with a treatment device,-



[0025] FIGs. 2c, 2d and 2e illustrate embodiments of

treatment devices with energy directing components;

[0026] FIG. 2f illustrates a coupling assembly of a

treatment device,-

[0027] FIGs. 3 , 3a and 3f illustrate the use of

multiple treatment devices,-

[0028] FIGs. 3b and 3e illustrate embodiments of

multiple treatment device guides,-

[0029] FIGs. 3c and 3d illustrate embodiments of

fiducial markers,- and

[0030] FIG. 4 is a flow diagram of a method of use for

a thermal therapy system.

DETAILED DESCRIPTION OF THE INVENTION

[0031] The detailed description set forth below is

intended as a description of the presently exemplified

systems, devices and methods provided in accordance with

aspects of the present invention, and is not intended to

represent the only forms in which the present invention

may be practiced or utilized. It is to be understood,

however, that the same or equivalent functions and

components may be accomplished by different embodiments

that are also intended to be encompassed within the

spirit and scope of the invention.

[0032] Unless defined otherwise, all technical and

scientific terms used herein have the same meaning as

commonly understood to one of ordinary skill in the art

to which this invention belongs. Although any systems,

methods, devices and materials similar or equivalent to

those described herein can be used in the practice or

testing of the invention, the exemplified methods,

systems, devices and materials are now described.



[0033] The present invention is directed to systems

and methods for thermal therapy that may be used to treat

the tissues of a patient by applying energy and/or

removing energy. In the case of interstitial thermal

therapy, energy is applied to generate a temperature

change of the tissue to affect treatment, such as, for

example, thermally inducing tissue damage (e.g.

thermally- induced tissue necrosis) , which may be useful

in treating tumors and/or other diseased tissues. Since

targets for thermal therapy are internal to the patient,

the use of image and/or a form of detection guidance may

be useful in locating and/or monitoring treatment of a

target tissue.

[0034] In general, thermal therapy may be defined as a

treatment that alters the temperatures or temperature

profile of a target, more for example, to the

application and/or removal of energy from a target to

affect a temperature change or temperature profile

change. This may generally include heating, cooling

and/or dynamic combinations thereof. Thermal therapy may

generally be accomplished through the energy delivery

characteristics of a treatment device or devices. Energy

delivery characteristics may generally refer to the rate

of energy application and/or removal from a target, and

the factors contributing to the rate. Energy delivery

devices may in general refer to devices for altering

and/or maintaining the temperature of a target, such as

devices that apply energy to a target and/or devices that

remove energy from a target. It may also be appreciated

that devices useful for applying and/or delivering energy

may be useful for removal of energy. In addition, for

example, the same device may be useful for simultaneous

applying and removal of energy. Also, transferring of



energy refers to applying and/or delivering energy and

may also refer to removal of energy.

[0035] One example of thermal therapy is laser

interstitial thermal therapy (LITT) . LITT employs a laser

energy source which transmits light through a light

transmitting medium such as a fiber optic to a probe at a

target tissue. The probe may target the delivery of

energy from the laser to the tissue through a variety of

methods, which may include, for example, focusing,

diffusing/scattering, reflecting and/or otherwise

directing the light from the laser. LITT is generally

performed using optical radiation in the near-infrared

wavelength range, from, for example, about 700-2000 nm,

though when appropriate chromophores are available,

visible wavelengths may also be used. When light is

absorbed by the tissue, the energy from the photons may

be converted into inter- and intra-molecular energy and

results in generation of heat within the tissue. A t

temperatures of 100 degrees Celsius or more, water in the

tissue and in the intracellular compartments may vaporize

and lead to rupture or explosion of cells or tissue

components. A t temperatures above 60 degrees Celsius,

proteins and cellular components of the tissue become

severely denatured and coagulate leading to cell and

tissue death. A t somewhat lower temperatures, generally

above 45 degrees Celsius, prolonged exposure leads to the

thermal denaturation of non-stabilized proteins such as

enzymes. Though cell death may not be immediate,

destruction of critical enzymes may lead eventually to

cell death.

[0036] In one aspect of the present invention, as

shown in FIG. 1 , a thermal therapy system 100 includes at

least one detection device 110, treatment device 120 and

control system 130. In one embodiment, a treatment device



120 may be inserted into and/or in the vicinity of the

body 80 of a patient and monitored by the detection

device 110 for proper placement near a target tissue. A

treatment device 120 may generally be an energy delivery

device such as, for example, a laser probe, a radio

frequency (RF) probe, a microwave device, an

electromagnetic antenna, an ultrasound probe and/or any

other appropriate energy delivery device. In general, a

treatment device 120 may be selected for compatibility

with a given detection device 110 and/or for a particular

type of treatment. A detection device 110 may employ, but

is not limited to, a magnetic resonance imaging (MRI) ,

ultrasound imaging, X-ray or other electromagnetic

imaging, positron emission tomography (PET) imaging,

and/or any other appropriate detection modality. In

general, a detection modality capable of detecting and

mapping temperature changes and/or thermal Iy- induced

changes to tissues, and/or providing localized

temperature information may be utilized. A detection

device 110 or accessory detection device may also be

utilized to measure absolute temperature rather than a

relative temperature change.

[0037] The treatment device 120 may be an energy

delivery device in communication with a control system

130 which may also receive information from a detection

device 110. The control system 130 may generally act in a

feedback response and/or sequential detection manner with

the detection device 110 and treatment device 120, if

desired, as shown in FIG. 1 . The control system 130 may

receive information from a detection device 110 that may

detect features and changes to the tissues of a patient

80. The control system 130 may then utilize the

information to program a treatment and/or monitor the

progress of a treatment. For example, the control system



130 may recognize changes in temperature and/or tissue

characteristics in the information. The control system

130 may then modulate the energy delivery characteristics

of the treatment device 120 such that the treatment is

controlled. The control system 130 may also control the

detection device 110, such as, for example, for altering

the detection settings, altering the detection space or

area, changing the detection rate, such as an image

capture rate, and/or any other parameter or available

setting on the detection device 110.

[0038] FIG. Ia illustrates a thermal therapy system in

accordance with one embodiment of the present invention

having one or more detection devices, one or more data

processors, and one or more energy delivery devices, and

a control system, as well as a method for its use. The

thermal therapy system may utilize a detection device to

periodically or continuously measure the temperature

and/or cell damage of a target receiving energy. In at

least one embodiment, a user may input desired parameters

to define a control strategy for the energy delivery. The

data processor may use the control strategy to govern the

behavior of the energy delivery devices in real time, or

near real time, using detection information from the

detection device. The data processor may also be capable

of displaying images representative of temperature,

damage, and/or structure to the user, as well as

inputting user-defined parameters, with a graphical user

interface (GUI) .

[0039] A feedback-controlled energy delivery system

200 is illustrated according to one embodiment of the

present invention. Energy delivery system 100 includes

detection device 110, energy delivery device 120 and

control system 130. The control system 130 may include

data processor 132 . The detection device 110 may use



radiation to interrogate a target or other suitable

system capable of acquiring temperature and/or other

information from a target 90. In one embodiment, target

90 may include biological tissue to be destroyed by

heating, and/or any other object having specific

localized areas to be heated without damaging surrounding

areas. Detection device 110 may include a magnetic

resonance device, an ultrasound device, an infrared

device, a radio frequency device, x-ray device, infrared

detection device, computerized tomography (CT) device,

and/or any other appropriate detection modality.

[0040] Data processor 132 may include any data

processing system capable of receiving and processing

data from detection device 110 to control, on a real-time

or near real-time basis, the energy delivery device 120.

Data processor 132 may include a workstation, personal

computer, supercomputer, dedicated hardware, computing

cluster and/or any other appropriate device or

combination thereof. Energy delivery device 120 may

include any device capable of generating heat, or energy

that may be transformed to heat, and further capable of

conveying this heat or energy to target 90 via one or

more applicators, such as in the embodiments described

below. Energy delivery device 120 may include a laser

device, a microwave device, a resistive heater, radio

frequency device, an ultrasound device, a heated fluid

device, a radiation source such as an ion beam source

and/or any other appropriate device. It may be

appreciated that data processor 132 may be either locally

or remotely connected to detection device 110 and energy

delivery device 120.

[0041] In one embodiment of the present invention,

detection device 110 may obtain temperature sensitive

data 111 on a periodic or continuing basis. The detection



device 110 may, for example, transmit temperature

sensitive data 111 to the control system 130. The

temperature sensitive data 111 may represent the absolute

or relative temperature distribution of a point, area

plane, contour, or volume of a portion of target 90. For

example, a magnetic resonance device may be used to

capture data to be processed for determining the

structure of selected portions of target 90, as well as

the selected portions' relative temperature distribution

at a given point in time. After detection device 110

captures data 111 from target 90 for one cycle, data 111

may be either stored in a database in detection device

110 and transmitted at a later time to data processor

132, or the captured data 111 may be immediately sent to

data processor 132. It may be appreciated that detection

device 110 may pre-process data 111 before it may be

transmitted to data processor 132. The detection device

110 and/or the data processor 132 may also include

features for motion correction, such as, for example, to

compensate for unintended movement of the target 90

within the detection space. The data processor 132 may,

for example, also output motion correction information

and/or instructions to the detection device 110 for any

detected movement of the target 90 such that the

detection device 110 may alter or re-orient the detection

space and/or otherwise compensate for the movement.

[0042] In some embodiments, the control system 130 may

actively acquire and/or detect updated data 111 produced

by the detection device 110. This may be, for example,

desirable with some detection devices, such as MRI

scanners, that operate by saving data into a designated

file system directory or the like. In one embodiment, a

method of obtaining data 111 from real-time and/or near-

real-time detection device 110 may include establishing a



direct and/or network connection between the detection

device 110 and the control system 130, examining the

contents of a target file-system directory, and

transferring new files appearing in that directory as

they become available and/or in a short time thereafter.

A direct connection may include, for example, any form of

direct electronic and/or wireless connection such as

Universal Serial Bus (USB) , serial connection, IR

connection, wireless fidelity (WIFI) , radio connection,

and/or any other appropriate connection. A network

connection may also be utilized. For example, a file

transfer protocol (FTP) connection, a server message

block (SMB) protocol connection, a network file system

(NFS) protocol connection, Internetwork Packet

Exchange/Sequenced Packet Exchange (IPX/SPX) network

protocol, token ring network protocol and/or any other

appropriate network connection may be utilized.

[0043] In some embodiments, the method of acquiring

data 111 from the detection device 110 may further

include searching for, calculating, computing, and/or

determining a target directory on the file system of a

detection device 110. The method may also include

searching for new files to arrive in that directory. The

arrival of new files may be determined by counting the

number of files in the directory, comparing a listing of

the files in the directory to a previous saved list of

the files in the same directory, searching by file update

times, and/or any other appropriate method of detecting

new files.

[0044] The method of computing, calculating, or

determining the directory name may include sorting

directory names based on time- stamps, sorting based on

numeric or alphabetical components of the directory name,

or calculating a numeric value which determines the



directory name. The directory may also be determined by

examining the time stamps of all or some directories and

selecting the most recently created and/or most recently

accessed. Specific examples of acquiring data 111 from a

detection device 110 are discussed below.

[0045] In one embodiment of the present invention,

data processor 132 may receive data 111 as input data

from detection device 110 and processing data 111 to

control the operation of the energy delivery device 120

and/or to display information to the user via a graphical

user interface (GUI) 136. Some of the information

displayed to the user using GUI 136 may include images

representative of the temperature of a portion of target

90, the structure of a portion of target 90, the dead and

dying cells in a portion of target 90 (where target 90 is

biological tissue) , and/or any other appropriate

information. Other information displayed may include the

status of energy delivery device 120 , the temperature

history of one or more points, areas, contours, planes,

or volumes of a portion of target 90, etc. In one

embodiment, data processor 132 may also accept user-

defined parameters input 134 through GUI 136.

[0046] Irreversibly damaged tissue may be displayed

using an image representative of damage in GUI 136. A

portion of tissue may be considered irreversibly damaged

when the cells of the tissue portion are dead, or damaged

enough, through protein denaturization, water

vaporization, etc., that it is determined, using

empirical data, previous experience, or models, that the

cells may likely die within a relatively short time span.

In one embodiment, a image representative of damage may

be constructed using the temperature history for a given

portion of tissue. One method of determining tissue

damage may utilize temperature history to determine a



total amount of heat absorbed by tissue in an area. This

may be achieved by keeping a summation of all

temperatures measured for a given portion of tissue. If

the sum total of heat for the given portion exceeds a

predetermined value, the cells in that portion may be

considered dead or dying. In one embodiment, the

Arrhenius rate equation may be used to calculate

irreversible cell damage as a function of the temperature

history. The Arrhenius rate equations is commonly

expressed as follows: Ω= .intg.A*e-Ea/ (RT) dt Wherein:

A is the frequency factor constant for a given

tissue type,-

Ea is the activation energy value specific to the

type of tissue;

R is the Universal Gas Constant; and

T is the temperature history of the tissue as a

function of time,- and a cell is considered dead or dying

if the value of Ω is greater than or equal to one when

the equation is evaluated.

[0047] The Arrhenius rate equation may be integrated

with respect to time for a given location of tissue, and

if the integrated value is greater than a determined

value, then the cells in the location may be considered

irreversibly damaged. It may be appreciated that the

determined value, based on tissue type, may be a result

of empirical analysis, a user's experience, models, or

theory. A s it may be rare and/or difficult to have a

defined, continuous equation for cell temperature as a

function of time, the Arrhenius rate equation may be

evaluated numerically by using linear and/or non- linear

interpolation between temperature history points. It may

be appreciated that as the time difference between

temperature history points decreases, the degree to which

linear and/or non- linear interpolation emulates the real



temperature history of a given location of tissue may

increase.

[0048] Damage distribution data, in addition to (or in

place of) temperature data, may be used to determine the

control of a treatment device 120. Since the damage to a

cell in many cases may be dependent on the properties of

the cell type, location, and the like, the appropriate

values for constants of the Arrhenius equation may be

determined, for example, for a given target. The user may

use previous experience, tables, or may load the values

from a database or a file. Alternately, the values may be

hardcoded into software used by data processor 132,

automatically uploaded from a database, and/or otherwise

provided. Incorrectly determining the total heat needed

may result in charring of the cells if the history of

heat received is enough to char the cells or if an

absolute maximum temperature is exceeded. Similarly, if

not enough heat is absorbed by the cells in tissue, or if

a minimum temperature needed to cause cell death or

irreversible damage is never reached, the cells may not

be dead or dying, although they may be displayed as dead

or dying cells in an image representative of damage.

[0049] Further exemplary embodiments of a control

system, detection device and treatment device

relationship may be found in U.S. Patent No. 6,542,767,

the entire contents of which are hereby incorporated by

reference .

[0050] In an exemplary aspect, the control system 130

controls at least one treatment device 120 to transfer a

predetermined amount of energy between the treatment

device 120 and at least a portion of a target. In an

exemplary embodiment, the control system 130 utilizes

information about the target from the detection device

110, which may, for example, contain temperature-



sensitive information and/or spatially-resolved

information about at least a portion of the target. The

control system 130 and/or a user may then determine a

preselected amount of energy to transfer between a

treatment device 120 and at least a portion of the target

based at least in part on the information from the

detection device 110. The energy may then be transferred

by at least one treatment device 120 and the effect on

the target may then be determined by a detection device

110. The control system 130 may further store information

on previous energy transfers, such as over the general

course of a therapy and/or treatment, and may generally

base an amount of energy to be transferred at least in

part on previous energy transfer information. Previous

information may be stored by the control system 130 in,

for example, a memory module and/or other information

storage device and/or system. This may be desirable as a

transfer of energy may generate a change in a target that

may be unexpected. Utilizing previous energy transfer

information may then aid in correcting for unexpected

events, properties and/or parameters of a therapy and/or

treatment .

[0051] In some embodiments, the control system 130 may

control at least one treatment device 120 to generate

multiple energy transfers between the treatment device

120 and at least a portion of a target. Multiple energy

transfers may be utilized, for example, to affect a

temperature -induced change on at least a portion of a

target. In one embodiment, the control system 130 may

control a series of stepped energy transfers to, for

example, substantially gradually change the temperature

of at least a portion of a target. In general, it may be

desirable to affect a predetermined temperature change in

at least a portion of a target and substantially only to



a particular portion of a target. In one example, it may

be desirable to change the temperature of a portion of

tissue to a predetermined level without substantially

changing the temperature of the rest of the tissue to

that level. This may, for example, aid in mitigating

temperature -induced changes, such as damage, to portions

of a tissue outside a target area. Gradual temperature

changes may then be utilized to, for example, aid in

preventing exceeding a boundary temperature value in at

least a portion of a target.

[0052] In one embodiment, as illustrated in FIG. Ib, a

control system 130 may control multiple energy transfers

over time 61 at times, for example, 61a, 61b, 61c, 61d.

The temperature 60 of at least a portion of a target may,

for example, be detected by detection device 110 as

temperature profile 62. A s described above, a stepped

and/or otherwise gradual predetermined energy transfers

and the effect may be detected at times, for example,

61a, 61b, 61c, 61d. This may be utilized, for example, to

aid in preventing or minimizing temperature from

exceeding a given value, such as temperature 64. Such

gradual and/or asymptotic approaches to a given

temperature value may generally be desirable to aid in

minimizing or preventing exceeding a given value,

especially when there may be a possibility of reaching

the given value between detection steps.

[0053] In one exemplary embodiment, the energy

delivery in stepwise fashion may be delivered in

gradually decreasing energy strength, also in minimizing

exceeding a given value .

[0054] In general, a thermal therapy system 100 may be

utilized to deliver energy to a target tissue such that

the tissue may form a lesion by thermally- induced



necrosis. This may be useful in treating harmful tissue

formations such as, for example, tumors.

[0055] In an exemplary embodiment, the treatment

device 120 includes a laser with a fluid circulation

probe. In general, the probe may include an optical fiber

and/or other light transporting medium, and may also

include a diffusing and/or targeting element for

placement of the energy delivered through the light

transporting medium from the laser. The fluid circulation

in the probe may be used to affect the temperature of the

probe and/or the tissue surrounding the probe by

circulating fluid of a desired temperature. The

temperature of the fluid may be varied to determine the

temperature affect on the probe and/or tissue. The flow

characteristics of the fluid and energy output of the

laser may be determined by the control system 130 such

that it may modulate the energy delivery characteristics

of the laser to the tissue.

[0056] FIG. 2 illustrates an embodiment of an

exemplary energy delivery device of a treatment device

120. The treatment device 120 includes an energy delivery

apparatus 1 , an energy delivery component 2 , an energy

source 4 , and a circulation media supply apparatus 6 . The

proximal end of the energy delivery component 2 is

coupled to the output of the energy source 4 . The distal

end 3 of the energy delivery component 2 extends within

the energy delivery apparatus 1 . The circulation medium

supply apparatus 6 is connected to the inlet fluid port 8

of the energy delivery apparatus 1 . The outlet fluid port

10 is either connected back to the circulation medium

supply apparatus 6 (recirculating system) or to a

suitable waste collection area (non-recirculating

system) . The energy source 4 and the circulation medium

supply apparatus 6 may be modulated by the control system



130 such that the energy delivery characteristics of the

treatment device 120 may be controlled.

[0057] In an exemplary embodiment, the energy delivery

apparatus 1 includes a housing 12 attached to a coupling

assembly 26. A dividing structure 16 separates the lumen

of housing 12 into two channels. A first channel 20 is

formed between the dividing structure 16 and the housing

12 and a second channel 18 is formed between the energy

delivery component 2 and the dividing structure 16 . The

channels 18 and 20 communicate near or proximate the

distal end of the housing 12 to allow fluid to pass from

one channel to the other in circulation chamber 3 . The

channels 18 and 20 may be isolated proximate the coupling

assembly 26 to allow fluid to, for example, enter port 8 ,

flow through channel 18, return through channel 20, and

exit via the outlet port 10. Also, in other embodiments,

the fluid may flow in the opposite direction. In this

manner, counter current circulation media flow cools the

housing 12, the dividing structure 16, the energy

delivery component 2 , and the surrounding tissue. In the

above exemplary embodiment, the dividing structure 16 is

depicted as tubular and the channels 18 and 20 are

depicted as annuli or concentric flow paths. However,

various shaped dividing structures 16 or shaped housings

12 may be used to form channels. A s such, the tube-like

structures, 12 and 16, may have cross-sectional shapes

such as stars, squares, triangles, ovals, circles, and

other shapes. Multiple annuli or concentric flow paths

may also be utilized using multiple dividing structures.

[0058] The coupling assembly 26, as illustrated in

FIGs. 2 and 2f, may include the inlet fluid port 8 ,

outlet fluid port 10 and an opening 30 for introducing an

energy delivery component 2 . An example of a coupling

assembly 26 may be formed by mating two male-female taper



luer tees, such as part# LT878-9, Value Plastics, Inc. A

male Touhy Borst connector 32, such as part# 80344

Qosina, may be included to provide a substantially leak-

proof seal at the energy delivery component opening 30

and for securing the energy delivery component 2 to the

coupling assembly 26. The distal segment 34 of the

coupling assembly is bonded to the outer housing 12 to

create a fluid tight seal. A proximal section 36 of

coupling assembly 26 contains a seal 38 between the inner

tubular structure 16 and the proximal section 36 to

prevent fluid communication between inlet fluid port 8

and outlet fluid port 10 within the coupling assembly 26.

Both distal and proximal seals and other bonds may be

created using a suitable UV cure epoxy, such as Part#

140-M, Dymax Corp. Alternative methods of bonding and

sealing may be used including various cyanoacrylates,

epoxies, silicones, heat bonds, press fits, and threaded

assemblies, among other methods. Solvent bonding may also

be used to mount the tubular structure 16 into the

coupling assembly 26. In general, one or more solvents of

the materials of the components may be utilized to

partially dissolve the joining surface (s), which may then

join together as the solvents evaporate and/or otherwise

dissipate. It is contemplated that the opening 30 and one

of inlet fluid port 8 or outlet fluid port 10 may be

coincident .

[0059] In one exemplary embodiment, the energy

delivery apparatus 1 and the energy delivery component 2

are integrated or assembled just prior to insertion into

the tissue. In another exemplary embodiment, the energy

delivery apparatus 1 and the energy delivery component 2

are integrated or assembled during manufacture prior to

being delivered for use.



[0060] The energy delivery apparatus 1 includes a

flexible outer housing 12 having a tubular structure

along its length and a penetrating tip 14 at its distal

end. The outer housing 12 may, for example, be rigid

enough to penetrate soft tissue without kinking, yet be

flexible enough to follow curved or arcuate paths. The

solid penetrating tip 14 may take the form of a cutting

edge or a point, among others. The housing 12 contains an

inner tubular structure 16 within its lumen that extends

between a proximal end and a distal end of the outer

housing 12 . The inner tubular structure 16 may be

centered within the housing 12 to create fluid inlet

lumen 18, and fluid outlet lumen 20. The inlet and outlet

lumens (18 and 20) facilitate delivery and return of

circulation media (e.g. water, saline, or carbon dioxide,

among others) to and from the distal end of the energy

delivery apparatus 1 . The fluid inlet lumen 18

facilitates housing of the energy delivery component 2 .

Suitable materials for the flexible outer housing 12, and

inner tubular structure 16 include flexible radio-opaque

and non radio-opaque medical grade plastic tubing, such

as polycarbonate (Makrolon, Bayer Polymers) ,

polyurethane, polyethylene, polypropylene, silicone,

nylon, polyvinylchloride (PVC) , polyethylene

terephthalate (PET) , polytetraf luoroethylene (PTFE) ,

acrylonitrile butadiene styrene (ABS) , polyether sulphone

(PES) , polyetheretherketone (PEEK) , fluorinated ethylene

propylene (FEP) , other biocompatible polymers, or any

combination thereof.

[0061] The energy delivery component 2 disposed within

the fluid inlet lumen may include one or more optical

waveguides positioned to direct light through both the

inner tubular structure 16 and outer housing 12. In some

embodiments, the energy delivery component 2 may be



movable relative to the energy delivery apparatus 1 , for

example, translating along the axis of the energy

delivery apparatus 1 . Energy emitted the energy delivery

component 2 may pass through transparent housing 12 and

structure 16 . More than one region of tissue located

along the housing 12 may be treated by moving the energy

delivery component 2 . Further examples of exemplary

treatment devices are described in U.S. Patent No.

7,270,656, the entire contents of which are hereby

incorporated by reference.

[0062] In some embodiments, the circulating fluid may

be utilized to cool the probe and the surrounding tissue.

This may be useful in protecting the probe from thermal

damage and may also be utilized to help minimize

carbonized tissue formation around the probe during

treatment, such that the energy being delivered may reach

further from the probe.

[0063] In other embodiments, the circulating fluid may

also be utilized to raise the temperature of the tissue

surrounding the probe before and/or during treatment such

that, for example, the tissue may reach a given

temperature faster during energy delivery by the probe.

The temperature may also be raised if the control system

130 determines that insufficient heating is occurring in

the tissue to affect treatment.

[0064] The fluid may be circulated at a constant rate

or it may be circulated at a variable rate, which may

include periods of no circulation, during the course of a

treatment. The temperature of the fluid may also be

varied during the course of a treatment.

[0065] In some embodiments, the circulation media

supply apparatus 6 may deliver a fluid with light

scattering properties. In one embodiment, the circulation

media may have a high refractive index such that light



from the energy delivery component may be scattered at

angles diverging from the generally longitudinal axis of

the housing. In an exemplary embodiment, the circulation

media may include at least one scattering material 70, as

shown in FIG. 2a, which may be held in solution or

suspension in the circulation media. The scattering

material 70 may be, for example, a particulate material

that may be dispersed within the circulation media. The

circulation media may then be utilized to scatter light

from the energy delivery component 2 in the circulation

chamber 3 and/or other portions of the energy delivery

apparatus 1 . In general, the physical properties of the

scattering material 70 may be selected to provide desired

scattering characteristics. For example, the size of a

particle may be changed to yield a different degree of

scattering. As a further example, the solubility or the

ability of a substance to stay in suspension may also be

utilized to produce desired scattering characteristics.

Appropriate materials for a scattering material may

include, but are not limited to, plastics, metals such as

gold, platinum, silver, aluminum and copper, glasses,

metal oxides such as titanium dioxide, zinc oxide and

alumina, silica or silicates and/or any other appropriate

scattering material or combination thereof. The

scattering material 70 may generally be provided in the

circulation media at an appropriate concentration to

effect scattering of light from the energy delivery

component 2 . The scattering material may come, for

example, premixed with the circulation media and may also

be reused during a procedure. In an exemplary embodiment,

a circulation media supply apparatus 6 ' may include a

scattering media reservoir 6a' , a fluid reservoir 6b' and

a mixing unit 6c' which may mix the scattering material

70 with the circulation fluid, as shown in FIG. 2b. The



mixing unit 6c' may also be controlled by the control

system 130 such that the degree of scattering may be

altered to affect the energy delivery characteristics of

the treatment device.

[0066] Other embodiments of dynamic scattering devices

and methods are provided in U.S. patent application, Ser.

No. 12/176,310, filed July 18, 2008, entitled "LIGHT

DIFFUSING FIBER AND METHOD OF USE", the entire contents

of which are hereby incorporated by reference.

[0067] In other embodiments, the energy delivering

apparatus 1 may include a scattering or diffusing element.

FIG. 2c illustrates an embodiment of an energy delivering

apparatus 1 which may include an element 3 ' that may

substantially scatter, diffuse and/or direct the energy

from the energy delivery component 2 . The element 3 ' may,

for example, include a solid, gel, semi-solid, emulsion,

solution, liquid, suspension and/or any other appropriate

scattering, diffusing, energy directing and/or other

energy modifying substance or combination thereof. The

element 3 ' may further be coupled to the end of energy

delivery component 2 . In some embodiments, the element 3 '

may include multiple regions of substantially different

properties, such as illustrated with the element 3 ' of

FIG. 2d with first region 3a' and second region 3b' . The

energy delivery apparatus 1 may also include an energy

directing element, such as element 15 which may receive

energy from energy delivery component 2 in FIG. 2e. A s

illustrated, for example, a region 17 of the element 15

may substantially block, reflect, redirect and/or

otherwise prevent energy from exiting the element 15 on

at least a portion of the element 15. A s illustrated, for

example, the energy may then exit 19 through an energy

permeable portion 9 .



[0068] Other exemplary embodiments of energy

diffusing, scattering and/or modifying elements are

provided in U.S. Patent No. 7,274,847, the entire

contents of which are hereby incorporated by reference.

[0069] In some embodiments, the temperature in the

locality of the tissue for treatment may be altered by

altering the temperature of the circulatory flow and/or

surrounding tissue. Raising the temperature of the tissue

may also generally enhance the size of the ablated volume

as a smaller increase in temperature may be desired by

energy delivery from the treatment device, particularly

at distances further away from the treatment device. This

may be accomplished through a variety of methods, which

may include, but are not limited to, introducing

temperature controlled fluid into the circulatory flow,

such as through a nearby blood vessel, altering the

temperature of the circulatory flow by contact with a

closed temperature controlled object, such as a closed

catheter, contacting the nearby tissue with a temperature

controlled object or material, such as a hot or cold pad,

and/or any other appropriate method. For example, a

temperature controlled energy delivery device and/or

heating element may be placed in a blood vessel which may

be in proximity to and/or supply a tissue for treatment.

[0070] Also, the circulatory flow may be blocked

and/or diverted from a tissue area for treatment and a

sterile, biocompatible temperature-controlled fluid may

be introduced into the vasculature in place of the normal

circulatory fluid. In some embodiments, a fluid with more

desirable optical and/or thermal qualities than the

normal circulatory fluid, such as blood, may be utilized.

For example, a fluid with lower absorption and/or higher

transmission of energy from a treatment device may be

utilized to increase the amount of energy delivered to



the target tissue and decrease the amount of energy

absorbed by surrounding fluid. This may be useful and/or

desirable in situations where there is a large quantity

of circulatory fluid, such as, for example, in the liver,

where it is desirable to deliver as much energy as

possible to the tissue for treatment rather than energy

being absorbed and/or diffused by the circulatory fluid.

This may also enable higher power energy sources to be

utilized with decreased effect on the surrounding

tissues, especially through energy absorption by the

circulatory fluid.

[0071] In yet other embodiments, the treatment device

may include materials of high thermal conductivity. The

treatment device may thus be temperature controlled by

application or removal of energy at a portion remote to

the target area, where the high thermal conductivity

material may be utilized to appropriate distribute the

temperature control along the treatment device. The

treatment device may also incorporate features for

increasing its thermal conductivity, such as, for

example, heat transfer elements which may include, for

example, heat pipes and/or other elements that enhance

thermal conductivity.

[0072] In still other embodiments, the thermal therapy

system 100 may incorporate multiple treatment devices.

The treatment devices may be controlled as a group or

they may be individually controlled. The treatment

devices may be spatially oriented in or near a tissue for

treatment and may be utilized to affect treatment in a

spatially controlled manner, an example of which is

illustrated in FIG. 3 with treatment devices 120, 120',

120" and target 90. The treatment devices 120, 120', 120"

may, for example, be targeted in particular directions

for coverage of a target 90. The treatment devices 120,



120', 120" may also be controlled in a temporal manner by

controlling the activation and/or modulation of each

device in a time -dependent manner. This may be useful,

for example, in controlling lesion formation by

increasing energy delivery in a given region of the

treatment volume and/or decreasing energy delivery in

another region. This may aid in creating more uniform

lesions, decreasing overall treatment time and in

avoiding char formation due to excess energy delivery.

Multiple treatment devices may also be useful in

controlling lesion shape. Any appropriate number of

treatment devices may be utilized.

[0073] In an exemplary embodiment, the multiple

treatment devices may be laser probes with fluid

circulation and may be individually modulated by the

control system 130. The laser probes may, for example, be

spatially oriented in or near a tissue for treatment to

optimize and/or increase the volume being treated. This

may be used, for example, to increase the overall size of

a thermally generated lesion. Each laser probe may also

be targeted such that energy delivery may be

substantially confined to a given volume. This may be

accomplished with, for example, directional laser probes

which may deliver light energy in a particular general

direction rather than, for example, diffusing energy in

all directions. The fluid circulation characteristics of

each laser probe may also be individually modulated, as

discussed above. The multiple probes may also be utilized

to generate a base temperature profile or gradient in the

target by circulating fluid of different temperatures

through each probe .

[0074] In some embodiments, multiple treatment devices

may be placed in or near a treatment by use of a guide. A

guide, for example, may be utilized to aid in a



substantially repeatable or more precise placement of

each treatment device. FIG. 3a illustrates an example of

a guide 300 which may be utilized with multiple treatment

devices, such as treatment devices 120, 120', 120" as

shown. The guide 300 may include, for example, a

plurality of holes 302 in the guide body 304, any of

which treatment devices 120, 120', 120" may be inserted

through such that each treatment device may be directed

to a particular site in the target. In an exemplary

embodiment, the guide 300 may also include features for

aiding in positioning and directing of treatment devices

to the proper location. For example, at least one

fiducial marker may be utilized to aid in positing and/or

orienting of the guide 300 and/or treatment devices, such

as devices 120, 120', 120". A fiducial marker may

generally be a feature, formation, device, portion of a

device, and/or any other appropriate object or form that

may be detectable by a detection device that may be in a

substantially known and fixed spatial relationship to

another object or form, such as the guide 300. Also, at

least one fiducial marker may be utilized to resolve the

position and/or orientation of the guide 300, such as,

for example, by providing an appropriate number of

reference points to form a plane which may have a known

and fixed spatial relationship with the guide 300. At

least one fiducial marker may also include a form or

shape that may have a detectable unique or semi -unique

cross-section such that it may be indicative of position

and orientation of an intersecting detection plane of a

detection device, such as an MRI slice. In general,

detection of a fiducial marker by a detection device,

such as, for example, an MRI, CT and/or any other

appropriate substantially computer-controlled detection

device, may utilize region growing methods to



substantially detect the entire fiducial marker. In one

embodiment, the guide 300 may include fiducial markers

306, 308, 310, which may be utilized to resolve the

position and orientation of the guide 300 in space and/or

to a target volume using a detection device. A control

system may utilize the known dimensions of the guide 300

and the known positions of the fiducial markers 306, 308,

310, both in space and their fixed positions relative to

the guide 300, to project the trajectory of the holes 302,

such that treatment devices may be properly placed

through selected holes 302. This may include, for example,

providing the insertion depth and insertion angle into

the hole 302, if applicable. The control system 130 may

also calculate and prescribe a reorientation the guide

300 for better placement of treatment devices. In general,

the fiducial markers may be selected to appear on a given

detection modality, such as, for example, water under MRI

or metallic objects under X-ray. A guide 300 may also

include features for enhancing the contrast of the holes

302 such that they may be better detected by the

detection device. This may also be useful for guiding

treatment devices to the holes 302. Contrast enhancing

agents for particular detection modalities may be

utilized. The guide 300 may also include temperature

controlled fiducial markers which may be resolved through

temperature detection. This may be useful as the

detection device for a thermal therapy system 100 may

generally include detection for localizing temperature

changes and/or absolute temperatures within a detection

volume .

[0075] An exemplary embodiment of a guide 300' is

illustrated in FIG. 3b, which may be utilized with

multiple treatment devices, such as treatment devices

120, 120', 120" as shown. The guide 300' may include, for



example, a plurality of holes 302 in the guide body 304,

any of which treatment devices 120, 120', 120" may be

inserted through such that each treatment device may be

directed to a particular site in the target, as

illustrated in FIG. 3f. The guide 300' may further

include an extension 309 which may be, for example,

utilized for mounting and/or positioning the guide 300'.

The extension 309 may further be adjustable, such as, for

example, adjustable for angle between it and the guide

body 304. The guide 300' may further include at least one

fiducial marker, such as fiducial markers 306, 308, 310.

The markers may be integral to the guide 300' or they may

also be separable. FIGs. 3c and 3d illustrate an example

of a separable fiducial marker 320, which may, for

example, be any or all of the fiducial markers 306, 308,

310 of FIG. 3b. The fiducial marker 320 may generally

include a body 322 and a cavity 324. The cavity 324 may

generally be filled with a material visible to a

detection device, such as, for example, water for MRI,

metal for X-ray, and/or any other material appropriate

for a given detection device. The cavity 324 may further

be sealed and/or otherwise closed off to substantially

retain a material. In one embodiment, as shown in the

see- through of FIG. 3d, the cavity 324 may include a

central channel 326 and may further include cross

channels 328, 329. This may be desirable as it may

generally increase the detectable volume of the fiducial

320 and may also generate a substantially discrete point

for positioning reference, such as the intersection 330

of the channels 326, 328, 329. In general, it may be

desirable for the fiducial marker 320 to be reusable and

sterilizable .

[0076] In another embodiment, a guide 300" may include

at least one fiducial marker that may substantially and



independently define a plane. FIG. 3e illustrates an

example of a guide 300" with a body 304 and a plurality

of holes 302. The guide 300" may further include a

fiducial marker 340, which may substantially define a

plane. For example, as illustrated, the fiducial marker

340 may include 2 linear segments 342, 343. It may be

generally appreciated that any appropriate geometric form

and/or combination of forms that may define a plane may

be utilized.

[0077] In another aspect of the invention, the control

system 130 of the thermal therapy system 100 may

incorporate predictive and/or adaptive treatment

modulation. In one embodiment, the control system 130 may

generate a predictive model o f a treatment based on known

and/or assumed parameters, and may calculate an

appropriate treatment course, such as, for example,

applying energy to a tissue at a particular rate and/or

duration based on the predicted model. The control system

130 may then monitor the progress of treatment by

receiving information from a detection device 110, and

may then adapt to the measured progress of the treatment

by entering and/or altering parameters in the predicted

model to aid in generating a more accurate model, after

which the control system 130 may apply a modulation to

the treatment, such as, for example, an alteration to the

energy delivery characteristics of a treatment device

120. In some embodiments, the control system 130 may,

based on a model and available data, make a preemptive

action ahead of received data. This may be useful, for

example, when utilizing a detection device 110 where

there is a delayed receipt of data by the control system

130. The control system 130 may, for example, determine

that a treatment should stop due to a predicted

temperature over a designated limit in the target. This



may aid in minimizing damage outside of the target due to

data lag.

[0078] In yet another aspect of the invention, the

thermal therapy system 100 may incorporate safety

systems. In one embodiment, the control system 130 of a

thermal therapy system 100 may shut down the treatment

device 120 and/or warn the user of a detected safety

parameter. The control system 130 may, for example, shut

down the treatment device 120 in response to a detected

temperature above a given level in the information

provided by a detection device 110. This may be useful in

detecting failures in a treatment device 120, such as,

for example, a laser light transport medium breaking

and/or otherwise overheating past a design limitation.

This may also be useful in detecting unintended

temperature changes in the target, such as, for example,

unintended temperature increases in a tissue area outside

the target area. Other safety features, such as, for

example, temperature sensors, specific light wavelength

detectors and/or any other safety features may also be

incorporated .

[0079] Referring to FIG. 4 , a method 600 for utilizing

real-time or near real-time feedback, and/or sequential

detection to control an energy delivery system 100 is

discussed according to one embodiment of the present

invention. In step 602, detection device 110 may obtain

data 111 from measurements conducted on target 90 for use

as initial reference data for data processor 132 . This

initial reference data may be utilized to develop an

initial image representing, for example, magnitude,

temperature, and/or damage. The initial reference data

may also be used to develop an initial reference

temperature distribution in implementations where

detection device 110 may only capable of detecting



temperature differences, rather than absolute

temperature, such as, for example, MRI thermometry and/or

other forms of temperature detection.

[0080] In step 604, the control system 130 may detect

the positions and/or orientations of the treatment

device (s) 120 in the data 111 to aid in proper placement

and targeting of the treatment. The user may then enter

and/or select treatment parameters, such as, for example,

treatment boundaries and threshold temperature at those

boundaries, in step 606. The control system 130 may then

calculate the energy delivery requirements for the

treatment in step 608. This may include, but is not

limited to, selecting the amount of energy and/or energy

profile for delivery 608a, the treatment duration 608b,

fluid circulation rate/rate profile 608c and fluid

temperature 608d in a fluid circulation treatment device,

the orientation/position of the treatment device 608e,

which may include the adjustment of a component within

the treatment device such as the translatable energy

delivery component described above, scattering effects

608f, such as, for example, circulating scattering

material in the circulation fluid, the utilization and

settings of multiple treatment devices 608g, which may

include the detection of, projection through and/or

reorientation of a guide, and/or any other appropriate

parameters, such as the numerous examples of adjustment

and/or modulation provided above. The user may also

manually input and/or alter the parameters determined by

the control system 130.

[0081] In general, the control system 130 may

calculate, based on available information, an optimized

treatment plan which the user may accept or alter. An

optimized treatment plan may in general maximize the

irreversible damage to a target area while minimizing the



damage to other areas. The optimization may also in

general reduce and/or prevent the formation of charred

tissue and/or otherwise undesirable treatment effects.

Such automatic optimization tuning may be desirable as a

given thermal therapy system 100 may incorporate multiple

parameters which may exceed the level of easy and/or

expedient consideration by a user and may take full

advantage of the processing and calculation abilities of

an assisted control system, such as by a computerized

system. Automatic optimization tuning may thus take

advantage of changeable characteristics in the thermal

therapy system rather than attempting to optimize a

treatment while working around otherwise unaltered

characteristics of the system. The automatic optimization

may also become increasingly more useful as more devices

and tools become available with controllable parameters

and/or settings. Also, the user may also apply

limitations on any of the available parameters and/or

settings for further control of the optimization scheme.

For example, a user may apply a time limitation for the

treatment plan to accommodate a patient and/or

limitations on the usage of equipment. It may be

appreciated that a wide array of situations and/or

conditions may be accommodated for through use of a

highly adjustable, automatic optimization for a

treatment, which may aid in streamlining the overall

treatment experience.

[0082] After generating an optimized treatment plan,

the system may then proceed to apply energy for the

treatment in step 610. This may include activating and

modulating the energy source of a treatment device 120 ,

such as a laser, as well as activating and modulating the

other elements of the system, such as a circulation media

supply apparatus. The control system 130 may then monitor



the progress of the treatment in step 612 through data

from the detection device 110, which may be operating in

real-time and/or near real-time (e.g. a new dataset every

few seconds) , or in a sequential detection manner, such

as prior to energy delivery and immediately after energy

delivery. The control system 130 may also detect and/or

compensate for motion in the target, such as, for

example, by controlling the detection device to correct

for motion in the target and/or processing the data from

the detection device to account for motion correction. If

during monitoring the control system 130 detects a safety

concern, it may automatically proceed to a STOP command

620, which may halt the delivery of energy to the target,

and it may alert the user of the concern. The user may

also utilize the STOP command 620 at any time. The

control system 130 may also utilize an external

temperature monitor as a control. For example, a separate

temperature monitor, such as a thermometer or other

temperature sensor, may be placed within the detection

space of the detection device 110. The control system 130

may then compare the temperature measured by the external

temperature monitor with the temperature determined from

the detection device 110. This may be utilized to correct

for temperature errors, such as, for example, with

temperature detection devices that only measure relative

temperature changes rather than absolute temperature.

[0083] The control system 130 may continuously process

data received from the detection device to recalculate

the requirements of the treatment in step 614. If the

treatment is determined to be incomplete, e.g. the

boundaries selected in the target have not reached a

given temperature, the control system 130 may alter the

energy delivery characteristics of the treatment using

the data feedback and/or sequential detection from the



detection device 110 at step 616. The control system 130

may also determine that no alterations are necessary. The

system may then apply energy to the target at step 610

utilizing the new or unchanged parameters. This cycle may

continue until the treatment is determined to be complete

or manually halted, after which it may proceed to the

STOP command 620 .

EXAMPLE OF ACQUIRING DATA FROM A DETECTION DEVICE 1

[0084] For example, in communicating with a GE scanner

running the LX operating system, a method for acquiring

data from the device may include:

1 ) connecting to the scanner using an FTP connection

protocol ;

2 ) listing all or some of the files found in the

/export/homel/sdc_image_pool/mri_scan directory (or other

equivalent directory or link thereto) ,-

3 ) sorting the all or some of the returned file

names to determine the largest first number in any of the

file names,-

4 ) determining a first filename;

5 ) checking the size and/or execute status of the

file permission for a file with the first determined

filename;

6 ) requesting retrieval of the first file with the

first determined file name as soon as the execute

permission has been set positively and/or the file size

indicates the file is complete,-

7 ) receiving the first file with the first

determined filename,-

8 ) determining a next filename; and

9 ) performing steps 5-8 above repeatedly for as long

as is desirable.



EXAMPLE OF ACQUIRING DATA FROM A DETECTION DEVICE 2

[0085] For example, in communicating with a GE scanner

running the EXCITE operating system, a method for

acquiring data from the device may include:

1 ) connecting to the scanner using an FTP connection

protocol ;

2 ) listing all or some of the files or directories

found in the /export/homel/sdc_image_pool/images

directory (or equivalent directory or link thereto) ,-

3 ) sorting the all or some of the returned file or

directory names to determine a most recent directory

name ,-

4 ) determining a first filename and determined

directory location,-

5 ) checking the existence of the first determined

filename in the determined directory location,-

6 ) requesting retrieval of the first file with the

first determined file name as soon as it exists,-

7 ) receiving the first file with the first

determined filename,-

8 ) determining a next filename; and

9 ) performing steps 5-8 above repeatedly for as long

as is desirable.

EXAMPLE OF ACQUIRING DATA FROM A DETECTION DEVICE 3

[0086] For example, in communicating with a Siemens

scanner running the Syngo application within the Windows ®

operating system, a method for acquiring data from the

device may include:

1 ) connecting to the scanner using an FTP or SMB

connection protocol;

2 ) obtaining a listing of all directory names within

a given directory;



3 ) determining a most recent directory based on most

recent file access or modification time-stamp;

4 ) obtaining a listing of all files in the

determined most recent directory and comparing that

listing to a listing of files which have already been

retrieved onto the local machine,-

5 ) determining the names of files which exist on the

scanner but which have not yet been retrieved onto the

local machine,-

6 ) determining the order in which the files should

be retrieved based on examination of the determined file

names ,-

7 ) retrieving those files using an FTP or SMB

protocol network connection;

8 ) waiting a specified amount of time,- and

9 ) performing steps 4-8 above repeatedly for as long

as is desirable.

EXAMPLE OF ACQUIRING DATA FROM A DETECTION DEVICE 4

[0087] For example, in communicating with a Siemens

scanner running the Syngo application within the Windows ®

operating system, a method for acquiring data from the

device may include:

1 ) connecting to the scanner using an FTP or SMB

connection protocol;

2 ) determining a target directory on the scanner

filesystem;

3 ) determining the current clock date and time on

the scanner system,-

4 ) determining a filename component based on the

determined date and time,-

5 ) obtaining a listing of all files in the

determined target directory conforming to or containing

the determined filename component;



6 ) determining the order in which the listed files

(if any) should be retrieved based on examination of the

filenames obtained via the listing;

7 ) retrieving those files using an FTP or SMB

protocol network connection;

8 ) waiting a specified amount of time,- and

9 ) performing steps 4-8 above repeatedly for as long

as is desirable.

[0088] It will be appreciated by those of ordinary

skill in the art that the present invention can be

embodied in other specific forms without departing from

the spirit or essential character hereof. The present

description is therefore considered in all respects to be

illustrative and not restrictive. The scope of the

present invention is indicated by the appended claims,

and all changes that come within the meaning and range of

equivalents thereof are intended to be embraced therein.



CLAIMS

1 . A system for thermal therapy comprising:

at least one detection device for generating data on

the thermal energy characteristics of a target area,-

at least one treatment device for transferring a

preselected amount of energy between it and at least a

portion of said target area,- and

at least one control system adapted for

communicating with said at least one detection device and

said at least one treatment device, said control system

determining said preselected amount of energy based at

least in part on said data,-

wherein said control system receives data from said at

least one detection device and communicates with said at

least one treatment device to transfer the preselected

amount of thermal energy between the device and at least

a portion of the target area to substantially affect a

predetermined change in the thermal characteristics of

said at least a portion to an extent determined by said

detection device.

2 . A system for detection guided therapy of a target

area comprising:

at least one detection device,-

at least one treatment device,-

at least one treatment device guide comprising a

plurality of channels and at least one fiducial marker,

each of said plurality of channels is adapted for

retaining one of said treatment device,- and

at least one control system in communication with

said at least one detection device and said at least one

treatment device,-

wherein said at least one fiducial marker being

detectable by said detection device and said control



system resolves at least a location and orientation of

said guide relative to at least a portion of said target

area at least partially based on the detection of said at

least one fiducial marker.

3 . The system of claim 1 , further comprising a memory

module for storing at least a previous preselected amount

of thermal energy determined by the control system.

4 . The system of claim 3 , wherein said control system

determines said preselected amount of energy based at

least in part on said data and said previous preselected

amount of energy stored in said memory module.

5 . The system of any of claims 1-4, wherein said at

least one treatment device comprises capabilities of

delivering energy to and removing energy from at least a

portion of said target area.

6 . The system of any of the preceding claims, wherein

said at least one treatment device comprises multiple

devices for simultaneous transferring of energy between

said devices and at least a portion of said target area.

7 . The system of any of claims 1-5, wherein said at

least one treatment device comprises:

a housing having a distal end;

a coupling assembly coupled to the housing opposite

the distal end, the coupling assembly comprising an

opening for positioning said treatment device, a first

fluid access port in fluid communicating with a first

annulus and a second fluid access port in fluid

communication with a second annulus ; and



a tubular structure located within the housing,

forming the first annulus between the tubular structure

and the housing and the second annulus between the

tubular structure and the treatment device, the first

annulus and the second annulus being in fluid

communication with each other proximate to the distal end

of the housing.

8 . The system of claim 2 , 5 , 6 or 7, wherein each of

said plurality of channels is adapted for guiding said at

least one treatment device to a preselected portion of

the target area at least partially based on the location

and orientation of said guide relative to the target

area .

9. The system of claim 2 or 8 wherein said at least one

treatment device is selected from the group of an energy

transfer device, a biopsy device, an injection device and

a target access device.

10. The system of claim 2 , 8 or 9, further comprising

resolving the orientation and position of said at least

one fiducial marker relative to at least a portion of

said target, wherein the resolved orientation of said at

least one fiducial marker is indicative of the

orientation of said guide.

11. The system of claim 2 , 5 , 8 , 9 or 10, wherein said

at least one fiducial marker comprises a form with at

least a semi-unique cross-sectional shape detectable by

said detection device.

12. The system of claim 8 , wherein each of said

plurality of channels defines a trajectory determined by



said control system using at least in part the location

and orientation of said guide relative to said target.

13. A method for thermal therapy comprising:

a ) receiving spatially resolvable temperature

sensitive data from at least one detection device at a

control system, said detection device interrogating a

target with radiation to generate said data,-

b ) determining at least one energy delivery

characteristic of at least one treatment device based at

least in part on said data using said control system;

c ) modulating said at least one treatment device

using at least said energy delivery characteristic; and

repeating steps a-c to substantially affect a

preselected characteristic of said target.

14 . A method of delivering energy to a target area

comprising :

locating a plurality of integrated apparatuses

proximate to the target area at substantially

predetermined locations,-

providing a transfer fluid to each of said plurality

of integrated apparatuses for circulation therein to at

least exchange heat with an energy delivery component of

each of said plurality of integrated apparatuses and at

least a portion of the target area,- and

providing energy to the at least a portion of the

target area via energy delivery components located in

said plurality of integrated apparatuses;

wherein the energy and transfer fluid and its location

therein each of said plurality of integrated apparatuses

are independently controlled to substantially apply a

predetermined thermal profile to at least a portion of



said target area to affect a temperature -induced change

in at least a portion of said target area.

15. The method of claim 13 or 14, further comprising

utilizing a predictive model of the preselected

characteristic response of the target for delivering

energy at least partially based on said model or profile.

16. The method of claim 13, further comprising modifying

said predictive model using said data from said detection

device during said therapy.

17. The method of claim 14, further comprising

scattering or diffusing the energy delivered via at least

one of said energy delivery components.

18. The method of claim 14 or 17, wherein said transfer

fluid is provided prior to and during said providing of

energy.

19. The method of claim 14, 17 or 18, further

comprising :

locating said plurality of integrated apparatuses

through a guide comprising:

at least a configuration of a plurality of

channels, each of said plurality of channels

defining a trajectory; and

at least one fiducial marker detectable by a

detection device,-

and

retaining said integrated apparatuses in said

channels .



20. The method of claim 19, further comprising orienting

said guide relative to the target to substantially align

the trajectory of at least one of said channels to at

least a portion of said target area.

21. The method of claim 14, 17, 18 or 19, further

comprising independently controlling the location of each

integrated apparatus and the location of the energy

delivery components therein prior to and during the

delivery of energy.

22. The method of claim 14, 17, 18 or 19, further

comprising altering the temperature of at least a portion

of said target area prior to delivering energy via said

integrated apparatuses.
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