
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number
(43) International Publication Date Χ n n /
15 September 2011 (15.09.2011) W O 2 1 1/1 12251 A l

(51) International Patent Classification: (72) Inventor; and
A61F 7/00 (2006.01) (75) Inventor/ Applicant (for US only): MAHON, Cameron

[US/CA]; c/o Profound Medical Inc., 3080 Yonge Street,
(21) International Application Number: Suite 4040, Box 34, Toronto, Ontario M4N 3N1 (CA).

PCT/US20 11/000441
(74) Agent: HALLAJ, Ibrahim M.; Intrinsic Law Corp, 235

(22) International Filing Date: Bear Hill Road, Suite 301, Waltham, MA 0245 1 (US).
' March 201 1 (09.03.201 1)

(81) Designated States (unless otherwise indicated, for every
(25) Filing Language: English kind of national protection available): AE, AG, AL, AM,
(26) Publication Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(30) Priority Data: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

61/3 11,837 ' March 2010 (09.03.2010) US HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

(71) Applicant (for all designated States except US): PRO¬ KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

FOUND MEDICAL INC. [US/US]; 3080 Yonge Street, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

Suite 4040, Box 34, Toronto, Ontario M4N 3N1 (CA). NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(72) Inventor; and TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant (for all designated States except US): DON¬

ALDSON, Sean [CA/CA]; c/o Profound Medical Inc., (84) Designated States (unless otherwise indicated, for every

3080 Yonge Street, Suite 4040, Box 34, Toronto, Ontario kind of regional protection available): ARIPO (BW, GH,

M4N 3N1 (CA). GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

[Continued on next page]

(54) Title: FLUID CIRCUITS FOR TEMPERATURE CONTROL IN A THERMAL THERAPY SYSTEM

(57) Abstract: A system and method for fluid control in a
thermal therapy system is disclosed. A fluid circuit permits
passage of a fluid through a fluid circuit, including into
and out of a treatment zone so as to cool or heat or main
tain a temperature in said treatment zone at or near a de
sired temperature. The temperature is sensed at a point in
the circuit between a discharge of a fluid pump and the
treatment zone. MRI based thermometry of tissue in the
treatment zone is accomplished in some aspects. Further
more, a desired temperature may be programmably set to a
given value or within a band of values using a processor
and a temperature controller. In some aspects, leakage of
fluid from a patient or from the fluid control system is cap
tured by a leak-proof member to protect imaging and treat
ment equipment from damage.

o



w o 2011/112251 AI III III II II III I I1 1 I II I I I I II I I il II I II

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, Published:
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

— with international search report (Art. 21(3))
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).



Attorney Docket No.: PMI.PCTUS.0100
Express Mail : 913047425 US

FLUID CIRCUITS FOR TEMPERATURE CONTROL IN A THERMAL THERAPY SYSTEM

TECHNICAL FIELD

[0001] The present application relates to ultrasound therapy systems, and

particularly to ways for controlling a temperature (e.g., cooling) of a thermal

therapy applicator and/or the regions of tissue proximal to the same within a

patient undergoing thermal therapy such as ultrasound thermal therapy.

RELATED APPLICATIONS

[0002] The present application is related to and claims priority under 35

USC §120 to US Provisional Application No. 61/31 1,837, bearing the present title,

filed on March 9 , 2010, which is hereby incorporated by reference.

BACKGROUND

[0003] Ultrasonic transducers have been employed in ultrasound therapy

systems to achieve therapeutic heating of diseased and other tissues. Arrays of

ultrasound transducers operating to form a beam of ultrasonic energy cause a

conversion of sound to thermal energy in the affected tissue areas or treatment

volumes, and a subsequent beneficial rise in the temperature in the treatment

volumes. With proper monitoring of the heating effect, ultrasound therapy systems

can be used to treat harmful cells and to controllably destroy cancerous tumors.

[0004] As known to those skilled in the art, ultrasonic transducers are

constructed and operated to take electrical power and produce ultrasound energy

waves from a surface of a transducer element in a process generally referred to as

transduction. The nature and extent of the transduction depends on the material

used to construct the transducers, transducer geometry, and the electrical input to

the transducers. A common material used in construction of ultrasound



Attorney Docket No.: PMI.PCTUS.0100

transducers is piezo-electric transducer crystal material, e.g., lead zirconate

titanate (PZT).

[0005] One challenge in constructing clinically-usable systems for image-

guided therapy is in constructing the electrical, mechanical, and electro¬

mechanical support systems for providing thermal therapy to a patient. This is

especially true if part of the system needs to reside in an environment having

strong magnetic fields such as is found in magnetic resonance imaging (MRI)

environments.

[0006] It is useful to have a controllable and sterile system for controlling a

temperature of a therapy device in a patient during a thermal therapy treatment

procedure.

SUMMARY

[0007] Embodiments hereof are directed to systems and methods for

providing a thermal therapy applicator and supporting components that is suitable

for ultrasonic thermal therapy treatments in an image-guided environment such as

in magnetic resonance imaging (MRI) environments.

[0008] Aspects of the present disclosure provide fluid handling loops

suitable for operation during image-guided thermal therapy and clinically sterile for

penetration into patients and patient treatment applicators.

[0009] One embodiment is directed to a fluid control system for use in a

thermal therapy system, the fluid control system comprising a volume for filling

with a fluid, said fluid adapted for flow through a fluid circuit portion of said

apparatus; a pressure source that drives said fluid through said fluid circuit;

an inlet portion of said fluid circuit that allows said fluid to pass into a portion of

said thermal therapy system; an outlet portion of said fluid circuit that allows said

fluid to pass out of said portion of said thermal therapy system; a temperature

sensor that senses a temperature of said fluid, or a temperature of a patient's

tissue proximal to a position of said temperature sensor, and provides a



Attorney Docket No.: PMI.PCTUS.0100

corresponding temperature sensor output signal indicative of said temperature; a

temperature controller that receives said temperature sensor output signal and

that receives a reference signal indicative of a desired temperature setting, and

that provides an output control signal; and a thermal element that receives said

output control signal and that acts to change the quantity of heat energy in the

fluid so as to maintain the temperature of said fluid substantially at or near the

desired temperature setting. Another embodiment is directed to a method for

controlling a fluid in a thermal therapy system, comprising providing a fluid in a

fluid circuit; pumping said fluid through an inlet portion of the fluid circuit to a

location proximal to which a temperature is to be controlled; receiving a return of

said fluid from said location into a return portion of said fluid circuit; measuring a

temperature of said fluid substantially at or proximal to said location and

generating a temperature sensing signal corresponding to said temperature;

comparing said temperature sensing signal to a reference signal; and controlling a

heat element to add heat to said fluid if its temperature drops below a desired

setting or to remove temperature from said fluid if its temperature rises above said

desired setting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] For a fuller understanding of the nature and advantages of the

present invention, reference is be made to the following detailed description of

preferred embodiments and in connection with the accompanying drawings, in

which:

[00 ] Fig. 1 illustrates an exemplary system for providing image-guided

ultrasound therapy to a patient;

[0012] Fig. 2 illustrates an exemplary fluid processing system including a

primary and a secondary fluid circuit for controlling a temperature in and/ or

around a thermal therapy applicator;
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[0013] Fig. 3 illustrates a schematic exemplary temperature control system;

and

[0014] Fig. 4 illustrates a simplified fluid circuit with catchment member.

DETAILED DESCRIPTION

[0015] As discussed above, better understanding of the electrical response

of ultrasound transducers in therapeutic systems is useful for improving the

effectiveness of such systems and delivering safe efficient treatment to patients.

[0016] Fig. 1 illustrates an exemplary system 10 for providing image-guided

ultrasound therapy to a patient. The simplified illustration shows a master

computer 100, such as a portable PC, workstation, or other processing device

having a processor, memory, and coupled to some input/output apparatus.

Master computer 100 may include a display and may support a user interface 110

to facilitate control of and observation of the thermal therapy treatment process.

[0017] Master computer 100 is adapted for coupling to other systems and

components through a computer interface connector 120. Connection 120 carries

data and information to and from master computer 100 and may comprise

standard or special-purpose electrical wiring connection cables, such as serial

connection cables or the like. Also, connection 120 may be achieved wirelessly as

known to those skilled in the art of wireless communication, and may further be

achieved by way of multiple connections, over a network, or by another suitable

method.

[0018] In some embodiments, master computer 100 is coupled through

connection 120 to a power control unit 130. Power control unit 130 may be

implemented as a stand-alone hardware apparatus but may be implemented as a

part of master computer 100, e.g., by being built onto a special card in a computer

or server system that accommodates such hardware components.
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[0019] Power control unit 130 may specifically include at least a processor

adapted for processing machine or program instructions, which may be provided

to the processor from another component of system 10 and may be stored on a

memory device in power control unit 130. Circuitry including analog and/ or digital

circuitry may be operated within power control unit 130 so as to determine an

output power to one or more ultrasound therapy transducer elements in an

ultrasound therapy apparatus 150.

[0020] In some embodiments, power control unit 130 may deliver controlled

electrical driving signals to a plurality of ultrasound transducer elements (e.g., PZT

array elements) in ultrasound therapy apparatus 150. The driving signals may be

controlled to deliver a programmed amount of power to each element or to groups

of elements of therapy apparatus 150. The driving signals may also be controlled

so as to provide a determined driving voltage, current, amplitude, waveform, or

frequency to said ultrasonic transducers of therapy apparatus 150. Such electrical

driving signals are carried from power control unit 130 to the ultrasound therapy

apparatus 150 over suitable wires, cables, or buses 140. Appropriate plug

interfaces or connectors may be included so as to mate the various ends of the

connectors or buses to and from their associated components.

[0021] In operation, ultrasound therapy apparatus 150 includes a portion

155 that is inserted into a portion of a patient's body to deliver a suitable dose of

ultrasound energy to tissue in a diseased region of the patient's body.

[0022] The patient and the ultrasound therapy apparatus 150 are generally

disposed in an imaging volume 160 such as a magnetic resonance imaging (MRI)

apparatus, which can provide real-time images of the relevant parts of the patient,

e.g., the treatment volume to master computer 100 or display and user interface

110. In some embodiments, real-time monitoring of the thermal therapy is

performed so that a clinical operator can monitor the progress of the therapy within

the treatment volume or diseased tissue. Manual or automated changes can be
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made to the power signals from power control unit 130 based on input from the

results and progress of the treatment.

[0023] The feedback and coupling of the treatment system components to

the control components in system 10 can be used to ensure that an optimum radio

frequency (RF) power signal is provided to each element of an ultrasound array

155 used in treatment of diseased tissues. Some examples include treatment of

prostate cancer tumors in male patients using MRI guided ultrasound therapy

applications.

[0024] RF power control unit 130 may include separate circuit cards having

individual processors, amplifiers, filters and other components to achieve the

desired driving power output to the elements of ultrasound array 155 of ultrasound

treatment apparatus 150. Alternatively, a single processor may be employed to

control the behavior of the various power channels to each array element.

[0025] In the embodiments described below, a fluid system is used to

control the temperature of the thermal therapy apparatus or applicator and/or to

control a temperature of a region of tissue proximal to the therapy applicator.

[0026] Fig. 2 illustrates a system 20 for providing and controlling fluid

delivery to and from a thermal therapy applicator. The fluid may be used to cool

(or heat) various components of the thermal therapy applicator. The fluid may

also cause the tissues adjacent to the applicator apparatus to be affected so as to

prevent unwanted overheating of a region of healthy tissue directly proximal to an

ultrasound applicator.

[0027] As is known to those skilled in the art, magnetic imaging

environments such as MRI environments are subjected to strong magnetic fields

from one or more magnets used in the MRI imager apparatus. For this reason, it

is often difficult to have equipment within a MRI environment that is affected by

such strong magnetic fields. Therefore, pumps, motors, heaters, electronic

systems, computers, and other electro-mechanical apparatus are affected or even

damaged by magnetic fields used in MRI environments.
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[0028] Accordingly, MRI centers usually employ magnetic shielding walls,

sometimes Faraday chambers or conductive sheathing, to shield the interior of the

MRI environment from the operational environment outside the MRI environment.

[0029] In Fig. 2 such a shielding wall 200 is shown that defines a

magnetized environment 204 within the magnetic (MRI) imaging chamber and a

non-magnetized environment 202 that is outside, or shielded from, the magnetic

environment. Computers and other electro-mechanical devices can be used in the

non-magnetized environment 202 because wall 200 shields environment 202 from

the heavy magnetic fields and associated induction currents present inside

magnetized imaging environment 204. Inside the magnetized chamber 204,

equipment should preferably be immune to magnetic fields and induction currents.

Equipment made of non-ferrous or non-magnetizable components is usually able

to operate normally within magnetic environments. Ceramic and plastic materials

are examples of materials that can be used to construct mechanical components

for use in such magnetic environments.

[0030] In operating systems requiring some components to be within the

magnetized space 204 and others to be in non-magnetized space 202, a

penetration panel 206 is provided to allow passage of electrical cabling and/ or

fluid tubing between the sides 204 and 202 of wall 200.

[0031] As is also known to those skilled in the art, magnetic imaging

environments such as MRI environments may be disturbed by the presence of

electrical interference at or near the Larmor frequency. For this reason, it is

sometimes difficult to have electrical equipment within a MRI environment

because it may adversely affect the detection of small magnetic fields that are

used to generate the MR image. Therefore, pumps, motors, heaters, electronic

systems, computers, and other electro-mechanical apparatus can prevent the MRI

from functioning as intended or may detract from the quality of its operation.

[0032] Upon examination of the fluid system of Fig. 2, it is apparent that

two distinct fluid loops are used to provide the instant temperature control. First, a
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"primary" fluid loop drawn near the bottom of Fig. 2 is used to deliver fluid in a first

fluid circuit into and then out of a patient's body by way of the thermal therapy

applicator apparatus as described in other applications by the present inventors

and assignee. This primary fluid circuit controls the temperature of the apparatus

and the patient's tissue near the apparatus and the primary fluid circuit resides in

components shown within the magnetized imaging and treatment environment

204. Another fluid circuit, which may be denoted as a "secondary" fluid loop is

used to control the temperature of the first "primary" fluid loop. In general, the fluid

systems are used for cooling, or removal of heat energy from the therapy device

and the patient, but the present discussion is not so limiting. The secondary fluid

circuit extends into the upper non-magnetized space 202, where it can be cooled

by external means.

[0033] In operation, the primary fluid loop delivers cooling (or generally

temperature-control) fluid to the patient by way of the therapy apparatus through

piping line or duct or tube 272. The return path of the primary fluid is through

piping or ducting or tubing 270. Generally, in a cooling scenario, the temperature

of the fluid entering the patient through line 272 is lower than the temperature of

the fluid leaving the patient through line 270. The amount of thermal energy being

removed per unit time can be easily computed by knowing the difference in

temperature between the fluid in lines 272 and 270 and knowing the volumetric

flow rate of the fluid therein. Because cooling fluids (e.g., water, saline) are

essentially incompressible, a fluid flow measuring device can be installed in one or

both legs 272, 270 to measure and report the primary fluid loop volumetric flow

rate. Similarly, thermometric devices in legs 270 and 272 can be used to record

and report the temperature in the ingress and egress legs of the primary fluid

circuit.

[0034] The primary fluid circuit is preferably kept short and near the

treatment device and patient within chamber 204. This minimizes the frictional

"head loss" in the circuit and reduces the distance over which the primary cooling
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fluid needs to be transported during operation. In one respect, this simplifies the

design and lowers the cost of the system.

[0035] A Sterile fluid pump 240 such as a peristaltic pump may be used to

move primary cooling fluid through the primary fluid circuit. Thermal sensor 250

records the measured temperature of the fluid and can provide an input to a fluid

pump controller circuit. A fluid fill and gas removal apparatus 260 is coupled to the

primary fluid circuit to remove gas (e.g., air) bubbles from the circuit and to fill and

maintain the circuit. It is understood that other components such as sensors and

filters may also be included in the primary fluid circuit.

[0036] The heat collected by the fluid in the primary fluid circuit is cooled in

a thermal transfer block heat exchanger 230, where the secondary fluid removes

the heat from the primary fluid without coming into contact with it. Convoluted

tubing or heat exchanger fins within thermal transfer block 230 may be used to

enhance the heat exchange characteristics of block 230. The temperature control

system can apply a temperature modulation to set the temperature of the

circulating fluid to a given setting or within a given temperature band (min, max) as

desired. In some embodiments, the temperature is monitored at one or more

locations in the fluid circuit, e.g. at a given location proximal to key patient organs,

and the temperature modulation is designed to protect such key organs from

damage due to unwanted exposure to heating or cooling during operation of the

system.

[0037] Secondary fluid is moved using a fluid heater and pumping unit 210,

which is controlled by a temperature control unit 220. The temperature control

provides heating and/or cooling of the circulating fluid, for example, heating the

fluid if its temperature drops below a given temperature due to heat loss to the

environment where the fluid is stored and circulated, or, cooling the fluid if its

temperature exceeds a given set point from exposure to ultrasound energy,

heated tissue, electrical components, etc.



Attorney Docket No.: PMI.PCTUS.0100

[0038] The pumping unit of 210 may include any known useful pumps,

including magnetically driven motorized pumps, peristaltic pumps, displacement or

reciprocating pumps and the like. The temperature control unit 220 provides a

signal to control the pumping of the secondary fluid within the secondary fluid loop,

and in turn through thermal transfer block 230. Again, calculation of the rate of

thermal energy removal (or addition) in the system overall can be computed by

placement of temperature sensors in the secondary flow loop and knowledge of

the volumetric flow rate therein.

[0039] The penetration panel 206 may include custom or standard fittings

for passage of the secondary fluid across the wall 200. The secondary fluid does

not necessarily have to be sterile, and can be substantially longer (not shown to

scale in the drawing) than the length of the primary fluid tubing. Continuous tubing

may be passed through wall 200 to move the secondary cooling fluid through wall

penetrations in penetration panel 206. Alternatively, separate tubing may be

provided in the secondary fluid loop for sides 202 and 204 so that fittings are used

to connect the inner (on side 204) and outer (on side 202) portions of the

secondary fluid loop as is described in related applications to the present

assignee.

[0040] Either the primary or the secondary fluid flow loops may be used to

control the cooling or heating to the thermal therapy device and patient, or a

combination of both the primary and secondary loops may be controlled together

to achieve the optimal thermal energy movement to or from the therapy device

and patient.

[0041] Fig. 3 illustrates an exemplary sterile fluid loop temperature control

system 30. A temperature control unit 300 includes circuitry and instructions for

accepting inputs and providing outputs including for temperature control of the

afore mentioned fluid circuit. A processor or computer CPU can process

information as required and interfaces to other components such as a temperature

controller 310. Note that the temperature controller 310 may be implemented as a
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single apparatus along with the treatment control unit or as a separate circuit or

component as desired in a given application using separate or combined hardware

and software to accomplish the purpose of the system.

[0042] In some embodiments, the treatment control unit 300 acts on stored

or input data to determine a temperature setting desired at one or more locations

within the fluid loop. In one example, the temperature sensor 320 is located

proximal to a sensitive patient organ, e.g. neuro-vascular bundles, or other healthy

tissues that are not to be over-heated or over-cooled.

[0043] In another embodiment, a temperature sensor e.g. 322 is located at

a key location in the fluid circuit, for example at a discharge of a pump or in a fluid

storage reservoir. The pump acts as a pressure source to drive the movement of

the fluid through the system's fluid circuit. The treatment control unit 300 sends

temperature control signals to temperature controller 310 so that temperature

controller 310 can act to control a heat input/output device 330 to maintain the

temperature in the fluid circuit or locations therein.

[0044] Temperature controller 310 is coupled to exchange signals with

treatment control unit 300 as described above. Temperature controller 310 also

receives input signals from one or more temperature sensors, e.g., IR sensors,

bimetallic sensors, thermocouples or other sensors, to measure the temperature

of the fluid at corresponding one or more locations. Temperature controller 310

also sends control signals to activate or control the heat input/output device 330.

The heat input/output device 330 is meant to anticipate a heater element, heating

coil, radiative heater, or other means of adding heat to the fluid; or a cooler, chiller,

or other means of removing heat from the fluid. Therefore, for the present

purposes, we can refer to heat input/output device 330 generally (regardless of

whether it is used for heating or cooling the fluid) because it causes the addition of

heat, removal of heat, or both the addition and removal of heat from the fluid. So

in some embodiments separate heating and cooling elements are used, whereas

in other embodiments a single heat pump or other means can achieve both
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heating and cooling as needed. In yet other embodiments a heater and a chiller

are both used in series and one or both are controlled by the temperature

controller 310 as needed.

[0045] As said before, temperature controller 310 can act to keep fluid 340

at a set temperature as indicated by temperature control unit 300 in some

embodiments. In other embodiments, a preset or programmed band of

temperatures sets a minimum and a maximum temperature range within which

fluid 340 is to be maintained. A pair of limit switches coupled to corresponding

sensors can be used to activate a heating or cooling cycle. The settings and

ranges of temperatures desired can be based on avoiding unwanted thermal

damage to areas of the patient such as his reproductive, nervous, circulatory, or

waste removal organs. In some specific embodiments, the temperature setting or

temperature band is set to maintain the fluid and/or the patient's tissue at a

temperature substantially similar to the body's normal internal temperature.

[0046] It can be appreciated by those skilled in the art that the present

temperature control system 30 might also be used to promote certain therapeutic

effects. For example, if the location and nature of the patient's disease is such

that the therapy can benefit from local heating of the tissue in the treatment zone

using the circulating fluid then this can be accomplished. For example, the fluid in

one part of the fluid circuit may be heated to a given temperature before or during

the therapy. However, this is not required in many preferred embodiments.

[0047] For the sake of further clarity, we describe next a preferred

embodiment hereof. A patient having prostate cancer is presented for treatment.

The entire prostate, or diseased portions thereof, are to be treated using a thermal

therapy procedure. Treatment by hyperthermia from an array of ultrasound

transducers electrically driven and electronically is a preferred embodiment. The

ultrasound therapy applicator may be inserted into the patient's urethra and up to

a place within the treatment zone in the prostate, which surrounds the urethra.

The ultrasonic elements of the array are driven in magnitude and waveform so as
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to cause deposition of ultrasound energy into the diseased tissue. The diseased

tissue is thus heated and upon reaching a certain temperature and/or thermal

dose the cells of the diseased tissue (e.g., cancer cells) are destroyed. Fluid is

circulated in the treatment apparatus as described above, said circulation of fluid

moving in and out of the treatment zone proximal to an in the patient's body, and

on to the rest of the circuit, which is preferably kept sterile and at a known

temperature or in a given range of temperatures at key locations in the circuit. In

one specific preferred embodiment, the temperature of the circulating fluid is

monitored just downstream of (near the discharge of) the pressure driver (pump).

The temperature of the circulating fluid is maintained and monitored thus by using

a temperature sensor (e.g., infrared "IR" sensor) coupled to a temperature

controller circuit. The temperature controller circuit causes a thermal element

(heater in one embodiment) to heat the fluid. In an aspect, the fluid may be

heated by the thermal element/ heater and may cool by heat loss to the

environment and other components of the system. However, this is not limiting,

and the fluid thermal element may cool the fluid as well if needed.

[0048] Fig. 4 illustrates a treatment environment 40 for treating a patient of

a disease using the aforementioned ultrasonic therapy systems and methods.

The patient 400 is supported on a table, platform, gurney, or other support

member 410. In some embodiments the patient 400 is resting on his back

substantially as shown, and may be further secured to the support platform 410

with straps or other cushions to limit his movement during treatment and imaging

and to provide a safe and comfortable resting place for the patient.

[0049] A fluid is circulated into and out of the treatment apparatus as

described earlier, and is simplistically represented here as an incoming fluid

stream 440 and an outgoing fluid stream 442. The fluid flows through a sterile

fluid circuit as discussed earlier and can act to control a temperature at one or

more locations proximal to the flowing fluid. Those skilled in the art would

appreciate a potential risk from leakage of fluids into the larger imaging and
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treatment zone. For example, patient body fluids, e.g., urine, may inadvertently be

discharged and wet components of the imaging or treatment system. Also, a leak

from a fluid coupling or from a rupture in a fluid tubing member can also result in

unwanted wetting or shorting of other components in the treatment environment

40. This would be unfortunate in some instances, depending on the amount of

fluid leaked, the location of the leak, and the type of components that the leaked

fluid comes into contact with. In some cases a risk of electrical shorting or

malfunction or interference with the treatment or imaging system could be a

concern. Therefore, it is the object of some features hereof to address such fluid

leaks if they were to occur.

[0050] In one embodiment, a fluid catchment member 420 is provided to

catch fluids leaking from or around the treatment region and treatment apparatus.

The catchment member 420 may include a waterproof sheet of material 420,

which is sized and positioned and formed so as to collect leaking fluid 430 so the

leaking fluid does not drain into undesired or harmful locations. The catchment

member 420 may be a flexible sheet of disposable spill-proof fabric that can be

torn or dispensed from a dispenser, e.g. on a roll, and later discarded as waste.

The catchment member 420 may also be formed of a washable plastic or similar

material and formed by extrusion for example into a shallow tub that

accommodates the patient and other equipment and collects any leaked fluid.

Such leak control systems can accommodate a relatively large amount of leaked

fluid, and may be able with a suitable drain system as described below to handle

an arbitrary amount of leaked fluid.

[0051] In yet other embodiments, the catchment member 420 is made of

an absorbing material that can hold a substantial amount of fluid (e.g., 50, 250,

500 milliliters or more) if such a fluid 430 were spilled onto the catchment member

420.

[0052] Catchment member 420 is optionally provided with a drainage

channel 450 which drains collected fluid from the catchment member 420 to a
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collection container or other non-harmful location. The drainage channel 450 may

be in the form of a clear (e.g., Tygon ®) tube coupled suitably to a low point of the

catchment member 420. A pump or vacuum system may be used to draw spilled

fluid 430 from and through the drainage channel 450. The drainage channel 450

may alternatively be formed as a gutter-like channel that is open but still allows for

gravity drain movement of leaked fluid 430 away from the treatment zones and

sensitive equipment.

[0053] In some aspects, it is desirable to have an alarm or warning system

to alert technicians or operators to fluid leaks. A moisture sensor, conduction

meter, thermometer, fiber optic sensor, or other sensor can be installed at one or

more locations in the environment 40 so as to sense if and when a fluid leak has

occurred. Upon sensing a leak an alarm or warning signal is sent to a visible or

audible alarm siren to alert the operator. The operator can then choose to

interrupt the treatment session to investigate it or take other action. A level sensor

or float can be placed in a collection reservoir connected to the drainage channel

450 to indicate a minimum accepted leakage in other embodiments. In still other

embodiments, pressure sensors in fluid circuit 440-442 or at other locations in the

fluid circuit can warn of a loss of pressure in the system, which may indicate a fluid

leak or rupture in the system.

[0054] The present invention should not be considered limited to the

particular embodiments described above. Various modifications, equivalent

processes, as well as numerous structures to which the present invention may be

applicable, will be readily apparent to those skilled in the art to which the present

invention is directed upon review of the present disclosure.

[0055] What is claimed is:
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1. A fluid control system for use in a thermal therapy system, the fluid control

system comprising:

a volume for filling with a fluid, said fluid adapted for flow through a fluid circuit

portion of said apparatus;

a pressure source that drives said fluid through said fluid circuit;

an inlet portion of said fluid circuit that allows said fluid to pass into a portion of

said thermal therapy system;

an outlet portion of said fluid circuit that allows said fluid to pass out of said

portion of said thermal therapy system;

a temperature sensor disposed between said pressure source and said portion of

the thermal therapy system, that senses a temperature of said fluid, or a temperature of

a patient's tissue proximal to a position of said temperature sensor, and provides a

corresponding temperature sensor output signal indicative of said temperature;

a temperature controller that receives said temperature sensor output signal and

that receives a reference signal indicative of a desired temperature setting, and that

provides an output control signal; and

a thermal element that receives said output control signal and that acts to change

the quantity of heat energy in the fluid so as to maintain the temperature of said fluid

substantially at or near the desired temperature setting,

2 . The fluid control system of claim , further comprising fluid couplings that couple

a first portion of said system that lies within an imaging and treatment chamber from a

second portion of said system that lies outside said imaging and treatment chamber.

3 . The fluid control system of claim , further comprising a warning circuit that

senses an unwanted condition of said system and delivers a warning signal

corresponding to said condition.
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4 . The fluid control system of claim 3, said unwanted condition including a

temperature that departs from said desired temperature setting.

5 . The fluid control system of claim 3 , said unwanted condition including a pressure

in said fluid circuit that departs from a desired pressure setting.

6 . The fluid control system of claim 3 , said unwanted condition including a fluid leak.

7 . The fluid control system of claim 1, further comprising a fluid catchment member

that collects any leaked fluid to avoid undesired spilling of said leaked fluid.

8. The fluid control system of claim 7, said catchment member comprising a spill-

proof disposable sheet.

9. The fluid control system of claim 7 , said catchment member comprising a plastic

pan that collects any said leaked fluid.

10. The fluid control system of claim 7 , said catchment member comprising an

absorptive material that absorbs and holds any said leaked fluid.

11. The fluid control system of claim 7 , further comprising a drainage channel for

draining leaked fluid from the catchment member.

12. The fluid control system of claim 1, further comprising a second temperature

sensor that senses a temperature proximal to a second location of said second sensor

and provides a second temperature sensor output signal to said temperature controller.

13 . The fluid control system of claim 1, said heat element comprising an element that

adds heat to said fluid so as to raise a temperature of said fluid.
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14. The fluid control system of claim 1, said heat element comprising an element that

removes heat from said fluid so as to lower a temperature of said fluid.

15. The fluid control system of claim 1, further comprising a gas removal member to

de-gas said fluid within desired gas content limits.

16. The fluid control system of claim 1, said inlet portion providing a supply of said

fluid to a location in said thermal treatment system proximal to an ultrasonic treatment

applicator of the thermal therapy system to heat or cool a region of tissue of a patient

undergoing thermal therapy, as needed, and said outlet portion taking a return of said

fluid from said location in said thermal treatment system.

17. A method for controlling a fluid in a prostate thermal therapy system, comprising:

providing a fluid in a fluid circuit;

pumping said fluid, using a pump, through an inlet portion of the fluid circuit to a

location in a thermal applicator proximal to which thermal therapy is to be carried out;

receiving a return of said fluid from said location into a return portion of said fluid

circuit;

measuring a temperature of said fluid, at a location in said fluid circuit between

said pump and said location where thermal therapy is to be carried out, and generating

a temperature sensing signal corresponding to said temperature;

comparing said temperature sensing signal to a reference signal; and

controlling a heat element to add heat to said fluid if its temperature drops below

a desired setting or to remove temperature from said fluid if its temperature rises above

said desired setting.

19. The method of claim 18, further comprising collecting any fluid that may

leak from said fluid circuit.
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20. The method of claim 18, further comprising sensing an undesired

condition within said fluid circuit.

2 1. The method of claim 18, said measuring step comprising measuring a

temperature of said fluid at or near a discharge of said pump.

22. The method of claim 18, further comprising carrying out MRI-based

thermometry scans of said location where the thermal therapy is to be carried out to

determine a temperature of at least a portion of
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