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THIN-PROFILE THERAPEUTIC ULTRASOUND APPLICATORS

Background

[0001] Ultrasound is widely used for imaging a patient's internal structures without

risk of exposure to potentially harmful radiation, as may occur when using X-rays for

imaging. An ultrasound examination is a safe diagnostic procedure that uses high

frequency sound waves to produce an image of the internal structures of a patient's

body. Many studies have shown that these sound waves are harmless and may be

used with complete safety, even to visualize the fetus in pregnant women, where the

use of X-rays would be inappropriate. Furthermore, ultrasound examinations

generally require less time than examinations using other imaging techniques, and

ultrasound examinations are typically less expensive than examinations using other

imaging techniques.

[0002] More recently, the use of high intensity focused ultrasound (HIbU) for

therapeutic purposes, as opposed to imaging, has received significant attention in the

medical community. HQFU therapy employs ultrasound transducers that are capable

of delivering 1,000-10,000 W/cm 2 to a focal spot, in contrast to diagnostic imaging

ultrasound, where intensity levels are usually below 0.1 W/cm 2. A portion of the

energy from these high intensity sound waves is transferred to a targeted location as

thermal energy. The amount of thermal energy thus transferred can be sufficiently

intense to cauterize undesired tissue, or to cause necrosis of undesired tissue (by

inducing a temperature rise greater than about 70° C) without actual physical charring

of the tissue. Tissue necrosis can also be achieved by mechanical action alone (i.e.,

by cavitation that results in mechanical disruption of the tissue structure). Further, if

the vascular system supplying blood to an internal structure is targeted, HJLbU can be

used to induce hemostasis. The focal region of this energy transfer can be tightly

controlled so as to obtain necrosis of abnormal or undesired tissue in a small target

area without damaging adjoining normal tissue. Thus, deep-seated tumors can be

destroyed with HTFU without surgical exposure of the tumor site.



[0003] An important consideration in any type of ultrasound therapy system is the

form factor of the therapy head (i.e., the portion of the system containing the therapy

transducer, which is generally positioned proximate the treatment site before

providing therapy). The size and shape of the therapy head in which the therapy

transducer is mounted varies depending upon the intended treatment site. For

example, to facilitate placement of the therapy head within the corresponding body

cavities, transrectal and vaginal therapy probes are each typically elongate in shape

and narrow in size.

[0004] One significant application of therapeutic ultrasound is the use of HJLt1U for

hemostasis applications. The application of HIFU in an intra-operative setting

presents challenges due to the limited space available. It would be desirable to

provide a therapy probe having a therapy head exhibiting a relatively small form

factor. A significant challenge in providing such a design is that therapeutic

transducers generally produce a considerable amount of heat, and cooling is required

to prevent damage to surrounding tissue or to the therapy head itself. Therapy heads

are often encapsulated in a latex balloon filled with water, and the water is circulated

to provide the required cooling, as well as to facilitate acoustically coupling the

therapy head to target tissue. Unfortunately, such balloons are bulky, and are not well

suited to achieving a therapy head having a small form factor. It would thus be

desirable to provide a therapy probe having a therapy head exhibiting a relatively

small form factor, which can be cooled without requiring the use of a bulky balloon.

Summary

[0005] The concepts disclosed herein encompass apparatus and method for providing

therapeutic ultrasound, using a therapy probe having a relatively thin-profile, where

the therapy head of the therapy probe incorporates integral fluid channels about the

periphery of the therapy head, to enable the highly energetic ultrasound transducer to

be cooled during therapy.

[0006] A first aspect of these concepts is an ultrasound therapy probe including a

therapy head and a generally elongate handle a generally elongate coupled to the

therapy head, the generally elongate handle enabling a clinician to manually

manipulate and selectively position the therapy head proximate a treatment site. The

therapy head includes an ultrasound transducer configured to generate therapeutic

ultrasound when energized, and a housing including an inner volume in which the

ultrasound transducer is disposed. The housing is configured to support and



encompass the ultrasound transducer, and includes a fluid channel disposed about a

periphery of at least a portion of the housing. The fluid channel is configured to

enable a cooling fluid to be circulated within the fluid channel, to provide cooling of

the ultrasound transducer that is disposed in the inner volume. Significantly, this

design enables a therapy head with a relatively thin-profile to be achieved, without

sacrificing cooling ability. Because transducers suitable for providing therapeutic

ultrasound generate significant heat, cooling such transducers is critical.

Encapsulating a therapy head in a latex balloon, and circulating a cooling fluid

throughout the latex balloon can accomplish cooling, but does not achieve a thin-

profile device. As noted above, achieving a thin-profile device has significant

advantages for therapeutic procedures implemented in confined spaces or body

cavities.

[0007] In at least one exemplary embodiment, the inner volume of the head is larger

than the ultrasound transducer in order to achieve an air-backed transducer

configuration. That is, a rear surface of the transducer (where the therapeutic

ultrasound propagates outwardly and away from a front surface of the ultrasound

transducer) is disposed immediately adjacent to a volume of air. Such an air-backed

configuration complicates the matter of providing adequate cooling to the ultrasound

transducer, because the cooling fluid cannot simply be circulated over a rear surface

of the ultrasound transducer. Thus, positioning the cooling channels about the

periphery of the housing enables a relatively thin-profile air-backed transducer

configuration to be achieved, while still maintaining the required cooling. Empirical

devices as thin as 1 cm have been built. Although not intended to be limiting on this

concept, housing dimensions of one exemplary embodiment are about 4 centimeters

in diameter and about 1 centimeter in thickness, for use with an ultrasound transducer

having a focal length of about 3.5 centimeters.

[0008] In some exemplary embodiments, a curved outer surface of the housing

adjacent to the inner volume functions as an acoustic lens, configured to focus an

acoustic beam emitted from the ultrasound transducer toward a treatment site, when

the ultrasound transducer is energized.

[0009] In at least one exemplary embodiment, the housing comprises aluminum.

Aluminum exhibits good thermal transfer properties, facilitating cooling of the

transducer, and aluminum also exhibits desirable properties with respect to the

transmission and focusing of ultrasound waves. It should be recognized however,



that aluminum represents only an exemplary material, and the use of aluminum in the

housing is not intended to limit the scope of this disclosure. Other materials

providing acceptable heat transfer properties, acceptable structural integrity, and

acceptable transmission properties with respect to ultrasound waves can also be

employed. Specifically, other metals, and plastics can be employed, so long as they

exhibit the desired mechanical, structural, and acoustical properties. It should also be

recognized that housings can be constructed or fabricated from more than one

material, to enable beneficial material properties to be implemented based on specific

functions that are carried out by a material. For example, a first material exhibiting

good heat transfer properties can be used to implement the cooling fluid channel, and

a second material exhibiting good acoustic properties can be used for an acoustic lens,

in embodiments in which an acoustic lens is included. Generally, housings should be

made of a nontoxic material, and it may be desirable to employ a material that can be

easily sterilized.

[0010] In some exemplary embodiments, the housing is generally spoon-shaped, a

surface of the housing being generally concave. Where the ultrasound transducer is

implemented using a concave transducer element, the inner volume is configured

with an appropriately shaped surface with which to receive and contact the concave

transducer element. Where the ultrasound transducer is implemented using a flat

transducer element, the inner volume is configured to receive the flat transducer

element. In exemplary embodiments including a concave transducer element and

correspondingly curved housing, a thickness at about a center of the portion of the

housing separating the ultrasound transducer from a target area can be about of a

wavelength of the ultrasound produced by the ultrasound transducer when energized

(or any other odd multiple of 1A wavelength, i.e., 5/4, 7/4, 9/4, etc.). In exemplary

embodiments including a flat transducer element and an acoustic lens, at about a

center of the acoustic lens portion of the housing, a distance between the ultrasound

transducer and a target area can be equal to about a full wavelength of the ultrasound

produced by the ultrasound transducer when energized.

[0011] The inner wall of the fluid channel separating the fluid channel from the inner

volume can incorporate a plurality of grooves, where the grooves increase a surface

area of the inner wall to enhance cooling of the ultrasound transducer that is disposed

within the inner volume.



[0012] In at least one embodiment, no handle is attached to the therapy head.

Instead, a clinician simply grasps the therapy head itself, and moves the therapy head

to the treatment site. A strap can be added to secure the therapy head to the

clinician's hand.

[0013] Yet another aspect of the concepts disclosed herein is directed to an

exemplary method for providing ultrasound therapy. The method includes the steps

of positioning a therapy probe proximate a treatment site, energizing an ultrasound

transducer disposed in the therapy probe to deliver therapeutic ultrasound to the

treatment site, and cooling the ultrasound transducer by circulating a cooling fluid

about a periphery of at least a portion of a housing of the therapy probe in which the

ultrasound transducer is disposed. The method enables a therapy probe having a

relatively low-profile therapy head to be achieved, where the therapy head provides

cooling sufficient to enable a highly energetic therapy transducer to be employed.

[0014] In at least one exemplary embodiment, the housing of the therapy probe

includes an inner volume configured to support and encompass the ultrasound

transducer, and a fluid channel that extends about at least a portion of the periphery of

the inner volume, such that the step of cooling the ultrasound transducer includes the

step of circulating the cooling fluid in the fluid channel within the housing. In this

embodiment, the fluid channel is disposed between the inner volume and an outer

surface of the housing.

[0015] The method also can include the step of focusing the therapeutic ultrasound

with an acoustic lens that is part of the housing.

[0016] Still another aspect of the concepts disclosed herein relates to an exemplary

method for physically attaching an ultrasound transducer to a housing, such that a

minimum amount of bubbles exist in an adhesive layer used to adhesively couple the

ultrasound transducer to the housing.

[0017] This Summary has been provided to introduce a few concepts in a simplified

form that are further described in detail below in the Description. However, this

Summary is not intended to identify key or essential features of the claimed subject

matter, nor is it intended to be used as an aid in determining the scope of the claimed

subject matter.



Drawings

[0018] Various aspects and attendant advantages of one or more exemplary

embodiments and modifications thereto will become more readily appreciated as the

same becomes better understood by reference to the following detailed description,

when taken in conjunction with the accompanying drawings, wherein:

[0019] FIGURE IA schematically illustrates a water pillow for use with an

exemplary thin-profile HIFU therapy probe, to provide both acoustic coupling and

cooling;

[0020] FIGURE IB schematically illustrates an exemplary thin-profile HIFU

applicator, including a therapy head and handle;

[0021] FIGURE 1C schematically illustrates the water pillow of FIGURE IA

attached to HBFU applicator of FIGURE IB;

[0022] FIGURES 2A-2C graphically demonstrate the effectiveness of the water

pillow cooling at different power settings;

[0023] FIGURE 3A is an exploded schematic view of an aluminum housing, a

concave PZT therapy transducer, and a cover plate employed to provide an

exemplary therapy head for a thin-profile HIbU applicator;

[0024] FIGURE 3B is a cross-sectional view of the aluminum housing of

FIGURE3A;

[0025] FIGURE 4A schematically illustrates a cross-section of a coaxial cable and

additional components employed to electrically couple the therapy transducer of

FIGURE 3A to a power source;

[0026] FIGURE 4B schematically illustrates an inner conductor being inserted

through a crimp splice cap;

[0027] FIGURE 4C schematically illustrates inner insulation and the inner conductor

being inserted into an aluminum tubular fitting, with an outer grounding conductor

wrapped around the aluminum tubular fitting;

[0028] FIGURE 4D schematically illustrates the crimp splice cap being slid along

the coaxial cable and around the outer grounding conductor;

[0029] FIGURE 4E schematically illustrates the crimp splice cap being crimped to

the tubular fitting and the outer grounding conductor;



[0030] FIGURE 4F schematically illustrates a matching circuit configured to

maximize the transmitted electrical power to empirical thin-profile devices by

adjusting the impedance of the devices;

[0031] FIGURE 5A schematically illustrates a therapy head housing incorporating a

fluid channel disposed about the periphery of the housing;

[0032] FIGURE 5B is a cross-sectional view of the housing of HGURE 5A;

[0033] FIGURE 6 schematically illustrates a simplified model used to evaluate a

housing incorporating a fluid channel disposed about the periphery of the housing;

[0034] FIGURES 7A-7H graphically illustrate the results from the series of

simulations based on the model of FIGURE 6;

[0035] FIGURE 8A is a cross-sectional isometric view of another exemplary housing

for a thin-profile HIFU applicator, specifically configured to support a flat transducer,

and also incorporating a peripheral fluid channel;

[0036] FIGURE 8B is a plan view of the housing of FIGURE 8A;

[0037] FIGURE 9 is a side view of the housing of FIGURE 8A, showing exemplary

dimensions in millimeters;

[0038] FIGURE 1OA is an exploded isometric view of a thin-profile HEFU therapy

head incorporating the housing of FIGURE 8A;

[0039] HGURE 1OB is an assembled isometric view of the thin-profile HIFU

therapy head of HGURE 1OA;

[0040] HGURES H A and H B graphically illustrate an optimal center thickness for

an aluminum acoustic lens; and

[0041] HGURES 12A and 12B schematically illustrate an embodiment of a thin-

profile HTFU therapy applicator that does not include an elongate handle, such that a

clinician simply grasps the therapy head, and directly manipulates the therapy head to

selectively position the HDFU focal point.

Description

Figures and Disclosed Embodiments Are Not Limiting

[0042] Exemplary embodiments are illustrated in referenced Figures of the drawings.

It is intended that the embodiments and Figures disclosed herein are to be considered

illustrative rather than restrictive.



[0043] The concepts disclosed herein were developed in order to produce a thin-

profile HIFU applicator for intra-operative hemostasis. During treatment, the HIFU

applicator must be positioned such that the HIFU focus is disposed within or near the

injured tissue. The physical size of the HEE7U applicator and the limited space

available in an intra-operative setting can make accurate placement of the HEFU focus

difficult, leading to unnecessary damage to adjacent tissue or the inability to

administer treatment. Ideally, surgical HEFU applicators should be light, robust, and

have small dimensions that facilitate access to injured tissue.

[0044] The terms "therapeutic transducer," "HEFU transducer," and "high intensity

transducer," as used herein, all refer to a transducer that is capable of being energized

to produce ultrasonic waves that are much more energetic than the ultrasonic pulses

produced by an imaging transducer and which can be focused or directed onto a

discrete location, such as a treatment site in a target area. Such transducers normally

generate more heat during use than ultrasound imaging transducers. Thus, HTFU

transducers have a greater need for cooling than do imaging transducers.

[0045] As noted above, a challenge in achieving such a thin-profile device is that

HEFU transducers generate significant amounts of heat, and therefore require cooling

while in operation. Also, in order to achieve higher acoustic power levels, it is

important to employ an air-backed transducer configuration. Thus, the rear surface of

the transducer must be exposed to a volume of air, and cooling cannot be provided to

the rear surface of the transducer by circulating a cooling liquid over it.

[0046] The general solution to this problem, encompassed in the concepts disclosed

herein, is to provide a water channel disposed around the perimeter of a housing used

to provide support for the ultrasound transducer, to convey cooling water, although as

discussed below, an initial exemplary design employed a thin-profile external water

pillow for cooling. Several empirical studies, discussed below, were performed to

optimize the housing design.

[0047] Many prior art designs have employed a cooling fluid chamber that is coupled

to a front surface of the transducer, so that the cooling fluid also acts as an acoustic

coupling between the transducer and a mass of tissue. Most often, the conventional

therapy head containing the transducer has been encapsulated in a latex balloon, and

cooling fluid is circulated through the latex balloon. Significantly, prior art latex

balloon/expandable member configurations were not designed for and were not

appropriate for low-profile applications. FIGURESA 1A-1C schematically illustrate



a thin-profile HIFU therapy probe and a relatively thin-profile external cooling

pillow, which together can be employed to achieve a thin-profile HJLbU therapy

probe.

[0048] FIGURE IA schematically illustrates an acoustic coupler configured to be

attached to a thin-profile HIFU therapy probe. Acoustic coupler 10 includes a liquid

chamber 12, a liquid inlet 14, a liquid outlet 16, and a pouch 18. Pouch 18 defines an

open-ended volume configured to receive the head of a HLbU therapy probe.

FIGURE IB schematically illustrates an exemplary acoustic device 20 including a

therapy head 22, a handle 24, and a lead 26 that couples the transducer to a power

supply (not shown). Therapy head 22 includes a HTFU therapy transducer (not

separately shown). FIGURE 1C schematically illustrates acoustic coupler 10 of

FIGURE IA attached to acoustic device 20 of FIGURE IB. Note that therapy

head 22 is substantially encompassed by the open-ended volume of pouch 18.

Acoustic coupler 10 is configured to conform to the therapy head in this embodiment

and further includes a surface configured to conform to an adjacent surface of a

physical mass (not shown) into which acoustic energy from the transducer is to be

directed. Preferably, pouch 18 has dimensions selected to accommodate the form

factor of therapy head 22, so that an interference fit is achieved when therapy head 22

is introduced into pouch 18.

[0049] FIGURES 2A-2C graphically demonstrate the effectiveness of the water

pillow cooling at different power settings.

[0050] A first empirical implementation of thin-profile acoustic device 20 included

an air-backed concave lead-zirconate-titanate (PZT-4) element encased in a spoon-

shaped aluminum housing having a diameter of about 4 cm and a thickness of about

1 cm. The housing front surface had a thickness of about of an ultrasound

wavelength (i.e., about 0.92 mm in aluminum) to provide acoustic matching. The

device exhibited a resonant frequency of 6.26 MHz, and an efficiency of about 42%.

The ultrasound field was observed using hydrophone field mapping and radiation

force balance. The full-width half-maximum (FWHM) dimensions of the focal

region were about 0.6 mm and 2.2 mm in lateral and axial dimensions, respectively.

The maximal intensity at the focus was 9,500 W/cm 2 (in water). The device was

tested using a BSA-polyacrylamide gel phantom and a rabbit kidney in vivo. HTFU

application for ten seconds produced lesions in the gel phantom, i.e., a lesion width of

3 mm, and for the rabbit kidney in vivo specimen, a lesion width of 8 mm. Such a



thin-profile HEFU applicator has the advantages of high efficiency, simple design, and

small dimensions.

[0051] The PZT element employed in the first empirical device was a concave

element having a focal length of 3.5 cm, and a resonant frequency of 5.2 MHz. The

PZT element was mounted in an aluminum housing. Aluminum was used as the

housing material because aluminum is nontoxic and can be easily sterilized. In

addition, aluminum exhibits a low acoustic loss and a low characteristic acoustic

impedance (about 17.3 MRayls), relative to most metals. Thus, aluminum represents

a suitable material for use as an acoustic matching layer. A thin tube having a

diameter of 3 mm was used for handle 24. Coaxial power cables were disposed

within the tube. The front surface of the aluminum housing was glued to the PZT

element under pressure (in a specially designed silicone rubber mold) using degassed

non-conductive epoxy. The electrical connection to the lead wire of the coaxial cable

was achieved using brass snipes glued to the back of the PZT element with silver

epoxy. The ground connection to the front surface of the PZT element was achieved

through the aluminum housing. The electrical impedance matching circuitry of the

device was implemented using a transformer (3:5 core ratio) and a 270 pF capacitor.

[0052] The resonant frequency and quality (Q) factor of the device were measured

using an impedance analyzer. The ultrasound field was observed using Schlieren

imaging and hydrophone field mapping. The acoustic power was measured with

reflective radiation force balance. The first empirical thin-profile HIFU device had a

resonant frequency of 6.26 MHZ, a bandwidth of 0.17 MHz, and a Q factor of 37.

Schlieren images showed a sharp focus (dimensions in order of mm) at a distance of

3 cm from the transducer. Sharp focusing was observed with Schlieren imaging. The

fill-width half-maximum (FWHM) dimensions of the focal region were 0.6 mm and

2.2 mm in the lateral and the axial direction, respectively. The -3 dB cross-sectional

area of the focus was 0.003 cm2. The transducer efficiency was 42%, indicating that

the aluminum front surface at the thickness of wavelength provided good acoustic

matching. Acoustic output powers of up to 28.5 W were measured, which

correspond to intensities of up to 9,500 W/cm2 at the focus (in water). HIFU

application for 10 seconds at an intensity of 6,170 W/cm2 (in situ) produced lesions in

the gel phantom. Lesions were also produced in the rabbit kidney in vivo (10 seconds

at an intensity of 5,485 W/cm 2).



[0053] FIGURES 3A and 3B illustrate details of therapy head 22 in the first

empirical device. FIGURE 3A is an exploded schematic view of an aluminum

housing 30, a concave PZT therapy transducer 36, and a cover plate 38. Aluminum

housing 30 includes a concave surface 32 (configured to support the corresponding

concave PZT therapy transducer), and an opening 34 configured to enable the coaxial

cable running through the elongate handle to be electrically coupled to the PZT

transducer and the aluminum housing, generally as described above.

[0054] FIGURE 3B is a cross-sectional view of aluminum housing 30, enabling

concave surface 32 to be better visualized. Cover plate 38 was implemented using a

transparent plastic plate to enable the PZT element to be observed. It should be

recognized that an opaque plate can also be used, and that other materials, such as

aluminum, can be used for the cover plate.

[0055] Based on the success of the first empirical device, which conformed to

acoustic device 20 of FIGURE IB, additional HIFU applicators were produced,

having operating frequencies of 3 MHz and 3.5 MHz. Each additional device

included an air-backed concave PZT element (e.g., one obtained from American

Piezo Ceramics, Inc., Mackeyville, PA), an aluminum housing and a semi-transparent

cover plate. While the first empirical device employed a PZT-4 element, the latter

two devices used PZT-8 elements. Each PZT element had a diameter of about

3.5 cm. The initial device had a focal length/radius of curvature of 3.5 cm, while the

latter devices had a focal length/radius of curvature of 5 cm. The thickness of the

aluminum housing in front of the transducer was of the ultrasound wavelength (in

aluminum) for the initial device, and 1A of the ultrasound wavelength (in aluminum)

for the latter two devices. In each device, that portion of the aluminum housing

served as a matching layer for the transducer.

[0056] Each PZT element was bonded to the aluminum housing using a non-

conductive epoxy (for example, one produced by Duralco 4461, Cotronics Corp,

Brooklyn, NY), although other types of adhesive may be used. The resin was first

heated, to reduce the viscosity, and then degassed to remove trapped air bubbles.

Once bonded, the element and housing were allowed to cure under pressure using a

form fitting silicone rubber mold. A relatively short aluminum tubular fitting was

bonded to opening 34 in the aluminum housing using silver conductive epoxy (for

example, a type E-Solder 3022, available from Von Roll Isola, New Haven, CT).

Electrical connections were made via coaxial cable (RG-58, Belden Electronic



Division, Richmond, IN), as schematically illustrated in FIGURES 3A-3E. Other

comparable epoxy and cables can be used, instead.

[0057] Coaxial cable 50 includes an inner conductor 42, insulation 48, and an outer

grounding conductor 44. The inner conductor, with insulation, reached the back of

the PZT element though the fitting where it was soldered in place. The outer ground

conductor was positioned around tubular fitting 40, and a metal sleeve 46 (i.e., the

crimp splice cap) was crimped around the conductor, trapping the conductor between

the sleeve and the tubular fitting. The second electrical connection grounded the

aluminum housing and protected the soldered connection by absorbing forces applied

to the cable. The ground connection was shrink wrapped to prevent fluid leakage into

the housing. The semitransparent cap was then bonded to the housing, sealing each

device. Note that FIGURE 4A is a cross-sectional view of the electrical connection

components. FIGURE 4B shows the inner conductor being inserted through crimp

splice cap. FIGURE 4C shows the inner insulation and the inner conductor being

inserted into the aluminum tubular fitting with the outer grounding conductor

wrapped around the tubular fitting. FIGURE 4D shows the crimp splice cap being

slid along the coaxial cable and around the outer grounding conductor, and

FIGURE 4E shows the crimp splice cap being crimped to the tubular fitting and the

outer grounding conductor. These various details are intended to be exemplary and

not limiting on the scope of this technology.

[0058] For each device, an electrical impedance matching network was made to

maximize the transmitted electrical power to the transducer by adjusting the

impedance of the device. The resonant frequency and corresponding real and

imaginary impedances were determined with an impedance analyzer (in this case, a

model 4914A, available from Hewlett Packard, Palo Alto, CA) with the device

operating in water. A matching circuit shown in FIGURE 4F was built such that the

real and imaginary impedances were approximately 50 Ω and 0 Ω, respectively. The

completed BQFU applicators and their respective matching networks were analyzed to

verify electrical matching.

[0059] For each of the three empirical devices discussed above, the HIbJ beam was

visualized using Schlieren imaging and hydrophone field mapping. Schlieren

measurements were performed in a tank of degassed water with 10 W of electrical

power supplied to the transducer. A digital camera (a model C700UZ from Olympus,

Tokyo, Japan) was used to capture the images. For the field mapping, a needle



hydrophone (a model TNUOOlA from NTR Systems, Inc., Seattle, WA) with a

spatial resolution of 0.6 mm was used to map the axial and lateral dimensions of the

HJUhU beam. The HTFU transducer was placed in a tank of degassed water where the

hydrophone was moved with stepping motors. The -3 dB focal area was determined

using a custom-written program (MATLAB, Mathworks, Natick, MA).

[0060] The acoustic power output for each of the three devices was measured using a

radiation force balance (a model UPM-DT-10 from Ohmic Instruments Co., Easton,

MD). The incident power applied to the transducer was varied, in 5 W increments,

from 5 W to 100 W , or until the acoustic power output became unstable. The

measured acoustic power was compared to the incident electrical power to determine

the efficiency of each device. The focal intensity in water was calculated using the

acoustic power and the -3 dB cross-sectional area of the focus. The average acoustic

efficiency (the ratio of acoustic power output to incident electric power), was 42 ± 2%

for the first device, 33 + 1% for the second device, and 36 ± 3% for the third device.

Each of the thin-profile applicators was able to generate a "tadpole-shaped" lesion in

the tissue-mimicking gel. The HTFU-treated lesions were, on average, about 8 mm

wide and 5 mm deep.

[0061] While the three empirical thin-profile HTFU devices discussed exhibited good

performance, the external water pillow cooling configuration undesirably increased

the thickness of the device. In order to achieve a thin-profile HJLb U applicator that did

not require an external water pillow for cooling, additional designs incorporating fluid

channels within the aluminum housing were investigated.

[0062] FIGURE 5A schematically illustrates a therapy head housing 60

incorporating a fluid channel 64 disposed about the periphery of the housing. A

concave transducer (not separately shown) is introduced into an inner volume 62. It

should be understood that inner volume 62 includes a surface configured to

engagingly support the concave transducer, generally as discussed above with respect

to FIGURES 3A and 3B. A fluid inlet 66a and a fluid outlet 66b enable a cooling

fluid (such as water) to be circulated through fluid channel 64, to remove heat

generated by the transducer. An opening 68 enables the transducer to be electrically

coupled to a power source, generally as described above with respect to

FIGURES 4A-4E. FIGURE 5B is a cross-sectional view of therapy head housing 60.

Note that the housing has a surface 70 that functions as an acoustical lens.



[0063] The engineering program ANSYS™ was used to model the housing

incorporating the fluid channel about the periphery of the housing. Because modeling

an acoustic lens is difficult in ANSYS, a simplified version of the housing, without

the curvature of the lens, was modeled instead. FIGURE 6 schematically illustrates

the simplified model with the dimension variables identified. The variables include

the following:

C_H: Channel height

C_W: Channel width

CW_T: Channel wall thickness

T_H: Lens height

T_W: Lens diameter

Xl: Outer channel width = CW_T+C_W+CW_T

Yl : Outer channel height = T_H+C_H+CW_T

Parameters that were constants or not varied in the analysis include the

following:

■ Specific heat of aluminum - 900 J / kg°K
■ Specific heat of water - 4181.9 J/kg°K
■ Thermal conductivity of aluminum - 151W/m°K
■ Thermal conductivity of water -.609 W/m°K
■ Density of aluminum - 2820 kg/m3

■ Density of water - 998.23 kg/ m3

Initial temperature of system - 295°K

The default values of the independent variables employed are as follows:

■ Thermal heat generation (power from transducer lost to heat) - 75 J / S
■ Heat transfer to water coefficient - 845 W/m2oK
■ Heat transfer to air coefficient - 12 W /m2oK
■ CWJT- .001 m
■ C_W-.002 m
- C_H -.00375 m
■ T_W- .0175 m
■ TJH- .00092 m

The dependent variables to be measured are as follows:



maximum temperature of lens (°K)
time until hottest point (3500K) was reached 350°K (s)
time until a steady state was reached (s)

[0064] A series of simulations were performed for each independent variable.

Values used for the independent variables were systematically increased and

decreased, and the values for the dependent variables were measured, and then

plotted. The results are graphically illustrated in FIGURES 7A-7H.

[0065] The accuracy of the dependent variables cannot be determined because the

simulation was based on a simplified model, as opposed to an empirical device.

However, the simplified model is still useful for identifying how the dependent

variables change in relationship to changes in the independent variables. For

example, the data graphically illustrated in FIGURES 7A-7H indicate that for most of

the independent variables, changes in the independent variable did not generate a

significant change in the maximum temperature (any temperature change was

generally limited to a few degrees). The data from the analysis of the simple model

do suggest that the variables having the largest effect on temperature are the lens

diameter and the lens thickness. Significantly, when increased, these variable

increase the mass of the housing, providing a larger mass of aluminum to absorb

more heat.

[0066] The above results led to an exemplary modified housing/lens combination,

which is schematically illustrated in FIGURES 8A-8B. FIGURE 8A is a cross-

sectional isometric view of a housing 80, which incorporates an inner volume 82

having a surface 84 configured to support a flat transducer (not separately shown), a

peripheral fluid channel 90, and a curved surface 86 configured to function as an

acoustic lens. In one exemplary embodiment, the housing is fabricated of aluminum,

and a thickness at about a center 88 of the acoustic lens is equivalent to about a full

wavelength (in aluminum) of the acoustic beam produced by the ultrasound

transducer when energized. The thickness of the acoustic lens used in this

embodiment was derived based on a series of empirical studies using different

thicknesses. The result was somewhat surprising, since other studies involving

determining an optimal thickness for an aluminum matching layer for a concave

transducer yielded a different optimal thickness (i.e., of a wavelength).

Furthermore, the thickness of about one wavelength appears to be independent of

factors such as transducer wavelength (i.e., different wavelength transducers can be



used), the focal length of the acoustic lens, or the diameter of the acoustic lens. In

one exemplary embodiment, the surface in the aluminum housing acting as an

acoustic lens is elliptical, rather than spherical.

[0067] P7IGURE 8B is a plan view of an exemplary housing 80, illustrating a fluid

inlet 92a, a fluid outlet 92b, and an opening 94 (to enable the transducer to be

electrically coupled to a power source, generally as described above). Note that

housing 80 includes a block portion 96 encapsulating fluid inlet 92a, fluid outlet 92b,

and opening 94. Block portion 96 both provides additional support for coupling fluid

lines and the handle into their respective openings, and provides additional mass

(which beneficially increases an amount of thermal energy the housing can absorb

from the transducer).

[0068] FIGURE 9 is a side view of housing 80 showing exemplary dimensions in

millimeters (i.e., these dimensions are not limiting). Clearly, this design enables a

low-profile HIFU therapy head to be achieved. The relationship of a transducer 98 to

inner volume 82, and surfaces 84 and 86 can be readily visualized in this Figure. The

piezoelectric crystal is bonded to the aluminum housing using an epoxy glue, but

other types of glue might instead be used. It should be noted that care should be

taken to eliminate any bubbles in the epoxy adhesive layer, because such bubbles

would interfere with the transmission of the acoustic beam through the epoxy layer.

Preferable dimensions will maintain the height of the transducer and housing to about

1 cm, while the diameter varies from about 2 cm to about 12 cm, and the focal length

varies from about 2 cm to about 12 cm. Preferably, the f-number of the RLbU

transducer (i.e., the focal length over the diameter) ranges from about 1 to about 1.5.

Such dimensions are intended to be exemplary.

[0069] FIGURE 1OA is an exploded isometric view of an exemplary thin-profile

HLbU therapy head incorporating housing 80. Barb fittings 100 are provided in fluid

inlet 92a and fluid outlet 92b, to enable distal ends of flexible tubing 106 to be

attached to the thin-profile HLFU therapy head. The proximal ends of the flexible

tubing will be attached to a circulating water pump (not separately shown) to provide

a cooling flow of water through peripheral channel 90. The components discussed in

detail above, in connection with FIGURES 4A-4E (the same reference numbers have

been used in FIGURE 10A), enable the required electrical energy to be provided to

the transducer, generally as explained above. If desired, an elongate hollow tubular

handle (not specifically shown in FIGURE 1OA, although such an element is shown



in FIGURE IB) can be placed over coaxial cable 50 to provide a more rigid handle.

If a flexible handle is desired, the coaxial cable itself can serve as the handle. If

desired, the flexible tubing and the coaxial cable can be covered by a flexible or rigid,

or semi-rigid sheath 108 (FIGURE 10B), such that the sheath serves as the handle.

[0070] A cover 104 is secured to housing 80 to seal inner volume 82. Once sealed,

inner volume 82 and cover 104 provide an air-backed chamber for transducer 98.

FIGURE 1OB is an isometric view of the assembled thin-profile HJLbU therapy head.

Cover 104 can be fabricated using the same material as housing 80 (i.e., aluminum or

some other suitable metal), or a different material (such as the transparent plastic

employed in the empirical devices discussed above).

[0071] Housing 80 (including the integrated peripheral cooling channel and an

acoustic lens) enables a relatively cheaper HIFU applicator to be achieved, because

flat transducers are generally significantly less expensive than curved or concave

transducers. Because a flat transducer is used, it is important that the housing include

the acoustic lens portion, to enable focusing of the HIFU beam. In the thin-profile

FflFU applicators discussed above, the concave piezoelectric crystals provides natural

focusing of the HEFU beam, and an acoustic lens is not required. Because the internal

fluid channel is provided for conveying cooling liquid, the external water pillows or

expandable balloons are not required to provide cooling. While such external water

pillows and expandable balloons provide acoustic coupling and cooling, these

components require additional setup time, and can be cumbersome to work with in an

intra-operative environment, because they increase the size of the overall HBFU

therapy apparatus. In contrast, the exemplary thin-profile HDFU therapy apparatus of

FIGURES 9A and 9B can be acoustically coupled to target tissue using conventional

coupling gels, or extremely thin pillows, which do not need to convey a fluid for

cooling the transducer. Additional simulations based on the new housing (i.e.,

housing 80) were performed, and the results indicated that the new design provided

an additional 30° of cooling. Water can be used as a cooling fluid, although other

fluids, such as glycols (or any other fluid with good cooling properties), can also be

employed. Note that because the fluid is not disposed in the path of the ultrasound

beam, the cooling fluid need not be de-gassed, which is a requirement when using a

latex balloon (or water pillow), as the cooling fluid in such devices is disposed

between the transducer and the target.



[0072] As noted above, analytical modeling and empirical tests have indicated that

when a flat transducer and an aluminum acoustic lens are employed, a thickness at

about a center of the acoustic lens can be about a full wavelength (in aluminum) of

the acoustic beam produced by the ultrasound transducer. FIGURE H A graphically

illustrates such a result for the first transducer and lens combination, while

FIGURE 1IB schematically illustrates this result for a second transducer and lens

combination, indicating that the optimal thickness at a center of the acoustic lens of a

full wavelength is valid for different transducer and lens combinations. The optimal

thickness does not appear to be dependent on the diameter of the lens or PZT

element, and also appears to be independent of the frequency and focal length of the

ultrasound (other than being related to the wavelength chosen).

[0073] As noted above, when attaching either a concave or flat transducer to a

housing, the quality of the adhesive layer (high quality implying an adhesive layer

that is relatively bubble-free) is important in obtaining a durable and high

performance HIb'LJ therapy applicator. The following techniques have been

developed and empirically tested to enhance a quality of the adhesive layer coupling

the transducer to the housing/acoustic lens.

[0074] Before attempting to attach the transducer to the housing or lens, it is

important that all surfaces be clean. The following items can be used to clean the

components: an ultrasonic cleaner, distilled water, tweezers, beakers, a fiberglass

brush, sandpaper, and compressed air. A useful cleaning procedure is as follows.

[0075] Clean the tools and containers in the ultrasonic cleaner using distilled water.

Remove the oxide layer on the negative (i.e., the grounding) surface of the

piezoceramic crystal by very slightly brushing with the fiberglass brush. The positive

side of the piezoceramic crystal is generally marked with a black dot by the

manufacturer, enabling the negative and positive sides of the transducer to be readily

identified. The negative side will ultimately be adhesively coupled to the aluminum

lens (or aluminum housing). Use the sandpaper to clean and condition the side of the

aluminum lens/housing that will be bonded with the transducer (280 grit sandpaper

can be beneficially employed for this purpose). Besides removing any oxidation, the

function of the sandpaper is to introduce very minor imperfections onto the aluminum

surface, as such imperfections provide something for the adhesive to bite or grab

onto. If the transducer is flat, the flat side of the aluminum lens will be conditioned.

As noted above, the resulting conditioned surface will enhance the bond between the



transducer and the aluminum lens/housing. Fill a beaker with a detergent solution,

and place the transducer into the detergent solution. Place the beaker with the

detergent and the transducer into the ultrasonic cleaner (about five seconds should be

sufficient, over sonification should be avoided). Rinse the cleaned transducer using

distilled water. The aluminum lens/housing is then placed in the beaker with the

detergent solution, cleaned in the ultrasonic cleaner (for about 20 seconds or more;

there is little risk of over sonification), and then rinsed using distilled water. Dry both

the crystal and the lens using the compressed air. The transducer and aluminum

lens/housing are now ready for gluing.

[0076] An exemplary gluing procedure is as follows. Fill a beaker with water and

place the beaker and water on a hot plate. Measure an appropriate amount of resin

and hardener (an exemplary resin is Duralco 4461 resin and the corresponding

hardener), using a ratio of 100:1? by mass. The resin and hardener can be transferred

using a wooden stick and weighed in an aluminum weighing dish sufficiently large to

accommodate the resin and hardener without mixing the two. Place the aluminum

weighing dish in the beaker full of hot water (the water can be near boiling). Heating

the resin and hardener will make them less viscous. Gently stir the resin into the

hardener to mix them together. Preferably, the heating procedure should be as short

as possible. Significantly, the epoxy should not be heated to its own boiling point, as

this would generate bubbles within the epoxy. Spread the mixed resin and hardener

over the bottom surface of the aluminum dish in a thin layer over heat, to cause any

bubbles to collapse. Bubbles can also be eliminated by tilting the aluminum dish to

trap the mixed epoxy in one corner of the dish, and then rotating the aluminum dish to

cause the epoxy to flow along the rim of the aluminum dish. Both techniques are

beneficially used to reduce bubbles. Check the epoxy using a microscope to

determine if any bubbles remain, and if so, continue the procedure explained above to

remove any remaining bubbles. Expose the epoxy in the aluminum dish to a

moderate vacuum for about five minutes, such that any bubbles entrapped in the

epoxy are drawn out by the reduced pressure in the vicinity of the epoxy. Check

using a microscope once again, and repeat the bubble removal procedure as

necessary. Reheat the dish, and trap the epoxy in one corner of the dish by tilting the

dish. Bend a portion of the aluminum dish to form a spout. Pour a few drops of the

epoxy into the center of the aluminum lens/housing, concentrated in one spot. Slowly

place the negative side of the transducer against the aluminum lens/housing. Place

the transducer and aluminum lens/housing between a form fitting elastomeric mold.



Apply pressure and let the epoxy dry for an extended period of time (preferably at

least 24 hours, although the specific time may vary based on the specific

resin/hardener employed).

[0077] After the transducer is coupled with the aluminum housing/lens, the center

core lead of a coaxial cable is soldered to the center of the crystal. Conductive silver

epoxy (E-Solder 3022, Von Roll Isola, Schenectady, NY, USA) is used to affix the

grounding wire to the aluminum housing/lens. It should be noted that while exciting

the crystal, the heat may cause the conductive epoxy to flake off. Thus, it is

recommended to provide a mechanical connection (such as clamping or crimping) to

affix the wire to the crystal, in addition to the conductive epoxy. Waterproof epoxy

can be placed over the conductive epoxy (which is not waterproof) to seal the

conductive epoxy. The waterproof epoxy is also used to attach the cover over the

inner volume housing the transducer (to achieve the air-backed transducer

configuration discussed above).

[0078] The above described procedure for gluing the transducer to the housing

worked well with transducers ranging from 3-5 cm in diameter. The following

technique was developed for a larger 12.5 cm flat transducer. Because of the much

larger surface area of this transducer, there exists a greater chance for trapping

bubbles in the adhesive layer coupling the transducer to the lens. Because ultrasound

cannot propagate in air, bubbles in the epoxy layer between the crystal and the lens

will cause serious transmission problems, and may even destroy the HIFU transducer.

In the gluing process, there are three primary ways in which bubbles become trapped

in the adhesive layer: (1) while mixing the resin and the hardener; (2) while pouring

the mixed resin and hardener onto the lens; and, (3) while joining the transducer (i.e.,

the crystal) and lens together. The larger the crystal, the more important it is to

achieve a substantially bubble-free adhesive layer. To this end, a series of 6-inch

diameter acrylic circles were glued together using different techniques. The resulting

adhesive layers could then be evaluated under magnification to evaluate the amount

of bubbles in the adhesive layers obtained using the different techniques. The

following modifications to the above described technique were identified as yielding

the most bubble-free adhesive layer.

[0079] The use of a finer grit sandpaper to condition the aluminum lens (or

aluminum housing) yielded a higher quality adhesive layer. In empirical studies,

600 grit sandpaper worked better than 280 grit sandpaper. The coarser sandpaper



results in a greater mean surface roughness on the aluminum lens. Some roughness

or imperfections are required to enhance bonding, but too much

roughness/imperfections provides scratches in which air bubbles can become trapped.

[0080] Instead of pouring epoxy only on the center of the aluminum lens, equal

amounts of epoxy should be poured in the center of the aluminum lens and the

transducer.

[0081] The aluminum should be preheated to prevent the epoxy from solidifying

quickly. Once again, it is important that the temperature of the epoxy not approach its

own boiling point, to prevent the introduction of bubbles into the epoxy.

[0082] Before joining the transducer to the lens, invert either the transducer or the

aluminum lens until the epoxy begins to drip. Position the drip immediately over the

epoxy on the other of the transducer and aluminum lens, and mate the aluminum lens

and the transducer together (so that the drip that is still connected and the pool of

epoxy on the other surface join together at that time).

[0083] It was also determined that the above described cleaning method was not

suitable for a larger diameter aluminum lens and flat transducer. A modified cleaning

procedure is described as follows. Fine sandpaper (preferably 600 grit) is used to

roughen the negative surface of the crystal and the surface of the aluminum lens to

which the crystal will be adhered. Flush each roughened surface under running water

for a minute or more. Soak the crystal and the aluminum in the detergent solution for

more than a minute after rinsing. Flush the roughened surfaces in running water

again (to remove the detergent). Dry the crystal and the aluminum using compressed

air.

[0084] FIGURES 12A and 12B schematically illustrate an embodiment of a thin-

profile HlFlJ therapy applicator that does not include an elongate handle, such that a

clinician simply grasps the therapy head, and directly manipulates the therapy head to

selectively position the HIFU focal point. Thus, in at least one embodiment, no

handle is attached to the therapy head. Instead, a clinician simply grasps the therapy

head itself, and moves the therapy head to the treatment site. A strap can be added to

secure the therapy head to the clinician's hand. FIGURE 12A schematically

illustrates a clinician holding a thin-profile HEFU therapy head 120 (generally

consistent with those described above) in a hand 126, to position an acoustic

beam 128 emitted by therapy head 120, such that a focal point 130 of the acoustic

beam overlaps a treatment site 122 in a patient 124. While the thin-profile therapy



heads disclosed herein are particularly well suited for internal treatment sites, it

should be recognized that the thin-profile devices disclosed herein can be used

externally as well. Manipulating an elongate handle to selectively position a therapy

head is a more complex task than simply manipulating the therapy head directly. As

long as the therapy head is sufficiently cooled, the clinician should not experience

discomfort while holding the therapy head. Furthermore, the clinician can wear heat

resistant gloves (not specifically shown), to further reduce any discomfort that might

be encountered because of heat generated by the therapeutic transducer.

[0085] In HGURE 12B, the thin-profile device of FIGURE 1OB (generally indicated

by housing 80) has been modified by adding a strap 132, the strap being configured to

secure the thin-profile device to a clinician's hand (i.e., hand 126). It should be

recognized that strap 132 can be implemented using a wide variety of materials, such

as textiles, hook and loop fasteners, and elastomeric materials. If desired, strap 132

can include a buckle 134 to enable the strap to be tightened. In other embodiments,

strap 132 is sufficiently flexible to enable an interference fit to be achieved with a

wide variety of different hand sizes and shapes, such that the buckle or other

adjustment device is not required. Note that as illustrated in FIGURE 12B, an

arm 136 of the clinician, flexible tubing 106, and coaxial cable 50 are all generally

aligned along an axis 138. While such a configuration is not required, aligning the

flexible tubing and the coaxial cable with the clinician's arm will ensure that the

flexible tubing and the coaxial cable are out of the way. If desired, additional straps

(not specifically shown) could be used to secure the coaxial cable and flexible tubing

to the user's forearm, to ensure that the flexible tubing and the coaxial cable do not

interfere with the clinician's ability to manipulate the therapy head.

[0086] Although the concepts disclosed herein have been described in connection

with the preferred form of practicing them and modifications thereto, those of

ordinary skill in the art will understand that many other modifications can be made

thereto within the scope of the claims that follow. Accordingly, it is not intended that

the scope of these concepts in any way be limited by the above description, but

instead be determined entirely by reference to the claims that follow.



The invention in which an exclusive right is claimed is defined by the

following:

1. Apparatus for ultrasound therapy, comprising:

(a) a therapy head including:

(i) an ultrasound transducer configured to generate

therapeutic ultrasound when energized; and

(ii) a housing including an inner volume in which the

ultrasound transducer is disposed, the housing being configured to support and

encompass the ultrasound transducer and further including a fluid channel disposed

about a periphery of at least a portion of the housing, the fluid channel being

configured to enable a cooling fluid to be circulated within the fluid channel to

provide cooling of the ultrasound transducer that is disposed in the inner volume;

2. The apparatus of Claim 1, further comprising:

(a) an electrical conductor extending beyond the therapy head, the

electrical conductor being configured to enable the ultrasound transducer to be

selectively energized;

(b) a fluid intake conduit in fluid communication with the fluid

channel, the fluid intake conduit extending beyond the therapy head and being

configured to introduce a cooling fluid into the fluid channel; and

(c) a fluid outtake conduit in fluid communication with the fluid

channel, the fluid outtake conduit extending beyond therapy head and being

configured to remove cooling fluid from the fluid channel.

3. The apparatus of Claim 1, further comprising a generally elongate

handle coupled to the therapy head, the generally elongate handle enabling a clinician

to manually manipulate and selectively position the therapy head proximate a

treatment site.

4. The apparatus of Claim 1, further comprising a strap coupled to the

therapy head, the strap enabling the therapy head to be secured to a clinician's hand.

5. The apparatus of Claim 1, wherein the housing comprises aluminum.

6. The apparatus of Claim 1, wherein the housing is generally spoon-

shaped, a surface of the housing being generally concave.



7. The apparatus of Claim 1, wherein the therapy head has a thickness

that is substantially less than its diameter, such that the therapy head exhibits a low-

profile configuration.

8. The apparatus of Claim 1, wherein a portion of the housing defining

the inner volume comprises an acoustic lens, the acoustic lens being configured to

focus an acoustic beam emitted from the ultrasound transducer toward a treatment

site, when the ultrasound transducer is energized.

9. The apparatus of Claim 1, wherein the ultrasound transducer

comprises a concave transducer element, and wherein the inner volume is configured

with an appropriate surface with which to receive and contact the concave transducer

element.

10. The apparatus of Claim 1, wherein the ultrasound transducer

comprises a flat transducer element, and wherein the inner volume is configured to

receive the flat transducer element.

11. The apparatus of Claim 1, wherein an inner wall of the fluid channel

separates the fluid channel from the inner volume, and the inner wall comprises a

plurality of grooves configured to increase a surface area of the inner wall, to enhance

cooling of the ultrasound transducer that is disposed within the inner volume.

12. The apparatus of Claim 1, wherein the ultrasound transducer

comprises a concave transducer element, and a thickness at about a center of an

acoustic lens portion of the housing separating the ultrasound transducer from an

ambient volume ranges from about 1A to about of a wavelength of the ultrasound

produced by the ultrasound transducer when energized.

13. The apparatus of Claim 1, wherein the ultrasound transducer

comprises a concave transducer element, and a thickness at about a center of an

acoustic lens portion of the housing separating the ultrasound transducer from an

ambient volume is about 3A of a wavelength of the ultrasound produced by the

ultrasound transducer when energized.



14. The apparatus of Claim 1, wherein the ultrasound transducer

comprises a flat transducer element, and a thickness at about a center of an acoustic

lens portion of the housing separating the ultrasound transducer from an ambient

volume is equal to about one wavelength of the ultrasound produced by the

ultrasound transducer when energized.

15. The apparatus of Claim 1, wherein the inner volume is larger than the

ultrasound transducer, enabling an air-backed ultrasound transducer configuration to

be achieved.

16. The apparatus of Claim 1, wherein the housing is about 4 centimeters

in diameter and about 1 centimeter in thickness, and wherein the ultrasound

transducer has a focal length of about 3.5 centimeters.

17. Apparatus for administering an ultrasound therapy, comprising:

(a) a therapy head including:

(i) an ultrasound transducer configured to generate

therapeutic ultrasound when energized; and

(ii) a housing in which the ultrasound transducer is

disposed, the housing including an inner volume configured to support and

encompass the ultrasound transducer, a portion of the housing proximate the inner

volume comprising a curved surface functioning as an acoustic lens configured to

focus an acoustic beam emitted from the ultrasound transducer when the ultrasound

transducer is energized; and

(b) an electrical conductor extending beyond the therapy head, the

electrical conductor being configured to enable the ultrasound transducer to be

selectively energized.

18. The apparatus of Claim 17, further comprising a generally elongate

handle coupled to the therapy head, the generally elongate handle enabling a clinician

to manipulate and selectively position the therapy head proximate a treatment site.

19. The apparatus of Claim 17, further comprising a strap coupled to the

therapy head, the strap enabling the therapy head to be secured to a clinician's hand.

20. The apparatus of Claim 17, wherein the housing comprises aluminum.



21. The apparatus of Claim 17, wherein the housing further includes a

fluid channel disposed about a periphery of at least a portion of the housing, the fluid

channel being configured to couple to a source of a cooling fluid that is circulated

within the fluid channel to cool the ultrasound transducer that is disposed in the inner

volume.

22. The apparatus of Claim 21, wherein an inner wall of the fluid channel

separates the fluid channel from the inner volume, and wherein the inner wall

comprises a plurality of grooves configured to increase a surface area of the inner

wall, to enhance cooling of the ultrasound transducer that is disposed in the inner

volume.

23. The apparatus of Claim 17, wherein the ultrasound transducer

comprises a concave transducer element, and a thickness at about a center of the

acoustic lens is an odd multiple of about 1 of a wavelength of the acoustic beam

produced by the ultrasound transducer when energized.

24. The apparatus of Claim 14, wherein the ultrasound transducer

comprises a flat transducer element, and a thickness at about a center of an acoustic

lens portion of the housing separating the ultrasound transducer from an ambient

volume is equal to a multiple of about one full wavelength of the ultrasound produced

by the ultrasound transducer when energized.

25. A method for providing ultrasound therapy, comprising the steps of:

(a) positioning a therapy probe proximate a treatment site;

(b) energizing an ultrasound transducer disposed in the therapy

probe to deliver therapeutic ultrasound to the treatment site; and

(c) cooling the ultrasound transducer by circulating a cooling

fluid about a periphery of at least a portion of a housing of the therapy probe in which

the ultrasound transducer is disposed.



26. The method of Claim 25, wherein the housing of the therapy probe

comprises an inner volume configured to support and encompass the ultrasound

transducer, the housing including a fluid channel that extends about at least a portion

of the periphery of the inner volume, and wherein the step of cooling the ultrasound

transducer comprises the step of circulating the cooling fluid in the fluid channel

within the housing, the fluid channel being disposed between the inner volume and an

outer surface of the housing.

27. The method of Claim 25, further comprising the step of focusing the

therapeutic ultrasound with an acoustic lens that is part of the housing.

28. The method of Claim 27, wherein the step of focusing the therapeutic

ultrasound comprises the step of using an acoustic lens for focusing a concave

transducer element, the acoustic lens having a minimum thickness ranging from about
1A to about of a wavelength of the ultrasound delivered by the concave transducer

element.

29. The method of Claim 27, wherein the step of focusing the therapeutic

ultrasound comprises the step of using an acoustic lens for focusing a flat transducer

element, the acoustic lens having a minimum thickness equal to about one full

wavelength of the ultrasound delivered by the flat transducer element.
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