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SYSTEM, APPARATUS AND METHOD FOR HIGH-INTENSITY FOCUSED
ULTRASOUND (HIFU) AND/OR ULTRASOUND DELIVERY WHILE PROTECTING

CRITICAL STRUCTURES

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Provisional Application No. 62/398,752,

filed September 23, 2016 and titled "Method for High-Intensity Focused Ultrasound (HIFU)

Delivery with Protection of Critical Structure," which is herein incorporated by reference.

SUMMARY

[0002] HIFU is increasingly being used in a clinical setting for the targeted ablation of

tissue in a non-invasive or minimally invasive way in a multitude of therapeutic applications. In

order to ablate large tissue volumes in a clinically acceptable period of time, prior art HIFU

delivery techniques extend beyond focal ablation and the superposition of elementary or focal

HIFU lesions, such as the "always ON" (also known as the "sweeping beam") technique. While

clinically effective, such prior art techniques also tend to deliver substantial ultrasonic dose

outside of the well-controlled transducer's focal zone, increasing the potential of detrimentally

affecting tissues not specifically targeted for ablation.

[0003] The presently disclosed technology includes a method to eliminate this undesired

ablation post-focally, while still maintaining the benefits of faster HIFU delivery covering large

volumes. In one embodiment, the presently disclosed technology can include first creating

(controlled) focal lesions covering a portion or sub-volume of the entire volume targeted for

ablation, followed by HIFU application using an "always ON" technique to ablate the remaining

target volume. The initial focal lesions can change the acoustic tissue properties in such a way as

to prevent subsequent HIFU application to propagate beyond this region, effectively protecting

post-focal tissue from unintended ablation. Stated differently, one embodiment of the presently

disclosed technology includes the creation of elementary lesions that is both part of the treatment

and creates a barrier for protection of adjacent tissue (e.g., organs), as well as the subsequent and

generally continuous application of HIFU in a trace approach. The elementary lesions both

ablate tissue and create a barrier to future or subsequent ablation.

[0004] In one embodiment, the presently disclosed technology is directed to a method for

delivering HIFU to ablate at least a portion of targeted tissue of a patient and preventing

subsequent HIFU application from extending beyond that portion to protect other tissue of the



patient. The method can include the steps of moving at least a focal zone of a transducer of a

HIFU probe to a first position proximate to targeted tissue of a patient, and supplying power to

the transducer to deliver HIFU energy from the transducer to a first portion of the targeted tissue

for a first predetermined amount of time to create a first focal lesion and ablate that portion of the

targeted tissue. The first focal lesion can act as a barrier for subsequent HIFU ablation of tissue

located beyond or behind the first focal lesion thereby protecting tissue beyond or behind the

first focal lesion from unintended ablation. The method can include at least temporarily ceasing

power to the transducer at the conclusion of the first predetermined amount of time so as to at

least temporarily cease delivery of HIFU energy from the transducer to the targeted tissue. The

method can include at least slightly moving at least the focal zone of the transducer of the HIFU

probe to a second position proximate to the targeted tissue of the patient. The method can

include supplying power to the transducer to deliver HIFU energy from the transducer to a

second portion of the targeted tissue for a second predetermined amount of time to create a

second focal lesion and ablate that portion of the targeted tissue. The second focal lesion can act

as a barrier for subsequent HIFU ablation of tissue located beyond or behind the second focal

lesion thereby protecting tissue beyond or behind the second focal lesion from unintended

ablation. The method can include at least temporarily ceasing power to the transducer at the

conclusion of the second predetermined amount of time so as to at least temporarily cease

delivery of HIFU energy from the transducer to the targeted tissue. The method can include

supplying power to the transducer to deliver HIFU energy from the transducer to the targeted

tissue continuously and along a predefined treatment path. The transducer is continuously

moving at constant speed and continuously applying HIFU to at least a portion of the targeted

tissue.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The foregoing summary, as well as the following detailed description of the

presently disclosed technology, will be better understood when read in conjunction with the

appended drawings. For the purpose of illustrating the presently disclosed technology, there are

shown in the drawings various illustrative embodiments. It should be understood, however, that

the presently disclosed technology is not limited to the precise arrangements and

instrumentalities shown. In the drawings:



[0006] Fig. 1A shows the creation of a single or first focal lesion at time t=T0n in

accordance with one embodiment of the presently disclosed technology;

[0007] Fig. IB shows the creation of a second focal lesion next to the first focal lesion at

time t=T0n+T0f -Ton in accordance with one embodiment of the presently disclosed technology;

[0008] Fig. 1C shows the creation of a multitude of focal lesions after successive HIFU

Ton+Toff cycles in accordance with one embodiment of the presently disclosed technology;

[0009] Fig. ID shows an example of in-vitro tissue ablation via the superposition of focal

lesions;

[0010] Fig. 2A shows one technique for tissue ablation via a HIFU "always ON"

technique;

[0011] Fig. 2B shows an example of in-vitro tissue ablation using the technique shown in

Fig. 2A;

[0012] Fig. 3A shows an example of ablation with protection of critical structures in

accordance with one embodiment of the presently disclosed technology;

[0013] Fig. 3B shows an example of placement of focal lesions for lateral critical

structure protection in accordance with one embodiment of the presently disclosed technology;

[0014] Fig. 3C shows one example of focal lesion locations and "always ON" trace

pattern according to one embodiment of the presently disclosed technology; and

[0015] Fig. 4 is schematic diagram of a computing system of one embodiment of the

present disclosure.

DETAILED DESCRIPTION

[0016] While systems, apparatus and methods are described herein by way of examples

and embodiments, those skilled in the art recognize that the systems, apparatus and methods of

the presently disclosed technology are not limited to the embodiments or drawings described. It

should be understood that the drawings and description are not intended to be limited to the

particular form disclosed. Rather, the presently disclosed technology covers all modifications,

equivalents and alternatives falling within the spirit and scope of the appended claims. Any

headings used herein are for organizational purposes only and are not meant to limit the scope of

the description or the claims. As used herein, the words "is" and "may" are used in a permissive

sense (i.e., meaning having the potential to) rather than the mandatory sense (i.e., meaning must).

Similarly, the words "include," "including," and "includes" mean including, but not limited to.



Unless specifically set forth herein, the terms "a," "an" and "the" are not limited to one element

but instead should be read as meaning "at least one." The terminology includes the words noted

above, derivatives thereof and words of similar import.

[0017] HIFU can be used in a clinical setting for the targeted ablation of tissue in a non-

invasive or minimally invasive way in a multitude of therapeutic applications. Targeted tissue

14 can be ablated by HIFU in a multitude of ways using a probe with a transducer 18, for

example.

[0018] The generation of a focal lesion, generally designated 10, (i.e., a single lesion, as

compared to multiple or compound lesions) can offer the best control for ablating tissue

consistently, as its size and location is defined mainly by the HIFU focal zone geometry and

HIFU dose (e.g., ultrasound intensity, HIFU ON time - To ), parameters that can be easily

controlled. Creating focal lesions 10 can be done in a controlled way because their size is

predictable, and are primarily defined by the transducer's focal zone size (unlike those generated

with other techniques).

[0019] Larger volumes can be ablated by using a multitude of focal lesions, each created

at a different location in the target tissue 14, and delivered following a pre-determined sequence

or treatment plan 12. It is understood by those skilled in the art that the treatment plan 12 can

have a predetermined and/or delineated area or volume. The multitude of focal lesions can

contact each other in a sequential manner (i.e., such as no space or gap between adjacent focal

lesions), or one or more lesions can be separated or spaced-apart. In the latter case, the resulting

"wall" or coverage area may not be as good, and any intervening tissue (i.e., that between two

spaced-apart focal lesions 10) would not be treated. However, the spaced-apart embodiment

may be beneficial in certain applications (e.g., dermatology) where it can be beneficial to leave

space so that the tissue can recover.

[0020] To sustain the ability of the focal lesions 10 to be created consistently (i.e., of

similar size and at the desired location), a pause (e.g., HIFU OFF time - T0 ) between successive

focal lesions 10 can be employed where HIFU is not being delivered, allowing for tissue cooling.

Otherwise, the build-up of thermal dose over time from previously delivered focal lesions 10

while executing the treatment plan 12 can interfere with the creation of future focal lesions 10, as

tissue changes during the HIFU application acoustically, mechanically and biologically,

compromising the treatment. Changes are largest in the focal zone, but extend beyond it as well,



typically encompassing the pre- and post-focal zone regions, or even regions adjacent to or near

the focal zone. The terms "pre-focal" and "post-focal" are well known in the art. For example,

the term "pre-focal" can be defined as everything in front of (before) the transducer's focal zone.

The term "post-focal" can be defined as everything behind (after) the transducer's focal zone.

This approach is shown in Figs. 1A, IB and 1C.

[0021] Tissue ablation via the superposition of focal lesions (which are the light or white

vertical bands) is shown in Fig. ID. The advantage of this approach is the ability to ablate tissue

in a consistent and controlled manner. HIFU can be delivered this way by the SONABLATE ®

system, as described in U.S. Patent Application Publication No. 2012/0150035 Al. The

disadvantage of this approach is that a large number of focal lesions are typically required to

ablate a clinically significant volume, as the transducer's focal zone is usually quite small,

resulting in long treatment times.

[0022] In order to ablate large tissue volumes in a clinically acceptable period of time,

HIFU delivery techniques extend beyond focal ablation and the superposition of focal HIFU

lesions, such as the technique sometimes referred to as "HIFU always ON." Such a technique is

described in U.S. Patent No. 8,038,631. As disclosed in U.S. Patent No. 8,038,631, the focused

ultrasound transducer (and thus the transducer's focal zone) is continuously and mechanically

translated along a pre-defined treatment plan/path while delivering HIFU energy, enabling the

ablation of relatively large tissue volumes (see, e.g., reference number 175 of U.S. 8,038,631).

This approach is shown in Fig. 2A, and an in-vitro example is shown in Fig. 2B.

[0023] When employing the "always ON" technique, treatment times can be reduced, as

the volume of tissue ablated over a certain period of time (in cm /s) is larger (see volume

identified by reference number 22) compared to the focal lesion approach. While clinically

effective, the "always ON" technique also tends to deliver substantial ultrasonic doses outside of

the well-controlled transducer's focal zone and pre-determined treatment plan 12 due to thermal

conduction, the absence of a HIFU T0ff time (preventing tissue temperature recovery during

ablation), and increased tissue absorption over time, as focal zone translation speeds tend to be

slow (on the order of 1-2 mm/s) in order to achieve reliable ablation, increasing the potential of

detrimentally affecting tissues not specifically targeted for ablation. This technique also lends

itself well for HIFU applications that benefit from an ablation that extends from the transducer's

focal zone plane all the way back to the transducer's surface, i.e., applications in which sparing



pre-focal zone tissue is not required. Tissue located post-focally can also, over time, receive an

ultrasound dose capable of generating coagulative tissue necrosis with this technique, further

reducing the ability to control the delivery of the HIFU energy to a pre-defined target volume.

[0024] Solutions that address these issues include the use of non-invasively estimating

the tissue temperature using MRI thermometry and calculating the resulting thermal dose,

information which is then used to modulate the HIFU energy, treatment plan, or other delivery

parameters to minimize ablating tissue located outside of a pre-defined treatment plan. This

solution requires the use of an MRI system during the procedure adding to the treatment

complexity and cost.

[0025] Another technique that can be used includes an acoustically reflective (or

absorptive) material between the target volume and the tissue structures that need to be excluded

from being insonified by the HIFU, effectively blocking the HIFU energy from reaching these

structures and preventing their ablation. This technique can be implemented laparoscopically,

for example, by placing a gauze pad (e.g., containing air, which presents an ideal barrier to the

ultrasound beam 16) behind a kidney target, to protect critical, important and/or particularly

sensitive tissue structures (e.g., one or more organs) located behind the kidney but not part of the

treatment plan 12. In other words, a gauze barrier can be placed behind a kidney tumor target to

protect the post-focal region from ablation. However, this solution requires the invasive

placement of such an acoustic barrier, which is not always possible, and further adds complexity,

time, and cost to the procedure.

[0026] The presently disclosed technology includes an alternate method to eliminate

undesired post-focal ablation, while still maintaining the benefits of faster HIFU delivery

covering large volumes. In one embodiment, the presently disclosed technology includes first

creating at least one or a plurality of focal lesions covering a portion or sub-volume of the entire

volume targeted for ablation, followed by HIFU application using an "always ON" technique to

ablate the remaining target volume. In one embodiment, the first step is completed prior to

beginning the second step.

[0027] The initial focal lesions can be placed with a high degree of accuracy in both their

size and location in the initial sub-volume (the sub-volume is generally located around the focal

zone of the transducer in depth), as described previously via repeated HIFU To and T0ff cycles.

The tissue targeted this way undergoes changes in its attenuation (which increases), its



absorption (which increases) and its acoustic impedance (change vs. surroundings - can be

higher or lower) properties, all part of the tissue ablative process. Because of the tissue property

changes due to the ablation, not only is this tissue now ablated, but it can now act as a barrier for

subsequent HIFU ablation of tissue located behind it, preventing subsequent HIFU application to

propagate beyond this region, effectively protecting post-focal tissue (e.g., critical, important

and/or sensitive structure(s) 24) from unintended ablation.

[0028] The above-described step(s) is/are distinct from creating bubbles in the focal

zone. The presently disclosed technology does not create bubbles. Instead the presently

disclosed technology ablates at least a portion of targeted tissue using elementary lesions, which

in turn provide a shield for subsequent protection. Bubbles can be undesirable, as they do not

allow the tissue to be ablated, can be difficult to control, and sometimes shift the location of the

focal lesion to not be located at the focus.

[0029] The remaining sub-volume (pre-focal) of the entire volume targeted for ablation

12 is subsequently treated using the "always ON" technique to take advantage of the treatment

time gains it offers, without increasing unintended ablation of other regions, protecting critical

structures 24 surrounding the target volume. This approach is shown in Fig. 3A .

[0030] In one embodiment, the method of the presently disclosed technology can be

implemented in any existing HIFU or therapeutic ultrasound system. The presently disclosed

technology can be implemented on or with systems having one or more single-element

transducers (which can mechanically scan the focal zone to deliver HIFU to a large volume), or

with ultrasound arrays (which can electronically scan the transducer's focal zone to deliver HIFU

to a large volume), or a combination of both.

[0031] As disclosed herein, the concept of using ablated regions to block later or future

ultrasound exposure is not taught by the prior art. In one embodiment, the first step of creating

one or more focal lesions effectively creates a barrier in one or more specific locations. This

barrier of ablated tissue can become hard and generally impenetrable to ultrasound. This barrier

allows for the second step of ablating the targeted volume by applying HIFU using an "always

ON" technique to be done more quickly, efficiently and/or easier because this second delivery

will not propagate behind the initially created barrier at the focal zone.

[0032] In one embodiment, steps of the presently disclosed technology can include (in

this or another order):



1. Defining a treatment plan 12, which defines the tissue volume targeted for

ablation. Because of the barrier that ablated tissue creates to the ultrasound beam propagation,

the distal edge of the treatment plan can be specified to coincide with the farthest/deepest

(from the transducer's face) focal zone placement location, as otherwise, tissue that is located

further distant/deeper won't be able to be effectively treated.

2 . Defining a sub-volume in this treatment plan that will be populated with focal

lesions. This sub-volume can coincide with the desired location of the acoustic barrier, and

can be located between the critical structure(s) 24 that is to be protected and the transducer's

face, at the distal edge of the treatment plan 12.

3 . The remaining volume of the treatment plan can be ablated using the "always

ON" method, and will be located between the focal sub-volume treatment plan and the face of

the transducer.

4 . Starting the HIFU treatment by delivering the focal lesions first to the previously

defined sub-volume, ablating the tissue as desired, and creating the subsequent acoustic barrier.

Use sonication parameters that create controllable and repeatable focal lesions (e.g., Focal zone

size, Frequency, Lesion spacing, Power, To , T0ff, etc.)

5 . When complete, continue with the HIFU treatment by delivering HIFU using the

"always ON" mode to the remaining treatment volume of the treatment plan. Sonication

parameters can be used that create ablation in this region (e.g., Focal zone size, Frequency,

speed of focus translation, trace separation, Power, etc.). The previously created barrier will

prevent HIFU energy reaching the post-focal structure, protecting it from ablation.

[0033] Alternate embodiments of the present disclosure can include placing a focal lesion

sub-volume on the lateral (rather than just at the distal) edge of the planned treatment volume, to

offer protection to structures located on the lateral edges of, adjacent to, or near the treatment

plan, as shown in Fig. 3B.

[0034] Multiple transducers may be used in implementing the presently disclosed

technology. A transducer can be used with a geometry optimized to the delivery of focal lesions,

and then can be replaced by a second transducer optimized to deliver HIFU using the "always

ON" mode. This applies to implementations using arrays and their shaping of the focal zone(s)

electronically as well.



[0035] The presently disclosed technology does not exclude the (additional)

incorporation of either ultrasound or MRI-gui dance techniques known in the art for ultrasound

treatment guidance, planning, and monitoring, and is compatible with, or can be used in

conjunction with, such treatment monitoring and control techniques to increase the reliability and

safety of the HIFU delivery.

[0036] In all cases, the HIFU delivery sequence can be particularly important. In one

embodiment, HIFU delivery should begin distally (with respect to the transducer), and progress

towards the face of the transducer. The presently disclosed technology allows for protecting

critical structures 24 located distally and laterally with respect to the treatment plan. In one

embodiment, the presently disclosed technology is unable to protect critical structures 24 located

in the pre-focal zone, as the procedure time gains are achieved with the "always ON" mode of

HIFU delivery, which is not suited to allow such protection.

[0037] The phrase "always ON" is used in this disclosure to identify a HIFU delivery

method that is separate from and/or different to the focal lesion creation method, which achieves

1) tissue necrosis due to both focal ablation and 2) thermal conduction in regions outside of the

focal zone. As such, it need not be implemented specifically as "always ON", but could be

interspersed with HIFU "OFF" times used for transducer repositioning, treatment monitoring,

etc. In such a latter embodiment, the "ON" times can be significantly longer than the "OFF"

times. In this disclosure, other variants of this method are not excluded, such as use of a duty

cycle to implement the timing, which is at least one example of what would be considered by

those of ordinary skill in the art as being "at least substantially continuously" delivering HIFU.

In one embodiment of the presently disclosed technology, the differentiating factor is its delivery

of energy that results in a lesion or ablated volume significantly larger than those that can be

controllably created via elementary/focal lesion techniques.

[0038] An example of a specific embodiment that can utilize the presently disclosed

technology includes laparoscopic HIFU kidney ablation using the SONATHERM ® system. This

device uses an f/1 35 mm x 11 mm aperture truncated spherical shell transducer operating at 4

MHz. "F/1" stands for an f-number of 1, meaning that the focal length of the transducer is the

same as the aperture. Protective focal lesions can be created at the distal region of the treatment

plan at a power level of exactly or approximately 34 W (with a 15 mm water standoff 20 (see,

e.g., Fig. IB) between the transducer and the kidney), with To = 2 s and To = 2 seconds, each



separated by 3 mm from each other. The "always ON" lesion can be created following the

placement of focal lesions, with a power level of exactly or approximately 34 W. The trace

speed can be 1.3 mm/s, and the trace separation can be 1.3 mm. These settings allow for the

creation of a complete ablation volume extending from a tissue depth of 25 mm all the way to the

tissue surface. When the water standoff between the transducer and kidney is increased to

exactly or approximately 20 mm, the acoustic power can be reduced to approximately 29-30 W

with similar settings. Fig. 3C shows a representative cross-sectional pattern of focal lesion

locations (dots or oval shaped markings), and the trace followed by the transducer's focal zone

during the "always ON" mode of operation.

[0039] Additional examples of the presently disclosed technology include the creation of

focal lesions utilizing a truncated spherical shell transducer operating at or approximately 4

MHz, with an aperture of exactly or approximately 30 x 22 mm, and a radius of curvature of

exactly or approximately 40 mm, operating at a total acoustic power level of exactly or

approximately 37 W (with a 10 mm water standoff), with To = 3 seconds and To = 6 seconds,

creating focal lesions separated by exactly or approximately 3 mm from each other. The "always

ON" sonication parameters include a power level of exactly or approximately 37 W, a trace

speed of exactly or approximately 1.0 mm/s, and a trace separation of exactly or approximately

1.1 mm.

[0040] In-vivo experiments performed indicate that the power level for creating the focal

lesions tends to be similar to that required to generate a reliable ablation volume using the

"always ON" technique. It is understood, however, that these do not need to be similar, and can

be optimized for their respective delivery technique, as required.

[0041] When single-element transducers are used as described, the transducer should be

mechanically translated in order to position its focal zone at the desired locations. This can be

accomplished with transducer motor systems. Alternatively, the transducer may remain

stationary, and the target translated, as needed. When array devices are used as described, their

focal zone may be translated electronically (via electronic focusing and beam steering techniques

known in the art), or via a combination of both electronic and mechanical focal zone translation,

should the required focal zone location exceed the electronic focusing capability of the array, for

example.



[0042] The systems, method and processes described can be implemented in any and all

HIFU systems that could benefit from additional features that increase treatment safety (by

protecting critical structures 24 from receiving a lethal HIFU dose), simplify the workflow of the

procedure, and treatment time reduction. For example, they are being considered for

implementation in SonaCare Medical's SONATHERM® product, for the laparoscopic ablation

of tissue from the focal zone all the way to the surface of the target tissue.

[0043] One or more of the above-described techniques and/or embodiments can be

implemented with or involve software, for example modules executed on one or more computing

devices 210 (see Fig. 4). Of course, modules described herein illustrate various functionalities

and do not limit the structure or functionality of any embodiments. Rather, the functionality of

various modules may be divided differently and performed by more or fewer modules according

to various design considerations.

[0044] Each computing device 210 may include one or more processing devices 2 11

designed to process instructions, for example computer readable instructions (i.e., code), stored

in a non-transient manner on one or more storage devices 213. By processing instructions, the

processing device(s) 2 11 may perform one or more of the steps and/or functions disclosed

herein. Each processing device may be real or virtual. In a multi-processing system, multiple

processing units may execute computer-executable instructions to increase processing power.

[0045] The storage device(s) 213 may be any type of non-transitory storage device (e.g.,

an optical storage device, a magnetic storage device, a solid state storage device, etc.). The

storage device(s) 213 may be removable or non-removable, and may include magnetic disks,

magneto-optical disks, magnetic tapes or cassettes, CD-ROMs, CD-RWs, DVDs, BDs, SSDs, or

any other medium which can be used to store information. Alternatively, instructions may be

stored in one or more remote storage devices, for example storage devices accessed over a

network or the internet.

[0046] Each computing device 210 additionally may have memory 212, one or more

input controllers 216, one or more output controllers 215, and/or one or more communication

connections 1240. The memory 212 may be volatile memory (e.g., registers, cache, RAM, etc.),

non-volatile memory (e.g., ROM, EEPROM, flash memory, etc.), or some combination thereof.

In at least one embodiment, the memory 212 may store software implementing described

techniques.



[0047] An interconnection mechanism 214, such as a bus, controller or network, may

operatively couple components of the computing device 210, including the processor(s) 2 11, the

memory 212, the storage device(s) 213, the input controller(s) 216, the output controller(s) 215,

the communication connection(s) 1240, and any other devices (e.g., network controllers, sound

controllers, etc.). The output controller(s) 215 may be operatively coupled (e.g., via a wired or

wireless connection) to one or more output devices 220 (e.g., a monitor, a television, a mobile

device screen, a touch-display, a printer, a speaker, etc.) in such a fashion that the output

controller(s) 215 can transform the display on the output device 220 (e.g., in response to modules

executed). The input controlled s) 216 may be operatively coupled (e.g., via a wired or wireless

connection) to one or more input devices 230 (e.g., a mouse, a keyboard, a touch-pad, a scroll-

ball, a touch-display, a pen, a game controller, a voice input device, a scanning device, a digital

camera, etc.) in such a fashion that input can be received from a user.

[0048] The communication connection(s) 1240 may enable communication over a

communication medium to another computing entity. The communication medium conveys

information such as computer-executable instructions, audio or video information, or other data

in a modulated data signal. A modulated data signal is a signal that has one or more of its

characteristics set or changed in such a manner as to encode information in the signal. By way

of example, and not limitation, communication media include wired or wireless techniques

implemented with an electrical, optical, RF, infrared, acoustic, or other carrier.

[0049] Fig. 4 illustrates the computing device 210, the output device 220, and the input

device 230 as separate devices for ease of identification only. However, the computing device

210, the output device(s) 220, and/or the input device(s) 230 may be separate devices (e.g., a

personal computer connected by wires to a monitor and mouse), may be integrated in a single

device (e.g., a mobile device with a touch-display, such as a smartphone or a tablet), or any

combination of devices (e.g., a computing device operatively coupled to a touch-screen display

device, a plurality of computing devices attached to a single display device and input device,

etc.). The computing device 210 may be one or more servers, for example a farm of networked

servers, a clustered server environment, or a cloud service running on remote computing devices.

[0050] The above disclosed methods and description of a generic embodiment of the

presently disclosed technology are provided to enable any person skilled in the art to make or use

the invention. Various modifications to the embodiments described herein will be readily



apparent to those skilled in the art, and the generic principles described herein can be applied to

other embodiments without departing from the spirit or scope of the presently disclosed

technology. Thus, it is to be understood that the description and drawings presented herein

represent a functional generic embodiment of the presently disclosed technology and are,

therefore, representative of the subject matter which is broadly contemplated by the presently

disclosed technology. It is further understood that the scope of the presently disclosed

technology fully encompasses other embodiments that may become obvious to those skilled in

the art and that the scope of the presently disclosed technology is accordingly limited by nothing

other than the appended claims.



CLAIMS

We claim:

1. A method for delivering High-Intensity Focused Ultrasound (HIFU) to ablate at least a

portion of targeted tissue of a patient and preventing subsequent HIFU application from

extending beyond that portion to protect other tissue of the patient, the method comprising the

steps of:

a) moving at least a focal zone of a transducer of a HIFU probe to a first position

proximate to targeted tissue of a patient;

b) supplying power to the transducer to deliver HIFU energy from the transducer to a

first portion of the targeted tissue for a first predetermined amount of time to create a first focal

lesion and ablate that portion of the targeted tissue, wherein the first focal lesion acts as a barrier

for subsequent HIFU ablation of tissue located beyond or behind the first focal lesion thereby

protecting tissue beyond or behind the first focal lesion from unintended ablation;

c) at least temporarily ceasing power to the transducer at the conclusion of the first

predetermined amount of time so as to at least temporarily cease delivery of HIFU energy from

the transducer to the targeted tissue;

d) at least slightly moving at least the focal zone of the transducer of the HIFU probe to a

second position proximate to the targeted tissue of the patient;

e) supplying power to the transducer to deliver HIFU energy from the transducer to a

second portion of the targeted tissue for a second predetermined amount of time to create a

second focal lesion and ablate that portion of the targeted tissue, wherein the second focal lesion

acts as a barrier for subsequent HIFU ablation of tissue located beyond or behind the second

focal lesion thereby protecting tissue beyond or behind the second focal lesion from unintended

ablation;

f) at least temporarily ceasing power to the transducer at the conclusion of the second

predetermined amount of time so as to at least temporarily cease delivery of HIFU energy from

the transducer to the targeted tissue; and

g) supplying power to the transducer to deliver HIFU energy from the transducer to the

targeted tissue continuously and along a predefined treatment path, wherein the transducer is



continuously moving at constant speed and continuously applying HIFU to at least a portion of

the targeted tissue.

2 . The method of claim 1, wherein the first focal lesion is spaced-apart from the second

focal lesion.

3 . The method of claim 1, wherein the first focal lesion contacts the second focal lesion.

4 . The method of claim 1, 2 or 3, wherein the transducer is a single-element transducer

configured to mechanically scan a focal zone through at least a portion of the targeted tissue to

deliver HIFU.

5 . The method of claim 1, 2 or 3, wherein the transducer is an array of transducers that

electronically scan a focal zone through at least a portion of the targeted tissue to deliver HIFU.

6 . The method of claim 1, 2 or 3, further comprising:

prior to step g) providing power to the transducer so as to deliver HIFU energy from the

transducer to a third portion of the targeted tissue for a predetermined amount of time to create a

third focal lesion and ablate that portion of the targeted tissue, wherein the third focal lesion acts

as a barrier for subsequent HIFU ablation of tissue located beyond or behind the third focal

lesion thereby protecting tissue beyond or behind the third focal lesion from unintended ablation.

7 . The method of claim 6, wherein the second focal lesion is spaced-apart from the third

focal lesion.

8 . The method of claim 6, wherein the second focal lesion contacts the third focal lesion,

and wherein the first focal lesion is spaced-apart from the third focal lesion.

9 . A method for delivering ultrasound, the method comprising the steps of:

a) positioning at least a focal zone of a transducer of an ultrasound probe proximate to

targeted tissue of a patient;



b) supplying power to the transducer to deliver ultrasound energy from the transducer to

a first portion of the targeted tissue for a predetermined amount of time to create a first focal

lesion in the targeted tissue;

c) at least temporarily ceasing power to the transducer so as to at least temporarily cease

delivery of ultrasound energy from the transducer to the targeted tissue;

d) supplying power to the transducer to deliver ultrasound energy from the transducer to

a second portion of the targeted tissue for a predetermined amount of time to create a second

focal lesion in the targeted tissue;

e) at least temporarily ceasing power to the transducer so as to at least temporarily cease

delivery of ultrasound energy from the transducer to the targeted tissue; and

f) supplying power to the transducer to deliver ultrasound energy from the transducer to

the targeted tissue at least substantially continuously and along a predefined treatment path.

10. The method of claim 9, wherein in step f) the focal zone of the transducer zone is

continuously moving at constant speed and at least substantially continuously applying

ultrasound to at least a portion of the targeted tissue.

11 . The method of claim 9 or 10, wherein the first focal lesion is spaced-apart from the

second focal lesion.

12. The method of claim 9 or 10, wherein the first focal lesion contacts the second focal

lesion.

13. The method of claim 9 or 10, wherein tissue consumed by the focal lesions is

ablated, and wherein each focal lesion acts as a barrier for subsequent ultrasound ablation of

tissue located beyond or behind the respective focal lesion thereby protecting tissue beyond or

behind the respective focal lesion from unintended ablation.

14. The method of claim 9 or 10, wherein the transducer is a single-element transducer

configured to mechanically scan a focal zone through at least a portion of the targeted tissue to

deliver ultrasound.



15. The method of claim 9 or 10, wherein the transducer is an array of transducers that

electronically scan a focal zone through at least a portion of the targeted tissue to deliver

ultrasound.

16. A system for treating a targeted area of tissue with High-Intensity Focused

Ultrasound (HIFU), the system comprising:

a probe having a probe tip and a housing formed to include an aperture therein, a

transducer coupled to the probe, the transducer being configured to emit ultrasound energy

through the aperture in the housing to deliver HIFU energy to a focal zone located within the

targeted area, the probe tip being positionable to deliver HIFU energy to the targeted area,

a controller configured to supply power to the transducer to deliver HIFU energy from

the transducer to a first portion of the targeted tissue for a first predetermined amount of time to

create a first focal lesion and ablate that portion of the targeted tissue, the first focal lesion acting

as a barrier for subsequent HIFU ablation of tissue located beyond or behind the first focal lesion

thereby protecting tissue beyond or behind the first focal lesion from unintended ablation,

wherein the controller at least temporarily ceases power to the transducer at the conclusion of the

first predetermined amount of time so as to at least temporarily cease delivery of HIFU energy

from the transducer to the targeted tissue, wherein the controller supplies power to the transducer

to deliver HIFU energy from the transducer to a second portion of the targeted tissue for a

second predetermined amount of time to create a second focal lesion and ablate that portion of

the targeted tissue, wherein the second focal lesion acts as a barrier for subsequent HIFU ablation

of tissue located beyond or behind the second focal lesion thereby protecting tissue beyond or

behind the second focal lesion from unintended ablation, wherein the controller at least

temporarily ceases power to the transducer at the conclusion of the second predetermined

amount of time so as to at least temporarily cease delivery of HIFU energy from the transducer

to the targeted tissue, the controller providing power to the transducer to deliver HIFU energy

from the transducer to the targeted tissue substantially continuously and along a predefined

treatment path.



17. The method of claim 16, wherein the transducer is a single-element transducer

configured to mechanically scan a focal zone through at least a portion of the targeted tissue to

deliver HIFU.

18. The method of claim 16 or 17, wherein the transducer is an array of transducers that

electronically scan a focal zone through at least a portion of the targeted tissue to deliver HIFU.

19. The method of claim 16 or 17, wherein the first focal lesion is spaced-apart from the

second focal lesion.

20. The method of claim 16 or 17, wherein the first focal lesion contacts the second focal

lesion.
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