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(57) ABSTRACT

A combined imaging/HIFU probe includes an imaging scan
head, a HIFU transducer, and an outlet port that delivers a
flow of fluid across the HIFU transducer. At least a portion of
the body cavity is filled with fluid in which the probe is
immersed. The fluid provides a coupling for transmission of
ultrasound energy between the probe and the patient. A flow
of fluid may also be used to flush obstructions from an area of
tissue near the HIFU transducer. Further described herein is a
cuff to help retain fluid in the body cavity, a regulator to
regulate fluid flow with respect to the body cavity according
to a desired fluid pressure, and a cover for the HIFU trans-
ducer that has at least one perforation defined therethrough to
allow fluid to flow through the cover. Further disclosed herein
aremethods of deploying a combined imaging/HIFU probein
a body cavity.
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METHODS AND APPARATUS FOR
ENGAGEMENT AND COUPLING OF AN
INTRACAVITORY IMAGING AND HIGH

INTENSITY FOCUSED ULTRASOUND
PROBE

FIELD OF THE INVENTION

[0001] The present application is directed to methods and
apparatus that provide ultrasound imaging and therapeutic
treatment of internal pathological conditions using high
intensity focused ultrasound energy.

BACKGROUND

[0002] High intensity focused ultrasound (HIFU) has been
used as a non-invasive precise treatment modality for internal
pathological conditions such as tumors and abnormal vascu-
lar or nerve conditions. While diagnostic ultrasound has a
focal intensity typically around 0.1 W/em®, high intensity
focused ultrasound is of 4-5 orders of magnitude greater in
focal intensity, typically in the range of 1,000 to 10,000
W/em?. HIFU energy, focused at locations deep in tissue,
leaves the intervening tissue between the HIFU source and
the focus unharmed. At the HIFU focus, however, the focal
temperature may quickly exceed 70° C., and thereafter reach
100° C., the boiling point of tissue water, depending on the
application of the HIFU energy. The high focal tissue tem-
perature generated by the HIFU energy can rapidly cause
tissue disruption. The thermal effect of tissue destruction is
augmented further by the mechanical effect of HIFU energy.
The combined thermal and mechanical effect at the tissue
focus of the HIFU is being used for the treatment of uterine
fibroid tumors, prostate hyperplasia or cancer, liver cancer,
malignant bone and soft tissue sarcoma and internal bleeding.
[0003] Since HIFU treatment is mostly directed to internal
pathological conditions, which cannot be visually seen, the
use of radiologic imaging of those pathologies deep in the
tissue is necessary for the therapy. MR11is being used to guide
HIFU treatment of internal fibroids. Transabdominal ultra-
sound-guided HIFU treatment of liver tumors and uterine
fibroids is also being practiced.

[0004] Recently, transvaginal ultrasound image-guided
HIFU treatment of uterine fibroids has been developed. Simi-
lar technology can be applied to endometrial ablation and
treatment of cervical neoplasia and HPV lesions. In order to
properly treat the deep uterine pathologies, such as fibroids, it
is preferred that the tumor along with the surrounding uterine
tissue be visualized in real time throughout the HIFU treat-
ment process. Both clear imaging by diagnostic ultrasound
and achievement of HIFU tissue effect at the target area are
important when conducting image-guided HIFU therapy.
[0005] Inorderto use ultrasound energy to image the struc-
tures of an area for treatment, the imaging scan head tradi-
tionally has to be in direct and firm contact with the tissue in
continuum to the tissue of the target area. This engagement of
the imaging scan head to the tissue may be supplemented by
a coupling medium which can effectively transmit the ultra-
sound between the scan head and the tissue. For example,
ultrasound gel is traditionally used to couple an ultrasound
scan head and the skin on a person’s abdomen to visualize
intra-abdominal structures. The coupling material, such as
ultrasound gel, is of similar acoustic transmission character-
istics as that of the tissue to prevent an acoustic aberrance at
the scan head-tissue interface. For example, if there is air or

Feb. 5, 2009

other obstructions between the scan head and the skin, the
ultrasound imaging will become distorted or non-observable
due to the difference of acoustic impedance of the air or other
obstructions from that of the tissue. The ultrasound gel as a
coupling medium replaces the air at the interface and enables
clearer imaging of the underlying structures.

[0006] A conventional HIFU transducer generating thera-
peutic ultrasound energy likewise should be in direct engage-
ment of the tissue in continuum with the target in order for the
ultrasound energy to be effectively transmitted and focused at
the target area to achieve the therapeutic effect. Generally, a
coupling medium of similar acoustic characteristics as the
tissue 1s used to connect the HIFU transducer with the tissue
to enable optimal transmission and focusing of HIFU energy.
Disengagement of the imaging scan head or the HIFU aper-
ture from the tissue without a mechanism of coupling tends to
interfere with the image-guided HIFU treatment of the target
tissue.

[0007] For example, performing transvaginal ultrasound
image-guided HIFU treatment of uterine fibroids requires a
physical contact to obtain a proper engagement and coupling
of an imaging probe and a HIFU transducer to the cervix and
vaginal fornices. The imaging scan head needs to be placed
firmly against the cervix and is generally pushed up towards
the top of the anterior fornix to obtain optimal ultrasound
images of the pelvic organs. Ultrasound gel is used to enhance
the coupling between the scan head and tissue. Disengage-
ment between the scan head and the cervix-fornices typically
results in poor image quality. The HIFU transducer, which
may be in a fixed relationship to the imaging head, engages
the cervix, mostly towards the posterior fornix. Due o its size,
the HIFU transducer also typically partially rides on the sur-
face of the cervix that has the cervical os in its center. A fixed
spatial relationship between the imaging head and the HIFU
aperture presents an obvious challenge: optimal engagement
of the imaging head with the tissue at the cervix may disen-
gage the HIFU transducer from the cervical tissue toward the
posterior fornix and vice versa. The variability of the dimen-
sions and shape of the cervix and vaginal fornices among
women makes it very difficult to design a probe that can
optimize the simultaneous engagement of both the imaging
and HIFU heads to the cervix and vaginal fornices. As noted
earlier, when using conventional ultrasound systems, disen-
gagement of the imaging head from the cervical tissue results
in poor images of the pelvic organs. Disengagement of the
HIFU transducer from the tissue toward the posterior fornix
results in intervening air space that can cause aberration of the
HIFU effect and even undesirable local heating at the tissue
interface.

[0008] Thus, there is a need to provide consistent clear
imaging of the target tissue and the HIFU effect at the target
tissue to help guide movement of the HIFU focus throughout
the procedure. Furthermore, there is a need for a more global
approach for the engagement and coupling of both an imag-
ing component and HIFU component to the tissue in a body
cavity. These needs and other shortcomings in the prior art are
addressed herein.

BRIEF SUMMARY

[0009] Methods and apparatus described are configured to
use a fluid, such as water or normal saline, as a universal
coupling medium between both an imaging scan head and the
aperture of a HIFU transducer and the tissue of a patient to be
treated. A body cavity of the patient is partially or fully filled
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with fluid and a combined imaging/high intensity focused
ultrasound (HIFU) probe as described herein is immersed in
the fluid. The fluid in the cavity allows the probe to deliver
image-guided HIFU therapy in which direct engagement of
the imaging scan head and/or the HIFU transducer to the
tissue in the cavity is not necessary. The coupling effect of the
fluid provides increased freedom for non-contact engagement
of the imaging scan head and the HIFU transducer to the
tissue to be treated. The method and the apparatus described
herein are applicable to all body cavities, existing or created
surgically.

[0010] An embodiment of a combined imaging/HIFU
probe includes an imaging scan head for imaging target tissue
ina patientand a HIFU transducer having an aperture through
which HIFU energy is transmitted to the target tissue. A
channel in fluid connection with an outlet port delivers a flow
of fluid to the outlet port which directs the fluid across at least
a portion of the aperture of the HIFU transducer. The probe is
constructed to allow fluid flow from the outlet port to fill at
least a portion of the body cavity in which the imaging scan
head and HIFU transducer are immersed. The fluid provides
a coupling for transmission of ultrasound energy between the
probe and the patient.

[0011] Inoneaspect, the probe may be constructed to direct
a flow of fluid toward an area of tissue in the body cavity near
the aperture of the HIFU transducer. This flow of fluid flushes
the area of tissue of obstructions to the transmission of HIFU
energy to the target tissue.

[0012] In another aspect separate from or combined with
the foregoing aspect, the probe may include a cuff that
extends around the probe. The cuff is configured to obstruct
an opening to the body cavity to help retain fluid from the
outlet port in the body cavity.

[0013] In yet another aspect separate from or combined
with either of the foregoing aspects, the probe may include a
regulator configured to regulate fluid flow with respect to the
body cavity according to a desired fluid pressure of the fluid
in the body cavity.

[0014] In still another aspect separate from or combined
with any of the foregoing aspects, the probe may include a
cover in sealing engagement with the HIFU transducer,
wherein the cover is comprised of a non-permeable material
that has at least one perforation defined therethrough which
allows fluid to flow through the cover.

[0015] Another embodiment of a combined imaging/high
intensity focused ultrasound (HIFU) probe comprises an
imaging scan head for imaging target tissue in the patient, a
HIFU transducer having an aperture through which HIFU
energy is transmitted to the target tissue, a channel in fluid
connection with an outlet port for delivering a flow of fluid,
and a cover in sealing engagement with the HIFU transducer.
The cover is comprised of a non-permeable material that has
at least one perforation defined therethrough that allows fluid
to flow through the cover. Further, a flexible sheath overlies
the cover and is sealingly engaged with the HIFU transducer.
The probe is constructed to allow fluid flow from the outlet
port to fill the space between the aperture of the HIFU trans-
ducer and the cover, and further to fill the space between the
cover and the sheath, causing the sheath to inflate with fluid.
The fluid flows through the at least one perforation in the
cover and provides a coupling for transmission of ultrasound
energy from the HIFU transducer to the patient.

[0016] Also disclosed herein are methods of deploying a
combined imaging/HIFU probe for use in a body cavity of a
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patient. An embodiment of the method includes inserting the
combined imaging/HIFU probe through an opening to the
body cavity of the patient and directing a flow of fluid from
the outlet port of the probe across at least a portion of the
aperture of the HIFU transducer.

[0017] In one aspect, the method may further include
directing fluid flow from the outlet port toward an area of
tissue in the body cavity near the aperture of the HIFU trans-
ducer. The fluid flow is used to flush the area of tissue and
reduce obstructions to the transmission of HIFU energy to the
target tissue.

[0018] In another aspect separate from or combined with
the foregoing aspect, the method may include positioning a
cuff around the probe to obstruct the opening to the body
cavity to help retain fluid from the outlet port in the body
cavity.

[0019] In yet another aspect separate from or combined
with either of the foregoing aspects, the method may include
regulating fluid flow with respect to the body cavity according
to a desired fluid pressure of the fluid in the body cavity.
[0020] In still another aspect separate from or combined
with any of the foregoing aspects, the method may include
covering the HIFU transducer with a cover comprised of a
non-permeable material in sealing engagement with the
transducer, wherein the cover has at least one perforation
defined therethrough that allows fluid to flow through the
cover.

[0021] Additional features of the above-identified appara-
tus and methods are described in the detailed description
below, in combination with the drawings provided herewith.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 illustrates an embodiment of a combined
imaging/HIFU probe having an inflatable cuff extending
around the shaft of the probe. Among other features, the probe
includes a fluid outlet port at the proximal end of the HIFU
transducer, though in other embodiments, the outlet port may
be positioned at the distal end of the HIFU transducer or at
other locations.

[0023] FIG. 2illustrates the placement of a combined imag-
ing/HIFU probe in the vaginal cavity of a female patient with
the HIFU transducer positioned at the posterior fornix and the
imaging scan head close to the cervix. As described herein,
the cuff is inflated and the vaginal cavity is filled with fluid
from the outlet port at the distal end of the HIFU transducer.
[0024] FIGS. 3A and 3B illustrate alternative configura-
tions of a HIFU transducer with a fluid outlet part having
nozzle(s) placed at various locations relative to the aperture of
the HIFU transducer.

[0025] FIG. 4 illustrates a combined imaging/HIFU probe
that can be used, for example, with intra-abdominal or trans-
luminal applications. In this example, an inflatable cuff pro-
vides fluid blockage and a fluid outlet port is positioned at the
distal end of the probe.

[0026] FIG. 5 illustrates an intra-abdominal application of
image-guided HIFU therapy of a liver tumor. In this example,
a double set of cuffs are deployed. The abdominal cavity is
partially filled with a liquid and the remainder with a gas. A
laparoscope may be used to visually assist the placement of
the combined imaging/HIFU probe.

[0027] FIG. 6 illustrates a transrectal HIFU treatment of a
prostate tumor. A cuffis deployed inside the rectum, which is
filled with fluid. In this example, the combined imaging/
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HIFU probe has fluid outlet ports at both the proximal and
distal ends of the HIFU transducer.

[0028] FIG.7Aillustrates a front view ofa cover comprised
of a non-permeable material that may be used to cover the
aperture of a HIFU transducer. The cover includes one or
more perforations that allow fluid to flow through the cover.
[0029] FIG. 7B illustrates a side section view of a HIFU
transducer with a cover as illustrated in FIG. 7A. The HIFU
transducer may be used in one or more of the combined
imaging/HIFU probes described herein.

[0030] FIG. 8 illustrates a side section view of the HIFU
transducer and cover as illustrated in FIG. 7B, and further
encompassed by a fluid-filled sheath.

[0031] FIGS. 9A-9C illustrate in functional block form a
HIFU transducer and imaging transducer behind a common
acoustic window or behind separate acoustic windows. Fluid,
such as water, is used to fill the space between the transducers
and the acoustic window(s) as well as filling the space outside
the acoustic window(s) in the body cavity.

DETAILED DESCRIPTION

[0032] A combined imaging/HIFU probe as described
herein is deployed in a body cavity that is partially or fully
filled with a fluid, such as but not limited to, water or normal
saline. The fluid is used as a universal coupling medium
between both an ultrasound imaging scan head and HIFU
transducer of the combined probe and the tissue to be treated
by the probe.

[0033] FIG. 1 illustrates an embodiment of a combined
imaging/HIFU probe 10 for providing image-guided HIFU
treatment of a pathology in a patient. As disclosed in at least
one example for treatment of a uterine pathology (see, e.g.,
FIG. 2), a fluid, such as water, having acoustic transmission
characteristics similar to that of tissue, can be used to fill the
gap between the combined probe 10 (including both the
imaging scan head 12 and the HIFU transducer 16) and the
cervix and vaginal fornices of the patient to provide the nec-
essary coupling. The fluid can fill any space of non-contact of
the probe and tissue to provide optimal transmission of ultra-
sound energy for both imaging and therapy. Using fluid in this
manner to provide a global coupling diminishes the need of
perfect physical engagement between the ultrasound imaging
and therapy heads to the cervix and vaginal fornices. This
provides an important step towards improving the perfor-
mance of transvaginal ultrasound image-guided HIFU treat-
ment of pathologies, such as uterine fibroids and endometrial
ablation.

[0034] With a fluid media, such as water or normal saline,
filling the vaginal cavity (as shown, for example, in FIG. 2),
the ultrasound imaging head does not need to be engaged
firmly against the cervix or the fornices to obtain an optimal
image of the pelvic structures. The fluid media in the vaginal
cavity effectively communicates the ultrasound energy to the
tissue to obtain images of the pelvis, even if the scan head is
positioned away from the cervix or fornices, such as in the
location of upper mid portion of the vaginal canal.

[0035] Furthermore, with a fluid filled vaginal cavity to
facilitate engagement and coupling of the imaging scan head
to the tissue structures in the vaginal cavity, different non-
customized scan heads can be used, even off-the-shelf com-
mercially available scan heads, including those for 3D/4D
imaging. The method for global engagement described herein
and the ultrasound coupling characteristics of a fluid-filled
body cavity has broadened the form factor requirement of the
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imaging and therapy transducers in the application of ultra-
sound image-guided HIFU treatment of various pathologies.
[0036] The combined imaging/HIFU probe 10 depicted in
FIG. 1 is configured for insertion into a body cavity of a
patient. In this particular embodiment, the combined probe 10
includes an imaging scan head 12 for imaging target tissue in
the patient. The imaging scan head 12 is shown located at or
near a distal end of an imaging probe shaft 14. The proximal
end of the imaging probe shaft 14 may extend outward from
the body cavity of the patient to allow a physician to manipu-
late the position of the imaging scan head 12 within the body
cavity.

[0037] The combined probe 10 further includes a HIFU
transducer 16 having an aperture through with HIFU energy
is transmitted to the target tissue in the patient. The HIFU
transducer 16 is shown located at or near a distal end of a
HIFU probe shaft 18 that is shown generally coupled to the
imaging probe shaft 14. In this particular embodiment. the
distal end of the HIFU probe shaft 18 projects away at an
angle from the main axis of the imaging probe shaft 14. In this
manner, the HIFU transducer 16 is spaced apart from the
imaging scan head 12. Although not specifically depicted, the
HIFU probe shaft 18 may include passages for electrical
communication of signals from a signal source to the HIFU
transducer 16 to enable the transducer 16 to produce appro-
priate pulses of HIFU energy for treatment of the patient.
Similarly, the imaging probe shaft 14 may include passages
for electrical communication between the imaging scan head
12 and external electronics that can receive imaging signals
from the scan head 12 and produce images of the tissue being
treated.

[0038] The combined imaging/HIFU probe 10 further
includes an outlet port 20 that is configured to direct a flow of
fluid across at least a portion of the aperture of the HIFU
transducer 16. This flow of fluid helps prevent the transducer
16 and adjacent tissue of the patient from overheating when
HIFU energy is being transmitted by the transducer 16. In
FIG. 1, the outlet port 20 is positioned at a proximal end of the
HIFU transducer 16. Within the HIFU probe shaft 18 is a
channel 22 in fluid communication with the outlet port 20 for
delivering a flow of fluid to the outlet port 20.

[0039] The probe 10 is further constructed to direct at least
a portion of the fluid flow from the outlet port 20 toward an
area of tissue in the body cavity near the aperture of the HIFU
transducer 16. This fluid flow is configured to flush the area of
tissue near the aperture of the HIFU transducer 16 to reduce
obstructions to the transmission of HIFU energy to the target
tissue. For example, fluid flowing from the outlet port 20
facilitates removal of bubbles, mucous, or other debris or
material that may otherwise dissipate the HIFU energy being
transmitted from the HIFU transducer 16 to the target tissue.
[0040] Further depicted in FIG. 1 is a water pillow 28 that
extends across the aperture of the HIFU transducer 16.
Although not necessary to the construction of the probe 10,
the water pillow 28 can further assist in cooling the HIFU
transducer 16 and adjacent tissue. If desired, fluids may be
circulated in and out of the water pillow 28 via channels
defined in the HIFU probe shaft 18 that are not shown in FIG.
1. Additionally, the water pillow 28 may assist with coupling
the HIFU energy from the transducer 16 to the target tissue in
the patient.

[0041] As will be appreciated from the disclosure herein,
the probe 10 is constructed to allow fluid flowing from the
outlet port 20 to fill at least a portion of the body cavity of the
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patient with fluid in which the imaging scan head 12 and the
HIFU transducer 16 are immersed. The fluid in the body
cavity, as previously noted, provides a global coupling for
transmission of ultrasound energy between the combined
imaging/HIFU probe and the patient.

[0042] For example, water has acoustic characteristics that
are similar to tissue and can communicate the HIFU energy in
continuum from the HIFU transducer 16 to the HIFU focus 50
at the target tissue, as illustrated in FIG. 2. The HIFU trans-
ducer 16 thus need not be in direct contact with the tissue and
additional coupling gels are not required. Using a fluid filled
body cavity allows a variable placement of the HIFU trans-
ducer 16 in terms of angle of engagement and distance from
tissue contact. This freedom of engagement broadens the
targeting capacity of the HIFU transducer 16 since the HIFU
transducer can be freely moved to change the location of the
focus 50. Additionally, the non-contact engagement method
as disclosed herein allows for manipulation of bodily struc-
tures, such as the cervix and uterus, to achieve a better and
safer targeting path. This method also allows a variability in
the shape and size of the HIFU transducer 16 since it is not
necessary to match the anatomical contour of the cervix and
vaginal fornices and achieve direct tissue contact for effective
HIFU energy transmission. Furthermore, this method allows
flexibility of the shape and tension of the cooling water pillow
28 (shown in FIG. 1) covering the HIFU transducer 16, again
due to the absence of a requirement for direct contact of the
water pillow 28 to the cervix and vaginal fornices.

[0043] As noted previously, fluid from the outlet port 20
may be used to flush the area of tissue in the body cavity near
the HIFU transducer 16. The combined probe 10 may further
beconstructed to direct at least some of the fluid flow from the
outlet port 20 to flush an area of tissue in the body cavity near
the imaging scan head 12.

[0044] FIG. 2 illustrates an alternative embodiment of a
combined imaging/HIFU probe 10" having multiple outlet
ports. A first outlet port 30 is positioned at a distal end of the
HIFU aperture 16 and is configured to direct fluid flow across
at least a portion of the aperture of the HIFU transducer 16.
The outlet port 30 also directs fluid toward an area of tissue in
the body cavity near the aperture ofthe HIFU transducer 16 to
flush the area of tissue of obstructions to the transmission of
HIFU energy.

[0045] The combined imaging/HIFU probe 10' further
comprises a second outlet port 32 that is positioned proximate
to the imaging scan head 12 to direct a flow of fluid across at
least a portion of the imaging scan head 12. Additionally, the
probe 10’ is constructed to direct at least a portion of the fluid
flow from the second outlet port 32 to flush an area of tissue
in the body cavity near the imaging scan head 12. The flushing
action of the fluid from the second outlet port 32 helps reduce
or remove any obstructions to the transmission of ultrasound
energy between the imaging scan head 12 and the patient. By
reducing obstructions near the imaging scan head 12, clearer
images of the tissue being treated may be obtained.

[0046] With both embodiments of the probe 10 and 10’
shown in FIGS. 1 and 2, or any of the other probe embodi-
ments shown or discussed herein, the flow of fluid from the
outlet ports 20, 30, 32 may be intermittent or continuous, as
desired. A continuous flow of fluid from one or more of the
outlet ports may be beneficial in maintaining cool tempera-
tures of nearby tissue, especially tissue proximate to the
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HIFU transducer 16, as well as flushing obstructions that may
develop at or near the HIFU transducer 16 or the imaging scan
head 12.

[0047] In FIG. 1, the channel 22 that delivers fluid to the
outlet port 20 (as well as channels (not shown) delivering fluid
to the outlet ports 30, 32 in FIG. 2) may receive a flow of fluid
from a receptacle that uses gravity to deliver the fluid to the
channel 22. An IV bag filled with fluid, for example, may be
elevated relative to the body cavity of the patient and deliver
fluid under pressure of gravity to the outlet ports 20, 30,32. In
such embodiments, expensive fluid pumps are not necessary
to provide pressure to the fluid being delivered to the outlet
ports 20, 30, 32. Alternatively, an IV bag or other receptacle
positioned lower relative to the body cavity may be used to
provide a negative pressure to draw fluid out of the body
cavity.

[0048] The combined imaging/HIFU probe 10" shown in
FIG. 2 has been deployed in the vaginal cavity 40 of a female
patient. More specifically, the probe 10' has been inserted
through the vaginal canal of the patient with the HIFU trans-
ducer 16 placed at the posterior end of the vaginal fornix 42.
The imaging scan head 12 is placed close to the cervix 44. For
this particular example, the combined imaging/HIFU probe
10" is being used to treat a uterine fibroid 46 located in the
myometrium 48 of the uterus. Depicted by lines illustrating a
conical shape, HIFU energy transmitted by the transducer 16
is directed toward a focus 50 within the uterine fibroid 46.
Through manipulation of either the probe 10' or the myo-
metrium 48 containing the fibroid 46, the HIFU focus 50 is
moved through the uterine fibroid 46 during treatment to
destroy the fibroid tissue.

[0049] Fluid flowing from one or both of the outlet ports 30
and 32 is used to fill at least a portion of the vaginal cavity 40
with fluid 52. The imaging scan head 12 and the HIFU trans-
ducer 16 are immersed in this fluid 52. Depending on the
pressure of the fluid 52 within the vaginal cavity 40, as well as
the physiological state of the cervix 44, the fluid 52 may
further flow into the endometrial cavity 54, thus filling the
uterus with fluid as well. Filling the endometrial cavity 54
with fluid 52 may be desirable in that the fluid may assist with
coupling HIFU energy transmitted from the HIFU transducer
16 to the focus 50 within the uterine fibroid 46.

[0050] Further illustrated with the embodiments of the
combined probes 10 and 10" in FIGS. 1 and 2 is a cuff 60 that
extends around the probe. The cuff 60 is configured to
obstruct an opening to the body cavity to help retain fluid in
the body cavity. For example, with respect to FIG. 2, the cuff
60 obstructs the opening of the vaginal canal and helps retain
fluid 52 from the outlet ports 30 and/or 32 in the vaginal cavity
40. A passage for air to escape from the body cavity may be
provided, especially during the time in which the body cavity
is being filled with fluid. This passage may also be used to
regulate the pressure of the fluid 52 in the body cavity by
allowing a portion of the fluid in the body cavity to flow out
past the cuff 60.

[0051] The cuff 60 can be of any size, shape, or construc-
tion. Preferably, the cuff 60 is tailored to the anatomy of the
patient to retain fluid in the particular body cavity. In use, the
cuff 60 may be positioned at any location along the shaft of
the probe as needed to address the particular shape and posi-
tion of the opening to the body cavity to retain the fluid in the
body cavity. An outer surface of the cuff 60 preferably pro-
vides a sealing engagement with the opening to the body
cavity and an inner surface of the cuff 60 preferably seals
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against the shaft of the probe. The inner surface of the cuff 60
may be constructed with a flexible material that permits the
probe to pivot and/or translate within the cuff while maintain-
ing a seal against the shaft of the probe. For example, with
respect to the probe 10 shown in F1G. 2, the shaft of the probe
10" may translate within (i.e., slide in and out of) the vaginal
cavity 40 along the main axis of the probe through the interior
surface of the cuff 60. The probe 10' may also rotate circum-
ferentially within the interior surface of the cuff 60 and also
pivot in multiple directions at the level of the cuff to allow
proper positioning of the HIFU aperture 16 and the imaging
scan head 12 within the patient. The freedom of movement of
the probe 10' through the cuff 60 may be achieved by using a
pliable material, such as latex, polyurethane, or other suitable
material, to form a ring around the shaft of the probe 10'. The
flexibility of this pliable material allows for movement of the
probe, yetis able to prevent fluid leakage along the shaft of the
probe.

[0052] The cuff 60 may be constructed to expand to a
desired size that matches the anatomical features of the body
cavity opening. While various forms of the cuff 60 can be
constructed using mechanical elements to expand the cuff,
the cuff 60 depicted in FIGS. 1 and 2 is constructed to be
inflatable. A fluid line 62 to the cuff 60 may be incorporated
in oralong the HIFU probe shaft 18 or the imaging probe shaft
14 to inflate the cuff 60 using a gas or liquid fluid medium.
The amount of inflation of the cuff 60 can be varied to svit the
need for occlusion of the orifice to retain fluid in the body
cavity. Moreover, the inflation can be adapted to allow the
sliding of the probe through the cuff as well as rotation and
pivoting of the probe within the cuff to allow the position of
the probe to be manipulated within the body cavity for imag-
ing and HIFU treatment.

[0053] The combined imaging/HIFU probe 10' shown in
FIG. 2 further includes an inlet port 66 in fluid connection
with a channel 68 that is configured to convey fluid 52 out of
the body cavity 40. The inlet port 66 and channel 68 are shown
connected to the probe shaft 14 and passing through the
interior of the cuff 60. In other embodiments of the probe, an
inlet port such as the inlet port 66 may be placed anywhere
with respect to the probe and/or the cuff, provided the inlet
port 66 has access to the fluid 52 in the body cavity.

[0054] It will be appreciated that, when using a cuff 60 or
otherwise causing fluid to be retained in the body cavity, the
fluid filling the body cavity has a fluid pressure that bears
against the sides of the body cavity as well as the tissue
structures within the body cavity. In such cases, the pressure
of the fluid in the body cavity may be capable of distending
the tissue in the body cavity. For example in F1G. 2, consid-
ering the situation in which fluid 52 passes through the cervix
44 into the endometrial cavity 54, the pressure of the fluid in
the endometrial cavity 54 may cause the cavity 54 to expand
against the myometrium 48, thus moving the myometrium
(including the fibroid 46) from one position to another. As
depicted, the HIFU transducer 16 transmits HIFU energy to a
focus 50 within the fibroid 46. By increasing or decreasing the
fluid pressure within the endometrial cavity 54, the position
of the target tissue in the fibroid 46 may be modified relative
to the focus 50 of the HIFU energy. Accordingly, it is possible
to position the target tissue in the fibroid 46 relative to the
focus 50 by modifying the fluid pressure in the endometrial
cavity 54 without moving the position of the HIFU transducer
16.
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[0055] Toachievea desired fluid pressure in the body cavity
(whether it be the vaginal cavity 40, the endometrial cavity
54, or other body cavity), a combined imaging/HIFU probe
such as the probe 10" may be provided with a regulator 64 that
is configured to regulate the fluid flow with respect to the body
cavity. In an embodiment of the probe 10" as shown in FIG. 2,
the regulator 64 may be coupled to the channel 68 through
which fluid 52 flows out of the body cavity 40. The regulator
64, which may be a valve, for example, is adjusted to regulate
the amount of fluid 52 flowing out of the body cavity. If a
greater amount of fluid is flowing into the body cavity through
the outlet ports 30, 32 than is flowing out of the body cavity
through the inlet port 66, the pressure of the fluid 52 in the
body cavity will tend to increase. The pressure of the fluid 52
in the body cavity may decrease if a greater amount of fluid is
allowed to flow out of the body cavity than is flowing into the
body cavity. Accordingly, a desired pressure of the fluid in the
body cavity may be obtained. By monitoring the images
obtained by the image scan head 52, a physician operating the
probe 10" may observe the movement of tissue relative to a
focus 50 of the HIFU energy being transmitted by the probe,
and regulate the fluid pressure in the body cavity to cause
tissue structures such as the fibroid 46 to move relative to the
focus 50 without moving the position of the HIFU transducer
16.

[0056] Inthis manner, the imaging scan head 12 and HIFU
transducer can be held stationary, such as against the posterior
vaginal wall, and at the same time the cervix and uterus can be
moved relative to the HIFU transducer 16 by changing the
vaginal volume as distended by the infused fluid 52. As the
vaginal fluid volume increases, the cervix and uterus gradu-
ally move away from the stationary HIFU transducer. Deflat-
ing the fluid volume of the vaginal cavity 40 will do the
opposite. This relative movement of the uterus with respect to
the HIFU transducer 16 will allow the HIFU focus 50 to move
within the uterine tissue without moving the transducer 16.
The rate of movement can be finely controlled by the fluid
inflow or outflow at varying rates. If needed, the HIFU trans-
ducer 16 can be systematically moved back against the fixed
vaginal wall to different positions to control the other two axis
of the HIFU focus. The ability to brace the combined imag-
ing/HIFU probe against the fixed vaginal wall can allow the
clinician more control in handling the probe in a steady way.
Alternatively, a mechanical arm can be used to hold the probe
steady ina location in the vagina and then use the fluid volume
to move the HIFU focus 50 as described above.

[0057] In at least one alternative embodiment, a separate
structure such as a valve may not be necessary in order to
implement the regulator 64. For example, the fluid flowing
out of the body cavity through the channel 68 may be regu-
lated by using the inflatable cuff 60 to selectively compress
the size of the channel 68 within the cuff 60. By allowing the
inflation of the cuff 60, or some portion thereof, to selectively
constrict the channel 68, a variable amount of fluid flowing
out of the body cavity may be obtained to adjust the pressure
of the fluid remaining within the body cavity. In yet other
alternative embodiments, the regulator 64 may be constricted
to adjust the amount of fluid flowing into the body cavity
through the outlet port(s). For example, referring to FIG. 1,
the regulator 64 may be coupled to the channel 22 to selec-
tively adjust the amount of fluid flowing to the outlet port 20.
Also, as previously discussed, the cuff 60 may be constructed
such that selective adjustment of the inflation of the cuff 60
using the cuffinlet 62 may be used 1o selectively constrict the
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channel 22 and, thus, selectively adjust the amount of fluid
being delivered to the outlet port 20 according to a desired
fluid pressure in the body cavity. In such alternative embodi-
ments, the regulator 64 may be considered incorporated into
the cuff 60.

[0058] By adjusting the fluid flow with respect to the body
cavity throughout a transmission of HIFU energy to the focus
50, the range of target tissue to be treated by the HIFU energy
may be directed through the focus 50 without moving the
position of the HIFU transducer 16. Where the regulator 64 is
incorporated into the cuff 60, the cuff 60 is configured to
adjust the fluid flow out of the body cavity throughout the
transmission of HIFU energy and thereby direct the range of
target tissue to be treated by the HIFU energy.

[0059] Outlet ports, such as the outlet ports 20, 30,32 of the
combined imaging/HIFU probes described herein, may
assume various forms and configurations as desired. For
example, in one embodiment as depicted in FIG. 2, the outlet
port 30 may be comprised of a nozzle that directs a flow of
fluid 70 from the outlet port 30 across at least a portion of the
aperture of the HIFU transducer 16. Additionally, the nozzle
may direct a flow of fluid 72 in a single fluid path toward an
area of tissue near the aperture of the HIFU transducer 16 to
flush the area of tissue of obstructions, as previously
described herein.

[0060] FIG. 3A illustrates another embodiment of a HIFU
transducer 80 that may be used with the combined imaging/
HIFU probe described herein. The HIFU transducer 80 has an
outlet port 82 from which fluid may flow. In this particular
embodiment, the outlet port 82 extends around the aperture
84 of the HIFU transducer 80 and directs the fluid flow 86 in
a cylindrical- or conical-shaped fluid path. When the HIFU
transducer 80 is next to an area oftissue, the fluid flow 86 may
act to flush the area of tissue as well as flow across at least a
portion of the aperture 84 to keep the tissue and the HIFU
aperture at an acceptable temperature. In FIG. 3A, the fluid
flow 86 is depicted by a series of dotted lines. However, it
should be readily understood that the fluid flow 86 may be
considered flowing in a single fluid path as fluid flows uni-
formly outward from the outlet port 82 around the circumfer-
ence of the aperture 84.

[0061] FIG. 3B illustrates another alternative embodiment
of a HIFU transducer 90 that may be used with the combined
imaging/HIFU probe described herein. In this embodiment,
the HIFU transducer 90 has an outlet port comprised of mul-
tiple nozzles 92a-e that are spaced around aperture 94 of the
HIFU transducer 90. The nozzles 92a-¢ are configured to
direct fluid flow in multiple fluid paths 96 toward an area of
tissue near the HIFU transducer 90 to be flushed. Further-
more, the nozzles 92a-e may be configured to direct a flow of
fluid 98 across at least a portion of the aperture 94 of the HIFU
transducer 90. For illustrative purposes, the multiple nozzles
92a-e are shown positioned in a ring around the aperture 94.
While the nozzles are shown evenly spaced, in other embodi-
ments the nozzles may be positioned with uneven spacing
with respect to the aperture 94.

[0062] Tt should be readily appreciated that the filling a
body cavity with fluid for global engagement and coupling of
an imaging scan head 12 and HIFU transducer 16 to tissue for
image-guided HIFU therapy can be applied to any cavity or
space, existing or created, in a body. One example described
above and shown in FIG. 2 is the vaginal cavity wherein HIFU
energy is transmitted for treatment of a uterine fibroid.
Another example is the rectal cavity for treatment of patholo-
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gies in the prostate gland (e.g., as shown in FIG. 6), the uterus
and adnexal structures. Another example is the colon for
treatment of colonic polyps or neoplasia. Yet another example
is to fill the esophagus partially or fully with fluid to treat
target tissue in the mediastinum such as tumors or nerves, or
even target tissue in the heart for ablation purposes. Still
another example is to flood the stomach with a fluid to treat
stomach neoplasm using HIFU.

[0063] Yetanother example is to fill the abdominal cavity to
treat the liver (e.g., as shown in FIG. 5), pancreas, kidney,
bowel, uterus, adnexal organs and other intra-abdominal
organ targets. Pathologies to be treated can be tumors, blood
vessels, and nerves and other pathologies.

[0064] In all, combined imaging/HIFU probes can be
inserted into cavities and spaces including those cavities and
spaces mentioned above and flooded with a fluid to perform
image-guided HIFU therapy as described herein. Again, a
benefit of this global engagement and coupling method
allows a flexible form factor design for both the imaging and
HIFU heads.

[0065] FIG. 4 depicts a probe 100 having a combined head
forimaging and HIFU therapy. The probe 100 includes a shaft
102 to which a HIFU transducer 104 is connected. The HIFU
transducer 104 includes an aperture 106 from which HIFU
energy is transmitted to target tissue in the patient. Combined
with the HIFU transducer 104 is an imaging scan head 108
shown positioned at a distal end of the HIFU transducer 104.
The imaging scan head 108 is used to image the tissue being
treated. The combined imaging scan head 108 and HIFU
transducer 104 is connected to the probe shaft 102 via a hinge
110. The hinge 110 provides a point of articulation around
which the combined head can be rotated to optimize the
imaging and therapy delivery.

[0066] Further depicted in FIG. 4 is a cuff 114 that extends
around the shaft 102 of the probe 100. As with other embodi-
ments of the combined imaging/HIFU probe previously
described, the cuff 114 may be inflated to a desired size using
a fluid flowing through an inlet 116 to the cuff 114. The cuff
114 is used to occlude an opening to the body cavity into
which the probe is inserted and to retain fluid in the body
cavity at a desired pressure.

[0067] An advantage of using a probe with a combined
imaging scan head and HIFU transducer as shown in FIG. 4 is
that such a probe can be inserted into areas of the body that
may otherwise be poorly visualized by other means. For
example, as will be discussed in greater detail below, a phy-
sician can manipulate a combined probe 100 through a small
abdominal incision into a fluid filled upper abdomen (with
patient in the Trendelenburg position, for example) to place
the probe 100 against the surface of an organ, such as the liver,
e.g., as illustrated in FIG. 5. The physician can then use
ultrasound images obtained from the imaging scan head to
guide the transmission of HIFU energy from the probe to treat
tumors, blood vessels, bile ducts or other targets. Using a
combined imaging/HIFU probe in this manner helps alleviate
the concern of inadequate visual imaging through a laparo-
scope, for example, due to anatomical position or obstructed
background (such as by blood) in the fluid.

[0068] The following examples are provided to illustrate
some applications in which the method and apparatus of the
present invention may be used. These examples are by no
means exclusive and the combined imaging/HIFU probes
described herein are certainly not limited to use in the appli-
cations stated in these examples. There are many possible
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applications in which a combined imaging/HIFU probe may
be inserted into a naturally existing or surgically created body
cavity and filled partially or fully with fluid, particularly for
treatment of intra-tissue pathologies that are otherwise not
visible.

EXAMPLE 1

[0069] As depicted in FIG. 2, the first example involves
inserting a combined imaging/HIFU probe 10" into the vagi-
nal cavity 40 of a patient in the Trendelenburg position and
filling the vaginal cavity with fluid 52. In this example, the
probe 10" includes one or more fluid outlet ports. A first outlet
port 30 is located at a distal end of the HIFU transducer 16,
while a second outlet port 32 is located adjacent to the imag-
ing scan head 122. An inflatable cuff 60 that extends around
the shaft of the combined probe 10" is expanded just internal
1o the vaginal introitus to retain the fluid 52 within the vaginal
cavity 40. The cuff 60 can, but need not be, tightly fitted to the
walls of the vaginal canal. In cases where fluid 52 is allowed
1o seep out past the cuff, for example through the channel 68,
the fluid flow rate into or out of the vaginal cavity 40 can be
used to control the degree of distention of tissue in the vaginal
cavity. Alternatively, in cases where the cuffis tightly fitted to
the vaginal canal, the fluid 52 can be retained in the vaginal
cavity 40 without any spillage. The combined probe 10' can
translate in and out through the cuff 60 and pivot freely in
order to manipulate the placement of the probe. If desired, one
or more seals may be fitted to the cuff 60 around the shaft of
the probe 10, preferably toward the inside of the vaginal
cavity 40, to bear against the pressure of the fluid 52 in the
cavity and to help prevent unwanted seepage of fluid around
the probe. The vaginal cavity 40 can be distended by allowing
fluid to flow into the cavity by gravity or by a fluid pump. To
decrease the distention of the vaginal cavity by fluid, the fluid
52 can be drained out through a separate channel 68 or by
using the same tubing by reversing the gravity effect or the
pump direction, or by allowing fluid to simply seep past the
cuff 60.

[0070] With fluid filling the vaginal cavity, the imaging
scan head 12 can either be in contact with or away from the
tissue of the cervix 44 or vaginal fornices 42 and continue to
image the pelvic organs using the fluid 52 as an acoustic
conduction medium. The fluid 52 in the vaginal cavity 40 also
enables HIFU energy to be transmitted from the HIFU trans-
ducer 16 through the fluid and focused at the target tissue in
the uterus without the need of direct contact of the HIFU
transducer 16 to the cervical/vaginal fornix tissue. The HIFU
transducer 16 can be moved in multiple directions within the
fluid filled cavity 40 to move the focus 50 within the uterine
tissue. Alternatively, the HIFU transducer 16 may be held
stationary, such as against the vaginal wall. Then by expand-
ing or contracting the vaginal cavity with pressure from the
fluid 52, the effect of the HIFU energy at the stationary focus
50 within the target tissue can be moved by moving the tissue
away from or towards the HIFU focus 50. This method pro-
vides an effective use of image-guided HIFU therapy to treat
a uterine pathology, such as fibroids.

EXAMPLE 2

[0071] A small incision is made through the anterior
abdominal wall 120, as shown in FIG. 5, with the option of
doing so under visualization of a laparoscope 122. A com-
bined imaging/HIFU probe 124 is then inserted directly
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through the abdominal incision, possibly through a cuffed
conduit. The cuffs 1264 and 1265 which extend around the
probe shaft are inflated to seal off the incision. Depending on
the configuration of the cuffs 126a, 1265, the shaft of the
probe 124 can slide in and out and pivot through the cuffs.
Fluid 128 is fed into the abdominal cavity through tubing
within or along the side of the probe 124 to an outlet port 130
near the HIFU transducer 132. The abdominal cavity is filled
with the fluid 128, such as normal saline, aided by the patient
being in the Trendelenburg position. The combined probe 124
is then guided towards the liver 134, in this example, by feel
or by laparoscopic visualization, and then eventually by ultra-
sound imaging using the imaging scan head 136 of the probe
124. Once the imaging scan head 136 and HIFU transducer
132 are near to the surface of the liver 134, image-guided
HIFU treatment of an intra-hepatic lesion 138, for example,
can be performed. The focus 140 of the HIFU energy is
moved throughout the liver tumor 138 to cause necrosis of the
target tissue, either by moving the HIFU transducer 132 or by
moving the tumor 138 by distending surrounding tissue
according to pressure of the fluid 128 in the abdominal cavity.
Ideally, when positioning the probe 124, the physician
ensures the absence of any bowel loop 142 or other obstruc-
tions or air bubbles at the interface between the imaging scan
head 136, the HIFU transducer 132, and the liver 134. Flush-
ing of the tissue at the interface may be accomplished using
fluid from the outlet port 130 in a manner as previously
described.

[0072] Itshould be understood that, in this example or other
examples or embodiments described herein, a gas fluid may
also be introduced into the body cavity, particularly to influ-
ence the pressure of the liquid fluid in the body cavity to
distend the tissues in the body cavity. For example, as illus-
trated in FIG. 5, the abdominal cavity is partially filled with a
liquid fluid 128 up to a fluid level 144. The remaining portion
ofthe abdominal cavity is filled with a gas 146, such as carbon
dioxide. The fluid pressure in the abdominal cavity can thus
beadjusted by regulating the amount of gas 146 or liquid fluid
128 in the abdominal cavity.

EXAMPLE 3

[0073] A combined imaging/HIFU probe 150 is inserted
through the anus 152 into the rectum 154, as illustrated in
FIG. 6. A cuff 156 around the probe 150 may be inflated to fit
against the rectal wall. The probe 150 can slide in and out and
pivot freely through the cuff 156. The rectum 154 is filled with
fluid flowing from the outlet ports 158 around the HIFU
transducer 160. The patient may be in the reverse Trendelen-
burg position to facilitate the fluid 162 filling the rectum 154.
Using the fluid 162 as a global engagement and coupling
medium, image-guided HIFU treatment of a prostate tumor
164 in the prostate gland 166, for example, can be performed.
Using the methods and apparatus of this disclosure, the pros-
tate gland 166 and the pathology 164 within can be visualized
using the imaging scan head 168 and treated with HIFU
energy with a greater degree of accessibility.

[0074] Even in the presence of visual guidance, a distinct
advantage of an image-guided HIFU treatment system as
described herein is that the ultrasound imaging can see
beyond the surface of the target organ. For example, ultra-
sound imaging can see a tumor deep within liver tissue as
illustrated in FIG. 5. It can also see bleeding blood vessels
deep in the liver, especially with a Doppler mode, while
neither of these pathologies can be seen by laparoscopy. Simi-
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lar examples can be applied to cases of intramural fibroids in
the uterus, deep pancreatic tumors, etc., all of which are not
visible by laparoscopy but can be imaged by ultrasound,
especially using the global engagement and coupling meth-
ods described herein.

[0075]  As illustrated in FIGS. 1 and 2, a fluid input line to
the cuff 60 can be incorporated in or along the sides of the
shaft of the combined imaging/HIFU probe. One or more
fluid outlets 20, 30, 32 can be provided at the distal end
proximalend, or at different positions around the HIFU trans-
ducer 16 and/or imaging scan head 12, or elsewhere on the
probe. Preferably, the flow of fluid from the outlets 20, 30, 32
can be directed in various directions to flush any gas bubbles
or debris away from the interface between the HIFU trans-
ducer 16 and the tissue nearby. Alternatively, a fluid line with
an outlet port can be placed apart from the combined probe at
a portion of the cavity, preferably the most dependent part of
the cavity, to fill the cavity with the fluid. Another alternative
is to have a fluid outlet port attached to the tip of an optical
scope, such as laparoscope, or at the end of a hysteroscope or
cystoscope, to be deployed in the body cavity in concert with
the combined imaging/HIFU probe to visually direct the fluid
flow to fill the cavity and to wash away gas bubbles and debris
and double check the location of the combined probe and
clearance of the HIFU path.

[0076] The fluid 52 can be water or more ideally an isotonic
aqueous solution such as normal saline to avoid hypotonic
fluid absorption into the body. The fluid 52 can be degassed as
needed. The intake of the fluid 52 into the transport tubing
(e.g., channel 22) can be as simple as an [V bag with gravity
flow or a fluid infusion pump.

[0077] In yet another aspect, a combined imaging/HIFU
probe as described herein may include a cover 180 extends
over the aperture of the HIFU transducer 182, as illustrated in
FIGS. 7A and 7B. The cover 180 is comprised of a non-
permeable material and can be rigid, semi-rigid, or pliable, as
desired. In at least one embodiment, the cover 180 is sealingly
engaged with the HIFU transducer 182 and has at least one
perforation 184 defined therethrough to allow fluid to flow
through the cover.

[0078] In FIG. 7B, the HIFU transducer 182 includes an
outlet port 186 shown positioned between the cover 180 and
the aperture of the HIFU transducer 182. A first channel 188
in the shaft 190 of the probe delivers fluid to the outlet port
186, which flows out into the space 192 between the HIFU
transducer 182 and the cover 180. The fluid circulates within
the space 192 under the cover 180. The fluid may then exit
through the one or more perforations 184 in the cover to fill
the body cavity. In this manner, the fluids circulating in the
space between the cover 180 and the HIFU transducer 184
serves to cool surface of the HIFU transducer and to provide
an ultrasound coupling media between the HIFU transducer
182 and adjacent tissue. If desired, the fluid can be chilled to
enhance the cooling effect.

[0079] The fluid from the outlet port 186 may further be
configured to flow through the one or more perforations 184
in the cover toward an area of tissue in the body cavity near the
aperture of the HIFU transducer 182. The fluid thus expelled
through the one or more perforations 184 can serve to flush
away any gas bubbles, mucus, or other debris at the interface
between the aperture of the HIFU transducer 182 and the
adjacent tissue.

[0080] As stated elsewhere herein, the fluids supplied to the
HIFU transducer 182 can be pressurized by a gravity-fed IV
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bag system or by a fluid pump. The infusion rate and pressure
of the fluid in the body cavity can be adjusted to meet various
perfusion and tissue positioning requirements.

[0081] In the embodiment shown in FIG. 7B, the HIFU
transducer 182 further includes an inlet port 194 positioned
between the cover 180 and the HIFU transducer 182. The inlet
port 194 is connected to a second channel 196 that conveys
fluid away from the HIFU transducer 182. In this embodi-
ment, fluid in the space 192 that does not otherwise flow out
of the perforations 184 into the body cavity may flow into the
inlet port 194 and away from the body cavity. The flow of the
fluid from the HIFU transducer 182 through the inlet port 194
may be higher than the flow of fluid from the HIFU transducer
182 through the at least one perforation 184 in the cover 180.
Accordingly, the probe may provide greater circulation of
fluid into and within the space 192 than otherwise flows out
through the one or more perforations 184 into the body cavity.

[0082] Since the fluid in the body cavity can effectively
communicate both the imaging ultrasound and the therapeu-
tic HIFU energy from the probe without requiring direct
contact with the cervical or vaginal fornix tissue, there is a
greater ability to vary the physical form factors of the imaging
scan head 12 and the HIFU transducer 16. These form factors
can be designed to facilitate the insertion of the combined
probe through various body cavity openings, such as the
vaginal introitus. The imaging scan head 12 and the HIFU
transducer 16 can be inserted simultaneously or in sequence.
The form factors can be tailored to the anatomy of different
patients and optimized for deployment of the probe within a
particular body cavity. The freedom to vary the form factors
ofthe combined probe allows the use of different imaging and
therapeutic heads, including from off-the-shelf commercial
sources.

[0083] FIG. 8 illustrates a side section view of the HIFU
transducer and cover as illustrated in FIG. 7B. The HIFU
transducer 200 is covered with a cover 201 comprising a rigid,
serni-rigid, or pliant membrane. A flexible sheath 202 overlies
the cover 201 and preferably is sealingly engaged to the
circumference of the HIFU transducer 200. Fluid flowing
through a first channel 205 to an outlet port 207 fills the space
between the aperture of the transducer 200 and the cover 201.
The fluid also fills the space between the cover 201 and the
sheath 202, causing the sheath 202 to inflate with fluid. One or
more perforations 203 in the cover 201 allows fluid to flow
from the space between the transducer 200 and the cover 201
into the space between the cover 201 and the sheath 202, or
vice versa. Some or all of the fluid in the space between the
transducer 200 and the cover 201 or the space between the
cover 201 and the sheath 202 flows away from the transducer
200 through inlet port 208 via a second channel 204, espe-
cially once the fluid pressure under the sheath 202 reaches an
equilibrium with the fluid pressure in the space between the
transducer 200 and the cover 201.

[0084] With the probe configuration shown in FIG. 8, an
acoustic coupling between the HIFU transducer 200 and adja-
cent tissue in the patient is obtained by inflating the flexible
sheath 202 with fluid and then pressing the sheath 202 against
the tissue. When inflated with fluid, the flexible sheath 202 is
able to conform more closely to irregular features of the tissue
and thus improve the coupling of HIFU energy from the
transducer 200 to the tissue. As to the remainder of the sheath
202, after connecting to the periphery of the cover 201, the
sheath 202 may extend along the shaft 206 of the transducer
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200 to cover the shaft and help prevent communication of
contamination in the body cavity.

[0085] The cover 201 can help prevent tissue or other
objects from applying direct pressure to face of the transducer
200, thereby reducing the risk of transducer damage or tissue
burns. Moreover, the same cooling fluid can be circulated
over the surface of the transducer 200 and within the flexible
sheath 202 to cool both the HIFU transducer 200 and the
tissue adjacent to the sheath. A sufficient convective heat
exchange can be obtained, even at a steady-state inflation of
the sheath 202, to help maintain temperature equilibrium
between the fluid within the cover 201 and any fluid outside
the cover 201.

[0086] In some circumstances, it may not be practical or
desirable to fill a surrounding cavity (assuming there is a
cavity) with uncontained fluid. For example, a physician may
want to effectively couple HIFU energy transmitted from the
transducer 200 to adjacent tissue in the patient, particularly
where there the transducer 200 is used outside a cavity in the
body or is used within a body cavity, but the physician or
patient wants to avoid fluid coming in direct contact with the
walls of the cavity. In any case, benefits of the global fluid
coupling described herein may be obtained with a fluid-filled
sheath configuration as illustrated in FIG. 8. It is not neces-
sary that the HIFU transducer 200 be directly pressed against
tissue of the patient. Rather, the fluid-filled sheath 202 is
pressed against the tissue and provides a coupling for trans-
mission of HIFU energy from the transducer 200 to the tissue
1o be treated. In some embodiments, the sheath 202 further
overlies an imaging scan head of the probe. In such embodi-
ments, the sheath 202 is configured to inflate with fluid
around the imaging scan head to provide a coupling for trans-
mission of ultrasound energy between the imaging scan head
and the patient.

[0087] FIG. 9A illustrates, in functional block form, a side
view of a HIFU transducer 210 and an imaging transducer or
scan head 212 disposed behind a common acoustic window
214. In at least one embodiment, the acoustic window 214
may comprise the cover 180 illustrated in FIGS. 7A and 7B.
As shown in FIG. 9A, the imaging scan head 212 may be
centrally located within the HIFU transducer 210, thus pro-
viding an advantageous form factor when fitting the acoustic
window 214 to the imaging scan head 212 and transducer 210.

[0088] Conventionally, a coupling gel is placed on and
around ultrasonic devices, such as the imaging scan head 212
and transducer 210, to improve the acoustic coupling of the
devices to the patient. This conventional approach may be
acceptable when the ultrasonic devices are pressed against the
adjacent tissue to force bubbles out of the coupling gel. How-
ever, the global fluid coupling described in the present appli-
cation allows an imaging scan head 212 (and HIFU trans-
ducer 210) to acoustically couple to nearby tissue without
requiring direct contact with the tissue. In such cases, if a
conventional coupling gel were used to fill the space between
the imaging scan head 212 and the acoustic window 214, poor
imaging may result from bubbles in the gel that reflect imag-
ing ultrasound energy and cause shadowing in the ultrasound
image. Rather than use a coupling gel as is conventionally
done, the probe described hereinand depicted in FIG. 9A uses
a fluid 216, such as water or saline, to fill the space between
the imaging scan head 212 and the acoustic window 214. This
fluid 216 may be the same as the fluid 218 filling the body
cavity.
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[0089] FIG. 9B illustrates, in functional block form,
another probe design with a HIFU transducer 220 and an
imaging scan head 222. In this embodiment, however, the
imaging scan head 222 is located adjacent to the HIFU trans-
ducer 220. Like the probe design shown in FIG. 9A, the
imaging scan head 222 and the HIFU transducer 220 are
behind a common acoustic window 228. A fluid 224, such as
water or saline, may be used to fill the space between the
imaging scan head 222 and the acoustic window 228. This
fluid 224 may be the same as the fluid 226 filling the body
cavity.

[0090] FIG. 9C illustrates, in functional block form, a
HIFU transducer 230 and an imaging scan head 234 behind
separate acoustic windows 236 and 232, respectively. Fluid
238, 242, such as water or saline, may be used to fill the space
between the transducers and the acoustic windows 232, 236.
The same or similar fluid 240 may be used to fill the space
outside the acoustic windows 232, 236 in the body cavity. The
acoustic windows 232, 236 (as well as the acoustic windows
214 and 228 in FIGS. 9A and 9B) may have one or more
perforations defined therethrough to allow fluid to flow
through the acoustic windows.

[0091] Although various embodiments have been
described above in connection with certain depicted imple-
mentations, those of ordinary skill will recognize that one or
more features ofany implementation described herein may be
combined and used in another implementation for similar
advantage. Accordingly, it is not intended that the scope of the
invention in any way be limited by the precise forms
described above.

The embodiments of the invention in which an exclusive
property or privilege is claimed are defined as follows:

1. A combined imaging/high intensity focused ultrasound
(HIFU) probe configured for insertion into a body cavity of a
patient, comprising:

an imaging scan head for imaging target tissue in the

patient;

a HIFU transducer having an aperture through which HIFU

energy 1s transmitted to the target tissue;

an outlet port configured to direct a flow of fluid from the

outlet port across at least a portion of the aperture of the
HIFU transducer; and

a channel in fluid connection with the outlet port for deliv-

ering a flow of fluid to the outlet port,

wherein the probe is constructed to allow fluid flow from

the outlet port to fill at least a portion of the body cavity
with fluid in which the imaging scan head and HIFU
transducer are immersed and to direct the fluid flow to
flush an area of tissue in the body cavity near the aperture
of the HIFU transducer, the fluid in the body cavity
providing a coupling for transmission of ultrasound
energy between the combined imaging/HIFU probe and
the patient, and the flushing of the area of tissue near the
aperture of the HIFU transducer reducing obstructions
to the transmission of HIFU energy to the target tissue.

2. The combined imaging/HIFU probe of claim 1, wherein
the outlet port is positioned proximate to the HIFU trans-
ducer.

3. The combined imaging/HIFU probe of claim 1, wherein
the outlet port is comprised of a nozzle that directs the fluid
flow in a single fluid path toward the area of tissue to be
flushed.
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4. The combined imaging/HIFU probe of claim 3, wherein
the outlet port extends around the aperture of the HIFU trans-
ducer and directs the fluid flow in a cylindrical or conical-
shaped fluid path.

5. The combined imaging/HIFU probe of claim 1, wherein
the outlet port is comprised of multiple nozzles that direct the
fluid flow in multiple fluid paths toward the area of tissue to be
flushed.

6. The combined imaging/HIFU probe of claim 5, wherein
the multiple nozzles are positioned in a ring around the aper-
ture of the HIFU transducer.

7. The combined imaging/HIFU probe of claim 1, wherein
the fluid flow from the outlet port is continuous.

8. The combined imaging/HIFU probe of claim 1, wherein
the probe is further constructed to direct the fluid flow from
the outlet port to flush an area of tissue in the body cavity near
the imaging scan head.

9. The combined imaging/HIFU probe of claim 1, wherein
the outlet port is a first outlet port, the probe further compris-
ing a second outlet port positioned proximate the imaging
scan head to direct a flow of fluid across at least a portion of
the imaging scan head, wherein the probe is constructed to
direct the fluid flow from the second outlet port to flush an
area of tissue in the body cavity near the imaging scan head
and thereby reduce obstructions to the transmission of ultra-
sound energy between the imaging scan head and the patient.

10. The combined imaging/HIFU probe of claim 1,
wherein the channel receives the flow of fluid from a recep-
tacle that uses gravity to deliver the fluid to the channel.

11. The combined imaging/HIFU probe of claim 1, further
comprising a cuff extending around the probe, wherein the
cuffis configured to obstruct an opening to the body cavity to
help retain fluid from the outlet port in the body cavity.

12. The combined imaging/HIFU probe of claim 11,
wherein the cuff is further configured to permit the probe to
pivot or translate within the cuff while helping retain the fluid
in the body cavity.

13. The combined imaging/HIFU probe of claim 11,
wherein the cuff is configured to allow a portion of the fluid
filling the body cavity to pass and thereby flow out of the body
cavity.

14. The combined imaging/HIFU probe of claim 1, further
comprising an inlet port in fluid connection with a second
channel configured to convey fluid out of the body cavity.

15. The combined imaging/HIFU probe of claim 1,
wherein the fluid filling the body cavity has a fluid pressure,
the probe further comprising a regulator configured to regu-
late fluid flow with respect to the body cavity according to a
desired pressure of the fluid in the body cavity.

16. The combined imaging/HIFU probe of claim 15,
wherein the pressure of the fluid in the body cavity is capable
of distending the tissue in the body cavity and modifying the
position of the target tissue relative to a focus of the HIFU
energy that is transmitted from the HIFU transducer, the
regulator being configured to regulate fluid flow with respect
to the body cavity to achieve the desired fluid pressure in the
body cavity that positions the target tissue at a desired posi-
tion relative to the focus without moving the position of the
HIFU transducer.

17. The combined imaging/HIFU probe of claim 16,
wherein the regulator is configured to adjust the fluid flow
with respect to the body cavity throughout the transmission of
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HIFU energy and thereby direct the range of target tissue to be
treated by the HIFU energy without moving the position of
the HIFU transducer.

18. The combined imaging/HIFU probe of claim 1, further
comprising a cover in sealing engagement with the HIFU
transducer, wherein the cover is comprised of a non-perme-
able material.

19. The combined imaging/HIFU probe of claim 18,
wherein the cover has at least one perforation defined there-
through that allows fluid to flow through the cover.

20. The combined imaging/HIFU probe of claim 19,
wherein the outlet port is positioned between the cover and
the HIFU transducer such that fluid from the outlet port is
configured to flow through the perforation in the cover toward
the area of tissue in the body cavity near the aperture of the
HIFU transducer to flush the area of tissue.

21. The combined imaging/HIFU probe of claim 20, fur-
ther comprising an inlet port positioned between the cover
and the HIFU transducer, wherein the inlet port is connected
to a second channel that conveys fluid away from the HIFU
transducer.

22. The combined imaging/HIFU probe of claim 21,
wherein the flow of fluid from the HIFU transducer through
the inlet port is higher than the flow of fluid from the HIFU
transducer through the at least one perforation in the cover.

23. A combined imaging/high intensity focused ultrasound
(HIFU) probe configured for insertion into a body cavity of a
patient, comprising:

an imaging scan head for imaging target tissue in the
patient;

a HIFU transducer having an aperture through which HIFU
energy is transmitted to the target tissue;

a channel in fluid connection with an outlet port for deliv-
ering a flow of fluid to the body cavity when the probe is
inserted into the body cavity; and

a cuff extending around the probe, wherein the cuff is
configured to obstruct an opening to the body cavity to
help retain fluid from the outlet port in the body cavity,

wherein the probe is constructed to allow fluid flow from
the outlet port to fill at least a portion of the body cavity
with fluid in which the imaging scan head and HIFU
transducer are immersed, the fluid in the body cavity
providing a coupling for transmission of ultrasound
energy between the combined imaging/HIFU probe and
the patient.

24. The combined imaging/HIFU probe of claim 23,
wherein the cuff is further configured to permit the probe to
pivot within the cuff while helping to retain the fluid in the
body cavity.

25. The combined imaging/HIFU probe of claim 23,
wherein the cuff is further configured to permit the probe to
translate within the cuff while helping to retain the fluid in the
body cavity.

26. The combined imaging/HIFU probe of claim 23,
wherein the cuff is configured to allow a portion of the fluid
filling the body cavity to pass and thereby flow out of the body
cavity.

27. The combined imaging/HIFU probe of claim 26,
wherein the cuffis further configured to regulate the fluid flow
out of the body cavity according to a desired fluid pressure of
the fluid in the body cavity.

28. The combined imaging/HIFU probe of claim 27,
wherein the pressure of the fluid in the body cavity is capable
of distending the tissue in the body cavity and modifying the
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position of the target tissue relative to a focus of the HIFU
energy that is transmitted from the HIFU transducer, the cuff
being configured to regulate the fluid flow out the body cavity
and thereby regulate the fluid pressure in the body cavity so as
to position the target tissue at a desired position relative to the
focus without moving the position of the HIFU transducer.

29. The combined imaging/HIFU probe of claim 28,
wherein the cuff is configured to adjust the fluid flow out of
the body cavity throughout the transmission of HIFU energy
and thereby direct the range of target tissue to be treated by the
HIFU energy without moving the position of the HIFU aper-
ture.

30. The combined imaging/HIFU probe of claim 23,
wherein the cuff is expandable to a desired size.

31. The combined imaging/HIFU probe of claim 30,
wherein the cuff is inflatable.

32. The combined imaging/HIFU probe of claim 23, fur-
ther comprising a cover in sealing engagement with the HIFU
transducer, wherein the cover is comprised of a non-perme-
able material that has at least one perforation defined there-
through that allows fluid to flow through the cover.

33. The combined imaging/HIFU probe of claim 32,
wherein the outlet port is positioned between the cover and
the HIFU transducer such that fluid from the outlet port is
configured to flow through the perforation in the cover toward
an area of tissue in the body cavity near the aperture of the
HIFU transducer to flush the area of tissue of obstructions to
the transmission of HIFU energy to the target tissue.

34. A combined imaging/high intensity focused ultrasound
(HIFU) probe configured for insertion into a body cavity of a
patient, comprising:

an imaging scan head for imaging target tissue in the

patient;

a HIFU transducer having an aperture through which HIFU

energy is transmitted to the target tissue;

a channel in fluid connection with an outlet port for deliv-
ering a flow of fluid to the body cavity when the probe is
inserted into the body cavity, the fluid in the body cavity
having a fluid pressure; and

aregulator configured to regulate fluid flow with respect to
the body cavity according to a desired fluid pressure of
the fluid in the body cavity,

wherein the probe is constructed to allow fluid flow from
the outlet port to fill at least a portion of the body cavity
with fluid in which the imaging scan head and HIFU
transducer are immersed, the fluid in the body cavity
providing a coupling for transmission of ultrasound
energy between the combined imaging/HIFU probe and
the patient.

35. The combined imaging/HIFU probe of claim 34,
wherein the fluid pressure of the fluid in the body cavity is
capable of distending the tissue in the body cavity and modi-
fying the position of the target tissue relative to a focus of the
HIFU energy that is transmitted from the HIFU transducer,
the regulator being configured to regulate fluid flow with
respect to the body cavity to achieve a fluid pressure in the
body cavity that positions the target tissue at a desired posi-
tion relative to the focus without moving the position of the
HIFU transducer.

36. The combined imaging/HIFU probe of claim 35,
wherein the regulator is configured to regulate the fluid flow
with respect to the body cavity throughout the transmission of
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HIFU energy and thereby direct the range of target tissue to be
treated by the HIFU energy without moving the position of
the HIFU aperture.

37. The combined imaging/HIFU probe of claim 34, fur-
ther comprising a cover in sealing engagement with the HIFU
transducer, wherein the cover is comprised of a non-perme-
able material that has at least one perforation defined there-
through that allows fluid to flow through the cover.

38. The combined imaging/HIFU probe of claim 37,
wherein the outlet port is positioned between the cover and
the HIFU transducer such that fluid from the outlet port is
configured to flow through the perforation in the cover toward
the area of tissue in the body cavity near the aperture of the
HIFU transducer to flush the area of tissue of obstructions to
the transmission of HIFU energy to the target tissue.

39. The combined imaging/HIFU probe of claim 38, fur-
ther comprising an inlet port positioned between the cover
and the HIFU transducer, wherein the inlet port is connected
to a second channel that conveys fluid away from the HIFU
transducer, and wherein the flow of fluid from the HIFU
transducer through the inlet port is higher than the flow of
fluid from the HIFU transducer through the at least one per-
foration in the cover.

40. The combined imaging/HIFU probe of claim 39,
wherein the regulator is configured to adjust the flow of fluid
out of the body cavity through the inlet port.

41. The combined imaging/HIFU probe of claim 37,
wherein the cover is further in sealing engagement with the
imaging scan head to provide an acoustic window with a
fluid-filled space over both the HIFU transducer and the
imaging scan head.

42. The combined imaging/HIFU probe of claim 34, fur-
ther comprising a cuff extending around the probe, wherein
the cuffis configured to obstruct an opening to the body cavity
to help retain fluid from the outlet port in the body cavity.

43. The combined imaging/HIFU probe of claim 42,
wherein the cuff provides the regulator in that the cuff allows
an adjustable portion of the fluid in the body cavity to pass and
thereby flow out of the body cavity according to a desired
pressure of the fluid in the body cavity.

44. A combined imaging/high intensity focused ultrasound
(HIFU) probe configured for insertion into a body cavity of a
patient, comprising:

an imaging scan head for imaging target tissue in the
patient;

a HIFU transducer having an aperture through which HIFU
energy is transmitted to the target tissue;

a channel in fluid connection with an outlet port for deliv-
ering a flow of fluid to the body cavity when the probe is
inserted into the body cavity; and

a cover in sealing engagement with the HIFU transducer,
wherein the cover is comprised of a non-permeable
material that has at least one perforation defined there-
through that allows fluid to flow through the cover,

wherein the probe is constructed to allow fluid flow from
the outlet port to fill at least a portion of the body cavity
with fluid in which the imaging scan head and HIFU
transducer are immersed, the fluid in the body cavity
providing a coupling for transmission of ultrasound
energy between the combined imaging/HIFU probe and
the patient.

45. The combined imaging/HIFU probe of claim 44,

wherein the outlet port is positioned between the cover and
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the HIFU transducer such that fluid from the outlet port is
configured to flow through the perforation in the cover into
the body cavity.

46. The combined imaging/HIFU probe of claim 485,
wherein the at least one perforation is positioned in the cover
to direct fluid flow through the cover toward an area of tissue
in the body cavity near the aperture of the HIFU transducer to
flush the area of tissue of obstructions to the transmission of
HIFU energy to the target tissue.

47. The combined imaging/HIFU probe of claim 45, fur-
ther comprising an inlet port positioned between the cover
and the HIFU transducer, wherein the inlet port is connected
to a second channel that conveys fluid away from the HIFU
transducer.

48. The combined imaging/HIFU probe of claim 47,
wherein the flow of fluid from the HIFU transducer through
the inlet port is higher than the flow of fluid from the HIFU
transducer through the at least one perforation in the cover.

49. The combined imaging/HIFU probe of claim 44,
wherein the cover is further in sealing engagement with the
imaging scan head to provide an acoustic window with a
fluid-filled space over both the HIFU transducer and the
imaging scan head.

50. The combined imaging/HIFU probe of claim 44,
wherein the coveris a first cover, the probe further comprising
a second cover in sealing engagement with the imaging scan
head, wherein the second cover is comprised of a non-perme-
able material that has at least one perforation defined there-
through to allow fluid to flow through the second cover.

51. A method of deploying a combined imaging/high inten-
sity focused ultrasound (HIFU) probe for use in a body cavity
of a patient, comprising:

inserting the combined imaging/HIFU probe through an

opening to the body cavity of the patient, wherein the
probe includes an imaging scan head for imaging target
tissue in the patient, a HIFU transducer having an aper-
ture through which HIFU energy is transmitted to the
target tissue, and an outlet port from which fluid is con-
figured 1o flow;

directing a flow of fluid from the outlet port across at least

aportion of the aperture of the HIFU transducer, wherein
the fluid flow from the outlet port is further directed
toward an area of tissue in the body cavity near the
aperture of the HIFU transducer to flush the area of
tissue and reduce obstructions to the transmission of
HIFU energy to the target tissue;

allowing fluid from the outlet port 1o fill at least a portion of

the body cavity; and

immersing the imaging scan head and HIFU transducer in

the fluid in the body cavity, wherein the fluid provides a
coupling for transmission of ultrasound energy between
the combined imaging/HIFU probe and the patient.

52. The method of claim 51, further comprising position-
ing the outlet port proximate to the HIFU transducer.

53. The method of claim 51, wherein the fluid flow is
directed in a single fluid path toward the area of tissue to be
flushed.

54. The method of claim 53, wherein the fluid flow is
directed in a cylindrical or conical-shaped fluid path.

55. The method of claim 51, wherein the fluid flow is
directed in multiple fluid paths toward the area of tissue to be
flushed.
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56. The method of claim 55, further comprising position-
ing multiple nozzles in a ring around the aperture of the HIFU
transducer to direct the fluid flow.

57. The method of claim 51, wherein the fluid flow from the
outlet port is continuous.

58. The method of claim 51, further comprising directing
fluid flow from the outlet port toward an area of tissue in the
body cavity near the imaging scan head to flush the area of
tissue of obstructions to the transmission of ultrasound
energy between the imaging scan head and the patient.

59. The method of claim 51, wherein the outlet port is a first
outlet port and the probe further includes a second outlet port,
the method further comprising directing a flow of fluid from
the second outlet port across at least a portion of the imaging
scan head to flush an area of tissue in the body cavity near the
imaging scan head and thereby reduce obstructions to the
transmission of ultrasound energy between the imaging scan
head and the patient.

60. The method of claim 51, further comprising using
gravity to deliver the fluid from a receptacle to the outlet port.

61. The method of claim 51, further comprising position-
ing a cuffaround the probe to obstruct the opening to the body
cavity through which the probe is inserted to help retain fluid
from the outlet port in the body cavity.

62. The method of claim 61, further comprising pivoting or
translating the probe within the cuff while retaining the fluid
in the body cavity.

63. The method of claim 61, further comprising allowing a
portion of the fluid filling the body cavity to pass by the cuff
and thereby flow out of the body cavity.

64. The method of claim 51, wherein the probe further
includes an inlet port, the method further comprising convey-
ing fluid out of the body cavity via the inlet port.

65. The method of claim 51, wherein the fluid filling the
body cavity has a fluid pressure, the method further compris-
ing regulating fluid flow with respect to the body cavity
according to a desired pressure of the fluid in the body cavity.

66. The method of claim 65, wherein the pressure of the
fluid in the body cavity is capable of distending the tissue in
the body cavity and modifying the position of the target tissue
relative to a focus of the HIFU energy that is transmitted from
the HIFU transducer, the method further comprising regulat-
ing the fluid flow with respect to the body cavity to achieve the
desired fluid pressure in the body cavity that positions the
target tissue at a desired position relative to the focus without
moving the position of the HIFU transducer.

67. The method of claim 66, further comprising regulating
the fluid flow throughout the transmission of HIFU energy
and thereby directing the range of target tissue to be treated by
the HIFU energy without moving the position of the HIFU
transducer.

68. The method of claim 51, further comprising covering
the HIFU transducer with a cover comprised of non-perme-
able material in sealing engagement with the transducer.

69. The method of claim 68, further comprising defining at
least one perforation through the cover that allows fluid to
flow through the cover.

70. The method of claim 69, further comprising:

positioning the outlet port between the cover and the HIFU

transducer such that fluid from the outlet port is config-
ured to flow through the perforation in the cover toward

the area of tissue in the body cavity near the aperture of
the HIFU transducer; and
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directing the flow of fluid through the coverto flush the area
of tissue of obstructions to the transmission of HIFU
energy.

71. The method of claim 70, further comprising position-
ing an inlet port between the cover and the HIFU transducer
and conveying fluid away from the HIFU transducer via the
inlet port.

72. The method of claim 71, wherein the flow of fluid from
the HIFU transducer via the inlet port is higher than the flow
of fluid from the HIFU transducer through the at least one
perforation in the cover.

73. A method of deploying a combined imaging/high inten-
sity focused ultrasound (HIFU) probe for use in a body cavity
of a patient, comprising:

inserting the combined imaging/HIFU probe through an

opening to the body cavity of the patient, wherein the
probe includes an imaging scan head for imaging target
tissue in the patient, a HIFU transducer having an aper-
ture through which HIFU energy is transmitted to the
target tissue, and an outlet port from which fluid is con-
figured to flow;

positioning a cuff around the probe to obstruct the opening

to the body cavity to help retain fluid from the outlet port
in the body cavity;

allowing fluid from the outlet port to fill at least a portion of

the body cavity; and

immersing the imaging scan head and HIFU transducer in

the fluid in the body cavity, wherein the fluid provides a
coupling for transmission of ultrasound energy between
the combined imaging/HIFU probe and the patient.

74. The method of claim 73, further comprising pivoting
the probe within the cuff while retaining the fluid in the body
cavity.

75. The method of claim 73, further comprising translating
the probe within the cuff while retaining the fluid in the body
cavity.

76. The method of claim 73, further comprising allowing a
portion of the fluid filling the body cavity to pass by the cuff
and thereby flow out of the body cavity.

77. The method of claim 76, further comprising using the
cuffto regulate the fluid flow out of the body cavity according
to a desired fluid pressure of the fluid in the body cavity.

78. The method of claim 77, wherein the pressure of the
fluid in the body cavity is capable of distending the tissue in
the body cavity and modifying the position of the target tissue
relative to a focus of the HIFU energy that is transmitted from
the HIFU transducer, the method further comprising regulat-
ing the fluid flow out the body cavity to thereby regulate the
fluid pressure in the body cavity so as to position the target
tissue at a desired position relative to the focus without mov-
ing the position of the HIFU transducer.

79. The method of claim 78, further comprising regulating
the fluid flow out of the body cavity throughout the transmis-
sion of HIFU energy and thereby directing the range of target
tissue to be treated by the HIFU energy without moving the
position of the HIFU aperture.

80. The method of claim 73, further comprising expanding
the cuff to a desired size.

81. The method of claim 80, wherein expanding the cuff
comprises inflating the cuff.

82. The method of claim 73, further comprising covering
the HIFU transducer with a cover comprised of a non-perme-
able material in sealing engagement with the transducer,
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wherein the cover has at least one perforation defined there-
through that allows fluid to flow through the cover.

83. The method of claim 82, further comprising:

positioning the outlet port between the cover and the HIFU

transducer such that fluid from the outlet port is config-
ured to flow through the perforation in the cover toward
an area of tissue in the body cavity near the aperture of
the HIFU transducer; and

directing the flow of fluid through the cover to flush the area

of tissue of obstructions to the transmission of HIFU
energy to the target tissue.

84. A method of deploying a combined imaging/high inten-
sity focused ultrasound (HIFU) probe for use in a body cavity
of a patient, comprising:

inserting the combined imaging/HIFU probe through an

opening to the body cavity of the patient, wherein the
probe includes an imaging scan head for imaging target
tissue in the patient, a HIFU transducer having an aper-
ture through which HIFU energy is transmitted to the
target tissue, and an outlet port from which fluid is con-
figured to flow into the body cavity;

allowing fluid from the outlet port to fill at least a portion of

the body cavity, the fluid in the body cavity having a fluid
pressure;

regulating fluid flow with respect to the body cavity

according to a desired fluid pressure of the fluid in the
body cavity; and

immersing the imaging scan head and HIFU transducer in

the fluid in the body cavity, wherein the fluid provides a
coupling for transmission of ultrasound energy between
the combined imaging/HIFU probe and the patient.

85. The method of claim 84, wherein the fluid pressure of
the fluid in the body cavity is capable of distending the tissue
in the body cavity and modifying the position of the target
tissue relative to a focus of the HIFU energy that is transmit-
ted from the HIFU transducer, and wherein the fluid flow with
respect to the body cavity is regulated to achieve a fluid
pressure in the body cavity that positions the target tissue at a
desired position relative to the focus without moving the
position of the HIFU transducer.

86. The method of claim 85, further comprising regulating
the fluid flow with respect to the body cavity throughout the
transmission of HIFU energy and thereby directing the range
of target tissue to be treated by the HIFU energy without
moving the position of the HIFU aperture.

87. The method of claim 84, further comprising covering
the HIFU transducer with a cover comprised of a non-perme-
able material in sealing engagement with the transducer,
wherein the cover has at least one perforation defined there-
through that allows fluid to flow through the cover.

88. The method of claim 87, further comprising covering
the imaging scan head with the cover, wherein the cover is in
sealing engagement with the imaging scan head to provide an
acoustic window with a fluid-filled space over both the HIFU
transducer and the imaging scan head.

89. The method of claim 87, further comprising:

positioning the outlet port between the cover and the HIFU

transducer such that fluid from the outlet port is config-
ured to flow through the perforation in the cover toward
the area of tissue in the body cavity near the aperture of
the HIFU transducer; and

directing the flow of fluid through the cover to flush the area

of tissue of obstructions to the transmission of HIFU
energy to the target tissue.
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90. The method of claim 88, further comprising position-
ing an inlet port positioned between the cover and the HIFU
transducer and conveying fluid away from the HIFU trans-
ducer via the inlet port, wherein the flow of fluid from the
HIFU transducer via the inlet port is higher than the flow of
fluid from the HIFU transducer through the at least one per-
foration in the cover.

91. The method of claim 89, wherein regulating fluid flow
with respect to the body cavity comprises regulating the flow
of fluid out of the body cavity via the inlet port.

92. The method of claim 84, further comprising position-
ing a cuff around the probe to obstruct the opening to the body
cavity to help retain fluid from the outlet port in the body
cavity.

93. The method of claim 92, wherein regulating fluid flow
with respect to the body cavity comprises allowing an adjust-
able portion of the fluid in the body cavity to pass by the cuff
and thereby flow out of the body cavity.

94. A method of deploying a combined imaging/high inten-
sity focused ultrasound (HIFU) probe foruse in a body cavity
of a patient, comprising:

inserting the combined imaging/HIFU probe through an

opening to the body cavity of the patient, wherein the
probe includes an imaging scan head for imaging target
tissue in the patient, a HIFU transducer having an aper-
ture through which HIFU energy is transmitted to the
target tissue, and an outlet port from which fluid is con-
figured to flow;

covering the HIFU transducer with a cover comprised of a

non-permeable material in sealing engagement with the
transducer, wherein the cover has at least one perforation
defined therethrough that allows fluid to flow through
the cover;

allowing fluid from the outlet port to fill at least a portion of

the body cavity; and

immersing the imaging scan head and HIFU transducer in

the fluid in the body cavity, wherein the fluid provides a
coupling for transmission of ultrasound energy between
the combined imaging/HIFU probe and the patient.

95. The method of claim 90, further comprising position-
ing the outlet port between the cover and the HIFU transducer
such that fluid from the outlet port is configured to flow
through the perforation in the cover into the body cavity.

96. The method of claim 91, further comprising directing
the flow of fluid through the at least one perforation in the
cover toward an area of tissue in the body cavity near the
aperture of the HIFU transducer to flush the area of tissue of
obstructions to the transmission of HIFU energy to the target
tissue.

97. The method of claim 91, further comprising position-
ing an inlet port between the cover and the HIFU transducer
and conveying fluid away from the HIFU transducer via the
inlet port.

98. The method of claim 93, wherein the flow of fluid from
the HIFU transducer via the inlet port is higher than the flow
of fluid from the HIFU transducer through the at least one
perforation in the cover.

99. The method of claim 94, further comprising covering
the imaging scan head with the cover, wherein the cover is in
sealing engagement with both the HIFU transducer and the
imaging scan head to provide an acoustic window with a
fluid-filled space over both the HIFU transducer and the
imaging scan head.
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100. The method of claim 94, wherein the cover is a first
cover, the method further comprising covering the imaging
scan head with a second cover, wherein the second cover is
comprised of a non-permeable material in sealing engage-
ment with the imaging scan head that has at least one perfo-
ration defined therethrough to allow fluid to flow through the
second cover.

101. A combined imaging/high intensity focused ultra-
sound (HIFU) probe, comprising:

an imaging scan head for imaging target tissue in the
patient;

a HIFU transducer having an aperture through which HIFU
energy 1s transmitted to the target tissue;

a channel in fluid connection with an outlet port for deliv-
ering a flow of fluid;

a cover in sealing engagement with the HIFU transducer,
wherein the cover is comprised of a non-permeable
material that has at least one perforation defined there-
through that allows fluid to flow through the cover; and

a flexible sheath that overlies the cover and is sealingly
engaged with the HIFU transducer,

wherein the probe is constructed to allow fluid flow from
the outlet port to fill the space between the aperture of the
HIFU transducer and the cover, and further to fill the
space between the cover and the sheath causing the
sheath to inflate with fluid, the fluid flowing through the
at least one perforation in the cover and providing a
coupling for transmission of ultrasound energy from the
HIFU transducer to the patient.

102. The combined imaging/HIFU probe of claim 101,
wherein the fluid is capable of circulating through the space
between the aperture of the HIFU transducer and the cover,
the probe further comprising an inlet port configured to con-
vey fluid away from the HIFU transducer.

103. The combined imaging/HIFU probe of claim 101,
wherein the sheath further extends along a shaft of the probe
to cover the shaft.

104. The combined imaging/HIFU probe of claim 101,
wherein the sheath further overlies the imaging scan head and
is configured to inflate with fluid around the imaging scan
head to provide a coupling for transmission of ultrasound
energy between the imaging scan head and the patient.

105. A method of deploying a combined imaging/high
intensity focused ultrasound (HIFU) probe, comprising:

obtaining a combined imaging/HIFU probe that includes
an imaging scan head for imaging target tissue in the
patient, a HIFU transducer having an aperture through
which HIFU energy is transmitted to the target tissue,
and an outlet port from which fluid is configured to flow;

covering the HIFU transducer with a cover comprised of a
non-permeable material in sealing engagement with the
transducer, wherein the cover has at least one perforation
defined therethrough that allows fluid to flow through
the cover;

positioning a sheath over the cover in sealing engagement
with the HIFU transducer; and

allowing fluid from the outlet port to fill the space between
the aperture of the HIFU transducer and the cover and
further to fill the space between the cover and the sheath
to cause the sheath to inflate with fluid, the fluid flowing
through the at least one perforation in the cover and
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providing a coupling for transmission of ultrasound
energy from the HIFU transducer to the patient.

106. The method of claim 104, further comprising pressing
the sheath against tissue of the patient intended to receive
HIFU energy from the combined imaging/HIFU probe.

107. The method of claim 106, wherein the tissue is located
inside a body cavity of the patient, the method further com-
prising inserting the combined imaging/HIFU probe into the
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body cavity prior to allowing fluid from the outlet port to
inflate the sheath.

108. The method of claim 101, further comprising circu-
lating fluid through the space between the aperture of the
HIFU transducer and the cover and conveying fluid away
from the HIFU transducer via an inlet port of the probe.

kok ok ok %
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