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& (57) Abstract: Delivery systems, and methods using the same, having an ultrasound viewing window for improved imaging and
N ; needle for ablation treatment of target tissues. In an embodiment, the target tissue is a fibroid within a female’s uterus. In an
embodiment, the delivery system includes a rigid shaft having a proximal end, a distal end, and an axial passage extending through
the rigid shaft. In an embodiment, the axial passage is configured for removably receiving the ultrasound imaging insert having an
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DEVICES AND METHODS FOR TREATMENT OF TISSUE

FIELD OF INVENTION
[0001] The present invention relates generally to medical systems and methods. More
particularly, the invention relates to delivery systems having an ultrasound probe for
improved 1maging and a curved needle for ablation treatment, and methods for using the

SalTIcC.

BACKGROUND OF THE INVENTION
[0002] Treatment of the female reproductive tract and other conditions of dysfunctional
uterine bleeding and fibroids remain with unmet clinical needs. Fibroids are benign tumors
of the uterine myometna (muscle) and are the most common tumor of the female pelvis.
Fibroid tumors atfect up to 30% ot women of childbearing age and can cause significant
symptoms such as discomfort, pelvic pain, mennorhagia, pressure, anemia, cCOmpression,
infertility, and miscarriage. Fibroids may be located in the myometrium (intramural),
adjacent the endometrium (submucosal), or in the outer layer of the uterus (subserosal). Most
common fibroids are a smooth muscle overgrowth that arise intramurally and can grow to be

several centimeters in diameter.

[0003] Current treatments for fibroids include either or both pharmacological therapies and
surgicai interventions. Pharmacological treatments include the administration of medications
such as NSAIDS, estrogen-progesterone combinations, and GnRH analogues. All

medications are relatively inetffective and are palliative rather than curative.

[0004] Surgical interventions include hysterectomy (surgical removal of the uterus) and
myomectomy. Surgical myomectomy, in which fibroids are removed, 1s an open surgical
procedure requiring laparotomy and general anesthesia. Often these surgical procedures are
associated with the typical surgical risks and complications along with significant blood loss

and can only remove a portion of the culprit tissue.

|0005] To overcome at least some of the problems associated with open surgical
procedures, laparoscopic myomectomy was pioneered 1n the early 1990's. However,
laparoscopic myomectomy remains technically challenging, requiring laparoscopic suturing,

Iimiting 1ts performance to only the most skilled of laparoscopic gynecologists. Other
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minimally mnvasive irécatiments 10r uterine 1broids Incliude nysterosSCopy, uterime artery

ablation, endometnal ablation, and myolysis.

[0006] While eftective, hysterectomy has many undesirable side effects such as loss of
tertility, open surgery, sexual dysfunction, and long recovery time. There is also significant
morbidity (sepsis, hemorrhage, peritonitis, bowel and bladder injury), mortality and cost
associated with hysterectomy. Hysteroscopy is the process by which a thin fiber optic
camera 1s used to 1image 1nside the uterus and an attachment may be used to destroy tissue.
Hysteroscopic resection 1s a surgical technique that uses a vaniety of devices (loops, roller
balls, bipolar electrodes) to ablate or resect uterine tissue. The procedure requires the filing
of the uterus with tluid for better viewing, and thus has potential side effects of fluid
overload. Hysteroscopic ablation 1s limited by its visualization technique and thus, only

appropriate for fibroids which are submucosal and/or protrude into the uterine cavity.

[0007] Utenne artery embolization was introduced in the early 1990 s and 1s performed
through a groin incision by injecting small particles into the uterine artery to selectively block
the blood supply to fibroids and retract 1ts tissue. Complications include pelvic infection,
premature menopause and severe pelvic pain. In addition, long term MRI data suggests that
incomplete fibroid infarction may result in regrowth of infarcted fibroid tissue and

symptomatic recurrence.

[0008] Endometrial ablation 1s a procedure primarily used for dysfunctional (or abnormal)
uterine bleeding and may be used, at times, for management of fibroids. Endometrial
ablation relies on various energy sources such as cryo, microwave and radiofrequency
energy. Endometnal ablation destroys the endometrial tissue lining the uterus, and although
an excellent choice for treatment of dysfunctional uterine bleeding, it does not specifically
treat fibroids. This technique is also not suitable treatment of women desiring future

childbearing.

[0009] Myolysis was first pertormed in the 1980°s using lasers or radio frequency (RF)
energy to coagulate tissue, denature proteins, and necrose myometrium using laparoscopic
visualization. Laparoscopic myolysis can be an alternative to myomectomy, as the fibroids
are coagulated and then undergo coagulative necrosis resulting in a dramatic decrease in size.
As with all laparoscopic techniques, myolysis treatment 1s limited by the fact that it can only

allow tor visualization of subserosal fibroids.



10

15

20)

235

30

CA 02649805 2008-10-17
WO 2007/1242635 PCT/US2007/066235

[0010] Needle myolysis uses a laparoscope, percutaneous, or open technique to introduce
one or more needles into a fibroid tumor under direct visual control. Radio trequency
current, cryo energy, or microwave energy 1s then delivered between two adjacent needles
(bipolar), or between a single needle and a distant dispersive electrode aftixed to the thigh or
back of the patient (unipolar). The aim of needle myolysis 1s to coagulate a sigmticant
volume of the tumor, thereby cause substantial shrinkage. The traditional technique utilizes
making multiple passes through different areas of the tumor using the coagulating needle to
destroy many cylindrical cores of the abnormal tissue. However, the desirability of multiple
passes 1s diminished by the risk of adhesion formation which 1s thought to escalate with
Increasing amounts of injured uterine serosa, and by the operative time and skill required.
Myolysis can be an alternative to myomectomy, as the fibroids are coagulated and then
undergo coagulative necrosis resulting in a dramatic decrease in size. Myolysis 1s generally
limited by 1ts usage with direct visuahization techniques, thus being limited to the treatment of

subserosal fibroids.

[0011] To overcome the limitations of current techniques, it would be desirable to provide
a mimmmally invasive approach to visualize and selectively eradicate fibroid tumors within the

uterus. The present invention addresses these and other unmet needs.

BRIEF SUMMARY OF THE INVENTION
[0012] The present invention 1s directed to dehivery systems, and methods using the same,
having an ultrasound probe for improved imaging and a needle for ablation treatment of
target tissues. In an embodiment, the needle 1s curved with the ultrasound probe having an
ultrasound array at a distal portion. In an embodiment, the needle 1s a curved needle.
Typically, the needle will be deployed from within a natural or created body cavity or body
lumen. Exemplary body cavities include the uterus, the esophagus, the stomach, the bladder,
the colon, and the like. Exemplary body lumens include the ureter, the urethra, fallopian
tubes, and the like. Created body cavities include insufflated regions in the abdomen, the
thoracic cavity, regions around joints (for arthroscopic procedures), and the like. The present
invention will generally not find use with procedures 1n blood vessels or other regions of the
vasculature. Thus, while the following description will be directed particularly at procedures
within the uterus for detecting and treating uterine fibroids, the scope of the present invention
1s not intended to be so limited. In an embodiment, the target tissue 1s a fibroid within a

female's uterus.
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[0012A)  Various embodiments of the invention provide a rigid delivery system comprising: a rigid
shaft having a proximal end, a distal end, and an axial passage therethrough, an ultrasound window
near the distal end, and a selectively deflectable or pre-shaped distal top; an ultrasound imaging insert
removably disposable within the axial passage and having an ultrasound array within a distal portion
thereof, wherein the ultrasound array is tilted relative to a shaft axis and can be aligned with the
ultrasound window when the insert is disposed within the axial passage; and a needle disposed adjacent
an exterior surface of the rigid shaft and having a body and a distal tip configured to deliver energy to a
target site within a body of a patient. .

[0012B] Various embodiments of the invention provide a system for visualization and ablation of
fibroid tissues within a body of a patient, comprising: a delivery system comprising a rigid shaft having
a proximal end, a distal end, an axial passage extending through the rigid shaft and configured for
removably receiving an ultrasound imaging insert and; a selectively deflectable or pre shaped distal tip;
and a needle extending adjacent an exterior surface of the rigid shaft and having a body and a distal tip;
an ultrasound insert having an ultrasound array disposed within a distal portion thereof and which 1s
tilted relative to the shaft axis: a radio frequency energy generator attachable to the needle and
configured to deliver, to a target site within the body radio frequency energy generated at a relatively
low power and for relatively a short duration of time; and an ultrasound system including a central
processing unit connectable to the ultrasound insert.

[0012C]  Various embodiments of the invention provide a rigid delivery system comprising;:

a rigid shaft having a proximal end, a distal end, and an axial passage therethrough; and

an ultrasound imaging insert disposed within the axial passage and having an ultrasound array within a
distal portion thereof, wherein the ultrasound array is tilted relative to a shaft axis.

[0012D]  Various embodiments of the invention provide a delivery system comprising: a shaft
having a proximal end, an angled distal tip, and an axial passage therethrough; an ultrasound imaging
insert disposed within the axial passage and having an ultrasound array within a distal portion thereof,
wherein the ultrasound array is tilted relative to a shaft axis; and a curved needle coupled to the shatft,

wherein an angle of needle curvature is inversely proportional to the ultrasound array tilt and tip angle.

3a



10

15

20

25

30

CA 02649805 2008-10-17
WO 2007/1242635 PCT/US2007/066235

|O013] In an embodiment, a rigid dehivery system comprises a rigid delivery shatt, an
imaging core, and an interventional core. In an embodiment, the rigid shaft having a
proximal end, a distal end, and an axial passage extending through the rigid shaft. The axial
passage will typically extend the entire length of the shaft from the proximal to the distal end,
and 1S open at least at the proximal end. The shaft will usually be rigid along all or a portion

of its length, but 1n other instances may be flexible, detlectable, or steerable.

[0014] In an embodiment, the imaging core preferably comprises an ultrasound imaging
insert or probe disposed within the axial passage, usually being removably disposed so that it
may be removed and replaced to permit stertlization and re-use. The imaging insert will have
an ultrasound array within a distal portion thereotf. In an embodiment, the ultrasound array 1s
tilted relative to a shait axis so as to provide an enhanced field of view, as discussed in more
detail below. The ultrasound array may be tilted at an angle in a range from about 7 degrees
to about 15 degrees, preferably in a range from about 7 degrees to about 10 degrees. It will
be appreciated that the interventional core may be adapted for any conventional form of
medical imaging, such as optical coherence tomographic imaging, direct optic visualization,

and as such 1s not hhmited by ultrasonic 1tmaging.

[0015] In an embodiment, the ultrasound 1maging insert further comprises a flat viewing
window disposed over the ultrasound array at the distal portion. The distal end of the rigid
shaft may comprise a mechanical alignment feature, as for example, a flat viewing surface for
axial or rotational orientation of the ultrasound 1imaging insert within the shaft. The flat
viewing surface will be visually transparent to permit imaging from within the axial passage
by the imaging insert. It will be appreciated, however, that the transparent visualization
window which aids in physical alignment does not have to be visually transparent for
ultrasound. For example, at least a portion of the flat viewing surface may be composed of
an ultrasonically translucent material to permit ultrasonic imaging though the surface of the
shaft. Further, the re-usable ultrasound 1imaging insert may be acoustically coupled to the
outer delivery shaft to ensure that the ultrasound energy effectively passes from one
component to the other. Ultrasonic acoustic coupling may be accomplished in several ways
by one or a combination of means, including a compliant material (e.g., pad, sheet, etc.), fluid
(e.g., water, o1l, etc.), gel, or close mechanical contact between the rigid shaft and ultrasound

imaging nsert.
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|U016] In an ecmbodiment, the ngid delivery shatt preferably has a detlectable or fixed pre-
shaped or pre-angled distal end. The delivery shaft distal end may be deflected or bent at an
angle i a range trom about O degrees to about 80 degrees relative to the shaft axis, preferably
In a range from about 10 degrees to about 25 degrees. The ultrasound imaging insert will
usually be tlexible (and 1n some 1nstances deflectable or steerable) so that the distal portion of
the ultrasound 1maging insert 1s conformable or bendable to the same angle as the shaft
detlectable distal end. The cumulative effect of array tilting and shaft bending
advantageously provides an enhanced viewing angle of the ultrasound imaging insert, which
1S in a range from about 7 degrees (i.€., angle due to tilted ultrasound array) to about 90
degrees relative to the shaft axis. In a preferred embodiment, the viewing angle 1s about 20
degrees, wherein the array tilting and shaft bending are at about 10 degrees respectively. 1t
will be appreciated that several geometries of array tilting and shatft bending may be
configured so as to provide the desired viewing angle (e.g., distally forward direction, side-
viewing or lateral direction), as for example, viewing of the end within the uterus (e.g.,

cornua and fundus).

[0017] In an embodiment, the interventional core preferably comprises a curved needle
coupled to the rigid shatt via a needle guide. Significantly, an angle of needle curvature is
dependent upon (e.g., inversely proportional to) the ultrasound array tilt and the shaft bend.
For example, an increase in an angle of array tilting or shaft bending decreases an angle of
needle curvature. This in turn provides several significant advantages such as allowing a
treating physician or medical facility to selectively choose an appropriate needle curvature
based upon such indications (e.g., variability in needle curvature). Further, a decrease in the
angle of needle curvature provides for enhanced pushability, deployability, and/or
penetrability characteristics as well as simplified manufacturing processes. The angle of
needle curvature may be in a range from about O degrees to about 80 degrees relative to an
axis, preterably the angle 1s about 70 degrees when the viewing angle is about 20 degrees.
The curved needle generally comprises a two-piece construction comprising an elongate
hollow body and a solid distal tip. The solid tip may comprise an asymmetric or offset trocar
tip. For example, the tip may comprise a plurality of beveled edges offset at a variety of
angles. It will be appreciated that the needle may take on a variety of geometries in

accordance with the intended use.

[0018] In an embodiment, the needle extends adjacent an exterior surface of the rigid

delhivery shatt. In an embodiment, the needle i1s disposed within a needle guide which extends
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along an exterior ot the rigid shatt. The curved needle may be removably and replaceably
disposed within the guide passage. The guide passage will typically extend approximately
the entire length of the shaft and be open at least at the distal end so as to allow the needle to
be reciprocatably deployed and penetrated into adjacent solid tissue. In an embodiment, the
needle has a hollow body and a sohid distal tip formed from conductive material. The needle,
optionally, may be covered, at least along a distal portion of the needle body, with a sheath.
In an embodiment, the sheath 1s retractable such that the needle distal tip 1s extendable from a
sheath's distal end thereby adjusting the length of the exposed conductive distal tip. In an

embodiment, the sheath 1s formed from non-conductive matenal such as parylene.

[0019] In an embodiment, the curved needle and needle guide have a flattened oval shape
that has a wideness that is greater than a thickness. This oval cross sectional shape is
intended to inhibit lateral deflection during deployment or penetration of the needle. The
needle 1s configured to deliver to the target site radio frequency energy (or other ablative
energy such as, but not lmited to, electromagnetic energy including microwave, resistive
heating, cryogenic) generated at a relatively low power and for relatively a short duration of

active treatment time.

[0020] In an embodiment, a delivery system includes a shaft, an imaging core, and an
interventional core. The delivery shatt has a proximal end, an angled distal tip, and an axial
passage therethrough. The imaging core comprises an ultrasound 1maging insert disposed
within the axial passage. The imaging insert has an ultrasound array within a distal portion
thereof, wherein the ultrasound array 1s tilted relative to a shaft axis. The interventional core
comprises a curved ablation needle coupled to the shaft. An angle of needle curvature may

be inversely proportional to the ultrasound array tilt and tip angle.

[0021] As discussed above, the geometries of the shaft, imaging insert, treatment needle,
and needle guide may be varied in accordance with the intended use. The delivery shatft,
ultrasound 1maging 1nsert, treatment needle, and/or needle guide may be integrally formed or
fixed with respect to one another or preferably comprise separate, interchangeable modular
components that are coupleable to one another to permit selective sterilization or re-use, and
to permit the system to be configured individually for patients having different anatomies and
needs. For example, a sterilizable and re-usable ultrasound insert may be removably

positioned within a disposable shaft.
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10022] The target site undergoing treatment may be any target site which may benefit from
the treatment devices and methods according to the present invention. Usually the target site
1s a uterus within a temale's body. The target site in need of treatment generally has an 1nitial
(e.g., prior to treatment) approximate diameter which 1s greater than about two (2)
centimeters ("cm"). Usually, the target site's imitial diameter ranges from about 1 to about 6

cm. Normally the initial untreated diameter 1s about 2 cm.

[0023] In an embodiment of methods according to the present invention for visualization
and ablation of fibroid tissues needing treatment within a patient's body include providing a
visualization and ablation system according the device and system embodiments described
herein. In an embodiment, the method comprises inserting a r1gid shaft having a proximal
end, a distal end, and an axial passage therethrough within a uterus. The distal end of the
rigid shaft may then be selectively deflected. An ultrasound imaging insert may then be
loaded within the axial passage prior to, concurrent with, or subsequent to shaft insertion,
wherein a distal portion of the insert conforms to the deflected shatt distal end. Loading may
further involve axially or rotationally aligning the ultrasound imaging insert within the rigid
shaft. A needle curvature is then selected by the physician or medical facility from a plurality
of needles (1.e., at least two or more) having different curvatures based on at least an angle of
the detlected shaft distal end. The selected curved needle 1s then loaded along the rgid shaft.
Under the guirdance of the imaging system, the needle 1s inserted into the tissue site. The RF
generator is set to deliver and/or maintain a target temperature at the target site for a

treatment period.

[0024] In an embodiment, the ultrasound array may be tilted or inclined within the distal
portion of the insert, wherein selecting the needle curvature further comprises accounting for
the ultrasound array tilt. As described above, the ultrasound array 1s preferably tilted at an
angle in a range from about 7 degrees to about 10 degrees relative to a shatt axis. Deflecting
will typically comprise pulling a pull or tensioning wire coupled to the shaft distal end in a
proximal direction. Deftlection occurs at an angle 1n a range from about O degrees to about 80
degrees relative to the shatt axis, wherein the needle curvature 1s 1n a range from about 0
degrees to about 90 degrees (1.e., 1n the case of a non-tilted ultrasound array) relative to an
ax1s. The method further comprises imaging the uterus with a viewing angle of the
ultrasound array 1n a range from about O degrees to about 90 degrees (1.e., 1n the case of a
straight needle) relative to the shaft axis, wherein the viewing angle 1s based upon the

detlected shaft distal end and the tilted ultrasound array. It will be appreciated that torquing
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and/or rotating the ngid device 1n addition to tip detlection and ultrasound tilt will allow a

physician to obtain the desired viewing plane.

[0025] In some embodiments, methods further include ablating a uterine fibroid within the
uterus with the selected curved needle. In those cases, the needle may be a radiofrequency
(RF) electrode, a microwave antenna, a cryogenic probe, or other energy delivery or
mediating element intended for ablating or otherwise treating tissue. The distal tip of the
needle will usually be adapted so that 1t will self-penetrate into the tissue as 1t 1s advanced
from the needle guide. The direction of advancement will be coordinated with the imaging
field of the ultrasound insert so that the penetration of the curved needle can be viewed by the
physician, usually in real time. Further, an electrolyte (e.g., saline) or other agent may be
infused within the uterus prior to or concurrently with fibroid ablation so as to enhance the
therapeutic effect provided by the treatment needle. This 1s preterably accomplished by
providing at least one or more (€.g., two, three, four, five, etc.) infusion holes or apertures on
the needle body. In still other cases, the needle could be a hollow core needie intended for

sampling, biopsy, otherwise performing a diagnostic procedure.

[0026] In an embodiment, the power and temperature are generated by a radio frequency
energy generator. The radio frequency energy generator 1s generally configured to deliver
energy at a power from about 1 to about 50 watts ("W"), generally from about 1 to about 40
W, usually from about 20 to about 40 W, and normally about 30W. The radio frequency
energy generator 1s further configured to provide a target temperature at the target site
ranging from about 50 to about 110 degrees Celstus ("°C"), usually from about 60 to about
100°C, normally about 90°C. In an embodiment, the needle's conductive tip 1s at

approximately body temperature as it 1s initially disposed within the patient's body.

[0027] In an embodiment, the target site is treated for a period of time ranging from about 1
to about 10 minutes, generally from about 1 to about 8 minutes, usually from about 3 to about

& minutes, normally about 6 minutes.

[0028] In an embodiment, at least one fluid lumen extends along the rngid shaft for
delivering fluids to a distal portion of the delivery system. The at least one fluid lumen may
be configured for delivery of any one or more of fluids such as those for enhancing acoustic
coupling between the ultrasound 1maging insert and the target site, contrasting dyes,
therapeutic agents, and the like. In an embodiment, the at least one fluid lumen includes

acoustic coupling lumens including an internal lumen extending along the axial passage and
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terminating at an internal port within its distal end and an external lumen extending along the
axial passage and terminating at an external port in fluid communication with the outside ot
the axial lumen. In an embodiment, the external lumen i1s formed by an external hollow
tubular body extending along the needle guide, while the internal lumen 1s formed by an
internal hollow tubular body extending along the underside of the axial hollow tubular body
forming the axial passage. It should be appreciated, however, that the external and internal
fluid lumens may be oriented in any other suitable location along the shaft. In the
embodiment, as shown, the external lumen 1s located along the needle guide such that the
fluid may exit near the ultrasound window, while the internal lumen extends along the
underside of the axial hollow tubular body which forms the axial passage so as to allow the

fluid to be delivered to the inner tip without trapping air inside the shaft.

[0029] In an embodiment, the present invention includes a visualization and ablation
system generally having a delivery device, an ultrasound imaging probe detachable from the

dehvery system, a radio frequency energy generator, and an ultrasound system.

BRIEF DESCRIPTION OF THE DRAWINGS
[0030] The following drawings should be read with reference to the detailed description.
Like numbers 1n different drawings refer to like elements. The drawings 1llustratively depict
embodiments including teatures of the present invention. The drawings are not necessarily

drawing to scale and are not intended to limit the scope of the invention.

[0031} Figs. 1A through 1E 1llustrate an exemplary delivery system embodying features of
the present invention and having an inclined ultrasound array for improved 1imaging and a

curved needle for ablation treatment.

[0032] Figs. 2A through 2D i1llustrate exploded views of the distal portion of the ultrasound

imaging nsert of Fig. 1A 1n a straight configuration.

[0033] Figs. 3A through 3D 1llustrate exploded views of the distal portion of the ultrasound

imaging msert of Fig. 1A in a bent configuration.

[0034] Figs. 4A through 4E illustrate cross-sectional views of the embodiments of

exemplary delivery system of Figs. 1A through 1C taken along their respective lines.

[0035] Figs. SA illustrates a visualization and ablation system embodying features of the

present invention.
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[0036] Fig. 5B 1llustrates features of an exemplary ultrasound probe ot the visualization

and ablation system of Fig. SA.

[0037] Fig. 5C illustrates features of an exemplary ultrasound system of the visualization

and ablation system of Fig. 5A.

|0038] Fig. 5D illustrates features of an exemplary radio frequency energy generator of the

visualization and ablation system of Fig. SA.

[0039] Fig. 5E 1llustrates the visualization and ablation system of Fig. SA as disposed
during operation within a uterus for the treatment of fibroids in accordance with the features

of the present invention.

[0040] Figs. 6A through 6C illustrate the exemplary features of an ablation needle for use

with the visualization and ablation system of Fig. 5A.

[0041] Figs. 7A through 7D illustrate the exemplary features of an ablation needle for use

with the visualization and ablation system of Figs. 4A-4C.

[0042] Fig. 8A illustrates an exemplary ablation needle for use with the visualization and

ablation system of Figs. 5A and including an insulating matenial such as a retractable sheath.

[0043] Figs. 8B through 8C illustrate the needle of Figs. 8A with the retractable sheath in a

retracted position.

[0044] Figs. 8D through 8F are cross-sectional views of the needle of Fig. 8A taken along
lines 8D-8D, 8E-8E, and 8F-8F.

[0045] Figs. 9A through 9E further illustrate the asymmetric solid distal tip of Fig. 6A.

[0046] Figs. 10A through 10C illustrate use of the system of Fig. 1A within a uterus for the

treatment of fibroids 1in accordance with the principles of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
[0047] Referring to Figs. 1A through 1C, an exemplary delivery system 10 embodying
features of the present invention 1s shown having a shaft inclined viewing window 12 for
improved 1imaging and a curved needle 14 for ablation treatment of a target site 16 such as
fibroid tissues 18 (Fi1g. 3E) within a female's reproductive system. The delivery system 10

includes a system distal end 20, a system proximal end 22, and a rnigid delivery shatt 24.

Delivery shaft 24 includes a shaft distal end 26 with a bent or deflectable shaft distal tip 28, a
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shaft proximal end 30, and an axial passage 32 extending longitudinally through at least a
portion of the delivery shaft 24. A handle 40 with handle proximal and distal ends 42 and 44,
1S attachable to the shaft proximal end 30. The handle 40 further includes a longitudinally
movable slider 45 for enabling the advancement and retraction of the needle 14 to and from

within a needle guide 58.

[0048] The curved needle 14 has a needle body 50 with a shaped needle distal end 52 and a
solid needle distal tip 54, as best seen in Figs. 1B-1E and 4A-E. Needle 14 1s configured to
deliver, to the target site 16 including fibroid 18 (as shown 1n Fig. 3E), radio frequency
energy generated at a relatively low power and for relatively a short duration of time from an
ablative energy generator 400 (such as, but not limited to, electromagnetic energy including
microwave, resistive heating, cryogenic) including a radio frequency (RF) energy generator
410, as shown 1n and discussed 1n reference to Figs. 3A and 3E. In an embodiment, as

shown, needle body 50 1s a hollow body forming a needle lumen 51.

[0049] Now referring back to Figs. 1A and 1B, needle 14 1s disposed adjacent the exterior
of the shatft 24 within the needle guide 58. Needle guide 58 includes a guide passage 59 and
1s attachable to the shaft by way of adhesive, or other means such as laser welding, shrink
tubing, and the like. Needle 14, as best seen 1n Figs. 1B, 4B, and 5C, may include one or
more needle apertures 60. As shown, the needle 14 includes two needle apertures 60A and
60B. The most distal aperture 60A exposes the distal end of a thermocouple pair 59a and 59b
as shown 1n FIG. 6C. The proximal aperture 60B may be used for dehvery of various
therapeutic and/or imaging enhancement fluids and contrasting agents/dyes to the target site
16 and fibroid 18. In the embodiment shown, contrasting dye runs within the lumen 51 of the
hollow needle body. As can be seen from Figs. 2A and 4C, the thermocouple pair 59a and
59b are disposed within the lumen 51 for monitoring the temperature at the target site 16,
while the annular space around the thermocouples within lumen 51 1s usable for delivery of

dyes.

[0050] The shaft axial passage 32 1s configured for removably and replaceably receiving
and housing an ultrasound imaging insert 70. A sealing element 72 may be provided between
the ultrasound 1imaging insert 70 and the shaft handle 40 to provide sufficient sealing around

the 1maging insert 70 at a proximal end.

[0051] The ultrasound 1maging insert 70 as shown in Fig. 1B, and as further described

below, comprises an insert flexible shaft 74, an insert proximal end 76, an 1nsert distal end
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78, an ultrasound array 80, and an 1nsert flat viewing window 82 disposed at the insert distal
end 78. The ultrasound array 80 1s viewable from the shaft inclined viewing window 12.
The shaft viewing window may be used for axial and/or rotational orientation of the
ultrasound 1maging insert 70 within the delivery system shaft 24. A simplified illustration of
the delivery shaft 24 as shown 1n Fig. 1D carnies the ultrasound imaging insert 70 within 1ts
axial passage 32. A viewing plane 11 provided by the tilted and bent ultrasound array 80 1s
further 1llustrated.

[0052] Referring now to Figs. 2A through 2D, exploded views of a distal portion 71 of the
ultrasound mmaging insert 70 are illustrated. Figs. 2A and 2C show 1sometric and side views
respectively of the ultrasound 1imaging insert 70 1n a straight position prior to insertion into
the axial passage 32 of the delivery shaft 24, as will be described in more detail below. The
ultrasound 1maging insert 70 comprises a flexible shaft 74 and includes an ultrasound array
80 and a flat viewing window 82 within the distal portion 71. Figs. 2B and 2D 1llustrate
transparent 1sometric and side views respectively of the ultrasound imaging insert 70,
wherein the ultrasound array 80 1s shown tilted relative to a shaft axis 39. Preferably, the
ultrasound array 80 1s tilted or inclined at an angle o 1n a range from about 7 degrees to about
15 degrees. It will be appreciated that the angle a of inclination of the ultrasound array 80
may comprise a variety of angles (e.g., 0 degrees to about 45 degrees) as permitted by an
outer diameter of the flexible shaft 74. The ultrasonic array 80 may be arranged 1n a phased
array, for example either a linear phased array or a circumferential phased array.
Alternatively, the ultrasonic imaging array 80 may comprise one or more independent
elements, such as parabolic or other shaped 1imaging elements. In still further embodiments,
the ultrasonic 1maging array 80 may be arranged 1n a rotating mechanism to permit rotational

scanning.

[0053] Referring now to Figs. 3A through 3D, exploded views of a distal portion 71 of the
ultrasound imaging insert 70 are further illustrated. Figs. 3A and 3C show isometric and side
views respectively of the ultrasound imaging insert 70 1n a bent position subsequent to
insertion into the axial passage 32 of the delivery shaft 24. In particular, the transparent
1sometric and side views of Figs. 3B and 3D illustrate the cumulative effect of tilting the
ultrasound array 80 relative to the shaft axis 39 at the angle o and bending the distal portion
71 of the ultrasound tmaging insert 70. The bend angle p may be in a range from about O
degrees to about 80 degrees relative to the shaft axis 41, preferably in a range from about 10

degrees to about 13 degrees. The bend angle 3 will be determined by the detflectable distal tip
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28 ot the dehivery shatt 24 as the tlexible insert 70 conforms to the detlectable distal tip 28
upon insertion within the shatt 24. The viewing angle k of the ultrasound 1maging insert 70
achieved by this cumulative effect may be in a range from about 7 degrees (i.e., angle due
solely to tilted ultrasound array 12) to about 90 degrees relative to the shaft axis 40. In the
illustrated embodiment, the viewing angle 1s about 20 degrees, wherein the array tilting 1s

approximately 7 degrees and shaft bending 1s about 13 degrees.

[0054] In an embodiment, the deflectable distal tip 28 of the rigid shaft 24 may be deflected
by the use of pull or tensioning wire(s) housed within the shatt 24. Deflection may occur at a
true mechanical pivot or at a flexible zone at the shaft distal end 26. When the delivery shaft
24 1s deflectable by a user, various needles 14 may be used to match the amount of deflection
provided by the distal tip 28 as well as the amount of tilt provided by the ultrasound array 80.
Hence, the needle guide 58 will typically be empty until the distal end 26 of the shaft 24 is
deflected. For example, the shaft 24 may be inserted in a straight configuration. The distal
tip 28 may then be detlected until a target anatomy 1s 1dentified. A needle 14 1s then back

loaded within the guide passage 58 that corresponds to the amount of the deflection.

|0055] The delivery system 10, as shown in various Figs. 1 and 2, at the device proximal
end 22, includes a plurality of fluid inlet ports 100 in fluidic communication with various
portions of the delivery system shaft 24, needle 14, and/or imaging insert 70. In an
embodiment, features of which are shown in Fig. 1A and 2A, system 10, includes fluid nlet
ports 102, 104, and 106. Fluid inlet ports 100 (including 102, 104, and 106) are configured to
direct various thuids to a distal portion 23 of the delivery system 10. By way of example,
fluid 1nlet port 102 is configured to deliver dyes to at least one of the needle apertures 60,
such as aperture 60B at the needle distal end 52; while tluid inlet ports 104 and 106 are
configured, respectively, to deliver acoustic coupling fluids through external and internal
axial lumens 86 and 88 disposed along axial passage 32 to a shaft external tluid outlet port 90
and a shaft internal fluid outlet port 92 at the shaft distal end 26. Same or different fluid
ports, such as fluid port 102, may be further utilized to deliver other fluids such as therapeutic
agents to any of the other outlet ports or apertures. Optionally, additional apertures may be

provided at desired locations along lumen 51 of the hollow needle body 50.

[0056] The shaft 24 of the present invention, as described herein, may serve several
functions including delivering ultrasound, diagnostic, and/or interventional treatments,

bending of the ultrasound insert via the deflectable distal tip, and/or providing a sterile barrier
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between the ultrasound and/or interventional components. As shown in Fig. 1B, the delivery

shaft 24 carries the ultrasound 1imaging insert 70 within its axial passage 32.

|0057] Generally, the delivery system shatt 24 will have a length in a range from about 20
cm to about 40 cm and an outer diameter 1n a range from about 3 mm to about 10 mm, while
the ultrasound 1imaging insert 70 will have a length 1n a range from about 50 cm to about 90
cm and an outer diameter in a range from about 2 mm to about 4 mm. Delivery system shaft
24 and the ultrasound imaging insert 70 may be acoustically coupled 1n one or more of
several ways to enable the eftective passage of ultrasound energy from one component to the
other. For example, the ultrasound insert 70 may be placed in close mechanical contact with
the shaft 24 so as to provide a dry coupling. In addition or alternatively, a thin comphant
layer (e.g., pad or sheet) may be disposed between the viewing windows 82 and 12, of the
ultrasound insert 70 and the shaft 24, respectively, so as to provide further interference
between such components. It will be appreciated that a thinner layer may be preferred to
minimize unwanted acoustic loss, index of refraction, tmpedance, and/or other matenal
property effects. Alternatively, or in addition to, the shaft axial passage 32 in which the
ultrasound 1maging sert 70 1s disposable, may be filled with a fluid (e.g., water or o1l) or gel
to further provide a wet coupling between the shaft and the imaging insert which may

compensate for any mechanical tolerances.

[0058] Now referring to Fig. 5A, a visualization and ablation system 200 embodying
features of the present invention 1s shown, including a delivery device 210, an ultrasound
imaging probe 300 being detached from the delivery system 210, the radio frequency energy
generator 410, and an ultrasound system 500. The various components of the exemplary

visualization and ablation system 200 will be further described in individual detail.

[0059] The ultrasound probe 300 embodying features of the present invention, as shown in
Fig. 5B, generally includes the imaging insert 70 as generally described above, and 1s
connectable to an imaging 1nsert probe port 212 at the delivery system proximal end 22. The
ultrasound probe 300 includes an alignment element 320 for removably engaging with the
system probe port 212 of the delivery system 210 through a probe cable 310. Alignment
element 320 1s connectable to the ultrasound system 500 by way of an ultrasound probe

attachment element 330.

[0060] The ultrasound system 500, embodying features of the present invention, as shown

in Fig. 5C, generally includes a CPU 510 such as one shown operable by a laptop computer
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>12. The CPU 51018 connectable to a beam tormer 520 by way of a communications cable

(such as a firewire cable) such as an ultrasound cable 522. The beam former 520 at a beam

former distal end 524 is connectable to a probe attachment element 530 by a probe extension

cable 532.

[0061] The radio frequency energy 410, embodying features of the present invention, and
as shown 1n Figs. 5D and SE, 1s generally connectable to the delivery system 210 including
needle 14, through energy outlet port 420. A suitable cable (not shown) removably connects
energy outlet port 420 to a needle port 413 at the proximal end 22 of the handle 40.
Radiofrequency energy 1s delivered from the radio frequency generator 410 to fibroid 18 at

the target site 16 through needle 14 which 1s disposed within the needle guide 58.

[0062] Now reterring to Figs. 6A-6C, needle 14 embodying features of the present
invention, 1s shown disposed within the needle guide 58 which extends along the exterior of
shaft 24. As turther shown 1n cross-sectional Figs. 7B-7D, the curved needle 14 generally
comprises a two-piece construction including the elongate needle hollow body 50 with the
shaped needle distal end 52 and the solid needle distal tip 54. The needle distal tip 54 may be
laser welded 55 to the needle hollow body 50 as shown 1in Fig. 6B. The needle distal tip 54
may also be attached via alternative means, for example, adhesives or mechanical features or
fits. Generally the needle hollow body 50 will have a length 55 in a range from about 20 ¢cm
to about 45 cm, an oval cross section having a thickness 57 in a range from about 0.5 mm to
about 2 mm, and a wideness 59 in a range from about 1 mm to about 3 mm. In an
embodiment, as shown 1n Fig. 7B, the oval cross section is flattened minimizing lateral
deflection during deployment or penetration of the needle 14. In an embodiment, as shown in
Figs. 6B and 6C, there are two laser cut infusion apertures 60 within the tubular body 50 for
the infusion of agents (e.g., electrolytes, drugs, etc., dyes/contrasts) so as to enhance either or
both the visualization and therapeutic etiect of the needle 14 prior to, during, or after the
ablation treatment. The infusion apertures 60 may be aligned on one side of the tubular body
50. Generally, the infusion apertures have a length 63 1n a range from about 0.5 mm to about

2 mm and a width 65 1in a range from about 0.5 mm to about 2 mm.

[0063] As best seen in Fig. 7A, the hollow tubular body 58 may be curved at an angle 6 in a
range from about O degrees to about 80 degrees relative to an axis 65 so as to access
side/lateral fibroids. In this depiction, the angle 0 1s about 70 degrees. Significantly, the

angle of needle curvature 0 1s dependent upon the ultrasound array tilt angle a and the shaft
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bend angle 3. For example, an increase in the tiit angle a or bend angle P decreases the angle
of needle curvature 0. This 1n turn advantageously allows a treating physician to selectively
choose an appropriate needle curvature from a plurality of needles 14 (i.e., at least two or

more) having different curvature angles 0.

[0064] Reterring now to Figs. 9A through 9E, in an embodiment, the sohid tip 54 may
comprise an asymmetric or offset trocar tip. The center point of the tip 54 may be offset from
a centerline of the needle to help compensate for any needle deflections due to tenacious
tissue, 1n etfect steering the needle towards the intended target even with the deflection. For

example, the tip 54 may comprise a plurality of beveled edges offset at a variety of angles as

illustrated 1n Figs. 9D and 9E.

[0065] The needle body 50 1s formed from an RF energy conductive material such as
stainless steel. As will be appreciated, the solid tip 54 may comprise a variety of dimensions
and shapes and 1s not hhmited to Figs. 9A-9E. It will be further appreciated that the tip 54
need not be a separate component but may alternatively be integrally formed with the needle
body 50. The needle 14, including the tip 54 and tubular body 50 may be formed from a
variety of matenals including stainless steel, nitinol, and the like, for transmitting ablation
energy. As best seen in Fig. 1A, the handle 40 may have a needle advancement portion to
reciprocatably advance or retract the needle 14 from within the needle guide 58. The needle
advancement portion, as shown, 1s 1n partially advanced position for complete deployment of
the needle 14. The needle guide 58 will further have an oval cross section similar to that of
the needle 14, with a thickness in a range from about 0.5 mm to about 2 mm and a wideness
in a range from about 1 mm to about 3 mm. The flattened guide 58 and flattened needle 14
as shown 1n Fig. 4C are intended to minimize lateral deflection during deployment or

penetration of the needle 14 nto the tissue.

[0066] In an embodiment, as shown 1n Figs. 8A-8C, an insulating material 140 extends
longitudinally along at least an exterior portion 142 ot the needle 14 terminating proximal to
the conductive needle distal tip 54. In an embodiment, features of which are shown in Figs.
8D-8E, the insulating material 140 forms a retractable sheath 144. The conductive needle
distal tip 54 1s extendable from a distal end 146 of the retractable sheath 144. The proximal
retraction of the sheath 144 may be used to selectively control the length of the needle distal

tip 54. As shown, the needle distal tip 54 1s in a configuration distally extended from the
distal end 146 of the retracted sheath 144.
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[0067] The insulating sheath 140 may be formed from one or more suitable insulating
matertal such as polyester shrink tubing, and parylene coating such as parylene C. Generally,
the length of the conductive distal tip 54 ranges from about ] to about 4 cm, usually from
about 2 to about 3 ¢m, normally about 2 cm. In an embodiment, the conductive distal end is a

T-type active electrode.

10068} Now referring back to Figs. SD-E, the radio frequency energy generator 410 is
configured to deliver power to the fibroid 18 at the target site 16, in a an amount ranging
from about 1 to about 50 W, generally from about 10 to about 40 W, usually from about 20 to
about 40 W, normally about 30 W. In an embodiment, the radio frequency energy generator
410 1s configured to deliver and/or maintain a target temperature to the target site 16 ranging

from about 50 to about 110 °C, usually from about 60 to about 100 °C, normally about 90 °C.

[0069] The target site 16, such as fibroid 18, generally has an initial untreated diameter
greater than about 2 c¢m, usually from about | to about 6 cm, normally about 2 cm. During
the treatment of the fibroid 18, the needle 14 may be inserted one or more times into the
tissue as may be necessary. In an embodiment, the needle distal tip 54, may be deployed into
the tissue, up to 3 cm as measured from the distal end of the of the delivery device 10.
Durning the treatment, the deployed length of the needle penetrating the tissue is visualized

through the ultrasound 1imaging system 500.

[0070] By way of operation, in an embodiment, the deflectable distal tip 26 of the rigid
shaft 24 may be deflected by the use of pull or tensioning wire(s) housed within the shaft 24.
In another embodiment, the distal tip may have pre-determined deflection as compared to a
longitudinal axis at a proximal portion of the device. Deflection may occur at a true
mechanical pivot or at a flexible zone at the shaft distal end. When the delivery shaft 24 is
deflectable by a user, various needles 14 may be used to match the amount of deflection
provided by the distal tip 26 as well as the amount of tilt provided by the ultrasound array 80.
Hence, the needle guide 58 may be empty until the distal end 26 of the shaft 24 is deflected.
For example, the shaft 24 may be inserted in a straight configuration. The distal tip 26 may
then be detlected until a target anatomy 1s identified. A needle 14 1s then back loaded within
the guide passage 70 that corresponds to the amount of the deflection. Alternatively, the
needle may be pre-loaded 1n the shaft to provide a sterile and conventent delivery device to

the user.
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In exemplary embodiments, the therapeutic needle 14 advancement from the guide

58 via needle advancement portion on the shaft handle 40 can be viewed in the ultrasound

system 500 1n real time as 1t 1s penetrated into the uterine fibroid 18 inside the uterus 17. The

therapeutic needle 14 may be penetrated in several configurations (e.g., lateral, side, axially

extending) depending on the ultrasound viewing angle. Advantageously, tilting of the

ultrasound array 80 and angling of the distal tip 26 allows a treating physician to image most

or all of the cornua and fundus of the uterus 17 with a single device 10.

[0072] Now reterring back to the previous Figures, Table I below illustrates possible

viewing angles x that may be achieved by the cumulative effects ot the shaft bending angle

(e.g., either through active deflection of the distal tip or a pre-shaped or pre-bent distal tip)

and the ultrasound tilting angle a. The matching needle angles 6 based on the possible

viewing angles k are further illustrated. In example 1, the shaft 24 is in a straight

configuration so that the viewing angle x is provided solely by the tilting angle o of the

ultrasound array 80. In example 4, the needle 14 will have a straight configuration. In

example 5, a non-tilted and non-bent ultrasound array 80 version is covered. It will be

appreciated that the viewing angle k will be more than the bend angle B of the shaft 24 due to

the additive effect of the tilting angle a of the ultrasound array 80. This allows the bend on

the distal tip 28 ot the shatft 24 to be shallower without compromising the cumulative viewing

angle kx, which 1s of particular benefit for patient insertion considerations. In the case of a

detlectable distal tip 28 in which 1nsertion may be implemented in a straight configuration,

the tiled ultrasound angle a still aids in reducing the needle angle 6.

Table 1
Example Viewing Angle Tilt Angle Bend Angle Needle Angle

(k) () (P) (0)
1 7°-10° 7°-10° 0° 30°
2 20° 7°-10° 10°-13° 70°
3 45° 7°-10° 35°-38° 45°
4 90° 7°-10° 30°-83° 0°
5 0° 0° 0° 90°
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[U073] Reterring now to Figs. 10A and 10C, a method, embodying features of the present
invention, for using the system 10 of Fig. | A to treat fibroids or tumors 18 within the uterus
19 1s 1llustrated. Typically, the rigid shaft 24 1s inserted 1n a straight configuration within the
uterus 19. The distal tip 28 of the rigid shaft 24 may then be selectively deflected by a pull

5  wire. The ultrasound imaging insert 70 may then be loaded within the axial passage 32 of the
shaft 24 prior to, concurrent with, or subsequent to shaft 24 insertion, wherein a distal portion
of the insert 70 conforms to the deflected shaft distal end 28. Loading may further involve
axially or rotationally aligning the ultrasound imaging insert 70 within the nigid shaft 24. A
needle angle 6 is then selected by the physician from a plurality of needles 14 having

10  different curvatures based on the shaft bending angle [} and the ultrasound tilting angle .

The selected curved needle 14 1s then loaded within the passage 59 of the needle guide 58.

{0074] In exemplary embodiments, the therapeutic needle 14 advancement from the guide
58 via needle advancement button on the shaft handle 40 can be viewed 1n real time as 1t 1s
penetrated into the uterine fibroid 18 inside the uterus 19 as illustrated by the viewing plane

15 11 inFigs. 10A and 10B. The therapeutic needle 14 may be penetrated 1n several
configurations (e.g., lateral, side, axially extending) depending on the ultrasound viewing
angle x. Advantageously, tilting of the ultrasound array 80 and angling of the distal tip 28
allows a treating physician to image most or all of the cornua and fundus of the uterus 19
with a single device 10. As shown in Fig. 10C, the device 10 may be configured so as to

20  provide the desired viewing angle x (e.g., distally forward direction, side-viewing or lateral
direction). It will further be appreciated that manipulation of the device 10, as for example,
tofquing and/or rotating the rigid device 16 1n addition to tip deflection 3 and ultrasound tilt a

will allow a physician to obtain the desired viewing planes 11, 11°, 11". For example,

viewing plane 11" may be achieved if the device 10 was rotated 180° about its axis. Further,

25  viewing plane 11' may be achieved by torquing the device 10.

[0075] Although certain exemplary embodiments have been described in
some detail, for clarity of understanding and by way of example, it will be apparent from the
foregoing disclosure to those skilled in the art, that variations, modifications, changes, and

adaptations of such embodiments may be made without departing from the true

30  scope of the invention as claimed.
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WHAT IS CLLAIMED IS:

1. A rigid delivery system comprising:

a rigid shatt having a proximal end, a distal end, and an axial passage therethrough, an
ultrasound window near the distal end, and a selectively deflectable or pre-shaped distal tip:;

an ultrasound 1maging insert removably disposable within the axial passage and
having an ultrasound array within a distal portion thereof, wherein the ultrasound array is tilted
relative to a shaft axis and can be aligned with the ultrasound window when the insert is
disposed within the axial passage; and

a needle disposed adjacent an exterior surface of the rigid shaft and having a body and a

distal tip configured to deliver energy to a target site within a body of a patient.

2. The system of claim 1, wherein a retractable sheath extends on at least a portion

of an exterior surface of the needle.

3. The system of claim 1, wherein at least a portion of the needle distal tip is an

exposed conductive distal tip.

4, The system of claim 3, wherein the needle exposed conductive distal tip is
distally extendable from a distal end of a retractable sheath extending on at least a portion of

the exterior surface of the needle.
. The system of claim 3 or 4, wherein the temperature at the exposed conductive
distal tip 1s at approximately the patient's body temperature as initially disposed at the target

site.

6. The system of claim 3, 4, or 5, wherein the needle exposed conductive distal tip

has an axial dimension ranging from 5 mm to about 3 cm.
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7. The system of any one of claims 1 to 6, wherein said distal tip of needle
comprises a beveled edge.

8. The system of any one of claims 1 to 7, further comprising a means for infusing
an agent through the needle.

9. The system of any one of claims 1 to 8, wherein the energy is radio frequency
energy.

10.  The system of claim 9, further comprising a radiofrequency generator attachable
to the needle for generating the radio frequency energy.

11.  The system of claim 10, wherein the radio frequency energy generator 1s
configured to deliver energy at a power ranging from about 1 to about 50 Watts.

12.  The system of claim 10 , wherein the radio frequency energy generator 1s
configured to deliver energy at a power ranging from about 10 to about 40 Watts.

13.  The system of claim 10, wherein the radio frequency energy generator 1s

configured to deliver energy at a power ranging from about 20 to about 40 Watts.

14.  The system of claim 10, wherein the radio frequency energy generator 1S

configured to deliver energy at a power of about 30 Watts,

15. The system of any one of claims 10 to 14, wherein the radio frequency energy

generator is configured to provide a target temperature ranging trom about 50 to about 110 ’C

at the target site.
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16.  The system of any one of claims 10 to 14, wherein the radio frequency energy

generator 1s configured to provide a target temperature ranging from about 60 to about 100°C at

the target site.

17.  The system of any one of claims 10 to 14, wherein the radio frequency energy

senerator is configured to provide a target temperature of about 90°C at the target site.

18.  The system of any one of claim 1 to 17, wherein the target site has an initial

approximate diameter greater than about 2 cm.

19.  The system of any one of claims 1 to 17, wherein the target site has an 1nitial

approximate diameter ranging in size from about 1 to about 6 cm.

20.  The system of any one of claims 1 to 17, wherein the target site has an initial

approximate diameter of about 2 cm.

21.  The system of any one of claims 1 to 20, for treating the target site at a target

temperature for a duration of time of about 6 minutes.

22.  The system of any one of claims 1 to 20, for treating the target site at a target

temperature for a period of time ranging from about 1 to about 10 minutes.

23.  The system of any one of claims 1 to 20, for treating the target site at a target

temperature for a period of time ranging from about 1 to about 8 minutes.

24, The system of any one of claims 1 to 20, for treating the target site at a target

temperature for a period of time ranging from about 5 to about 8 minutes.
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25.  The system of any one of claims 1 to 24, wherein at least a portion of the needle
extending proximally from the exposed conductive distal end has a non-conductive coating

thereon.

26.  The system of claim 25, wherein the non-conductive coating is formed from

paralyne.

27.  The system of any one of claims 1 to 26, wherein the needle 1s disposed within a

needle guide extending along an exterior of the rigid shatt.

28.  The system of any one of claims 1 to 27, wherein at least one fluid lumen
extends along at least a portion of the rigid shaft and terminates at an external port at a distal
portion of the needle at a shaft distal portion, the at least one lumen configured for delivery of

contrasting dyes to the target site.

29.  The system of any one of claims 1 to 28, wherein at least one external fluid
lumen configured to deliver fluids for enhancing acoustic coupling between the ultrasound
imaging insert and the target site, extends along at least a portion of the rigid shaft and

terminates at an external port in fluid communication with an exterior of the system.

30.  The system of any one of claims 1 to 29, wherein at least one internal fluid

lumen configured to deliver fluids for enhancing acoustic coupling between the ultrasound
imaging insert and the target site, extends along at least a portion of the rigid shaft and

terminates at an internal port within the axial passage.

31.  The system of any one of claims 1 to 30, wherein the system 1s adapted for

ablation of tibroid tissues.
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32.  The system of any one of claims 1 to 31, wherein the distal end of the rigid shaft
further comprises a mechanical alignment feature for axial or rotational orientation of the

ultrasound imaging insert within the shaft.

33.  The system of any one of claims 1 to 32, further comprising a wire coupled to

the shaftt for deflecting the distal tip.

34.  The system of any one of claims 1 to 33, wherein the ultrasound imaging insert

1s flexible.

35.  The system of any one of claims 1 to 34, wherein the distal portion of the

ultrasound imaging insert 1s bent at the same angle as the distal end.

36. A system for visualization and ablation of fibroid tissues within a body of a
patient, comprising:

a delivery system comprising a rigid shaft having

a proximal end,

a distal end,

an axial passage extending through the rigid shaft and configured for removably
receiving an ultrasound imaging insert and;

a selectively deflectable or pre shaped distal tip; and

a needle extending adjacent an exterior surface of the rigid shaft and having a body and

a distal tip;

an ultrasound insert having an ultrasound array disposed within a distal portion thereof

and which is tilted relative to the shaft axis:

a radio frequency energy generator attachable to the needle and configured to deliver, to
a target site within the body radio frequency energy generated at a relatively low power and for
relatively a short duration of time; and

an ultrasound system including a central processing unit connectable to the ultrasound

insert.
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37. A method of assembling a system as defined in any one of claims 1 to 36, said
method comprising inserting the ultrasound imaging insert into the axial passage of the shaft so

that the ultrasound array is aligned with the ultrasound window.

38.  The method of claim 37, further comprising removing and replacing the

ultrasound imaging insert in the axial passage of the shaft.

39.  The method of claim 38, further comprising disposing of the ultrasound imaging

insert.

40, T'he method of claim 37, 38, or 39, further comprising filling the axial passage

with a fluid to couple the ultrasound imaging insert.
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