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7 ABSTRACT

A delivery system includes a rigid shaft, an imaging core,
and an interventional core. The rigid delivery shaft has a
proximal end, an angled distal tip, and an axial passage
therethrough. The imaging core comprises an ultrasound
imaging insert disposed within the axial passage. The imag-
ing insert has an ultrasound array within a distal portion
thereof, wherein the ultrasound array is tilted relative to a
shaft axis. The interventional core comprises a curved
ablation needle coupled to the rigid shaft. An angle of needle
curvature may be inversely proportional to the ultrasound
array tilt and tip angle.
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RIGID DELIVERY SYSTEMS HAVING INCLINED
ULTRASOUND AND CURVED NEEDLE

BACKGROUND OF THE INVENTION

[0001] The present invention relates generally to medical
systems and methods. More particularly, the invention
relates to rigid delivery systems having an inclined ultra-
sound array for improved imaging and curved needle for
ablation treatment and methods for using such systems.

[0002] Treatment of the female reproductive tract and
other conditions of dysfunctional uterine bleeding and
fibroids remain unmet clinical needs. Fibroids are benign
tumors of the uterine myometrial (muscle) and are the most
common tumor of the female pelvis. Fibroid tumors affect
up to 30% of women of childbearing age and can cause
significant symptoms such as discomfort, pelvic pain, men-
norhagia, pressure, anemia, compression, infertility and mis-
carriage. Fibroids may be located in the myometrium (intra-
mural), adjacent to the endometrium (submucosal) or in the
outer layer of the uterus (subserosal). Most commonly
fibroids are a smooth muscle overgrowth that arise intramu-
rally and can grow to be several centimeters in diameter.

[0003] Current treatments for fibroids include both phar-
macological therapies and surgical interventions. Pharma-
cological treatment includes the administration of medica-
tions such as NSAIDS, estrogen-progesterone combinations,
and GnRH analogues. All medications are relatively inef-
fective and are palliative rather than curative. Hysterectomy
(surgical removal of the uterus) is another common treat-
ment for fibroids. While effective, hysterectomy has many
undesirable side effects such as loss of fertility, 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. Surgical myomectomy, in which fibroids are
removed, is an open surgical procedure requiring laparo-
tomy and general anesthesia. Often these procedures and
long with significant blood loss and can only remove a
portion of the culprit tissue.

[0004] To overcome at least some of the problems asso-
ciated with open surgical procedures, laparoscopic myomec-
tomy was pioneered in the early 1990’s. However, laparo-
scopic myomectomy remains technically challenging,
requiring laparoscopic suturing which limits its performance
to only the most skilled of laparoscopic gynecologists. Other
minimally invasive treatments for uterine fibroids include
hysteroscopy, uterine artery ablation, endometrial ablation,
and myolysis.

[0005] Hysteroscopy is the process by which a thin fiber
optic camera is used to image inside the uterus and an
attachment may be used to destroy tissue. Hysteroscopic
resection is a surgical technique that uses a variety of
devices (loops, roller balls, bipolar electrodes) to ablate or
resect uterine tissue. The uterus needs to be filled with fluid
for better viewing and thus has potential side effects of fluid
overload. Hysteroscopic ablation is limited by its visualiza-
tion technique and is thus only appropriate for those fibroids
that are submucosal and/or protrude into the uterine cavity.

[0006] Uterine artery embolization was introduced in the
early 1990’s and is performed through a groin incision by
injecting small particles into the uterine artery to selectively
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block the blood supply to fibroids. Complications include
pelvic infection, premature menopause and severe pelvic
pain. In addition, long term MRI data suggest that incom-
plete fibroid infarction may result in regrowth of infarcted
fibroid tissue and symptomatic recurrence.

[0007] Endometrial ablation is primarily a procedure for
dysfunctional (or abnormal) uterine bleeding and may be
used at times for fibroids. Endometrial ablation relies on
various energy sources such as cryo energy, microwave
energy and radiofrequency energy. Endometrial ablation
destroys the endometrial tissue lining the uterus but does not
specifically treat fibroids. This technique is also not for
women who desire future childbearing. Endometrial abla-
tion remains an excellent therapy for dysfunctional uterine
bleeding but is limited in its ability to treat fibroids.

[0008] Myolysis was first performed in the 1980’s using
lasers or RF energy to coagulate tissue, denature proteins
and necrose myometrium with laparoscopic visualization.
Laparoscopic myolysis can be an alternative to myomec-
tomy, as the fibroids are coagulated and then undergo
coagulative necrosis resulting in a dramatic decrease in size.
As with all laparoscopic techniques, myolysis treatment is
limited by the fact that it can only allow for visualization of
subserosal fibroids.

[0009] Needle myolysis uses a laparoscope or open tech-
nique to introduce one or more needles into a fibroid tumor
under direct visual control. Bipolar or unipolar radio fre-
quency (“RF”) current, cryo energy, or microwave energy is
then delivered between two adjacent needles, or unipolar
current between a single needle and a distant dispersive
electrode affixed to the thigh or back. The aim of needle
myolysis is to coagulate a significant volume of the tumor
and thereby cause it to shrink substantially. The traditional
technique is to make multiple passes through different areas
of the tumor using the coagulating needle to destroy many
cylindrical cores of abnormal tissue. However, the desirabil-
ity of multiple passes is mitigated by the risk of adhesion
formation, which is thought to increase with increasing
amounts of injured uterine serosa, and by the operative time
and skill required. Myolysis can be an alternative to myo-
mectomy, as the fibroids are coagulated and then undergo
coagulative necrosis resulting in a dramatic decrease in size.
Myolysis is generally limited by the fact that it is used with
direct visualization and can therefore only see (and therefore
treat) subserosal fibroids.

[0010] To overcome the limitations of current techniques,
it would be desirable to provide a minimally invasive
approach to selectively eradicate fibroid tumors within the
uterus. A solution in the treatment of fibroid tumors that
combines imaging and ablation in one simple hand held
system is needed. It would be further desirable if the system
and method could locate and treat all types of fibroids in the
uterus in a safe and effective manner with minimum risk and
discomfort for the patient. It would be still further desirable
if the systems could employ multiple interchangeable com-
ponents both to permit selective sterilization or re-use of the
components and to permit the system to be configured
individually for patients having different anatomies and
needs. It would be still further desirable if such systems
could provide for improved imaging (e.g., enhanced field of
view) and variability in the curved needle for ablation
treatmert. At least some of the objections will be met by the
inventions described below.
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BRIEF SUMMARY OF THE INVENTION

[0011] The present invention provides a rigid delivery
system having an inclined ultrasound array for improved
imaging and curved needle for ablation treatment. The
system allows for needle deployment into solid tissue under
direct, usually real-time, visualization and/or ultrasound
visualization. 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
in 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 is not
intended to be so limited.

[0012] In a first aspect of the present invention, a rigid
delivery system comprises a rigid delivery shaft, an imaging
core, and an interventional core. The rigid delivery shaft will
have a proximal end, a distal end, and an axial passage. The
axial passage will typically extend the entire length of the
shaft from the proximal to distal end and be open at least at
the proximal end. The shaft will usually be rigid along all or
a portion of its length, but in other instances may be flexible,
deflectable, or steerable. The imaging core preferably com-
prises 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 sterilization and
re-use. The imaging insert will have an ultrasound array
within a distal portion thereof, wherein the ultrasound array
1s tilted relative to a shaft 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 is not limited by ultrasonic imaging.

[0013] The ultrasound imaging insert further comprises a
flat viewing window disposed over the ultrasound array at
the distal portion. The distal end of the rigid shaft further
comprises a mechanical alignment feature, as for example a
flat viewing surface, for axial or rotational orientation of the
ultrasound imaging 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 win-
dow 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 imag-
ing though the surface of the shaft. Further, the re-usable
ultrasound imaging insert may be acoustically coupled to the
outer delivery shaft to ensure that the ultrasound energy
effectively passes from one component to the other. Ultra-
sonic 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,
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oil, etc.), gel, or close mechanical contact between the rigid
shaft and ultrasound imaging insert.

[0014] Therigid delivery shaft preferably has a deflectable
or fixed pre-shaped or pre-angled distal end. The delivery
shaft distal end may be deflected or bent at an angle in a
range from about 0 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 flexible (and in some instances deflectable or
steerable) so that the distal portion of the ultrasound imaging
insert is conformable or bendable to the same angle as the
shaft deflectable distal end. The cumulative effect of array
tilting and shaft bending advantageously provide an
enhanced viewing angle of the ultrasound imaging insert,
which is in a range from about 7 degrees (i.e., angle due to
tilted ultrasound array) to about 90 degrees relative to the
shaft axis. In a preferred embodiment, the viewing angle is
about 20 degrees, wherein the array tilting and shaft bending
are at about 10 degrees respectively. It will be appreciated
that several geometries of array tilting and shaft 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 end on views within
the uterus (e.g., cornua and fundus).

[0015] The interventional core preferably comprises a
curved needle coupled to the rigid shaft 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 curva-
ture. 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 pro-
cesses. The angle of needle curvature may be in a range from
about 0 degrees to about 80 degrees relative to an axis,
preferably the angle is 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. Tt will be appreciated that the needle may
take on a variety of geometries in accordance with the
intended use including those described in co-pending U.S.
patent application Ser. No. 11/347,018, filed Feb. 2, 2006,
which is assigned to the assignee of the present application
and incorporated herein by reference.

[0016] The needle guide will be attachable to an outer
surface of the shaft and have a guide passage isolated from
the axial passage so as to prevent any interference between
the imaging insert and ablating needle. 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. Preferably, the curved needle and needle guide have
a flattened oval shape that has a wideness that is greater than
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a thickness. This oval cross sectional shape is intended to
inhibit lateral deflection during deployment or penetration of
the needle.

[0017] In another aspect of the present invention, a deliv-
ery system includes a shaft, an imaging core, and an inter-
ventional core. The delivery shaft has a proximal end, an
angled distal tip, and an axial passage therethrough. The
imaging core comprises an ultrasound imaging insert dis-
posed within the axial passage. The imaging insert has an
ultrasound array within a distal portion thereof, wherein the
ultrasound array is tilted relative to a shaft axis. The inter-
ventional 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.

[0018] As discussed above, the geometries of the shafi,
imaging insert, treatment needle, and needle guide may be
varied in accordance with the intended use. The delivery
shaft, ultrasound imaging insert, treatment needle, and/or
needle guide may be integrally formed or fixed with respect
to one another or preferably comprise separate, interchange-
able 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 posi-
tioned within a disposable shaft. An exemplary interven-
tional deployment and imaging system is described in more
detail in co-pending U.S. Provisional Patent Application Ser.
No. 60/758,881, filed Jan. 12, 2006, which is assigned to the
assignee of the present application and incorporated herein
by reference.

[0019] In yet another aspect of the present invention, a
method for using an imaging and needle deployment system
as described herein is provided. The method comprises
inserting a rigid 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 con-
forms to the deflected shaft distal end. Loading may further
involve axially or rotationally aligning the ultrasound imag-
ing insert within the rigid shaft. A needle curvature is then
selected by the physician or medical facility from a plurality
of needles (i.e., at least two or more) having different
curvatures based on at least an angle of the deflected shaft
distal end. The selected curved needle is then loaded along
the rigid shaft.

[0020] 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 ultra-
sound array tilt. As described above, the ultrasound array is
preferably tilted at an angle in a range from about 7 degrees
to about 10 degrees relative to a shaft axis. Deflecting will
typically comprise pulling a pull or tensioning wire coupled
to the shaft distal end in a proximal direction. Deflection
occurs at an angle in a range from about 0 degrees to about
80 degrees relative to the shaft axis, wherein the needle
curvature is in a range from about 0 degrees to about 90
degrees (i.e., in the case of a non-tilted ultrasound array)
relative to an axis. The method further comprises imaging
the uterus with a viewing angle of the ultrasound array in a
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range from about 0 degrees to about 90 degrees (i.e., in the
case of a straight needle) relative to the shaft axis, wherein
the viewing angle is based upon the deflected shaft distal end
and the tilted ultrasound array. It will be appreciated that
torquing and/or rotating the rigid device in addition to tip
deflection and ultrasound tilt will allow a physician to obtain
the desired viewing plane.

[0021] 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 it will self-penetrate into the tissue
as it is 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 is preferably accom-
plished by providing at least one or more (e.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
needle intended for sampling, biopsy, otherwise performing
a diagnostic procedure.

[0022] A further understanding of the nature and advan-
tages of the present invention will become apparent by
reference to the remaining portions of the specification and
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The following drawings should be read with ref-
erence to the detailed description. Like numbers in different
drawings refer to like elements. The drawings, which are not
necessarily to scale, illustratively depict embodiments of the
present invention and are not intended to limit the scope of
the invention.

[0024] FIGS. 1A trhough 1D illustrate an exemplary rigid
delivery system having an inclined ultrasound array for
improved imaging and curved needle for ablation treatment
constructed in accordance with the principles of the present
invention.

[0025] FIGS. 2A through 2D illustrate exploded views of
the distal portion of the ultrasound imaging insert of FIG. 1A
in a straight configuration.

[0026] FIGS. 3A through 3D illustrate exploded views of
the distal portion of the ultrasound imaging insert of FIG. 1A
in a bent configuration.

[0027] FIGS. 4A and 4B illustrate the curved ablation
needle of FIG. 1A comprising a hollow tube body and an
asymmetric solid distal tip.

[0028] FIGS. 5A through 5D further illustrate the curved
hollow tube body of FIG. 4A.

[0029] FIGS. 6A through 6E further illustrate the asym-
metric solid distal tip of FIG. 4A.

[0030] FIG. 7 illustrates a cross sectional view of the
system of FIG. 1A.
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[0031] FIG. 8 illustrates the system of FIG. 1A without the
curved ablation needle.

[0032] FIGS. 9A through 9C illustrate use of the system of
FIG. 1A within a uterus for the treatment of fibroids in
accordance with the principles of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0033] Referring now to FIGS. 1A through 1D, an exem-
plary deflectable tip delivery system 10 having an inclined
ultrasound array 12 for improved imaging and curved needle
14 for ablation treatment is illustrated. The system 10
generally includes a rigid delivery shaft 16, an ultrasound
imaging insert 28, and a curved needle 14. The delivery shaft
16 comprises a distal end 18, a proximal end 20, and an axial
passage 22. A handle 24 may be attachable to the proximal
end 20 of the shaft 16. The distal end 18 of the shaft 16 may
have a bent or deflectable distal tip 26, as best seen in FIGS.
1B and 1C. The ultrasound imaging insert 28 may be
removably and replaceably disposed within the axial pas-
sage 22 of the shaft 16, as best seen in FIG. 7. A sealing
element 30 may be provided between the ultrasound imag-
ing insert 28 and the shaft handle 24 to ensure sufficient
sealing around the insert 28 at a proximal end. It will be
appreciated that the above depictions are for illustrative
purposes only and do not necessarily reflect the actual shape,
size, or dimensions of the system 10. This applies to all
depictions hereinafter.

[0034] Referring now to FIGS. 2A through 2D, exploded
views of a distal portion 32 of the ultrasound imaging insert
28 are illustrated. FIGS. 2A and 2C show isometric and side
views respectively of the ultrasound imaging insert 28 in a
straight position prior to insertion into the axial passage 22
of the delivery shaft 16, as will be described in more detail
below. The ultrasound imaging insert 28 comprises a flexible
shaft 34 and includes an ultrasound array 12 and a flat
viewing window 36 within the distal portion 32. FIGS. 2B
and 2D illustrate transparent isometric and side views
respectively of the ultrasound imaging insert 28, wherein the
ultrasound array 12 is shown tilted relative to the shaft axis
38. Preferably, the ultrasound array 12 is tilted or inclined at
an angle a in a range from about 7 degrees to about 15
degrees. It will be appreciated that the angle o of inclination
of the ultrasound array 12 may comprise a variety of angles
(e.g., 0 degrees to about 45 degrees) as permitted by an outer
diameter of the flexible shaft 34. The ultrasonic transducers
12 may be arranged in a phased array, for example either a
linear phased array or a circumferential phased array. Alter-
natively, the ultrasonic imaging element 12 may comprise
one or more independent elements, such as parabolic or
other shaped imaging elements. In still further embodiments,
the ultrasonic imaging transducers 12 may be arranged in a
rotating mechanism to permit rotational scanning.

[0035] Referring now to FIGS. 3A through 3D, exploded
views of a distal portion 32 of the ultrasound imaging insert
28 are further illustrated. FIGS. 3A and 3C show isometric
and side views respectively of the ultrasound imaging insert
28 in a bent position subsequent to insertion into the axial
passage 22 of the delivery shaft 16. In particular, the
transparent isometric and side views of FIGS. 3B and 3D
illustrate the cumulative effect of tilting the ultrasound array
12 relative to the shaft axis 38 at the angle a and bending the
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distal portion 32 of the ultrasound imaging insert 28. The
bend angle f may be in a range from about 0 degrees to
about 80 degrees relative to the shaft axis 40, preferably in
arange from about 10 degrees to about 13 degrees. The bend
angle p will be determined by the deflectable distal tip 26 of
the delivery shaft 16 as the flexible insert 28 conforms to the
deflectable distal tip 26 upon insertion within the shaft 16.
The viewing angle k of the ultrasound imaging insert 28
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 is about 20
degrees, wherein the array tilting is approximately 7 degrees
and shaft bending is about 13 degrees.

[0036] Referring back to FIGS. 1B through 1D, the distal
end 18 of the rigid shaft 16 may further comprise a flat
viewing surface 42 for axial and/or rotational orientation of
the ultrasound imaging insert 28 within the shaft 16. In
particular, a treating physician may locate the ultrasound
viewing window 36 with the transparent viewing surface 42.
Further, the shaft 16 and the ultrasound imaging insert 28
may be acoustically coupled in several ways to ensure that
the ultrasound energy effectively passes from one compo-
nent to the other. For example, the ultrasound insert 28 may
be placed in close mechanical contact with the shaft 16 so as
to provide a dry coupling. In addition or alternatively, a thin
compliant layer (e.g., pad or sheet) may be disposed between
the viewing windows 36, 42 of the ultrasound insert 28 and
the shaft 16 so as to provide further interference between
such components. It will be appreciated that a thinner layer
may be preferred due to considerations of unwanted acoustic
losses, index of refraction, impedance and/or other material
property effects. Still in addition to or alternatively, an inner
cavity 22 between the shaft 16 and vltrasound imaging insert
28 may be filled with a fluid (e.g., water or oil) or gel to
further provide a wet coupling which may compensate for
any mechanical tolerances.

[0037] The shaft 16 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 between the ultrasound
and/or interventional components. As shown in FIG. 1D, the
delivery shaft 16 carries the ultrasound imaging insert 28
within its axial passage 22. The viewing plane 46 provided
by the tilted and bent ultrasound array 12 is further illus-
trated. Generally, the shaft 16 will have a length in a range
from about 20 cm to about 40 cm and an outer diameter in
a range from about 3 mm to about 10 mm, while the
ultrasound imaging insert 28 will have a length in 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. Further, a needle
guide 44 may be attachable to an outer surface of the shaft
16 for reciprocatably receiving the ablation/infusion needle
14, which is shown in an extended configuration and
described in more detail below.

[0038] Referring now to FIGS. 4A and 4B, the curved
needle 14 generally comprises a two-piece construction
comprising an elongate hollow body 48 and a solid distal tip
50. The distal tip 50 may be laser welded 52 to the hollow
tubular body 48 as shown in FIG. 4B. The tip 50 may also
be attached via alternative means, for example adhesives or
mechanical features or fits. The tubular body 48 is further
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illustrated in FIGS. 5A through 5D. The hollow tube 48 will
have a length 54 in a range from about 20 ¢m to about 45 cm
and an oval cross section having a thickness 56 in a range
from about 0.5 mm to about 2 mm and a wideness 58 in a
range from about 1 mm to about 3 mm. This flattened oval
cross sectional shape as shown in FIG. 5B is intended to
inhibit lateral deflection during deployment or penetration of
the needle 14. FIGS. 5C and 5D illustrate three laser cut
holes 60 within the tubular body 48 for the infusion of agents
(e.g., electrolytes, drugs, etc.) so as to enhance the thera-
peutic effect of the needle 14 prior to or during ablation
treatment. The infusion holes 60 may be aligned on one side
of the tubular body 48 and have a length 62 in a range from
about 0.5 mm to about 2 mm and a width 64 in a range from
about 0.5 mm to about 2 mm.

[0039] As best seen in FIG. 5A, the hollow tubular body
48 may be curved at an angle 0 in a range from about 0
degrees to about 80 degrees relative to an axis 66 so as to
access side/lateral fibroids. In this depiction, the angle 0 is
about 70 degrees. Significantly, the angle of needle curva-
ture 8 is dependent upon the ultrasound array tilt angle oa
and the shaft bend angle 8. For example, an increase in the
tilt angle o or bend angle f decreases the angle of needle
curvature 8. This in turn advantageously allows a treating
physician to selectively choose an appropriate needle cur-
vature from a plurality of needles 14 (i.e., at least two or
more) having different curvature angles 0.

[0040] Referring now to FIGS. 6A through 6E, the solid
tip 50 may comprise an asymmetric or offset trocar tip. The
center point of the tip 50 may be offset from a centerline of
the needle to help compensate for any needle deflections due
to tenacious tissue, in effect steering the needle towards the
intended target even with the deflection. For example, the tip
50 may comprise a plurality of beveled edges offset at a
variety of angles as illustrated in FIGS. 6D and 6E. It will
be appreciated that the solid tip 50 may comprise a variety
of dimensions and shapes and is not limited to FIGS. 6A, 6B,
6C, 6D, and 6E. It will be further appreciated that the tip 50
need not be a separate component but may alternatively be
integrally formed with the needle body 48. The needle 14,
including the tip 50 and tubular body 48 may be formed
from a variety of materials including stainless steel, nitinol,
and like materials for transmitting ablation energy.

[0041] Referring now to FIG. 7, a cross sectional view of
the system 10 is illustrated. As described above, the ultra-
sound imaging insert 28 is disposed within the axial passage
22 of the shaft 16. The needle guide 44 will be attachable to
an outer surface of the shaft 16, such as with an adhesive 68
or other means such as laser welding, shrink tubing, and the
like. It may also be integrally formed to the tube such as with
an extrusion. The needle guide 44 will have a guide passage
70 isolated from the axial passage 22 so as to prevent any
interference between the imaging insert 28 and ablating
needle 14. The hollow needle 14, 48 may be removably and
replaceably disposed within the guide passage 70. The
needle guide 44 will typically have a length in a range from
about 20 cm to about 40 cm and be attachable to the shaft
handle 24 at a proximal end, usually just shorter than the
shaft of the device. As best seen in FIG. 1A, the handle 24
may have a needle advancement button 72 to reciprocatably
advance or retract the needle 14 from within the passage 70.
The button 72 in this depiction is in a fully advanced
position for complete deployment of the needle 14. The

Oct. 25, 2007

needle guide 44 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 44 and
flattened needle 14 as shown in FIG. 7 are intended to inhibit
lateral deflection during deployment or penetration of the
needle 14.

[0042] Referring now to FIG. 8, the delivery 10 system
without the curved ablation needle 14 is illustrated. The
deflectable distal tip 26 of the rigid shaft 16 may be deflected
by the use of pull or tensioning wire(s) housed within the
shaft 16. Deflection may occur at a true mechanical pivot or
at a flexible zone at the shaft distal end 18. As discussed
above, when the delivery shaft 16 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 12. Hence, the needle
guide 44 will typically be empty until the distal end 18 of the
shaft 16 is deflected. For example, the shaft 16 may be
inserted in a straight configuration as illustrated in FIGS. 2A
through 2D. The distal tip 26 may then be deflected until a
target anatomy is identified. A needle 14 is then back loaded
within the guide passage 70 that corresponds to the amount
of the deflection.

[0043] Table I below illustrates possible viewing angles K
that may be achieved by the cumulative effects of the shaft
bending angle f (e.g., either through active deflection of the
distal tip or a pre-shaped or pre-bent distal tip) and the
ultrasound tilting angle o. The matching needle angles 0
based on the possible viewing angles K are further illus-
trated. In example 1, the shaft 16 is in a straight configura-
tion so that the viewing angle K is provided solely by the
tilting angle o of the ultrasound array 12. In example 4, the
needle 14 will have a straight configuration. In example 5,
a non-tilted and non-bent ultrasound array 12 version is
covered. It will be appreciated that the viewing angle k will
be more than the bend angle f of the shaft 16 due to the
additive effect of the tilting angle o of the ultrasound array
12. This allows the bend on the distal tip 26 of the shaft 16
to be shallower without compromising the cumulative view-
ing angle k, which is of particular benefit for patient
insertion considerations. In the case of a deflectable distal tip
26 in which insertion may be implemented in a straight
configuration, the tiled ultrasound angle o still aids in
reducing the needle angle 6.

TABLE 1
Viewing Angle Tilt Angle Bend Angle Needle Angle
Example (K) (@) ®) ®)
1 7°-10° 7°-10° 0° 80°
2 20° 7°-10° 10°-13° 70°
3 45° 7°-10° 35°-38° 45°
4 90° 7°-10° 80°-83° 0°
5 0° 0° 0° 90°
[0044] Referring now to FIGS. 9A and 9C, a method for

using the system 10 of FIG. 1A to treat fibroids or tumors 74
within the uterus 76 is illustrated. Typically, the rigid shaft
16 is inserted in a straight configuration within the uterus 76.
The distal tip 26 of the rigid shaft 16 may then be selectively
deflected by a pull wire. The ultrasound imaging insert 28
may then be loaded within the axial passage 22 of the shaft
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16 prior to, concurrent with, or subsequent to shaft 16
insertion, wherein a distal portion 32 of the insert 28
conforms to the deflected shaft distal end 26. Loading may
further involve axially or rotationally aligning the ultrasound
imaging insert 28 within the rigid shaft 16. A needle angle
0 is then selected by the physician from a plurality of needles
14 having different curvatures based on the shaft bending
angle [ and the ultrasound tilting angle a. The selected
curved needle 14 is then loaded within the passage 70 of the
needle guide 44.

[0045] In exemplary embodiments, the therapeutic needle
14 advancement from the guide 44 via needle advancement
button 72 on the shaft handle 24 can be viewed in real time
as it is penetrated into the uterine fibroid 74 inside the uterus
76 as illustrated by the viewing plane 46 in FIGS. 9A and
9B. The therapeutic needle 14 may be penetrated in several
configurations (e.g., lateral, side, axially extending) depend-
ing on the ultrasound viewing angle k. Advantageously,
tilting of the ultrasound array 12 and angling of the distal tip
26 allows a treating physician to image most or all of the
cornua and fondus of the uterus 76 with a single device 10.
As shown in FIG. 9C, the device 10 may be configured so
as to provide the desired viewing angle k (e.g., distally
forward direction, side-viewing or lateral direction). It will
further be appreciated that manipulation of the device 10, as
for example, torquing and/or rotating the rigid device 16 in
addition to tip deflection p and ultrasound tilt a will allow a
physician to obtain the desired viewing planes 46, 46', 46".
For example, viewing plane 46" may be achieved if the
device 10 was rotated 180° about its axis. Further, viewing
plane 46' may be achieved by torquing the device 10.

[0046] Although certain exemplary embodiments and
methods 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 and methods may be made without departing
from the true spirit and scope of the invention. Therefore, the
above description should not be taken as limiting the scope
of the invention which is defined by the appended claims.

1. 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.

2. The system of claim 1, wherein the ultrasound array is
tilted at an angle in a range from about 7 degrees to about
10 degrees.

3. The system of claim 1, wherein the ultrasound imaging
insert further comprises a flat viewing window disposed
over the ultrasound array.

4. The system of claim 3, wherein the distal end of the
rigid shaft further comprises a mechanical alignment feature
for axial or rotational orientation of the ultrasound imaging
insert.

5. The system of claim 4, wherein the mechanical align-
ment feature comprises a flat viewing surface.

6. The system of claim 1, wherein the rigid shaft has a
deflectable or pre-shaped distal end.
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7. The system of claim 6, wherein the shaft distal end is
bent at an angle in a range from about 0 degrees to about 90
degrees relative to the shaft axis.

8. The system of claim 7, wherein the angle is in a range
from about 10 degrees to about 13 degrees.

9. The system of claim 7, wherein the ultrasound imaging
insert is flexible.

10. The system of claim 9, wherein the distal portion of
the ultrasound imaging insert is bent at the same angle as the
shaft deflectable distal end.

11. The system of claim 10, wherein a viewing angle of
the ultrasound imaging insert is in a range from about 7
degrees to about 90 degrees relative to the shaft axis.

12. The system of claim 11, wherein the viewing angle is
about 20 degrees.

13. The system of claim 6, further comprising a curved
needle coupled to the rigid shaft.

14. The system of claim 13, wherein an angle of needle
curvature is in a range from about 0 degrees to about 90
degrees relative to an axis.

15. The system of claim 14, wherein the angle is about 70
degrees.

16. The system of claim 13, wherein an increase in an
angle of array tilting or shaft bending decreases an angle of
needle curvature.

17. The system of claim 13, wherein the curved needle
comprises an elongate hollow body and a solid distal tip.

18. The system of claim 17, further comprising at least
one infusion hole on the needle body.

19. The system of claim 17, wherein the solid tip com-
prises an asymmetric or offset trocar tip.

20. The system of claim 19, wherein the tip comprises a
plurality of beveled edges offset at a variety of angles.

21. The system of claim 13, further comprising a needle
guide attachable to an other surface of the shaft and having
a guide passage isolated from the axial passage, wherein the
curved needle is disposed within the guide passage.

22. The system of claim 21, wherein the curved needle
and needle guide have a flattened oval shape.

23. The system of claim 21, wherein the curved needle
and needle guide comprise a shape that has a wideness that
is greater than a thickness.

24. The system of claim 1, further comprising an acoustic
coupling between the rigid shift and ultrasound imaging
insert.

25. The system of claim 24, wherein the acoustic coupling
comprises a compliant material, fluid, gel, or close mechani-
cal contact between the rigid shaft and ultrasound imaging
insert.

26. 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 shaft, wherein an angle of
needle curvature is inversely proportional to the ultra-
sound array tilt and tip angle.

27. Amethod for using an imaging and needle deployment

system, said method comprising:
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inserting a rigid shaft having a proximal end, a distal end,
and an axial passage therethrough within a uterus;

deflecting the distal end of the rigid shaft;

loading an ultrasound imaging insert within the axial
passage, wherein a distal portion of the insert conforms
to the deflected shaft distal end,;

selecting a needle curvature based on at least an angle of
the deflected shaft distal end; and

loading the selected curved needle along the rigid shaft.

28. The method of claim 27, wherein loading the ultra-
sound imaging insert is carried out prior to, concurrent with,
or subsequent to shaft insertion.

29. The method of claim 28, further comprising axially or
rotationally aligning the ultrasound imaging insert within
the rigid shaft.

30. The method of claim 27, further comprising tilting an
ultrasound array within the distal portion of the insert.

31. The method of claim 30, wherein selecting the needle
curvature further comprises accounting for the ultrasound
array tilt.

32. The method of claim 30, wherein the ultrasound array
is tilted at an angle in a range from about 7 degrees to about
10 degrees relative to a shaft axis.

33. The method of claim 27, wherein deflecting compris-
ing pulling a pull wire coupled to the shaft distal end in a
proximal direction.

34. The method of claim 27, wherein deflection occurs at
an angle in a range from about 0 degrees to about 90 degrees
relative to a shaft axis.

35. The method of claim 27, wherein the needle curvature
is in a range from about 0 degrees to about 90 degrees
relative to an axis relative to an axis.
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36. The method of claim 27, further comprising imaging
the uterus with a viewing angle of the ultrasound array iii a
range from about 0 degrees to about 90 degrees relative to
a shaft axis.

37. The method of claim 36, wherein the viewing angle is
based upon the deflected shaft distal end and the tilted
ultrasound array.

38. The method of claim 27, further comprising torquing
or rotating the shaft so as to obtain a desired viewing plane.

39. The method of claim 27, further comprising ablating
a fibroid within the uterus with the curved needle.

40. The method of claim 39, further comprising infusing
an electrolyte within the uterus prior to or concurrently with
fibroid ablation.

41. The system of claim 13, wherein the curved needle
comprises a hollow core needle.

42. The system of claim 41, wherein the hollow core
needle is adapted for performing biopsy.

43. The system of claim 41, wherein the hollow core
needle is for performing a diagnostic procedure.

44. The system of claim 41, wherein the hollow core
needle is adapted for performing sampling.

45. The method of claim 27, further comprising perform-
ing a diagnostic procedure.

46. The method of claim 45, wherein the diagnostic
procedure comprises sampling.

47. The method of claim 45, wherein the diagnostic
procedure comprises biopsy.
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