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NEEDLE AND TINE DEPLOYMENT MECHANISM

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention. The present invention relates generally to medical

devices and methods. More particularly, the present invention relates to a therapy device
having a deployable treatment needle with a plurality of tines deployable in a straight path

from said needle.

[0002] Uterine fibroids are benign tumors in the uterine wall and are the most common
tumor of the female pelvis. Fibroids afflict up to 30% of women of childbearing age and
can cause significant symptoms including discomfort, pelvic pain, mennorhagia (excessive
bleeding), anemia, infertility, and miscarriage. While fibroids may be located in the muscle
(intramural), adjacent to the endometrium (submucosal), or in the outer layer of the uterus

(subserosal), and can grow up to several centimeters in diameter.

[0003] Current treatments for fibroids include both pharmaceutical and surgical
intervention. Pharmaceutical treatments include the administration of NSAIDS, estrogen-
progesterone combinations, and the like. Medications, however, are generally ineffective
and are palliative rather than curative. Surgical interventions include myomectomy, where
fibroids are removed in an open surgical procedure requiring laparotomy and general
anesthesia, and hysterectomy, involving complete surgical removal of the uterus. Both

these procedures are long and have significant blood loss.

[0004] Asimprovements over open surgical procedures, several minimally invasive
procedures have been developed. Laparoscopic myomectomy is a laparoscopic procedure
requiring highly skilled laparoscopic gynecologists. Uterine artery embolization relies on
blocking the uterine artery supplying blood to the fibroid by injecting small particles. While
sometimes effective, common complications of arterial embolization include infection,
premature menopause, and severe pelvic pain. A third approach relies on complete
endometrial ablation, which is generally effective for treating bleeding but less reliable for

treating fibroids.

[0005] More recently, and of particular interest to the present invention, the use of
radiofrequency needles and other ablation elements for treating individual fibroids via a

transvaginal approach has been proposed. As described, for example, in published U.S.
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Patent Applications 2006/0189972; 2007/0179380; 2007/0249936; and 2008/0033493, each
of which is commonly assigned with the present application, a probe carrying a needle is
used to treat individual fibroids. The probe carries on-board ultrasonic or other imaging so

that the needle can be guided into the fibroid under direct observation.

[0006] While effective in many cases, the use of a single needle for treating fibroids and
other solid tissue masses has certain shortcomings. In particular, the volume of tissue that
can be treated by a single needle is limited. Even if large diameter needles are used, the
surface area of the needle limits the amount of energy that can be imparted into the tissue

and ultimately limits the distance from the needle that can be effectively treated.

[0007] To increase the effective volume that can be treated using a single needle
deployment, the use of multiple, simultaneously deployed needles has been proposed. Of
particular pertinence, U.S. Patent No. 6,050,992 describes a system for deploying multiple
everting needles from a single central cannula. In some instances, the needles can be
deployed over an outwardly curving surface (see Fig. 9). The needles, however, are
generally intended to be pre-shaped so that they evert outwardly, as shown in Fig. 16. U.S.
Patent Publication No.2007/0006215 also describes a needle having multiple stylets which
are outwardly deployed over outwardly curving ramps. Because of the limited diameter of
the central needle, the ramps must be relatively steep and cover a relatively short distance to
gain the desired outward deflection. The use of such short, relatively steep ramps can
impart excessive stress to the needles being deployed, particularly if the needles are not pre-

shaped in their outwardly curved configuration.

[0008] For these reasons, it would be desirable to provide needle structures and
deployment assemblies capable of deploying multiple needles, tines, or other components in
order to increase the volume of tissue to which radiofrequency or other electrical energy can
be delivered. It would be further desirable to provide such multiple needle delivery
structures and deployment assemblies where the diameter, width, length, and other
dimensions of the structure may be minimized. It would be still further desirable to provide
such multiple needle deployment structures and deployment assemblies which have a
reduced or minimized insertion force for advancement through solid tissue. It would be
additionally desirable to provide a needle delivery structure in which placement of the
needle or electrode is predictable. At least some of these objectives will be met by the

inventions described hereinbelow.
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[0009] 2. Brief Description of the Background Art. The following US published

applications discussed above are relevant to the present invention: 2006/0189972;
2007/0179380; 2007/0249936; and 2008/0033493. The disclosures of each of these
applications is incorporated herein by reference. See also US 6,050,992 and US
2007/0006215.

BRIEF SUMMARY OF THE INVENTION
[0010] In a first aspect of the present invention, a needle electrode deployment shaft
comprises a central member and a plurality of needle electrodes which are deployable from
the central member. The central member will have a proximal end, a distal end, a
longitudinal axis therebetween, an outer surface, and a plurality of needle electrode
advancement channels therein, typically formed in the outer surface. Each channel will
have an axially aligned proximal portion and an outwardly directed distal ramp portion such
that as the needle electrodes are advanced through the channel, the needles will be deflected
radially outwardly as they pass over the ramp so that they can enter the tissue in an

outwardly diverging pattern. The ramp may be flat or curved, but will usually be curved as

_ described in more detail below.

[0011] The individual needles may be elastic or malleable, where suitable malleable
needles are formed from stainless steel, titanium, or tungsten, gold, silver, or other
conventional malleable metals. Suitable elastic needles may be formed from spring
stainless steels, shape memory alloys, such as nitinol, eligiloy, and the like. In preferred
aspects, the needles will be elastic with a pre-shaped straight configuration so that the
portion of the needle passing over the ramp will be reversibly deflected with the portion of
the needle distal to the ramp returning back to a straight configuration. It is desirable to
minimize residual strain after multiple deflection or bending cycles. Residual strain can be
minimized by ensuring the electrode material is not appreciably stressed beyond its elastic
limit. This allows for repeatable needle electrode placements, and, thus, repeatable

treatment ablation volumes.

[0012] It will generally be desirable to deflect the advancing needles outwardly at a
relatively large angle, typically from 20° to 50 °, preferably 25° to 45°, relative to the axis
of the central member, more preferably an angle such that the tissue is adequately ablated.

While such angles of deflection could theoretically be obtained by providing relatively
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short, sharply angled ramps, such short, steeply deflected ramps will increase the stress
imparted to the needles. By increasing the radial component of the lengths of the ramps, the
exit angle of the needles relative to the axis of the central member is increased for a given
stress level. The ability to increase the exit angle, for example, by lengthening the ramp,
however, can be limited in certain designs, particularly designs having a relatively small

diameter central member.

[0013] Therefore, in accordance with the principles of the present invention, ramps may
be provided in the channels formed in the central member where the entrance to and exit
from the ramp are angularly offset from each other. That is, the ramp entrance will be
located at a first angular orientation relative to the longitudinal axis and at a pre-selected
depth beneath the outer surface and the ramp exit will be located at a second angular
orientation which is angularly offset from the first angular orientation. By angulatly
offsetting the entrance and exit of the ramp, the length of the ramp (including the radial
component) through which the needle electrodes travel will be increased. By increasing the
radial component of the ramp length, the stress imparted into individual needles can remain
in the desired elastic strain limit while allowing a larger exit angle. By so doing, the needles

may be deployed multiple times with predictable deployment placement.

[0014] The central member may be formed of a simple tube or cannula, but will more
usually have a sharpened distal end which allows the central member to self-penetrate into
tissue prior to deployment of the needle electrodes. The central member may be electrically
passive or neutral (so that it does not itself act as an electrode) or may be electrically active,
either being connected with the same (monopolar) or the opposite (bipolar) polarity as
individual needle electrode(s). The individual needle electrodes may also be connected with
a common polarity or different polarities, allowing for a variety of specific monopolar and
bipolar needle configurations to be utilized. The needle electrode deployment shafts of the
present invention will usually have from three to nine channels and from three to nine
electrodes, preferably one electrode in each channel. The angular offset between the first
angular orientation of the ramp entrance and second angular orientation of the ramp exit
will preferably be in the range from 0° to 180°, more preferably 45° to 150°. The central
member will typically have a diameter in the range from 0.75 mm to 3.1 mm and the pre-
selected radial distance at the ramp entrance will be in the range from 0.25 mm to 1.25 mm.
The axial distance between the ramp entrance and the ramp exit will usually be in the range

from 2.5 mm to 25 mm.
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[0015] As described above, the ramp entrance and the ramp exit will be angularly offset
from one another, where such angular offset increases the distance between the entrance and
exit relative to the distance if the entrance and exit had been axially aligned. The path
between the angularly offset entrance and exit may itself be straight, but will more usually
be curved, sometimes following a generally spiral pattern, as will be described in greater

detail in connection with the drawings hereinafter.

[0016] The needle electrodes may have a variety of tip configurations, but will usually
have a sharpened or other tip which is configured to permit self-penetration of the needle
electrodes as they are advanced from the central member. In a preferred configuration, the
needle electrodes will have a beveled end with a surface which is oriented so that it engages
a surface of the ramp as the needle is advanced through the channel. The beveled end will
thus reduce the friction and seizing which could occur if a sharpened edge of the needle
were to be engaged against the ramp as the needle is advanced. The surface may be flat
(planar), curved, multi-faceted, or otherwise configured to engage the ramp with minimum

friction.

[0017] In another aspect of the present invention, the needle electrode deployment shafts
and assemblies just described may be incorporated into a probe body, optionally together
with an ultrasonic imaging array, in order to provide an imaging and therapeutic delivery
system. The probe body will typically be able to penetrate solid tissue (usually having a
self-penetrating tip and/or a passage for receiving a stylet), allowing deployment of both the
needle electrodes and the ultrasonic imaging array from the probe body to treat fibroids or
other tissue masses within solid tissue. Usually, the ultrasonic imaging array will be
configured and positioned so that deployment of the needle electrodes from the deployment

shaft may be monitored.

[0018] In a further aspect of the apparatus of the present invention, a needle electrode
deployment shaft comprises a central member and a plurality of needle electrodes
deployable from the central member. The central member has a proximal end, a distal end,
a longitudinal axis therebetween, an outer surface, and a plurality of needle electrode
advancement channels therein. Each channel has an axially aligned proximal portion and an

outwardly directed distal portion.

[0019] In specific accordance with the present invention, the needle electrode deployment

shafts may include a spike or other introducer tip having a sharpened tip which extends
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from the distal end of the central member. The spike will have a diameter which is less than
that of the central member, typically being in a range from 20 % to 95 % of the diameter of
the central member, preferably for 25% to 60%, and more preferably from 30% to 55%,
where the reduced diameter spike reduces the insertion force required to advance the shaft
into tissue (prior to subsequent deployment of the needle electrodes from the shaft). Such
needle electrode deployment shafts will preferably further comprise a transition region
between the spike and the central member, where the transition region may be conical,
spherical, or have other geometric configurations. In some cases, the transition region may

define a cutting edge to further facilitate advancement of the shaft into solid tissue.

[0020] In astill further aspect of the present invention, methods for treating uterine
fibroids comprise introducing a probe into a uterus. An ultrasonic transducer carried by the
probe is used to locate the uterine fibroid or other tissue mass to be treated. A needle
deployment shaft is advanced from the probe in the uterine tissue proximate the uterine
fibroid, and a plurality of needle electrodes are advanced from the deployment shaft into the
uterine fibroid and/or tissue surrounding the uterine fibroid. The needles are advanced
through an array of outwardly directed channels or ramps into the uterine fibroid and/or
tissue surrounding the uterine fibroid, and energy is delivered from the needle electrodes to
necrose the fibroid. Typically, the energy is radiofrequency energy, where the

radiofrequency energy may be monopolar or bipolar.

[0021] In a further aspect of the present invention, a needle electrode deployment device
comprises a central member having a proximal end, a distal end, and a pre-defined cross-
sectional area. The central member will typically be cylindrical, and the cross-sectional
area will be the area of the circular cross-section normal to the axis of the cylindrical central
member. Other, non-circular cross sections may also be employed, and in certain cases, the
central member could be tapered, typically with a reduced cross-sectional area nearer its

distal end.

[0022] The needle electrode deployment device may further comprise a central electrode
or needle having a tissue-penetrating distal end which is slidably received in an axially
aligned central electrode advancement lumen or passage formed through the central
member, usually extending fully from the proximal end to the distal end and terminating in
an open electrode deployment port at the distal end. The device further comprises a spike or

introducer tip extending distally from the distal end of the central member, where the spike
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has a cross-sectional area which is less than that of the central member, typically being less
than one half of the cross-sectional area of the central member, typically being no more than
45% of the central member area, and more typically being no more than 40% of the central
member area. The cross-sectional geometry of the spike or introducer tip may vary, but in
all instances there will be a tissue-penetrating element or geometry provided at the distal
end thereof. In the exemplary embodiments, the tissue-penetrating distal end is in the form
of a sharpened, typically trocar-style tip so that the spike can be advanced into solid tissue
followed by the central member. The tissue-penetrating spike will also have an axis, and in
certain embodiments the axis of the spike will be parallel to but radially offset from the axis
of the central member, typically having a radially outer surface aligned with the radially
outer surface of the central member. The radially offset orientation of the spike or other
introducer tip opens and provides access to the distal electrode deployment port of the
electrode advancement passage so that the needle electrode can be axially advanced from
the central member to follow a path which is parallel to that of the spike or other introducer
tip.

[0023] Positioning of the introducer tip in “offset alignment” with the tissue-penetration
path of the needle being advanced from the electrode advancement passage is advantageous
since it reduces focal stress on the electrode by having its electrode advancement passage
exit more proximal than the most distal portion of the introducer tip. After the device has
been introduced into tissue, the central electrode can sometimes become misaligned due to
movement of the device by the physician. By having the electrode deployment passage exit
more proximal, the focal stress induced on the electrode by the introducer tip during
retraction is reduced thereby facilitating retraction of the needle back into the passage. In
the prior embodiments, such as those shown in Figs. 4A-4C, an electrode which extends
through the port 185 can be bent and stressed at the point where it exits the port particularly
during retraction. Bending at this transition can make retraction of the needle more difficult
and cause permanent deformation of the electrode. In the embodiments where the needle is
extended in parallel and radially offset to the introducer tip, the chance of such electrode

needle deformation and binding is substantially reduced.

[0024] In the exemplary embodiments, the introducer tip will be joined to the central
member by a transition region, usually a region which tapers in the distal direction from the
distal end of the central member toward the proximal end of the introducer tip, e.g. a conical

transition zone. This tapered or conical transition region facilitates advancement of the
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central member into tissue following the initial introduction of the introducer tip. In other
exemplary aspects of the present invention, the introducer tip may have an axial channel in
the surface which is disposed alongside the needle advancement path. Thus, the needle may
be advanced through the channel to further enhance stabilization of the needle. In a still
further exemplary aspect of the needle electrode deployment device, an exit port of the
electrode advancement passage will have a rounded peripheral edge to still further decrease
focal stress and the chance of binding and damage to the needle as the needle is retracted
back within the electrode advancement passage. Finally, while the needle electrode
deployment device may be used with only a single central needle, as described thus far,
usually it will be combined with a plurality of laterally deployable needle electrodes as

described in conjunction with the previous embodiments of the present invention.

[0025] In addition to the radially offset spike just described the spike or other introducer
tip of the present invention may take a variety of other forms. For example, the spike may
have a chamfered surface which provides a tapered profile extending from the distal end of
the central member to the distal tip of the spike or introducer tip. The chamfered surface
will bave an opening or port which allows advancement of the central electrode
therethrough. Usually, the port or opening will comprise an electrode transition cavity
which can have a generally spherical, conical, or ovoid shape which extends from the
electrode deployment port of the central lumen in the central member. The electrode
deployment port itself may be in the form of a slot, circle, oval, or have a variety of other

configurations.

[0026] In a further embodiment, the introducer tip may comprise a plurality of axially
aligned spikes extending from the distal end of the central member, typically from the
periphery of the distal end. In this way, the central electrode may be advanced distally
through a protected region defined within the plurality of spikes.

[0027] Finally, in a further embodiment, the introducer tip or spike may be solid and
fixedly attached to the distal end of the central member. By electrically isolating a portion
of the fixed spike, the spike may act as a central electrode and replace the axially

reciprocated central electrode of the other embodiments described herein.

[0028] The various embodiments described above significantly increase the number of
times that the needle electrode deployment device may be used in a single procedure on a

patient. Repeated deployment of the central electrode can often cause undue stress and
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wear, often resulting from interference and interaction with the exit port from the central
electrode lumen or passageway, both as the central electrode is deployed and retracted as
well as when the device is angled and manipulated in tissue during use. The particular
needle exit configurations described above can lessen the stress and increase the deployable
electrode life. In the case of the fixed center electrode, the requirement of repeated center

electrode deployment is eliminated altogether.

BRIEF DESCRIPTION OF THE DRAWINGS
[0029] Fig. 1 is a perspective view of a needle electrode deployment shaft constructed in

accordance with the principles of the present invention.

[0030] Fig. 2 is an end view of the needle electrode deployment shaft of Fig. 1 shown
with the needle electrodes fully deployed.

[0031] Fig. 3 is an alternative end view of the needle electrode deployment shaft of Fig. 1
shown with the plurality of needle electrodes deployed through angularly offset deployment

ramps.

[0032] Figs. 4A-4C illustrate advancement of a single needle electrode through a single
deployment channel in the needle electrode deployment shaft of Fig. 1.

[0033] Fig. 5 is a detailed view taken along line 5-5 of Fig. 4B illustrating a chamfered

end of the needle electrode passing over the deployment ramp.

[0034] Figs. 6A — 6C illustrate angularly offset needle deployment ramps which are

optionally used in the needle electrode deployment shafts of the present invention.

[0035] Figs. 6D — 6F illustrate a straight needle deployment ramp and two alternative
constructions of the angularly offset needle deployment ramps which may be used in the

deployment shafts of the present invention.

[0036] Fig. 7 illustrates a probe having an ultrasonic imaging array which may be used for
introducing and deploying needle electrodes from a needle electrode deployment shaft in

accordance with the principles of the present invention.

[0037] Fig. 8 illustrates the probe of Fig. 7 with the individual needle electrodes being
deployed.
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[0038] Figs. 9-14 illustrate the mechanisms which are used to deploy the needle electrode
deployment shaft and needle electrodes as part of the probe.

[0039] Figs. 15 and 16 illustrate use of the probe apparatus for introducing needle

electrodes into a tissue mass while viewing with the ultrasonic viewing component.

[0040] Fig. 17 is perspective view of a needle electrode deployment device having a

radially offset spike constructed in accordance with the principles of the present invention.
[0041] Fig. 18 is an end view of the needle electrode deployment device of Fig. 17.

[0042] Fig. 19 is a side view of the needle electrode deployment device of Figs. 17 and
18.

[0043] Figs. 20A-20C are schematic illustrations showing the advancement of the needle
electrode from a centrally aligned electrode advancement passage within the needle

electrode deployment device of Figs. 17-19.

[0044] Figs. 21A-21C illustrate further embodiments of the distal end of the center
member of the present invention each of which have a tapered surface with an enlarged

needle deployment cavity.

[0045] Figs. 22A-22B illustrate yet another embodiment of the distal end of the center
member of the present invention, where the distal end of the center member terminates in a

plurality of peripheral spikes.

[0046] Figs. 23A-23B illustrate a still further embodiment of the center member of the

present invention having a fixed spike at the distal end.

DETAILED DESCRIPTION OF THE INVENTION
[0047] The present invention provides electrode deployment structures comprising needle
electrode deployment shafts capable of reciprocatably deploying a plurality of needle
electrodes into solid tissue. The needle electrode deployment shafts will comprise a central
member having a proximal end, a distal end, and a longitudinal axis therebetween.
Typically, the central member will have a distal end which is configured to permit self-
penetration, e.g. the central member may itself be a needle having a sharpened or chamfered
tip which permits the central member to be advanced into tissue by simply pushing. In

other embodiments, the central member could comprise a hollow tubular body, commonly

10
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referred to as a cannula, having a needle or stylet removably received within a central lumen
thereof. The cannula could then be introduced by placing the stylet with its sharpened tip
extending from the distal end of the cannula and pushing the assembly of the cannula and
stylet into tissue. The stylet could then be removed, leaving the lumen in place for other
purposes. In a further alternative, the central member could have a tip with an electrode,
optical element, abrasive surface, or otherwise configured to permit energy-mediated

advancement of the distal tip through tissue.

[0048] The needle electrodes will typically be hollow core needles, tubes, or wires which
have sufficient column strength so that they may be pushed from the central member into
tissue. Typically, the needle electrodes will have sharpened tips but alternatively they could
be configured with electrodes or other elements to permit energy-mediated advancement.
The needle electrodes will typically be pre-shaped in a straight configuration but in other
embodiments could be pre-shaped curved, helical, or have other geometries. The needle
electrodes will also usually be elastic, typically being formed from an elastic metal, such as
spring stainless steel, nitinol, eligiloy, or other superelastic material. By “pre-shaped” it is
meant that the needles have an elastic memory of the desired straight or other configuration.
In other embodiments, however, the needle electrodes could be formed from a malleable
metal, such as various surgical steels where the needle electrodes may undergo plastic

deformation as they are advanced over the ramp portion of the channel as described below.

[0049] The needle deployment shaft will usually be intended for deploying the plurality of
needles into tissue in order to deliver radiofrequency or other electrical energy for treating
the tissue. Treatments will usually comprise heating, more usually comprising the delivery
of radiofrequency energy into the tissue via a monopolar or bipolar protocol. By
monopolar, it is meant that the plurality of needle electrodes and optionally the central
member will be connected to one pole of a radiofrequency generator while the other pole
will be connected to a neutral or common electrode which is attached to the patient via a

pad or other relatively large area electrical contact surface. By bipolar it is meant that at
least some of the plurality of needle electrodes and/or the central member are connected to
opposite poles of the radiofrequency power supply so that the radiofrequency current is

concentrated between the oppositely connected electrodes and/or central member.

[0050] The needle electrode deployment shaft is particularly suitable for deploying the

plurality of needles in solid tissues, such as uterine tissue, breast tissue, liver tissue, fibrous

11
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tissue, kidney tissue, pancreatic tissue, prostate tissue, brain tissue, skeletal muscle, and the
like, for the delivery of energy to ablate tumors and other diseased portions of the tissue. In
other instances, however, the needle electrode deployment shafts could be useful for
deploying the plurality of needles for aesthetic treatments, such as collagen tightening, fat

(adipose) tissue treatment, and the like.

[0051] Referring now to Fig. 1, a needle electrode deployment structure 100 constructed
in accordance with the principles of the present invention comprises a central member or
main needle shaft 170 having a distal end 171 and a proximal end 173. The central member
170 includes a plurality of needle electrode advancement channels 102 which may each
slidably receive a needle electrode 182, shown in broken line. The needle electrodes 182
may be axially advanced and retracted within the advancement channels 102 from a non-
deployed configuration where they lie entirely within the channels to a deployed
configuration where they extend radially outwardly from a central axis of the central

member 170, as shown in Figs. 2 and 3.

[0052] In one specific aspect of the invention, the central member or main needle shaft
170 has a tip 180 which has a reduced diameter relative to the proximal portions of the
central member. In particular, the tip 180 is disposed coaxially along the same axis as the
remainder of the central member 170 but is stepped-down in diameter, typically over a
conical transition region 181. The tip 180 will terminate in a sharpened distal end 183
which is configured to facilitate advancement of the central member through tissue.
Optionally, the entire central member 170 may have a central lumen or passage

therethrough with a distal opening 185 illustrated in Figs. 1-3.

[0053] The structure of tip 180 is advantageous since it reduces the insertion force
required to advance the central member 170 through tissue. It will be appreciated that the
smaller diameter of the tip 180 will require less force to be introduced into the tissue and
will prepare a pilot tract through the tissue. The larger diameter proximal portion of the
central member 170 may enter the established tissue tract with the force of entry being
reduced by the conical transition region 181. By providing a proximal portion of the central
member with a larger diameter, there is increased area and volume for forming the needle

advancement channels 102 as described in more detail below.

[0054] The needle advancement channels 102 may be formed in either of two basic

configurations. The first of these configurations is illustrated in Figs. 4A-4C and 5, where

12
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the needle advancement channels 102 are aligned axially over the large-diameter portion of
the central member 170. The advancement channels 102 comprise a proximal portion 104
and a ramp portion 106 where the proximal portion is disposed in a direction parallel to the
axis of the central member 170 while the ramp portion is curved so that it forms a radially
outwardly directed surface which deflects the distal tip 108 of the needle electrodes 182
outwardly as shown in the sequence of Figs. 4A-4C. In particular, as shown in Fig. 5, the
distal end 108 is chamfered so that its lower contact point 110 will slide against the surface

of ramp 106 without significant seizing or impediment.

[0055] While suitable for many particular applications, the use of axially aligned needle
electrode advancement channels 102 is disadvantageous since it has a limited change in
radial depth through which the needle can be bent. By employing arcuate or spiral needle
paths, as shown in Figs. 6A-6C, the “radial” distance through which the needle electrodes
182 can be curved radially outwardly within a fixed tip length is increased. As shown in
Figs. 6A and 6B, the needle ramps 106 will have a ramp entrance 112 located at a first
angular orientation relative to the longitudinal axis of the central member and a ramp exit
114 located at a second angular orientation relative to the longitudinal axis. By increasing
the offset angle 6 (Fig. 6C) between the entrance 112 and exit 114, the total radial length of
the ramp is increased. Thus, the spiral or arcuate ramp geometries allow the needles to be

bent through a larger angle (relative to the longitudinal axis of the central member).

[0056] The differences between the straight, simple curved or arcuate, and spiral needle
paths are illustrated in Figs. 6D-6F. In Fig. 6D, a straight needle path 200 is formed in a
solid cylindrical body 202 (broken line). It has an initial depth d; where the depth relative to
the outer surface of the cylinder decreases in the distal direction. While a single channel
200 is illustrated, it will be appreciated that multiple channels, typically six, will be formed
in the actual device. The channel 200 is formed along an axial path which is parallel to the

axis of the cylinder.

[0057] A needle ramp 204 having a simple curved or arcuate shape in a cylindrical shaft
206 is illustrated. The initial depth d; of the ramp 204 may be the same as that in the
straight or axial channel 200, and the final depth will be zero in both cases. Thus, while the
change in depth will be the same, by curving the needle path or channel 204, the total length
of'travel of the needle through which it is bent outwardly (away from the central axis of the

central member) is increased, thus increasing the needle exit angle for a given needle strain..
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[0058] The radial component of the needle path or channel, and thus the needle angle, can
be increased still further by forming a spiral path 208, as illustrated in Fig. 6F. While an
arcuate needle path 204, as illustrated in Fig. 6E, is confined within a plane that intersects
the central member, a spiraled needle path spirals around the longitudinal axis of the central
member, creating a needle path within this curved surface, the radial component of the
needle path (the radial distance between the channel entrance and exit) can be increased

versus a needle path confined within a plane.

[0059] The needle electrode deployment structures as just described may be employed in
a variety of delivery systems for positioning the central shaft in a body and advancing the
individual needle electrodes into tissue. Most simply, the central member or main needle
shaft can be fixedly attached to a handle with a trigger or lever mechanism coupled to the
needle electrodes to selectively advance and retract them within the needle advancement
channels 102. In a particular use, the needle electrode deployment structures 100 may be
combined in an ablation device having an on-board imaging transducer as described in co-
pending application no. 61/091,708, the full disclosure of which has previously been

incorporated herein by reference. The details of such structures are provided below.

[0060] Referring to Figs. 7 and 8, an imaging and therapeutic delivery system 110
constructed in accordance with the principles of the present invention comprises a straight
shaft assembly 112 including a hollow tube 114 and a needle tube 116. A tip 118 which is
adapted to receive an ultrasonic imaging array (shown in broken line at 138) is pivotally
attached to a distal end 120 of the hollow tube 114 of the straight shaft assembly 112. The
needle electrode array 121 is deployed through a lumen or central passage in the needle tube
116 at the distal end 120 of the shaft assembly 112. A handle assembly 122 is attached to a
proximal end 124 of the straight shaft assembly 112 and includes a pivoting mechanism
126, typically found on its lower surface as illustrated, for selectively pivoting the imaging
array tip 118 between a low profile configuration where the tip 118 is axially aligned with
the axis of the shaft assembly 112, as illustrated in Fig. 7, and a deflected configuration
where the tip 118 is oriented at an acute or right angle relative to the axis of the shaft, as
illustrated in Fig. 8. The tip 118 may be placed in its axially aligned, low profile
configuration for introduction to the body cavity, for example through the cervix into the
uterus, and may be shifted to its deflected configuration in order to image tissue and/or to
track deployment of the needle electrode array 121. As described in more detail below, the

pivoting mechanism 126 includes a lever 128 which may be manually retracted from the
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distally advanced configuration shown in Fig. 7 to the proximally retracted configuration

shown in Fig. 8 in order to pivot the tip 118.

[0061}] The handle 122 will also include a delivery needle electrode deployment
mechanism 130 which includes a first slide subassembly 132 and a second slide
subassembly 134. The handle will usually further include a port 136 at its proximal end.
Port 136 allows introduction of an ultrasonic or other imaging core, where the imaging core
has an imaging array 138, typically an ultrasonic imaging array as described in detail in
copending Application Nos. 11/620,594; 11/620,569; and 11/564,164, the full disclosures of
which are incorporated herein by reference. The proximal end of the handle will also allow
electrical connections to be made to the needle electrode array. Additionally, the distal end
of the handle will usually provide a standard luer connection for the infusion of non-

conductive coupling fluids.

[0062] Referring now to Figs. 9-14, operation of the first slide subassembly 132 and the
second slide subassembly 134 will be described. For clarity, portions of the pivot
mechanism 126 have been removed from these views. Prior to deployment, as shown in
Figs. 9 and 10, the needle electrode array 121 is fully drawn into the central passage of
needle tube 116. Needle tube 116 has an open distal tip 164 through which the delivery
shaft and needle electrodes will emerge when advanced using the slide subassemblies 132

and 134.

[0063] The first slide subassembly 132 comprises a reciprocating carriage 166 having a
coupling 168 attached to a proximal end of the needle 170. The carriage 166 may be axially
advanced and retracted by manually pressing buttons 172 to disengage pins 174 (Fig. 9)
from pockets 176 in a straight locking strip 178. Once the pins 174 are disengaged, the
carriage 166 may be distally advanced, as shown in Figs. 11 and 12, to advance tip 180 of
needle 170 from the distal end of the needle tube 116. The buttons 172 may then be
released to allow pins 174 to reenter the adjacent pockets 176 in the locking strip 178, thus
locking the needle 170 in place.

[0064] Referring now in particular to Figs. 13 and 14, a plurality of radially diverging
needle electrodes 182 may be deployed from the distal end of needle 170 using the second
slide subassembly 134 which includes a thumb slide 184. The thumb slide 184 is
reciprocatably carried in the carriage 166 so that the thumb slide will advance the needle

electrodes relative to the needle. The thumb slide is connected to a tube 186 which enters a
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hollow central passage or lumen of the needle 170 and is coupled to the plurality of needle
electrodes 182 so that advancement of the thumb slide 184 from the retracted position
shown in Figs. 11 and 12 to the distally advanced position shown in Figs. 13 and 14 causes
the needle electrodes 182 to emerge from the distal end of the needle 170. The needle
electrodes 182 are preferably formed from a straight, resilient metal, such as stainless steel,
nickel titanium, or the like, and are deflected outwardly by ramps (Figs. 4A-4C and 6A-6E)
in the distal end of the needle.

[0065] The use of the imaging and therapeutic delivery system 110 of the present
invention is illustrated in Figs. 15 and 16. After imaging using the imaging array 138
carried on or in tip 118, the needle 170 is advanced into target tissue identified by the
imaging using the first slide subassembly 132, as shown in Fig. 15. Usually, the position of
the tip 118 will be adjusted to assure that travel of the needle 170 into the tissue may be
observed. After the location of the needle tip 180 has been confirmed, the thumb slide 184
of the second slide subassembly 134 may then be advanced, as shown in Fig. 16, to extend
the needle electrodes 182 into the tissue. In the preferred embodiments of the present
invention, the needle 170 and needle electrodes 182 will be rotatably connected to the
remainder of the device to allow the handle to be rotated, thus rotating the imaging array
138, to facilitate imaging even after the needle and needle electrodes have been deployed.
A significant advantage of such rotatability is that the array can be rotated relative to the
shaft to image all of the deployed needle electrodes 182 prior to energizing. The physician
can make sure that the electrodes remain safely spaced from the serosa and other sensitive

tissue structures prior to energizing.

[0066] Referring now to Figs. 17-19, a needle electrode deployment device 200 comprises
a central member 202 having a distal end 204 and a proximal end (not shown). The needle
electrode deployment device 200 will function similarly to the needle electrode deployment
structure 100 described previously and will include an axially aligned electrode
advancement passage 205 along its central axis. Usually, the needle electrode deployment
device 200 will further include a plurality of outer or peripheral needle electrode
advancement channels 206 terminating in peripheral electrode deployment ports 208, again

in a manner similar to those described previously with respect to deployment device 100.

[0067] In contrast to the previous embodiments, the needle electrode deployment device

200 includes an introducer tip or spike 210 terminating with a faceted cutting tip 212,
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similar to a trocar cutting tip, to facilitate introduction into tissue as the central member is
manually or otherwise advanced in a distal direction through uterine or other solid tissue.
The axially aligned electrode advancement passage 205 terminates in a central electrode
deployment port 214 which is proximally retracted from the faceted cutting tip 212 of the
spike 210, typically by a distance in the range from 1lmm to 10mm. Preferably, an axial
channel or groove 216 is formed along an inner surface of the spike 210, which channel or
groove will act as a guide as a central electrode 230 (Figs. 20A-20C) is advanced from the
port 214 of the passage 205 of the central member 202. An outer surface or edge 217 of the
introducer tip will typically be straight and aligned with an outer surface 218 of the central

member, as best seen in Fig. 19.

[0068] The spike 210 has a cross-sectional area which is significantly less than the cross-
sectional area of the central member 202. In the illustrated embodiment, the cross-sectional
area of the introducer tip 210 is about 25% of the cross-sectional area of the central member
202, but the percentage of decrease can vary within the ranges set forth above in the
Summary of the Invention. Usually, the diameter of the central member will be in the range
from 0.75mm to 3min, e.g. having a circular cross-section. The cross-sectional area of the

introducer tip will usually be in the range from 0.25mm? to Smm?®.

[0069] By proximally retracting and radially offsetting the axis of the spike 210 relative to
the central electrode port 214 and the central axis of the central member 202, an improved
and stabilized geometry is provided for deploying central electrode 230, as illustrated in
Figs. 20A-20C. Initially, as shown in Fig. 20A, the central electrode 230 is retracted within
the axially aligned electrode advancement passage 205 with a distal, tissue-penetrating tip
232 of the electrode positioned proximally of the central electrode deployment port 214. By
advancing the central electrode 230, using the mechanisms described with previous
embodiments, distal tip 232 will be distally advanced into tissue along a generally linear
path, as shown in Fig. 20B. The stability and alignment of the needle electrode 230 is
partially maintained by traveling through the channel or groove 216 on the inner surface of

the introducer tip 210.

[0070] After the device 200 has been introduced into tissue and the central electrode 230
and optionally peripheral electrodes (not shown) are advanced into the tissue, the central
member 202 can sometimes become misaligned so that the electrode 230 is stressed and

bent at the region where it exits from the axially aligned electrode advancement passage

17



10

15

20

25

30

WO 2010/099481 PCT/US2010/025647

205, as shown in Fig. 20C. By having a rounded peripheral edge 218 surrounding the
central electrode port 214, the stress on the needle can be relieved by allowing a more
gradual bending radius. Moreover, the rounded peripheral edge also facilitates retracting

the electrode 230 as binding and friction are reduced.

[0071] Referring now to Figs. 21A-21C, a further embodiment of the central member 300
terminates in a spike 302 having a trocar cutting surface 304 and an opposed chamfered
surface 306. An electrode transition cavity 308 is formed in the chamfered surface 306 and
extends distally from a central electrode port 310, as best seen in Figs. 21B and 21C. As
illustrated, the cavity 308 has a generally ovoid shape, but it could also be spherical,
conical, or have some other concave geometry. The exit port 310 may have a tapered
geometry, as shown in Fig. 21B, or a more slotted geometry, as shown in Fig. 21C. In both
cases, the transition of the central electrode from the central electrode passage through the
electrode port 310 into the cavity 308 provides stress relief both as the electrode is advanced
and as the central member 300 is manipulated during use. Preferably, the deployment
device of Figs. 21A — 21C will include the peripheral electrode channels 312 similar to

those described in previous embodiments.

[0072] Referring now to Figs. 22A and 22B, a further embodiment of the distal end of a
central member 320 terminates in a plurality of peripherally located axially extending spikes
322. Each of the spikes 322 has a sharpened distal tip 324, and together the spikes 322
define a protected region 326 (Fig. 22B) which extends axially from a central electrode
deployment port 328. As with certain of the previous embodiments, the protected region
326 provides for stress relief of the center electrode (not shown) when it is deployed

through the electrode deployment port 328.

[0073] The embodiment of Figs. 22A and 22B will also preferably include a plurality of
peripheral electrode deployment channels 330 which are similar to those described for

previous embodiments.

[0074] Another embodiment of a central member 340 comprises a single spike 342
attached to the distal end of the center member. The single spike 342 will preferably be
electrically isolated so that it can be connected to a wire to provide RF or other current for
treatment. The single spike 342 will preferably terminate in a sharpened tip, such as trocar

tip 344 to permit self introduction of the central member 340 through tissue. The central
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member 340 will preferably include a plurality of peripheral electrode deployment channels

346, which channels are formed generally as described for previous embodiments.

[0075] While the above is a complete description of the preferred embodiments of the
invention, various alternatives, modifications, and equivalents may be used. Therefore, the
above description should not be taken as limiting the scope of the invention which is

defined by the appended claims.
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WHAT IS CLAIMED IS:

1. A needle electrode deployment shaft comprising:

a central member having a proximal end, a distal end, a longitudinal axis
therebetween, an outer surface, and a plurality of needle electrode advancement channels,
each channel having an axially aligned proximal portion and an outwardly directed distal
ramp portion; and

a plurality of peripheral needle electrodes having tissue penetrating tips
slidably received in said channels; '

wherein each ramp portion has (1) a ramp entrance located at a first angular
orientation relative to the longitudinal axis and at a preselected radial distance between the
longitudinal axis of the central member and the ramp entrance and (2) a ramp exit located at a
second angular orientation angularly offset from the first angular orientation and on an outer

surface of the central member.

2. A shaft as in claim 1, wherein the central member has a distal tip with

a sharpened distal end.

3. A shaft as in claim 2, wherein the distal tip comprises a spike having a

region with a width which is less than that of the central member.

4. A shaft as in claim 3, further comprising a central electrode

reciprocatably mounted in a central lumen in the central member.

5. A shaft as in claim 4, wherein the spike is generally cylindrical and

axially aligned with the central member where the central lumen extends through the distal

tip.

6. A shaft as in claim 4, wherein the spike is radially offset from the axis
of the central member and has a groove which receives the central electrode when extended

from the central member.

7. A shaft as in claim 4, wherein the spike has a chamfered surface

having an electrode transition cavity extending from the central lumen.
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8. A shatt as in claim 3, comprising a plurality of axially aligned spikes
extending from a distal end of the central member, wherein the central electrode advances

distally through a protected region defined by said plurality of spikes.

9. A shaft as in claim 3, wherein the spike extends from the central

member and is connected as a central electrode.

10. A shatft as in claim 1, having from 3 to 9 channels and needle
electrodes.

11. A shaft as in claim 1, wherein the offset angle is in the range from 45°
to 150°.

12. A shaft as in claim 1, wherein the central member has a diameter in the

range from 0.75 mm to 3.1 mm and the preselected radial distance is in the range from 0.25

mm to 1.25 mm.

13. A shaft as in claim 10, wherein the ramp entrance and ramp exit are

separated by a distance in the axial direction in the range from 2.5 mm to 25 mm.

14. A shaft as in claim 1, wherein the ramps follow a straight path from

the ramp entrance to the ramp exit.

15. A shaft as in claim 1, wherein the ramps follow a curved path from the

ramp entrance to the ramp exit.

16. A shaft as in claim 15, wherein the curved path comprises a spiral path

about the longitudinal axis of the central member.

17. A shaft as in claim 1, wherein the needle electrode has a beveled end
which is oriented to engage a surface of the ramp with reduced friction as the needle is

axially advanced.

18. A shaft as in claim 17, wherein the beveled ends are chamfered to have

a flat surface, a curved surface, or a multi-faceted surface.

19. A shaft as in claim 1, wherein at least a distal region of the central

member is non-conductive.
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20. A shaft as in claim 1, wherein at least a distal region of the central

member is electrically conductive and adapted to act as an electrode.

21. A shaft as in claim 1, wherein the central member has a central lumen.
22. An imaging and therapeutic delivery system comprising:
a probe body;

an ultrasonic imaging array carried by the probe body; and
a needle electrode deployment shaft as in claim 1 reciprocatably carried by the

probe body.

23, A method for treating uterine fibroids, said method comprising:

introducing a probe into a uterus;

locating a uterine fibroid using an ultrasonic transducer carried by the probe;

advancing a needle deployment shaft from the probe into uterine tissue
proximate the uterine fibroid; and

advancing a plurality of needle electrodes from the needle deployment shaft
through a channel array into the uterine fibroid and/or tissue surrounding the uterine fibroid,

wherein each channel is curved relative to a longitudinal axis of the needle deployment shaft;

and
delivering energy from the needle electrodes to necrose the fibroid.
24. A method as in claim 23, wherein the energy is radiofrequency energy.
25. A method as in claim 24, wherein the radiofrequency energy is
monopolar.
26. A method as in claim 24, wherein the radiofrequency energy is bipolar.

27. A needle electrode deployment shaft comprising:

a central member having a proximal end, a distal end, a longitudinal axis
therebetween, an outer surface, and a plurality of needle electrode advancement channels,
each channel having an axially aligned proximal portion and an outwardly directed distal
ramp portion;

a plurality of needle electrodes having tissue penetrating tips slidably received

in said channels; and
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a spike having a sharpened tip extending from the distal end of the central
member, said spike having a diameter less than that of the central member in order to reduce

the insertion force required to advance the shaft in tissue.

28. A shaft as in claim 27, wherein the spike has a diameter which is from

25% to 60% of the diameter of the central member.

29. A shaft as in claim 28, further comprising a central electrode

reciprocatably mounted in a central lumen in the central member.

30. A shaft as in claim 29, wherein the spike is generally cylindrical and

axially aligned with the central member where the central lumen extends through the distal

tip.

31. A shaft as in claim 29, wherein the spike is radially offset from the axis
of the central member and has a groove which receives the central electrode when extended

from the central member.

32. A shaft as in claim 29, wherein the spike has a chamfered surface with

an electrode transition cavity extending from the central lumen.

33. A shaft as in claim 27, comprising a plurality of axially aligned spikes
extending from a distal end of the central member, wherein the central electrode advances

distally through a protected region defined by said plurality of spikes.

34. A shaft as in claim 28, wherein the spike extends from the central

member and is connected as a central electrode.

35. A shaft as in claim 27, having from 3 to 9 channels and needle

electrodes..

36. A shaft as in claim 27, wherein the central member has a diameter in
the range from 0.75 mm to 3.1 mm and the preselected radial distance is in the range from

0.25 mm to 1.25 mm.
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37. A shaft asin claim 31, wherein the ramp entrance and ramp exit are

separated by a distance in the axial direction in the range from 2.5 mm to 25mm.

38. A shaft as in claim 27, wherein the ramps follow a straight path from

the ramp entrance to the ramp exit.

39. A shaft as in claim 27, wherein the ramps follow a curved path from

the ramp entrance to the ramp exit.

40. A shaft as in claim 39, wherein the curved path comprises a spiral path

about the longitudinal axis of the central member.

41. A shaft as in claim 27, wherein the needle electrode has a beveled end
with a flat tip surface, wherein the flat tip surface is oriented to engage a surface of the ramp

as the needle is axially advanced.

42. A shaft as in claim 41, wherein the beveled ends are chamfered to have

a single flat surface.

43. A shaft asin claim 27, wherein at least a distal region of the central

member 1S non-conductive.

44, A shaft as in claim 27, wherein at least a distal region of the central

member is electrically conductive and adapted to act as an electrode.

45, A shaft as in claim 27, wherein the central member has a central
[umen.

46. An imaging and therapeutic delivery system comprising:

a probe body,

an ultrasonic imaging array carried by the probe body; and

aneedle electrode deployment shaft as in claim 27 reciprocatably carried by
the probe body.

47. A needle electrode deployment device comprising:
a central member having a proximal end, a distal end, a cross-sectional area,

and an axially aligned electrode advancement passage therethrough;
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a needle having a tissue-penetrating distal end slidably received in said
electrode advancement passage; and

an introducer tip extending distally from the distal end of the central member,
said introducer tip having a cross-sectional area less than one-half that of the central member
and a tissue-penetrating distal end, wherein said introducer tip has an axis which is parallel to
but radially offset from a central axis of the central member so that the needle can be
advanced from the electrode advancement passage along a path parallel to the axis of the

introducer tip.

48. A device as in claim 47, wherein the introducer tip is joined to the

central member by a transition region which tapers in the distal direction.

49. A device as in claim 48, wherein the introducer tip has an axial channel
which extends from a distal end of the electrode advancement passage and which receives the

needle as the needle is advanced distally from said passage.

50. A device as in claim 49, wherein the distal end of the electrode

advancement passage has a rounded peripheral edge.

51. A device as in claim 50, wherein the central member further has a
plurality of needle advancement channels disposed in a generally axial direction over an

exterior surface thereof.

52. A method as in claim 23, further comprising rotating an imaging array

about the probe to observe the positions of said plurality of needles prior to delivering energy.
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