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(57) ABSTRACT

A radiofrequency tissue ablation device includes an elongate
outer cannula having proximal and distal ends and an inter-
mediate length therebetween where a longitudinal region of
the intermediate length is configured as an ablation electrode.
A cannula lumen extends longitudinally through the cannula.
A stylet extends slidably through the lumen and is secured to
the cannula between the ablation electrode and the cannula
distal end. The ablation electrode includes a plurality of sub-
stantially parallel helical apertures disposed around and
extending through a cannula circumference. The ablation
electrode is configured to be circumferentially expandable
such that in a first state, it is essentially cylindrical with a
substantially uniform outer diameter along substantially its
entire length, and in a second state, its parallel helical aper-
tures are expanded such that the intervening portions of the
cannula form an outer diameter greater than the outer diam-
eter of cannula portions proximal and distal of the electrode.
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ENDOSCOPIC ULTRASOUND ABLATION
NEEDLE

TECHNICAL FIELD

[0001] Embodiments disclosed herein generally relate to
tissue ablation devices. More particularly, the embodiments
disclosed relate to endoscopic ablation devices navigable
with ultrasound visualization.

BACKGROUND

[0002] Commonly used open surgical procedures such as
tissue resection for use in treatment of benign and malignant
tumors of the liver and other organs have several key short-
comings affecting efficacy, morbidity and mortality. In many
cases, open surgical resection may carry risks of complication
that are not justified by potential benefit, or they may not be
practically possible due to anatomical limits on access to the
target tissue. To help overcome these limitations, some per-
cutaneous mono-polar radio frequency (RF) devices have
been used in tissue ablation and resection. These mono-polar
devices carry their own risks and limitations known in the art.
There is a need for tissue ablation systems that overcome the
shortcomings of open surgery techniques and existing percu-
taneous devices.

[0003] It may be desirable to provide an endoscopically
deployable tissue ablation device that can be navigated under
ultrasound and/or fluoroscopy. Such devices may be operable
through minimally-invasive surgical endoscopes (e.g., gas-
trointestinal endoscopes, other endoscopes using natural
body orifices, and/or laparoscopes that utilize only small
percutaneous access openings).

BRIEF SUMMARY

[0004] In one aspect, embodiments disclosed herein may
include an endoscopic tissue ablation device, as well as meth-
ods for using same in a patient. Some embodiments of a
radiofrequency tissue ablation device may include: an elon-
gate outer cannula including a cannula proximal end, a can-
nuladistal end, and a cannula intermediate length between the
proximal end and distal end, where a longitudinal region of
the intermediate length near the distal end is configured as an
ablation electrode and including a cannula lumen extending
longitudinally through the length of the cannula; and an elon-
gate stylet extending slidably through the cannula lumen and
secured to the cannula between the ablation electrode and the
cannula distal end; where the ablation electrode includes a
plurality of substantially parallel helical apertures disposed
around a circumference of the outer cannula, the apertures
extending through the cannula; where the ablation electrode
is configured to be circumferentially expandable such that in
a first state, when the distal cannula end is disposed at a
maximum device-length distance from the proximal cannula
end, the outer cannula is essentially cylindrical with a sub-
stantially uniform outer diameter along substantially its entire
length; and in a second state, when the stylet and the secured
cannula distal end are less than a maximum device-length
distance from the proximal cannula end, the substantially
parallel helical apertures of the ablation electrode are
expanded and the intervening portions of the cannula form an
outer diameter greater than the outer diameter of cannula
portions proximal of and distal of the ablation electrode.

Jan. 23,2014

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 shows a diagrammatically simplified of one
embodiment of a tissue ablation system;

[0006] FIGS. 2A and 2B illustrate a radially expandable
elongate cannula of a tissue ablation device embodiment; and
[0007] FIG. 3 shows a radially-expanded distal portion of
one embodiment of a tissue ablation system.

DETAILED DESCRIPTION

[0008] Various embodiments are described below with ref-
erence to the drawings in which like elements generally are
referred to by like numerals. The relationship and functioning
of the various elements of the embodiments may better be
understood by reference to the following detailed description.
However, embodiments are not limited to those illustrated in
the drawings. It should be understood that the drawings are
not necessarily to scale, and in certain instances details may
have been omitted that are not necessary for an understanding
of embodiments disclosed herein, such as—for example—
conventional fabrication and assembly.

[0009] The invention is defined by the claims, may be
embodied in many different forms, and should not be con-
strued as limited to the embodiments set forth herein; rather,
these embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey enabling dis-
closure to those skilled in the art. As used in this specification
and the claims, the singular forms “a,” ““an,” and “the” include
plural referents unless the context clearly dictates otherwise.
[0010] One embodiment of a tissue ablation system 100 is
described with reference to FIG. 1, which diagrammatically
illustrates a general set-up including an ablation energy
source 102, an optional separate control unit 104 (that, if
present, may provide separate and/or more device-local con-
trol of ablation energy), a tissue ablation device 110 extend-
ing through (and/or including) a sheath 130 and including an
ablation structure 112 through which energy is released to
target tissue, and an optional endoscope 120 through which
the tissue ablation device is slidably operable. It should be
appreciated that this diagrammatic representation is not to
scale and 1s intended only to show one potential orientation of
certain embodiments and/or components of embodiments.
[0011] Those of skill in the art will appreciate that the
ablation energy source may take a variety of forms. Certain
embodiments below are described with reference to a radiof-
requency (RF) ablation device, but those of skill in the art will
be enabled, with reference to the current disclosure and the
state of the art, to construct and operate devices within the
scope of the present disclosure that use non-RF energy in
addition to or instead of RF energy to provide for tissue
ablation.

[0012] Forexample, the energy source may be embodied as
a microwave power source 102 coupled to a microwave
antenna 112 including a plurality of parallel helical struts
providing microwave energy in a frequency range—for
example—from about 915 MHz to about 2.45 GHz. As
another example, the energy source may be embodied as a
radio-frequency (RF) power source 102 coupled to an RF
electrode 112 embodied as a plurality of helical struts. As
another example, the energy source may be embodied as a
coherent light source 102 coupled to an ablation structure
embodied a plurality of optical fibers or light pipes 112 ori-
ented as parallel helical yet another example, the energy
source may be embodied as n incoherent light source 102
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coupled to a plurality of optical fibers 112 oriented as parallel
helical struts. As still another example the energy source may
be embodied as a source 102 of heated fluid coupled in fluid
communication with a tubular ablation structure 112 with a
closed or at least partially open lumens configured to receive
the heated fluid (configured and operated with sufficient
energy capacity to effect ablation of target tissue), configured
as parallel helical struts. As still yet another example, the
energy source may be embodied as a cooled fluid source 102
coupled in fluid communication with a tubular ablation struc-
ture 112 with a closed or at least partially open lumens con-
figured to receive the cooled fluid (configured and operated
with sufficient energy capacity to effect ablation of target
tissue, such as—for example—a cryogenic fluid) and config-
ured as parallel helical struts. As resistive heating source 102
coupled to a plurality of alternating current (A/C) conductive
wires 112 configured as parallel helical struts. As still another
example, the energy source may be embodied as an ultra-
sound power source 102 coupled to an ultrasound emitter 112
oriented as parallel helical struts, wherein the ultrasound
power source produces ultrasound energy—for example—in
the range of about 300 kHz to about 3 GHz. ;... ;Any operable
combinations thereof may be practiced within the scope of
the present invention, where the ablation structure 112
includes a generally helical strut configuration as described
below. Of course, those of skill in the art will appreciate that
the absolute and relative dimensions of such alternative
embodiments will impose certain practical limitations there-
upon.

[0013] FIGS. 2A and 2B illustrate an elongate cannula 212
of a tissue ablation device. The cannula 212 may include a
metallic or other construction material configured to transmit
RF energy or other tissue-ablating energy. The cannula 212
has a tubular body construction that includes a cannula lumen
214 extended longitudinally through its length. A central
body region 216 of the cannula 212 includes a plurality of
helical apertures configured as slits 218 that extend through
the body wall into the cannula lumen 214. In the embodiment
shown, the plurality of slits 218 are substantially parallel and
of substantially equal length. As few as two apertures may be
provided, but one preferred embodiment includes six aper-
tures.

[0014] As shown in the side view of FIG. 2A, and more
clearly in the end-on view of FIG. 2B, the embodiment illus-
trated includes six apertures 218, which longitudinally/later-
ally define six intervening flexible struts 220. Each of the
apertures 218 and struts 220 traces a complete rotation around
the cannula’s outer circumference along the length of that
aperture/strut. When the cannula 212 is longitudinally lin-
early compressed, the struts 220 are configured with suffi-
cient flexibility to expand away from each other and flare
outward. In the embodiment of FIGS. 2A-2B, these struts 220
may serve as an ablation electrode that—when conducting
RF energy and in contact with target tissue—will provide
ablation of that target tissue. As such, together, the apertures
218 and struts 220 form an ablation structure portion of the
cannula 212.

[0015] Stated differently, the ablation structure including
the apertures 218 and struts 220 is configured to be circum-
ferentially expandable. In a first state, when the distal cannula
end 213 is disposed at a maximum device-length distance
from the proximal cannula end 211, the outer cannula 212 is
essentially cylindrical with a substantially uniform outer
diameter along substantially its entire length. In a second
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state, when the cannula distal end is less than a maximum
device-length distance from the proximal cannula end, the
substantially parallel helical apertures 218 are expanded and
the intervening portions 220 of the cannula 212 form an outer
diameter greater than the outer diameter of cannula portions
proximal of and distal of the ablation structure portion’s
length. The second state may include a single expanded state,
or it may include a plurality of expanded states that can be
step-wise/incremental in discreet separate outer diameters, or
than can be more continuous (e.g., smoothly transitioning
between smaller/larger diameters). Certain preferred
embodiments will include discreet outer diameter increments
that may be selected by a user actuating a proximal control.

[0016] Thecannula 212 is shown with a rounded, generally
atraumatic distal end 213. In other embodiments, a penetrat-
ing distal end tip (e.g., a needle-point configuration using any
tissue-penetrating tip-configuration known or developed in
the art. A non-penetrating tip may be useful for some appli-
cations including directing the cannula 212 out of an endo-
scope, or without an endoscope in/through a patient’s esopha-
gus (e.g., to ablate tissue associated with Barrett’s esophagus)
or other body passages. Embodiments that include a tissue-
penetrating tip may be useful in NOTES (natural orifice trans-
esophageal surgery) techniques, and/or other techniques for
endoscopic or non-endoscopic access to internal organs. For
example, a trans-esophageal endoscopic procedure may be
used where the cannula is directed through an endoscope to an
intragastric or intraduodenal location where it is used to pen-
etrate through the wall of the alimentary canal into a target site
in a patient’s liver or other target location. The device may be
configured for percutaneous use (e.g., in an interventional
radiology or other application).

[0017] In this and other embodiments, an outer surface of
the cannula body 212 may dimpled or provided with other
surface (or embedded) structural features to enhance its abil-
ity to reflect ultrasound waves and thereby providea desirable
echogenic profile. This dimpled characteristic may be
embodied as a different irregular, patterned, or textured sur-
face feature (e.g., knurled, ribbed) that may enhance the
echogenicity of the cannula 212, which will aid in visualizing
it during ultrasound-guided placement, and allow it to be used
in ultrasound visualization of a target site (e.g., a tumor mass).
Other echogenic enhancements may be provided in addition
to, or instead of, the dimpling. For example, certain echogenic
polymers may be used in the cannula construction, or as a
coating of a metal cannula. Other echogenic enhancements
known in the art may be implemented within the scope of the
claims. The dimpled or otherwise echogenically-enhanced
region preferably will include a distal needle end region,
while a more proximal length of the needle may be free of
dimples and/or other echogenicity-enhancing features. This
feature may enhance navigability and/or reduce the fluoros-
copy exposure needed during a procedure.

[0018] FIG. 3 shows a distal portion of a tissue ablation
device 310. The device 310 includes a cannula 312 con-
structed in the same manner as described above with refer-
ence to cannula 212 of FIGS. 2A-2B. The device 310 also
includes an elongate introducer sheath 330, within which the
cannula 312 may remain while it is directed, for example,
through a working channel of an endoscope or a patient body
lumen so that the cannula’s penetrating distal tip 313 is not
damaged by (and does not penetrate into) a surface thereof.
The cannula 312 may be slidably located in the sheath 330,
and it is shown in FIG. 3 as being extended therefrom. In
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certain preferred embodiments, a proximal end or end portion
of the cannula may be affixed to or engageable to the sheath in
amanner that will allow the stylet (and distal cannula portion
affixed thereto) to move slidably relative to the proximal
cannula end in a manner facilitating expansion of the aper-
tures 318 and struts 320. Those of skill in the art will readily
appreciate that a variety of handle designs are well-known
that will be operable to control this function and the functions
described below. For example handle designs used with the
COOK Echo-Tip® products may readily be useful with the
presently disclosed configurations.

[0019] The cannula lumen (not shown) is at least partially
lengthwise occupied by a stylet 340. The stylet 340 is affixed
to the cannula portion distal of the apertures 318 and struts
320. Specifically, in some embodiments the elongate stylet
extends slidably through the proximal length of the cannula
lumen and is secured to the cannula 312 between the ablation
portion and the cannula distal end 313. In the embodiment
illustrated, the stylet distal end 343 includes a penetrating tip
that extends beyond the cannula distal end 313. Whether or
not the cannula includes echogenicity-enhancing features as
described above, the stylet may include one or more echoge-
nicity-enhancing features to provide for ultrasound location
and/or navigation. It may also include a stylet lumen extend-
ing through its length (which may facilitate, e.g., wire-guide
directed navigation, and/or passage for irrigation fluid to a
region external of the stylet and adjacent to the ablation
portion of the cannula).

[0020] Theablation portion including the apertures 318 and
struts 320 is configured to be circumferentially expandable
such that in a first state, when the distal cannula end 313 is
disposed at a maximum device-length distance from the
proximal cannula end (not visible in FIG. 3), the outer can-
nula 312 is essentially cylindrical with a substantially uni-
form outer diameter along substantially its entire length. Ina
second state, when the stylet 340, and the cannula distal
length secured thereto, are less than a maximum device-
length distance from the proximal cannula end, the substan-
tially parallel helical apertures 318 of the ablation portion are
expanded and the intervening portions 320 of the cannula 312
form an outer diameter greater than the outer diameter of
cannula portions proximal of and distal of the ablation por-
tion. This provides for the ablation portion to contact and even
penetrate tissue during provision of ablation energy through
the ablation portion. This second state may be effected by
having a proximal region of the cannula 312 affixed to the
sheath and executing one or both of: retracting the stylet
proximally relative to the sheath and extending the sheath
distally relative to the stylet.

[0021] The stylet and/or the outer cannula may be insulated
in a manner that prevents transmission of RF energy or other
energy therebetween. For example, an RF energy generator
may be provided that is in electronic or other RF-transmitting
communication with the cannula, but not the stylet. Whether
insulated or not, the cannula of each embodiment most pref-
erably is configured to transmit RF or other energy sufficient
to necrotize animal tissue for the purpose of ablation.

[0022] Thehelical configuration described herein provides
several advantages that were surprising to the inventors. In
particular, the generally helical orientation of the struts pro-
vides superior performance over struts or wires that are lon-
gitudinally aligned with and parallel to a central longitudinal
cannula access. This is particularly true when the struts are
expanded to displace and/or move radially through fibrotic
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tissue, where their structure provides desirable mechanical
advantage. It should be noted that the cut apertures/struts of
the present disclosure are intended to include spaced wires
that are helically oriented. For example, while referring to a
cannula (e.g., laser-cut) with alternating apertures and struts,
the present disclosure intends those terms to include a can-
nula that includes a portion defined by helically wound wires
that will behave in an equivalent manner.

[0023] Inonepreferred embodiment, theablation portion is
attached to an RF energy source and is configured to operate
as an RF electrode. In a preferred method of treatment, the
ablation portion (e.g., including struts 320) will be directed
into a target site such as—for example—a tumor mass. A
low-energy RF field will be generated to cause slow tissue
necrosis (rather than a high-energy cutting and coagulation
RF energy supply). The cannula will be foreshortened to
expand the struts and enlarge the RF field and volume of
tissue being ablated.

[0024] In one embodiment, the outer cannula 312 may be
configured as a 19-gauge nitinol cannula, and the stylet 340
may be configured as a stainless steel endoscopic ultrasound
needle including one or more echogenicity-enhancing sur-
face dimpling. In another embodiment, a cannula (e.g., like
cannula 212) may be configured as, for example, a 22-gauge
nitinol cannula, which may be about 0.9 inches (about 2.3 cm)
in length from its proximal end to its distal end; the length
(linearly along the longitudinal cannula axis) of each aperture
and strut may be about 0.7 inches (about 1.7 cm), generally
centered between the proximal and distal cannula ends; the
apertures may be laser-cut with radiused ends, each about
0.003 inches (about 0.008 ¢cm) wide, and each tracing a full
360° rotation along its length. In an embodiment with six
symmetrically-spaced apertures, a first edge of each aperture
will be radially spaced from the first edge of an adjacent
aperture by about 60°. In different embodiments, the pitch of
each aperture and slit may vary, but preferred embodiments
may generally include a pitch of less than 45°, in order to
preserve lateral expansion during linear compression. How-
ever, other pitches may be used, and those of skill in the art
will appreciate that rotating the distal cannula portion while
longitudinally/ linearly compressing it to expand the aper-
tures may provide desirable radial expansion. It should also
be appreciated that cannula sizes may range in various
embodiments from 18-gauge to 25-gauge (that is, between
about 18 and about 25 gauge, inclusive of those gauges and
any legal equivalents).

[0025] Those of skillin the art will appreciate that embodi-
ments not expressly illustrated herein may be practiced
within the scope of the claims, including that features
described herein for different embodiments may be combined
with each other and/or with currently-known or future-devel-
oped technologies while remaining within the scope of the
claims. Although specific terms are employed herein, they are
used in a generic and descriptive sense only and not for
purposes of limitation unless specifically defined by context,
usage, or other explicit designation. It is therefore intended
that the foregoing detailed description be regarded as illus-
trative rather than limiting. And, it should be understood that
the following claims, including all equivalents, are intended
to define the spirit and scope of this invention. Furthermore,
the advantages described above are not necessarily the only
advantages of the invention, and it is not necessarily expected
that all of the described advantages will be achieved with
every embodiment.
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We claim:

1. A radiofrequency tissue ablation device comprising;

an elongate outer cannula including a cannula proximal

end, a cannula distal end, and a cannula intermediate
length between the proximal end and distal end, where a
longitudinal region of the intermediate length near the
distal end is configured as an ablation electrode and
including a cannula lumen extending longitudinally
through the length of the cannula; and

an elongate stylet extending slidably through the cannula

lumen and secured to the cannula between the ablation
electrode and the cannula distal end;

where the ablation electrode includes a plurality of sub-

stantially parallel helical apertures disposed around a
circumference of the outer cannula, the apertures
extending through the cannula;

where the ablation electrode is configured to be circumfer-

entially expandable such that

in a first state, when the distal cannula end is disposed at
amaximum device-length distance from the proximal
cannula end, the outer cannula is essentially cylindri-
cal with a substantially uniform outer diameter along
substantially its entire length; and

in asecond state, when the stylet and the secured cannula
distal end are less than a maximum device-length
distance from the proximal cannula end, the substan-
tially parallel helical apertures of the ablation elec-
trode are expanded and the intervening portions of the
cannula form an outer diameter greater than the outer
diameter of cannula portions proximal of and distal of
the ablation electrode.

2. The device of claim 1, where the outer cannula includes
surface structure configured to enhance its echogenicity.

3. The device of claim 1, where the outer cannula, the
stylet, or a combination thereof provides a penetrating distal
tip.

4. The device of claim 1, where the plurality of substan-
tially parallel helical apertures is configured as six slits of
substantially equal length, each of which extends through the
cannula from the cannula’s exterior surface to the cannula
lumen.

5. The device of claim 1, where the stylet is insulated
relative to the outer cannula such that the radiofrequency
energy transmitted through the outer cannula is not contact-
communicated to the stylet.

6. The device of claim 1, where the stylet includes a stylet
lumen extending through at least a portion of its length.

7. The device of claim 6, where the stylet lumen is disposed
in fluid communication with at least one stylet aperture under-
lying the ablation electrode region and configured to commu-
nicate irrigation fluid to a region external of the stylet and
adjacent to the ablation electrode.

8. The device of claim 1, where the outer cannula is con-
figured as a helically-cut nitinol cannula.

9. The device of claim 1, where the stylet is configured as
an endoscopic ultrasound needle including a penetrating dis-
tal tip and at least one echogenicity-enhancing structural fea-
ture.

10. The device of claim 1, where the outer cannula is
configured as a nitinol cannula between 18-gauge and
25-gauge, and the stylet is configured as a stainless steel
endoscopic ultrasound needle including one or more echoge-
nicity-enhancing surface features.
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11. A system for radiofrequency tissue ablation, the system
comptrising:

an elongate outer tubular body including a longitudinal

body lumen extending through substantially the entire
body length; and

an elongate stylet slidably disposed through a major length

of the body lumen,

where the stylet is affixed to the body near a distal end of

the outer tubular body,
where the stylet comprises a longitudinal stylet lumen that
extends through a major internal length of the stylet, and

where the stylet includes at least one distal stylet aperture
that provides fluid communication between the stylet
lumen and an exterior surface of the stylet;

where a distal length of the outer tubular body includes a

plurality of helical slits through the tubular body, con-
figured such that foreshortening the tubular body by
longitudinally moving one of the stylet and the tubular
body relative to the other will open the slits and spread
the tubular body portion between the slits to occupy a
greater outer diameter than a tubular body portion not
between the slits;

where the slits are disposed adjacent the at least one distal

stylet aperture, and

where the outer tubular body is configured to transmit

radiofrequency energy sufficient to necrotize animal tis-
sue.

12. The system of claim 11, further comprising a radiofre-
quency energy generator in electronic communication with
the outer tubular body.

13. A tissue ablation device comprising:

an elongate outer cannula including a cannula proximal

end, a cannula distal end, and a cannula intermediate
length between the proximal end and distal end, where a
longitudinal region of the intermediate length near the
distal end is configured as an ablation structure and
including a cannula lumen extending longitudinally
through the length of the cannula; and

an elongate stylet extending slidably through the cannula

lumen and secured to the cannula between the ablation
structure and the cannula distal end;

where the ablation structure includes a plurality of substan-

tially parallel helical apertures disposed around a cir-
cumference of the outer cannula, the apertures extending
through the cannula;

where the ablation structure is configured to be circumfer-

entially expandable such that

in a first state, when the distal cannula end is disposed at
amaximum device-length distance from the proximal
cannula end, the outer cannula is essentially cylindri-
cal with a substantially uniform outer diameter along
substantially its entire length; and

in asecond state, when the stylet and the secured cannula
distal end are less than a maximum device-length
distance from the proximal cannula end, the substan-
tially parallel helical apertures of the ablation elec-
trode are expanded and the intervening portions of the
cannula form an outer diameter greater than the outer
diameter of cannula portions proximal of and distal of
the ablation structure.

14. The device of claim 13, where the ablation device
comprises an ablation structure selected from a microwave
antenna; a radiofrequency electrode; an optical fiber; a light
pipe; a tubular structure configured to allow closed or open
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passage therethrough of heated or cooled fluid with sufficient
energy capacity to effect ablation; alternating current conduc-
tive wire; an ultrasound emitter; and any combination thereof.

15. The device of claim 13, further comprising a sheath
through which a proximal length of the stylet longitudinally
slidably extends.

16. The device of claim 15, where a proximal portion of the
cannula is affixed to the sheath such that an actuation of the
device comprising a longitudinal distal movement of the
sheath relative to the stylet and/or a longitudinal proximal
movement of the stylet relative to the sheath will foreshorten
the cannula and effect transition from the first state to the
second state.

17. A method of ablating tissue in a patient, the method
comprising steps of:

introducing the device of claim 16 to adjacent a target site

within a patient body; and

actuating the device in a manner moving the sheath relative

to the stylet and/or the stylet relative to the sheath to
effect the second state.

18. The method of claim 17, wherein the step of introduc-
ing comprises directing the device through a working channel
of an endoscope.

19. The method of claim 17, further comprising a step of
directing energy through the cannula to ablate tissue in con-
tact therewith.

20. The method of claim 19, where the energy is sufficient
to necrotize animal tissue.
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