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MEDICAL BEVICES UTILIZING SHAPE MEMORY ALLOYS AND
ASSOCIATED SYSTEMS AND METHGDS

RELATED APPLICATION

{86811 This application claims the benefit of U8 Provisicoal Application Ne.
62/322,688, filed April 14, 2016, entitled “MEDICAL DEVICES UTILIZING SHAPE
MEMORY ALLOYS AND ASBOUIATED SYSTEMS AND METHOD,” which is

incorporated by reference herein in s entirety,
TECHNICAL FIELD

8682} The present technology is directed generally to medical devices utilizing shape

memory alloys and associated systems and methods,

BACKGROUND

{3303 A shape memory alloy ("SMA"}) is g metallic alloy thst undergoes a phase
transformation in iis orystal structure when cooled from s stronger, high temperature form
{austenite or parent} to ifs castly deformable, low temperature form (martensite or daughter).
This inherent phase transformation is the basis for the unigue properties of SMAs, such as

shape memeory and superclasticity.

(6084} Shape memory refers o the ability of an SMA to go throngh the following
process: (1) While in s martensitic form, the SMA is {easily) deformed to g new shaps. (2)
Upon being heated through its transformation temperatures, the SMA reverts to austenite and
recovers its previous shape {betore the deformation) with great force. The temperatars at which
the SMA remerobers its gusienite form when hested can be adjusted by slight changes in alloy
composition and through heat treatment. Various medical device applications include an BMA
component and utilize its shape memory properties to selectively wansform the component
between two different shapes or configurstions. Such SMA components typically have an
austenitic phase that is activated at a transition temperature typically at or below body
temperature. (Note: body temperature i3 documented in jwedical textbooks as 37°C, but it is
reported o range between 36.1°C 1o 38°C.) Examples of such devices include dental wire,
infravascular stents, guidewires, embaolic coils, as well as staples, vertebral spacers, intrautering

devices, catheters, canmilas, and minimally invasive surgical instruments.
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REEHERY: Superelasticity is a mechanical version of shape moemory, and is caused by the
stress-induced formation of some martensite above its nosmal temperature. Because it has been
formed above iis normal femperaiure, the manensite reverts omediately 1o undeformed
gustenite as soon as the stress is removed, This process provides a very springy, "rubbertike”
glasticity in these alloys., The superelastic properties of SMAg have heen employed in various
medical device applications where it s advantageous for the device to spring fo form. Some
examples of such devices inclade orthodontic wire, venous filters, vascular sients, and

minimally invasive surgical instruments,

BRIEF DESCRIPTION OF THE DRAWINGS

18086] FIG. 1A is a schematic, perspective view of a distal portion of a medical device
showing a treatment element in ap unconstrained austenitic state in accordance with the present
techunology.

{B04671 ~ FIG. 1B is a schematic, perspective view of the treatmnent element shown in FIG.
1A bent back on #self in & low-profile martensitic state in a delivery sheath iny accordance with

the present technology.

{0808] FIG. 1C s a schematic, porspective view of the treatment element shown i FIG.
1A in an elongaied low-profile martensitic stale in a delivery sheath in accordance with the

present technology.

{6491 FIG. 2A is a schematic, perspective view of a distal portion of a medical device
showing a trealment element in an unconstrained austenitic state in sceordance with the present

techiology.

{66187 FEG. 2B is a schematic, perspective view of the treatment element shown in FIG,
1A bent back on itself in a low-profile martensitic state in a delivery sheath in accordance with
the present technology.

IR E FIG. 20 is a schematic, perspective view of the treatment element shown i FIG.
1A in an clongated low-profile mariensitic state in a delivery shesth in accordance with the
present technnlogy,

{66127 TEGS, 3A-3C are side, top, and perspective views, respectively, of a treatment

element in accordance with the present tachnology.
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[G813] FIGS, 3D-3F are side, top, and perspective views, respeciively, of a treatment

ciement in accordance with the present technology.

[8814] FIGS. 3G-31 are side, top, and perspective views, respectively, of a treatment

slement in accordance with the present technology.

{3151 FIGS, 3J-3L are side, top, and perspective views, respectively, of a treatment

element in accordance with the present technology.

{8016} FIGS, 44 and 48 are schematic illustrations of a freatment element in a deployed

state and a constrained state in accordance with the present technology,

{86171 FIG. 3A s a side view of a manipulation member having a looped freatment

cloment gf its distal portion in accordance with the present technology.

{018} FIGS, 5B-5D and FIGS. 6A-6C arg side views and perspective side views,
respectively, of treatment clements having different angles af theilr distal portions in the

austenitic state in accordance with the present echnology.

{0019 FIG. 7A 1s 2 side view of a hysteroscopice resectoscope configured for use with

the treatment elements of the present technology.

528 FIG. 7B is an enlarged view of a distal portion of the hysteroscapic resectoscops

shown in FIG. 74,

DETAILED DESCRIPTION

180211 The present technology is directed generally to shape memory treatment devices
and associated systems and methods, In particular embodiments of the present technology, the
weaiment device includes a treatment element {e.g., an electrode or other device) configured o
be delivered to a treatment site within a body cavity or lumen or other natural body orifice via
a delivery device {g.2., a trocar, venipuncture, through a device lumen, ete.).  The electrode is
made of an SMA and is transformable between a delivery configurstion and a deployed
configuration via thermal activation. In the delivery configuration, the electrode is in s
martensitic forrm and can be constrained for delivery through a delivery device and/or through
narrow or tortuous badily passages. In the deployved configuration, the electrode is in am
austenitic form that is configured to treat, manipaiate, or otherwise engage bodily tissue at the
treatmient site.  For example, the shape and/or temperature of the electrode in the aosienitic

form can be configured for object retrieval, thrombus retrieval, fissue biopsy, tissue

(%)
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manipulation, and/or the atherectomy, morceliation, Hguification, denaturation, dessication,
fulgaration, cauterization, vaporization, cutting, and/or ablation of target tissue in minimally
invasive and surgical applications. The elecirode can be thermally gctivaied to s austenitic
form at a transition temperature above 40°C {above body temperature). The slecirode is
coupled to an energy source, and activation of the austenitic phase of the electrode 15 achieved
twough use of heat energy and/or elecirical current.  Suitable enerpy sources include, for
exampie, direct current {DC), aliernating current (AC), radio froquency (RF), magnetic energy,
slecirorpagnetic energy, an clecirical current transformed to mechanical energy vis an
ultrasonic transducer, thermal transter (via fluidic heat exchange), and others.

{6022} The eclectrode can be made of an SMA that is selectsd based on the desired
physical characteristics and performance parameters of the particular device. Suitable ShMAg
include, for example, nickel thaniom (FNITU or "nitinol™), platinum (P, platinum-titanium-

nickel ("PUTINI"), platibum dron {"PtFe™). copper-zinc-ahiminum  ("CofnAl"), copper-

[ERN

atuminumenickel ("CoAINID™), and/or other alloys offwith platinum, nickel, irom, copper,

titanium, g,

{8023} As detailed below, the treatment devices and/or electrodes of the present
technology are configured for use in one or more medical applications and/or fields of
medicine, such as gvnecology, wrology, cardiovascular, neurovascular, peripheral vascular,
laparoscopy, pulmonoclogy, ENT applications, and gastroenterclogy. Although the foliowing
description periaing fo gynecological, urological, cardiovascular, and neurclogical apphications
of the present technology, additional medical applications and/or treatment methods are also

within the scope of the present techuoology.

Selected Embodiments of Trestment Devices for Use in Gvnecological Applicalions

8424} Modern advances in minimally invasive surgical methods have improved
outeomes and reduced complications and recovery times for many types of surgery. In some
cases, minimally invasive technigues have made it possible to roove surgical procedures out of
the operating yoom and into a doctor’s office setting. In the area of women’s health, however,
minimally invasive advancomenis are scant, especially as it relates to transecervical
hysteroscopic surgery. For example, many hysteroscopic surgical methods today reguire
hyateroscopes having relatively large dlameters, e.g., 26 Fr (& mm), thus necessitating the use
of uncomforiable luminaria dilatation, or avesthesia and manual cervical dilation in an

operating room setling.
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86251 Une embodiment of the present technology configured for gynecological
applications ncludes a cutting electrode having a single or muliiple loop configuration during
use, Al least a portion of the elecirode can be formed of an SMA {such as NiTi or PtTiNi}.
Representative embodiments of the electrode and/or sssociated sysiems and roethods are
shown in Figures 1A-7B. The electrode is configured to be delivered in fluid medium to a
uterine cavity through a lumen of g delivery device, such as the working channel of a
hivsteroscopic resectoscope (Figs. 74 and 7B} or other delivery device having a lumen that is
8 mm or less, During delivery (o the wierine cavity, the electrode can be compacted info a
compressed martensitic shape to {it within the tumen of the delivery device., The electrode can

be electrically connected to an energy source.

{326] Cnee positioned at or pear 2 treatment site {e.g., myoma) within the uterine
cavity, the energy source can be electrode can be activated into the austenitic phase o form an
expanded, pre-set shape (i.g., wider than the inner diameter of the delivery device Jumen), In
some embodiments, for example, the elecirode can be activated via radiofrequency energy
(RF) {e.g., from about 100 kHz 1o about § MHz), When the electrode is in the deployed, pre-
set shape, the electrode is configured o perform one or more procedures at the treatinent sile,
such as cutting, ablating, resecting, manipulating, and/or cauterizing tissue such as letomyomna,
endometrium, or other tissue, At any time before, during, and/or after treatment, but before
removing the electrode from the uterine cavity, the cnergy source can be de-activated or
otherwise decoupled from the electrode such that the electrode temperature equilibrates {(under
fluid medium or ambient tissue femperature) 1o the martensitic phase. Onee in the martensitic

phase, the device can be withdrawn from the uterine cavity through the delivery device.

{80271 Another embodiment of the present fechnology configured for gynecological
applications is an ulrasonic surgical tip including av SMA (such as MNITE or PtTiMi}
Representative embodiments of the clectrode andf/or associated systems and methods are
shown in Figures 1-3. The tip is configured to be introduced in 8 straight martensitic form
through a lumen of a delivery device (such as the working channel of g hysteroscope oy other
detivery device having an outer diameter of 3 num or less {9F)). Once positioned at or near the
treatment site In the uterine cavity, the tp can be thermally activated into its susienitic phase
using uitrasonic energy {e.g., from abom 27 kHz to about 75 ki), In the austenitic phase, the
tip has a pre-set bend that serves as the stroke length of the ultrasonic surgieal tip, and is
subsequently used for densturization, canterization, ablation, fractionation, and/or morcellation

of lelomyvoma or other tissue.  Upon removal of energy input, the surgical tip temperature
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equilibrates under fluid mediom to the martensitic phase, and I retrieved through warking
channel, This device may be used in conjunction with fluid management and aspiration fo

facilitate the removal of excised, morcellated, and/or fraciionated material,

Selested Frobodiments_of. Teoatment Reviore for Use i Genseolog
Applicatings

U rokogiaal

[B028] Ancther embodiment of the present technology includes a nitinel grasping frap or
claw shape that is encapsulated In an iosulative coating, thus preventing or substantially
preventing thermal transfer 1o tissue, and constrained into a compressed "grasping” martensitic
shape, delivered under fluid medium through the working channel of & cystoscops,
ureteroscope, hysteroscope, cannula, catheter, or other lumen, through & narrow or fortuous
bodily passage, and inte & cavity or space such as within the bladder, kidney, uterus, urethra,
ureter, or prostate, and activated {e.g., thermally) into the austenitic phase at tramsition
ternperatuere {arcund 30°C) to form a remembered ‘open’ shape that is larger in diameter or
different in shape than the inner diameter of the channel or lumwen, and is subseguently used io
enclose, grasp, and thus capiure an object, embolus, tissue or material, and the subsequent
removal of energy input causes the claw to cool within the fluid medium (o regain a grasping
martensitic shape, at which point the claw s removed through the lumen along with the

retrieved object or material. Figure 1, Figure 3}

3429} Another embodiment of this technology is & nitinol grasping trap or claw shape,
encapsulated in an insulative coating thus completely preventing thermal/energy transfer to
tissue, and shape set to remember a constricted “grasping’ austenitic shape. This device is
compressed and delivered via the working chamnel of a cystoscope, wreleroscope,
hysteroscope, cannula, catheter, or other fumen, through a narrow or torfucus bodily passage,
and into a cavity or space such as within the bladder, kKidney, uferus, urethra, ureter, or prostate,
and relessed from constraint to form an ‘open’ martensitic shape, at body or arobient fluid
temperature, that is larger in digmeter or different in shape than the inner diameter of the
chanpel or lumen. The device is then used 1o enclose, grasp, and thus capture an object or
material, and subsequently activated (heated Hauid through a lumen or low direct current} into
the sustenitic phase at trapsition femperaturs {around 60°C) to form  the remembered shape
and remain in the aostenitic “grasping shape’ {the force may produce a stronger grasp than

embodiment #33 and thus capture an object, embolus, tissue, or material, at which point, while
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remaining in its austenitic grasping phase, the claw is removed through the luroen along with

the retrieved object or material, (Figure 1}

Seleoted Bmbodiments of Treatment Doviges i Use e Cardlovascular Applivations

[B030] Ancther emnbodiment of this technology 15 a PITiNI cutting electrode or probe
composed of a single wire or multl wire loop or tubg or scoop shape or other shape that can be
cotlapsed into a compressed martensitic shape and delivered through a cannula or catheter or
cther lumen and then activated into the austenitic phase to resume g pre-formed shape that is
farger in diameter than the inner dismeter of the channel or lumen, and which is subsequently
used to perform cutting, ablation (e.g., super vemiricular tschycardia), blopsy, resection,
removal, manipulation, and cautery of heart valves, chordae tendinae, cardiac tissue, vascular
tissue, other adjacent tissue, or other material, Upon removal or reduction of energy tnput, the
ziectrode or probe temperature equilibrates under fluid medium or ambient tissue temperature
to the martensitic phase, and Is retrieved Grough the cannula or catheter or other lumen and
may coutain a sample of tissue, calcification, atherogenic/atheromatons, {ibrous, thrombotie,

emibolic, or other material or substance, (Figure 1, Figure 2, Figure 3)

Selected BEmbodiments of Treatment Devices for Use

Hoal Anphication

831 Another embodiment of this technology is a PtFe cutting clectrode or probe
composed of a single wire or nulti wire loop or tube or scoop shape or other shape that can be
collapsed into a compressed martensitic shape and delivered through a cannula or catheter or
other lumen and then magoetically activated fuio the austenitic phase to resume a pre-formed
shape that is larger in diameter than the nner diameter of the channel or lumen, and which is
subsequently used to perform cutting, ablation, biopsy, removal, mandpulation, disselution,
liquification, and cautery, of an stherosclerotic or thrombotic lesion or other unwanied tissue.
Upon rerpoval or reduction of energy input, the electrode or probe temperature equilibrates
under fluid or ambient blood temperature to the martensitic phase, and is retrieved through the
cannula or catheter or other lumen and may coniain a sample of tissue, calcification,
atherogenic/atheromatous, fibrous, thrombotic, embolic, or other material or substance.

{(Figure 1, Figure 2, Figure 3)

Additional Embodiments

180321 The treatment devices and/or electrodes of the present technology use the shaps

o

memory phase (of the SMA that forms the electrode) for or during the frestment or therapeutic
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functicning of the device unlike many other devices that do not use the shape memory phase
{and actuaily use only the seperelastic phase} for or during the actual freatment or therapeutic

functioning of the device.

{8033] In some embodiments, the treatment device and/or electrode utitizes both the

superelastic and shape memory propesties of the SMA.

18034} In some embodiments, the treatment devices and/or glectrodes of the present
technology use the austenife o martensite phase transformation as part of the treatment or

therapeutic functioning of the device,

{3351 in some embodiments of the freatment devices and/or elecirodes of the present
technology, the freaiment device and/or electrode can be copressed to it through the delivery
device lumen or opening in a manper that involves more or significantly more material strain

compression than devices that employ superslastieity.

(0036 The treatment devices andfor elecirodes of the present technology provide the
following advantages over copventional SMA electrodes: (1} the deployed shapes of the
electrodes of the present fechnology are relatively larger than those of other conventional
designs and thus can remove more Hasue, (2) the SMA forming the electrodes of the present
technology have an Agfemperature that produces a stronger pesk foree than devices that rely

solehy on superelasticity.

IGG37] Ultrasound, radiofrequency, magnetics, and/or conductive heat can be used

activate the shape memory properties of the eloctrodes of the present technology.

[B0338] Irn some embodiments of the treatment devices and/or electrades disclosed berein,
the weatment device and/or electrode removes tissue and Hquifies the tissue using mechanical

{ultrasonic) ensrgy.

[8039] in some embodiments of the freatment devices and/or electrodes disclosed herein,
at loast a portion of the electrode and/or treatment device includes an SMA that demonstrate
superclastic properties but does not revert/reverse to the martensitie phase aller being activated

it the austenitic phase,

EXAMPLES

0407 The following examples are llustrative of several embodiments of the present

technolog

2y
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i A device for removing tissue from a body lumen, the device comprising:

a delivery shaft having a humen therethrough;

an CRergy source;

a manipulation member configured to be slidably received through the lumen of the
delivery shafl, wherein the manipulation member has a distal portion configured
10 be positioned within the body lumen; and

a treatment element at the distal portion of the manipulation member and coupled to the
energy source, ai least a portion of the treatment element made of 2 shape
memory alloy and having a low-profile martensitic state for delivery through
the elongated shaft and an expanded, austenitic state that foros a pre-set shape
having a cross-sectional dimension that is greater than the cross-sectional
dimension of the shaft, and

wherein application of thermal energy to the treatment element from the energy source
transforms the freatment element from the wartensitic state o the austenitic
state, and

wherein, when the ireatment element is in the austenitic state, the reatment element is

configured to cut, ablate, resect, and/or caunterize tissue.

2. The device of exampie 1, wherein the treatment element transforms from the

martensitic state to the austenitic state at a temperature above 40 degrees Celsius,

3. The device of example 1 or example 2, whereln the energy source is configured

to deliver radiofroquency epergy to the treatment element.

4. The device of any one of examples 1.3, wherein the treatiment clement is
thermally activated and transforms from the marfensitic state at a frequency of from about 100
kHz to about 5 MHaz.

3. The device of any one of examples i-4, wherein the distal portion of the

manipulation member is configured to be delivered to a uterine cavity.

6. The device of example 5, wherein the device is configured to separate a tumor

from the uterine cavity.

LoD
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7. The device of any one of examples 1-6, wherein the treatment clement has a

single Ioop contiguration,

8. The device of any one of examples 1-8, wherein the treatment element has a

multiple loop configuration.

g, The device of any one of example 1-8, wherein the delivery shaft is a portion of

a hivsteroscopic resectoscope.

1. The device of any one of examples 1-9, wherain the delivery shaft includes a

fluid medium within the lumen,

11, The device of any one of exampies 1-18, wherein a cross-sectional dirension of

the delivery shatt is no move than 8 mm.

12, The device of any one of examples 1-11, wherein the tissue is at least ove of a

leiomyoma and endometriom,

i3, A device for removing tissue from a body humen, the device comprising:

a delivery shafl having a lumen therethrough;

an Snergy Source;

a manipulation member configured to be shdably recetved through the lumen of the
defivery shaft, wherein the manipulation member bas g distal portion configured
to be positioned within the body fumen; and

a treatment element at the distal portion of the manipulation member and coupled to the
energy source, at least a portion of the electrode made of a shape memory alloy
and having a low-profile martensitic state for delivery through the elongated
shaft and an expanded, austenitic state that forms g pre-set shape baving a oross-
sectional difnension that is greater than the cross-sectional dimension of the
shaft, and

wherein application of ulirasonic encrgy to the treatment clernent from the evergy
source fransforms the ireatment element from the martensitic state fo the

ausientic state, and

5
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wherein, when the treatment element is in the austenitic siate, the electrode is
configured to cut, ablate, resect, morceliate, and/or cauterize tissue comprising

at least one of lelomyoma and endometrinm,

14, The device of example 13, wherein the treatment element transforms from the

martensitic state to the austenitic state at a frequency of from abont 27 kHe to about 73 kHe,

i5. The device of example 13 or cxample 14, wherein the energy source i

configured to deliver ultrasonic energy 1o the treatment element.

14, The device of any one of examples 13-15, wherein the treatment element is

generally straight in g martensitic state and bent in an avsienitic staie.

V7. The device of any one of examples 13-16, wherem the distsl portion of the

manipulation member is configured to be delivered to a ulerine cavity.

I8, The device of any one of examples 13-17, wherein the device is configured 1o

separaie a fumor from the uterine cavity,

19, The device of any one of examples 13-18, wherein the treatment element has a

single toop configuration.

20, The device of any one of gxamples §3-18, wherein the treatment element has a

multiple loop configuration,

2%, The device of any one of exaroples 13-20, wherein the delivery shafl is a

portion of a hysteroscopic resectiscone,

2% The device of any one of examples 13-21, wherein the lumen of the delivery

shaft includes a fluid medium,

23, The device of any one of examples 13-22, wherein a cross-sectional dimension

of the delivery shaft is no more than 3 mm.

<t~
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24, The device of any one of examples 1323, wherein the tissue is at {east ong of a

leiomyoma and cndometrium.

25, A method for modifying and/or treating tissue comprising:

positioning a treatroent slement in a low-profile martensitic state within a body lumen
via a delivery shaft having a cross-sections! dimension, wherein the treatment
element is made of a shape memory alloy;

while the treatment clement is positioned within the body lumen, transforming the
freatment element from the martensitic state to the austenitic state by delivering
thermal energy to the treatment slement, whereln, in the austenitic state the
freaiment element forms an expanded, pre-set shape having a cross-sectional
dimmension thai is greater than the cross-sectional dimension of the delivery
shatt; and

cutting, ablating, resecting, morcellating, and/or cauterizing tissue within the body

umen with the treatment element in the austenitic state.

26, The method of example 25, wherein delivering thermal energy includes raising

a temperature of the treatment element to no grester than 40 degrees Celsius,

27, The method of example 235, wherein the cross-sectional dimension of the

delivery shaft is no greater than 8 mm.

28, The method of example 23, wherein transtorming the treatiment element
includes delivering a radiofrequency (o the treatment element of from about 100 kHz to about

5 MHz.

29, A method for modifying and/or treating tissue comprising:

positioning g treatment slerpent in g low-protile martensitic slate within a body lumen
via a delivery shaft having a cross-sectional dimension, wherein the treatment
slement is made of a shape memory alloy;

while the treatment cleroent is positioned within the body lomen, transforming the
treatment clement from the martensitic state to the austenitic state by delivering

sitrasonic energy 1o the treatment clement, wherein, in the ausienitic state the
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treatment eloment forms an expanded, pre-set shape having a eross-sectional
dimension that is greater than the oross-sectional dimsension of the delivery
shaft: and

eutting, ablating, resecting, morcellating, and/or caunterizing tissus within the body

fumen with the treatment slement in the austenitic state,

38, The method of example 29, wherein the coross-sectional dimension of the

delivery shaft is no greater than 3 mm,

31, The method of example 29, wherein transforming the ireatment element
includes delivering g ultrasonic energy to the treatment element that has a frequency of from

about 27 klHz to about 78 kiiz.

Conclusion

100431} From the foregoing, it will be appreciated that specific embodiments of the
disclosed technology have been described hergin for purposes of Hlustration, but that various
modifications may be made without deviating from the technology. Certain aspecis of the
technology deseribed in the context of particular embodiments may be combined or eliminated
in other embodiments. Further, while advaﬁtages associated with certain embaodiments of the
disclosed technology have been described in the context of those embodiments, other
erobodiments mway alse exhibil such advantages, and not all embodiments need necessarily
exhibit such advantages to fall within the scope of the technology. Accordingly, the disclosure
and associated techrology can encompass other embodiments not expressly shown or

described herein,
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CLAIMS

/We claim:

i A device for removing tissue from a body lumen, the device comprising:

a delivery shaft having a humen therethrough;

an energy S0Uree:

a manipulation member configured o be slidably received through the lumen of the
delivery shafi, wherein the manipulation member has g distal portion configured
to be positioned within the body lumen; and

a treatment clement at the distal portion of the manipulation member and coupled (o the
guergy source, at least a portion of the treatment element made of a shape
memory alloy and having a low-profile martensitic state for delivery through
the elongated shaft and an expanded, austenitic state that forms a pre-set shape
having a cross-sectional dimension that is greater than the cross-sections]
dirpension of the shaft, and

whereins application of thermal encrgy o the treatment element from the energy source
transforms the treatment element from the martensitic state o the austenitic
state, and

wherein, when the treatment clement is in the austenitic state, the treatment element i3

configured to cut, ablate, resect, and/or cauterize tissue.

2. The device of claim 1, wherein the treatment element transforms from the

martensitic state to the austenitic state al a temperature above 40 degrees Celsius,

3. The device of claim 1, wherein the energy source is configured to deliver

radiofroguency energy to the treatment element.

4. The device of claim 3, wherein the treatment element is thermally activated and

transforms from the martensitic state at a frequency of from about 100 kiiz to about § Mifz.

~{4-
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3. The device of claim 1, wherzin the distal portion of the manipulation member 15

configured {o be delivered to a uterine cavity,

6, The device of claim 5, wherein the device is configured to separate a tumor

from the uterine cavity,

7. The device of claim 1, wherein the treatment eloment has a single loop
configuration.

8. The device of claim 1, whersin the treatment element has a multiple loop
configuration.

3, The device of clatm 1, wherein the delivery shaft is 8 portion of a hysteroscopic
resecioscope.

i0. The device of claim 1, whereln the lumen of the delivery shaft includes a fhuid

medivm.

1}, The device of claim 1, wherein a cross-sectional dimension of the delivery shafi

is no greater than 8 mum,

12, The device of claim 1, wherein the tissue is at least one of & kjomyoma and
endometriym.
13, A device for removing tissue from a body humen, the device comprising:

a delivery shaft having a lumen therethrough;

an energy source;

a manipulation member configured to be slidably received through the lumen of the
delivery shaft, whergin the manipulation member has a distal portion configured
to be positioned within the body lamen; and

a tregtment eloment at the distal portion of the mandpulstion member and coupled 1o the
energy source, at least a portion of the electrade made of a shape memory alloy

and having a low-profile mastensitic state for delivery through the elongated

——
Lh
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shatt and an expanded, austenitic state that forms a pre-set shape having g cross-
sectional dimension that i3 greater than the cross-sectional dimension of the
shafi, and

whereln application of ultrasonic ensrgy to the treatment glement from the energy
source transforms the reatment clement from the martensitic state to the
ausienitic state, and

wherein, when the ireatmnent element is in the austenitic state, the electrode s

| configured to cul, ablate, resect, morcellate, and/or cauterize tissue,

i4. The device of clabm 13, wherein the ireatment clement transforms from the

martensitic state 1o the austenitic state at g frequency of from about 27 kHz to about 75 kHa.

15, The device of claim 13, wherein the energy source is configured to deliver

nltrasonic energy o the treatment slement.

16.  The device of claim 13, wherein the treatment clement iz gonerally straight in a

mariensiiic siate and bent in an austenitic siate,

17, The device of claim 13, wherein the distal portion of the manipulation member

is configured to be delivered o a ulerine cavity.

18. The device of claim 17, wherein the device s configured 0 separgte a tumor

from the uterine cavity,

19, The device of claim 13, wherein the treaiment element has a single loop

configuration.

206,  The device of clabn 13, wherein the treatment element has a2 multiple loop

configuration,

21, The device of claim 13, wherein the delivery shaft is a portion of a

bysteroscopic resectoscope.

<
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22.  The device of claim 13, wherein the humen of the delivery shafl inchudes a fluid

medium.

23, The device of claim 13, wherein a cross-sectional dimension of the delivery

shafl is no greater than 3 mm.

24, The device of claim 13, wherein the tissue is at least one of a leiomyoma and

endomeirium,

37
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