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Abstract

The present invention relates to surgical instruments and

5 more specifically' to surgical instruments for removing

10

polyps and growths from within a patient’s ‘body. The

surgical instrument of the present invention comprises an
electrically conductive probe and a shape memory alloy

filament attached to the working end of the electrically

conductive probe. The shape memory alloy has a first

working position and a second working position and 1is
capable of ' acquiring the second working - position in
response to the passage of electrical current flowing

through, and elevating theftemperature of the filament.
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Title: Shape Memory Surgical Polypectomy Tool

Field of the Invéntibn 

The present invention relates to the field of surgical

"tools and more specifically, to surgical tools that use

-

strands or filaments of shape memory alloy to remove polyps

and growths: from within a patient’s body.

'Background,of.the Invention

Surgical tools for removing polyps and gfowths from
the colon and other areas of the human body are well ‘known
in the art. Examples of such surgical toolls are described
in U'.S,. Patent 6,015;415, US Patent 5,908,429, “and
Russian Patent 5004687.; |

Specifically, U.S. Patent 6,015,415 describes a
surgical snare tool for removing polyps that comprises a
handle assembly, a tubular sheath, a :Elex:i.ble ‘probe and a

closed snare-loop that 1s located at the working end of the

flexible probe. In operation, the handle assembly is used

to maneuver the snare-loop within a patieht’s body in‘ordér_
to loop the snare-loop around a designated polyp. The

snare—loop 1s bullt so that as it exits the tubular sheath

and extehds parallel to the tubular sheath but non-axially,

thereby allowing' the snare'%lOOp to get closer to the base
of the polyp than 1f it were aligned axially with the
sheath. ' | ‘ ‘ l

Once the snare-—-l_Oo\p - has Dbeen looped around ' the

designated polyp,' the user operates the hand assembly in
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such a way as to tighten the snare—-loop securely around the

designated polyp. Once the loop 1s securely tightened, a

cautery current is transmitted through the flexible probe

to the snare-loop, SO that;' the snare-loop can burn through

the designated polyp.

The drawback of the 's'urgic'al snare tool described in
U.S. ~ Patent 6,015,415 _.is that the snare-loop is a noose
shaped devlice that needs" to be located around the polyp to

‘be removed.  During surgery it 1s not always possibl‘e to

pl‘ace_ the loop around the j‘polyp. Polyps méy be very ,long,,
or positioned in such a way that it is difficult if not
impossible to ‘position the 'loo\p afound them. In  these
cases more invas'ive surgery, and an .exCessive .amoi.mt of

time, is required 1in order to remove the polyp.

' Agaiﬁst '_this backgroUnd it 1is clear. that there 1is - a
need 1n the:industry fOr'a'wider rénge,of improved'surgical
polypectomy = tools ° that are capable of easily and
efficiently capturing and removing polyps from within a

patient’s body;\
Summary of the Invention

As embodied and "broadly described herein, the present
invention provides a surgical tool for removing growths
from within a patient’s body. The surgical tool comprises

an electrically conductive probe that has 'a working end

‘that 1s adapted to be inserted'inté:a.patient’s‘body and a

shape memory alloy filament _'that;-is' attached to the working

end of the électrically conductive probe. The shape memory |

alloy filament has ‘_a first working position and a second
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working position. In the first working position, the shape

memory alloy filament is in a position that enables it to

be inserted 1into a patient’s _body_ and placed next to a

growth designated for removal. In the second working
position, the - shape memory alloy filament forms a bend

around a polyp or other growth.

"The Shape ' memory alloy filament ls capable of
transitioning from the first'working'position.to the second

working position in response to the passage of électrical

- current therethrough that elevatés the temperature of the

filament.  As the electrical fc.urren-t passes through the

_ filament, the filamé__nt "becomes hot, which allows the

filament to excise the polyp or other growth.

As fu.r'the-r embodied and broadly described herein, the
present invention provides ‘a process for removing a growth

from within a patient’s body. The process comprises

- providing a shape memory alloy filament that has ‘a first

working poSition and a second working position. In the
first working position the; shape memory alloy filament' 1s
in a condition that enables it to be inserted : into a
patient’s body and placéd next to a growth. In the second
working position, th§ shapé .memory alloy filament forms a
bend around the growth. The shape memory alloy -filament is
able to transition from the first working 'p\osition to the
second working poéition in response to the -passage of

electrical current thérethrough‘ ~that elevates the

temperature of the "shape- memory alloy filament. As the

electrical current passes through the filament, ‘the

" filament becomes hot, which allows the filament to excise

the polyp or other growth.
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The process further comprises inserting the shape
memory alloy filament 'int\'o the patieht_' s body wh_ile the
shape memory alloy filament is in the first working
position, positioning_thé shape memory alloy filament while

5 it is in the first workingi position next' to the growth and
applyinxg an el.ectricél current through the shape memor-:y

alloy filament for tranSitiqning the shape memory' alloy

filament into the second wOrking.position wherein the shape

memory alloy filament forms a bend around 'th.e? . growth.
10 Finally, the process ‘_comprises excising the growth with the

shape memory alloy filament.

As still further embodied and broadly described

| heréin, the present invention provides a*methodifor setting

15 at least one working pos‘.iti.on' of a shape .memoj:y alloy
filament for uSe Iin ”eXCising a growth from WithinJ_a-
‘patient’s body. The method comprises forming the shape-
MEmory ailoy_ filément int0+ a bend, .heating' the 'shaped
memory all_oy ‘while in the\' formed bend, and quenching the'

20 shape memory alloy filament while in the formed bend.
Brief Description of the Drawihgs

Figure 1 is top plan view of the surgical tool according to

25 ~a specific embodiment of the present invention;

Figure 2 1s an enlarged vi-éw_ of the working end: of the
surgical tool of Figure 1 ‘shown in the straight
position, which the curved position indicated by

30 ~dotted lines;
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3 is the working end of the s'urgical tool of Figure

2 positioned_next to a polyp:;

is the working end of the surg’i,cél tool shown in

'Figure 3 around the polyp;

is an expanded view of the working end of the

surgical tool . according to an alternative

embodiment of the invention;

is an expanded ivie‘w of the working end of the

 surgical tool according to a further alternative

embodiment of the invention;

is an expanded view of the working end of the
surgical tool according to a still further

alternative embodiment of the invention.
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Detailed description

Shown in Figure 1 is a shape memory surgical tool 100
in accordance with a specific 'embodimeﬁt of the inventi.o‘n
that is able to excise growths and polyps from within a
patient’s body. Surgical tool 100 has a handle assembly
10; a lOng_: flexible -'electricélly insulating sheath 20 and
an _electriCally conductive flexible ‘and extendable probe
22. Handle assembly 10 includes a frame section 12 and a
finger section 14. - Frame',sec':tion 12 contains a thumb' hold
24 and a tra—ck 26. Fingei: section 14 .includes two finger.
holds 28 and. 30, and is adapted to slide from‘ one énd of
frame section 12 'to the other, alcng track 26. Handle
assembly 10 further includes a terminal 18 for attachment
to an eiec}trical power supply unit. 'The electrical p\ower

supply unit allows the _electrical current supplied _to'

terminal 18 to be varied. The lower portion of handle

assembly 10 comprises an irrigation port 16 and a tubular
section 17, both of which are axially rotatable in relation

to frame 12, the'reby permitting rotation of sheath 20.

Flexible sheath 20 is connécted to the bottom of frame
section 12. A shdrter :mére rigid sheath 19 is also
connected to the bottom_'-of frame section 12 and is
positionéd over sheath .20, : thereby protecting sheath 20
from bending tOo'sharply at its connection to frame section

12. Probe 22 is made of an electrically conductive .

‘material, and fits slidably within sheath 20. Probe 22 is

attached to movable finger section 14 of hand assembly 10,
such that as finger section 14 moves up and down along
track 26 of frame section 12, probe 22 moves in and out of

sheath 20 at working end 32. When movable-\ finger section
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14 1s at the base of frame 12, ‘pr'obe?22 is at 1ts most

extended position outside sheath 20. ~""When movable ‘finger
section 1'2:: 1s at the poéiition closest to thumb hold 24,
then probe 22 is retracted as ‘fair inside sheéth 2'0 as
possible. Although flexible sheath 20 has been des¢ribed as

being conneCted to frame section 12, and probe 22 ‘has been

described as being connected to finger section 14, it is

within theFSCOpe of the invention for flexible sheath 20 to

be connected to finger section 14, and probe 22 to be

‘connected to fra_ine section 12.

At working end 32, a filament or strand of shape

memory alloy is wélded; - Or attachéd mechanically by any

suitable means to the\'wor;king end of probe 22. As exampl'eS'

of non-limiting m'eans, of attachment, filament 34 can be
welded, brazed, silver soldered or swaged in place. In a

preferred embodiment, filament 34 of shape memory alloy is

nickel titanium(Ni-Ti) with heat activated shape memory

-‘propértiesQ- As can be seen in Figure 2, filament 34 of Ni-

Ti has two.' working po_sition‘s',_ namely, a straight wdrking
position 36, aud‘ a .curvéd working position 38. In ‘ the
curved workfing pos\ition 38,_ filameut 34 1s able to encircle
a polyp to be excised. As. a non-limiting example of a
curved working 'position;: filament 34 is Dbent into a
continuous circular loop.‘ However, in alternate embodiments

of a curved working po's-i_tion, filament 34 forms a series of

| straight segments Jjoined by Dbends having angles of less

than 180 de'_grees. In such po'siti.ons,. filament 34 can be in

the form of a triangle,,square,'etc..

In a very specific and non-limiting example, filament

34 is a Ni-Ti wire with a diameter of 0.015 inches and a
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phase t'ransition temperatUre of approximately% 70 degrees
Celsius. Alternatively, “fila\ment\. 34 'may be of a thicker
diamet'er', ‘which will provide more strength, however
filaments having a 'thicker;diameters will not form as tight
a curved working position as a filament having a-: thinner |

diameter.

In order to achieve the heat-activated curved working

position 38, filament 34 is pre-treated. The pre-treatment

process includes forming f_ilamen*: 34 such that it includes
at least one bend, heating ,fil\ament 34, -and quenching

filament 34 in cold wat’er. - After 'pre-'-treatment, filament

34 is straightened back into its straight working position

36 in preparation for surgjer_y. In order to return to the
curved working position 38, filament 34 is heated. It
should be expressly understood that other manufacturing
technique_s :a_r'e poss"ible_"‘ and are within the scope of the

present invention.

In use, a "surg_eon piaces the working end- 32 of the
probe into the patient’s":‘body with the assistance of an
endoscope. The endoscope allows the surgeon 't_o. locate the
polyp or growth designated for removal,~and allows the user
to view the movement of the working end'32_of surgical tool
100 inside the patient’s body. As can be seen in Figure 3,
once the pelyp or growth designated for removal -has be'en
located, the surgeon maneuvers fi\lemen_t 34, while 1in its

Straight working poSition 36, next to the base of polyp 40.

Once shape memory filament 34 has been positioned next

to polyp 40, the surgeon applies an electric current to

filament 34 through probe 22 (frem- the power supply
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connected to terminal 18). The electric current heats

filament 34 and activates 1ts pretreated shape memory

position so that it transitions to curved working position

38. As can be seen in Figure 4, when the shape memory
prOpérties: of _fil_amént 34 aré activated by heat, filament
34 reverts to its pretreated state, thereby encircling the
base of polyp 40. . 1In a non-limiting' example of
ii'nplementat’ion, at this point 'the electrical currerit can be

turned off until the surgeon is ready to excise the polyp.

Alternatively, the polyp can be excised directly after

filament 34 encircles polyp 40 by maintaining the

electrical current at the applied level, or by increasing

the appliéd electrical current,  depending on the heat

Vrequired to excise the'polYp.or growth.

If the surgeon wishes ~to: reposition filament 34 around
the polyp, filament 34 can be retrécted back into sheath 20
1n order to-re—otraightén filament 34. The mechanioal'force
generated by shéath 20 i's sufficient to at least partially
straighten filament 34 for a second try. In a non—limiting
eXampl'e of Vimplémentation, | 'f_ilame.nt 34 can be designed 'to '
return to its initial straight position when the eléctrical

current is stopped.

Once the surg'eon 1s réady to exclise the polyp, the

“electric current 1is re-established up to the desired

intensity. The user then moves finger portion 14 of hand
assembly 10 ~towards thumb hold' 24  soO that a forcé is
applied to filament 34 that combined with the ele'otric'
curj:ent, cuts through the .base of polyp 40 and 'Cauterizeé- '

the tissue.
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It should be understood that it is within the'scope of
the invention for filament 34 to have a straight working

.

position and a plurality of curved working positions. For_

example, 1in a non--li.miting_ example of implementa.ti'on,

5 filament 34 has a first curved working position that is a
large_Continuous loop, and a seoond curved working-position
that is a small :tight;-lOOp. ‘When a first level of
electrical current is applied through filament 34 such that
the- _temperature of _filament 34 elevates to a first

10 temperature, f_iJ.ament 34 ' forms into the first working
pos‘itio‘n. When the level of electrical current applied to
~filament 34 1is 1ncreased such - that the temperature of
filament 34 elevates to a second temperature that 1s higher
than the first temperature, filament 34 forms the second

‘15  working position.

It will be \appreciated that several variations of the
oonfiguration of filament 34 can be envisioned.-. In an
alternate embodiment ' Shown in Figure 3, filament 34

20 1ncludes a blob of a bio- compatlble substance 42 on 1ts
tip, that rounds out the potentlally sharp tip of filament

34 Thereby maklng the tJ.p blunt. Therefore, the blob of
'blo—compatlble substance; 42 prevents filament 34 from

- lnadvertently spearing theftissue during insertion, thereby

25 making it easier to maneuver during surgery.

In a forther specific embodiment,. as seen in Figure 6,

filament 34 can be pre-formed to have a hook 44 at its.tip,

In this embodiment.hook 44 can latch onto the lower portion

30 of filament \ 34: upon \‘format.ion -of its curved working
position, thereby p"r'eVenting filament 34 from unwinding- as

the surgeon pulls on probe 22.
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In yet another embodiment, as seen in Figure 7,

filament 34 may be 1in the shape of a flattened lLoop with a

rounded loop shape memory position. In this configuration,

when an electric current is applied, filament 34 opens up

to form a loop of a pre-formed shape, which in this case is

‘a rounded loop as shown by the dotted lines. A Ioop~formed

into the shape of a square, triangle, rectangle, or . any

other shape 1is also within the scope of the present
invention. In addition,' a__'kit Which would allow a surgeon

or technician to “train” filament 34 into a particular

‘shape prior to surgery may be provided. Such a kit would

allow a user te:form filament 34 into any unique shape that

would best suit the needs of a particular patient.

In yet another embod_iinent of surgical tool 100, two
filaments of shape memOry alloy are attached to 'probe 22 S0
that the two fllaments wrap around polyp 44 sunultaneously
upon being heated by an electrlc current. This embodiment

prov1des increased strength to surglcal tool 100, for

‘removing = larger and thicker polyps. Alternatlvely,

addltlonal strength can be added to surglcal tool 100 by \
using a flat piece of shape memory alloy wire that has a
width and a thickness, _ wherein the width is greater than

the thickness.

The abeve descript.io.h of preferred embodiments should
not be interpreted in a limiting manner sinee ‘other
variations,--; modifications and refinements are p0831ble .
within the Splrlt and scope of the present invention. The

scope of the invention is defined in the appended claims

and their eqUivalents.
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Claims

What is claimed 1S:

Claim 1. A surglcal tool for remov1ng a growth from.w1th1n a
patlent's body, said surgical tool comprising: '

- an electriCally 'conductive. probe having  a
working end .adapted 'to be inserted 1into a
patlent's body, |

- -~ a shape memory alloy filament located at said

' working end and having a first work,lng
position and a second working ©position,
wherein; - | ‘
a) in-said first_working position, said shape
smemory alloy filament is in a eondition
that enables '::Lt\ to be 1inserted 1into a
patient’s body and placed next to the~
growth; . | ' o |
'b) in said seeond _working‘ position, said
shape memory alloy filament form_s a bend
around the growth; '
‘".; said shape memory-alloy filament transitioning
~ from said first worklng p031tlon to said
'second working position in response to the
passage of electrical current therethrough
:that elevates a temperature of \said' shape.
memory alloy fllament ;
- sald shape memory alloy filament when in said
' asecOnd working position around the growth, and

when hot, operative to excise the growth.

Claim 2. A surgical tool as defined in claim 1, . where;in

'the~growth 18 a pelyp.
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3. A .surgical tool as defined- in claim 2, wherein_ in
said first working position said shape memory

alloy filament is substantially straight.

4. A surgilcal tool as defined in claim 3, wherein in
said second worklng pos:Lt:Lon sald shape memory

alloy filament enc1rcles the growth

5. A -surgical tool as defined in claim 4, wherein

said shape memory alloy filament is a Ni-Ti wire

with a diameter of 0.015 inches.

6. A surglcal tool as defined in clalm 1, wherein
sald shape memory alloy filament is flat and has
a width and a thlckness, wherein sald Wldth 1s

'greater than sald thlckness

7. A surgical tool as defined in claim 1 further
~c;ompriSing a handle assembly that inoludes:.~
- a terminal < for connection to an elee'::tric’:al
_curreht supply unit; \
- a :frame po‘rt'ion having a thumb .-hold a'nd; a
track,‘and;\ |
- a finger portion that i,s'.operable toi move on

said track in relation to said frame portion

‘ between a retracted p’osition and an extended

ey,

position.
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Claim 8. A surgical tool as defined in claim 7, wherein an

electrically insulating sheath is attached to one

~of said frame portion and said finger portion.

5 Claim 9. A surgical tool a's" defined in claim 8',"‘ whereiln
Said electrically conduetive.probe 1S attaChed?to
the other one of ‘said frame pOrtioh and said
finger portion,' and is 'slidably housed within

- said electrically insulating sheath.
10
Claim 10. A Surg-ical "tool as :defined\ in ciaim 9, wherein
' w;hen said firiger portion is in said retracted
position, .saild electrically\ condﬁctive_ probe _is
in a retracted.'position with respect to 'séid

15 sheath.

Claim 11. A surgical tool as defined in claim 10, wherein

. when"Said ‘fihger portion is in said ‘extended

' po,sitign, said_ electrica\lly conductive probe :'is

20 ' in. an extended positi‘on‘ with respect -to said

‘sheath.

Claim 12. A s':urgical tool as defined in claim 11, wherein
said shape memory alloy filament includes a tip
25 - with an amount of bio-ce_mpatible substance

positioned thereon.

Claim 13. A surgical tool as defined in claim 12, wherein
said tip is blunt. -
30 |
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‘Claim 14. A process for removing a ‘growth, from ;Within a
- patient’s body, said prOcess comprising: ‘
- . providing a_shape memory alloy filament having
- a\firSt working position and a second wdrking
~ position, wherein} \
~a) in said firSt'working position, Said shape
memory alloy filament is 1in a condition
that enables it to be inserted‘ into a
~patient’s body and placed next to the
growth; . ' .
b)Y 1in said -SeCOnd working position; —said
shape memory alloy filament forms a bend
~around the growth; o
c) said shape memory alloy filament-
' transitionihg from said ‘fi_rst' -working
position to  said second  'working
position in \r'esponse to 'the passage of
eléctrical' current. therethrough that
elevates' a temperature" of said sha}pe
memory alloy filament; '
d) said shape 'memory alloy filament 'wh.'en
in said. second working position around
the growth, and when 'hot, Operat\iv_e to
excise the.growth; |
- inserting said shape memory alloy filament in
 into the patiént's body while said shape
memory alloy filament is in said firstiworkiﬁg
position; ‘ . '
- positioning said shape memory alloy filament
' ,while- in said first working pos_ition ‘next 'to

the growth;
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—- \applyi‘ng an electrical current through said

shape memory alloy filament for transitioning

- said shape memory alloy filament into the

second woﬁking \position “wherein said shape

S o . memory alloy filament forms a bend ai:ound ‘the
. growth; | '

- eXcising the gtOWth"with the shape memory

alloy filament.

10 Claim 15. A method for Ese‘tting at least one: working.
bosition of a“shape memory alloy filament for ﬁse
.ih excilsing a growth 'from. within a patieﬁt’s
- body, Said method comprisihg:
= forming the shape memory alloy filament into
15 - | a bend; ' '
' —i heating the shaped memory alloy filament
while in the formed bend; - . -
- 'quenching the | shaped memory _AIloy filamé;nt
' while in the'formed'bend, '
20 '
Claim 16. .Al method as defined 1in claim 15, wherein the
shape membry‘- alloy f‘ilament- is quenched by

ir@ninersilng the shape memory alloy in water.
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