SURG CAL CLIP FIELD OF THE | NVENTI ON [ 00011 The present invention rel ates
to surgical instrunents, and in particular to surgical clips and nethods
used for ligating vessels, other ducts, and the |ike. BACKGROUND OF THE

| NVENTI ON [ 0002] During many surgical procedures, the surgeon will have to
close or ligate various blood vessels and other ducts before severing them
in order to prevent excessive bleeding, and reduce the risk of other
conplications to the patient. One ligation technique is to tie a suture
about the vessel to close the vessel. Alternatively, a surgeon can place a
clip having a pair of |egs conneg §€¥ %Hglr proxi mal ends about the
vessel, and urge or squeeze the | g @%% P to close the vessel. [ 0003]
One drawback associated with sone current clips used for ligating vessels is

t hat th¢1¢@9$nzpm5qmeg§hugNnay tend to separate to some extent follow ng

release froma clip applier. This phenonenon is called duck-billing.
Duck- bllllng can result in insufficient ligation of a vessel, thus |eading
to exced¥0)é TH BISERN HYENUHUEISEeS (o pseisald AT pmearnine in Gartisulay wswegical Elips her |

some - ki ﬁé{"ﬂme Hogéﬁéfeﬁf'?or(ﬂésPg%géesﬁelgfo‘ﬂ?eﬁjd&'ét{ lah& etk 0 Prel oad into a clip

appl i er because resi etween t'he tissue di sposed between the jaws
and the gripping features on the clip legs. [0004] Accordingly, there
remai ns BACICBROUND & THpINVENTSUNgi cal instrunment and nethod, and in
particular for surgical clips used for ligating blood vessels, other ducts,

and the UVVARY OF THE | e present invention
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ot her dueissls addethtN@icts Heore béveARL IREVIAGkder & Srav @it 6Rlesild Pleddnd)hAYicdaek t hat
includes a pair of opposed first and second qumnenbers with a knee portion
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of said rst ‘and second I eg reover an I nclude a notch

formed ennanted ranmmr $wxﬁma:le:ntihﬂmaoﬂm vidsel, mal wrpe DlSSqfuefEZ&’th kps mgstbeftacksof the
apex thaﬁ faces - towards the distal ends of the first and second | eg
member s NSFEH that the at |east one notch does

[0003] One drawback associated with some current clips used for ligating vessels is that the legs

of the clip may tend to separate to some extent following release from a clip applier. This

phenomenon is called duck-billing. Duck-billing can result in insufficient ligation of a vessel,

thus leading to excessive blood loss and/or unnecessary damage to the vessel. Further, some

known ligation clips are often difficult to preload into a clip applier because of resistance

between the tissue disposed between the jaws and the gripping features on the clip legs.

[0004] Accordingly, there remains a need for an improved surgical instrument and method, and

in particular for surgical clips used for ligating blood vessels, other ducts, and the like.
SUMMARY OF THE INVENTION

[0005] The present invention provides various methods and devices for ligating tissue, such as
vessels, other ducts, and the like. In one aspect, a surgical clip is provided that includes a pair of
opposed first and second leg members with a knee portion formed therebetween. While the apex
can have a variety of configurations, in one embodiment, the apex can have opposed ends joining
the proximal ends of said first and second leg members. Moreover, the apex can include a notch

formed on an inner surface thereof. The notch is formed at a surface of the apex that faces
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not present to side surfaces of the apex between the surface of the apex
that faces towards the distal ends of the first and second | eg nenbers and
a surface of the apex that faces away from the distal ends of the first and
second | eg nenbers, the at | east one notch allow ng nore conplete crinping
at least in the imediate vicinity of the apex. [0006] The clip can have a
variety of features that help provide a nore secure ligation of the vessel
In one exenplary enbodi nent, the first and second | eg nenbers can include an
nner . (BakasE: daul ae. ﬁ%the?ﬁatanm% b BB P R 8L R GILTRELEL 0N,
The tissue-grasp Rave®a vari ura ions, such as
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second t(ﬂgalﬂbenbmpmg(aaitaalledwnqud@e wtinity ebe apexe channel oriented at an
angle with respect to the longitudinal axis of the first and second |eg
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second | e ers, . Wwth a knee tion, for r.ebet wee An apex can
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Wil e the apex can have a variety of configurations, in one exeqflary
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does notegprigstent to side surfaces of the apex between the surface of the
apex that faces towards the distal ends of the first and second | eg nenbers
and [0007] In another exemplary embodiment, the first and second leg members can include an outer
surface having at least one raised portion formed thereon. The raised portion can be a pad
disposed on an outer surface of each of the first and second leg members located proximal to a
point approximately midway between the apex and the knee portion of each leg member. In one
embodiment, the raised area can be approximately one-third of the way between the apex and the

knee, and closer to the apex.

[0008] In another aspect, a device for ligating tissue is disclosed having first and second leg
members, with a knee portion formed therebetween. An apex can join the proximal ends of the
first and second leg members, such that the first leg member and the second leg member are
opposed from one another. While the apex can have a variety of configurations, in one
exemplary embodiment, the apex includes a notch formed in an inner surface thereof. The notch
is formed at a surface of the apex that faces towards the distal ends of the first and second leg
members, such that the at least one notch does not present to side surfaces of the apex between

the surface of the apex that faces towards the distal ends of the first and second leg members and



2 a surface of the apex that faces away fromthe distal ends of the first
and second | eg nenbers, the at |east one notch allow ng nore conpl ete
crinping at least in the imediate vicinity of the apex. [0009] In another
aspect, a surgical clip is disclosed being in the formof a substantially U
shaped menber that includes an apex that joins first and second | eg nenbers.
The apex can further include a notch forned therein. The notch is fornmed at
a surface of the apex that faces towards the distal ends of the first and

second b%ﬁfﬁ?ﬂb@é%ﬁex&%ﬂa@é@%ﬁva& h@nfthe HRASEndRE tH A rSthindQ8&SHnd MY mPhBSENt tO
side surfaces of the apex between the surface of the apex that faces towards

the di Heal leasi@se agich pllowing sroreepmplele srippinggt leastie ths immediptsyiendr el & t he
apex tha& faces away from the distal ends of the first and second | eg
menbers, {he at |east one notch allowing nore conplete crinping at least in
the imediate vicinity of the apex. In one exenplary enbodi nent, the |eg
menber s{(®an] innnbihdeasatct] easticdrbptid dsdesed baspimtye &renefit substanratlydhlh an i nner

surface , thereof, and nee portiaon farmed, between th roxi mal and di st al
nds. ¢ neapegmentabartudd 58 abaliciiian Brt Bt RaVOeRHER. JPeFBRs i han about
0. 05 i nefshe@inblude ¥ h@LK ftine Adtkdin OTRAAREN & Méithed APH Wrfat8 oK fHe -apéNihan@tder
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apex and the knee portion of each leg member. The raised area can be approximately one-third

of the way between the apex and the knee, and closer to the apex.

[0010] In another aspect, a device for ligating tissue is provided having first and second opposed
leg members with proximal and distal ends, and a knee portion formed between the proximal
ends of each of the leg members. An apex having opposed ends joins the proximal and distal
ends of the opposed leg members. The leg members further include inner and outer surfaces, the
outer surface having at least one raised area on a portion thereof. In one embodiment, the raised
area is located approximately one-third of the way between the apex and the knee portion, closer
to the apex. In other embodiments, the device can further include at least one tissue-grasping
feature formed on the inner surface of the opposed leg members, as well as a notch formed on

the inner surface of the apex.

[0011] In another aspect, a ligation clip is provided having pair of opposed legs ioined together

at a proximal end by an apex. The opposed legs each can have a distal end and a knee portion



[ 00111 In another aspect, a ligation clip is provided having pair of opposed
| egs joined together at a proximal end by an apex. The opposed | egs each
can have a distal end and a knee portion 3 disposed distal of the apex, and
a raised area fornmed on an outer surface of each | eg between the apex and
the knee. The raised area is effective to share with the knee portions a

| oad applied by a closing force such that the knee portions are subjected
to less plastic deformation and retain some elasticity, wherein upon
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to be applied,to the clip, the raised areas and the knee portions share a
| oad appiNtasHWEY) ophendhgsi ng force such that the knee portions are subjected
to less plastic defornation and retain some elasticity, wherein upon release
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[0015] breGnothiy.i &s thesliddmgperce pm)htlmd\m ea\famﬂleatccﬂhe php,aﬁ@famheagrehoameé her
enbodi rrent of the inventiaon; 16] FIG 2B is a side perspective VI ew of a
por t i onkKBE PORIENg S H IO@Hapred&th@cl%%@fcwcfﬂ fhat the knegg leﬁmamsare subjecied017]

FIG 2 f I f ctional
i ow of “t s RS T Efta gl REiE shiRe B Rp B Rlegi S o R Brpe
sect i ondie dvstawndsfofttieec!ipl remainfin BoGact 2@halnemgothémes 2E-2E; [0020] FIG 3 is
anot her perspective view of a clip according to the invention; [0021] FIG

4A TS apRgrSBREERYSN YR HADRAPIRGSOr i NG to the i nvention:

[0013] The invention will be more fully understood from the following detaiied description

taken in conjunction with the accompanying drawings, in which:
[0014] FIG. 1 is a perspective view of one embodiment of a surgical clip disclosed herein;

[0015] FIG. 2A is a side perspective view of a clip according to another embodiment of the

invention;

[0016] FIG. 2B is a side perspective view of a portion of the distal end of a leg member of the
clip of FIG. 24;

[0017] F1G. 2C is a plan view of the clip of FIG. 2A;

[0018] FIG. 2D is a sectional view of the clip of FIG. 2C along the lines 2D-2D;
[0019] FIG. 2E is a sectional view of the clip of FIG. 2C along lines 2E-2E;
[0020] FIG. 3 is another perspective view of a clip according to the invention;

[0021] FIG. 4A is a perspective view of a clip according to the invention;



4 10022] FIG 4B is a top plan view of an inner portion of the apex of the
clip of FIG 4A;, [0023] FIG 4Cis a side perspective view of an inner
portion of the apex of the clip of FIG 4A; [0024] FIG 5A is another side
perspective view of a clip according to the invention in an open position;
[0025] FIG 5B is a side perspective view of the clip of FIG 5A in a first
state of partial closure; [0026] FIG 5Cis a side perspective view of the
clip of FIG 5Ain a state of alnobst full closure; [0027] FIG 5D is a side
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a side perspective viewof the clip of FIG 5A following rel ease by a cI|p
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devi ces Ooquplajeg}qq? S laSedp L eV Rw (PR i acég?él %&@Wﬁ:ﬁnﬂ{)}n a‘ﬂ%@@:? led in

enbodi nts are ustrated'in the acconpa ylng amnngs se s
t he art pasitidn; under stand t hat the devices and nmethods specifically described
herein and illustrated in the acconpanyi ng draw ngs are non- Iiniting
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wi th one exenpl ary enbodi nent may be conblned with the features of other
enbodi N@ORS). FISUGE inweidé perapdcansviawa vardligtof GHS. 5By & a dtat ehaladhst falik&sirc! uded
wi thin the scope of the present invention. [0030] The present invention
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a clip disclosed herein in an open position. Referrlng generally to FIG 1,

the cli @oi®) FIG. 5ESs HPEO pRosictil eSS @RNBLAF Y. 34 plidRat BRYig Laposed | eg
menbers 12, 14 joined at an apex 22. Eacﬁ | eg menber 11 14 has a knee

portlonmﬁweﬁlsposed distally of the apex 22. Mreover, each | eg nmenber 12,
14 has an inner tissue-contacting surface 12d, 14d and an opposed outer

surfaceDka?dLgﬁqnﬁﬂghngﬁw ab [NRY:N1BS features to provide a nore secure
[ 0 5

| i gation the vessel uct. For exanple,

[0029] Certain exemplary embodiments will now be described to provide an overall
understanding of the principles of the structure, function, manufacture, and use of the devices
and methods disclosed herein. One or more examples of these embodiments are illustrated in the
accompanying drawings. Those skilled in the art will understand that the devices and methods
specifically described herein and illustrated in the accompanying drawings are non-limiting
exemplary embodiments and that the scope of the present invention is defined solely by the
claims, The features illustrated or described in connection with one exemplary embodiment may
be combined with the features of other embodiments. Such modifications and variations are

intended to be included within the scope of the present invention.

{0030] The present invention provides various devices for ligating tissue, such as vessels, other
tubular ducts, and the like. FIGS. 1-4C illustrate exemplary embodiments of a clip disclosed
herein in an open position. Referring generally to FIG. 1, the clip 10 in its open position is
generally U-shaped having opposed leg members 12, 14 joined at an apex 22. Each leg member
12, 14 has a knee portion 20 disposed distally of the apex 22. Moreover, each leg member 12, 14
has an inner tissue-contacting surface 12d, 14d and an opposed outer surface 12¢, 14c, both of

which may have features to provide a more secure ligation of the vessel or duct. For example,



the inner surface(s) 12d, 14d can include various tissue-grasping el enments
formed therein (discussed in nore detail below). The outer surface(s) 12c,
1l4c can have at |east one raised area 26 (shown in FIG 3) fornmed thereon
bet ween the knee portion 20 and the apex 22. Wiile the «clip 10 of the
invention is described herein in the context of a device to |igate vessels,
one skilled in the art will appreciate that the surgical clip 10 of the
present invention can be used to ligate a variety of other body tissues,
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appreciate that the size of the clip 10 can vary dependi ng upon its

partlcuﬁ%ﬁwﬁﬁwﬁﬁﬁé¥ﬁ%weaﬁweﬁn exenpl ary enbodi nent, the clip 10 can have a
length | in the range of about 5 mMmmto 15 mm and nore preferably in the
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[0032] One skilled in the art will appreciate that the size of the clip 10 can vary depending upon
its particular application. In an exemplary embodiment, the clip 10 can have a length / in the
range of about 5 mm to 15 mm, and more preferably in the range of about 7.5 mm to 8.5 mm. In
its open configuration, the clip 10 can have a width W as shown in FIG. 3 measured between
opposed inner surfaces 12d, 14d of the leg members 12, 14 in the range of about 2 mm to 8 mm,
and more preferably in the range of about 3 mm to 4 mm. The size of the leg members 12, 14
can also vary depending upon the particular application, however in one embodiment, each leg
member 12, 14 can have a width w, shown in FIGS. 2D and 2E, less than 0.050 inch, more
preferably in the range of about 0.025 inch to about 0.040 inch, most preferably less than about
0.035 inch. Morecover, each leg member 12, 14 can have a height H (shown in FIG. 3) in the
range of about 0.015 inch to 0.030 inch, and more preferably in the range of about 0.018 inch to
0.025 inch, and most preferably in the range of about 0.019 inch to 0.020 inch.



0.025 inch, and nost preferably in the range of about 0.019 inch to 0.020
inch. 6 [0033] The clip can al so have physical properties, such as yield
strength, that are appropriate for a desired application. In an exenplary
enbodi ment, the yield strength is greater than about 28 ksi and | ess than
about 60 ksi, and nore preferably in the range of about 30 ksi to 50 ksi. In
general, the clip 10 constructed according to the present invention has a
yield strength that is equivalent to or greater than clips having |arger
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the | egioRrbeiSthd 2essdid4 are substantially rectangular. The substantially
rectangul ar | eg shape is believed to provide an optim zed design that
|ncludes a reater bendlng resistance for a given clip le space envel ope.
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exanpl e, e I nn sur ace of each can i ncl ude
ti ssue- g#a$ﬂpngbbhemnmbsﬂuammtmmEcommengﬁuﬂﬁaméZQdeandoumfuﬁmﬁﬁmkmg menber
12, 14 can incl knee ,portion 20 s well as l east qne ra Aarea 26.
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on an inner surface 12d, 14d of each |eg member 12, 14 can i ncl ude both

pri mar y shige thizalimg tb@nmq@féqcyvq_lg close andeengpgestisisyrg such as a vessel. Exemplary cross-

sectional shapes include, but are not limited to, triangular, rectangular, trapezoidal, and
pentagonal. As shown, however, the leg members 12, 14 are substantially rectangular. The
substantially rectangular leg shape is believed to provide an optimized design that includes a

greater bending resistance for a given clip leg space envelope.

[0036] The leg members 12, 14 can also have a variety of features formed therein or thereon to
assist with the ligation of a vessel or duct. For example, the inner surface 12d, 14d of each leg
member 12, 14 can include tissue-grasping elements, and the outer surface 12¢, 14c of each leg
member 12, 14 can include a knee portion 20 as well as at least one raised area 26. Optionally,

one or more grooves may be formed on the outer surface 12¢, 14¢ as well.

[0037] As shown in FIGS. 2A-2E, the tissue-grasping elements formed on an inner surface 12d,
14d of each leg member 12, 14 can include both primary 16, 17 and secondary 18 tissue-grasping
elements. The primary tissue-grasping elements 16, 17 can have any configuration that allows
them to effectively hold a vessel or duct. In one embodiment, the primary tissue-grasping

elements can include at least one tongue 17 formed on the inner surface 14d of the second leg



el ements. The primary tissue-grasping elenents 16, 17 can have any
configuration that allows themto effectively hold a vessel or duct. In one
enbodi ment, the primary tissue-grasping elenments can include at |east one
tongue 17 formed on the inner surface 14d of the second leg 7 nenber 14 and
at | east one groove 16 fornmed on the inner surface 12d the first |eg nenber
12. The groove 16 and tongue 17 can extend continuously along the inner
surface 12d, 14d of each |eg nenber 12, 14. Alternatively, the inner
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formed therein. groove 16 and tongue |7 can ormed In a
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sur f acetonddl7 skdslemt femed thepdpect i ve | eg menber 12, 14. Alternatively, the
groove 16 and tongue 17 can extend fromthe distal end 12b, 14b of each |eg

menber to just distal fromthe apex 22, or . fromthe djistal .end 12b,
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b
to a position just distal to the knee poftién 20.
non- | i mMonginglirekamfing therdnGre lengthlouslongtidsasaa paign ©lthe helgtlgeloby entGsuafack a

| ongi t udi pal ,tongue 17 .that extend,through the knee portjon 20 and term nate
ot o A bR RS e L IR0 B RusBFR of R B DS

1T ustralt@s forh aiidal@hBabb,aue oY eachfegmemBer 1ROND1otjUdidiad] floandeapdx2, bat
extend fromthe distal end 12b, 14b of each |leg nenber 12, 14 to a position

j ust di §pmithe ¢staheaddgbel 4harepdnlegmemies B dhép jusirdistelugithradineg poidie 286'  and
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i |1 ustrdismbtoghd largippuwini?8l groove 16 and a | ongitudi nal tongue 17 that are
formed along the entire inner surface 12d, 14d of each of the first and

second nbers 12. 14. The gr .16.and ton 7 comhi_nation shown in
oo oL TR AL e i S RERROARLT iTRudEoa RSN Ead i hF TheRiPecussed i n
nor e defoabituddel @gud POHR] extifl thRDEM e khcABHieH PPXRI tdniae jReddiabPRased so as
to be conplenentary to one another. Alternatively, the tongue 17 and groove

16 can bech Ftutbelapex 2di flernstively odsx PonBusahisng lewehdinal groove 16 and a
longitudinal tongue 17 that extend from the distal end 12b, 14b of each leg member 12, 14to a

position just distal to the knee portion 20. A second longitudinal groove 16" and longitudinal
tongue 17" combination is then formed just distal to the knee portion 20, extending just distal to
the apex 22. Moreover, FIG. 4A illustrates a longitudina! groove 16 and a longitudinal tongue
17 that are formed along the entire inner surface 12d, 14d of each of the first and second leg
members 12, 14. The groove 16 and tongue 17 combination shown in FI1G. 4A terminates in the

notch 24 of the apex 22, as will be discussed in more detail below.

[0040] The tongue 17 and groove 16 can be disposed so as to be complementary to one another.
Alternatively, the tongue 17 and groove 16 can be located at different locations along each
respective leg member 12, 14. In an exemplary embodiment, the tongue 17 are groove 16 are
complementary and disposed opposite one another, such that once the clip 10 is applied to a
vessel the tongue 17 will urge the tissue of the walls of blood vessel into the corresponding
juxtaposed groove 16. This cooperation between the tongue 17 and the groove 16 inhibits

longitudinal and angled dislocation of the clip 10 relative to the vessel, and it also effectively



respective |l eg nenber 12, 14. In an exenplary enbodi nent, the tongue 17 are
groove 16 are conplenentary and di sposed opposite one anot her, such that
once the clip 10 is applied to a vessel the tongue 17 will urge the tissue
of the walls of blood vessel into the corresponding juxtaposed groove 16.
Thi s cooperation between the tongue 17 and the groove 16 inhibits

| ongi tudi nal and angl ed di sl ocation of the clip 10 relative to the vessel,
and it also effectively 8 reduces the gap between the inner (tissue
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shapes.14.n an exenpl ary enbodi nent, the groove 16 is conplenentary in shape
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ligate tissue., For examl h oove 16 ca ve depths in the range of
about WF@@E%”#%HWCE%"@Bbg¥tﬁ%@ﬂe&ﬁ§%%“%$%¥%ﬂaﬂgy, in the range of about
0.0025 inch to 0.004 inch. In one exenplary enbodi nent, the groove 16 can

have a et hoeyd skabduh tHe. PO dppebiatehttiittthebase potioav 6c dn loan alvangyarwi dth in
t he range of about 0.004 inch to 0.020 inch, nore preferably in the range
of abou¢onfigwatconsndiRr explo 1 hase ROtk | @osABbC Plarar oy dighthoroupdd. Jrgbve 16 can
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t he proxi or dista i rection. an exenp enbodi nent, the groove 16
has a uni form w dt h.

[0043] One skilled in the art will appreciate that the groove 16 should be of dimensions that are

effective to ligate tissue. For example, the groove 16 can have depths in the range of about
0.0015 inch to 0.007 inch, more preferably, in the range of about 0.0025 inch to 0.004 inch. In
one exemplary embodiment, the groove 16 can have a depth of about 0.0025 inch. Further,
groove 16 can have a width in the range of about 0.004 inch to 0.020 inch, more preferably in the
range of about 0.006 inch to 0.013 inch. Moreover, the width of the groove 16 can be uniform
throughout the length of the groove 16, or it can decrease in the proximal or distal direction. In

an exemplary embodiment, the groove 16 has a uniform width.

[0044] One skilled in the art will also appreciate that the tongue 17 can also have a variety of
configurations. However, in an exemplary embodiment, the tongue 17 is complementary in
shape and size to the groove 16. Thus, the tongue 17 can be hemispherical, rectangular,
triangular, trapezoidal, or oblong. In an exemplary embodiment, the tongue 17 is substantially

rectangular or trapezoidal.



[0044] One skilled in the art will also appreciate that the tongue 17 can

al so have a variety of configurations. However, in an exenplary enbodi nent,
the tongue 17 is conplenentary in shape and size to the groove 16. Thus,
the tongue 17 can be hem spherical, rectangular, triangular, trapezoidal,
or oblong. In an exenplary enbodi nent, the tongue 17 is substantially
rectangul ar or trapezoidal. 9 [0045] The tongue 17 can also vary in size,
however in an exenplary enbodi ment, the tongue 17 has a size that is
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be formed on the inner surface 12d, 14d of only one of the first and second
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12d, 14d of only one of the first and second leg members 12, 14. One skilled in the art will

appreciate that the inner surfaces 12d, 14d of the first and second leg members 12, 14 can have

any number of secondary tissue-grasping elements 18. In the exemplary embodiment, the inner

surface 12d, 14d has at least four secondary tissue-grasping clements 18.

[0047] The secondary tissue-grasping elements 18 can have any configuration that allows them
to grasp tissue following application of the clip 10 to the vessel or duct. As shown in FIG. 2B,
exemplary secondary tissue-grasping elements 18 are in the form of channels having opposed
first and second walls 18a, 18b connected by base wall 18c. The channels are generally saw-
toothed in shape, however can also be undercut. In an exemplary embodiment, the first wall 18a
is formed at an acute angle relative to the inner surface 12d, 14d of each leg member. In an
exemplary embodiment the angle is in the range of about 40 degrees to 90 degrees, and more
preferably the angle is about 75 degrees. The second wall [8b is likewise oriented at an acute
angle relative to the inner surface 12d, 14d of each leg member. The acute angle of the second

wall 18b, which is generally shallower than the angle of the first wall 18a, can be in the range of
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exenpl ary secondary tissue-grasping elenents 18 are in the formof channels

havi ng opposed first and second walls 18a, 18b connected by base wall | Sc.
The channels are generally saw toothed in shape, however can al so be
undercut. In an exenplary enbodinent, the first wall | 8a is forned at an

acute angle relative to the inner surface 12d, 14d of each leg nmenber. In an
exenpl ary enbodi nent the angle is in the range of about 40 degrees to 90
degrees, and nore preferably the angle is about 75 degrees. The second wal |

| 8b isat’ohk%e%?ee?fd a%b?ﬁ% @etgr&@ AW SFe pé%%lﬁy 64 Qd}o'ui’@S a%grééeedn@@ﬁmeé rface

12d, 14d of ea The acute angl e of the sec , Which
i s genethahftyild h[aprbcom Ithatc H‘arwatlllsé Sariéb,el 8ofcan hestfdight or eigbite,|bua the axenlpdaryn t he

range of 10.about 1 75 de and nore preferably it is
ibout aanidigpaddie el BR! Poti Ntk AR PP estlPe "  Pat the vad Is 1
8a, | 8b, I 8c can be straight or arcuate, but in the exenplary enbodi nent

t he wal j0844]8%s sho®h.in FRSS.202B) th@Eﬁcszdaﬁi fissat-GrabSing 8k irlehisaBRxGhASRLAGHe [ 0048]
As shown in FIGS. 2D 2E, the secon argétlssu?wglasplng el enents 18 extend

across Wiskh wif feHirgy agd seaead fagrmaembens1 % dd ahen angle (senisbpw 4brlegregs)aelative tangl e
(e.g., 2 ﬂgﬁud‘]‘.ﬁal Qﬁ%?ﬁéleeg;{gé@ﬁéré’?z 19, 1@ad QN ‘i#?%@ﬁ%ﬁ%h? ofd segpn%n §9ndrenvers
an exenplary 0

12, 14. nment’, one seég
ti ssue- gvzaﬁja'r)ngssﬁ gnmnng 618mb1$t 1|80€8ftcetdd on ommadesmﬁibe ahgtd &6 dogrgore l]?Gonahe groove

17 on t firs q$ &2 and @ second se nentBéB conti es at. the
sam angipmerier CEABT @ sraad St b SRGHS M BRSPTengh et T o Rie e ondar y
tissue-@easRLO% 6 SO &7, Iﬁle%é@onah@tisﬁfetgfaébi}&%lérﬁ&ﬁseﬁh ar@RinkiRly %@ﬁé?lnu@teheg
menber 14, however they are angled at an orientation opposite that of the

first qma@e neogbé regremberd g, hmmﬁr th%earr: @@glﬁfbmeroslelltztlomqpmbmes@aranfdhmﬂrsa

vessel r duct "
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secondaly tissu8 §ube gpansaiby gheetearnsianstistee-ematingelemprss ddiiherehy rendlingBrporar y
enbodi NgRf.i, R, %ﬁ each |l eg nenber 12, 14 has three secondary

ti ssue- graspln%ﬁ ements 18 forned thereon. One skilled in the art will
appreciate that the secondary tissue-grasping elenments 18 can be uniformy
or non- [#4#$lofhd lyg spabed laphﬂr tanfhaperan yonentenof deesndatyntisane-graeripg eemeanth®di ment ,

the secondal hetcon SHEHILASRNAY eFbSTRGE nbSedh Gach leg member 12, 14 has three
secondary tissue-grasping elements 18 formed thereon. One skilled in the art will appreciate that
the secondary tissue-grasping elements 18 can be uniformly or non-uniformly spaced apart from
one another. In an exemplary embodiment, the secondary tissue-grasping elements 18 are
uniformly spaced apart from one another at a distance in the range of about 0.050 inch to 0.080
inch. Moreover, the secondary tissue-grasping elements 18 can have any size and depth that is
effective to engage and maintain contact with tissue. However, in an exemplary embodiment,
the secondary tissue-grasping elements 18 are sized in the range of about 0.008 inches to 0.012

inches wide by about 0.0015 inches to 0.0035 inches deep.

[0050] One skilled in the art will appreciate that the leg members 12, 14 of the exemplary clip
10, as shown in FIGS, 1-4C, can include any combination of primary tissue-grasping elements
16, 17 and secondary tissue-grasping elements 18. An exemplary clip 10, however, includes
both primary and secondary tissue-grasping elements 16, 17, 18. In another exemplary

embodiment (not shown), the inner surface 12d, 14d of the leg members 12, 14 can be smooth
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uniformy spaced apart fromone another at a distance in the range of about
0.050 inch to 0.080 inch. Mireover, the secondary tissue-grasping elenents
18 can have any size and depth that is effective to engage and mai ntain
contact with tissue. However, in an exenplary enbodi nent, the secondary

ti ssue-grasping elenents 18 are sized in the range of about 0.008 inches to
0.012 inches wi de by about 0.0015 inches to 0.0035 i nches deep. [0050] One
skilled in the art wll appreciate that the |leg nenbers 12, 14 of the
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construftion s |eve to enhance clip retentlon clip app

during dmpkowﬂewump@Q@ﬁﬁq The knee portion 20 can have a variety of
configurations to effect the transition of the leg nenbers 12, 14, however
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a and an arcuate inner surface 20b. The bevel on the outer surface 20a can extend over any

length sufficient to effect the transition, however in an exemplary embodiment the bevel is in the

range of about 0.030 inch to 0.050 inch. The outer surface 20a of the knee portion 20 can

optionally include a groove (not shown) formed therein to facilitate formation of a raised tongue

17 on the inner surface 12d, 14d of the leg members 12, 14. The groove can be similar in shape

and size to the longitudinal groove 16, discussed herein with respect to FIGS. 2A-2E. The inner

surface 20b of the knee portion 20 can also optionally include features to assist with the ligation

of the vessel, duct, or tissue. For example, the inner surface 20b can include primary and/or

secondary tissue-grasping elements 16, 17, 18 similar to those discussed above with respect to

FIGS. 2B-2D.

[0053] As noted above, the outer surface 12¢, 14c of each leg member 12, 14 can have features
to help provide a more secure occlusion and clip performance. In one embodiment, shown in
FIG. 3, a raised area 26 extends over a portion of the width of the leg members 12, 14 that is

slightly proximal to the knee portion 20. In an exemplary embodiment, the raised area 26 is
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range of about 0.030 inch to 0.050 inch. The outer surface 20a of the knee
portion 20 can optionally include a groove (not shown) forned therein to
facilitate formation of a raised tongue 17 on the inner surface 12d, 14d of
the |l eg nenbers 12, 14. The groove can be simlar in shape and size to the
| ongi tudi nal groove 16, discussed herein with respect to FIGS. 2A-2E. The
inner surface 20b of the knee portion 20 can also optionally include
features to assist with the ligation of the vessel, duct, or tissue. For
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rai sed ﬁ%?gﬁ%ﬁﬁﬁﬁﬁﬁgh%éﬂi@&g%nggKﬁﬁﬁggggﬁgggggéd%&é?%%d h%”%FFFﬁ2$ fiee 20
as wel havasiny auinbdripf nEseatandal 26N én the @senlpary btbolinidag tied diperlsirfhageicherc oiif t er
the clip 10 is fully closed. Wile FIG 3 shows the raised area 26 forned
on bot he%chée%"?‘?"ﬁ'f’erdﬁd‘%}é"éd’l‘ia gy A8 P12, 14, in alternate enbodinents,

the raised area 26 can be forned on either the first | eg nenber 12 or the

second E(}%ch]”?ﬁm%fseéé‘ma oL, 8y €4n hatvl@%nyoéhtagé thabffoR%&8hd &fectilégpiifca®acdt | €9
unber of r d

menber 12, 14 can have any n ised areas 26. In the exenplary
enbodi nmermpresshe fouge &r the aphallesut that the@pof 22 igaompiéty mgnedser depiee thah thas one

{nat al FISRRe 20r AR TES Syttt obi oaner palpyans Bl N BRL apex 22

such t hatembbiel 22peKetdden the apéTPEghditAe Rne@20ad B¢ mdeosIagict émabliid1@e kksree portion
20. That is, the raised area 26a, 26b_is believed to allow the region of the
leg neRtjEpn 2910 spaing backdad sl dgpres while grRitaipag Rgwagopgetfstwsnditel asti c,
enabl i ng: i rign Tl

;i a1 ey e Q 2T ety Flpb I8 14 ARGy SIROIAPAERT R | og
menber s2482 264 4.a dad having x elqple altay i sorviogedi nocetetry tt the shiape 9€ thedegememB&al2, 26b is a

pad NaviNg B3 heRfarta R, b6h GO At Wetbrbula Grapesthdal Pentagonal e Bt o 12

an exemplary embodiment, the raised area 26a, 26b is substantially rectangular.

[0055] One skilled in the art will appreciate that the raised area 26a, 26b can have a variety of
sizes, depending upon whether full closure or partial closure of the clip is desired. By way of
non-limiting example, if full closure of the clip is desired, the height of the raised area 26a, 26b
should be able to maintain the preload at the distal tips of the leg members {2, 14. Tn an
exemplary embodiment, the raised area 26a, 26b has a height in the range of about 0.0005 inch to
0.0025 inch, and more preferably is about 0.001 inch. The raised area 26a, 26b can also have a
length that is large enough so that it can adequately sustain the applied pressure from a clip
applier. {n an exemplary embodiment, the raised area 26a, 26b can have a length of about 0.020
inch, and a width of about 0.010 inch. If partial closure of the clip is desired, the height of the

raised area 26a, 26b can be increased.

[0056] As noted above, the proximal ends of each of the leg members 12a, 14a are connected to

one another by an apex 22. While the apex 22 can have a variety of shapes, as shown in FIGS.
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Thus, the raised area 26a, 26b can be triangular, rectangul ar, trapezoidal,
pent agonal, etc., but in an exenplary enbodi nent, the raised area 26a, 26b
is substantially rectangular. [0055] One skilled in the art will appreciate
that the raised area 26a, 26b can have a variety of sizes, dependi ng upon
whet her full closure or partial closure of the clip is desired. By way of
non-limting exanple, if full closure of the clip is desired, the height of
the rai sed area 26a, 26b should be able to maintain the preload at the

di stal LADE, g-%: ;%ng%%%ugﬁmﬁ 1§vai)e]d4or shibstdMtiall $ %6 E@H Xn@ﬁ%%g'g&%m neP he

rai sed area has a n the range out 0 i'nch
0. 0025 {tnnsle;contadtimg)28d pndaﬁlﬂcra(lnby-tlsfsleabmmu@) &@65 2210¢h1at afkh@nnaitakioy salpeaaorz 6a,

26b can have.a length that is |large enough so that it can adequately
sust ai nariJrfE%éi'BbTLi@Gesp)(F%?g‘BWB) froma clip applier. In an exenplary

enbodi nent, the raised area 26a, 26b can have a |length of about 0.020 i nch,

and a au)qu Phe lab@lsueroe@lz@ olfﬂféhagei b2 partaveh vedi@s BT €nPloufafienLihiokddr %o desired,
t he hel ght of the raised area 26a, 26b can be |ncreased 0056] As noted

above, f%ist yithkiEaton, nasarenle.ah aastome npigh Ré gambsrivamed theeein. | While thg i 'Wﬁnfect ed
Shapes. > 308L P& cbhah RN Eor MU i BTN 3 REMREY B S Y e

or subsbaniatad 2dy Qheshifpddn tharme »hiasapp@pm&ehht itherreitch 24 ¢asdidee a:rqm)aﬁgmmg()n 22d

and out on-ti e contactin faces. 22c h t are con superi or
and i nf @&ai%EWéJ?&tﬁsﬁgattOﬁ&ftléwa an eX5E%HArY §RECHIMARY the gt 52 iy mscﬁ Mhe apex

22 can Uas\l‘ﬁ e c‘ﬁ@n‘ideﬁhﬁt &Iterﬁi@ﬂfrbﬁgﬂ 1t !rﬁ’i@ﬁsu‘rf‘ﬂc@iﬂedf tﬁ@apeﬂ%?' %ew {Hapdd gation,
for exanpl e at | east one notch 24 can be forned therein. ?he i nner

surfacecm@ddcmﬂuhmuba@ngthhm@ny@ﬂWHdﬂbﬁ@swﬂ®aMngﬂﬁ§tepnﬂmanfémgmpﬁdwy
enbodi nent ut 4. skilled in the art will appreciate
that th8"Ho S[”Eﬁcez\ézlﬁc%cpﬁfetb%%§ﬁ?/en%b§ﬁ%ﬁ] f}atl on that allows for the ligation
of tissue. In an exenplary enbodi ment, the notch 24 is forned in a U shaped
channel [(038] Tiexitceerost danrfomigh hbvxea ifame,r ofstigeaceo@izofts inleehaapakpragertidshe

U- shaped  channel e ton 16 and. groove 17 that extend al ong at
| east adpbpekeghstdf af}f’éﬁf@ ?‘Hft ‘i%"““i A @Pte%lr‘f‘é{cléeti lnglomanaﬁaCﬁﬁgt Peg nenbers

12, 14. [,QP36h cyﬁgre@%rﬁ?@n it i P stE’BHT‘l@rclulg'Wﬁ) ﬂ"oNWtb Qﬁﬂné)ﬁhe?ﬁé‘tﬁ’@s to optimze

its nechanical properties and make 1t s and strong for the anount of
mat er i abeformation thae bcduesadiirimg chip dormepac.elnfaprexemplary embodiment, as shown herein,

the notch 24 is substantially trapezoidal. That is, as shown in FIGS. 4B-4C, the notch 24 has
opposed first and second walls 24a, 24b connected by opposed third and fourth walls 24c, 24d
with a base portion 24e extending therebetween. While the walls 24a, 24b, 24c¢, 24d can have a
variety of configurations, in an exemplary embodiment the walls 24a, 24b, 24c, 24d are formed
at an acute angle relative to the inner surface 22d of the apex 22. The angle can be any acute
angle, but it is preferably in the range of about 75 degrees. One skilled in the art will appreciate
that the walls 24a, 24b, 24c, 24d, 24e can have also have any shape that provides an area into
which deformed tissue can flow. As shown, the walls and the base portion 24a, 24b, 24¢, 24d,

24e are rounded or slightly contoured.

[0059] The notch 24 can have a variety of sizes and depths, perhaps best described in
relationship to the thickness and width of the ¢lip leg members 12, 14. The width of notch 24
should be such that the webs of material at apex surface 22d are in the range of about 0.005 inch
to 0.010 inch wide. The depth of notch 24 should be in the range of about 30 percent to 60

percent of the distance between apex surfaces 22¢ and 22d, with an exemplary range of about 30



material in conpression on the inner side of the clip 10 to flow into during
the plastic deformation that occurs during clip formation. In an exenplary
enbodi ment, as shown herein, the notch 24 is substantially trapezoidal.

That is, as shown in FIGS. 4B-4C, the notch 24 has opposed first and second
wal | s 24a, 24b connected by opposed third and fourth walls 24c, 24d wth a
base portion 24e extending therebetween. Wiile the walls 24a, 24b, 24c, 24d
can have a variety of configurations, in an exenplary enbodi ment the walls
24a, 24b, 24c,, . 24d ar or.med at an acute.angle. relative to. the jnner

sur  ace sl GraoeeeR o e R e B s B oo A T

pref er alpboMidivg ih fR rhBRAE aPdut ARRKs td 2 tidRYIIRARIckANEo Skt Ll RginferitRes BY, tawi | |
appreciate that the walls 24a, 24b, 24c, 24d, 24e can have al so have any

shape t Wi apexsyindiss lengthaip die fapgeof akpitchl datoonettimpsdieshislaess ofdbe climsleg hown,
t he wal i . [ r

S ohe 1 EBRE 1803 TR G ] Srer er % ofifym ekl i AR IRIRERELEY
dept hs, opeshapshdsds brdie scmaibeéh tha webebfhiteridht purfaoe 2P intthe edngesBatand wi dt h

of the cljip le er s , 14. Th idih of notch 24 shoul e such that
the weblUet inpisel Y Q%bmah- é@e&asgacrt? ity hafeaes WOTIH«?eFé?Fﬁ?dd? 904@&1@6 0. 005

inch t%ui@eiﬂesll@stéd‘éblavw de. The depth of notch 24 should be in the range of
about 30 percent to 60 percent of the distance between apex surfaces 22c

and 22d, with an exenpl ary range of about 30 14 percent to 40 percent of the
di st anc¥Up&t eanmtes daccdZe st heapenil @Rdlsohaec ¢ earggiholofonfigurehio4n oglsowl d be in
the range. of . about | tines to 2 times the thjckness aof th |ip | eg menbers
120 L SRy B one AT irta G e T e e s E B ST et 22T B O T 4
tines tfgobdi tekeles suriced e hikdt fh & RENdHRIETIR ohitbr fdcd 224 B thb@peasrisabt | ar ger,
wi der clips, optimumresults mght require the use of two_ or nore notches

i n or dethatrdy famad.dvhrathes haseblabasativatiedliced radtushereb-dllowing fof apere seige of
about gga%ﬁ. inch to 0.010 inch. O her aspects of multiple notches would be
expected”to follow the guidelines |listed above. [0060] The outer face 22c
of the apex 22 can also have a variety of configurations in order to assist
with |iadilohhe dlip l8nliskeephatiy cembooiadeiiom atvaselyuf surgfcalle-apfropime apex 22c
has two oplglgseg bevel aces The outer face

220 of PRGNS eE eRBAT EHAFETYy Yo in, Mpenal e Aol

fabri cafph@Rnal iddWedbib@adbibable niRerRipY Inddnk QMbB&infedt, 1 JHI1® BRGHIRde of a
metal or a metal alloy having a relatively high annealed state yield strength and a relatively high
strain hardening rate, in comparison to existing ligation clips. Suitable metals include tantalum,
titanium, stainless steel, or alloys thereof. By way of non-limiting example, the clip 10 can be
made from commercially pure titanium or ASTM grade CP1 titanium. This material, when

compared with conventional materials, is able to be strain hardened to a greater extent without

causing excessive gaps in the formed clip 10.

[0062] Moreover, a small amount of interstitial elements, such as oxygen or nitrogen, can be
added to the clip material to maintain the formability of the clip 10. ln an exemplary
embodiment, oxygen can be incorporated within the clip material. Other interstitial elements can
include nitrogen, carbon, and iron. The clip 10 can also optionally be coated with an
antimicrobial or antibiotic material in order to increase the effectiveness of the clip against a

broad range of infectious agents or pathogens.

[0063] FIGS. 5A-5E sequentially illustrate selected steps of clip closure, for example to ligate a

vessel. As shown in FIG. 5A, an open clip 10 is presented, and it can be placed around a desired
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i gation. [0061] The clip 10 disclosed herein can be made froma variety of
surgically-appropriate materials including netals and pol yners. Moreover,
the material can be a bioabsorbable nmaterial or a non- bioabsorbable
material. In one enbodinent, the clip 10 can be nade of a netal or a netal
all oy having a relatively high anneal ed state yield strength and a
relatively high strain hardening rate, in conparison to existing |ligation
clips. Suitable netals i nclude tantalum titanium stainless steel, or

al | oys eqf m fd 5. L i made

a1 0¥ g eRlc e 49 €90 ) TG SATRL P 0P oEHL B ReAR B o0,

when  coyrtarexdmpiet fhe tfmw-epﬁlymggdwerIOeifhahﬁ applier.alab eliff clobee Ség’lﬁd Bs h@wﬁened to
i t hout cau5|ng ex ES in the for

t
?08233? %tr)l:rgoggsrthe “?d@ﬁl‘om %%Perﬁggvse'sﬁié?qw S'éqhéhﬁtﬁb%d'S@HE %b d)?’égen or
ni trogeg th@ﬁ:@ m8nbeRdied4 bR hiRdGhVRd TR S8 G dnOhERI R Fostie shewARPEId.ty of

the clip 10. "I n an exenmpl ary enbodi ment, oxygen can be incorporated within
t he cl i pBriht elini ightureSrhidie knegs@Odiaive bebme Iperiemisten parallel b eetd aier aodyerthe

carbon, and iron. Th | i 0] ._al,so .opti.opal.l W th an
antim c?lbubapg'y"%ﬁja\é’ﬁtlﬁ%ﬁlglpﬁr}g%ﬁﬁfagﬂizg\fheicrlnlpgbdlép“etj%‘x? ncr ﬁ@ee@[prlu'gr ef f ecti veness
of the clip against a broad range of infectious agents or pathogens. [0063]

FI GS. 5/08H asetdepplicatibyof dlbmg foadeao siel dtipti@dontips amf the displ ehdxsIbel 4bf air
exanple to ligate a vessel shown jn FIG, 5A, an open clip 10 is
pr esent BY,lGREMPES Larl 4580Ys %satoaansamh% e saised greardd hﬁésr@étv sha}:@ Gr6lP ng force

'S thenrd‘ar}aﬂ)kl'oﬁﬁ 'i‘"d?céshﬁtlﬂpt'lﬂef rﬂcld'anoﬁ) are%u4poﬂfllstl‘gtﬁlc rﬁgsggrre h!l%neel4 by,

for exanple e torce-apply jams 100 o cl osure
begi ns, 2&s defomad ta mierIe&xtaB, astshewh medl(p o€t iFbA. mllhmdawhec@piﬁ)onﬁ fldt e
def or med, sych t ha h stal ends 12 14 are
toved | HiEHE Fonandbe Saang igbe-aR pp R hatdin 1 IS SRR Re At8s 't ne
clip feghMcRSeRdf i Hgnﬁﬁsra@&i A}@y%ab@mesgb%@marm@me RAdeH or®dn 200 each
other and tothe <clip jaws 100, helping to stabilize the clip 10

in the }hawby 180ciog thewemampbiy léastlc[defomiltlomsofttwrwpppn@atMOFF h@falﬁﬁd@sﬁar?@ force

to the tinues e di st nds 1 g; nenbers
12, 14 vgnovl“S t@%Fneteooorthoé' ano'ﬁhﬁve e Seed I’egl EYE %{jrcgéhag Of)%xam le’ the fare the
clip rpgliah 26Laskene uf\@arraelsgmytvbhem@rnkﬂ@ﬁ)a@mé rEnsed) pret}@adaagrms ubv.t ofahe t hi s
reductlon in ressure t he knee

clip 10. This is particularly advantageous in that when the applier is removed from the clip 10 as

shown in FI1G. SE, the raised area 26 allows the leg members 12, 14 to remain together from the

knee portion 20 to the distal ends 12b, 14b thereof, thereby lessening the duck-billing of the clip

10

[0065] One advantage provided by the clip 10 of the present invention is that it tends to be more
resistant to “duck-billing,” a condition in which the distal tips of the leg members 12, 14 of the
clip 10 tend to separate after the closing force is removed. Some previously known clips tend to
duckbill as a result of residual elasticity within the apex. The clip 10 of the present invention is
believed to overcome the tendency to duckbill because the apex 22 is able to crimp to a greater
extent and thus minimize the effect of any springback. At the same time, increased elasticity
between the apex 22 and the knee portion 20 enables any springback at the knee portion 20 to
direct the distal ends 12b, 14b of the leg members 12, 14 toward each other. An additional
advantage of the above-mentioned characteristics of the clip 10, is that tissue is able to be

captured at any location within the clip 10, including near the apex 22 or near the distal ends 12b,



20 is deforned to a | esser extent, as shown in FIG 5C. FIG 5D illustrates
a condition of full clip closure, with the closing force still applied to
the clip 10 by the closing jaws 100. At the final stages of crinping, the
rai sed area 26a, 26b takes sone |oad off of the knee portion 20, thereby
reduci ng the anount of plastic deformation of the knee portion 20. The
raised area 26 thus allows the knee portion 20 to have increased

el asticity, such that, for exanple, the knee portion 20 can bend inward
slight!ysdren | ' a a the clip
10. ThISt1$ pa%g Icu g?”? gﬁ&ﬁ%?ﬁgg%ﬁ§§?%ﬂ¥ﬂgﬁéﬂhg%g Eﬁ%a&#@%n%?s renoved
from t hecelklydigh® vasselsdfawimg 2ivaritly@f sBE. t he rai sed area 26 allows the |eg
menbers 12, 14 to renmain together fromthe knee portion 20 to the distal

F8825]12&9831<§ e EaR ety SRRy ERISET featt P s R o on i s
that it batsemmthre@bm d&élﬁ)edreﬁﬁ)bé'hﬂﬂﬁis tacordingly, Biel ihidhion istnot @l et byn whi ch
t he di stal gi of the leg nmenbers 12, 14 of the <clip 10 tend to separate

after twbaté\rab engartishledly skowrepsidegeribeg rxcent ay indipstey %WP@M%@&H@MM%
duckbi | P 10 of
the. pr ellEa e TR elorteet BT FeRRbs L Blinbeled ReRTmERR ek Beb?
becauseecithayapex 22 is able to crinp to a greater extent and thus mnimze
the effect of any springback. At the same tinme, increased elasticity

bet ween_t X and the knee portion 20 enabl es any springback at the
knee poppgﬁﬁ®§@'f8é' i4'&ct the distal ends 12b, 14b of the |eg menbers 12,
14 toward each other. An additional advantage of the above-nentioned
characteristics of the clip 10, is that tissue is able to be captured at
any location within the clip 10, including near the apex 22 or near the
distal ends 12b, 16 14b of the leg nenbers 12, 14, and still be effectively
ligated. As a result, a surgeon can securely ligate vessels having a
variety of sizes. [0066] One skilled in the art will appreciate further
features and advantages of the invention based on the above-described
enbodi nents. Accordingly, the invention is not to be limted by what has
been particularly shown and described, except as indicated by the appended
claims. Al publications and references cited herein are expressly

i ncorporated herein by reference in their entirety.
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[0067] What is claimed is: 17 CLAIMS: | A device for ligating tissue,
conprising: first and second opposed | eg nenbers havi ng proxi mal and di st al
ends, and further including inner and outer surfaces, the outer surfaces
having at | east one raised area on a portion thereof; a knee portion forned
bet ween the proxinmal and distal ends of each of the |leg nenbers; and an
apex havi ng opposed ends that join the proxinml ends of the opposed |eg
menbers. 2. The device of claim 22, wherein the raised area is |ocated
appr oxi ppipl¥. one-third of the way between the apex and the knee portion,
closer to the apex. 3. The device of claim 22, wherein the raised area has a
hei ght in the range of about 0.0005 inch to 0.0025 inch. 4. The device of
claim 2R, fukdhece opatingitisgueatothprasng: one ti ssue grasping feature forned on

the inner sutface of the o sed | e mbers.. 5. The devi.ce of. claim 25,
wheref n- ¢ he FeSHaSira Rp Rt Medhmids FRERGHR Y wrifreiriE fufigle T or e
on the fnchi@inglie@r ARMOREr sAMEced, the Dot 38R ha0iQ AV Radt OhERAsARrdaltR aSRERIID | €9
menber, the tongue and groove adapted to be conplenentary to one another. 6.

The devihewobf claim 22, wherein the apex includes at |east one notch forned

on an inner I A | ' We! riSkng: | I of
opposed |eggi?%F%§§%PEQ§%ﬁ3¥“§F“géy%%§?%£ éﬁgmﬁvdgﬁﬂ%ﬁgéf&gﬁ: o%ﬁ%g%d | egs
each hamidng a di stal end and a knee portion disposed distal of the apex and

a raised area forped on an outer surface of each | eg between the apex and
the knee porff«tﬂifwﬁéba\tlwwpéeﬁgde@%a#@a%ihﬁ@r%fm@&pﬁ%ﬂ tFg oRIRSFLIEMHERe Knee
portions a |load applied by a closing force such that the knee portions are

subj ected to less plastic deformation and retain sonme 18
2. The device of claim 22, wherein the raised area is located approximately one-third of the

way between the apex and the knee portion, closer to the apex.

3. The device of claim 22, wherein the raised area has a height in the range of about 0.0005

inch to 0.0025 inch.

4. The device of claim 22, further comprising at least one tissue grasping feature formed on

the inner surface of the opposed leg members.

5. The device of claim 25, wherein the tissue-grasping elements include a longitudinal
tongue formed on the first leg member and a longitudinal groove formed on the second leg

member, the tongue and groove adapted to be complementary to one another.

6. The device of claim 22, wherein the apex includes at least one notch formed on an inner

surface thereof.

7. A ligation clip, comprising:

a pair of opposed legs joined together at a proximal end by an apex, the opposed legs
each having a distal end and a knee portion disposed distal of the apex and a raised area formed
on an outer surface of each leg between the apex and the knee portions;

the raised area being effective to share with the knee portions a load applied by a closing

force such that the knee portions are subjected to less plastic deformation and retain some
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el asticity, wherein upon release of the closing force the distal ends of the
clip remain in contact wth one another. 8. A nethod for ligating tissue,
conprising: providing a clip having opposed |l eg joined together at a
proxi mal end by an apex, the opposed |egs having a distal end and a knee
portion disposed distal of the apex and a raised area forned on an outer
surface of each | eg nenber between the apex and the knee portion; applying a
closing force to each | eg nmenber such that in a partially closed position

the  knge.RRy LiRRASn Qéorﬁ%ﬁt&se' &Qhé@ﬂ?ﬁ%f eechéHiQt%i afslop He%hg%ﬁé ih&h cdrigacPne

anot her when the distal ends of each |eg menber are in Contact wth one
anot her withngke @wtiter.nui ng to apply the closing force to the clip such that the
rai sed areas and the knee portions share a | oad applied by the closing
force such that the knee portions are subjected to less plastic deformation

and retain sone el .city, wherein upon rel ease of the closing force the
di stal &nds dmethd 8'[ %f‘“lnéﬁ‘é‘i”ﬁ GHMRESHact with one another. 19

providing a clip having opposed leg joined together at a proximal end by an apex, the
opposed legs having a distal end and a knee portion disposed distal of the apex and a raised area
formed on an outer surface of each leg member between the apex and the knee portion;

applying a closing force to each leg member such that in a partially closed position the
knee portions of each leg member are substantially parallel to one another when the distal ends
of each leg member are in contact with one another; and

continuing to apply the closing force to the clip such that the raised areas and the knee
portions share a load applied by the closing force such that the knee portions are subjected to less
plastic deformation and retain some elasticity,

wherein upon release of the closing force the distal ends of the clip remain in contact with

one another.
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