Attorney Docket No.: 100873-11 (1Cl-7610) SURG CAL CLIP FI ELD OF THE

| NVENTI ON [ 0001] The present invention relates to surgical instrunments, and
in particular to surgical clips and nmethods used for ligating vessels,

ot her ducts, and the Iike. BACKGROUND OF THE | NVENTI ON [0002] During many
surgi cal procedures the surgeon will have to close or ligate various bl ood
vessel s and other ducts before severing them iAftopteydBpeketgNogr WAL dCEEIY; ve
bl eedi ng, and reduce the risk of other conplications to the patient. One

ligation technique is to tie a suéﬂgigiggdﬁ EP vessel to close the vessel.
Al ternatively, a surgeon can plac L ng a pair of |egs connected
at their proximl ends about the vessel, and urge or squeeze the |egs

t oget herFIEDDAYIOTHE INMENEHSMe| . [ 0003] One drawback associated with some

current clips used for ligating vessels is that the legs of the clip may

tend to rate to sone extent follow rel ease froma. cli er. This
phenorrer@ﬁ(g)ﬁﬁ@é’lr?sé?f IB{FEROB fq?‘?tf’%@ SURSf@k ! 'i“l“??“ﬁi; apd, i pagdenlar tp ﬁurgﬁgllﬁ lips i ent

l'igati Orhn@fme@hddgﬁ&%'forh% g veQadi Mferldac®)dn@ssd M. bl ood | oss and/ or
unnecessary damage to the vessel. Further, some known ligation clips are

often difficult to preload into clip appller because of resistance
bet ween Bhe Eﬂ%&ﬂ&DdN%BHEéH'6@YUE%h the jaws and the gripping features on

the clip legs. [0004] Accordingly, there remains a need for an inproved

sur gi calopdg tﬂd#fﬁ%@ﬁan@*@@rg’f@ﬁl bx%deduaé%dthe Isﬁkgaﬁmlmlvato él@§e &q%q@ho@ m@&a used
for ligating bl ood véssels, other ducts, and the

| NVENT]I orﬂsqemma]othﬁnéucm? beferetseyeringihdnpin qjd@\w a@yelv/t@%pmls’e hbpdesaném@ﬁuaew ces
For bt b B Of IR SomBllNoRSto HERRERS: o NEfioPHERSu 82T, KR shiiGipolimene

aspect, a sur palr 0 ose

and secowssel e;g:lmmﬂmemsem Aﬂte@ak@ﬁ amofgeomcanfpjasdmcbhbhﬁwia@etpa/&@m‘legV\hl l e the
apex can have a vari et, Pf co ratl? one enbodinent, the apex can
have opf@8Bis ﬁagle}rdawﬁ@ e"cdﬁé SRASTES(OT SIHe2 P 85 SpReE R eg
menber s. i Mugqver, the apex can |nclude a notch formed on an inner surface
thereof. -1

[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.



Attorney Docket No.: 100873-11 [0006] The clip can have a variety of
features that help provide a nore secure ligation of the vessel. In one
exenpl ary enbodi nent, the first and second | eg nenbers can include an inner
surface having at | east one tissue-grasping el enent formed thereon. The

ti ssue-grasping elenments can have a variety of configurations, such as a

| ongi tudi nal tongue fornmed on the first |eg nenber, AHPraeYDdckat ypt A8l
groove fornmed on the second | eg nenber. The tongue and groove can be

conpl enen di sposed o i.te to each other. Moreover, the ngue and
gr oove dQﬁSan%i&théﬁ P &#h etarlvérlg&e?feétqreﬁaeﬁ PrOYIEE f HIOES Seé’HVeflb%éB"‘b‘Ptt tﬁach | eg
menber, Rksef RVnk 'efaanplah%%ﬁmeﬁhehé fu%ﬁéh% sgécaaanegﬂﬂeﬁbe%m cRible b fnkd st and
second | eg nmenbers can also include at |east one channel oriented at an

angl e wisurfagedwpmgtat teastione tiswagiraspagetamenkfosmed theteens Thetisadraspioend | eg
e S el bt ALOLIRY o AR s SRR IR GRS (S bR o P0G | €0
e an outer suar

menbers can i nc ace’ raised por
formed tlagmember, difiea loagiselingd grdove formad obﬂqeae@md leghinspbare A he norgyue antd er

surface of each, of t first d second | eg ne rs |ocated proxinmal .to a
poi nt apﬁﬁ??ﬁ’flcﬁ’ék’%m}mﬂf‘aﬁﬁﬁry &@3@&8&8%@%&83@ ea‘”ﬁ‘igbﬁ't‘fé %éeé’vﬁrofl{é greusEndach | eg
menber . ér&w‘é'&@n eﬁ@ﬁmﬂbﬁgﬁ% enﬁﬂé@er{g@l SHe Ah&uFaet maam?%nm& ¥ peARnt hird

of the way between the apex and the knee, and closer to the ap ex [ 0008] In

anot her therpefc {The sissteeraspinEsiemanissafithgyfitst ansisecand leg members gamalse W@lu{dp gkt and
second |,eq, o#é%ﬁgﬁez RHWtwatﬁhﬁﬁﬂ&? W rrte%/f%gt b %qulgg ﬁ:ﬁﬂa??ﬁ%@?ﬁ@ ﬁrﬁgﬂ@%ﬁ cF an

join the pr oxi ma irs second® ['eg nenbers, suc
first | dggnembeas. and the second | eg nenber are opposed from one anot her.
Wil e the apex can have a vari ety of configurations, in one exenpl ary

enbodi the pex i ncl n i nner t her eof
0000] 1A007AOF At e st pa s Ry t“%hsba'r@@sea?f@ﬁ%glgw G5 e BB S 1 of
a subst antth@d Hayingat Rhapad rdgdpettidnfeimddtaéddle ST TaRpEportibAtar 8 Npadf | r st and
second | eg nenbers. The apex can _ further |nclude a notch faormed therein. In

one exerépmsf»;d W%H&faceﬂ%@aqhég%%wg seeond legympmbers lacated peaxigpido
tissue- %Q'GEetaWHﬁd\LWWeeﬂr{h@ﬂ)ekQﬁ@fhe%iéé g&ﬁoﬁ BPéa‘%Hfl 8 A&, KGR

portion for ween the proxinmal ‘and distal ends thereof. Moreover, each
| eg menteerbodament, ibe/misad wied chn b agpessmutehronabivind o{th® Bay betiweemthy apex arel the

strengt h(ngé elrosetr gﬁle%%g)gt 28 ksi. In

[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.

[0009] In another aspect, a surgical clip is disclosed being in the form of a substantially U-
shaped member that includes an apex that joins first and second leg members. The apex can
further include a notch formed therein. In one exemplary embodiment, the leg members can
include at least one tissue-grasping element formed on an inner surface thereof, and a knee
portion formed between the proximal and distal ends thereof. Moreover, each leg member can
have a width of less than about 0.05 inch, and a yield strength greater than about 28 ksi. In
another exemplary embodiment, the clip can include a raised area disposed on an outer surface of

each of the first and second leg members proximal to a point between the apex and the knee



anot her exenpl ary enbodi nent, the clip can include a raised area di sposed on
an outer surface of each of the first and second | eg nenbers proximal to a
poi nt between the apex and the knee -2 Attorney Docket No.: 100873-11
portion of each | eg nenber. The raised area can be approxi mately one-third
of the way between the apex and the knee, and closer to the apex. QOOIO] In
anot her aspect, a device for ligating tissue is providuaeyRegkehgof 190813-1dnd
second opposed |eg nmenbers with proxinal and distal ends, and a knee

portion formed between the proximl ends of each of the | menbers. An

Dex haCRITGhETHRE BRECES ot SOt b raPPan Al L OB P RN DF Y WV EBpos ed
| eg menigd spex @ tHeBedlRADEloSerftd!fHePEx.| NCl ude i nner and outer surfaces, the
outer surface having at |east one raised area on a portion thereof. In one

enbodi ment, the raised area is |located approximately one-third of the way
bet ween [PHO] dpasothssasneb 2 idawee s ligpiyng tissicos grovided hppias ipdand peropd prxposed

embodi mig rﬁem%&? WitB \prSEMEPIhd dit4IRAESs, AREA KA pattidrEBfthe OB EdnSRY Brod i P NY

feature fornmed on the inner surface of the opposed |eg nenbers, as well as a
not ch f ended each of the ldgmuembesy r Amepexdiaving eppgses ends(oing the proximabardedistalspect, a

ligation ¢lin,is provided havi air of opposed | egs |oined together, at a
or oxi ral O s, Soigsed ek embrs, e e horftber P REE e e urd g SPTacei e o o
knee pordutepBurf4e Spdag et 164ss bd raiskd hiee oA p@BTtioaNkkréofl & Soderat Riaméra tivechied an

outer surface of each | eg between the apex and the knee. The raised area is
ef f ect i E2Iplospisd aPREPFIMafsheoneBEd bRy Delvaep e apsH Pviﬁlewee ROTHPH SIOSE f or ce

such 1 had HeBeX NG RR b8t eRtsCthe HQ@i@&éa‘%lq”u&}?er lirﬁ:}?tﬂe%'t ?e%iEti dneiRSRIIRLIHN and

retain some elasticity, wherein upon rel ease of the closing force the
di st al derfwre dérnted@nchd pnersuehee dfrihe enpoeswideg memhensras vesloastrenotcl 001&] orA et hod

for ligating vessels. s also provided where a closing force is applied to
each |e3ﬁeﬁ@ﬂﬁﬁﬁa§ﬁ§ﬁ“i%§%'in a partially closed position the knee portions
of each |l eg nenber are substantially parallel to one another when the

di stal €0ald]df aresledn abpegt, aightéon dipds proveied hadbg pait bf opposeddegstjhimed tofsthehe
cl osi ng force.i% cggtinued be apﬁﬁied o the C|%§, %pe r.ai.sed %feas and
the kndb? BErTDREC 8hap 8P |TOSGPRYSEH 1960 S P82 LUPALT g & KO AL t he
knee pordidpastsl diifl of Ul He%,8fd alrfisédefia RhAsd difarliftsiFh T caditlle) BkiRiebn SME
elasticity, wherein %%on‘release of the closing force .

apex and the knee. The raised area is 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 elasticity, wherein upon release of the closing force the distal ends of the clip remain in

contact with one another.

[0012] A method for ligating vessels is also provided where a closing force is applied 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. As the closing force is continued to be applied to the clip, 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.
BRIEF DESCRIPTION OF THE DRAWINGS

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

taken in conjunction with the accompanying drawings, in which:



the distal ends of the clip remain in contact with one another. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0013] The invention will be nore fully
understood fromthe followi ng detail ed description taken in conjunction

wi th the acconpanying draw ngs, in which: -3 Attorney Docket No.: 100873-11
[0014] FIG | is a perspective view of one enbodi nent of a surlgi cal clip

di scl osed herein; [0015] FIG 2A is a side perspectid&rpgvdieckst Noy: L0§73-1]
according to anot her enbodi nent of the invention; [0016] FIG 2B is a side

per spectj V. I of a portion of.the distal end of. .eq. menber of the «clip
br " F o ) FliGf oPrsBecst Peabtind e Bt S et slig fieloted Tordny 001y

FIG 2D is a sectional view of the clip of FIG 2C along the lines 2D 2D;
[0019] FOG3S] PEG.i2A B asstdet pegapadtivei viaw of a ¢lipeactordihgad afdther edfbodinsing of thaes 2E- 2E;
[0020] FIG .3 is another perspective view of a clip according to the

i nventi dWeNUPHO21] FIG 4A is a perspective view of a clip according to the
invention; [0022] FIG 4B is a top plan view of an inner portion of the apex

of the gbaig] ¢1G.FFEGs abfe deRPediveMidw oflpdrorfofSth€l8istAe EfPETH le treMibeMsfQhe an
i nner portion of the apex of the clip of FIG 4A; [0024] FIG 5A is another

si de perchpetlFiGeAvi ew 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

inafi r[émm?c&.%coa‘sal@ﬁmialv of RUp&F FIG.OR26] FIG SCis a side perspective
view of the clip of FIG 5A in a state of alnost full closure; [0027] FIG

5D is a side erzBecti ve view of the clip of FIG 5A fully closed; and
[ 0028] V@8] FHG; gD as apagtiopd v peefithe dinefdiGo?C aleag heilnesPDEALG.  5A fol | owi ng
rel ease by a clip applier. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0029]

Certain M + j . F j _Arovi de an overall
under st&ﬁ%?mgk%f%lﬁggggiogm&%%ygf Cgﬁgfgﬁggtsﬁd&qﬁga%gt%n manuf acture, and

use of the devices
[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;
[0022] FIG. 4B is a top plan view of an inner portion of the apex of the clip of FIG. 4A;
[0023] FIG. 4C is 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. 5C is a side perspective view of the clip of FIG. 5A in a state of almost full closure;
[0027] FIG. 5D is a side perspective view of the clip of FIG. 5A fully closed; and

[0028] FIG. SE is a side perspective view of the clip of FIG. SA following release by a clip
applier.

DETAILED DESCRIPTION OF THE INVENTION

[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

-4-



-4 Attorney Docket No.: 100873-11 and net hods di scl osed herein, One or nore

exanpl es of these enbodinents are illustrated in the acconpanying draw ngs.
Those skilled in the art will understand that the devices and net hods
specifically described herein and illustrated in the acconpanyi ng draw ngs

are non-limting exenplary enbodi nents and that the scope of the present
invention is defined solely by the clains. The feat &ftergeyPockes Np.51 087304
described in connection with one exenplary enbodi nent may be conbined with

t he features of er nbodl nts. Such cati and var ations are

| nt ended s AsPet DR PHEoREBEPBE Of HErRRRen A [uB8o)
The pr esREdmpanyRP kM ngy. OMHoskeski Nl ih StSarth@ N GRISrstand that BRtdeRBed ArtiSH&hodUCh as
vessel s, other tubular ducts, and the like. FIGS. 1-4C illustrate exenplary

enbodi rmeReciligly describpd bereiniand ddpstpied &) the Pwoawaw@adwsn%wonﬁé@ﬂémgu ng
gener al leXgrtgglng {Fnbo%um r;E?arﬁil thi tljré)sdope bfr‘ﬁe BREht mh&&ﬂg dbﬁ%ea%ﬁfb?yr gy f¥ U shaped

havi ng op ers ol ned at an apex nmenber 12,
14 has apldmeeTp@fmum 1121E}strdtedpoéat¢rltj¢cbmazbhqecb¢>n whtk oapexenfiflary Mnbedivent mexach
| eg e cont urface 14d and an

oo eq e pmpingd SIS g3hres b Sinel ERRSEER St M oS Frl i o ool de

a nore Sgeehded tb bgadciuaed G/fithtﬁlﬁeV@)%S@ft}ﬁlprdibhﬁtmvdﬁﬁén exanpl e, the inner
surface(s) 12d, 14d can include various tissue-grasping elenments fornmed
therein ussed i.n more detail bel qw).. The outer, surface (s) 12c,, 1l4c can
have at P@%ﬂ Vg pEesriiRs o %ré’“d%w(“%%\ﬂﬁw?eﬁ fips igating tissyerugh phessesdh OBt ween

the kneg,p@sidueR, 4@ tROGkd @G@pﬁ-ﬁcaﬂusn)“y dx8mpRfy erﬁﬂddﬂnéigs 8fa élk}:?dl'sdTé/s%ﬂt ion is
described herein in the context of a device to i gate vessels, one skilled

in the dreteimindn apeppesiien: eRQfﬁamggmer@lyrtglFé@H éhen qhip1l® lmtsphgn msw@m _
| nvent | O%ngrgi sp%se%%a%-ﬁg obg&%g le% mérf rse t?’ 19 m%cha%ran ﬁg}’ Ziig%ﬂﬁ%m%{gﬁ%gfl ng

but not %lrnt rteries,
wi t hi n al2p &t hasratknee portdon @h dislpgsaatilciumallysafdl&sapmdz Mmrmvereac}tllagmehﬂapr m)1¢an be

used a variety of clip appliers, the effectin

St gi IR PR OSSR S R 21 gnd 67 PRPoe SOt 2 O o es pect
to I'igatyeh mh hév’% femdx%g&;a@ddéwor@seéaqreu%aﬁromftﬁé b&kel RRRL Fof HQRPIAT €
possi bl e as we 0031ML1The clip 10 can have any shape in its open

conf i gurthg inoer Sturfaqe(allﬂé djcan inylusfefvereusiisbye-grpspieg demenie fsmed theraih as a
subst ant(d@us},(ed% %%@9 ﬁgaﬁ) Eelgwi U?ﬁé @lﬂérj sﬂhil%(s\/ 15&%89&9&% %pleaéat‘%ng %s%q area

26 (shown in FIG. 3) formed thereon between the knee portion 20 and the apex 22. While the
clip 10 of the invention is described herein in the context of a device to ligate 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, including but not limited to, veins, arteries, ducts, or any other
tubular member within a patient for which ligation is desired. Moreover, the clip 10 can be used
in a variety of clip appliers, thereby effecting a wide range of surgical procedures. Although the
clip 10 is described herein with respect to ligation, it is understood that a variety of other

applications are possible as well.

[0031] The clip 10 can have any shape in its open configuration that allows it to effectively
ligate a vessel, such as a substantially U-shaped or a substantially V-shaped design. As noted
above, in an exemplary embodiment, the clip 10 is substantially U-shaped. That is, proximal
portions 12a, 14a of the leg members 12, 14 of the clip 10 are oriented at an acute angle with

respect to the central axis A of the clip 10, and transition at a knee portion 20, to an orientation



above, in an exenplary enbodinment, the clip 10 is substantially U shaped.
That is, proxinmal portions 12a, 14a of the |eg nenbers 12, 14 of the clip
10 are oriented at an acute angle with respect to the central axis A of the
clip 10, and transition at a knee portion 20, to an orientation -5 Attorney
Docket No.: 100873-11 where distal portions 12b, |14b of the |leg nenbers 12,
14 are parallel with respect to one another and to é@%ﬂ?ﬁPdﬁkg%’ﬂmgPdé32]
One skilled in the art will appreciate that the size of the clip 10 can vary

ci 10 et llgporoBagbn 4 indREmbRind %ot A Bt ik ErerElHe “Bior o

pr ef er ahy td dentrilexisawge of about 7.5 nmmto 8.5 mm In its open
configuration, the clip 10 can have a width Was shown in FIG 3 neasured

between o se er surfa es 12d, 14d of t nbers 2, 14 in the
range of’ oD O St rung Bt o SEprAdits i thedteerol e b e VP AS B ettt 3 rn
to 4 mmjisPhRichlaZ Spplitatidd€ Th aﬂef&sﬂlﬁ@%mbadmkﬂt tieAlipaloTan Vidve/a RERRMEH the upon
the particul ar application, however in one enbodlnent each leg nenber 12,

14 can hange ofabgudp o Ehewih andimoreasefeplsindhorngg efaborthf man 5595 Miehln nor e

prefer al?({s%p{aﬁ‘cotn?igwraﬁ&get‘hé){hp gpcéggg}/%%ﬁndt as sﬂo@g (?rpf:l(ﬁ 3%9‘13{11%8 'Betv}g%zt 14 can

preferab ess an dbou reover, eac
have a hb@p@shﬂ irlef ahfaoes i2d, Mdof tBy legmentbers I2ahg e thé rzaigeuf atﬁhumfnm nchiming 0. 030

i nch, and nDre ef rabﬁ% int rquﬁ of abo 0.01? iqch tob 22? i nch,
and oS ROMEFEBIIAPT 1 1Y EnpaAbot L B0 TeSHERT S 168 BSBOFRIR. T4 0033]
The cli Rag @80 %@@eﬁbﬂ&ﬁgr&wﬁtmian%&p@;sﬁuc@t%n 56 EveRtn dieinthodirh @ GHabh 1eghat are
appropriate for  a desired application. In _an exenplar enbodi nent, the

yi el d stmraeshgr h2,il4 cgp ba\teeafwrcdﬁaw, devintin PEGS. |28 and?, eésshatl R50aRBIOBD ksi, and
more pr %freefé&i?lwn i (55:%% JTAREE 0205 ARAUL 2Bt B0 tlrf%h5910§<t(‘;b'rr]efﬁ LBy 195%?#{ Z;Jboutt he

clip 10 constructe ccording to the present inventi as - a strength
t hat i s 0.68GunchalMertoten, aach @gmﬂmﬁerﬂhalm aah hpe izigm @l (shogein Eﬁ(héhml tbars.

[0034] The clip 1 t resen venti o further des hat

ipon o1 o8taear afpug BT inchfa PlOSE e 4nd ot bEsmPuct iy etee SO BRUE iR | g
nmenber s o125 idch, Md hbg pedferablyGn th%hrs%ewa&mw .00y inchrtgonaotma. | eg members 12,

14 of the clip 10 together, typically with the assistance of an applier, to

Surt Ounc%O(%Zg]e T\ﬁe clip Ican also have physical properties, such as yield strength, that are appropriate for
a desired application. In an exemplary embodiment, the yield strength is greater than about 28
ksi and less than about 60 ksi, and more 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 larger dimensions.

[0034] The clip 10 of the present invention is further designed so that, upon closure, a vessel, for
example, is completely encased between the leg members 12, 14 of the clip 10. This is done by
urging the leg members 12, 14 of the clip 10 together, typically with the assistance of an applier,

to surround the vessel.

[0035] Referring now to FIGS. 2A-2E, the clip 10 has opposed first and second leg members 12,
14 each having proximal and distal ends 12a, 14a, 12b, 14b. The proximal and distal ends 12a,
14a, 12b, 14b have opposed inner tissue-contacting surfaces 12d, 14d and outer compression-
receiving surfaces 12c¢, 14c that are connected by superior and inferior sides 12e, 14¢, 12f, 14f.
One skilled in the art will appreciate that the leg members 12, 14 can have any cross-sectional

shape that allows them to effectively close and engage tissue, such as a vessel. Exemplary cross-
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[0035] Referring now to FIGS. 2A-2E, the clip 10 has opposed first and
second | eg nenbers 12, 14 each having proximl and distal ends 12a, 14a,
12b, 14b. The proxi mal and distal ends 12a, 14a, 12b, 14b have opposed
inner tissue-contacting surfaces 12d, 14d and outer conpression- receiving
surfaces 12c, 1l4c that are connected by superior and inferior sides 12e,

| 4e, 12f, 14f. One skilled in the art will appreci afdorptyRockenho| g¥8Redber s
12, 14 can have any cross-sectional shape that allows themto effectively
cl ose and engage ti ssue, such as a vessel. enpl ary cross -6 Attorney
Dockot _ REFionalgHapes Includeetuttags gt ?@W&Bé% t?ﬂgp%é@w@rt@pﬁ%ﬂldaﬁa it ed to,

t ri angulRhtagdr@Et ANGHIWAT how&RP]EOIeH flembaiid 2, PEAE 3GMRRkial Y\ ecBASYIR. THRWeVer
the |l eg nenbers 12, 14 are substantially rectangul ar. e substantially

r ect angyhbstantialy epeulaidleg ghape isdglievedge gravirle aarppoprizedideaign ghas inghidesat

i ncl ude : J | St r jven clip |l eg space envel ope.
[ 0036] %ﬁ%ﬁ?géﬁﬂﬁ egggﬁ%??gigg%ggﬁnggpﬁggg@%&$ﬁriety of features forned
therein or thereon to assist with the ligation of a vessel or duct. For
exanpl e,[0636¢ Thategrmeubdratd 1424dn alseavsfa vagiety df éepturpeiobmed thereinldr themon tocl ude

i - i . h f . 12 f I nb
127" 10 B RELSTRR e vBBR e od Ele. Mlndt e B LA e, a2,

Opt i onalrhémber 026 4Qan MhRledisORVE@sspifyel difent) b the Oltet harfRut 8¢, 1906f &R 1eb2C, 14cC
as well. [00371 As shown in FIGS. 2A-2E, the tissue-grasping el enents forned
on an i ARERDEE {if.fl4can inpdpde afonge portign 2 25 Well avadeast ang raived argh 26-nEptigl Kot h

primary oh6or qureag%gov%gﬁﬁp@@rfamﬂfg ohitﬁes(ﬂﬁérg[lm 19, 1RI8WRAL S The primary

ti ssue-grasping elenents 16, 17 can have any configuration that allows them
to effectively hold a vessel or duct. In one enbodinent, the primar

{1 ssue. dPOITpiGhown S 2 A, thecissererapinedlenensn Hrmen ghan imet sirfssel h  he
h ; 16
{oreeg dub 3P Gach it Mlmbdid 20 BPGRnl Ak bt BRhry 16, FNthNeoh RN OARLALAGNEL 10

t ongue ZkFentarts. Ght erichagotifsicigassihy elamemy 16, danheve syrcbafigurdtaah thdtkdloas each

| eg menber 12, 14. ternatiyvely, the inner surface 12d, .14d can i ncl ude
mul 1 pl G GRS iSRRI TR bt JAgHE RGO e e PHERET fESUr 809BTE The gr oove
16 and teRAgHe chd i&ﬁﬂetaeleﬁﬁroﬁ@%dgﬁe &7 Yormk@by tHefinded S@dcendd ontheasdbnaieg he
first and second | eg nenbers 12, 14. In one enbodinent, the groove 16 and
t ongue ITengigh legndaideast one groove 16 formed on the inner surface 12d the first leg member 12.

The groove 16 and tongue 17 can extend continuously along the inner surface 12d, 14d of each

leg member 12, 14. Alternatively, the inner surface 12d, 14d can include multiple groove 16 and

tongue 17 segments formed therein.

[0038] The groove 16 and tongue 17 can be formed in a variety of locations on each of the first
and second leg members 12, 14. In one embodiment, the groove 16 and tongue 17 can extend
longitudinally along the entire length or along at least a portion of the length of the inner surface
12d, 14d of each respective leg member 12, 14. Alternatively, the groove 16 and tongue 17 can
extend from the distal end 12b, 14b of each leg member 12, 14 to just distal from the apex 22, or
from the distal end 12b, 14b of each leg member 12, 14 to just distal to the knee portion 20.
Moreover, the groove 16 and tongue 17 can extend distally from the apex 22 to a position just

distal to the knee portion 20.

[0039] By way of non-limiting example, FIG. 1 illustrates a longitudinal groove 16 and a
longitudinal tongue 17 that extend through the knee portion 20 and terminate just distal to the
notch 24 in the apex 22. Alternatively, FIG. 2A illustrates a longitudinal groove 16 and a
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| ongitudinally along the entire length or along at | east a portion of the

| ength of the inner surface 12d, 14d of each respective | eg nenber 12, 14.
Al ternatively, the groove 16 and tongue 17 can extend fromthe distal end
12b, 14b of each leg nmenber 12, 14 to just distal fromthe apex 22, or from
the distal end 12b, 14b of each |eg nmenber 12, 14 to just distal to the knee
portion 20. Moreover, the groove 16 and tongue 17 cATBRReRts Ors{WP13%5 1 rom
the apex 22 to a position just distal to the knee portion 20. [0039] By way

of non-ljim.ting . .exa FlG i trate ngi t udi nal gr and a
| ongi tué?nr%fldlp %]ntarﬁl%@lﬂﬁ?%aef( teg)i( rgrr?ofh%jalrs%ﬁahdslt%éll n%leeaglglre ?‘6en gqg’ﬁé]tggr m nat e
j ust di gositiod fust distal toakickne?$Hoitiont2doe Aagpeandldngifidiral pabyy &b yand For(gitu@iAal

illustrates J ongi.t udi nal oove, 16 an -7 Attorn Docket No.: 100873-11
| ong: t udvTie 17 oRgTnaPn (e et BERASr o Al e e phtioBad: TIR e dden | g
nmenber  1gs apb4 20 O Mbred¥@8 IFIG W j1HSirated §IoﬁFitﬁd?neﬂ BROKEEE afPh tdngludifal téhghecond

| ongi tudi nal groove 16" and | ongitudi na tongue 17' conbination is then

formed jlddhat @fefoamed adongfbe Rufe innsr surtage 22, 146 pbengh of thedst aaf seewndieg t he
apex 22. I i i ' o)

| ongi t udt ér@{e%?l \c?ﬁgljﬁ'eﬁ%otéﬁéa{é %@Bﬁ%ﬁe ﬁé’&ggﬁlbgﬁgbé ewéﬁb iF?dé' ?Xnﬁeggn Qg, 36? a@g 12d,
14d of eath 2dfoftHeaptx 23 tasavild bs douded mgnorrdetbebelo%?, 14. The groove 16 and
tongue 17 conbi nati on shown in FIG 4A termnates in the notch 24 of the

apex 22, i1l be discussed j re.detail below 040] The tongue 17 and
P oove. Te0Ry s tongite §1 BEHEREe Sl B BB iedisn at i B ol amberd K pecp ot
Al t er natAlwedayively e toagae €7 dnd @b gy &e I&aradat digfetenc Rt ibnablon kidr ent
| ocati ons along each. respective Ie% menber 12, 14. In an exenpl ar
C

: Y
enbodi mERPECVRda BB 12714 B agreyavRlanEmhodimeb At ORet b 3° g VEil S pised
Opposi t %oﬁlB!%nﬁﬂﬁhgﬁfdidisZH%H dppBlitefienb e, GlchRhatdnt ShabRy 16 H dpfliél touessel the

tongue 17 w Il ur he tissue of the wal ood vessel to the

cor r esponsichtye tgngne Apwibudrgg thegiseueld theTWalds af bdqealrvgsieb mtdthiewemespphding ongue 17

and the .groove, 16 inhi bit.s |ongitudinal . and angled dislocation.of the clip
101 el arUERte oo Ol chiScoprfibd EaRR InefOR] 5% PeRREE L A Gk, Dot ween
t he i nnesngitudinsiumd aaglk@aisicdgionSsNthadlBs] 00kladaetd the s¢eel] andat hlegefi@mibey 12, 14.
[0041] One skilled in the art will appreciate that the groove 16 can_ have a
variety rg*ucgsntaﬁ gap bgtyeen the inner (tissue contacting) surfaces of each respective leg member 12,

14.

[0041] One skilled in the art will appreciate that the groove 16 can have a variety of shapes. In
an exemplary embodiment, the groove 16 is complementary in shape to the tongue 17 and can be
hemispherical, rectangular, triangular, trapezoidal, or oblong. As shown in FIG. 2B, an
exemplary embodiment uses a groove 16 that is somewhat triangular, having opposed sidewalls
16a, 16b connected by a base portion 16¢c. The sidewalls 16a, 16b can be oriented at various
angles with respect to the inner surface 12d, 14d of the leg members 12, 14. In one embodiment,
the sidewalls 16a, 16b are oriented at an angle less than 120 degrees relative to the inner surface
12d, 14d of the leg members 12, 14, and more preferably at an angle less than 110 degrees

relative to the inner surface 12d, 14d of the leg members 12, 14,

[0042] One skilled in the art will appreciate that the base portion 16¢ can have a variety of
configurations. For example, the base portion 16¢ can be planar or slightly rounded. In an

exemplary embodiment, however, the base portion 16¢ is slightly rounded.



an exenpl ary enbodi nent, the groove 16 is conplenentary in shape to the
tongue 17 and can be hem spherical, rectangular, triangular, trapezoidal,
or oblong. As shown in FIG 2B, an exenplary enbodi nent uses a groove 16
that is sonewhat triangular, having opposed sidewalls 16a, 16b connected by
a base portion 16¢c. The sidewalls 16a, 16b can be oriented at various

angles with respect to the inner surface 12d, 14d of Atieyaey RogketNp, 290873113 14,
In one enbodi nent, the sidewalls I6a, 16b are oriented at an angle | ess

than 12 rees, relative ta,the i.nner surface  12d 4d.qf the | nenber s
15" 12 T KRR By e P A s W8RG 15558 b g Plnse Bpe i oo o
t he i nneffestivicltatigatd Aekue 1 #6r &faniphs tHe@Goove Mo kS hahd,depths il He4atlge Qngbsaki | 1 ed in
the art mﬁll,a%preciate t hat the base gortion 16¢c can have a vari

A,

t f
conf i qurot0L8 irsh U608 xmehpere RrpiErabie Bt Beranes Al ot GANHECk fohd04 BEh LN ght | y

rounded. : I i IS
slightl f"%gﬁn J?I%?{smgﬁ%?’?g&%%ﬁg°a’&i§?¥%{%é8§h7%{h%fgf%g%§?%gh§%?§| ed in
t he art gmdvie lappr boicateidtthatthd heggefobeet 0@4shcdutod. (29 ioéh, diare psifaraidy inithe ar e

effective to_li Lssye. For_ex le, the groo 16 can have depths in
The  r andesse A Dob 88 0 013 indy MBon GiEn Y Be boav el bRy e fiRHRe ¢ ange
of aboutth@ugidabthic Mégth 6f the OEvé 16;lar itlcn d@f@semarPbRKImA DD dlitalgiéctionher gr oove
16 can have a depth of about 0.0025 inch, Further, groove 16 can have a

wi dt h i fnexemplangabefimangihe gropem!q brsr wgomn 93¢hi nch, nore preferably in the
range of about 0.006 inch to 0.013 inch. Mreover, the width of the groove

16 can heo44nidrersRilled i @ AR alsBpprefigicMhRthel tBEUBMIOQRUR alkb ha® a VdrieBAdT
decrease in the proxinmal or dlstaF direction. In an exenplary enbodi nent,

t he groopefigegatipas. Howaydronrangxemplary @hedjmahdhetongiely is somplemeptarywn| | al so
( : > | S . ons)
appr ecl ashiEpetaﬁé“'sle Poeth%zgf(%\'/g rlré.ogﬁ%h ,tgl?%gqy%aﬁbyﬁéﬁgé%n%l re%&ﬁ%ﬁr%?r;r ations

However,” I'n an exenp e tongue cohple ry in
shape andarguize, ttapeddidal grrebloagl i anldéxemplarhembaingee, the tamne bH2 iswabstsgphdyi cal ,
rectangular, trian uLgr, trapezoidal, or oblong. In an exenplary

enbodi mEFRRNGPRECE TRYEUIAl7 i s substantially rectangul ar or trapezoidal .

[ 0045] The tongue 17 can also vary in size, however in an exenplary

enbodi Mg0045] e tdr@a@UE can/alsdasy & Sie Bow it inl & exenplagn@nba@liventptht fighgsé 2B of
the groove 16, with a height and a widith no ) . ,

has a size that is complementary to the size of the groove 16, with a height and a width no

greater than, and preferably slightly less than, the dimensions of the groove 16. This provides

room for the vessel tissue and minimizes shearing action and locally excessive pressures on the

vessel tissue during clip forming. That is, the tongue 17 can have a height 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 tongue 17 can have a height of about 0.0025 inch. The tongue

17 can also have a width in the range of about 0.004 inch to 0.020 inch, more preferably in the

range from about 0.006 inch to 0.013 inch. Moreover, and also similar to the groove 16 above,

the tongue 17 can have a uniform width or a width that decreases in the proximal or distal

direction. In an exemplary embodiment, the tongue 17 has a uniform width.

[0046] In addition to primary tissue-grasping elements 16, 17, the inner surfaces 12d, 14d of
each of the first and second leg members 12, 14 can have at least one secondary tissue-grasping
element 18, as shown in FIG. 2B. While in one embodiment the secondary tissue-grasping
elements 18 are formed on the inner surfaces 12d, 14d of both the first and second leg members

12, 14, the secondary tissue-grasping element 18 can optionally be formed on the inner surface



greater than, and preferably slightly I ess than, the dinensions of the
groove 16. This provides roomfor the vessel tissue and m nim zes shearing
action and | ocally excessive pressures on the vessel tissue during clip
formng. That is, the tongue 17 can have a height in the range of about
0.0015 inch to 0.007 inch, nore preferably in the range of about 0.0025 inch
to 0.004 inch. In one exenplary enbodi ment, the tondieneyDesksNaaJ¥W8B-Hei ght
of about 0.0025 inch. The tongue 17 can also have a width in the range of

about 0.0QQ4.jnch to 0.Q20 inch, nor referab in the . ran f r om,about
0006 i el K1 Salyret e fedasioond ARmem s b ShneekileRar B gBIRI 16 above,
t he t ongipBredidtcaRat thnBerdsutfaéds AR M heXirsttindisedond IdpahelBGE @A SIRTah Ratn e
proxi mal or distal direction. In an exenplary enbodi nent, the tongue 17 has
a uni f orady Wh@ber of seoadary tissugdrpsping e lameengy i 8ydp fhaaxemplaryerakysdimentethe mnst s 16,
17, the J u ach I nd second | eg nenbers
12, 14 csjgﬁgﬁ:;lvzg’ g{ﬂﬁggg%g%ﬁ%&ég%ogﬁﬁﬁgﬁ{é |gg£ssggﬁge}%ng%ﬁbga el enrent 18, as shown

in FIG 2B. VWile in one enbodi ment the secondary tissue-grasping elenents
18 are f[694v8d'hemeaondariy tinse-gaspfrgedunenxdl 8 chadiawf anysohfiguratidn thettallawd thestond

| eg ne r .2 .he se. ary, fi - Qr.aspi I 1 optionally
be-t or maa £aP Fivue Fliouh g AR (BRI, R oh Bl "RE b fiIG08. 179 o7
onl y onexeiplahesetortdaty tésagke-grasginglelementsedheris thikXornd 8f cHanrels kaihgéebporedt he art
will appreciate that the inner surfaces 12d, 14d of the first and second

| eg mentl@pisang second wads 1$a &b C%nwctﬁéjhbé?se&fa%sléeoﬁgaf}gﬂnp?lggt?eaeg?ra@w%

el ement Sodifled iNhATRENGHERPLA! HsPFRAEBN U ah RIS embodini ¢ fhd Al whifdsdhas at
| east four secondary tissue-grasping elements 18. [0047]1e The secondary
B

ti ssue- gs &spedagt anl asnigrangle 1gatevario tap/ianersyrieasn2idglidatficach lepanembier. olvgnt hem to
grasp ti ol 1,ow | i [%o) h I 0 v el jor duct. As
shown i n&%{!@a Z@bowélﬁ%rtrpﬁf)egarn§%§éi:notﬁce}gafrn§g P fasbg)lkj{ ! (r}e%%elg rtég&gfle ge%t Asndféorgr ein

t he f or mprefrablyahanasigle havougsdepese drhefsecomit] wantldl 86 e Bieavivendrichtei@am an 4&ive

connected by base |l 18c.. The c els are nerally saw_ tqathed in
shape, ETERUYEA ¢ @Berﬁérfﬁ‘??d@rdcﬁ‘&?&leﬁahlﬁgw ik aﬁip %H{?c?ﬂg't‘?é’ﬁtt 1€ Sepnds j 1 st
wal | 18aya1] fBbf @hI¥RGs géneﬁnyaﬁaro@eaﬂﬁh%era%@tdf% firt WA1L180 04! beSiHthA@Rgeldd, 14d
of each leg nenber. Th an  exenplary enbodi nent the angle is in the range of

about 4(bdelgiSetsgreeptoghoutetirdegrees,and mewe erefepabd éiseboyt 4hdegrasgl Ong skilebint 75
degrees 'thc;r Qxfr‘ w?l?gp%?&ie}’t\@lkllat &1% leva'11§ 1%55, lﬁw 1%% 2 Beeg}a?gqu 3 ar%ﬁ'atg,co% fh the exemplary

embodiment the walls 18a, 18b, 18c¢ are slightly arcuate to facilitate grasping.

[0048] As shown in FIGS. 2D-2E, the secondary tissue-grasping elements 18 extend across the
width w of the first and second leg members 12, 14 at an angle (e.g., about 45 degrees) relative to
a longitudinal axis of the leg members 12, 14. In an exemplary embodiment, one segment of the
secondary tissue-grasping element 18 is located on one side of the tongue 16 or groove 17 on the
first leg member 12, and a second segment 18 continues at the same angle on the other side of
the tongue 16 or groove 17. The secondary tissue-grasping elements 18 are similarly constructed
on the second leg member 14, however they are angled at an orientation opposite that of the first
leg member 12. Thus, when the leg members 12, 14 close around a vessel or duct, they form a
superimposed “x,” as shown in FIG. 2E. This configuration allows for a greater percentage of
the tissue to be grasped by the secondary tissue-grasping elements 18, thereby resulting in more

effective ligation.

-10-



angle relative to the inner surface 12d, 14d of each |eg nenber. The acute
angl e of the second wall 18b, which is generally shallower than the angle
of the first wall 18a, can be in the range of about 15 degrees to about 75
degrees, and nore preferably it is about 45 degrees. One skilled in the art
wi ||l appreciate that the walls 18a, 18b, 18c can be straight or arcuate, but
in the exenplary enbodinent the walls 18a, 18b, 18cAHeraexsPackasNp.y 1988t e to
facilitate grasping. [0048] As shown in FIGS. 2D 2E, the secondary
tissue-gr [ el ements 18 extend across the w.dth w of the first d
second | R dsRsnarRbers 42 Shn B ina oy of SsasBliry e iseapni cvei e o
a | ongi tfyghdaaheran. SinGhe &ReplLY eiBodIRESt, Advevbieach Tegdfle@BENR! &4 MasafRedi ment ,
one segment of the secondary tissueégégsping element 18 is | ocated on one
@On.f (31

si de of se¢paderyiigens-graspaie dernel 8 forg ¢ skilledyinitherpyé will appregizie thasecond
segnent L.t - . k f e 16
or Jor oo AP sGOGDNESe BlaghiR ofR AR 38 Db hik i e dSh RHEFO spackp ki RGH

const r uainednotber. tlinen eengray leeyodmerebe thelsécondaemydisare-grhgyngalemensg l areat an

orientatio posite that of the first. |eg nenber 12. Th whe | eg
rerber o Moy SetgL s Bt ng Hoducal S gisanco T Hage PRt D BEF P ea Y, -
as shownnén) NbieovetBhe Idtofid+p Absugigrabing Rlealch@WB chP havit Aif Bk @hd BEJtE @At Rge of
the tissue to be grasped by the secondary tissue-grasping el enents 18,

t her eby afigstiNettp spgagh ag‘bﬁ’éi““’élﬁ FIaqt wath tisgpigr iHoveven frophesgmpliek enbegiment,
100873- 1, geQQrﬁl%}y tﬂ-sgﬁe-gxt%gpi% gl@?%ﬁts th arelsﬁlzeﬁ%pthQQ%ﬂ?gte%@Xb&H @JQ);@E i@hei@%%ar y

ti ssue-graspi ng ‘el ene rmed thereon. | he exenplary enbodi ment,
however isceh wideghyrboinet.003, indhes e 093 frieches degpondary ti ssue-graspi ng el enents
18 formed thereon. One skilled in the art will appreciate that the

secondar LSSuer gr aspj | ts n W for -uni for.my
spaced A0 T SHHERRNE S ABR Gac i B 18P bR Tt S O SR R Y
t i ssue- groasqshognéh BIGNtIsAC, 8amineluddany conbiyatidpad etmapetissué-paspiogelemmatt her at
a distance . in the range of abqut 0.050 i.nch. Moreover, the

inch to Q.080

secondarlp {1 W RECIABTHTIYF-SPEriBhEEm TS &%nxagwmgw Lp 0 wvawqiu@ﬁat i's
ef fect i \R RiBAY a0E sRBAIAMP i SudighsFiap bRAenid1b N1 1 11 8S HEanoIRMeY&fipladyn an
exenpl ary enbodiment, the secondary tlssue-grasplng el enents 18 are sized
in the rembgdimsnt Giodsiovwa) gbginnaciveiice B2d)16d afxhe jaganembens b 18yrambosmo@h 0015
i nches to,Q. .1nch d . ] edyin a N iate
that th eanFl grgeggm% Lt aﬁg ,secﬁﬁgaor?l Ll?sglg-%le'a)'(sg#g legeﬁ?n!csl ﬁ‘Be str&cjgl?re Ahd cl‘é‘smg p%%@tttl%g

of the clip 10, as discussed herein, allow adequate tissue ligation without the need for any type of

tissue-grasping elements formed on the inner surface 12d, 14d of the leg members 12, 14.

[0051] As shown, for example, in FIG. 3, the outer surface 12¢, 14c of each leg member 12, 14
can include a bend or knee portion 20. The knee portion 20 allows the leg members 12, 14 to
transition from being acutely angled relative to the central axis A of the clip 10 to being
substantially parallel relative to one another and to the central axis A of the clip 10. The angled
knee portions 20 of the leg members 12, 14 can be formed at a variety of angles relative to the
central axis A of the clip 10, however in an exemplary embodiment the angle can be in the range
of about 45 degrees to about 65 degrees. In one embodiment, the knee portion 20 is designed so
as to be parallel to the force applying jaws of a clip applier during a part of the clip closing
process as shown in FIG. 5B. This construction is believed to enhance clip retention by the clip

applier during deployment.
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10, as shown in FIGS. 1-4C, can include any conbination of primry

ti ssue-grasping elenments 16, 17 and secondary tissue-grasping elenents 18.
An exenplary clip 10, however, includes both primary and secondary

ti ssue-grasping elenents 16, 17, 18. In another exenplary enbodi ment (not
shown), the inner surface 12d, 14d of the |l eg nenbers 12, 14 can be snoboth
and free of primary and secondary tissue-grasping el AtrptydPockenNo.s1408Btlr e
and closing properties of the clip 10, as discussed herein, allow adequate
tissue |]j ion W thout the need for any type of tissue-graspin | emrent s
for moa AN aRE Kiter ot LG ot 2 Yiph ol conBai st R g Ron DB 1O0 A
shown, frdmiR¥AMD I £, howRvEH & ex3mplafekREb6itiof B0 has£bddled ot 4attefedRAER shi®@e MEMbEr
12, 14 can include a bend or knee portion 20. The knee portion 20 allows

t he | eg 29@Atsbansarquate innen syrfage s Thie davel op thasuiter gueagt2Or pamergerdiovieapnt i ve to
t he cent ' ey I ak: s tive
to-one. any el ftureclhedianRidh toleb e Rk Rt gy AL Bl R e
porti ongare of hibduh8.0B@ incheorBO68 irlkB, Thd outansusfacé 20anfdhaknea poetronéXOycanf angl es
relative t.o the central axis.A of.the clip 1Q, .however in an _ex | ary
erbodi meRTHA aiee wriveiershovRbrRyEerey o din Rt Te ThasP ol d iR abue 65
degr ees.17lon tR@n&ERERE AL 14d SFRhKRE SncpiVetsl 120 1 20ThSgrd6w GRAR sifilar F$sHaPe be
parallel to the force appfylng jaws of a clip applier durln% a part of the

clip cl @84 pige tothe kagiudisal gFeaxR 10 rdisqussed preinmwitiy respees £ TEAS: 8 -3 Bstinesied to

enhance | [ : ' alher. ' et . orney
bocket e 28GR R8s Gl o il o GRLAIRTindHlc REERRD SRR Vo L BOAEE
conf i gurodittieorsset, duetf fretcssud. Heor examge tthomnef sutfaee 2(bgpan imeiskermsinid?y aridlor however
an exenplary knee portion,20 h bevel ed or. flattened.outer surface 20a
andan Bres TR R0t Tid it st At S s can
extend qugs. BYD. | ength sufficient to effect the transition, however in an
exenpl ary enbodi nent the bevel is in the range of about 0.030 inch to 0.050
ace 20a of the knee p rti?n 20 can ﬁgtionally i ncl ude a

i nch. The oquter sur
gr oove ([Wbstﬁfﬁd\ﬂl# aLBY%ﬁH’ QuiE seaperlge £ 14e of pachied memhett 2o i 641 heVE 558K t ongue

17 on t henhtipRRSvideW theeReddd occldtibrindlchf pb@SmFRED GhDnd mbddimedIShdPAVE can
be simlar In sggge and size to the longitudinal groove 16, discussed
dreq

her ei n WG, rasi 2 gitads opar-pprtiarhef thewidth okthe fegonreniiss 62, 1dHkatinee
por 1 850 3PTR! LT S SRt BB e L9 o
i ncl ude lgdatedapyroainahitely one-third of the way between the apex 22 and the knee portion 20, closer

to the apex 22. The raised portion 26 is believed to help to reduce overbending of the knee 20 as

well as to help maintain the legs 12, 14 of the clip 10 together after the clip 10 is fully closed.

While FIG. 3 shows the raised area 26 formed on both the first and second leg members 12, 14,

in alternate embodiments, the raised area 26 can be formed on either the first leg member 12 or

the second leg member 14. Moreover, the outer surface 12¢, 14¢ of each leg member 12, 14 can

have any number of raised areas 26. In the exemplary embodiment, the outer surface 12¢, 14¢ of

each leg member 12, 14 has one raised area 26a, 26b.

[0054] The raised area 26a, 26b can have any shape that allows the effective application of
compressive force to the apex 22 such that the apex 22 is crimped to a greater degree than the
knee portion 20. That is, the raised area 26a, 26b is believed to allow the region of the leg
member 12, 14 between the apex 22 and the knee 20 to be more elastic, enabling the knee
portion 20 to spring back to a small degree while maintaining adequate contact between the

distal ends 12b, 14b of the leg members 12, 14. In an exemplary embodiment, the raised area
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secondary tissue-grasping elenments 16, 17, 18 simlar to those discussed
above with respect to FIGS. 2B-2D. [0053] As noted above, the outer surface
12c, 14c of each | eg nmenber 12, 14 can have features to help provide a nore
secure occlusion and clip performance. In one enbodi nent, shown in FIG 3,
a raised area 26 extends over a portion of the wdth of the |l eg nenbers 12,
14 that is slightly proxinmal to the knee portion 204“?%”@%”%&8%b“&??41
enbodi ment, the raised area 26 is |ocated approxi mtely one-third of the
way betwee he apex 22 and the knee portio 0, .cl os to the 22, The
o seq porIehs 2 aR Rovih  Roue ey RETRRRS PEde & et Sahloh g Soe A Wnee 20
as wel IThas, thoralsed preaRb#1128b Bait Betrla@@far] 2ctadgul @i trife@oidhl, penkfpon@igefchent iaf t er
the clip 10 is fully closed. Wile FIG 3 shows the ralsed area 26 forned
on bot h 2P kEemplaenbiodinacab shtiraissg area #h26b 1psubstantially geciangilapat e enbodi nent s,
the raised area 26 can be forned on either the first | eg nenber 12 or the

second |£@(§55 &killdd in fMB LR AMA appretiBte Pt &e ] A6£26:296b dChaQt aSBKEy bED
menber 12, 14 can have any nun%er of raised areas 26. In the exenplary

embodi meives, depradingtupen siethaellicdesurelos pagial clesiehof thg chipisisiepirad Bylwayelfs one

rai sed area. 2 al: i . ; ape
thar ol qdirind: ofRbls iR Lo deh aRS; AR Shohadihar ARAIAY Feftl 20E5° )
such t hahoiilthée alfie xo ARintasn theippglead] 4t theadigalaips of thddey membéran2f e Inknee porti on

20. That is,, the ragised area 26a, 26h |s beli.eved to allqw th i.on of the
Fou | oD R B A SR 280 B DeIE e TatBercd b Pl et o
enabl i ng do6 iddheshd MeretpkBraBl if SouP0.00DINRRCHKhE Aidd 88 2ba ARBIER aMOhAR a
nalntalnln%]adequate contact "between the distal ends 12b, 14b of the | eg

menber s lamgth that is jasgegnosglesepthak iy caraseanataly sustaimihe applicdpregsorg fronpa akip or ney
Docket . 100873~ .S Vi g [ I ntary
to the Eﬁg%%.g}ﬁ}%gﬁ%&é?ﬁgﬁéggewéﬁ%{ﬁgghﬂﬁﬁgg,?ﬁgﬁpgﬁg%%nﬁ géﬁfgggBé%gecan
be tri anguhl and a weith efaholivd.(10 majpelfpadial ¢lopend ook is desieed, thHauicightof tha

exenpl ary, enbod] , the . raised area 26a, 26b is substantially rectangul ar.
[ 0055] (’%‘éedsq{?ﬁégg%bncaﬂ}?&‘%r‘fas ‘Il appreciate that the raised area 26a, 26b

can have a variety of sizes, depending upon whether full closure or partial
cl osur e [0656] 26 notddpbb e, tesirofichal Eyds\wiyachfof tHeQeg nkfibérs NQa,exaaR @nndctedftul |
closure of the clip is desired, the height of the raised area 26a, 26b

one another by an apex 22. While the apex 22 can have a variety of shapes, as shown in FIGS.

4A-4C, the apex 22 is substantially U-shaped or substantially V-shaped, and has opposed inner

(tissue-contacting) 22d and outer (non-tissue contacting) faces 22¢ that are connected by superior

and inferior surfaces (not shown).

[0057] The inner surface 22d of the apex 22 can have a variety of configurations in order to
assist with ligation, for example, at least one notch 24 can be formed therein. While the inner
surface 22d can have any number of notches formed therein, an exemplary embodiment utilizes
one notch 24. One skilled in the art will appreciate that the notch 24 can have any configuration
that allows for the ligation of tissue. In an exemplary embodiment, the notch 24 is formed in a
U-shaped channel that extends through the inner surface 22d of the apex 22. The U-shaped
channel may join the tongue 16 and groove 17 that extend along at least a portion of length of the

inner surface 12d, 14d of the leg members 12, 14.

[0058] The notch 24 can further have a variety of shapes to optimize its mechanical properties
and make it stiff and strong for the amount of material in it, yet leaving open space for the

material in compression on the inner side of the clip 10 to flow into during the plastic

-13-



shoul d be able to maintain the preload at the distal tips of the | eg nenbers
12, 14. In an exenplary enbodi nent, the raised area 26a, 26b has a hei ght
in the range of about 0,0005 inch to 0.0025 inch, and nore preferably is
about 0.001 inch. The raised area 26a, 26b can also have a length that is

| arge enough so that it can adequately sustain the applied pressure froma
clip applier. In an exenplary enbodi nent, the raisetteipeyPodgtNe.2H98@dh have
a length of about 0.020 inch, and a width of about 0.010 inch. If partial
closure of the clipis gesir d, the_hehght of the ha]sed area 26a, ,26b can
be i ncr §5088RIIhY Syt IR IPfBETation: HEaheXSRIPAEY CBRAUMGRE ASTIRVECIR | eg

nmenber s fJechlAes 3Rt ARAMLeciRGbiHA. TORE s 3RMERE ildBIGRN4BREX tidotcHi4 st he apex
22 can have a variety of shapes, as shown in FIGS. 4A-4C, the apex 22 is

subst antoppdseq figst errhgseendyval t 26t qoan¢ajed\bystpapeed thishendhiayrth pads édr, Rtdher
(tissue- t i . - TR in3Q)~ A at are
connect é’ﬁ%%yﬁgé (ggl))% %Zg%ﬁgﬁl%%%egétag%f f\g(ﬁ;@ésjﬁf %%p : gﬁ%&ﬁ? 24[‘:0 @%ﬂg %ﬁ‘éet J|1 nner

sur f ace vadely of cdnfiguapiexs, AParcaxempiveerabadimetttlye whllsc2iaf 241, 24d,i2dd arel fornmdder t o
assist with ligatjon, for exanple,_. at. ]east one_.potch 24 can be forned

Cher of n At douls Wgls TParies o (5 FPBB 3522, TeiPEX 2y THOMIS SOOI GRS f or med

t her ei nanAB WX RNPHr_fYaBRCHE FRBE otidboli ZRgegrLfeOROtiaNe 2 thne wilkhppr&ghté N t he
art will appreciate that the notch 24 can have any configuration that

al | ows filent thetveallsi2dat24bn24st 244, 24@iean haye algo Baeraply shapedhal pavidasan aggadntaot ch 24
is for 14N : nnel t I r,8uU ce 22d
of the SpiTSomin TOGRT AOR" M bR nEULATER M ERY RSN PE AR AT 17
t hat extdeadreabwrlgd at slightlgtooyed.t i on of | ength of the inner surface 12d,
14d of the |eg nenbers 12, 14. [0058] The notch 24 can further have a

and <t 1 8T SRCRRh A4 SEHT5r bk TSP o ern D ab PRt bR e Bl Bpace for the

mat er i alrelatiorShiFRG B3hioknedatdeidtndfhe sliplleg @fenibbs 12| (4 TE: Wit bOwtdh@4o duri ng
the plastic - 13 Attorney Docket No.: 100873-11 deformatign that occurs
n

during &hoyd besuehthabthe webs 9 meieairhtaPsx BIHS6H7 7FEHE In e rangswih 2brut 8087 Inchpe
notch 24, b%16 Hiea WAL 1 Bl depth! HBERI248hould B&in the rands oBLIN30 PerbddeR) 6c#B- 4C, the
notch 24 has opposed first and second walls 24a,” 24b connected by opposed
t hi rd ampdrcEmwof the dagthrics btteen agek surfaces 22¢ and 22d, with an exemplary range of about 30
percent to 40 percent of the distance between surfaces 22¢ and 22d. The length of notch 24
should be in the range of about 1 times to 2 times the thickness of the clip leg members 12, 14,
with an exemplary length in the range of about 1.1 times to 1.4 times the thickness of the clip leg
members 12, 14. In the case of larger, wider clips, optimum results might require the use of two
or more notches in order to maintain the webs of material at surface 22d in the range of about

0.005 inch to 0.010 inch. Other aspects of multiple notches would be expected to follow the

guidelines listed above.

[0060] The outer face 22¢ of the apex 22 can also have a variety of configurations in order to
assist with ligation. In an exemplary embodiment, the outer face of the apex 22¢ has two
opposed beveled surfaces that meet in a rounded tip. The outer face 22¢ of the apex 22 is not
sharply formed, but rather has a fabrication-induced radius, thereby allowing for a more secure

ligation.

[0061] The clip 10 disclosed herein can be made from a variety of surgically-appropriate

materials including metals and polymers. Moreover, the material can be a bioabsorbable
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with a base portion 24e extendi ng therebetween. Wile the walls 24a, 24b,

24c, 24d can have a variety of configurations, in an exenplary enbodi nent
the wal | s 24a, 24b, 24c, 24d are formed at an acute angle relative to the
i nner 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 wll
appreciate that the walls 24a, 24b, 24c, 24d, 24e cARCTREReckst Ve FU8E-Uny

shape that provides an area into vvhi ch deforned ti ssue can flow. As shown,

the wal ln%atéirp rz?relo b% B%fébﬁ(zma%n I, I eem dhmerﬁdfhe 0?4?0%zrmeb Q@eoetqi or

slightly ot dut & &bt eh” can nave’ ava ety o MEi%es and
dept hs, malprmdmatloydmmg Deethtivaly hﬂ@i aheadedsdatp yletd stti‘bﬁgfﬂ'lhlnd lknelasvedynbighv dt h

of the clip nmenbers 12, 14. The w dt h.of hthat
the websSUa hﬁﬁ‘%@ﬁngé‘?te at CQ‘BB%SQHF‘? %Bﬁ%tmﬂg@até?‘bdlpﬁ gH‘éa%%’ W@@ﬁdf‘&b\%otﬁ?ta 905

inch tQifhiGhGudimelt stdefior alle\R tH@Rh B?/fwag/Qis %nmnﬁ dlathphe thetliph® chasge of

about 30 percent to 60 percent of the t ance ween apex surfaces 22c
and 22d mwetfwnawr@n@npllapyrertaﬁg@n@f A§EbbgTaQ@CPbém@m tlys notepeh adsr of the

di st ance b %r\{\a‘da %/I?ths'tl) e?;?gﬁal%fa(fer%ﬁ]sf Jsza%?e to-l_)g%%r%l] d néld to%%?%a@er%?ten??ﬁ%uq be in

t he range the ness o menber s
12, 14, cawlﬁg"lemtassmegﬂpd artle foemgdbilp rO.the range of about 1.1 tines to 1.4
times the thickness of the clip leg nenbers 12, 14 In the case of larger,

wi der cl timumresults h or nor e, not ches
' of der00E) Ao R il il b B ARt Sune o8 e ket PR of

about  Qd@&broithcdliptRatlridl 1@ mialiedin tt@tfbﬁnﬁabﬂapeﬁms chp 10uld ifdxempirghes woul d be
expected to follow the uidelines |jsted above. [0060] The outer face 22c

of the &FbrdoEngexygensan fginsomporaisd \éltﬂvn e diprinate apithffﬁ@t?rﬁtlteﬂl glment§ canyssj st
with Ti gﬁélh@hltrgﬁga&r@aﬁem Ry BHRGP 10R9h als&g 1(91'alfl§f>e taf& Pin hipe apex 22c

has two oppose evel ed surtfaces that neet a rounded tip. The outer face
22c of tangmapeal22 antsbieiat matstialriploydef MIMaseblm effeatinaesshefsheclip against a
fabricati ony - ndmﬂ)n radl us ther@lbée allowing for a nore secure ligation.

[0061] i c,rf”i‘%? &0 350E HEFUOE™an be nade froma variety of

surgically-appropriate materials including netals and pol yners. Moreover,
t he mat 40063 FiGS. 3re5h s&jueatidyriladitae selbdteAisteps ofslipbaskiat, fdi@xample 08T gxtd d

vessel. As shown in FIG. SA, an open clip 10 is presented, and it can be placed around a desired
vessel. A closing force is then applied to the outer surface 12¢, 14¢ of the leg members 12, 14
by, for example, the force-applying jaws 100 of a clip applier. As clip closure begins, as shown
in FIG. 5B, the knee portion 20 and the apex 22 are deformed such that the distal ends 12b, 14b
of the leg members 12, 14 are moved inward towards one another. In the position shown in FIG.
5B, the clip features at the knees 20 have become predominately parallel to each other and to the

clip applying jaws 100, helping to stabilize the clip 10 in the jaws 100 of the applier.

[0064] As the application of closing force to the clip 10 continues and the distal ends 12b, 14b of
the leg members 12, 14 move closer to one another, the raised area 26 begins to share the clip
radial closure forces with the knee portion 20. As a result of this reduction in pressure, the knee
20 is deformed to a lesser 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 crimping, the raised area 26a, 26b takes some load off of the knee portion 20,
thereby reducing the amount of plastic deformation of the knee portion 20. The raised area 26

thus allows the knee portion 20 to have increased elasticity, such that, for example, the knee
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material or a non- bioabsorbable material. In one enbodinent, the clip 10
can be nmade of a netal or a netal alloy having a relatively high anneal ed
state yield strength and a relatively high strain hardening rate, in
conparison to existing ligation clips. Suitable netals include tantalum
titanium stainless steel, or alloys thereof. By way of non-limtin
exanple, the clip 10 can be made fromcommercially ﬁ@ﬁ@wﬂpﬂﬁhﬂﬁhﬂwgnASTM
grade CP 1 titanium This material, when conpared with conventi onal
materials, is able to be strain hardened.to a greater extent w.tho

Caus ng ration20tas Selnin Y RBIY sPbaTERE oot bRt meraGIE e e’ Sl
anount  @fip i1 0t Bhistd pdr@dullyesi®Bit8geotsimhthasvHRK Y pphér iR dmi®@e Tront @B che 10 agdded
tothe clip material to maintain the formability of the clip 10. In an

exenpl ashowripfde perthe raised gesa 26aHone thedempabers dé i toreain feeetier fomdher i al .

O her i -t i I : ; i 1 rhe
ol i'p 10 Bl A oGhEMER) Endialh, LBThHAR, kP REn R A FME R P O
mat eri all0in order to increase the effectiveness of the clip against a broad
range of infectious agents or pathogens. [0063] FIGS. 5A-5E sequentially
illustr ected steps.of. .clip.cl for. exanple to li vessel
as. Show T ErEs el RRSid oo e wely BN b AR B B s
around @esiksit fetiuck-BHB”Y,” a foraditis iIRGVHIAT the distal tifest tApRk inttntets 1) @4 ofther
surface 12¢, 14c of the Je nmbers 12, 14 by, for exanple, the

f or ce- apP P Hgdjtaseparaialtr the clesing s Bmovad SamePrey BEUy @%%aﬁ,t%dstos hown
in FI G ja8will e Mo PREHhA RIS BNGHiIR ﬁhe%?@)&(. Bt @l AR eebnB G Entlona¢ the
distal ends 12b, 14b of the leg menbers 12, 14 are noved inward towards one
anot her beligved heeoypossims the tenHenay t¢ Auakbd becBBe therppex P2 s dbdatioprianp tata grénterknees
20 have bec redom nat.el aral lel .t ac, t her. .and. th 1]

2ppl y1 ng e B RERRHE Py FrrkBite WM R e et or (e
appl i er bef{wdebdle apex 2hendhp kheaidrish 20f emables ayOspliageek hotht k@eepdrorl 20 woNt i nues
and the distal ends 12b, 14b_of the |eg nenbers 12, 14 nove closer to one
anot her diregfdhe drialedar e 128 oggﬁil?%mF‘BL%rgé:f:’el_“ttﬁ%arélelaﬁ’_ OtPeaIpliAaﬂ ad@l”&’é‘ﬁ{ e forces
W th t h%d{ﬁdﬁ@%e BPIHe 1288 elBentidhed@ chRsdidristid oftthd i RIUChAQRsidYs BbIRISBE €, the
knee 20 is defornmed to a | esser extent, as shown in FIG 5C. FIG 5D

i 11 ust r gepsgred atanydeeation wathirf the clig 19,pndudinginear theiappx 2her rdap dierdistdlendel 2% | |
applied | i h Ay ' 100.. At .t final stages of
crinpi ngl?‘g'? iutteﬂgrle% IJIs]ét-z%l‘l}easr gyai I%B%,dcé lgﬁ))e{% gflg%atg)gzyol iLr%’e%peldb'z%‘dc’ aoéfggmofl SF%(%O éﬁ%e portion
20, t heembyly ligdecéssds hdhvengaroativty of siggk.asti ¢ def ornmati on of the knee portion
20. The raised area 26

[0066] One skilled in the art will appreciate further features and advantages of the invention
based on the above-described embodiments. Accordingly, the invention is not to be limited by
what has been particularly shown and described, except as indicated by the appended claims. All
publications and references cited herein are expressly incorporated herein by reference in their

entirety.

[0067] What is claimed is:
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thus allows the knee portion 20 to have increased elasticity, such that, for
exanpl e, the knee - 15 Attorney Docket No.: 100873-11 portion 20 can bend
inward slightly when formng | oads are rel eased, preloading the tips of the
clip 10. This is particularly advantageous in that when the applier is
removed fromthe clip 10 as shown in FIG 5E, the raised area 26 all ows the
| eg menbers 12, 14 to remain together fromthe kneeApyrtyRagkepo.t 00811

di stal ends 12b, 14b thereof, thereby | essening the duck-billing of the clip
10. [OOQ§%N§§$ advant age provided by the clip 10 of the present invention is
that it ‘to be nore resistant to "duck-billing," a condition in which
the distal tips of the |eg nenbers 12, 14 of the <clip 10 tend to separate
after the Closhmgcﬂ@hpexhﬁnkegoved Sone previously known clips tend to
duckbill as a result of reS|d elasticity within the agex. The clip 10 of

the present iaP¢ERf PBRPSFES firshap @9@&1 leg mstRbRTS auing REOX TR A dYstal gn V&uﬂb?n

because ihaep &H@ﬁ(fo%%edi ﬁqe?é?)leﬁveteﬁ thé ﬁﬁpaﬂd%e@orﬂlrlgéﬁl%ﬁmbe@fﬁ% iMelidddSinf NI M ze
the effect o any sPrlng ack. At the sane tine, increased elasticit
<

bet ween suifecedpeing2pleagigne h@sukmpmg etemsnt foomethdibtees apthgn epel yglbechevans at he
knee porl%ds?@neﬁrgls{; aree%xi?ﬁ lalég(?he%o%tﬁl ends 12b, 14b of the |l eg nenbers 12,

14 toward eac I'tional”  advantage of the above-nentioned
char act eri st iagaap®f havirg dplpbsmdbﬁds jomitigtht ptaxfsalendsofaaldefiktandesecandpégir ed at

any Iocatlon wi.thin 10, {ncludin ear the a near the
di stal engRoeISHhe api’&g’rg“f“ sl dinggt leashoaF 20 forigd onan FF‘F%‘S%“@WO ctively
Iigated As a result, a surgeon can securely ligate vessels havi ng a
vari ety of sizes. [0066] One skilled in the art will appreciate further

f eat ur e?-and Tadehpphelaisn bfwherein thevisaed-graspingeederd of thedirstdes menberds Rbed

embodli ”‘%Qﬁﬁmfi nft%gln%ﬂ d@geegr’éé’p‘?@éeg%ﬂeﬁt%fE}t%tseéo%l?g grgg%’qu?cﬁ%lt%ﬂél has

been par 85I ndf e appended
cl ai ms, ghbdve. publlcatlons and references C|ted herein are expressly
incorporated herein by reference in their entirety. [0067] What is clained
is: Attorney Docket No.: 100873-11 CLAI Ms:

3. The clip of claim 2, wherein the tongue and the groove are complementary and are

disposed opposite to each other.

4. The clip of claim 2, wherein the tongue and groove extend along the entire length of the

inner surface of each leg member.

5. The clip of claim 2, wherein the tongue has a height in the range of about 0.0015 inch to
about 0.007 inch.

6. The clip of claim 2, wherein the tissue-grasping element of the first and second leg
members further includes at least one channel oriented at an angle with respect to the inner

surfaces of the first and second leg members.

7. The clip of claim 6, wherein the channel is oriented at an angle of about 45 degrees with

respect to a longitudinal axis of the first and second leg members.

-17-



1. A surgical clip, conprising: a pair of opposed first and second |eg
menbers havi ng proximal and distal ends with a knee portion forned

t her ebetween, the first and second | eg nenbers further including an inner
surface having at | east one tissue-grasping el enent formed thereon and an
outer surface having at |east one raised area on a portion thereof: and an
apex havi ng opposed ends joining the proximal ends oft¥apPorke ¥e: 1§73 dcond
|l eg nmenbers, the apex further including at | east one notch formed on an
inner syrface.therepf.. 2. The.clip of claiml, wherein the tjssue-qr. i ng
el erent tbr t HECF TP 8 CIpah ! iR Hetholeh qTARARES BT TOPogUET LAk ifamiany

ti ssue- grapefidag el enent of the second |eg nmenmber is a longitudinal groove.
3. The clip of claim2, wherein the tongue and the groove are conpl enentary
and are disposed opposite to each other. 4. The clip of claim?2, wherein

the tongue andegfiPerQaitki SNkrah 0N ILHReRBE Ha8 2 WaMA 1S HlantBEut d. (¥ GEN SUT f ace
of each leg nenber. 5. The clip of claim?2, wherein the tongue has a hei ght

in the range of about 0.0015 inch to about 0.007 inch. 6. The clip of claim
2, wheregi,n t ti. -.qr i | en f. fi n e I nmenber s
Further el daesiEBr e Plebd HekBithe £ ik skl Hea P3SN $ls pect to
the inner surfaces of the first and second | eg nenbers. 7. The clip of

claim 6, wherein the channel i.s oriented at an angle of about 45 degrees
with r elépectT%f« glinof Jag [ et Sedires fie reil A5pose areiBaiig YR renber s.

17 AL QRYrPRAY B8 et 08 agkl did ENGChbBoRbe ELoAIAD hemblior oi n the not ch

of the apex has a cross-section that is substantially rapezoidal. 9. The
clip of claiml1, wherein each | eg nenber has a width | ess than about 0.05

i nch. : N f. ' wher ej he ¢l i ' h
ar cai er 'ehan 66k CogeiE] ¥y oSG ek R alelahe iR ookl 8 L EBOR ey
IS a padodbap09ens pichxi mal to a point

13. A device for ligating tissue, comprising:

a first leg member having proximal and distal ends, with a knee portion formed
therebetween;

a second leg member having proximal and distal ends, with a knee portion formed
therebetween; and

an apex that joins the proximal ends of the first and second leg members, such that the
first leg member and the second leg member are opposed to one another, the apex further

including at least one notch formed in an inner surface thereof.

14.  The device of claim 13, wherein each of the first and second leg member further include

an inner surface having at least one tissue-grasping element formed thereon.
15.  The device of claim 14, wherein the tissue-grasping element of the first leg member is a

longitudinal tongue and the tissue-grasping element of the second leg member is a longitudinal

groove.
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approxi mately m dway between the apex and the knee portion of each |eg
menber. 12. The clip of claim1l, wherein the raised area has a height in the
range of about 0.0005 inch to about 0.0025 inch. 13. A device for ligating
tissue, conprising: a first |eg nenber having proxinmal and distal ends, with
a knee portion formed therebetween; a second |eg nenber having proxi nal and
distal ends, with a knee portion formed therebetmeeﬁ?m%ﬂﬂmgﬁ‘gﬁé%m?ﬁdﬂ
joins the proximal ends of the first and second | eg nmenbers, such that the
first |l eg nenber, and the second | eg nenber are opposed to, one another, the
hpex 1 uribhor TE AEV RGBSR O (RBLGATdrEs BORTS He G ISR DAt

t her eof .gishfsed UpBost@eh&fotRér. Cl ai m 13, wherein each of the first and second

| eg menber further include an inner surface having at | east one

ti ssue-grasping el enent formed thereon. 15. The device of claim 14, wherein

the tissye-grasaLAG & SR, %ertel?ﬁhé liEs%E-#Jra%ﬁing‘éfé'ﬂ%ﬁt £5hé&firsk %@geam 188!
tongue and the tissue-grasping el enent of the“second |eg nenber Is a

| ongi t udhematiers fyrtbeniacluditstableaswnbolrdoat]! d¥ented 200BAGleIWitH Gspebhe tewinee of cl ai m
15, wherein thg tg&gye nd the groove are conplenentary and are di sposed
opposi t SUH&ER LRI MMPSFhe device of claim 14, wherein the tissue-grasping
el ement of the first and second |leg nenbers further includes at |east one
channel oriented at an angle with respect to the_inner surfaces of each |eg
nenber. 188. The dende efeclaim 18 Airthen meludpgraaised aieq disrased an papatesuaescldi sposed

on an o I & Sit : iJral to
i s R e R oy L Ll
| eg nmentapex artidhe knespogionaif eedh lpg meopr. i si ng: a substantially U shaped nenber
havi ng an apex joining first and second | eg nenbers, the apex further
including at | east one notch forned therein, and a knee portion forned

bet ween 19. A surgical clip, comprising:

a substantially U-shaped member having an apex joining first and second leg members,
the apex further including at least one notch formed therein, and a knee portion formed between
a proximal and distal end thereof,

each leg member further having a width less than about 0.05 inches, and a yield strength
greater than about 28 ksi.

20.  The clip of claim 19, wherein each leg member further includes at least one tissue-

grasping element formed on an inner surface thereof.

21.  The clip of claim 19, further including a raised area disposed on an outer surface of each
of the first and second leg members proximal to a point between the apex and the knee portion of

each leg member.

22. A device for ligating tissue, comprising:

first and second opposed leg members having proximal and distal ends, and further
including inner and outer surfaces, the outer surfaces having at least one raised area on a portion
thereof;

a knee portion formed between the proximal and distal ends of each of the leg members;

and
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a proximal and distal end thereof, each | eg nenber further having a wdth

| ess than about 0.05 inches, and a yield strength greater than about 28
ksi. 20. The clip of claim19, wherein each | eg nenber further includes at

| east one tissue- grasping elenment fornmed on an inner surface thereof. 21.
The clip of claim19, further including a raised area di sposed on an outer
surface of each of the first and second | eg menber sABP@%; Pasket No: 40085%-He

bet ween the apex and the knee portion of each |eg nenber. 22. A device for
ligating tissue, conprising:, fi.rst and,second oppos | e nber s . havi ng

bt oxi i and APl BT POSA L P @R i ARG B SHiEs oSs T REGaR aces,
the outer surfaces having at | east one raised area on a portion thereof; a
knee portion formed between the proximal and distal ends of each of the |eg

1

menber s;2%and Thedeyice of flein Boovbsteinge raisadgecads loratsd apprexintsly ARe-BEOsEY ends
that j 0'%}{&%&5%& ér%k B0 HR 1QEe blBoRRRRSEY thedhelENMDErs. 23. The device of

claim 22, ereint raised area i s | ocated approximately one-third of the
way between the apex and the knee portion, closer to the apex. 24. The

devi | al,m 22, ei . aj, sed h . hei [ f
about 0,05 T TLAERCE B O Gobs MR s ges i 05 el ndRG ko b pb e

conpri siipéh @t0.002asichone ti ssue grasping feature formed on the inner surface
of the opposed | eg nenbers. 26. The device of claim25, wherein the
ti ssue-grasping el enents include a |ongitudinal tongue forned on the first

| eg menbgy  angeQel000f Lisit f?;'fuz‘ﬂ{e?QMrﬁ?ﬁs@ﬁg@%a%rkhﬁs&%%ﬂng' festure TEAR&Ion t he

tongue and groove adapted to be conplenmentary to one another. 27. The device
of cl ai nth@nnensyelred of thheprmpedkleg membdess at | east one notch forned on an inner
surface thereof.

26.  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.

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

surface thereof.

28. 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
elasticity, wherein upon release of the closing force the distal ends of the clip remain in contact

with one another.

29. A method for ligating tissue, comprising:
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;
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28. Aligation clip, conprising: a pair of opposed |egs joined together at a
proxi mal end by an apex, the opposed |egs each 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 between the apex and the knee portions; the raised
area being effective to share with the knee portions a | oad applied by a
closing force such that the knee portions are subj eattergexRockes &g 3P0§5¢11c
deformation and retain sone elasticity, wherein upon release of the closing

force the distal ends of the clip remain in contact wth on another 29. A
met hod for | i2gB¥ingg o ‘?Sé%f@fceé%ﬁifg‘ Ieg MEmoEsHeh drng apagally ciestd PYSiiBsed | eg
j oi ned t1QQEbAEbNSIS dactPle@ Xl eier SR AuBYar@All dﬂ@zﬁ%ﬂel td\6ne MBRRE RHlen BYYiRAKINY a
distal end and a knee portion di sposed stal of the apex and a raised area
f or med dﬁeaﬁ”G&U@n$QUﬁﬁat@ﬁ@ﬂt@abhn¢@@ﬁhﬁnb@r bet ween the apex and the knee
portion; -20 I r to each
| eg nmenber suf%’ﬂfggte% aﬁgglkt%éa?l Jer %@eecé’jpﬁggﬂ}%{ {Bg{ %Se% ﬁ‘i(’@as 3 o(r%tkl(}lg%s of
each | egpomiorisgharan daoa:dmlpphmiiy thé bly)smglfeibé @ich tlat dr&nanpdrhiens ambembjédmi tdilas al
ends of eac 4 me gr are in contact with one another; and continuing to
appl y t Hdasiegsio Hgatf%‘raé‘ TERInSAREE[ASUCiVch that the raised areas and the knee
portions sharghemeih 9?&1 RRAL &Qh@éﬂo@d@f&é&ﬁé B8tal S R HeiptrBidhin M GorltAte Kith
portions are subjected to less plastic deformation and retain sone
elastlcuvyanWh@Teln upon rel ease of the closing force the distal ends of the
clip remain in contact wwth one another.
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