SURG CAL CLIP FI ELD OF THE | NVENTI ON [ 0001] The present invention
relates to surgical instrunents, and in particular to surgical clips
and net hods used for ligating vessels, other ducts, and the liKke.
BACKGROUND OF THE | NVENTI ON [ 0002] During many surgical procedures,
the surgeon will have to close or ligate various bl ood vessels and
ot her ducts before severing themin order to prevent excessive

bl eedi ng, 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 connected at their proxinﬁpR@Ha%LEBHht the vessel, and urge
or squeeze the legs together to close the vessel. [0003] One drawback

associ at gD OF FEBRICEMTEN clips used for ligating vessels is that
the legs of the clip nmay tend to separate to sone extent follow ng

rel ease f clip appli.er. Thiis phenonenon is called duck-bil]ing.
bacie b 1 (DG B preBalRbenin joaidhes rBREH et aaf Brood cylL Brimical 41 g?
| eadi ng taAd AXEEESIsYETPR|igAMg vas sl dicsyaiaresiear y damage to the
vessel . Further, sone known ligation clips are often difficult to

prel oad int b& g@ ¥% e of resistance between the tissue

disposedfggﬁﬂg%ﬁ ﬁ@gfi %g ?ﬁﬁﬁﬁgripping features on the clip |egs.
{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 complications 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 legs

connected at their proximal ends about the vessel, and urge or squeeze the legs together to close

the vessel.

[0003] One drawback associated with some current elips 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 Jigating 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 thercbetween. 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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[ 0004] Accordingly, there remains a need for an inproved surgical

i nstrunment and nmethod, and in particular for surgical clips used for
| i gati ng bl ood vessels, other ducts, and the |ike. SUMVARY OF THE

| NVENTI ON [ 0005] The present invention provides various nethods 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 | eg nenbers mﬁth a knee portion fornmed
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00087 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



[ 0008] In another aspect, a device for ligating tissue is disclosed
having first and second | eg nenbers, with a knee portion forned

t herebet ween. An apex can join the proximal ends of the first and
second | eg nmenbers, such that the first | eg nmenber and the second |eg
menber are opposed from one another. Wile the apex can have a
variety of configurations, in one exenplary enbodi nent, the apex
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{0011] In another aspect, a ligation clip is provided having pair of opposed legs joined together

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



di sposed 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 sone elasticity, wherein upon rel ease of the
closing force the distal ends of the clip remain in contact with one
another. [0012] A nethod for Iigating vessel s is al so provided where

a cl OS' Nis E&?ls Elsot?ﬁ%pa E)Fq 2 %&Qrell?og E'c?on S ?lf'(s:lli}‘ atc alt'eaicﬂ-'lc between the
d tPon “The o eg ne

partially 05 nee Trons eac er are
subst ant hgexlayd markaéel é1he rajsedarea amxﬁtebtere tm}simra wiktethe ksde portiends load agdiedhby

| eg menb are cgntact with ane ano force is
cont i nuch cegnpEksfit AT e Bl st odi i uCe S fon e ian
por ti onssahadiBtiaity, aacteppbn REaloTHRIGIRIbOGhE Aiseeerild ONthe BAY réhfat iknee
portions are subpjected to |l ess plastic deformation and retain sone
elast|C|f?“m%H5?8Wﬁmﬂ 6h rel ease of the closing force the distal ends
of the clip remain in contact with one another. BRI EF DESCRI PTI ON COF
THE DRAWOYGH A @Q&ﬁ]ﬁ f&h@aﬂm’g\/»eﬁﬁeis@snalw prbvidal Wik diw.dgﬁous dedppli@ad edohaep

the foll ow il.ed des r| tion . taken in cqn ction with the
acconpan?\eﬁ'ggrch‘i\/\‘nﬂﬁd%ap‘i"Hai\Mﬁl Rd P?S&wﬁ'j qTﬂF‘U’OVEO s aacbi%srﬁ%“ewe@ vi ew
of one eshodhd®@Phaahle! @ Siergbmad witthitiR dlits h@SEdadhEBhéhnbdr AR IR LorfrdcBvitRA

is a side perspective view of a clip according to another enbodi nent
of the i A¥etiPignh Athodeyingdose lwnil@eat%‘vab@rtg pectipahe vpisedharggs aad the
portion RfeelBRiofl shidla 1I6RAGpRliedby!RGcITTTEIE ce Rlch il tHelkh& Rhidnk Ge séBlected

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;
[0014] FIG. | 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

fnvention:

[0G16] F1G. 2B is a side perspective view of a portion of the distal end of a leg member of the
clip of F1G. 2A;

(0017 FI1G. 2C is a plan view of the clip of FI1G. 2A;

[0018] FIG. 2D is a sectional view of the clip of FIG. 2C along the lines 2D-2D;
[0019] FIG. 2L 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] F1G. 4A is a perspective view of a clip according to the invention;



[0017] FIG 2Cis a plan view of the clip of FIG 2A; [0018] FIG 2D
Is a sectional viewof the clip of FIG 2C along the |ines 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; [0022] FIG 4B is a top plan view of an
I nner portion of the apex of the clip of FIG 4A; [0023] FIG 4Cis a

si de per thiie Lip of
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according to the invention in an open position; [0025] FIG SB IS a
si de perEoﬁé%ltﬁlﬁe‘t({/iw@ffpetsn%ctw? Vigwof arFngsr pemion of the Rpexsaf therckip of BIG. 4A;
partial closure; [0026] FIG 5C is a side perspective view of the

clip of [dotu; AA. bR 1@&n§ﬂ1@§s@de¥ers§éﬁ9§he%%ﬂc}@ﬂ &%&HQF id ﬁl@%ﬂmtﬁnqﬁq a@@ehs
a side perst%ﬁctlve view of the clip of FIG 5A fully closed; and
posi

[0025] FIG. 5B is a side perspective view of the ¢lip 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. 5E is a side perspective view of the clip of FIG. 5A following release by a clip
applier.

DETAILED DESCRIPTION OF THE INVENTION

[0029] Certain exemplary embodiments will now be described to provide an overal|
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,



[0028] FIG 5E is a side perspective view of the clip of FIG 5A
followi ng release by a clip applier. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON [ 0029] Certain exenplary enbodi nents will now be descri bed
to provide an overall understanding of the principles of the
structure, function, manufacture, and use of the devices and net hods
di scl osed herein. One or nore exanples of these enbodi nents are
illustrated in the acconpanyi ng drawi ngs. Those skilled in the art
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possi bl eitagarti@lldr application. [n an exemplary embodlment, 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 mmto 8.5 mm. In
its open configuration, the clip 10 can have a width ¥ 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. Moreover, 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.



[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
exenpl ary enbodinent, the clip 10 is substantially U shaped. That is,
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di mensi on he ntion i furt her
desi gned” zgor[agglt:gpés sdie lfuct)grtfrngt Pna't?/dg ?ngu ofecéan i} Eap‘“%'g%‘o% etely
encased bmna@em Ahmoluaghcwmvbrerlﬁ |dgZmerdbbrof2, thare sitispnidly rdddngulas Thene

by urging.the. 2, he clip 10.to her ally
o th T o B SRR B Re st B e BuidsnapinetS e Bhas
Ref er r i ngremevbehdinfte@Stan@Aoldgivim@ipted Packnba@speopposed first and
second | eg nenbers 12, 14 each having prOX|naI and di stal ends 12a,

1l4a, 12b he oxi pal. , and  di,st al

opposed TS e SRS B us PGBy Sk uEeD os iR o ding ieinr ereon 0
coNnpr essaeRt wllcht pdiign 904 f/&@eﬂ%r dute., Fok/éﬁa.ﬁma&heaﬁ@r e C1 L d4bYf each le
superior _and inferior des 2e,. lde, 12f. One skilled in t%e
rE Wi 1 mEBBTa: a5 e e R P i the QU RGAI oy of ath eg

Cr 0ss- sefkmbérabk, shapechidah kadd ;szm)ntz*cam%ma@z&ﬂaatdnyedlaédq}e@@e &bebonally,
engage tissue, such as a vggsel Exenpl ary cross-sectional shapes

i ncl ude, OBUY TFGETARES Maybe Samedon wﬁpatﬁwrfarrﬂ%éfaweﬂi -ar,
trapezoi dal, and pentagonal. As shown, however, the | eg menber s 12,

14 are s LUOS‘!]atKEI shawh jh FIGST 20Q0€| e tissﬁh-@raspib@élaﬁéﬂtﬁfol'n%d @Ghangdkafacd B3,
t hat includes a

shape is | ieyed to prayide an timzed desi n

gr eat er b@ﬁd F%ﬁF?e@F'E dridel hap ‘%?L@FP%‘ PEMALY log %@aawn@wéﬁaﬁe&gr&spmg
[ 0036] Themkifd THRIFARLS tiﬁme-éﬁsp‘ﬁ%lé‘ﬁe‘ﬁ% ﬂaawecaa hmrahﬁwnﬂghrat.@mhwem%ws
formed therein or thereon to assist wt %atlon of a vessel or

duct. Foreiapiiictvely hrldanpise! o5 dwtaéf\eonzz@qu;memf e BEMAY digsugesdseing 12,
14 can i pehuAEh iR w0lA Bh@tgnﬁeqw&{n%d oftftd n]in'afesuwdg@ﬂdsolf'iﬁeas&%n&?e%



[0037] As shown in FIGS. 2A-2E, the tissue-grasping el enents forned
on an inner surface 12d, | 4d of each | eg nmenber 12, 14 can incl ude
both primary 16, 17 and secondary 18 tissue-grasping el enents. 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 elenents can include at |east
one tongue 17 forned on the inner surface 14d of the second |eg
menber 14 a | east . one 16, formed on the inner surface 12d
The 1 ety e 08 S @ a Tt Byded 6 B e ongher 129 o BRgber 15
cont i nuos¢ groa\leqlﬁgmﬁ fgiidITedan Skied BéRtituodsly al ggjtheﬂnn@ﬂ&xﬁ’fa&@@dl|B18bﬂ?'éacja2
14. Alternati e the inner surface 12d, can i nclude nul ti

groove 1688 be Aberadyren §“’F’5rrﬁ’1"éfEFet'ﬁ€vrlélfjﬁa“ Pelodenuiiipe 2&066\9%3@6
and tongug l;eﬁmgné}@gf&)gﬁgmqerh,a a varl ety of locations on each of the
first and second | eg menbers 12, I n one enbodi nent, the groove 16

and tong can ext nd, | ongi udlnally al ong.the entlre | engt h or
al ong at Yq%éél Hhegronye 811 GrEwHg %Pfgfpﬁnf&fm@H@!ﬁtbh#é?cagmsr%@ceécm@”dhe firalg

of each n@PRESUIAENRGTEIDE! Inbhe ehfodifb: Etﬁ@g?fbb%qlsxénd Hﬂgu@rﬁéﬁx%xt&@
and tongue 17 can extend fromthe distal end each | eg
nmenber 1@ngitudinally plgag thg ertira length@rplopgatdgrae @ztloncswf ﬂ“ferlml’t ¢fahadingerghrfasad
12b, 14bﬁ1$@mé §Lo hémbet42,419, I i

20. Moreover, & Fﬁg%;g?m 6g'é%"cli eq.g%lg]ﬁe ﬁ%ggdr?gte@lteg}% X @arg:{'tﬁygl.?qlﬂ:é

t he apex e?ﬂ@ldtfmnathpdelai ¢roinl 2bulthb ofieachdde menken &2, Hﬁ@ejug@malmxme affe®@39)r
By way o L, is| y

groove 1 oﬂﬁﬂnl&?kﬁ&l %ﬁgﬁ gkgﬁf%lghg g&?&§ @ﬁ?ﬁﬁ@ ?ﬂ %%ee
portion XMyremmet, thegrmvmtfeaqdumgudﬂ%taml exteod tilswllnHom lhe2pet 22 tohqaoamew JUB2.
Al ternati , ustrates a |l ongitudinal groove 16 and a

| ongi tudldﬁtgi %tﬂgnknﬁ%pof@ nt#}dat extend fromthe distal end 12b, 14b of
each | eg nmenber 12 14 to a position just distal to the knee portion
20. A se{9a@] EB)owgi QfUMhmaiitizmemomele,llﬁG aiibhstraesgi longitirdiad! grarvgUe addra

conbi nat n f.qar stal to the_ kne artion 20
extendlng)(B ltudnadls Hqﬁﬁ??ﬂ cﬁLg&g%% kWEPEBWBPgaﬁfﬁﬁnﬁﬂFrfiﬁ%??&ﬁﬁs a
| ongi t udhatel 24gin mimeﬂﬁz.amnhr@aulvd@g“lt}um itakstrdrengoezithdinkinpgdovan @ ahda med

along the entire inn surfac 14 of ch f e first

Second 1 ByEnbERES T i ex R s ol s B [ o8 sreh o e B ane
shown i npdsiten Jlékﬁd'&t@ftmtﬁmneépdrﬂor{m A6k laﬂgloﬁmaﬂgeooaeea ahd lordfudihdi|
be di scussed i_n nore deta elom1 [ 0040]. The tongue 17 and groove 16

can be di°8p¥s'ddoup! %IOP&IE@ GB'ﬁiS'IJéﬁ‘réﬁEaéWh‘tlﬁwoﬁgﬂ%%Q geiending just distal to

Al t er nat ir¢@pek 22t MordRBYBRG. LA lﬂﬂﬁra&rs quih%ltl}cﬁn& @l%ovtheld 48 @tl@r%n@&mal tongue
different | ocations along:eac respective , n an

ol ar 17 ationBe A oTE: SoRnEe: I fate 436 hokadto heiabimgserenicar y
and di spRSRH.OPP93] tl'ﬁ%%%’veal%%i@ﬁ{nguéw&n%néﬂorﬁﬂs@n tPeice ther#Qna'te% it the

applied to a vessel tongue 1 urge e tissue of t
of bl oodnatelsHedf thappex thes will beedigs ssad mgnsproxdctapbﬂeﬂ groove 16. This
cooperation between the tongue 17 and the groove 16 inhibits

| ongi t udjoaad) BRGNS £5h r@dv@q atcarp& FdpolddGo 4 fode LOmpiehaithy &o bt dnbfer.
vessel, and it also effectivel
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
Jjuxtaposed 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



reduces the gap between the inner (tissue contacting) surfaces of
each respective | eg nmenber 12, 14. [0041]] One skilled in the art wll
appreci ate that the groove 16 can have a variety of shapes. In 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 showmn in FIG 2B, an exenplary enbodi nent
uses a groove 16 that is somewhat triangular, having opposed
sidewal | s 16a, 16b connected by a base portion 16c. The sidewalls
16a, 16bdusss B¥ 28p PRWeEdhenngr AHissutieontasting surficesofieashyespective lagteeriben &7,
surface 12d, 14d of the leg nenbers 12, 14. In one enbodi nent, the
sidewal | s 16a, 16b are oriented at an angle |ess than 120 degrees
relative to the iq Sr surface 12d, | 4d of the qu menbers 12, 14,
and mor el99f Br e G 4t theprt wHbangrecistedhat thergracye |6 edyeaea varietpefishaes.oln
the i nnegn &@mbRBLerRMimehtt theProdvB 86 &I mggtraléf itlghasg-fb thé Q)Q%?e] 170§ can be

skilled in the art will appreciate that the bBase portion 16c can have
a vari et yergspheoes irepiangeiet frangwary ranezgifd cor obleag. basshopaiin Fiéh 2B can be

pl anar o [ i . V. e
Pace por {1 op Toe RahBHTERL s st Bt BT R B i R R e SRS
Wi || apptteitesnpdeted by hdasgrpodios 166 Biesidedaltmel 6of | ttlicaresir@ned thairioas e
effectiv N ' lle..the grqove.1 an have .

dept hs 1 R IRpEe g SR SBhes TP T E R SRR Aokt TpEe Sodimen
pr ef er abthy sidewaltsH6a,ridh gre otiEntednah aklOBZEhAMNICH degred.rDBvel to €2 .indeR supfACe
exenpl ar ient, the ve ,16 can_have a depth of t 0.0025
i nch. Fuﬁ‘ﬁglr)“f) %‘%ﬁ%@%gﬂagﬁﬁaﬂ?& Mo RO fhel %Jﬁsgéha&faﬁﬁﬂesﬁeso. 004
inch to ROl thciineriifee PL&T1ed abthy lek mekibersnange of about 0. 006 inch
to 0.013 inch. Mreover, the width of the groove 16 can be uniform

t hr ougho I h of th roove r it can _decrease in the

pr oxi mal H)g?ilgf' ?tsgfl?lg%fnrtg%ﬁ '8ﬁl a%PPFCl&W té@?&ﬁ%ﬁ%ﬁ@“@?ﬂéﬁt’%ﬁf?a YHEY S oove
16 has acoafigdretions W steRamplO,Qldlaspaicki delcanlbd fladaher AightipMobhded! §Pan
appreci at e tEat th .ton%ue 17 ﬁs% al sQ have a %ﬁéjeay of

conf i gur 9¥TM8 Exeml—ﬁlﬁ’akﬁ’ﬁé‘f’, oyVfyeq AhecBasmparinn, ! og il theisendedhe t ongue 17 is
conpl ementary in shape and size to the groove 16. Thus, the tongue 17
can be hgoiypherskitlad in theat abgipbatiatetthdt SHagrdcRE 16 EHodRa2 Qi Bidlensifs that are

o et S RSN ST ROAIE Wererdone 16 2eSe ddhuhsn e DonE bFatdud ¥
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.



[ 0045] The tongue 17 can also vary in size, however in an exenpl ary
enbodi nent, the tongue 17 has a size that is conplenmentary to the
size of the groove 16, with a height and a wwdth no greater than, and
preferably slightly | ess than, the dinmensions of the groove 16. This
provi des room for the vessel tissue and mnimzes shearing action and
| ocal | y excessive pressures on the vessel tissue during clip form ng.
That is, the tongue 17 can have a height in the range of about 0.0015
inch to ? gg i nch, nore preferably in the range of about 0.0025 inch
Lo 0. 004 ThThe toniyR 7 IVAPYIn 8b SV REH 1 anenemplam gobodimenta the tenges E
hei ght Ohas&bﬁﬁét{ha@lsQ@%glehﬁﬁthy ta-hﬁ slz@'agﬂﬁ@gljogvé:?én ﬁh%ﬂe%ﬁyﬁdq WL 1 n

the range of about 0.004 inch . I'nch, nore pr rably 1 nthe
range fr 8iffiaBR aed UB%YaPWéHg‘ItB 19956)‘"@8, mﬁéwenW@(ﬁﬂergrooandiﬁ aTlsb)pnwmd ar
to the grRAMe: hé va&kQ Yeue bfifmi

wi dt h t hat deietr egses l| sr? ¢ ﬁcﬁmgﬁ}ﬁ%?sﬁs&%azmgqgt Jﬁ%?log?'ﬁg%‘f 955{1% Sum% i
exenpl ar yeseavberdp dering, clip rﬁ@nmtgn@het i3, Thdtasgua 1 narf teaven weighthn tt{e@&h@Sbf dbout

23?; ;'ngo'lﬁ)@lzighék{}ﬁ 8360? 'inzgc orggx%ﬁzébﬁ?mﬁuf rgeagne;o gli%%ﬂég%s lar\htgrgbr}@géncﬁk[n 14

can haveowmtexkeplsty earrbedmeoomﬂamgué i’samenﬂgeraal&lighﬂgfﬁb@tmﬁ Ifzh. TBe ©RQIN
in FIG 12;. . Y\hh netenbodl ‘5,5'? @gﬁf) i Ssue- graspi ng
el enent s' 18 4r8 "% r%‘& 'R thedanse ghd 0“5 e INERMYE PEERIFPLY Highe
first andmgeej(t@mdbdueg Oodimbiero9. M3, inchd MdrétererS BRI Idr kS e 8ra8ABPIHATe,
el enent Jﬁ8 can nal»,ﬁq%lflg)e formed on the inner surface | 2d, 14d of

only oneP§fongp! ‘iaf‘ fve B B prgidibrit decraages in she pepvdmalior disid i n
the art WidcliorRRER GteRiphary BabodifE @Rz Y HAELsi A widdd of the first
and second | eg menbers 12, 14 can have any nunmber of secondary

tissue- g‘r %%gl n% <ﬁ| enent s 18, In t he exenpl ary enbodi ment, the inner
surface 1004 Inpd WW&?"H‘F‘W@%EW%WBekeé't%tﬁd@zrlﬂ e gwaresugfpees hehddd of

el ement seatBof hORAYAndEe& a%‘gqm.%v !

have anye co?nf [ gur atnl on tnhat al gv\srs fﬁgé%ﬁ?ggega??ggp{%?‘?gegg@aysﬁ' %&\Agrg{g&mg
appl i cat Fenensd S.apehopiniip FQ@ 2Bo Vt/fh'@ iy ess@tbodimetite secagdasiidsane-graspigG.
213, exeqph r Lhe farm
o chanm e P LS P ARy s iy e
by base al# thesecondary dissvarzedspingelemgui8rcad dpriosaly-tiedoiried dnithe isteapeface
however n, & .0 Iar he first
wal | 16a 1o 7 Buf Pk BERE Bt and Sl BT, 0 T e et ke
12d, 14deppfecigmdimt Hegmmasm&tces 24, ldld oérhetﬁ]ndt amq/seeamm wenbers 12 1804 IRvé S
in the ran out ., 40 de rees t gre an nore preferably

t he anglaze}l ?‘gmg%r(?ufec'?%daﬁe%ﬁ;'e %rasf’ﬂ‘?ee Bﬂﬁ WRIP exesIplqr %WP%@W@&”G innér
or i ent edsuaficeand alcidthes anghiefolirakadnime tikeghepihpaienemsrd ace 12d, 14d of
each Ieg menber. The acute angle of the second wall 18b, which is
general | irst wall 18a, can be in
Phe - r angh05 T BEHe- bRt Sl raBls B Sy G reR ieugF T alows them

pr ef er abibrasp nssse ﬁbﬂiowtn g45plti&@cﬁﬁﬁ$he (a0 skihk heekl bndddneA asHowih FIG. 2B,
strai ght or arcuate,

appreci ate that E wal | s 18a ?,\,gﬁc can b?

but in t%’“B&%'@fﬁB‘f"g Vyé,«'Fﬁb‘Séf"%'Hﬂ 'H%“t ‘Trgmlté%. ormp Oéﬁhanie&haam PPPSEht | y
arcuat e first dhaedcbid @418 185,ASPchthectbdOIGEe Al $HOWhe kRanbliGCSe g@&zﬁ@,sa&he
secondar‘gotgéﬁggl%@gr asping elenents 18 extend across the w

the firgd ﬁk?“’Fiéﬁ cepeqlrﬁét?eémﬁgcutlm qtexamplaﬁ@n@bog@egt theaftgajmallziga

degr ees)is fghad ituf abiRe %gh&@ﬂh@&%ﬂ%ﬁhne@%‘dr%a@hcﬁ lﬂf?d Af%gch”@ grrnﬁerl?n art4-
In an exenpl ary enbodi ment, one segnent of secon

tissue- g‘?‘é@b‘?h’d’”@f)@ﬁ@h‘tth? gdesis Infharaage an!b@tnéO éﬁgieesm 9Q mreteamgmmo% or
groove IfGd Lk afnglré%t ab'o@l?’/eS gﬁé@{] The s c@ﬁ'&ngﬂ ?@oogﬂ?% wERRq %tlaél agyte

conti nues at he sane an e ot side o ton ue
groove lﬂg[eTﬂéIVse@ﬂmdmwsurﬁaeaslie Yidas paahgegehentent "§he1e&umraegle bfmhb adcbiyd

constr uc\Eraqldl quvhig\?ls%g&e?ﬂe sh:ﬁ%wer {he angle m}q\et\lrs{walp% can be m !a(raaqlgeagf

10



[ 0049] The | eg nenbers 12, 14 can have any nunber of secondary

ti ssue-grasping elenents 18 forned thereon. In the exenplary

enbodi nent, however each | eg nenber 12, 14 has three secondary

ti ssue-grasping elenents 18 fornmed thereon. One skilled in the art

wi || appreciate that the secondary tissue-grasping elenents 18 can be
uniformy or non-uniformy spaced apart fromone another. In an
exenpl ary enbodi nent, the secondary tissue-grasping elenents | 8 are

uniform%@@{)a d apar from one another at a distance in the range of
about 0 [FiEEgreeHiof 6‘865idﬁ%fFFS g s eferabhidt saborh dadsgrees. One skilled in

ti ssue- grRaAWIL afr&ROMhs: dSwsiRN shaes, l%E)éarﬁﬂezsﬁ‘a@ﬂt%r‘QRﬂﬁtg Hub Bl thd Skemplar
effective to engage and maintain contact with tissue. However, in an
exenpl ar §meodiraeit therealls | $ae | 8t d Snate slightly arsuae wriaciiiptegraspiegent s 18 are
sized in the range of about 0.008 inches to 0.012 inches w de by
about 0. 01 h&s id ] [
art wll e %r’éﬁﬁa‘?i’ tﬁgg tﬁ)@gﬁi fgggé&rre%agﬁgguezé Qs%ﬁ.%ee%ﬁtessllgfgﬁg %“lr“g}s E}{E
10, as sPY wiohthe figsandiseaqd legamemnbpees 12é4 atray aoglert. naabownd Salogrpesi) refatiye 10
tissue- gy asp C
el omont o° PRB e LA led Bembes B840 BEGR St SRS ERCRA Pomer gt
secondar ;econcbs/ueswa@m@gfemeems pedted orldhe siki8 of tha taugod hiesr go«:ermbl? af ;he
enbodlne nner fagce 12 14d o

T e S REmBOA ot By 30 end Y SRt e i e i e e FEHS"
t : ssuiogmascplgmléedr@mvd £37. ﬂh’e&esﬁnriwmk%:e-gwaﬂngbl@mbmgl?ir@@@ﬂal—l?mr@fﬁudtdm
clip i scusse al l ow a te tissue ligatio ut
t he needol} P SSERTF 8 sm B ]'?1 E é‘ergI 25 ‘H%H"g abREteatatien S‘f?ﬁnﬁtwgtthre%ﬁér
surface [bg(ihem];éid] 20fThiid) evhe the N TG Kersl2, 14ldoselaffiad h vt%%elso?gm théyqf)rm a

exanple, 1n FIG 3, the outer surface | 2c, 14c of each

12, 14 cHRcimeaseie zasshewn Byl 1Gnde Bbfr%omﬁaur@@n aftpws f@r‘iéére}ﬁﬁ‘f pqr@ﬁmaz@of

al | ows  t [he (b @8 1TRBRPE Bhthe dboddirytIsanSirh { 8l ed
rel ative to1 t he ce%ﬁt ?a g}g[)gfs 0A O]DI tsﬁgséé ﬁp%fgﬁﬁgasgeltﬂge@ﬁﬂgita%tlﬁ g}
par al | el effestiwtliggBont o one another and to the central axis A of the
clip 10. The angl ed knee portions 20 of the |eg nenbers 12 14 can be
formed afgogoivaki@lenteragh @@anrlﬁ{r@ﬁrﬁ VEmb& df Q&Oﬁcﬁip}t ﬁs"'s‘lxe- Tgaélé?ﬁengshl%
clip 10, however T n an exenp n’go di ment the dangle ein

range of foapesliherasn. degleéégmplérmmbedmst, Bevgaverssch feg mn@eremoéﬁhmme t he
knee por r he .f

e ng&*g@g&g?m gq?%?mg@?eﬂ]eﬁg lggprrngd l%reeﬁ " 8hd el %y b S Fifpreciase that
process ths sshlary msaud:grapnfﬂlen’rdntssl Sccambet tmubtmlg r han- inefomlyesdadecb almnﬂfamce

clip retenti ier during.deploynent.. [005 The knee
por !to i on % agga)tgerhiv%n %“'W lrall;)ye %gi‘menbﬂﬁs ff%g?r?’glﬁsé’g'tgbas%lw 18?“'{41198 are

transiti ggfoﬁfllytsb&:edl qgarﬂfﬁnfod ﬁh’fﬂﬁnﬂnﬁﬁr aiéglsfaﬁwauﬁfe ra;ge@xafzagt a0 ikerew 0.080
ortion el ed or att ene ut er .surface a and a i

P unt e PRty S e b PRR S s R | B URvE at e ng e g i

ext end owf&mumyed@eggm rﬁuﬁtfaincebmdmtlm tfuke Blowt Ve, ih bR BSIiplRNemBRAMBUELS
in an ex%ng%a embodi nent t he be;t/‘3 s in._ the ra%e of about 0.030
inch to BndaRchssuergraspilg et I8 dksized in Bf rangroiahan 0P8 nchEs 0 §.0dan

opt i onal inyhek Redeltbldabaut BI0VPY Brckd3d 0. 8t Vifidhed @epEd therein to facilitate
formation of a raised tongue 17 on the inner surface |2d, 14d of the

| b dea T b h d t
the_| ongl Do VB Fo0 neteicdin: RSt TErierh s 6L LBE SXTPRrCED

2A- 2E. The ad ho@h trSHﬁSaC-ﬂCZ@ﬁ iffludeRgy kdv@fnaBoh bf ﬁﬂna%?tl%ﬂagﬁkﬁﬁ’%]e!emems

opt i onal L% include features to assist with the |'i gation of
vessel , Huct andpecandaryjissucrgsaspiag alemErss 18- hin premplars e Kl Bovpoypr. ingludes

i ncl ude gy ?ﬂﬁgéfyaﬁljﬂe@éndﬁﬁctﬁmaér%phk% H2nd 85! e I%%g’?&% ey s

simlar to se di scussed above with respect [0053]
As not ederatisdiresnt fnineshowrnk thesurer sistacd P, | 4af tl@flemembetregz rhé wirebe shRothl 4

Il



| ocat ed approximately 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
hel p maintain the legs 12, 14 of the clip 10 together after the clip
10 is fully closed. Wiile FIG 3 shows the raised area 26 fornmed on
both the first and second | eg nenbers 12, 14, in alternate

enbodi nents, the raised area 26 can be fornmed on either the first leg
menber 12 or the second | eg nenber 14. Moreover, the outer surface
12c, 14c apd el trimaty ang serepdarptissae graspingrdsrecntsn i ha strsture aifd olesinggdoperties
areas 26, : [ t . I

ach 1 g Chuni 0, 3 B o, AR R e Aol A oy e S
rai sed atiewe26apingébmernfonascorathy instrapdadeiad, 14t bhihe legmeenefefsd@t 14/e
application of conpressive force to the apex 22 such that the apex 22
is crinp h t rtyon 20.. That, i he
rai ced ans BASRYBRF bl BRGNS U SRR PR AT oyt g BBy 2. M
menber 12gn ibdudret beaé nr kize parpiex 2@ 2Ti@rkaled pretidaidel20's the ldpenemisess ), a6toi C,
enabling the. knee portion 20 t I back to, a snpll.. ree while
oy nt ot o a PR By Rek iRk Mhe A i A SR S BBne ¢ ne

| eg menbeststai@slly péealltinelativeax engdnathyr O GE BBidk! axide of Gk SBS 1 RIMBR adfied
26b is a,pad haviﬂgﬁa spagﬁ %hatois cogg}ene tary.to }he shape of the
| eg menb&RCeRoTtIony 20 elihislee mymbprs; 12614 cap Bafonred at saprictuel gles Falatigin s |

rect angukeiral 4xi2R6ZM@E B} 10, AENEROPNA exer®I Sy emBSimbdt 1R hnglR@APb&Yhe range
enbodi nent, the raised area 26a, 26b is substantially rectangul ar.

[ 0055] O/EaeR 47 dearepsiogheut 45 degrpes| Inagss embpdimentt thaknaetpertion 28 dcflesigesd so
26a, 26b ' neSiE ESh L A rt
a aS@be fmﬁ?l% M hdees aﬁggf Fhe e apc%ﬁgﬁg(]m mﬂmgl_%@yl%mgty:@g@ clbihd

closure or partial closure of ip esire
non- | i m Progeps axshaphén FIG: 5BuThisepwstruetiondf belipeed 6d ¢nhaince cip sitengidn by the clip

hei ght o i 26a, 26b should be able to maintain the
pr el oad %P&?ﬁﬁﬁﬁkﬁgﬂ?ﬁﬁfﬁs of the leg nmenbers 12, 14. In an exenplary

enbodi ment, the raised area 26a, 26b has a height in the range of
about 0. GWOB) Thedtree prriorpd@nhaves vagiel ofrernigprédg tadffogt the tramsirion of 116 (e
inch. Th i r . h i s |lar
enough oaTBuR ¥8, @ ARvetBm ZBRIEA K0S RRINHTal LERRYD hliBhed GugrBifEs
cli p appRdzand aharcazte ememsotfacey20b nibadbavelnn, the dueer savifme d0acaaaxRodiove? iy
can havela h%n h qf ﬁbXH%tO'O 0 inch,.and a wi dth gf.abo%% O.QIQ
inch. |f PEANCHACCRIREUFE NSArapHiion, neWevPGin 4R EXTTRATY PRROGIARY e byelisyg the
rai sed arsge 2doutAN0cah e obhveeapRbute ARH] 208 fRtkaek RROMEL0 dahe
proxi mal ends. of each of the ng]nenbgrs 12a, 14a are connected to
one anot REYONAY ﬁHU@Ep*esJO%.(nw PN lpraned Heseinty fecilifats seraagon of 4 raissd tapgue
shapes, a$o%heWhet firfrdd334, 14%%{{5,:%%%%@3;;‘?9, 72 T S8R3LaNd @hlid in shape
, an

U-shaped or substantially V-shapec as opposed inner

(ti ssue- 8¥htized? fhsdonending gepoye érdlsewmﬁlherwsw'éh teonrcethil @82 A-Alg e Bhedprer

that ar e GeRoes fthdRhes PBSH BF cal 3o bR RANPHcITM AGRS 1 AAL WM eation
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

stightly proximal to the knee portion 20. In an exemplary embodiment, the raised arca 26 is
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[0057] The inner surface 22d of the apex 22 can have a variety of
configurations in order to assist with ligation, for exanple, at

| east one notch 24 can be forned therein. Wiile the inner surface 22d
can have any nunber of notches forned therein, an exenplary

enbodi ment utilizes one notch 24. One skilled in the art w |
appreciate that the notch 24 can have any configuration that allows
for the Iigation of tissue. In an exenplary enbodi nent, the notch 24
is formeqd in a U shaped channel that extends through the inner

sur f ace ted APRrREmas yonoshirdigf ghe wayrhspvsan tie aprxed2 and jhe koenpariien 0o pigsee
16 and gr@m¥apckHat hat

the i nnert sur lf) ace ?gdm%g 955?}]9 ﬁtb ﬁg%e%e@ﬂr@g tgr ggéd‘g&e%&gﬁ}%’ﬂwg% o
not ch 24 %ellas fofielrasintiniee lges/ ks 1‘é©§ﬁh©¢llpsllﬂawglet aftep piteichip 2@ isi fuBy closed.
mechani ¢ r t rong for e anou

nat eri al Q?hr{glla?lee{/%hlﬁ? é@\%?\mg&ejr? fgﬁfgé’ﬁ %eﬁér @erco'écf }e? H’embe“% 9
conpr essiilp#lteontetehdodimeets, tbe dmecbﬁrea h@czml bepﬁorﬂrﬁd bo eiltHe@welfmt@egdmeeg 11 &e

| ast f
Excorl ar 3 easHa cadhetchele B b DR sitac? e LB S ten s berds 4 vy
trapezoi date. anSl'hahbdrSf ras8d slemyas. Ilmtﬁleﬁﬁnpl&?tﬂgadlﬁﬂﬂ HObaEr sadaddade, 14c of

opposed fir wal | s, 24a, onnected by opposed third
and fourfe% 'P%'glfﬁigqgil S QuterrAisey a5g a=r?(§gt| on 24e extending
t her ebetween. Wiile the walls 24a, 24b, 24c, 24d can have a variety

of confi ¢i054} Tiensised aeadbacICBRPh Bivy apyTihaph #RAlok @ ikdiive dfpficatdftipr
24c, 24d are forrﬁ_ at. an aﬁgte ﬂ]ngle relative to the i nner surface
Syeh

22d of t REMEREYE e Prhe apsy the 4pRF Z2JLTENREA G BErepigk degree than the

pref er ab kiyeelpﬂnlthO I ang e, e rafAutea 032,088 Ys%ﬁeveﬂbeall%w tlwé &gioh 3f fh'@‘?egar t
wi || appr e b atLhat the wal | s 24a, 24b, 24c, 24d, 24e can have al so

have any™§H hetween heppex 2hangdthaknen 26 taftsingse él'éfft@r ¢nablling thsknse can
flow As &h@rWEU tokbﬁn%&ﬁ)@dﬁ%lﬁd@@rc@@ﬁﬁe rﬂﬁﬁlralnﬂ{ﬁ_r cﬁrate?céﬁta%tié een?'ﬁnave a

24e are rounded or sl qghtl cont our ed. 9 he notc can
vari ety 8ptakingdeiZbahib ofdln ke meﬁ@?'ﬁé@)s‘-’*béfsfm Qﬂe@plﬁly@@dwﬂmemeﬂa’trm@ﬂmap

o the t hickness panth et ok REcoblolBheh G TITRRLR oF e el TG a0 gt

of notch 24 shoul'd be Such that pex surface
22d are iThust he raisga gesa 8ba, aébmnuetmmanmtangma map@zmdmrpemagiml Thebut in

depth of Of%ﬁ]glac?f n?Jb‘aHJ]eﬁlBkﬂf Ijair;'ec} J}ga 163 %%f(s Sélggarglﬁhy Eecta %%en\tm E g gg

per cent stance Ween apex A5Tr
exenpl aré}gr ange of about 30 percent to 40 percent of the distance
bet veen EXPildenesskitied insthelare 2l apptesiateghaytiife raifedrntacia 26bshohdvel aberidtnott he

range of o) knes of the cli
nmenber s ?L]%Q %h?ddﬁ%‘ﬁgin%ggén@ g?%% Urr{’g{l Osufeho hedigds & eﬁ""éﬁoéﬁ‘ga.‘é’of
ti nes tondn-dmitingesintplheg iftfill clkzmessf thd clipiiedesired) tHedgighesthies @isddarealZba, 168

t he case ar er.,cli I ht re wrethe

use of t?/{}(o%[”c()irbeagl i:d %'P%H’et © rﬁi%S‘? 6‘38 fﬁlgﬂﬁ f@? gt"??é‘gt\ﬁﬁ IHdteri al

at surf aeempRey ¢mbodmecnt, alieg@isaf ared2eaf 268.HaOPhdigHe bh the riﬂFQé%bbﬂmoogﬁ&ﬁ ko
ow t he

aspects e notc xpected to fol

Gur del + bl e enBe R annr b S SEIRE Hirralsascuoar 1 sapalo baveaan
al so haviengh var is ¢drye @ibugosaftha ttrcak h@@&atélﬂs&faﬂﬁhe 5@1@@ ﬁﬂes?sﬁlrevw&nha cli

| i gation enpbodi nent e outer face of >JJ 22¢C

n exe
has two %ﬂeb%’s 'aarb%x?g*%w PhoC KRS ﬂlﬂrfalﬁedrﬁé@ﬂﬁ?#%C?rbhmaechemgrhpaf atgyie 0.020
outer f apeh, 2R€a Vfdti FRLARDO [B2nchS Iﬂ’mhlam@sruléﬂartﬁe%mes#?w ti{e%{gﬁ{of*&?es a

fabrication-i ndéjced radi us, thereby allow ng f nore secu
li gati onraised area 26a, 26b can be increased.

[0056] As noted abave, the proximal ends of cach 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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[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 material or a non-

bi oabsorbabl e material. In one enbodinent, the clip 10 can be nade of
a netal or a netal alloy having a relatively high anneal ed state
yield strength and a relatively high strain hardening rate, in
conmparison to existing ligation clips. Suitable nmetals include

t ant al um, t nium stainless steel, or alloys thereof. By way of
non- | i mi £ # isspstaptizlly [iﬂaé%oﬁéb&mdé“}w@hﬁp@@méh@lCHPPdJSﬁd pulme

titani umgy e“&Fngﬁ 484 §ddl outdr (RN '
W th COHVGF?'EII onal n%t erial osu rFs z; ecxﬁb%gg)’é‘%%lzgé ﬁlay\%eneﬁg{m&g superior
greater &4 @Fﬁnowwﬁwt(n@awm excessive gaps in the forned clip 10.

[ 0062] Moreover, a small anpbunt of interstitial elenments, such as
oxygen onuwirt TROGRer sGdfde 284 & the
f or mabi | |r[ty %)f t he ré |pel ) g@%etcgg(ggr]rﬁagéréParﬁgﬁog{cbﬁﬁrﬁu}a?m%m%a%&{én be
i ncor por éﬁ%wﬁbilaﬁtﬁﬂtfﬁét’f?@mﬂ)b shatastr dna notelDRhean bie fidreres thetdim| Wallete insr

can i ncl r
can. i 1c! g8y A 9180k AL el Sl WP MR e e,
or der t oongmuichale Qraakidéd mabd arewiblsppetiat et tk mptcagfabaiﬂ{avaar’@ro@a Jramge

11 ustr o € SR ER P RO T bt Sutsfimaghiipine i v s

vessel . Asshspedwhaiinal tFr:hthteﬁd’s tht@ﬂgh)lﬁe fhnéd suffackQ24 5f Bk FRMLEThe @Qﬂaﬁeﬁ can
be pl aced, ar und a _desi red'ﬁ&"‘iﬁ?{ . A closing force is then applied
I

to the oﬁ‘Eaé?Pe Sy olp e fongue quﬁéﬂ“@@e’i&%ﬁ*ﬁé}nﬁ af lpast g pogign of lgigth of the

exanpl e, ifnbesuffadeciad apialoy theged AdEbelO, 05 a clip applier. As clip
cl osure begins, as shown in FIG 5B, the knee portion 20 and the apex

22 are d ds t ha di st al ds 126, 14b of the |eg nenbers
12, 14 af‘@gﬁlo“@sawfﬁ&a {B\FAHS%& Dretely FW@P“0|0H“'%1H%'%61§?*PP&SH PSOPSTISS i n
FI G 58, atdwalelil piff @atisregSosthe Higunk BEASert? i 1R YE: Ik R SREORL pRt el y
parallel to aach ot her anoh?to the clip ap Iy|n jaws 100,” helping to

st abi | i zBEHE & FIPPEssion n iednieaside ¢10b° b e ﬂawpmtp dpring theplagticAs t he
appl i cat Uﬁﬁmﬁixoﬂh@ﬁic@ﬂs e rf‘gechb%ﬁrﬁﬁoﬁ | Ih @n gﬁ:ﬁ%ﬁ bR EL CLstsp(ﬁwﬂha%n?l

ends 12b, 146 of the |eg nenbers nove closer to one ano
the rai st naickad Boubssyiinly trapezsids. eThahé‘, asishwir il GH. ‘tB S uhendtdr Hems

wi th theo%% m&raha%oﬁpwalé% ZEIG%&”nEct?J?#JBPQSSCd?ﬂ 'd?O“ s 0]

t he knee 20 is deforned esser ex own i
5D i | | uswithe basegodionafe ¢x¢wdmg tfepdbetweeh.i Whitd ths wiabls 24af 24b, hie24d @A a

force st C At he
final st‘ézléets}ﬁoqu’ M@lqrat[ ??1%% ﬁ%erﬁ SY H%gémlﬁn%e Ig%ﬂﬁ azgg’e%lcs%’ﬁérq

of f of t#en Ian&ear;gdmtiaow: @0he lhﬂIBEBlﬁ‘Bijte E?a:thfalhemjaezt yus 2 H’(mugllte c&f bedn %&dt@
def or mat rai seq are t hus .al | ows

f .the 0, T

t he knee‘knﬁ&’ Hds %Fetrﬁ’%hp%e i %&%’8959’%‘??0 P%/Sk”gﬂd'hthﬁﬁﬁtw”f fiRpreciate

exanpl e, thuftke walee4p.@db) 2, 244, mﬁtarbﬁaﬁ/@ als@We@n?&HaF@ih'ab’er@& ahQFeTiRg
his is

toads are rehgaseﬁ I‘e|Oﬁllngthetl s of the c )

part | cul SPEGOSTErE st Gt hehioWHiER e kend s Hage POrGon A2 i
the cli p24eQredusdeeoPslightiftdatouddd. the raised area 26 allows the |eg
menbers 12, 14 to remain together fromthe knee portion 20 to the

'?Ihzt 2: i pfbﬂgc»‘] ]1%9 not:(lz'ﬁ94 tahhave z]; Varltepyegfesggs an?]sdgﬁpsl ggrhgpg%eg%gsiéngédl 1|nI ng of
relationship to the thickness and width of the clip 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
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[0065] One advantage provided by the clip 10 of the present invention
is that it tends to be nmore resistant to "duck-billing," a condition
in which the distal tips of the |leg menbers 12, 14 of the clip 10

tend to separate after the closing force is renoved. Sone 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
overcone the tendency to duckbill because the apex 22 is able to

crinp to a greater extent and thus minimze the effect of any
spri ngbaekreenato 40merosained e distgnce bowemsedael 2&tand 22y TetivReotldehapex

22 and t rii enabl es ,an ri.ngback at .the knee partijon

20 to i oy B R0 235k PRI EG! st 6 memeny s, 14

toward eatth antieemlarAlengitidii the cangt ofbu@nt egfesab 1 Whignca BRVBICKR draedp leg
is.that tissue is abhle to be captured

characterjstic f the clip.10, is )

at any | ¢t iz’an‘ttﬁﬂﬁefﬁgogéfgﬁr’mer PRRSH QRO T8 Mgt requiss the piscop two
near t heodrhsﬁeabtlcﬁdadﬁ on;]j:l?rbtzs madrfidin ﬂ]felviehﬁoﬂ BferiiR BREFSce 224 inlfle lra?@(%j?fga‘g{)@

be effectiyel i gat ed. a result, a surgeon can securely” _
vessel s hé{:drf’r?é“ © Q?@Pi'@thy CBper atpeels of sOibBls Potchis Wkl esapacteditiligwithani | |
appr eci ab@ddimed N beadt ur es and advantages of the invention based on
t he above-described enmbodi nents. Accordingly, the invention is not to

be limt y. What has_been particul arly shown and described, except
as indi cﬁﬂé@ By optselassdristd 81 appnanan ahpilrawman@tapf emdgemidons éf edenices

cited hep@isiwil B8P0 B3f |e¥e1ﬁﬂ?&-ﬁéﬂ96cﬂﬁ1@ﬂ, HEL R FadWot HRTGEENE Gl iyt NET T
entirety. [00671 Wiat is claifred I's:
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
material or a non- bioabsorbable material. In one embodiment, the clip 10 can be made 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 ciip material to maintain the formability of the clip 10. 1n 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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What is clained is: 1. A surgical clip, conprising: a pair of
opposed first and second | eg nmenbers having proxi mal and distal ends
with a knee portion formed therebetween, the first-and second | eg
menbers further including an inner surface having at |east one

ti ssue-grasping elenent fornmed thereon and a generally planar outer
surface having at | east one raised area on a portion thereof, wherein
the raised area is raised with respect to the outer surface and has a
top surface haV|ng a wdth that is less than a width of the outer
surface; VaW#l- dnclesyadorsais thep appliessie theontss sqrfa'pcnl Jvg 1 4cted thrlganerabere H2i34 of

sal d 111 80, BPkamBROME tdi Do IRFAGS 10000 2 RE Kt L ANip DU BLAG B spown

| east one not ch orne ner sur ace er eof
not ch hadn BIGaS Bt the kieatpoition 28 9wl thiepex 22 wicdieforoéd iuhh}thaﬂ(fledns&wnfdad:%, odb

t he apex; r d|s osed to the ex.
ot oxi el °L Sefgdheb it 2L o HE oM A RRGE Padhet T o Bositp B na i
is disas §Bcihatle;dfeﬁtnmmltthekmpem have Becorhl predbmtnamfy pafaalblrtb tachwhiRF &idio tHae

d I
Longue. i TR e ETES, bkt Aoty T TATEE i Jofiot B hnbifoer i s

| ongi t udi nal groove. 3. The clip of claim 2, mhergln t he tongue and
t he gr ooVeD64T &s the apy eamtciiclpsiag tborate tidicip 06 e(d)tiﬁ@eﬂ(hﬁtﬂ iR disen] ez 2pt1BEbE

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
portion 20 can bend inward slightly when forming loads are released, preloading the tips of the
clip 0. This is particularly advantageous in that when the applier is removed from the clip 10 as
shown in FIG, 5E, 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 1o
duckbill as a result of residuaj 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 1o be

captured at any location within the clip 10, including near the apex 22 or near the distal ends 12b,
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4. The clip of claim2, wherein the tongue and groove extend al ong
the entire length of the inner surface of each | eg nenber. 5. The
clip of claim2, 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 elenent of the first and second | eg
menbers further includes at | east one channel oriented at an angle
wth respect to the inner surfaces of the first and second |eg
menbers. clip of claim®6, wherein the channel is oriented at
an angl e !&% Oféb‘b'ﬁg mslbéréd?e'ésa%SPH be elfgstivaly lignted. |Asrageulich swageonrdrs of
the firs The clip of claim1, wherein
t he not cEecggkq&t]%&?Sgsglsﬁgwg%gg?;%dsﬁgy trapezoi dal . 9. The clip of
claim1l1, wherein each |leg nmenber has a width | ess than about 0.05
inch.  1@06hHes iljed inpthe art yyikprprecigiciuahes faakusesan pdvaatages of thelinvention

strengt N pg88h fl abRUAPBEE erfbbdkiBdnts. 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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11. The clip of claiml, wherein the raised area is a pad di sposed
pioximal to a point approximately m dway between the apex and the

knee portion each Je nber. 12. The clip of claim1, wherein
t he rai sed arg&hg gjqﬂ} B:in the range of about 0.0005 inch to

about 0.0025 ilndhsurgiea] ciipeconiprisihgel ai m 1, wherein the rai sed area
is a gad 13 ﬁu‘d@f/ oppoised ﬁrsqaénmebbﬁa% aEmbes hgvn:%rst agd
second oppose g ends
and further |nc hfﬁh@rdgaﬁéﬁgh&% bwloou er, surfaces
bei ng gener allyﬂﬂﬁ fwegB, thi SgF0 %P&q’ grsfeliehn a
portion thereof mmﬂmémgrmi enemisaeficar kamingr et ledss ahanitissueespect to

the outer surfa [ r ing a
width that is lgﬁaﬁl %@éﬁéﬁf&ﬁie@tﬁ@r&ﬂﬁﬁdhﬁéﬁéﬁéﬂ ahayi ng

formod bat ween DR *H;?%ﬁ” Gk & lehaf ol Fibed ALEPRR 2 SrtEF POT ! O

nmenbers: and thereof wherein the raised area is raised with respect to
the outer surface and has a top surface having a width
that is less than a width of the outer surface; and
an apex having opposed ends joining the proximal ends of
said first and second leg members, the apex further
including at least one notch formed on an inner surface
thereof, such that the notch has a width that is less than
a width of the inner surface of the apex;

wherein the raised area is disposed distal to the apex and
proximal to the knee portion and the top surface of the
raised area 1s disassociated from the apex.

2. The clip of claim 1, wherein the tissue-grasping element
ofthe first leg member is a longitudinal tongue and the tissue-
grasping element of the second leg member is a longitudinal
groove.

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 atan
angle of about 45 degrees with respect to a longitudinal axis
of the first and second leg members.

8. The clip of claim 1, wherein the notch of the apex is
substantially trapezoidal.

9. Theclip of claim 1, wherein each leg member has a width
less than about 0.05 inch.

10. The clip of claim 9, wherein the clip has a yield strength
greater than about 28 ksi.
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an apex havi ng opposed ends that join the proxinmal ends of the
opposed | eg nenbers; wherein each of the raised areas is disposed
distal to the apex and proximal to the knee portion and the top
surface of the raised area is disassociated fromthe apex. 15. The

devi ce of ol Hd clipher eldind 1o WHERAH tRESRiict hRGAIH aper oxi mat ely
third t t: .an ?1 nee n, closer to
one- 1 0.l SR AN s By Lo 12
hei ght i ntlaeapesmae ﬁxelémpoctlonwaaebﬂegdn@ndm;rs inch.  17. The
device of chai Thla‘bh of ehéi ToRBelsintHe sk aséa BASa graspi ng

The devi ot 7€ pfiflze BT?"%?O Qﬁ?ﬁ Hign 5@%@! S’?@@%ﬁg&il emﬁir el ude
a | ongi tudi dak Th@r@}mqf@rm whexeinitheraised areatie A pard
| ongi t udi nau4g¢pdmdeoforelqjoa1mdrlﬂgsﬁecmm mmgerrber t he tongue and
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an i nner suerE(éXJﬂ:ﬂ dJS s an erinc udmcrmnerand

outer surfaces, the outer surfaces being generally planar
and having one or more raised areas on a portion thereof,
wherein the raised areas are raised with respect to the
outer surface and each raised area has a top surface
having a width that is less than a width of the outer
surface;

a knee portion formed between the proximal and distal

ends of each of the leg members; and

an apex having opposed ends that join the proximal ends of

the opposed leg members;

wherein each of the raised areas is disposed distal to the

apex and proximal to the knee portion and the top sur-
face of the raised area is disassociated from the apex.

15. The device of claim 14, wherein the raised area is
located approximately one-third of the way between the apex
and the knee portion, closer to the apex.

16. The device of claim 14, wherein the raised areca has a
height in the range of about 0.0005 inch to 0.0025 inch.

17. The device of claim 14, further comprising at least one
tissue grasping feature formed on the inner surface of the
opposed leg members.

18. The device of claim 17, 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.

19. The device of claim 14, wherein the apex includes at
least one notch formed on an inper surface thereof.
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20. Aligation clip, conprising: a pair of opposed netallic |egs

joi ned together at a proximal 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 a generally planar outer surface of each
| eg between the apex and the knee portions, wherein the raised area
I's present on an outer surface of the clip and is raised with respect
to the outer surface of each leg; the raised area having a top
surface that is disassociated fromthe apex and a width that is |ess
than a width 20. AHegatior clipu coaREISBe rai sed area being effective to

share wi th t hepknesf 8gpbiedmetal hategwjplined tbgetherlabsi prpxier ce such
that the knee EE%@%ﬁ@gy%%ﬁgigpkﬁébgﬁgga?l %mquﬁﬁﬁﬁ%gqﬁg@matlon and
retain sone el Y, ern u% rel.e 12 t%he | OS] force the
distal ends of @iéaBHiakResRPHIQH! 1R65€4 15% of ﬁép&ﬁf . 21. The
devi ce of cl ai npaided atearfoirmechen pgenemaldy planar euipaeuriaoe ofhe clip of
claim 20, wherepq Negr BebRdedr B iapek Bad- the knee portions,
wherein the raised area is present on an outer surface of
the clip and is raised with respect to the outer surface of
each leg;
the raised area having a top surface that is disassociated
from the apex and a width that is less than a width of the
outer surface, 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 Iess 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.
21. The device of claim 14, wherein the raised area is a pad.

22. The clip of claim 20, wherein the raised area is a pad.
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