SURG CAL CLIP FIELD OF THE | NVENTI ON [ 0001 ] The present invention rel ates
to surgical instrunents, and in particular to surgical clips and nethods
used for ligating vessels, other ducts, and the |ike. BACKGROUND OF THE

| NVENTI ON [ 0002] During many surgical procedures, the surgeon will have to
close or ligate various blood vessels and other ducts before severing them
in order to prevent excessive bleeding, and reduce the risk of other
conplications to the patient. One ligation technique is to tie a suture
about the vessel to close the vessel. Alternatively, a surgeon can place a
clip having a pair of |egs connqﬁhggchgﬂﬁir proxi mal ends about the
vessel, and urge or squeeze the |legs together to close the vessel. [0003]
One drawback associated with sone current clips used for ligating vessels is
t hat t hElHLEYEF THIE MNNEENTIQNmay tend to separate to sone extent follow ng

rel ease froma clip applier. This phenonenon is called duck-billing.
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[0003] One drawback associated with some current clips used for ligating vessels is that the legs
of the clip may tend to separate to some extent following release from a clip applier. This
phenomenon is called duck-billing. Duck-billing can result in insufficient ligation of a vessel,
thus leading to excessive blood loss and/or unnecessary damage to the vessel. Further, some
known ligation clips are often difficult to preload into a clip applier because of resistance

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

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

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

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

formed on an inner surface thereof. The notch is formed at a surface of the apex that faces
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towards the distal ends of the first and second | eg nenbers, such that the
at | east 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 | eg nenbers and a surface of the apex that faces away from the
distal ends of the first and second | eg nmenbers, the at |east one notch
allowing nore conplete crinping at least in the immediate vicinity of the
apex. [0006] The clip can have a variety of features that help provide a
nore secure ligation of the_ vessel. In one exenp Iary enbodi nment , Qe first
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[0007] In another exemplary embodiment, the first and second leg members can include an outer
surface having at least one raised portion formed thereon. The raised portion can be a pad
disposed on an outer surface of each of the first and second leg members located proximal to a
point approximately midway between the apex and the knee portion of each leg member. In one
embodiment, the raised area can be approximately one-third of the way between the apex and the

knee, and closer to the apex.

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

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



menbers, such that the at | east 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 | eg nmenbers and 2 a surface of the apex that
faces away fromthe distal ends of the first and second | eg nmenbers, the at
| east one notch allow ng nore conplete crinping at least in the i mediate
vicinity of the apex. [0009] In another aspect, a surgical clipis
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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. The raised area can be approximately one-third

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

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

the inner surface of the apex.

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

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



to the apex. In other enbodi nents, the device can further include at |east
one tissue-grasping feature forned on the inner surface of the opposed |eg
menbers, as well as a notch forned on the inner surface of the apex. [001 1
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knee. The raised area is effective to share with the knee portions a | oad
appl i eddibyoseddistabefithgarfesr sl swiskd ateafored ok meeutposurfa@n of each leglgteesnghe t o

| ess plastic,defoar i on. and ret t ereln Q elease
of “the SRt EMBE et el ' Bl P T AR skino PR B g BRI B Oh°one
anot hera clp§lfd Bjrce’suak tHao theflaee b(brgaﬂis am swt@assal ts 1dss pRk$Oddioatidedndvieedie a
closing force is applied to each |e menber such that in a partially closed
posi ti ofPMefdaskifibe V‘ﬁ’@F"c“? B r@kﬂ@&éﬁhq @@M%ﬁ%@rth%@étal anddsof hergligrempaigar al 1 el to
one ano&ﬂﬁkt%ﬂﬁ%n%mﬁnﬂ#Stal ends of each |eg nmenber are in contact with one
anot her e closing force is continued to be applied to the clip, the
rai sed areas and the knee portions share a |oad applied by the closing
force si09h2} Aaethdddokhgatingyesselsnsalsr prosidhd wberea clasmd foss iphppied ¢o eheh dagmat i on

and retain,so | asticit e eln u rel ease o cl as orce the
st ot BreSoRe P iy h il RO REE KGR G ST stebine it

DESCRI Pdubsih iy Paal IDR6\Oh&latoth&0dith tH@istanendnbf @idh\Wéd memBerdé B dortabtywith
understood fromthe follow ng detailed description taken in conjunction

Wi th t henenedigp oty ihe glaging\ipise és continygd;te e amm the|clip, the rajsed arfeaus apdiei ve
f |G 2A
view o ﬁrg:@g)of?tmﬂg’Qla?@ﬂoa&fag\;ﬁoe?%rgghfabsﬁ fo?ceﬂ%u%ﬁ; hReed e %g(lﬁrﬂgrﬁgo gl dctda

is a si erspective vie I'p actcording to anot nt of the
i nvent i wriess[plBi&fefbintatiodBnd seta'nsbtde elhsticiyewhérvia uppeveledse af thectosimg fokce t he

S: Z;[Naloftigﬁgta&ﬂ?% g?h nqlrébrgl%ﬁ}% in contact v&ln{hponefanot g 2A; [0017] FIG 2Cis a plan
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. 1 is a perspective view of one embodiment of a surgical clip disclosed herein;

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

invention;

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

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

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

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



[0018] FIG 2D is a sectional view of the clip of FIG 2C along the |ines
2D-2D;, [0019] FIG 2E is a sectional view of the clip of FIG 2C al ong
lines 2E-2E; [0020] FIG 3 is another perspective view of a clip according
to the invention; [0021 ] FIG 4A is a perspective view of a clip according
to the invention; -4 [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
i s another side perspective view of a clip according to the invention in an
open pd9R1]i 6. 4BG026) pRnyies BT A ingespattomped thp agexiof ¢hedlipwfdiGt 4 cl i p of

FIG 5A in a first state of partial closure; [0026] FIG 5Cis a side
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closed; and [0028] FIG 5E is a side perspective view of the clip of FIG 5A
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[0029] Certain exenplary enbodinments will now be described to provide an
over al | POS{{i8er st andi ng of the principles of the structure, function,

manuf acture, and use of the devices and nmethods disclosed herein. One or
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drawi ngs. Those skilled in the art will understand that the devices and

met hods__specifically described herein and illustrated in the conpanyi ng
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with the features of other enbodi ments. Such nodifications and vari ati ons

are intended to be included within the ’sco%e of the present invention.
[ 0030] [9@8Ipk1es ERtis ¢ side perspastipe vie s hadipicd ifEG oy fadlesvingreldapeyat  elép t i ssue,
such as .§Isel s, other tubular ducts, and the like. FIGS. 1-4Cillustrate
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exenpl ary érbodi mrents of a clip disclosed herein in an open position.
Referring generally to FIG 1, the clip 10 in its open position is
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
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 12c, 14c, both of

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



general ly U shaped havi ng opposed | eg nenbers 12, 14 joined at an apex 22.
Each | eg nenber 12, 14 has a knee portion 20 disposed distally of the apex
22. Moreover, each leg nenber 12, 14 has an inner tissue-contacting surface
12d, 14d and an opposed outer surface 12c, 14c, both of which may have
features to provide a nore secure ligation of the vessel or duct. For
exanple, -5 the inner surface(s) 12d, 14d can include vari ous

ti ssue-grasping elenents forned therein (discussed in nore detail bel ow).
The outer surface(s) 12c, 14c can have at |east one raised area 26 (shown
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As noted above, in an exenplary enbodinment, the clip 10 is substantially
U- shapeelip fmgtdescgbeqohqs%n eith regnset to digatiomm i is qu@rséﬁodtth@t 3 vagetyertiothes 12, 14 of

the clip 10 ar ol [ jan acute angle with respect to the central axis
A of thgpp %ﬂ %8 %ﬁﬁgggﬁéltlon at a knee portion 20, to an orientation

where distal portions 12b, 14b of the leg nenbers 12, 14 are parallel wth
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range of about 7.5 nmto 8.5 mm In its open configuration, the clip 10 can
have a pertions Masl4aodilie lp&mmer5312nb4agﬁhégllméﬁ m@ﬁent@épb@wuterméke veith f aces

12d, 149—:5(9ect {ok{ﬁe ée%%af*a‘?ﬁé’& ?th]ezc'llp:% 51{21 t}arftgltloffi1 Q@aeklpee pgg%“tz()Ztorgp érfénéugﬁ”

where distal portions 12b, 14b of the leg members 12, 14 are parallel with respect to one another

and to central axis A.

[0032] One skilled in the art will appreciate that the size of the clip 10 can vary depending upon
its particular application. In an exemplary embodiment, the clip 10 can have a length / in the
range of about 5 mm to 15 mm, and more preferably in the range of about 7.5 mm to 8.5 mm. In
its open configuration, the clip 10 can have a width # 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.



and nore preferably in the range of about 3 mMmmto 4 mm The size of the |leg
menbers 12, 14 can al so vary dependi ng upon the particul ar application,
however in one enbodi nent, each leg nenber 12, 14 can have a width w, shown
in FIGS. 2D and 2E, less than 0.050 inch, nore preferably in the range of
about 0.025 inch to about 0.040 inch, nost preferably | ess than about 0.035
i nch. Moreover, each | eg nenber 12, 14 can have a height H (shown in FIG 3)
in the range of about 0.015 inch to 0.030 inch, and nore preferably in the
range of about 0.018 inch to 0.025 inch, and nost preferably in the range
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is conpletely encased between the | eg nenbers 12, 14 of the clip 10. This is
done by [003#igycliphid dfdle presene imyertivn ig further ddsigned sgthaQ upagdosiee, a vieyssl, ded | y
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14 eachukpmg thglepmembsad 128Nd ofltteichb 16n6kRthk2aypidadB, willihe adddlancEdeamigpliesral and
distal ends 12a, 14a, 12b, 14b have opposed inner tissue-contacting

sur f acelo supgundthg vessel- out er conpressi on- receiving surfaces 12c, 14c that
are connected by superior and inferior sides 12e, 14e, 12f, 1447. One
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design that includes a.  greater bending resistance for a given clip |eg
space eﬁ)@gpl@ﬂg@ 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-
sectional shapes include, but are not limited to, triangular, rectangular, trapezoidal, and
pentagonal. As shown, however, the leg members 12, 14 are substantially rectangular. The
substantially rectangular leg shape is believed to provide an optimized design that includes a

greater bending resistance for a given clip leg space envelope.

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

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

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

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



[ 0036] The | eg nenbers 12, 14 can al so have a variety of features forned
therein or thereon to assist with the ligation of a vessel or duct. For
exanple, the inner surface 12d, 14d of each leg nenber 12, 14 can include
ti ssue-grasping el enents, and the outer surface 12c, 14c of each leg nenber
12, 14 can include a knee portion 20 as well as at |east one raised area 26.
Optionally, one or nore grooves nmay be forned on the outer surface 12c, 1l4c
as well. [0037] As shown in FIGS. 2A-2E, the tissue-grasping elenments forned
on an inner surface 12d, 14d of each |eg nmenber 12, 14 can include both
pri mar ymegberii# aadat lsesionelaropva 86 farmed en dreainprrsyriacs| Iddwha st [ea elanherrhl Wy
tissue- n Y n t hem
@@eagrei‘) eq1n6e4 grpoarptu% 1]7% ;,Ztergaﬁ ég)tnl?%]l(ﬁlsfi a)fon&nﬁé d’l%glr &Erfag&? hicl“%d eac

to effec esse

t i ssue- Bpasgpibag12,ake nartmtiedn, thadinédairfite | RRS4d oaeintiadgtmltible @1@6%915 and t he

i nner surface 14d of the second leg -7 nmenber 14 and at | east one groove 16
formed BRSYNE Segments &ormeddheraidg the first | eg nember 12. The groove 16 and
tongue 17 can extend continuously along the inner surface 12d, 14d of each

I eg menfignglPhe dfove e UG Ju¥ @l Xan bR BN RN a vifelydd8odhtidns éfﬂéiacﬁ %FtHe'ﬁ%&tUde

mul tiple groove 16 and tongue 17 segnments formed therein. [0038] The groove
16 and ashgeendlyz mambere 12ok4vdd onp embodiment, thegrodvedtand hengoe léaajhemndt he

first @gltffﬁaﬂgglo Qhﬁn% i | eﬁ%&l fo?ig a{ 1’éas?apﬁﬁf6?%%{£‘°1“ %h%f' ﬁl Orne{rjl fa%g and

t ongue can exten entlre
| east alphntd ofeaoh rdsbaulvemtlherﬁlﬁertlhem rmeermaftiweryame grdodd, 1611461 tcmfguem:tnn
respective | eg nenb Alternatively, the groove 16 and tongue 17 can

ext end P¥EH frere the; %%h enédab,llﬁib of sagh lgg member 1244 trokvplctistalirom sherapey gdior gi st aI
fromt h?roﬁRﬁé(?lgt%I eanrlzbf [4yRede Qg%eglobeﬁw 1429 us%@taﬁtfo tRakikelfogtgreber 12,

to just dist to the knee porti reo e groove 16 and tongue
17 can Worever, tiegradieyl 6fand ortghe 1 A paxex@éhdtdistal lypfpsh theoapek A8 tto a dostial justo t he

knee po 0 0039 way of non-limting exanple, FIG 1 illustrates a
|Oﬂg|tu8§h§? 6 @5% 5% d a longitudinal tongue 17 that extend through the

knee portion 20 and termnate just distal to the notch 24 in the apex 22.
Al t er nat(08e] By wal &f natAlimktingsdxaapRsFHG.|1aN@stiatediaN@gitgdidpavgode Bdhda

| ongi tudi nal tongue 17 that extend fromthe distal end, 12b, 14b of each | eg
menber lpgitudingl gongue 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

longitudinal tongue 17 that extend from the distal end 12b, 14b of each leg member 12, 14 to a

position just distal to the knee portion 20. A second longitudinal groove 16" and longitudinal

tongue 17° combination is then formed just distal to the knee portion 20, extending just distal to

the apex 22. Moreover, FIG. 4A illustrates a longitudinal groove 16 and a longitudinal tongue

17 that are formed along the entire inner surface 12d, 14d of each of the first and second leg

members 12, 14. The groove 16 and tongue 17 combination shown in FIG. 4A terminates in the

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

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

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



position just distal to the knee portion 20. A second |ongitudinal groove
16' and | ongitudinal tongue 17' conbination is then formed just distal to
the knee portion 20, extending just distal to the apex 22. Mreover, FIG
4A illustrates a | ongitudi nal groove 16 and a | ongitudinal tongue 17 that
are formed along the entire inner surface 12d, 14d of each of the first and
second leg nenbers 12, 14. The groove 16 and tongue 17 conbi nati on shown in
FIG 4A terminates in the notch 24 of the apex 22, as will be discussed in
nore detail below [0040] The tongue 17 and groove 16 can be di sposed so as
to be crdpteshergapibptwesn treanasrdtissae contaiting) wafitaseif gach lespectivigleg niebant2, gr oove
16 can ?f | ocated at different |ocations along each respective |eg nenber
12, 14. 'I'n an exenpl ary enbodi nent, the tongue 17 are groove 16 are

conpl ementary and di sposed opposite one another, such that once the clip 10

i's appl [08d1} On@skiN&isia ehe drh@ill gpgaetatdthavht krodk@e6 tdrchdve asufiet9fof bipesralnl s of
bl ood vessel into the corresponding juxtaposed %Eoove 16. Thi s cooperation
bet weenait HEMPiRY gRbadimsnly therggoqyied§vecormplpmentanivtia Shaps ieythedenaws |l 7 andicanyl ed

di st ocatdfispiRfichitcehbitar fiahehiat il BEoMGRS Chs B ihiF18! 59 1 FeCti vel y
-8 reduces e gap between tne inner (tissue contacting) surfaces of each
r espect exemplary embodimentiies a grbové 0O tbt is sOmewbKittidngdlarr,rhay ing opposedisidewalls

appreci ate.that the, groove 16.cC have .g variety of shapes. In an exenplary
embod it 168 bt 048 S8 nbichen tbn e eyl SetiaBet SR BRE e fgadPus and can
be hemisgpiariticidbpect ©ahinged saFfacd Iidangiid Rihe lepmaddeeed Hall4. Of obdnsitdiméss, shown
in FIG 2B, an exenplary enbodi nent uses roove 16 that is sonewhat

a
t ri anguthgsidewals Hg. g efierfpdiatgalangle lqsgahan%@B degraerdietativie kpythe insgssursee t i on

16¢c. Th i n i i ith respect
15 o TARLIRLERL etiakOhr GRG0 o AONS, 0IRIERAMAD T oopec
t he si deadaivk so théannel Elbfaae @24 rliddnt de leg mambandleld. ess than 120 degrees

relative to the inner surface 12d, 14d of the |leg nenbers 12, 14, and nore

preferaBJ an.angle less.than 110 degrees relative to the inn surface
T2, - 14005 OREN B S Bk brecsets pofts Poipa G o bR am@riePiot 1 1
appr eci gffighi@ibng. e r RBR&RPIDARE bAB pbAONABD cAPNEpIdnar dF hlﬁglﬂlﬁ%und@@.nfd gurations.
For exanple, the base portion 16¢c can be planar or slightly rounded. In an
exemplary embodiment, however, the base portion 16¢ is slightly rounded.
[0043] One skilled in the art will appreciate that the groove 16 should be of dimensions that are
effective to ligate tissue. For example, the groove 16 can have depths in the range of about
0.0015 inch to 0.007 inch, more preferably, in the range of about 0.0025 inch to 0.004 inch. In
one exemplary embodiment, the groove 16 can have a depth of about 0.0025 inch. Further,
groove 16 can have a width in the range of about 0.004 inch to 0.020 inch, more preferably in the
range of about 0.006 inch to 0.013 inch. Moreover, the width of the groove 16 can be uniform

throughout the length of the groove 16, or it can decrease in the proximal or distal direction. In

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

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

rectangular or trapezoidal.



exenpl ary enbodi ment, however, the base portion 16c is slightly rounded.
[0043] One skilled in the art will appreciate that the groove 16 shoul d be
of dinensions that are effective to ligate tissue. For exanple, the groove
16 can have depths 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

exenpl ary enbodi nent, 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 inw hi]hmt%n elfﬁaﬁlﬁisx Vlalg’ ihRee, Hd%&'}g@r 19fan@p&9h'ﬁla19 iR, th@togg&lﬁ i nch.

Mor eover, e wdth of the groove 16 can be uniform’ throughout th& 1ength
of the gascmsm th# is mnplcm@aarydedremwf ithre grb@/epiﬁownt}ralherght @hdsa wldtidhe ection. In

21 1 oaBieRey wET3RE R oL SRR Kinafhe et Poth® 19- dik BPUsTave o
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trapeZOI The t ngue can SO vary in size, however In an
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si ze of e groove 16, with a height a wd 0 .greater_.than, and
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I ocal Iy eXxcessive pressures on the vessel tissue during clip fornlng That

is, thethe(mwelivaltlaa’vehamefoan Meﬁltgmawndth itheat deanepsesoin thdpreximad o0dis8l i nch to
0. 007 IHE&TIOHDEH anpgx% § %%Péd?&nhﬁe (ﬂ%%e %h%b O\Hﬁfo%nc{%%ﬁm! nch to 0.004 inch.
can e

In one exenpl ary ave a nei ght of about
0. 0025 i nch. The tongue 17 can also have a wdth in the range of about
0.004 i (ﬁﬂ461 n a(ald[ﬁbﬁ to ptiimaryrttslsme -pragfieg elbﬂnynti; h6.,t IHethe nareg eurfacosrl 2y ddd o). 006

inch to h iﬁ‘“ﬂ Nbre @? ?% a Iar to the &)aove 16 above, the
t ongue &, H@‘éﬁnﬁsﬁﬁ?ﬂ] "rgrﬁ‘W‘ gl EI‘Eer?ttler?éttO“&éE 04N LisSUe-§RPIN oxi al
or di Stellemeﬂﬂ 1r8e§§dh@{im i FI@FQI?XW'HHéﬁ{%e%m%%in%Nhe sbRdhiQNBYHR-Jrisphes 2
uniformw dth. [0046] In addition to Prlnary ti ssue-grasping el enents 16,

17, t heclemagts lggreffanggi arpe imngrisusfaces 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
12d, 14d of only one of the first and second leg members 12, 14. One skilled in the art will
appreciate that the inner surfaces 12d, 14d of the first and second leg members 12, 14 can have
any number of secondary tissue-grasping elements 18. In the exemplary embodiment, the inner

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

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

wall 18b, which is generally shallower than the angle of the first wall 18a, can be in the range of
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each of the first and second | eg nenbers 12, 14 can have at | east one
secondary tissue-grasping elenent 18, as showmn in FIG 2B. Wiile in one
enbodi ment the secondary tissue-grasping elenents 18 are formed on the

i nner surfaces 12d, |4d of both the first and second | eg nenbers 12, 14,
the secondary tissue-grasping elenent 18 can optionally be fornmed on the

i nner surface 12d, 14d of only one of the first and second | eg nenbers 12,
14. One skilled in the art will appreciate that the inner surfaces |12d, 14d
of the first and second | eg nmenbers 12, 14 can have any nunber of secondary
tissue- gboasm' drgress énahous 75.Lgegr¢qs, atdenerk @reftrably iirbbalit #edegreesheOnaskdied isur f ace

sccondaly i ad ee A sl leoPERIRET s R e ShARR MR RORRAE e mERL | e

t hem tanlg:rdammtthes\sm 18a] 18HMl Sara pRgHtGAkduaLe 0 fadilitee @rdspink0 to the vessel or
duct. As shown in FIG 2B, exenplary secondary tissue-grasping elenments 18

are in of c osed first and second [ls 8a 18b
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of eacha loagitudimd) @xis Of thedeg meméﬂplla,rM dnoo dkenaplarytembodimggng, dns segmenh ef Ihange of
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first apd 3898 6e bRASAVIRRE §ec3n?dar}1f}ssﬁ& g?a@plﬂggieﬁleﬁ@ 18, theﬁb?‘r’ésuﬂ&g%ﬁo&es)
relative to a longitudinal axis of the |leg nenbers 12, . I'n an exenpl ary

enmbodi neffectivehigativegment of the secondary tissue- grasplng elenent 18 is
| ocat ed on one side of the tongue 16 or groove 17 on the first |eg nmenber

12, andi@a§PERNdg RRAFERN 2184 EANAVLUSPnithber BE s BFar A NHLE PRp BRI AR 1851 de Of

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

inches wide by about 0.0015 inches to 0.0035 inches deep.

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

embodiment (not shown), the inner surface 12d, 14d of the leg members 12, 14 can be smooth
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the tongue 16 or groove 17. The secondary tissue-grasping elenents 18 are
simlarly constructed on the second | eg nenber 14, however they are angl ed
at an orientation opposite that of the first |eg nmenber 12. Thus, when the
| eg menbers 12, 14 cl ose around a vessel or duct, they forma superinposed
"x," as shown in FIG 2E This configuration allows for a greater percentage
of the tissue to be grasped by the secondary tissue-grasping elenents 18,
thereby resulting in nore effective ligation. [0049] The | eg nenbers 12, 14
can have any nunber of secondary tissue-grasping elenents 18 forned

t her eonand fireet i @rimasngridsegorsianydibsvee gasping elements.e Abhstiustprerembepsin@properting s

t hree naa i - i e ts. 181 d..t her eon, e skilled in
the art SOTF PSS, 6 SREHEPRETR. R ddBuBR g ol SybIE e REea ol Rl o6 e

be uni f tgsik-graoping eRmignis fformtddyonapainaer spfacd 12d; 04d ofahe legiadnledts 12,1n4an
exenpl ary enbodi nent, the secondary tissue-grasping elenents 18 are

uni f or ced apart fromo anot her at dj st ance. i he ran of about
0. 050 %ﬁff‘gs g?od‘g’@?orieﬁ%rﬂf’lei\}ﬁ&ggvgrtf‘? P Sé’@%%f‘n{(fér ﬁpctqefsegabfeé %&egg?’ell‘le ment s
18 can BaViRcIAdYa Bdndr RAE SRREMN26.MBle ke p6iiibR 2D aMEWS e 8E0RBRbLARY2 MR Bt @i N
contact with tissue. However, in an exenplary enbodi nent, the secondary

t i ssue- gamsdinfrpnebeing atuely 8ngledreditive ¢o tha certeal paindeofdhe il tothed®S i nches to

0.012 inche i de out 0.00 15 inches ta 0.0035 ihches . deep. 050] One
aic 1 e "HSOFTAAF R eRE8 g e ahod®; HREOTR it R of BE5P 10378y afgle”
exenpl akieeottions 20 of (g I§h@embers 12 @an be 46emedana viridtyi6anpies rélativd toalid on of
primary tissue-grasping elenments, 16, 17 and secondary tissue-grasping

el enent emal ok ieliarly), bowsyen m aniggiaplary, embpdimert she anglercagbe i hg rangq

seconda : i S : I t
orboa mobgtopbBHege RN 65 BHRALS Inthe chbogfent e AR RRor AT Bika 0 1, 14
can be snodtlparalldl tamick ﬂorceelpp]fyirrgrjpwaoﬁ/a dipdappberahuiagy phited the-dipadgingg

el enents. The struct d..cl osin ropertie of the clip 10, i. scussed
her ei n, PEFFBRs SraIATeC: s T CPaetion BIPEHRYER o Sbanesdipraentnypy g £y
tissue-g@gﬁp&ngqugm§ﬁkﬁtforned on the inner surface 12d, 14d of the leg
menbers 12, 14. 10051] As shown, for exanple, in FIG 3, the outer surface

12c, 1l4c of each |l eg nenber 12, 14 can include a bend or knee portion 20.
The kne8038} Thoknep porionFfsan have avprigimfepaligurations tq effect the transition of the leg

members 12, 14, however an exemplary knee portion 20 has a beveled or flattened outer surface
20a and an arcuate inner surface 20b. The bevel on the outer surface 20a can extend over any
length sufficient to effect the transition, however in an exemplary embodiment the bevel is in the
range of about 0.030 inch to 0.050 inch. The outer surface 20a of the knee portion 20 can
optionally include a groove (not shown) formed therein to facilitate formation of a raised tongue
17 on the inner surface 12d, 14d of the leg members 12, 14. The groove can be similar in shape
and size to the longitudinal groove 16, discussed herein with respect to FIGS. 2A-2E. The inner
surface 20b of the knee portion 20 can also optionally include features to assist with the ligation
of the vessel, duct, or tissue. For example, the inner surface 20b can include primary and/or
secondary tissue-grasping elements 16, 17, 18 similar to those discussed above with respect to
FIGS. 2B-2D.

[0053] As noted above, the outer surface 12¢, 14¢ 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, araised area 26 extends over a portion of the width of the leg members 12, 14 that is

slightly proximal to the knee portion 20. In an exemplary embodiment, the raised area 26 is
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transition frombeing 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 |eg
menbers 12, 14 can be fornmed at a variety of angles relative to the central
axis A of the clip 10, however in an exenplary enbodi ment the angle can be
in the range of about 45 degrees to about 65 degrees. In one enbodi nent,
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
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enbodlnent the raised area 26 is -12 |ocated approxi matel one-third of

t he vvaydlb@i%(ké’édzb Hébgpthe lopmgmbensHe, ldnda apgxemplaryzmbodimeisrthe ragsed fecaapex 22.

de rai 560 2801st! 3 hafink 3 st e nibiffdarl & hE AR YR/ RERLRRG: £, (4he knee

Thus, the raised area 26a, 26b can be triangular, rectangular, trapezoidal, pentagonal, etc., but in

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

[0055] One skilled in the art will appreciate that the raised area 26a, 26b can have a variety of
sizes, depending upon whether full closure or partial closure of the clip is desired. By way of
non-limiting example, if full closure of the clip is desired, the height of the raised area 26a, 26b
should be able to maintain the preload at the distal tips of the leg members 12, 14. In an
exemplary embodiment, the raised area 26a, 26b has a height in the range of about 0.0005 inch to
0.0025 inch, and more preferably is about 0.001 inch. The raised area 26a, 26b can also have a
length that is large enough so that it can adequately sustain the applied pressure from a clip
applier. In an exemplary embodiment, the raised area 26a, 26b can have a length of about 0.020
inch, and a width of about 0.010 inch. If partial closure of the clip is desired, the height of the

raised area 26a, 26b can be increased.

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

one another by an apex 22. While the apex 22 can have a variety of shapes, as shown in FIGS.
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well as to help maintain the legs 12, 14 of the clip 10 together after the
clip 10 is fully closed. Wile FIG 3 shows the raised area 26 fornmed on
both the first and second | eg nenbers 12, 14, in alternate enbodi nents, the
rai sed area 26 can be forned on either the first | eg nenber 12 or the
second | eg nenber 14. Mreover, the outer surface 12c, 1l4c of each leg
menber 12, 14 can have any nunber of raised areas 26. In the exenplary
enbodi ment, the outer surface 12c, 14c of each |leg nenber 12, 14 has one
rai sed area 26a, 26b. [0054] The raised area 26a, 26b can have any shape

t hat al oW, theepex £2e't5tsiub%arapﬂly ilbﬁtapcmorcsﬂlbstmmﬁy dsdliaped,fapd bes epposddanagyex 22
such thgt ed.to reat et than the nee portio
0. Thagtsple o2 5Rd s BER S GiloMabTies FacbE < Bl lnPlied PEGRSRSGS ' e

|l eg neshenfelidr sutthcbahveghiownhie apex 22 and the knee 20 to be nore elastic,
enabling the knee portion 20 to spring back to a small degree while

mai nt ai equat e cong ct bet we the distal ends 12b, 14b of the |eg
menber s [593% @1? inpgy Saﬁaf&;}éﬂrﬂ eﬁggaﬁ%@ﬂ? a verigy L Fadiguigtions ingdertogh is a
pad havhs@gt ®it8 NgRPn! RAkxdsplE, %a@t%@tn@fclﬂ 4 Qad B@fo?ﬂ@@ﬁqepémt Whllla% iAReper 12,

Thus, the raised area 26a, 26b can be triangular, rectangular,
t r apez obutfakce 2&%&@0@&@ nlmtllw of hetthes dormed tmemrwaymmny)dmhedlmemtm&lzcsm sed

area 260, 004 GERRIREH Bl bR o O R 2805 Rk s et o

dependi gt AlRAR ﬂmm: ngzitlofntdfltlsgjeoswa@empmy einBbdigleas tﬂealo@(fh 14Nig fériieR in &
deS|red By H% non- Ilnltlngufxanple if full closure of the clipis
desi r edU-thReeditbpryiel thet e’%tﬁéis thipugivthg inngr sustace %%Oftbﬁél?ﬂxdzzbér hg}{-shaped mai nt ai n

the pr etlﬁﬁgel% é}JQﬁ‘m_ flk %‘hg? %@i ag%%ehﬁ tk&%x atll%ast %‘ebortldﬁ o‘l*”e é ary

enbodi nent raise has a elg range a out
0. 0005 innetsutface mdom%oﬁmelngm@ﬂbammg lpreferably |s about 0. 001 i nch. The
rai sed area 26a, 26b can also have a length that is |arge enough so that it

oo ST e A Copi G R SarB SR es i, SR fioR i s PiSel ot s o

0.020 hmhakeAnstifRandd ﬁltohgq’air tADMburf) 0P AAtekialif it, hét 108Midd HenGhaeUbethef the clip
is desired, the height of the raised area 26a, 26b can be increased. [ 0056]

As not ethaiehiglia compeesypmRR thelinkgs disle of thesin 1810 flpw lmtegiuﬁégrﬁ@r@asmga 14a are
SSPPSS;S%PM tggéﬁ’g&t ﬁgégltr!s‘ﬁ{) V@yﬁhﬁqﬁ?‘@ n 2 an'ehBlat P EmBOGH e af HIWATLRiR
the notch 24 is substantially trapezoidal. That is, as shown in FIGS. 4B-4C, the notch 24 has
opposed first and second walls 24a, 24b connected by opposed third and fourth walls 24c, 24d
with a base portion 24e extending therebetween. While the walls 24a, 24b, 24c¢, 24d can have a
variety of configurations, in an exemplary embodiment the walls 24a, 24b, 24c, 24d are formed
at an acute angle relative to the inner surface 22d of the apex 22. The angle can be any acute
angle, but it is preferably in the range of about 75 degrees. One skilled in the art will appreciate
that the walls 24a, 24b, 24c, 24d, 24e can have also have any shape that provides an area into
which deformed tissue can flow. As shown, the walls and the base portion 24a, 24b, 24c¢, 24d,

24e are rounded or slightly contoured.

[0059] The notch 24 can have a variety of sizes and depths, perhaps best described in
relationship to the thickness and width of the 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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-13 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 22c 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 exanple, at |east
one notch 24 can be forned therein. Wile the inner surface 22d can have
any nunber of notches forned therein, an exenplary enbodi nent utilizes one
notch 24. One skilled in the art will appreciate that the notch 24 can have
any conpérgent &t 4Gpercanhaf thaldistanse besweerhsurfacgsad2ic and 32d.t Theslaegth ofingtoh 8@k enpl ary

enbodi negnt , . t he notch is formed . n a U shaped_.channel that extends

t hr ougﬁ%ied beRdheTafips éﬂagogzldtl £ Pimssdhe %kn%ﬁé) f&escﬂlgg%me hgﬁﬁg pAdr’nay join
the tongus adExénslagriepdeinlte tdgt ofxdoanfl] ARG 8k tiRdthe tBickAESk bPthe@iip legngt h
of the inner surface 12d, 14d of the |eg nmenbers 12, 14. [0058] The notch

24 can MembasriZnky dnghepse et rgst, voensiips.cptioym syl might reguireahe bgrof two
P Oper t LesoreHOEHIRK S rlidr 15 Hair[%aeiﬂ% @égs.%@&a{e?irél §t 06 R0t e r%%f'a%ut' nit,

yet | eaving open space for t mat erial 1 n conpression on I nner side of
t he cli p.000irtch td 0.6W ineh.o Other iaspgcts o€ multgdd natched efontdntet éxpacteditt foewtlres dur i ng
clip formgtion. In an exenplary enbodi nent, as shown herein, the notch 24
is subsggﬁﬂpﬁFPVBE?@B@zoidaI. That is, as shown in FIGS. 4B-4C, the notch 24
has opposed first and second walls 24a, 24b connected by opposed third and

fourth ye6LF TRAGuterX4ek 220 dfthePapeR S8 cROAlEd Rive A4@riey o Den M@irdtdak abativaen. Wiile
the wall s 24a, 24b, 24c, 24d can have a variety of configgrations, in an

exenpl apspisewihdigation 1nae cypmplaryzmbodiugnt, thueuterfacs ofitee apsk e hasivoan acut e

angle r ' j . Of . n be any
acat o Py Gobfasiince S HEE pRU R ARG R Th BBl Z e AR A" e

ski | | ed shamply fierneed} busiratherdqap b €abriztitéon-inbaded rédduspetietedy 2lawingdbr a avbes seedrd, 24e
can have al so have any shape that provides an area into which deforned
tissue @&ﬁ“PlOML As shown, the walls and the base portion 24a, 24b, 24c,

24d, 24e are rounded or slightly contoured. [0059] The notch 24 can have a
vari ety[(W61}3Tﬁ@élg{iﬂﬁdiﬁlﬂ@ieh%ereﬂﬁéah%l@iné@l@%onﬂ@&&[elt}?ﬁﬂsuk callyedppkdpeiaghi p to the
: e W

t hi ckness and width of the clip | eg nenbers 12, h of notch 24
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 clip material to maintain the formability of the clip 10. In 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. SA, an open clip 10 is presented, and it can be placed around a desired
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shoul d 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 22c and 22d, with an exenplary range of about 30 -14 percent
to 40 percent of the distance between surfaces 22c and 22d. The | ength of
notch 24 should be in the range of about | tinmes to 2 tines the thickness
of the clip leg nenbers 12, 14, wth an exenplary length in the range of
about 1.1 tinmes to 1.4 tines the thickness of the clip leg nenbers 12, 14.
I n the vessd 6fc1¢mggferce iwluerapldlddp@thewtdrnmﬁaqeééul lds onﬁthghtg meupbi:nsd2ﬂ4e use of
t wo mr e _not al at surface

500 i o PhaorexRbROfe firBe AbeIgag v o ralshg st A3 4 efSRire bedina 26 iaiin

nul ti pl @ MGt sBafie Widel gdrish ExARAhEshek Q218 deniedSuciDthbciat URES ehdsSIBd] 4pboOVe.
[0060] The outer face 22c of the apex 22 can al so have a variety of

conf i guplahe lsgdnambesy e 4 ars meaved) lgwar\mtwarm gm angther.| I the, p@sz@@mshaw in FIG.
enbodi rr?@tthe LREr Mt S t{h@q(ﬁeé%_ﬁ(])tlﬁ@e BRBI:RG g@?atél%€ﬁﬂglg8% &zkgﬁefr%&?% furfaces

t hat neet roun e outer e apex
shar pl ycli;nappt}nhg Jows lﬁaﬂh&nnmsmpilfzahhd dipt li0dn thenjdws €60 0fét¢le aspliet.her eby
allowing for a nore secure ligation. [0061] The clip 10 disclosed herein

retals a0t Ofapa Al bl Bnnd R sl oRfvisd o AFBLTRPHS TRk o7 o

or a nNofke ldy Iﬁéﬂasag b@hlmnmt@csgeaio onk RAn&AE, ﬂl@bﬂ@@d@éﬁ 26 bdpnsab isPard theGHp be nade
of a netal a met al al l oy having a rel ativel h anneal ed state yield

strengt ¢ alhélloalrf: &reasiwig the neprporden 2. mAharegelhph ISrra lé:tlon in PresaYEs: thedwmes o
exi sting | 'ngotn:nQJi]toCA fePsI%r extidie! AULE H%EFGS sbncﬁflédﬁoﬁllmh eyglconc}lfl(grﬁ?}i
n e, the cli

stai nl ess stee hereo non- exa
10 can bé closee withahe closmg fo;rceasttilyap}pmcbtotthé aipj Lhbythe AEéIMgga\aﬂH)m the t ani um

Thi s mat.er,i al ared with c ve ti onal is able to be
strain af}la@ﬁ%soov%{]cgn%% réase%%ﬁaeﬂéa ap® fabe somedoad 9@ t@ei@g %ﬂ@hﬁ% in the
formed gleteBy :Qhucih@ AR2mdvki @PM%UC d‘éfo'?ﬂﬁﬁﬂlém m&l@ﬁee%nidﬁtﬁ)r 8ItHetrlu"i'éd gbterent s,
such as oxy ?en or nitrogen, can ded to the clip material to maintain

the f or thabpllgwstheknecrporiadn 3 t@(haver mcmnseéw@smlafr, guch that, for example, the knee

portion 20 can bend inward slightly when forming loads are released, preloading the tips of the
clip 10. This is particularly advantageous in that when the applier is removed from the clip 10 as
shown in FIG. SE, the raised area 26 allows the leg members 12, 14 to remain together from the
knee portion 20 to the distal ends 12b, 14b thereof, thereby lessening the duck-billing of the clip
10.

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

captured at any location within the clip 10, including near the apex 22 or near the distal ends 12b,
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enbodi ment, oxygen can be incorporated within the clip material. O her
interstitial elenents can include nitrogen, carbon, and iron. The clip 10
can al so optionally be coated with an antimcrobial or antibiotic nmaterial
in order to increase the effectiveness of the clip against a broad range of
i nfecti ous agents or pathogens. [0063] FIGS. 5A-5E sequentially illustrate
sel ected steps of clip closure, for exanple to ligate a vessel. As shown in
FIG 5A, an open clip 10 is presented, and it can be placed around a desired
- 15 wvessel. Aclosing force is then applied to the outer surface 12c, 1l4c
of the I%QMhbmbgnEniﬁmlﬁ4l4bmdSﬁbbeeﬁamWHethhé Rorgesuitppbygeny gaaws 100 of a

clip apglleg Af osur e io) as showmn in FIG 513, the knee
portion se ang ehé”%?@%%éw Ay e (ﬂzﬁ%d such that the distal ends 12b, 14b
of the leg nenbers 12, 14 are aned i nward towards one another. In the

posi t i ofo0s6lo0ne dkillddl iSthe dvflaill dppeectitd fartherdftatues avd adviaﬁtagésaffshe’zmvhaioa becorre
predom nately parallel to each other and to the . clip applying ]

hel pi ngbased i tsiabpyeedaspiabed|empodignants. (AfSoTdingy. ilemm&?nttonés BRIP P%Pmltf@bm] As

t he app € t i sl
A e S e L S e b R T S T

rai sed pubdigatRfs beayterﬁe;encms siteal ker¢in erecxpressly antpa)bratetdimene bfy oeferscaninttheit he knee
portion %0 As a result of this reduction in pressure, the knee 20 is

def or med™'®Ya | esser extent, as shown in FIG 5C. FIG 5D illustrates a
condition of full «clip closure with the closing force still applied to the
clip 10[0og71 Whacik eRimél isaws 100. At the final stages of crinping, the

rai sed area 26a, 26b takes sone |oad off of the knee portion 20, thereby
reduci ng the anount of plastic deformati on of the knee portion 20. The
raised area 26 thus allows the knee portion 20 to have increased
elasticity, such that, for exanple, the knee portion 20 can bend inward
slightly when form ng | oads are rel eased, preloading the tips of the clip
10. This is particularly advantageous in that when the applier is renpved
fromthe clip 10 as shown in FIG 5E, the raised area 26 allows the |eg
menbers 12, 14 to remain together fromthe knee portion 20 to the distal
ends 12b, 14b thereof, thereby | essening 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 nore
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resistant to "duck-billing," a condition in which the distal tips of the |eg
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 mnimze the effect of any springback.
At the same tinme, increased elasticity between the apex 22 and the knee
portion @/ ®fbl es any springback at the knee portion 20 to direct the

di stal ends 12b, |14b of the |leg nenbers 12, 14 toward each other. An

addi tional advantage of the above-nentioned characteristics of the clip 10,
i s that ltisséesurgicadlip comppisingcapt ured at any |ocation within the clip 10,

i ncl udi ng negr_ . [ - 1. - e leg
members 12, TRE Seoptared R Bl QRAla ke bach Memerber radfle bR C 0.
secur el (istdl gadsewivtes kiedepohtion fogmed therebettvgerg thesfiirziemd spéiiidaég Membeisifirkled | n t he
art mﬁIL%ggﬁreciate fay%ﬂg&.feahgres and advant ages of thﬁ i nvention based
on the AMNAUNGRSERETSUHARSHIAL RS OnALstiecaT#gINg Clement forefthessPn ad@Bt to be
i m ted Rr sWhRE hHASg RAEHRt PR falsed bk b a%)BRW!ﬂ tRbIgReT | bed, except as

i ndi cated by the appended clains. Al publications and references cited

herei n are exprpsdiayingoppessdeadsidinieg the progymalehds efiraal fingt andeseconddeg i ret .
[0067] What, is..claimed,is; 17 S surgical clipg.,conmprising: a

bai r of TSR HeEPRL R inekdegt feay one Bk Sl efE rulreh Br B APRG DR As

pr oxi neltowdids thdidstaaen®ndsheMifshardl O8R 19OMmemBErsf Akt tHeek Rastoneadichdbs first
and second | eg nmenbers further including an inner surface having at |east

one ti sdQEPgseaLis sids sorfachs of theqpge Betvsen B sukzrg ofthe apgx diat fages tawardsahe ng at
| . . _ ; N9t
east OQi?sﬁa{l%hése&tﬁJ @%t s%c@ﬂ;lgé glféﬁb?@{aﬁg% guﬁ&@ o?gaelaag)g% tﬂr%g}%gsgav? st d enads

joining the proximal ends o secon ers, "the apex
furt her thediktaldéndg ofithe fiesi ahd sevend igahenfitersyde aieast suembabeallowitgmompex t hat

faces o : . : L
complete crimping at least in the immediate vicinity of the apex.

2. The clip of claim 1, 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.

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.
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towards the distal ends of the first and second | eg nenbers, such that the
at | east 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 | eg nenbers and a surface of the apex that faces away from the
distal ends of the first and second | eg nmenbers, the at |east one notch
allowing nore conplete crinping at least in the immediate vicinity of the
apex. 2. The clip of claim1l, wherein the tissue-grasping elenment of the
first leg nmenber is a |ongitudinal tongue and the tissue-grasping el enment
of the decondhe ip efchaian o6, wdhegein thsghanngl arientgd alaneangly, of pheutdSi4sgtses withi m 2,

wher ei n . ] gﬁﬁgg y and are disposed

opposi tééspgcttecggﬁ’ugltuﬁﬁe% tagg ogﬁ%q?ﬁ%ﬁg?&gpg% ,Bé\ﬁier ein the tongue and
groove extend along the entire length of the inner surface of each |eg
menber. 5. T L i f. clJaim2, wherein the tongue has a height in t range
of abouf: 0. Ogﬁ%&i‘ﬂﬁ%ﬁ? ig T, 3hstrm @.e@@tf%ioﬁg}?ap@.‘ Ralst?ecre‘fsfsﬁc%qn @P‘dﬁ ﬁ‘l‘tﬂaan rein
the tisgHges8idagpi ng el enent of the first and second |leg menbers further

i ncludes at | east one channel oriented at an angle with respect to the inner
surfaces of the first and second | eg nmenbers. 18 7. The clip of claim®,

wh [ h P [ 2d I f d it h
rospect %t o a Tond viancl: ittt eth i RPrhadh sl rp SBBERRLIE s e

clip of claim1, wherein the notch of the apex has a cross-section that is
substantial | )f trapezaoidal. 9. The clip of claim1, wherein each | eg nenber
has a willth TBeslin ¢fphaimpd ehersintheickiphas a yigld strength grgates thag ahpwh 28 ksivher ei n t he
clip has a yield strength greater than about 28 ksi. 11. The clip of claim
1, wherein the raised area is a pad di sposed proximal to a point

appr oxi it el Fhetlivefycldst wedrerdimtheapised apalistatpad dispesedproyimal tofa ppath | eg

:ngg:r OP%é‘Bﬁ%?%}? 6’0‘8’53l ¥ Oy:cl?.f:gl &n't él' ape‘Qha%E?ﬁe%eQ %orrti%ln%?gacﬁrlgga mgr% er‘?l height in the

12.  The clip of claim I, 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, 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 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 of the apex between the surface of the apex that faces towards the distal ends of the
first and second leg members and a surface of the apex that faces away from the distal ends of
the first and second leg members,, the at least one notch allowing more complete crimping at

least in the immediate vicinity of the apex.
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to about 0.0025 inch. 13. A device for ligating tissue, conprising: a first

| eg menber having proximal and distal ends, with a knee portion forned

t her ebet ween; a second | eg nmenber havi ng proxi mal and distal ends, with a
knee portion formed therebetween; and an apex that joins the proximl ends
of the first and second | eg nenbers, such that the first |eg nenber and the
second | eg nenber are opposed to one another, the apex further including at
| east one notch formed at a surface of the apex that faces towards the

distal ends of the first and second Ieg menbers, such that the at | east one
notch doés ndhe fevacsertclain s where garlyplibe birst and pasandslse mamehendisther Hsludar f ace

of the gp eFin‘fac% ARARe 49 {Qﬁetm@e-gﬂggﬁi%e@&%feifmetdhﬁere&'.rSt and second | eg

menbers and a surface of the apex t ces away fromthe distal ends of
the first and second | eg nmenbers,, the at |east one notch allow ng nore
conpl et

cri npi .at . least in the,i di ate. vicini f .the apex. 19 14.
The. dovilde ofNEHekieR of S, herention Bomeerhsping e ment o €5 GE el Bg brs it
further jdipab&idsl toBheiaRd e tssglﬁef-gﬁﬁaiﬁwmgm%tf tHeB38dndABE me InbELIS 2 IS EHRAHRE
el enment forned thereon. 15. Thé device of claim 14, wherein the

tissue- gre¥pi ng el enment of the first leg nmenber is a |ongitudinal tongue
and the tissue-grasping elenent of the second | eg nenber is a |ongitudinal
groove. 16. The device of claim 15, wherein the tongue and the groove are
conpl emdst ar Thadevied & cladinsiFo sherethe sinigee &flcthe @ido@é areémpldneentey aaref cl ai m
14, wherein the tissue-grasping elenent of the first and second |l eg nenbers
furt her dfSRejed BROSYE ep %E‘erone channel oriented at an angle with respect to
the inner surfaces of each | eg nenber. 18. The device of claim 13, further
including a raised area di sposed on an outer surface of each of the first
and secdid | dye devibreofsclpmobd, whkretnothe tipukgraspimgretexeantiothy findt dodiseched legen t he

members further includes at least one channel oriented at an angle with respect to the inner

surfaces of each leg member.

18. The device of claim 13, further including a raised area disposed on an outer surface of
each of the first and second leg members proximal to a point approximately midway between the

apex and the knee portion of each leg member.

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 ends of each of the leg members,

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

wherein the at least one 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 a surface of the apex that faces away from the distal ends
of the first and second leg members, the at least one notch allowing more complete crimping at

least in the immediate vicinity of the apex.
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apex and the knee portion of each |eg nenber. 19. A surgical clip,
conprising: a substantially U shaped nenber having an apex joining first and
second | eg nmenbers, the apex further including at |east one notch forned
therein, and a knee portion forned between a proximal and distal ends of
each of the | eg nenbers, each | eg nenber further having a width | ess than
about 0.05 inches, and a yield strength greater than about 28 ksi, wherein
the at | east one notch is formed at a surface of the apex that faces towards
the distal ends of the first and second | eg nenbers, such that the at | east
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 | eg

nmb d that f h d f
The 1 P00 argesbionder bodiredh Eion g e SF P B IR kS b o rore
conpl etg@as‘fafd rHPérﬁ@lt?drmeh@ﬁ%hmrférhhﬁcbtﬂmlfate vicinity of the apex. 20 20.

The clip of cIa|n119 wherein each | eg nenber further includes at |east one
ti ssue- grasplng el enent formed on an inner surface thereof. 21. The clip of

clai m 13, :I‘h% éof 918 9 Tirefler 1@1&&9%%‘&%%‘3&% s}agedodc?)l ag&”oaxg#t ﬁlrf%&%rff age of

each o s€cond |'eg nembers proxi Stween t he
apex aMth&lhskmeemxﬁtleg)members Padimblag aI]SBh‘iDbétweé’xﬂ.the apex and the knee portion of

each leg member.
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