6DESCRI PTI ON METHODS FOR SECURI NG STRAND ENDS AND THE RESULTI NG DEVI CES ..
CRGSS- REFERENCE(S) TO RELATED APPLI CATION(S) 5This application cl ai ns

priority to U S. Provisional Patent Application Serial No. mﬂm\‘“\“\
fil*ed October 22, 2006, the entire contents of which are exg‘ﬁ\ lﬁmﬂ“\
incorporated by reference. BACKGROUND 1. Field 10The present inygpkion
relates generally techniques and BESORIRFEINf or securi ng ttre ends of
strands, such as wires, of devices suited for placenent in anatomcal -
structure [ i ' . [ ' el ude
woven, semﬁggm. NG> SpE gﬁﬁ%}%@m&g@% of
devices suitable for insertion into an anatom cal structure that are
created 15 fromone or nore strands are found in U S. Patent Nos.

6, 007,574; 6,419,694; and 7,018,401; and in U S. Patent Application

Publ i cation Nos. URCGKNRECTRINES) A QREIQUBED WIPAFZARION®G) whi ch are

i ncorporated by reference. SUMVARY OF THE | NVENTI ON Sone enbodi nents of

t he present t hods. i ncl ude secur.in ing. s t . a N4 st

st ragd end p%? 8?113516‘:13&318 UM MRS llgggjrsg%olrslra?%ls%{rt%hﬁoknﬁpﬁlﬁ%tgona%grgdrlleyt]%m cal
structure; and securing the pling structure t.g a second strand

portion W8ﬁ2r@6d§\?8(9é’f°q\ﬁh&’§8§)¢:éhef ?“gléet ¢ %P%%@%*H%‘ gt Fﬁ?{ﬁssg'nlﬂcoprgorrfi Eegﬁg are
substantially aligned, the coupling structure is not a strand of the

devi ce, mfeenche device includes one or nore strands that include nickel and
titanium In sone enbodinents, the lenath of the coupling structure is |ess
t han 25, 24, 23, 22. 21, 20, 19, gadkEROUADLI11111111111 *G00002* 18, 17,
16, 15, 14, 13, 12, 11, 10, 9, 8,7, 6, 5, 4, 3, 2, 1, 0.9, 0.8, 0.7, 0.6,
0.5, 0.4, 0.3, 0.2, or 0.1 percent of the length of the device; this nmay be
true for eachl.coupfieMg structure that is used. The coupling structure may
be configured such that it has a passageway before it is secured to the
fird0 and secHirdpresentinyerpiontileies genentlly techmguep andstaicaes; fat weuiinee8e -¥nt act
with

of strands, such as wires, of devices suited for placement in anatomical structures, and the

resulting devices. Examples of such devices include woven, self-expanding stents.

2. Description of Related Art

Examples of devices suitable for insertion into an anatomical structure that are created
15 from one or more strands are found in U.S. Patent Nos. 6,007,574; 6,419,694, and 7,018,401,
and in U.S. Patent Application Publication Nos. US 2005/0049682 and US 2006/0116752, all

of which are incorporated by reference.

SUMMARY OF THE INVENTION

Some embodiments of the present methods include securing a coupling structure to a

20  first strand end portion of a device configured for insertion into an anatomical structure; and
securing the coupling structure to a second strand end portion of the device: where the first

and second strand end portions are substantially aligned, the coupling structure is not a strand

of the device, and the device includes one or more strands that include nickel and titanium. In

some embodiments, the length of the coupling structure is less than 25, 24, 23, 22, 21, 20, 19,
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5 the first and second strand end portions prior to the securing. The

dewi ce may be a stent (e.g., a stent woven fromnultiple strands), or any
ot her nedical device suited for use in treating a patient. such as a filter
or "an occluder. The device may be sel f-expandi ng. The device nmay have two
or nore device ends (such as the two ends of a straight stent or the three
ends of 8, b7fue eatliddiztient)). 10a0ad, daclh, dekizce (Ehd.5ly/, B, 6had.4ct.Brdzed by or
defined by strand bends, 10 where the strand bends of a given device end
are si m b.apefcentOof, ths Wagihast thaldeyics;i thisl rasy) bé frus fapech cowtlink sastueadl ot her
and in some instances to all of the strand bends of all the device ends,

such t hajeonehdebiisiteeRdctuROfsy beldbnfilted ichttRattinBaPi PessaghvalyGRfRa6 O
devi ce ends. The nunber of coupling structures that are used may correspond

to the nunhep (OfheSbaRdSed d%trand‘%({ix%%)is.tan@-tt rﬁfyebé-’ﬁ(@&dtigtlolcc{i%@tt &)ntéra]tew@lﬁvi ce,

and they may be positioned In axi al 1 gnnment "15 parallel to the

| ongi.t udj nal .axij s Lce. . Lald: .each
o ner’ andeassits s SABAREY bRbarprinlf edRAoE, 3L Al el B b e g
may be acconplish b | di.ng . (e.qg., lLaser weldin the.coupling..structure
to the ff th’rﬂqp‘g?‘fﬁﬁﬁgm?eﬁ'&nﬁ%er ftfaﬁﬂg)t Blg?iryeoéﬁ% ‘%edfclaL g-?“weﬁuéf 8‘% fr éig bnntr%ﬁlgé By
wel di ng the coupling structurﬂﬁéo ghe second,%%rqu %gg.gor ion to create a
second WBHBY SHARS LIS IRE 3 RECIHRATa e dEYFO ALY hey e e Ranging 10§ deYisim™each and
20 unconnected by any other welded region. The two strand end porti.ons -
di rect | yhavsuwr csaRaie deviesr enidp (Sighes Brordi Renelse SERENtSIFIbPHEE tURDERMS LAt s are
not in direct contact with each other. The strand end portions may be
Subst ant biuEycabIyhetdwach dedencst mey be sharasesedy, ool imRe Yy Hagdends
positioned in side-by-side relationship (which may be characterized as
overlOappiwbeie.thé siramdirendsnifadginendeyjcetand acoupilan(@-gstsubssanially sisnilanphsbapcof
material that is 25separate fromthe first strand end portion and fromthe
second std andase asthpalidriaad impdne whanees well df itte used bewdsad @bt dehce dnds,
securing, is placed into direct contact with both strand end portions
bef ore t hgehwahdbRgdbagi 9. lobls s@BIMIEIadi theots: dedeecat onltviaf eidse Becuring
steps result in a given half of a given strand being secured to either (a)

only one  etBgr ofséo'h?-l'ﬁgg Qfucklpds AR He Q1 ALPGSr&bAd & tht hambanss Stahén@.g.| N
sone enbodi nents, the coupling structure is 5 positioned beneath a strand

that cr O%ﬁh%g) OULLre fised 1D FORE HRNBQHTER SheyBhhy GOYRLHBReSI MGhiIUARAmeRAt are
used are positioned In this same fashion. Fn sone ‘enbodi nents, neither the
coupli ng ,structu oL, t. ; 1 QNS, | fdot | ¢

pia 9 (Parliey {t%fhﬁgﬁ%’t‘%%ﬂgl}c z?%gr gf{kﬁe ﬁggca%ttﬁeg% };196 X%'Iéélﬁ;of'fs}et fr§mse§8195tﬁdr

undergo SHDO € securing’is -conp n sone

enmbodi nrent s where .t he i ce is.woven.from.nul tjple _

str ani:l craBg ?Pﬂﬁ%ﬂegraéouélaggﬁl g u:E‘éSEFrieﬂ%/en%f tf(t)lﬁfta ﬁ?ge'alrl]-ié?%%cuﬁﬁ%&q ? ;bg ?aggagsher; llv%#edn t he
device is 10 axially co de%s d from an unconﬁ%%fined %t teTfeth dgvice
openi ng ?"dt"ﬁéﬁimg e 1R WSS ntS% CQUPARE BOF AT 12 HE gt PR S vay  or

passageways of the device) is defined by at |east three strgnd Crossi ngs,
wher e eacHirstwelded regigr sty weldmertheeqirBie s Es Buibe secopd strmd 589 PRTGAR © |y
sonme enbodi nents, the coupling structure positioned nearest to a particular
end of t hecatheyiseeond aveiwvlieg@nerﬁw)tmswgléacgwloa@aw e spaeqd gemicee awbs
(even at the portion of the 15 coupling structure nearest the device end

i n gR@st iundnneyted bylappstheo veldst rragidn.c lTbs sivagtraich exsbpertiemsbdistictie heush dagh at

| east two strand crossings; in sone enbodi nents, by at |east three strand
Cr 0SSi ngsithdrrin Soie eatvbdicienantsd irbythat eheabmedtoare sdtrianiirectr amsichg;ithisacksone
enbodi nents, by at least five strand crossings) in a direction (e.g., along
a line) tdiadr iTheSstst @dtjoadidry riar e dubbtaniallp abichedngitti ewcbhroaller detidsoehd), loe

devi ce. 20Sone enbodi nents of the present nmethods include welding a

coupl i ng iy YrdUibe pQitdnkd rigt sidt-bafeenthRastip Qvhdh @madeyt ChatoRfibguaed for
insertion i'nto an anatom cal structure; and wel ding the coupling structure
to a secq -and oL 4 b t 651 Rhd:reh) Shdiyest ur e
is not a dgvgrrl?r%@gf lflﬂ%n%eﬁﬂ%:@%g&% t!tﬂﬁecgg%{/n%?ém}eﬂg %dgetsﬂ) ?egﬁg)lﬂor an%r e strands
t hat 5 ncl %de%atnlfgol%nel ea}ilqrg sEr'a cﬁgr{dupn(}rti n and fror;l- Iﬁ% s@E&%es%n(ggrYd fefod 'Y, Qﬂ&?a one
or n%re SEEULE anJ‘be cont1 gured Tor"ihsertion 1 nto an anatom cal :
structure. In sone enbodi nents, the present devices include a coupling
structure secured to two different strand end portions that are :
substantially aligned with each other; ,where the two different strand end
portion includes nickel and titanium and the 5 coupling structure is not a
strand of the device. In sone enbodi ments, the present devices include a
coupling structure welded to two different strand end portions; where the
two different strand end portion includes nickel and titanium and the
coupling structure is not a strand of the device. The device may be a
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17, 16, 15. 14, 13, 12, 11, 10. 9. 8, 7, 6, 5, 4, 3, 2, 1, 0.9, 0.8, 0.7,
0.6, 0.5, 0.4, 0.3, 0.2, or 0.1 percent of the length of the device; this
may be true for each coupl ing structure that is used. The coupling
str'ucture may be confi gured such that it has a passageway before it is
secured to 20 the first and second strand portions, and it may be pl aced
into di redt icosddaotacvarhplish ke fdcostg, andlaset onal dstatamdtasm‘dltlp(boliu sorasd gndor to
bei’ ng secured (e.g.. welded). The device may be a stent (e.g., a stent
woven f rgiieasl defdpé msbaam@%):gwrInasmemﬂmmnﬁ,mhe dewil ofthssedueitigfstps use in
treating a patient, such as a filter or an occluder. The device may be

sel f - exprAdi G Jéiﬁlaqiiewac véRMraR@¥Eng YWRuRdd tBRItBerd@Vdnt e oRNetBer(skdtdon®) t he
two ends of a s%[ral ght stent or the three 15ends of a bifurcated stent),

and eacho,ﬁgwﬁecs%,%ﬂﬂalm tP@ s&ﬁ@rsﬁ&herinzﬁ‘(qn@)énf%dﬂ%{s”% Btg dpekruleends,

where the stran ends of a given device end are simlar (e.qg.,

substant s Aaohed bichdilalss snla PG 0oL it $UmEAEBRRARL AN e B Bures

i nst 3ncel?” ran ends of evice en Such that one
devi ce end | ooks, ver to t ot her i r The
nunber of® tc‘ifﬁﬂif‘idnade B%lﬁl 61’%&“&%&6 asrhé ugeﬁgﬁé;?&?(%&%m? negtﬁ%(lj tﬁ%ﬁ 1?}c@r"iber of
strands (e. that are used to.create the device y be
posi t i on%tﬂlcgﬁe ﬁ%y\’h téf;“idﬁﬁ REORS O EMFL|E 1§ %CCW?g updiige %alaf’?%aﬁnga%’ a%e%/thfh
device) or they may be axially offset fromeach other and posi.tioned around
the ci f CORFRBRBIEEMBIC Ha SRy FEEotmRaS SIS tPHYSLeT S AOYFRTRRPHEPE SERRE t o
the first strand end portion by a weld that fornms a first wel ded region,

t he coupbichghat strandserpgsines aes Greatedodiinits qb@l&eweg@éé@h@cge@%ea\ﬁwnéhﬁd%?q on by
a weld that fornms a second wel ded 10region, and the first and second wel ded
regilns axiellpoimpttssed from anomnestreided gateaebh dehes onsyingfashérghanibe dpeningsgi on.
The two wel ded regions nay be separated from each and unconnected by any

ot her wehidedordegihe nonglthéinh vyssirewndorepdsagewsysarfshel devee) lisyddfmead by eabdastot her
in some enbodi nents, and in other enbodi ments are not in direct contact

W t h eaclkhred Bifd ckddsia@dBvhere each eifRdiro®INgSs défeeddguplol angssad sttant poetians. a

pi ece of material that is separate fromthe first strand 15end portion and
from the ;56600 dnbbaiRRH:C M RAPALINRAR: pBliasn Nt icSa YakdulaocsPopR the
~device (a “device end”) is spaced apart from all device ends (even at the portion of the
15 coupling structure nearest the device end in question) by at least one strand crossing (in some
embodiments, by at least two strand crossings; in some embodiments, by at least three strand
crossings; in some embodiments, by at least four strand crossing; in some embodiments, by at

least five strand crossings) in a direction (e.g., along a line) that is substantially parallel with a

longitudinal axis of the device.

20 Some embodiments of the present methods include welding a coupling structure to a
first strand end portion of a device configured for insertion into an anatomical structure: and '
welding the coupling structure to a second strand end portion of the device; where the
coupling structure is not a strand of the device, and the device includes one or more strands

- that include nickel and titanium.



coupling structure to those strand end portions, is placed into direct
contact with both strand end portions before the wel ding begins. In sone
enbodi ments, a given half of a given strand of the device is secured to

ei t'her (a) only one other strand or (b) only the other half of the

sane strand. In sone enbodi nents, the coupling structure is positioned
beneath a st renrgrésbatdeRidey mspkscouedr mbre strandwane tervbofigurehfos insattion ageipl i ng
structures that are used are positioned in this sanme fashion. In sone

enbodi megt snattrRichingfuchte ClaURIMeNemBditeitsy thenpesdnh@esit¢samdivdach pardingns to
which it is secured require snoothing after being secured. In sone

enbodi megt 3 WL Erel NG tvd@ﬁiffé?enl SR8 phARAL Mk hieuBstitiaBP dRofdGhitt &b
strand crossi ngS are created F| ni ng obt use angl es tﬁat I NCrease

when t he,feviGe ?lhaﬁcaldlerr ?%%?c?%ﬁ&’ fomm 3 2B ARRDS LA iBRMn® { Aldemeeach

devi ce open ng er than t he open| n s that border the |ongitudinal
pass f th ice) fine at; |
strand cf%’i’gflﬂg ésrg eaa%c:%ﬁJ tfé da, eé}cgssl:nnsﬁgll%s "5}) g m?%(tf fhe f@g&&?%sgegd

strand porti.ons. sonme enbodi C in tr cture Qsk ti oned
near est F‘Gf“&e ﬁ‘a?‘f‘ip % é?“‘ehrﬂ %gdﬁ g‘?é?nd@ie’ i &389/%83 FL::t Whgsptgce:etg apart
fromall device ends (even at the o tion of the ng structure nearest
the 5 dediflceent pigend£ngpegtongpgiu ‘55-‘9 eadswaawe apd 3‘}?03) h%s%fﬁﬁm(? K ®5fe
enbodi nments, by at |east two strand crossings; in sone enbodi nents, by at

| east t hﬁteeeldsitf thendpvice 08¢ Agpace ey BB ROy AshAr ancdifpl daviqesyied 1o gpe ‘é‘t rand
crossing; in some enbodiments, by at |east five strand crossings) in a

di rect i omredtingg patightosephzs lai filee ot #raecclusler yBhe armbex|of woynking|stragturgs it are

| ongi tudi nal axis of the device. 10Any enbodi nent of any of the present

met hiads asd ey careespayd o ohnsehbenbf strandeiis gs wirsstntdedtd fraspfind theherayttean
conpri se/incl ude/ contai nThave-the described steps and/or features. Details
associ at pdsimbried ih heseambed (panlls! @nte tirpiudinalr &iPo vt dedebdbdve) oBRhdyF
DESCRI PTION OF THE DRAW NGS 15The following drawings illustrate by way of
exanpl e anpg yeakially Brksatfrdm each Gt bed@ qﬁtﬁfneﬂefwad P EfcainserélR e O thendzorssari | y
i ndi cate an identical structure. Rat the sane reference nuneral may be

used to ifdistEerd Frfsah cd Bt tRatQf eeheet\umm [ Relgédmio) argifean@upanal i ty.
Not every ?esaturee ol%% eaéh grrb;egal meaht ?sc | abel ed e:/\gn every ?I ggure |nbwh| ch

t hat enb%g-u%ﬁ%t %P@ e&lrb§tant dnléczlg} 4 with Eaetﬁpbtltné?%rftl‘l C%}i?é:%lgé’erd m%%l—t@ side Shows

an exanple |on o vice t I's bei ured for i'nsertion
|nto anaato pcal . t n t eat e fine r and
ends'ar e "PATT 18n 6facgn(gtﬁen P ?htatiftﬁm;j1 gv?tgdgac <IFneéri ea%l g@%mﬁ@ﬁ deél %{nzéd in
t he top, ntr al rt|o the fiqure that. hol he,devi,ce an
under | EI r?&"eb@éﬂeélﬁse e‘llﬁ%gtnIhBEwe CQ‘”HB‘% SBE?tP of l?sﬁéha&leg gg 519208126 }6 Cig
shows an exanple of Jportion of Vi ce canfiqu

i nsertion’ h-d3ak* éﬁalc i< ¥ s%rug’tsu3 £C7 ggt g ?z)gé:z%o’f 63 Qgté vgnfere
hal f the free strand ends have been backbr ai ded and the ot her Ealf remain
at one ermgresnt efihe drmgtheaf thepeyices thin gy bg drug famsich cappime sERENEAIYHS Y5fevi ce

after the weaving reflected in FIG 1
The coupling structure may be configured such that it has a passageway beforc it is secured to

20 the first and second strand portions, and it may be placed into direct contact with the first and
second strand end portions prior to being secured (e.g., welded). The device may be a stent
(e.g., a stent woven from multiple strands), or any other medical device suited for use in
treating a patient, such as a filter or an occluder. The device may be self-expanding. The
device may have two or more device ends (such as the two ends of a straight stent or the three

.25 ends of a bifurcated stent), and each device end may be characterized by or defined by strand



5 and the backbraiding reflected in FIG 2 and that includes coupling
structures equal in number to the strands used to create it. Specifically,
one coupllng structure has been | aser welded to each of six different pairs
of "substantial ly-aligned strand end portions of the device (for a total of
si x coupling structures). FI GS. 4A and 4B show exanpl es of

por t i onsbenlls, ey thelewinddrnds ofid givert devideendne sidav{e QisnbdinGallBsimilar) in FI G
5 shows the configuration of the device ends (and the simlarity of the
strand bgagtstot hakastledch denet bedn wmeansiendes @ sil 6F harsiraml bdids onell steademict n

FIGS. 3 and 4. FIG 6 shows an exanple of a portion of a device having

coupl i NGyt rades H{aﬁéné&&%ke 3h@ 1Kt My ¥indildr ah g oalRd dbhad erdiesiWeict Wisstmhand end
portions each 1 n overl apping rel ationship. 15FIG 7 shows an exanple of a

portion Qi %‘P\ébl&gmb %Yl{l&gll’ F%‘a? labdhed trh 4 CLdHSSont B thAhmBer s{r){ncﬁl G %n ed g nd

t hat secure two subsfanti y-al 1 gned strand end portions each

8 sh
2, o8 vev%sytﬁa (€ R : d%aglggttte'tag d%{wél &%Veheg gssnn&hehhﬁ ange S

coup I'fig ‘stru re space apar ron1each
ot her arouaﬂ t he of ..t
st ruct ur Peralif

c erence . e
L0t oL SRS o i fi%ce PRlES mondP ety Maf i W09 g g
shows an exanple of a portion of a dey iml to the one shown in FIG
7. excepind REYUQIGH AERd QSJﬁFWWéHQFF ﬁ? Vﬁ?eaéﬁegﬁwﬁﬁ%éme??dW?%gfh
ot her around the circunference of the device. FI G 10A deplcts one
coupl i ngsestiedde thedirstsrandendnrerienobst Palddhafarmsor firsbeldedEagiogs the coupling -
substantially aligned. FI G 10B depicts one coupling structure
secur ed stoictue issacared temt sseend Bread chdpotipe tyapwealidt thatefaems aserond valded,  10C
depi cts anot her enbodi nent of a coupling structure that is secured to two
straid ergigportd drsfitshatd secendswbidedrszionk laye adti djreetty connected K &8h othigh band 11B
are schematic representations show ng different exanple arrangenents of
coupl i ngagdthdtGidlde@igefion. Thedevivegdesliregiomsmay bseparasti droim each and unconnecldG. 12
shows an exanple of a laser welding systemthat can be used to create the

10devi cegy 39 Whet Welde®Regictr 9The two strakill @nd b3rtiofis dirdcalltéuddr «avh dineginesoarepl e
i nner dlaneter outer dianeter and | ength dimensions of nitinol coupling

structur %ﬁb&&lﬁ{enﬁaﬁhcpﬁ dﬂ%&@nib@ﬁm?eng;' M€ RotinddRE€Eonfict WiB! cath eS| Besodfe a
gi ven size of six-strand moven stent and further provides exanple settings

for the ofiB s O b8 oL S le@éﬂométeemmﬁsmeﬁér@ﬂa%a O fieldRirsnd eet
per hour er standar con |on IS a detail view

h t di t

by B tﬁé bifsBndp %L%%fs.eﬁogdiﬁﬂkﬁﬁ%?ﬁ? bigh %ﬁd %ﬁ%. ﬁ?s@y;??%ﬁa"sewf@%e FlG

Flo 1A amreeRar R abts S Vo%%n%?e&q bt Ao SR RS BB Y REB T "
met hods. , : :

end portions before the welding begins. In some embodiments, a given half of a given strand

of the device is secured to either (a) only one other strand or (b) only the other half of the

same strand. In somc embodiments, the coupling structure is positioned beneath a strand that

20 crosses over it. In some embodiments. all coupling structures that are used are positioned in

this same fashion. In some embodiments, neither the coupling structure nor the strand end

portions to which it is secured require smoothing after being secured. In some embodiments

where the device is woven from multiple strands such that strand crossings are created

defining obtuse angles that increase when the device is axially compressed from an

unconstrained state, each device opening (other than the openings that border the longitudinal
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DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS The terns "conprise" (and
any, form of conprise, such as "conprises" and -conprising”), "have" (and
any form of have, such as "has" and "having"), "contain" (and any form of
coritai n, such as contains" and "containing"), and "include" (and any form
of include, such as "includes" and "including") are open-ended |inking
ver, bS ﬁﬁss’égé@lﬂrtpassag@&\ys oetherdeniet)no defitedtby'at traptrthse strind" drassings, vdeng ai ns,
or "includes"” one or nore el enents possesses those one or nore el enents,
but is nQth ki-dHdt @6ksin@ 1P ASHRBSHINBvOBoYsel RESR phtiony. I]‘Ds‘oﬁmeEé:rﬁhitRiﬁrh&ttDrtth eps.
leemnse an el ement of a device or a step of a nethod that "conprises," 5

"has, gt‘ilﬁs' &ﬁxcmb%ouﬁ&féh%ﬁést RNg pichiaf end BAIHY BViRAESYESIES chdPse One
or nore fe t Ur es I's not limted to possessing only those one or nore

features b tpgf*? TR G dByind B 5‘1 Lthtﬁé pb§10ﬁ (Ui}fthtg%u?ﬂné @tr@ct&@ e HAY nust
be conflau d'PFh at east ﬁ i y, but "also may be configured in a way or

ways éC?(ﬁ:eé/gc'ere?ﬁnOt %S ec' gleast e strar{%dcl gs%eto (%f sto?f{eyelrrgodw& PHEIEH t't(% hods

and Or~ COonsi' s Ssent 1 al Er t

conprise/in Iude/contaln/have t he des ribe and/ or features

and by BT CTRREIEH &) S\Rmel gmi e‘éﬁb di ﬂeﬂ%ﬂ f‘tr? a‘b‘f &é‘é"ﬁ‘t“g %‘IQ
conprise welding a coupling structure to a first stran ? EO tlon

devi ce CORPIIHOLEY byt lffanrsfé’t‘t PR} FRSINgn N PR TR RO ML eYtau @t d| ng

the coupling structure to a second strand end portion of the deV|ce, wher e
the coupémossngs) inue dizeasion e goteloag gt inghdhasfis substagualycrarallch avithyie lopgityinal c e

i ncludes one or nore strands that include nickel and titanium other

enbodi nemtisofttbadéste. essentially of or consist of welding a coupling
structure to a first strand end portion of a device configured for
insertion int t omi uc n | ycture
to alsecond s %ﬁ@g% e%%ﬁ?PBO%t 1%%&3tm§@§$¥§1 %?gxﬁﬁﬁlﬁﬁgb %ﬂgcgé%#ucture
is not a strand o e _device, and .t evice cl.ude r rands
that i ncFHgd Y c RET‘"% 4 tc%rﬁPTﬁ%mHudeqconllahm h% Bt tHg &59% Steﬁg’) ﬁqd%r
defined as one or nore than one unless this dlsclosure epr|C|tIy reqU|res
ot her wi s&atUT¥fe t er ns "substantially" and "about" are defined as at | east
close to (and include) a Riven value or state (preferably within 10% of,
nore pref er abbyi 13bdRard Yavith theddembRiheits el EstBsk Yrewréiddd Hiokdo of ) .

The present nethods may be used to secure two unsecured strand ends of a
devi ce configured for |nsert|on into an anatontcal structure. The initial
process used to creat e BREEKE RIRRION QR THE DB 2uch as the weaving
techni ques disclosed in U S. Patent Nos. 6. 792 979 and 7. 048,014, which are

i ncofporated Rye FQIRF R ARWREgAMYstREdI8F V\Q@Qﬁ&ﬁ@m&)rbaind%ot resitdtbs. i1Gemicall east
t wo unsecured strand ends. % weaving is used, one suitable braiding

machi ne £ edate? 4n GAEHCAN sthiRfurZ O Aher FiiRCsaler €
Carrier ra| ¥H@%f§ £b§nE%§%€¢actufed %y Sﬁ%eg%r USA (Spa?tanbﬁﬁg,

vk Qaggrgetvegag 2O IR B ST SRR LA LPTANE GF aMRhESLEARiANd 1

confirgurations, such as stent one with

ends or nultl-le ed st han, t ds) a 10
oS O Mtk SRGPE ! Bkt OBl 1B ARk 2R lh%‘?{%th%

i ncludes a p sa (.such as a into mhlch the strand ends can
be i nser &Y Wﬁﬁ? %éﬂ?@r ﬁﬂsmﬁﬂgyﬁhﬁt gagelded (e.g., laser welded) to
the strand end portlons inserted into it. However, the coupling structure

need,fot encorg@ss sﬁokl@ afilek@Nplc @NE Portids ofa SEAL thbﬂlb@eldﬁe&ﬁghfkﬂtfeﬁdscmdm ot her
enbodi ments, the coupling structure could conprise a flat ‘strip to which

-the str arlﬁtoed'ﬂ(ﬁa ?caﬂ-%rucﬁﬁ’é‘ Rh&dh a Qige‘%f Shedatibn {\H@fte fileS seMAlAES £E positicikdas a
portion of a sna Furthernore, though laser welding is discussed

bel ow as @ pre not Lot o) qugos) GARigBbEea 3 Bt eCHN GBS, BPe DALl

|ncIud|ng fﬁﬁ |n1te ect on beam resi stance wel di ng,
tungst en ta r i ri g, sol dering,
bra|S|ng,haﬁ eﬁﬁe“ﬁﬂe g%ﬂg?%ﬁﬁhggnﬁg%%%gwﬁggpggbfﬁlggp%%ntthe same
materials as the strand end 20 portions to which it is coupled (e.g., a

ni ckel -titani um coupling structure nmay be used to couple two

ni ckel -titanium strand end portions together), or it may be nade from a
different material or materials (e.g., a stainless steel coupling structure
may be used to couple two nickel-titaniumstrand end portions together).

I n enbodi nments in which is woven fromnickel-titaniumwres (nickel - 56.0
percent by weight of the total conposition; titanium- balance of the total
conposition), and the initial weaving is conplete, the device (with the
mandrel on which it was forned, if desired) can be heat treated according
to the information in Table 1 below Table 1




Stent Di aneter (mm Furnace Tenperature Setting (Q) Heat Treatnent Tine
(m.nutes) 4.0 525 5 5.0 535 5 6.0 510 10 7.0 520 10 8.0 510 13

. FIG. 2 shows an example of a portion of a device that is being configured for insertion
into an anatomical structure, and at a stage of creation where half the free strand ends have

been backbraided and the other half remain at one end of the device.

FIG. 3 shows an example of a portion of a device after the.weaving reflected in FIG. 1
5 and the backbraiding reflected in FIG. 2 and that includes coupling structures equal in number
to the strands used to create it. Specifically, one coupling structure has been laser welded to

each of six different pairs of substantially-aligned strand end portions of the device (for a total

of six coupling structures).

FIGS. 4A and 4B show examples of portions of other devices similar to the one shown

10 in FIG. 3.

FIG. 5 shows the configuration of the device ends (and the similarity of the strand

bends that define them) of a device similar to the one shown in FIGS. 3 and 4.

FIG. 6 shows an example of a portion of a device having coupling structures that are

axially-aligned and that secure two strand end portions each in overlapping relationship.

15 FIG. 7 shows an example of a portion of a device having coupling structures that are

axially-aligned and that secure two substantially-aligned strand end portions each.

FIG. 8 shows an example of a portion of a device similar to the one shown in FIG. 6.
except that adjacent coupling structures are spaced apart from each other around the

circumference of the device. Two of the coupling structures that are farthest from the viewer

20 are labeled.

FIG. 9 shows an example of a portion of a device similar to the one shown in FIG. 7,
except that adjacent coupling structures are spaced apart from each other around the

circumference of the device.



9.0 520 13 10.0 530 13 The device may have free strand ends positioned at
sone or all of the ends of the device when 5 it is heat treated in this '
fashion. FIG 1 shows an exanple of a device (device 100) that has one or
nore strands and is configured for innsertion into an anatom cal structure.
Device 100, which is a stent, was created woven according to techni ques

di scl osed i nFIGSI0Rdtsios ohe coiplDigSiraetird seomed it twe staandsendviortéas thasare
possess twel.ve strand hal ves 10. There are no free strand ends at the

devi ce epgsiafiiadeyi@Rd100 that is not shown. Each half strand was secured
10(see, e.g., FIG 3) to only one other half strand (which either bel onged
to the same or a different str@ﬁd). ‘Af%gr this h%ﬁ: H{ea.nen&gtthe
devi ce can bdIfnBBi Py OBt SAEHEE STHCYE SFUZEA WY RPNt F1Y BEEP™S N8kt, the
free strand ends of the device can be backbraided as desired and then baked
accor di nyetlep witk epahfasharat i on in the sane table and i mredi ately quenched in
dei oni zed 15water until cool. FIG 2 shows device 100 after half of the
tvel }/e | oose shr 4pd %@gé ABEr Qfﬁﬁ&l&@ﬁk&fﬁéﬁﬁQno structure N@Xts scRiRd @6 tRPT e
coupling structures .’g., coupling structures that include nickel and
titaniu such as .b5. r Laht of the total conposition and
titaniug%gggfﬂ%mgglgﬁgggﬁggsgﬁggpgﬁg conposition) nmay be coupled to strand
end portions of the woven device at any desired |ocation along the | ength
of the devi ceFIGEhel idevindel Myarbeschemated repressnationsn dveying ediffersnt isgara@epl i ng
structure(s) are positioned so that the internal dianeter of the device is
accur at ehyangeinentO0Eublie: GadfirdsTgr sddvietsutiess havensean positioned as
desired, they can be 5 secured to the strand end portions using any

sui tabl e techni que, such as | aser | di ng..(which is desgrib%d in noj e

det ai I bel ow) FIG-|igshows ap eé%Wé’i&%?eéé" eg‘?l BV theh §ahPE Ured8 TS
structures 20 have each been placed into contact with a pair of strand end
por tli0ons deterstshemn W l§dd2Po t hose strand end portions using | aser wel ding
as described below. FIG 5, depicts the two device ends 102 and 104 of a
version of deyj¢e;s100 ,cf Rt GlviHo0LGhpid ende a¥inider, bitePagdaiti@l adn@ngiand
coupling structure securing techniques that produced the devices shown in
FIGS. 1-4B and 6-9.. ' /i d 104
i s the dé\%%ngmrel% 8? nltﬁgpc%%gﬁﬁs%%ﬂ%f:gﬁw &i 5NERd Y02 %R@n Ut @V OE waR

neares Ing structures that were used) are each
defined by strand bends. 40 (nat all of ' I w&l for Rave a
subst ant iSéF %) 2 SF° YHABE anﬁs“ osvﬁgvsm% o \r%ghl?%g% grdav%% ng%%?lg gg%rrlr% or
enbodi nents, the coupling. structure nearest. t.o 15. articul ar,_devi end
Corgn 't RGeS BoteBL PRIt P estatts Sl R e bt Rl B 5,0 "be

spaced apart fromthat device end by at |east one strand crossing or nore.
In the erBedifigisht shown in these figures, the right-nost coupling structure
20 that is depicted is spaced apart fromthe depicted device end by at

| east three stE@nth£10S&kdI08 ek Wbwidg 36:@uifl @Bh@BBhE6F DY cldediekdherdaridkgd 30)
taken along a line 40 that is substantially parallel to |ongitudinal axis

50 of dev] 58 uh0icallll ficlibBkea THHing QHBindGo Bkl &k spaced apart from
t he dep|€¥e evice end by at l['eaSt one device opening or nore; in
particular, by at |least three device openings (device openings 45 have
been out | i ned FGs&bas e table torgaihinguaxempls whesw fonthe dimersianselspisigd 1pdilSo
characterizabl e as nesh openings) are defined by strand crossings and, in
particul aMA fmlthe tasgod of b st aigsedaccapingftothetthesertmdethadst rows of devi ce
openi ngs, which are

20 DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

The terms “comprise” (and any form of comprise, such as “comprises” and
“comprising”), “have” (and any form of have, such as “has” and “having”), “contain” (and

any form of contain, such as “contains” and “containing”), and “include” (and any form of



75defined by only three strand crossings (thus. all the device openings of-
the version of device 100 shown in this figure are defined by at |east
~three strand crossings)). Furthernore, this right-nmost coupling structure
fornms the fourth strand crossing 30 along line 40 fromthe depicted device
end, and is positioned beneath a strand of device 10 that crosses over it.
Each of itdtedepisher actinghdasy asd Fincludingd) 20 dpsnendedvindanguerbs.i dvicdrBehetat h a
strand of device 10 that 5 crosses over it. Prior to the securing, the
strand eReéfetod mdthahthat GoneAsagUtas g caitaingt or inchidsEconeear mane demendt  ( as
necessary) so as to be substantially centered beneath the strand that w |

pass ovefostddals tiRYBhd Homsrt klealedtsChutGORG LG RALD Possthmgaatpthbsgorstor uvtair
will be substantially centered at the crossing it, in part, defines, as is

true of 4LOG.GOUPLENRT 19kHSL Uh 8RRt SHONMViderdr fal & o3z MBthod @R ecdipHkd g
structures that are used (for stents, the number of coupling structures

w Il .prefierah al |t ) (=1 L gigglesas are
coup?i ng hgg"r u%: n&eﬁgsg élb 12%8%”}8%5 Iglphcg% ge?ﬁge},pog%éseg%hgﬁﬁ |E Ry%. 6 eéfnd 7,

Or ey [, B8 130RGR paRAGhe LhRTHEAG: Bt gt ALAL! YuRfimBRSE Shaiiad uat ound

the circ as are coupling structures 20 shown in

FIGS. 8 and 9. The cutter used to,cut the stran S rem(r)
cutter Mﬁ(f@rlgg\#gdr%l CcHFBINGEY ISP c8?é%](5 %%Sg Iqﬁa(l}tu‘g?% e@g aggrré?ydgg
cutter), which are avail able from Cooper, Hand Tool s (Cooper Industries.
LLC). Gi%‘tﬁgﬂﬁél%wab’%w&@tﬁtaf%?‘é%“\?ﬁ%@; a mcroscope may be enpl oyed
during the strand end cutting and coupling structure placenent. Exanples of
coupl i ng st rughye@sodiREnt Plahy BOthe fpré3OntRhdtitdls L@ dstitaifayestasist offvr cbnstan be
20 of different” strands or the sane strand, and exanple arrangenents of

strapd e@&fzﬁ%ﬁl&i 8RS RGE UL @é(m}trlfb%ﬂhﬁﬁc%/c%hﬁﬂ@h&'@—ﬁh@%%é%d1@1@;}5 Frid/or 10A

shows coupling structure 20 secured to strand end portions 12 and 14 in a
butt joignt or butt i ion...as.a: Bl r r and
end por t15E 2 iy S0 b, A s RPp R 6 S Bt e OBRSHE e b
structure 20.is cured to strand . en ortion 1 t a
first weF‘EfBB“SféYé o cﬁ‘?thélﬁatrfl%mrgtt? §(r$dgesﬁén%%nr Ilgogﬁgﬁgf %@é‘g‘:e\/\%ﬁggérg%%@ f or s
a second wel ded region 24. As shown, fi.rst wel ded reqjon 22 is
connect ed'SEBOR AUE Y AREPHEE! FESERH a\gﬂ %%&él%g\ehcé’}‘g\%@ %}%Ig{utreeté)l %ﬁe;co?(ﬂg&atn\%o
wel ded regions are spaced apart from each and_‘separ ate, fJ;Flrther rmr(f t he
two strafed epr@opef thegleyicanwiie the GoNPng SyGHE WMot Astrandofdpe deYce 4T Mt wi t h
each other (there is a slight gap between their ends), though in other
embodfi medewice hwojudgs @ng QT dliqu%étfalég rihaicinclufie mickeleandntighmay otheh sMPeAEIeRly of
coupling structure 20 shown in FIG 10A has a passageway that exists fpri or
to the ceumistresestaliyatfvr eorlsist oiyveldingraduplingsimeture tofa firsestrgng enfdpastien o
portions, and the passageway is sized to receive one device strand. FIG
10B showa éstigel tondigsted Uot insertidd isecar ehtoricslt staustirgnehdpwridingnibe 1@upling 14 in
| ap joint or lap configuration; this configuration also may be
char act ersirag@freas 203ce6ddagiahdignd Asrtian bOresdevice; Where tthwcatpiiag sinemde pondtiaons
are positioned beside each other rather than end-to-end. Though there is a
smal | gapusAP W tReiMRENatd 8 deRick Thdu@itediorendre srandt her ineidodidkenis! t her e
is direct side-to-side contact between them The two wel ded regions 22 and
24 share Lhe same characteristics as those in the FIG 10A enbodinent: they
are not connected to each ot her by another wel ded region; they are
spaced apart from each and separate. Al though the 15welds that produced the
two wel ded redibertsmis Talisingd sewdarscdeined peand gr mareriban onppnigpethi LISHPWE t o
only one strand end portion, each, they could both also be applied to both
strand endppatly irensres atiemesee Thetews$ dsubstaatially? eud Cebut here defiaridas #dfashs
shown in, for exanple, FIG 6.

close to (and include) a given value or state (preferably within 10% of, more preferably within

1% of, and most preferably within 0.1% of).



The version of coupling structure 20 shown in FIG 10B has a passageway

that exists prior to the coupling structure being secured to either
of the strand end portions, and the passageway 20is sized to receive two
devi ce strands. FI G 10C shows anot her enbodi mrent of one of the

present coupling structures, coupling structure 20", which is secured to
first strandTeagresorntrhamodsamanbe veedsieceniteSwpamdcarad nd icads af42 Bgviewo
wel ds that formfirst and second wel ded regi ons 22 and 24. Coupling

st r uct urcen2@lired foe Snsenion havwearaampass ey swasture. nShewdtial iprodess wohtd gyrtedhars a
portion of a tubular structure (e.g., as a strip with an arc, though in
ot her erdeomdk meRtisvdivtewsdvingd—§ikh fak atie) weaving techrirqu@s dististdsind] ScPaerstNas.
representati on showi ng that the coupling structures 20 for a given device

can be axi@ldy Al Bo&b14FGichldB inbRpiathay eidtche—heldngalthe Redeangad,
which is oné way of offsetting themaxially and circunferentially (such as

at 60 degree ih Nk 9Ldaksd uhiRRAAHANPLRG - 1DERLVINOVE hsd, AL SulfBe bl ang
nitinol wres (sucqh as those that include 56.0 percent nickel by weight of
the total co itian and.titani un : :
conposi t?’%‘%‘jn@g%ur%a[yi r?gusgéj%sutlg% %%ggépnzggjeat‘?%o}?n&ltl%g&ggﬂfng ‘:VE}%S“ g#e??ir??ﬁoflls (such
as 55.8 r ni I i.ght I {:£ 1,0 11 j,um as
The bal aRBE b FRTHOVET Ssotsas Vo riahihe SEaTeRsthdCHHEap Ll harhtTt
different strands using |aser, welding, such as pul.sed.|aser 10 welding. An
exanpl e Bratgd EOM{ONE|08 MOLE SFangsy ‘H’idrfb”‘gi'lél?‘é‘h? i"%“?ﬁ(?\g\ﬁm?ff’guﬁsﬁéf‘s’ ych agnsgem
i ncl udes a LASAG pul sed Nd: YAG,(lNeo ymum Yttri gg Al um nlim Garglgtr)
" Easy V| e one ey moyenda AT p mepiidppgesbiantosish Jors ghan (W £Ads) B@CHEFT Shdl) .
For a stent made fromsix nitinol wires (nickel - 56.0 percent by weight of
t he 0ot afiltgroriesirandends miavahe sgaured watharroapbig strsturg that ichidsod PEPIFF)AY si x
nitinol coupling structures 15 (nickel - 55.8 percent by weight of the
total cofspdsasd small tub¢)aniouwinich Bel saaedkensts cihbe insergd GomPoRestE Shds andyhaie
used. The table in FIG 13 provides exanple inner dianeter, outer dianeter
and | engtshwdids®nisp onsenivehictl] rokhecarapliiond mirfiorst insesdt inat itcaHowevenstd for a
given dianeter nitinol wire size of a given size of six-strand woven stent,
and f urt b&iplipg GBS nexiap kecos@atd thgstrandrentd) @s b AGAGWelddes gnsyslt @rother
identified above (scfh stands for cubic feet 20per hour under standard
condi ti 0BShodiments, thd Burlial ls@UEHE doldacobipried a dRS StiipRb vdichathe Beatdc@dphieng
structures are secured to the pairs of wire end portions of a heat-treated
- (accpydi I rg ARG of 81 stral¥ tl6e. WOMBRmiYrE,| thdlghst ent
t hr oft}.(i:]h gguppﬁlgdétgggS%ﬁggﬁilgug%tgﬁg%sétugggsrtPgl?{ly automated (and in other
embodi menfs: fillant 2 U QIRLLBhoHSINBpk oL ARRTNELHiNG SKS! BEARRE Had

e stent has E) f b

above: een partiafly braide ack (e.g., by hand),
[ that .six.of the 12 .w i ' , At
rrart 5o S el bR e S M Rt L DB e,

rossi ng
crossing from¢the en been brai ded.ba re ends are cut as

F' Lhat hgﬁ n dl € gka)ls' thg V\f[u ng

descri bed2aBE\HNESHER! NFH L3S HeldBgoe NG SRS REINRga1d RUIE: ot act under
the crossing wre; the coupling structures are | oaded onto the wire
ends and cent ghetoapiaist sthfteure eSS bognadk rfeoritht 8amb raattmaidnelths etrdrkdagnd he
internal dianmeter of the stent is accurately set: the coupling region of
the s ent, l5nS 86 W Qs tcb@pl@@'@éj.%.?la MieNtiantR! cogiingadasue! miy bO used to
prevent relative notion between he stent and mandrel, to accurately set
the int e_fc%%ef!{g@%ﬁ(a&it%%_ diifd StEPrtioRNHediReriTRr it Ak bt MRAPHORES difkRgement
of the wire end portions within the coupling structures; t he mandr el
mount ed and secured stent is then p ot Ser | di ERANd
t he fl rstm%tS]a |qrnrazg§rlatls Qe[%l d &alﬁgﬂ&e%?g&l\ﬁh@ﬁ sla%c ﬂe ﬁla%% lg‘i(p% é&s{é {u’

tru Telsalgne the horizontal cro alr on
the view screen of the syste ot wel di ng program for the size of stent
to be wel HetFHERMmIEEd SK%K}?@WJTBE?Q%Wi s
In embodiments in which is woven from nickel-titanium wires (nickel - 56.0 percent

25 by weight of the total composition; titanium - balance of the total composition), and the mitial

10



I nvoked; and the operator is pronpted to align the crosshairs with
the upper-left corner of the coupling. Once aligned, the operator presses
the start button and the left weld bead is created. The systemthen noves
and pronpts the operator to align the crosshairs to the upper-right 20
conmer. Once aligned, the operator presses the start button and the right
wel d beadledvingGs eathsigte, (hb@csystvth thb etundRy 6s whichtineayfopacd, litddsiredrean bef t he
second coupllng and the process is repeated. This continues until all 12
vel ds  ar g cMdelstding to the ioRAiDhGRNTablon varded region 24 of a given
coupling structure 20 of one of the present devices. (specifically, a woven
stent such as those shown in FIGS. 1-4B) are depicted in FIG 14A and
exanpl e val ues for those dinensions ard2Bktl forth in FIG 14B. Table 2

bel ow provi des exanple val ues for the dinensions of a tubular coupling

TaB:  Tan! St BRRBIS g trﬁe%%‘ﬁge@@ tu%%%ﬁr%c““?ff@f RS o] (1)
Coupl i ng|Structure Qutel Dia. (irly) Coupling Structu'@”WEﬁbth (in]) -01
0.0070 0{0100 04@70 -02]0.0070 525 5

5.0 535 | >

6.0 510 10

70 520 10

8.0 510 13

9.0 520 13

10.0 530 13

The device may have free strand ends positioned at some or all of the ends of the device when

5 it is heat treated in this fashion. FIG. 1 shows an examp_l_g .of a device (device 100) that has
one or more strands and is configured for insertion into an anatomical stfucture. Device 100,
which is a stent, was created woven according to techniques disclosed. in U.S. Patent No.
7.018,401 from six strands (wires) that possess twelve strand halves 10. There are no free
strand ends at the device end of device 100 that is not shown. Each half strand was secured

10 (see, e.g., FIG. 3) to only one other half strand (which either belonged to the same or a

different strand).

After this heat treatment, the device can be immediately quenched in deionized water
until cool. Next, the free strand ends of the device can be backbraided as desired and then
baked according to the information in the same table and immediately quenched in deionized

15 water until cool. FIG. 2 shows device 100 after half of the twelve loose strand ends have been

backbraided.

Next. one or more coupling structures (e.g., coupling structures that include nickel and
titanium, such as 55.8 percent by weight of the total composition and titanium as the balance

11



0: 0100 0.080 -03 0.0075 0.0105 0.100 -04 0.0085 0.0120 0.120 -05 0.0085
0.0120 0.150 5Unless otherwi se set forth, the tolerances for the values in
FIG 14B are as follows: X = +1; . X = +.5; . XX = +.25; .XXX = .125. Unl ess
ot Herwi se set forth, the tolerances for the values in Table 2 are as
follows: . X = +.030; .XX = +.010; .XXX = Thus, taking the first row
of FI G df4Re asalaomersitign)emayabgéonpledgo etrandaetdnpanotsmfehwbveli davéaceat apy 4. 0
nmand a | ength of 40 nmmade fromnitinol wires (such as those descri bed
10  abov@kirbicabnCal®QSthi nedptitd b Atk tderise c Ak dichiee megebeniosdedt artva bk anandwlipl i ng
structures (code -01) that each have an internal dianeter of .0070 inches,

an out erpghaNRe e4uplh Qm@&&@ﬁb BEhRSitioadtH s tHae i@t ifteafal Aiathéterioficiedevios it h
di rensions A, B, and C of the wel ded regi on produced by a | aser weld that

secures 5&%%6?\9%' | BkeSthé "é&g]”irn@ sti8c0Re Hale bBS pRAMntd a6l dWife8SthRA\kRN e t he
di mensi ons of "A=0. 010 i nches. B=0.005 i nches, and C=0.010 i nches. 15The

Lg'elj?;"‘o ”%rc{érgegtéc}n fi ﬁsg@{ﬁdAg)geébﬁééh L Y3y ¥ﬁi§a‘*o?e"t‘éﬂ%nﬁdlé'gs(}(cﬂ YIRSk CRblamedRhickan be

_ ing~system i de above for use in
creat 16, ULLLSUPLe o 13, E B e LI LI oot
ni ckel -t Lt}'u%?ljrgsnior%g(\}eue;& ge%%cprleilcg (;ntg %81\1/tggt &i‘ﬁ?%%‘? 0 (satfra%rdeen %%ptiorn? %53 tfen
welded to those strand end portions using laser welding as described below. FIG. 5, depicts
the two device ends 102 and 104 of a version of device 100 created through the weaving,
10 backbraiding, and coupling structure securing techniques that produced the devices shown in
FIGS. 1-4B and 6-9. and shows that device ends 102 and 104 (device end 104 is the device .

end nearest the coupling structures that were used) are each defined by strand bends 40 (not

all of which are labeled) that all have a substantially similar shape.

As shown in FIGS. 3 and 4A, in some embodiments, the coupling structure nearest to

15 a particular device end (e.g., the right-most coupling structure 20 shown in these figures) may
be spaced apart from that device end by at least one strand crossing or more. In the
embodiment shown in these figures, the right-most coupling structure 20 that is depicted is
spaced apart from the depicted device end by at least three strand crossings (which are
designated by a circle marked 30) taken along a line 40 that is substantially parallel to

20 longitudinal axis 50 of device 10. This right-most coupling structure is spaced apart from the
depicted device end by at least one device opening or more; in particular, by at least three

- device openings (device openings 45 have been outlined elsewhere in the figure to show that

such openings (also characterizable as mesh openings) are defined by strand crossings and, in
particular, four strand crossings except for the end-most rows of device openings, which are

25 defined by only three strand crossings (thus. all the device openings of the version of device

12



4 nurilD stent ;4mm Stent Wl ding Program Msl; Laser Remote Control .; 5
Vel.di ng, Paraneters C101 QL0; FREQUENCY 10 HZ C102 Q0. 25; PULSE LENGTH 0. 25ns
C1Q8 Q00; Peak Power 200 W 10C111 Q120; A-Scal e 120 Mp1l: MONI TOR LASER K
, Mbve Laser to common work place 15@0; Absol ute Coordi nate F50; Feed Rate
X3.93 Y-4.6 ; Locate fixture and part Z-2.656; Adjust Focus 20; Weld siXx
coupl i ngHOMREwHILD Zis ResetardefineVBf RI&ot dirSuisrandtcreseings)). Futtheadoorsl iy F4;
Fast Feed for inter nove 25X-.040 Y.037 ; Myve back to relative 0,0

right-most coupling structure forms the fourth strand crossing 30 along line 40 from the

depicted device end, and is positioned beneath a strand of device 10 that crosses over it. Each

of the other coupling structures 20 is likewise positioned beneath a strand of device 10 that

5 crosses over it. Prior to the securing, the strand ends to which a given coupling structure is
secured may be cut (as necessary) so as to be substantially centered beneath the strand that
will pass over that coupling structure; consequently, the coupling structure will be

substantially centered at the crossing it, in patt, defines, as is true of the coupling structures 20

shown in FIGS. 3-4B.

10 The coupling structures that are used (for stents, the number of coupling structures
will preferably equal the number of strands) may be axially aligned as are coupling structures
20 shown in FIGS. 3, 4A, and 4B and in FIGS. 6 and 7, or they may be spaced apart from
each other axially and positioned around the circumference of the device, as are coupling
structures 20 shown in FIGS. 8 and 9. The cutter used to cut the strand ends may be an
15 Erem® cutter Model 576 TX (carbide cutter) or S03ETST (oblique head carbide cutter), which
are available from Cooper Hand Tools (Cooper Industries, LLC). Given the small size of the
device, a microscope may be employed during the strand end cutting and coupling structure

placement.

Examples of coupling structures for joining or coupling two strand ends, which can be

20 of different strands or the same strand, apd example arrangements of strand end portions

secured by them are shown in FIGS. 10A-10C. FIG. 10A shows coupling structure 20

~ secured to strand end portions 12 and 14 in a butt joint or butt configuration; as a result of this
arrangement, strand end portions 12 and 14 are substantially aligned with each other. .

Coupling structure 20 is secured to strand end portion 12 by a weld that forms a first welded

25 region 22 and to strand end portion 14 by a weld that forms a second welded region 24. As
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MB8 P2; Goto Subroutine 1 - 2nd Coupling F4; Fast Feed for inter nove
X-..040 Y. 037 ; Move back to relative 0,0 MB8 P2; Goto Subroutine 1 - 3rd
Coupl i ng 30F4; Fast Feed for inter nove X-.040 1.037 ; Myve back to
relative 0,0 M8 -P2: Goto Subroutine 1 - "4th Coupling F4, Fast Feed for.
i nter ‘move X-.040 Y.037 ; Move back to relative 0,00 M8 P2; Goto

Subr out i gagwa, firstSkdldédoeploh 1Q ikt chakttefFeettchal welde@region\2d bY-an6Hher Welddl ;
Move back to relative 0,0 MB8 P2; CGoto Subroutine 1 - 6th Coupling 5 ; Go

Back to COEHDHe WA elREPRBioFPEke sPREObprErrdsR @idh alsepdr&d); FirReda] he HAX3. 93
Y-4.6 ; Locate fixture and part M25 H152 ; Open Door MX2; End of NC
strand end portions shown in this figure are not in direct contact with each other (there is a
slight gap between their ends), though in other embodiments they are in direct contact with
5 each other. The version of coupling structure 20 shown in FIG. 10A has a passageway that

exists prior to the coupling structure being secured to either of the strand end portions, and the

passageway is sized to receive one device strand.

FIG. 10B shows coupling structure 20 secured to strand end portions 12 and 14 in lap

joint or lap configuration; this configuration also may be characterized as overlapping. As a

10 result, the two strand end portions are positioned beside each other rather than end-to-end.
Though there is a small gap shown between them in this embodiment, in other embodiments

there is direct side-to-side contact between them. The two welded regions 22 and 24 share the

same characteristics as those in the FIG. 10A embodiment: they are not connected to each

other by another welded region; they are spaced apart from each and separate. Although the

15 welds that produced the two welded regioﬁs illustrated schematically in FIG. 10B are directed
to only one strand end portion, each, they could both also be applied to both strand end
portions, as were the welds that produced the welded regions shown in, for example, F1G. 6.

The version of coupling structure 20 shown in FIG. 10B has a passageway that exists prior to

the coupling structure being secured to either of the strand end portions, and the passageway

20 is sized to receive two device strands.

FIG. 10C shows another embodiment of one of the present coupling structures,
coupling structure 20°, which is secured to first strand end portion 12 and to second strand
end portion 14 by two welds that form first and second welded regions 22 and 24. Coupling

structure 20’ does not have a passageway; instead, it is configured as a portion of a tubular

"o
W

structure (e.g., as a strip with an arc, though in other embodiments the strip is flat).
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/[ *End of Progrant/ 15 ; Coupling Weld Subroutine 02; Wl ding Routine Fl;
Feed Rate 20GGQL; Jog with Pause .' Mowve to Upper Left Coner 91,
Increment al Coordinates MB; Gas On AF.5; Dwell for .5 seconds XO0.008
"004; O fset fromcorner of coupling 75M/lLaser Processing with Sync.
feed X0.015: Weld left bead = .015: M/OStop | aser processing X0.058

Y. Q0451 ndex tmGRi ghtis U@&%Ena@@li@%esm shd@gngMhanthPaugginfdjruatires Q0UWpper
- Ri ght Corner 30X-0.008 Y-.004; Ofset fromright comer of coupling M1,

Laser %98§§év§19 Wh BE‘ aa)ﬁgﬁ ahof'n@@ dri$. Q1 8%Rowibkd cheRthefical QldRran M) whizhop | ase r

processi Return

one way of offsettmg them axially and circumferentially (such as at 60 degree intervals) from

each other.

5 For woven stents made from nitinol wires (such as those that include 56.0 percent
nickel by weight of the total composition and titanium as the balance of the total
composition), coupling structures made from the same type of nitinol (such as 55.8 percent
nickel by weight of the total composition aﬁd titanium as the balance of the total composition)
can be used to couple the ends of different strands using laser welding, such as pulsed laser

10 welding. An example of a suitable laser welding system is shown in FIG. 12, and includes a
LASAG pulsed Nd:YAG (Neodymium:Yttrium Aluminum Gamet) “EasyWelder” laser

system from the SLS 200 series (Lasag, Switzerland).

For a stent made from six nitinol wires (nickel - 56.0 percent by weight of the total

composition; titanium — balance of the total composition), six nitinol coupling structures

15 (nickel — 55.8 percent by weight of the total compositi_on; titanium — balance of the total
composition) may be used. The table in FIG. 13 provides example inner diameter, outer
diameter and length dimensions of nitinol coupling structures that can be used for a given
diameter nitinol wire size of a given size of six-strand woven stent, and further provides
example settings for the LASAG welding system identified above (scfh stands for cubic feet

20 per hour under standard conditions).

The following is a brief description of how coupling structures are secured to the pairs
of wire end portions of a heat-treated (according to the technique described above), six-wire
woven nitinol stent through a process that is at least partially automated (and in other

embodiments fully automated) using the LASAG welding system described above:

[y
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5 mID stent ;5mm Stent Wel di ng Progran1N61:Laser Renote Control 5 ;

Wel.di ng, Paranmeters Cl101 QL0 C102 (U.25 C108 @00 10C111 Q120 Mb1l ; FREQUENCY
10 HZ : PULSE LENGTH 0. 25ns ; Peak Power 200 W A-Scale 120 ; MONI TOR LASER K
; Nbve to common work place 15@&0; Absol ute Coordinate F50: Feed Rate X3.93
Y-4.6 ; Locate fixture and part Z-2.656; Adjust Focus 20; Weld six

coupl i ngs the stent has been partially braided back (e.g., by hand), meaning that six of the 12

wire ends are braided back into the stent;

starting at any suitable wire crossing (e.g., the fourth or fifth wire crossing from the
end that has been braided back), the wire ends are cut as described above such that the ends of

5 the wires come into contact under the crossing wire,

the coupling structures are loaded onto the wire ends and centered about the crossing

wire while on a mandrel so that the internal diameter of the stent is accurately set:

the coupling region of the stent is secured to the mandrel with a spring loaded clip to
prevent relative motion between the stent and mandrel. to accurately set the internal diameter

10 of the stent, and to maintain the proper placement of the wire end portions within the coupling

structures,

the mandrel mounted and secured stent is then placed in the laser welding system and
the first coupling structure is aligned with the horizontal crosshair on the view screen of the

system,

15 the welding program for the size of stent to be welded (examples provided below) is

invoked: and

the operator is prompted to align the crosshairs with the upper-left corner of the

coupling. Once aligned, the operator presses the start button and the left weld bead is created.

The system then moves and prompts the operator to align the crosshairs to the upper-right

20 comner. Once aligned, the operator presses the start button and the right weld bead 1s created.
The system then moves to the upper-left comer of the second coupling and the process 18

repeated. This continues until all 12 welds are completed.

Dimensions for welded region 24 of a given coupling structure 20 of one of the

present devices (specifically, a woven stent such as those shown in FIGS. 1-4B) are depicted
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M26 H152 MB8 P2 F4 X-.040 Y.041 MB8 P2 F4 X-.040 Y.041 MB8 P2 30F4 X-.040
Y. 041. MB8 P2 F4 X-.040 Y.041 : Reset Door : Goto Subroutine 1 - 1st
Coupling ; Fast Feed for inter nove ; Myve back to relative 0,0 ;
Got'o Subroutine 1 - 2nd Coupling ; Fast Feed for inter nobve : Mve back to
relative 0,0 ; Goto Subroutine 1. - 3rd Coupling Fast Feed for inter
move @ MyRGhak ahd exahpst ivale® f@ those dimensBytscarSgbtr fodhiind1a@. 148t H‘abj@u?m ing :
Fast Feed for inter nove ; Moyve back to relative 0,0 M8 P2; CGoto

Subr out igagywl proviliés GR4HMBIE NGalues for the dimensions of a tubular coupling structure

corresponding to the “Coupling Structure Code™ set forth in FIG. 14B:

Table 2
Coupling Structure | Coupling Structure | Coupling Structure Coupling Structure
Code Inner Dia. (in.) | Outer Dia. (in.) Length (in.)
-01 0.0070 0.0100 0.070
-02 0.0070 0.0100 0.080
-03 0.0075 0.0105 0.100
-04 0.0085 0.0120 0.120
-05 0.0085 0.0120 0.150

5 Unless otherwise set forth, the tolerances for the values in FIG. 14B are as follows: X. = £1;

X =+5; XX ==235; XXX ==+.125. Unless otherwise set forth, the tolerances for the values

in Table 2 are as follows: .X = +.030; . XX =+£.010; . XXX = =..005.

Thus, taking the first row of FIG. 14B as an example, a given stent with an internal

diameter of 4.0 mm and a length of 40 mm made from nitinol wires (such as those described

10 above) having 0.006 inch diameters could be made with tubular coupling structures (code -01)
that each have an internal diameter of .0070 inches, an outer diameter of 0.0100 inches, and a
length of 0.070 inches, with dimensions A, B, and C of the welded region produced by a laser

weld that secures that coupling structure to one of the specified wires having the dimensions

of A=0.010 inches, B=0.005 inches, and C=0.010 inches.

15 The following routines written in industry-standard NC (numerical code) can be used
to program the LASAG welding system identified above for use in creating butt-coupled
joints using the coupling structures described above for the various sizes of nitinol stents

(formed from using the nickel-titanium mixture described above) recited before each routine:
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F4; Fast Feed for inter nove X-.040 Y.041 ; Myve back to relative 0,0 M8
6th Coupling 5 ; Go Back to conmon work place (90;
Absol ute Coordi nate F50; Feed Rate 10X3.93 Y-4.6 ; Locate fixture and part
Coupling Weld Subroutine 15 02;

Feed Rate GObQLl; Jog with Pause Move to Upper
Coor di nat es £26M3ID §Gast On GAF. 5; Dwel | .
seconds X0.010 Y-.004; Ofset fromcorner of coupling M/1l; Laser Processing

ith . f . : =
W Syr](A:fmm Setgrg Vef(gdi%é?”ro Vel d left bead

P2;. Goto Subroutine 1 -
M25 H152

10

20

o
wh

30

M61

C101 Q10
C102 Q0.25
C108 Q200
C111 Q120
M51

; Open Door
Vel di ng Routine Fl;

Corner (R31; Increnental

M22: End of NC ;

. 015:

gram

:Laser Remote Control

; Welding Parameters

:FREQUENCY 10 HZ
:PULSE LENGTH 0.25ms
:Pcak Power 200 W
;A-Scale 120

:MONITOR LASER OK

;Move Laser to common work place

G90

F50
X393Y-4.6
Z-2.656

; Absolute Coordinate
; Feed Rate

; Locate fixture and part

; Adjust Focus

. Weld six couplings

M26 H152
M98 P2

F4

X-.040 Y.037
M98 P2

F4
X-.040Y.037
MO9SR P2

F4

X-.040 Y.037
M98 P2

F4

X-.040 Y.037

; Reset Door

; Goto Subroutine 1 - 1st Coupling
: Fast Feed for inter move
: Move back to relative 0,0

: Goto Subroutine I - 2nd Coupling
. Fast Feed for inter move
; Move back to relative 0,0

: Goto Subroutine 1 - 3rd Coupling

- : Fast Feed for inter move

: Move back to relative 0,0
: Goto Subroutine 1 - 4th Coupling
; Fast Feed for inter move

: Move back to relative 0,0
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25M70; Stop | aser processing X0.055 Y.0045; Index to Right Upper Corner
G&6QL; Jog with Pause / Adjust to Upper Right Corner X-0.010 Y-.004: O fset
fromright corner of coupling M/l; Laser Processing with Sync. feed
30X-0.015; wWeld bead = .015: MrO;. Stop | aser processing MJ; Gas off M9;
Return 6 mmID stent ;6nm Stent Wel di ng Program Msl; Laser Renote Control 5
. Vel di ngopaeanet er s ClGbtdhbrdtRRCQUENGRYCdpling C102 0. 3; PULSE LENGTH -0. 3rrs

10CLO8 QEQ0: Peak Pouer, 200 W CLEL QLOO; A Scal'e 100 NGL; MO TOR LASER OK ;
Move to nmon Wor aiﬂ Sefor mter move _ :

X-.040 Y.037 ; Move back to relative 0,0
M98 P2 ; Goto Subroutine 1 - 6th Coupling

:Go Back to common work place

G90 . Absolute Coordinate
F50 : Feed Rate

10 X393Y-4.6 ;Locate fixturc and part
M25 H152 ; Open Door

MO02 _ ; End of NC
; /¥ -emee End of Program ------- */
15
; Coupling Weld Subroutine
02 ; Welding Routine
F1 ; Feed Rate
20 G05Q1 . Jog with Pause / Move to Upper Left Comner
G91 ; Incremental Coordinates
M8 5 Gas On
G4E.5 ; Dwell for .5 seconds
X0.008 Y-.004 . Offset from corner of coupling
25 M7l . Laser Processing with Sync. feed
X0.015 . Weld left bead = .0135:
M70 . Stop laser processing
X0.058 Y.0045 . Index to Right Upper Corner
G050Q1 , Jog with Pause / Adjust to Upper Right Corner
30 X-0.008 Y-.004 ; Offset from right corner of coupling
M71 ; Laser Processing with Sync. feed
X-0.015 . Weld bead = .015:
M70 . Stop laser processing
M9 ; Gas off
35 M99 : Return
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(P0; Absol ute Coordinate F50; Feed Rate X3.93 Y-4.6 ; Locate fixture and
part Z-2.6716; Adjust Focus ; Weld six couplings M26 H152; Reset Door M8
P2Got 0 Subroutine 1 - 1st Coupling F4 Fast Feed for inter nove X-.060 Y.045
, NMbve back to relative 0,0 M8 P2 ; Goto Subroutine 1 - 2nd Coupling F4;
Fast Feed for inter nove X-.060 Y.045 ; Myve back to relative 0,0 30MB8 P2;
CGot,o Subroutine 1 - 3rd Coupling B4nm IPaséntFeed for inter nove X-.060 Y. 045
. Nbve back to relative 0, 0 MB8 P2 : tho Subroutine 1 - 4th Coupling F4;
Fast Feed for inter nove 060 Y. 045 ; Mwve back to relative 0,0 MR8 P2;
Got 0 Subéaﬁ?ﬁﬁéf&ekh%ﬁmn%ﬂﬂpl|ng F4: Fast Feed for inter move X-.060 Y.045
; Move back to relative 0,0 5M08 P2; Goto Subroutine 1 - 6th Coupling ; Go

Back to Common work place (30; solﬂte Coor di nate 10F50; Feed Rate
Mé61 :Laser Remote Contro

5

; Welding Parameters
C101 Q10 ;FREQUENCY 10 HZ
C102 Q0.25 :PULSE LENGTH 0.25ms
C108 Q200 :Peak Power 200 W

10 C111 Q120 . A-Scale 120
M51 ;MONITOR LASER OK
; Move to common work place

15 G90 ; Absolute Coordinate
F50 . Feed Rate
X3.93Y-4.6 :Locate fixture and part
Z-2.656 , Adjust Focus

20 ; Weld six couplings

M26 H152 . Reset Door

MO9g P2 ; Goto Subroutine 1 - 1st Coupling
F4 ; Fast Feed for inter move
25 X-.040 Y.041 ; Move back to relative 0,0
M98 P2 : Goto Subroutine 1 - 2nd Coupling
F4 : Fast Feed for inter move
X-.040 Y.041 ; Move back to relative 0,0
M98 P2 ; Goto Subroutine 1 - 3rd Coupling
30 F4 : Fast Feed for inter move
X-.040 Y.041 : Move back to relative 0,0
MO8 P2 ; Goto Subroutine 1 - 4th Coupling
F4 . Fast Feed for inter move

X-.040 Y.041 ; Move back to relative 0,0
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X3.93 Y-4.6 ; Locate fixture and part M5 H152 ; Open Door MX2; End of NC
15;. Coupling Weld Subroutine 02; Welding Routine FI; Feed Rate GO6QL; Jog
wi th Pause / Move to Upper Left Corner 20&1 | ncrenental Coordi nates MBGas
On “G4F. 5Dwel | for .5 seconds X0.010 Y-.005; Offset from conmer of coupling
M/1; Laser Processing with Sync. feed 25X0.015; Weld |left bead = .015: MO;
St Qp | asspg ppocessi ng XGofdAubdoufias!1 - Sthidewling R ght ti pper Comer GO6QL; Jog

with Pause ' Adjust tao Upper Right Corner X-0.010 Y-.005; Ofset fromright
corner of? coupl i ng%%%ﬁd%’{&‘é‘grng@reocessi ng with Sync. feed X-0.015; Weld
bead = .R1640 W0d1 ; MOR thaserelpivao®rssi ng M; Gas of f MDY, Return

M98 P2 ; Goto Subroutine 1 -.6th Coupling
:Go Back to common work place

G90 . Absolute Coordinate
F50 ; Feed Rate

10  X393Y-4.6 ;Locate fixture and part
M25H152 ; Open Door
MO02 ; End of NC

; Coupling Weld Subroutine

15
02 ; Welding Routine
F1 . Feed Rate
G05Q1 , Jog with Pause / Move to Upper Left Corner
GI1 ; Incremental Coordinates
20 Mg ; Gas On
G4E.5 - ; Dwell for .5 seconds
X0.010 Y-.004 . Offset from comer of coupling
M71 ; Laser Processing with Sync. feed
X0.015 . Weld left bead = .015:
25 M70 ; Sfop laser processing
X0.055 Y.0045 . Index to Right Upper Comer
G05Q!1 : Jog with Pause / Adjust to Upper Right Corner
X-0.010 Y-.004 . Offset from right corner of coupling
M71 . Laser Processing with Sync. feed
30 X-0.015 : Weld bead = .015:
M70 ; Stop laser processing
M9 ; Gas off

M99 ; Return
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35 7 mmID stent ;7mm Stent Wl di ng Program Msl; Laser Renote Control 5 ;
Wel.di ng, Paraneters. C101 QLO; FREQUENCY 10 HZ Cl102 Q. 3; PULSE LENGTH 0. 3nrs
C108 (@B00; Peak Power 200 W 10C111l QL00; A-Scal e 100 Mpl; MONI TOR LASER X ;
Move to common work place 15@&30; Absol ute Coordi nate F50; Feed Rate X3.93
Y-4.6 ; Locate fixture and part Z-2.6716; Adjust Focus 20; Weld six
coyplings M26 1-1152; Reset Door M8nPED;st@®sto Subroutine 1 - 1st Coupling
F4 ; Fast Feed for inter nove X-.060 Y.049 ; Myve back to relative 0,0 M8

P2 ; Goto Subroutine - 2nd Coupling F4 ; Fast Feed for inter nove X-.060
Rk Betare

Y. 049 ff've 0,0 MP8 P2 ; Goto Subroutine 1 - 3rd Coupling
Mé61 :Laser Remote Control
5
; Welding Parameters
C101 Q10 ;JFREQUENCY 10 HZ _
C102 Q0.3 ;PULSE LENGTH 0.3ms
10  C108 Q300 ;Peak Power 200 W
| C111 Q100 ;A-Scale 100
M51 :MONITOR LASER OK
; Move to common work place
15
G90 . Absolute Coordinate
F50 : Feed Rate
X393Y-4.6 ;Locate fixture and part
Z-2.6716 . Adjust Focus
20
; Weld six couplings
M26 H152 : Reset Door
M98 P2 ; Goto Subroutine 1 - 1st Coupling
25 F4 . Fast Feed for inter move
X-.060Y.045 ; Move back to relative 0,0
M98 P2 . Goto Subroutine 1 - 2nd Coupling
F4 : Fast Feed for inter move
X-.060Y.045 ; Move back to relative 0,0
30 MOg P2 : Goto Subroutine 1 - 3rd Coupling
F4 . : Fast Feed for inter move
X-.060 Y.045 ; Move back to relative 0,0
M98 P2 : Goto Subroutine 1 - 4th Coupling
F4 ; Fast Feed for inter move
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30 F4 ; Fast Feed for inter nove X-.060 Y.049 ; Myve back to relative 0,0
MB8 P2 ; Goto Subroutine 1 - 4th Coupling F4; Fast Feed for inter nove

X-.060 Y.049 ; Mywve back to relative 0.0 M8 P2: Goto Subroutine 1 - 5th
Coupling F4; Fast Feed for inter nove X-.060 Y.049 ; Mowve back to relative
OM MB8 P2; Goto Subroutine 1 - 6th Coupling ; Go Back to Common Work Pl ace
(9Q; Abstl060& . Ghor MovaberkR Eslathedd0 Rat e 10X3. 93 Y-4.6 ; Locate fixture and

part M ; Open Dogr, MX: E %igf - :Coupling Wel d Subroutine 15 01;
Vel di ng%‘-%%?%ne Fl ; Fee Otﬂal\ét%m@ ; 55@@@0%11?% Pause Move to Upper Left
Coner GFY; | ncrenehtsaFedddor utarates 20MB; Gas On
X-.060 Y.045 ; Move back to relative 0,0
5 M98 P2 ; Goto Subroutine 1 - 6th Coupling

; Go Back to Common work place

G90 . Absolute Coordinate

10 F50 ; Feed Rate
X3.93Y-4.6 ;Locate fixture and part
M25 H152  ; Open Door

MO02 ; End of NC
15 ; Coupling Weld Subroutine
02 ; Welding Routine
F1 ; Feed Rate
G05Q1 ; Jog with Pause / Move to Upper Left Corner
20 GI1 ; Incremental Coordinates
M8 ; Gas On
GA4F.5 ; Dwell for .5 seconds
X0.010 Y-.005 : Offset from comer of coupling
M71 . Laser Processing with Sync. feed
25 X0.013 : Weld left bead = .015:
M70 . Stop laser processing
X0.075 Y.005 ; Index to Right Upper Corner
G05Q!1 . Jog with Pause / Adjust to Upper Right Corner
X-0.010Y-.005 ; Offset from right corner of coupling
30 M71 : Laser Processing with Sync. feed
X-0.015 . Weld bead = .015:
M70 , Stop laser processing
M9 . Gas off
M99 -+ Return
35
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AF.5; Dwell for .5 seconds X0.010 Y-.005: O fset from conmer of coupling
M7L; Laser Processing with Sync. feed X0.015; Wld |left bead = .015: 15M/0;
Stop | aser processing X0.075 Y. 005 ; Index to Right Upper Comer GO6QL; Jog
Wi tth Pause Adjust to Upper Right Corner X-0.010 Y-.005; Ofset fromright
corner of coupling M/1; Laser Processing with Sync. feed 30X-0.015; Wld
bead = .015: M/O; Stop |aser procgssmiBskt Gas off M)9; Return 8 mm1D
stent ;8mm Stent Wel di ng Program M61; Laser Renote Control 5 ; Wl ding

Par anmet eEr%mc‘Sltgnlt \Qgﬂgi.ng%c%gaEHNCY 10 HZ C102 (0. 3; PULSE LENGTH 0. 3ns

Mé61 _ :Laser Remote Control
5

. Welding Parameters
C101 Q10 ;FREQUENCY 10 HZ
C102 Q0.3 :PULSE LENGTH 0.3ms
C108 Q300 ;Peak Power 200 W

10 Ci11 Q100 ;A-Scale 100
M51 :MONITOR LASER OK
. Move to common work place

15 G90 ; Absolute Coordinate
E50 ; Feed Rate
X3.93Y-4.6 ;Locate fixture and part
Z-2.6716 ; Adjust Focus

20 ; Weld six couplings

M26 H152 ; Reset Door

M98 P2 . Goto Subrouﬁne 1 - 1st Coupling
F4 ; Fast Feed for inter move
25 X-.060Y.049 ; Move back to relative 0,0
M98 P2 : Goto Subroutine 1 - 2nd Coupling
F4 : Fast Feed for inter move
X-.060 Y.049 ; Move back to relative 0,0
M98 P2 : Goto Subroutine 1 - 3rd Coupling
30 F4 ; Fast Feed for inter move
X-.060 Y.049 ; Move back to relative 0,0
M98 P2 ; Goto Subroutine 1 - 4th Coupling
F4 , Fast Feed for inter move

X-.060 Y.049 ; Move back to relative 0.0
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10C108 B00: Peak Power 200 W C111 QL100; A-Scale 100 Mb1: MONI TOR LASER X ;
Movwe to, coomon work place (PB0; Absol ute Coordi nate F50; Feed Rate X3.93
Y-4.6 ; Locate fixture and part Z-2.6544; Adjust Focus ; Weld six Couplings
M26 H152 ; Reset Door MB8 P2; Goto Subroutine 1 - 1st Coupling 25F4; Fast
Feed for inter nove X-.067 Y.053; Myve back to relative 0,0 MB8 P2; Goto
Subrout iMe8 P2- 2nd CoupGotegbubrputifabt Sthderbptiog i nter nmove X-.067 Y.053; Mve

back to lative 0 X to Subroutine 1 - 3rd Coupling F4; Fast
Feed fo_rl'r‘fnt er mvgg&%.ggg%r@%g%%wbve back to relative 0,0 M8 P2; Coto
Subr out i Xie060 ¥.049 h Mioe phékntg réldtiveia&t Feed for inter nove

MO8 P2 ; Goto Subroutine 1 - 6th Coupling

: Go Back to Common Work Place

G90 . Absolute Coordinate
F50 ; Feed Rate

10  X393Y-46 ;Locate fixture and part
M25 H152  ; Open Door
MO02 ; End of NC

; Coupling Weld Subroutine

15
02 ; Welding Routine
F1 ; Feed Rate .
G05Q1 ; Jog with Pause / Move to Upper Left Comer
GI91 , Incremental Coordinates
20 M ; Gas On
G4E .5 ; Dwell for .5 seconds
X0.010 Y-.005 : Offset from comer of coupling
M71 ; Laser Processing with Sync. feed
X0.013 ; Weld left bead = .013:
25 M70 ; Stop laser processing
X0.075 Y.005 ; Index to Right Upper Corner
G050Q1 ; Jog with Pause / Adjust to Upper Right Corner
X-0.010Y-.005 ; Offset from right corer of coupling
M71 ; Laser Processing with Sync. feed
30 X-0.015 ; Weld bead = .015:
M70 , Stop laser processing
M9 ; Gas off
M99 ; Return
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X-.067 Y.053; Move back to relative 0,0 MB8 P2; Goto Subroutine 1 - 5th
Coupl i ng F4;, Fast Feed for inter nove X-.067 Y.053: Mwve back to relative
0,0 5MB8 P2; CGoto Subroutine 1 - 6th Coupling ; Go Back to Common Work

P! ace (P0; Absolute Coordinate 10F50; Feed Rate X3.93 Y-4.6 ; Locate
fixture and part M25 H152 ; Open Door MX2; End of NC 15; Coupling Weld
Sufrouti ne 02; Weldinv. Routine F8 mmrdBdteRate GO6QL; Jog with Pause / Mve
]EO Upger Left Corner 20331; Increnental Coordinates M; Gas On (AF.5; Dwell
or .5 seconds 0 ¥-.006; O fset fromconer of coupling M/1; Laser
Processi %é“%gfel’i‘%%pg{r et "25%0. 015; Weld left bead = I.0015:g M7O; Stop |aser
processi ng

M61 ;:Laser Remote Control
5
; Welding Parameters
C101 Q10 .FREQUENCY 10 HZ
C102 Q0.3 :PULSE LENGTH 0.3ms
10 C108 Q300 :Peak Power 200 W
Cl11 Q100 » A-Scale 100
M51 :MONITOR LASER OK
: Move to common work place
15
G90 ; Absolute Coordinate
F50 . Feed Rate
X3.93 Y-4.6 ; Locate fixture and part
7-2.6544  ; Adjust Focus
20 |
; Weld six Couplings
M26 H152 ; Reset Door .
MOg P2 : Goto Subroutine 1 - 1st Coupling
25 F4 . Fast Feed for inter move
X-.067 Y.053; Move back to relative 0,0
MOg P2 : Goto Subroutine 1 - 2nd Coupling
F4 ; Fast Feed for inter move
X-.067 Y.053; Move back to relative 0.0
30 MOg P2 : Goto Subroutine 1 - 3rd Coupling
F4 ; Fast Feed for inter move
X-.067 Y.053; Move back to relative 0,0
MO8 P2 : Goto Subroutine 1 - 4th Coupling
F4 : Fast Feed for inter move
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X0. 095 Y. 006; Index to Right Upper Comer GO6QL: Jog with Pause / Adjust to
Upper Right Coner X-0.010 Y-.006; O fset fromright corner of coupling
30Mr1; Laser Processing with Sync. feed X-0.015: Weld bead = .015: MO;
Stop | aser processing M3; Gas off MI9Return 35 9 mmID stent ;9mm Stent
Vel di ng Program Mb1; Laser Renote Control 5 ; Welding Paraneters Cl01 QLO;
FREQUENCX-.007 ¥MA5E] DRvEDack; tPdl8EelOBNGTH 0.-3ns C108 (B00: Peak Power 200 W

10CI11 QlQAs,Seal e 100, MELNON TOR LAGER g Move Lo common work pl ace

F4 . Fast Feed for inter move
X-.067 Y.053; Move back to relative 0,0
5 MO8 P2 ; Goto Subroutine 1 - 6th Coupling

; Go Back to Common Work Place

G90 ; Absolute Coordinate
10 F350 ; Feed Rate

X3.93 Y-4.6 ; Locate fixture and part

M25 H152 ; Open Door

MO02 : End of NC
15 ; Coupling Weld Subroutine
02 . Welding Routine
Fl ; Feed Rate
G05Q1 : Jog with Pause / Move to Upper Left Corner
20 Go1 . Incremental Coordinates
M8 ; Gas On
G4F.5 ; Dwell for .5 seconds
X0.010 Y-.006 ; Offset from corner of coupling
M71 ; Laser Processing with Sync. feed
25 X0.015 . Weld left bead = .015:
M70 ; Stop laser processing |
X0.095 Y.006 . Index to Right Upper Corner
G05Q1 . Jog with Pause / Adjust to Upper Right Corner
X-0.010 Y-.006 : Offset from right corner of coupling
30 M71 ; Laser Processing with Sync. feed
X-0.015 : Weld bead = .015:
M70 . Stop laser processing
M9 : Gas off '
M99 ; Retum
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15@90; Absol ute Coordi nate F50; Feed Rate X3.93 Y-4.6 ; Locate fixture and
part Z-2.6716; Adjust Focus 20; Weld six Couplings M6 H152; Reset Door M8
P2; Goto Subroutine 1 - 1st Coupling F4; Fast Feed for inter nove 25X-.067
Y. 057 ; Move back to relative 0,0 MB8 P2; Goto Subroutine 1 - 2nd Coupling
F4 ; Fast Feed for inter nove X-.067 Y.057 ; Move back to relative 0,0 M8
P2.; Goto Subroutine 1 - 3rd CoupPimmIBGotend : Fast Feed for inter nove
)c(:00|67 Y.gi? ;. Move back to relative 0,0 MO8 P2 ; Goto Subroutine 1 - 4th
upling,F4; . Fast [Feed for inter nove X-.067 Y.057 ; Moyve back to relative
0,0 WSngtﬁﬁﬁéelgﬂg Ofihe 1 - 5th Coupling F4; Fast Feed for inter nove
X-.067 Y.057 ; Move back to relative OM M8 P2; Goto Subroutine 1 - 6th

Coupl i ng ;2 © Back t&aggrrﬁrel)ngoté/‘e&lﬁml?l ace (P0; Absol ute Coordinate

5

. Welding Parameters
C101 Q10 ;FREQUENCY 10 HZ
C102 Q0.3 ;PULSE LENGTH 0.3ms
C108 Q300 :Peak Power 200 W

10 C111 Q100 . A-Scale 100 _
Ms51 :MONITOR LASER OK
: Move to common work place

15 G9o0 ; Absolute Coordinate
E50 ; Feed Rate
X3.93Y-4.6 ;Locate fixture and part
Z-2.6716 ; Adjust Focus

20 ; Weld six Couplings

M26 H152 : Reset Door

M98 P2 : Goto Subroutine 1 - 1st Coupling
F4 : Fast Feed for inter move
25 X-.067 Y.057 ; Move back to relative 0,0
M98 P2 ; Goto Subroutine 1 - 2nd Coupling
F4 : Fast Feed for inter move
X-.067 Y.057 ; Move back to relative 0,0
M98 P2 : Goto Subroutine 1 - 3rd Coupling
30 F4 ; Fast Feed for inter move
X-.067 Y.057 ; Move back to relative 0,0
M98 P2 : Goto Subroutine 1 - 4th Coupling
F4 ; Fast Feed for inter move

X-.067 Y.057 ; Move back to relative 0,0
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F50; Feed Rate 10X3.93 Y-4.6 ; Locate fixture and part M5 H152 ; QOpen Door
M22; End of NC ; Coupling Weld Subroutine 15 02; Welding Routine Fl; Feed
Rate GbQL; Jog with Pause / Move to Upper Left Corner (91l ncrenent al
Coordi nates 20 MBGas On (AF.5Dwel | for .5 seconds X0.010 Y-.006; O fset
from corner of coupling M/lLaser Processing wth Sync. feed X0.015Weld |eft
bead = .NM4HP2 25M70St op; Gase&ubpruanessbthdCxPlif®5 Y. 006 , | ndex to Ri ght Upper

Cor ner QL; Jog w Pause Adj ust to Upper Right Corner X-0.010 Y-.O006;
Of f set %m right’?%#ﬁ%erdatg’fm&% "Fng M71; Laser Processing with Sync. feed
30X- 0. 015:00M&f .d5beatbve badklth relative 0.0

M98 P2 . Goto Subroutine 1 - 6th Coupling
; Go Back to Common Work Place

G90 ; Absolute Coordinate
F50 ; Feed Rate

10 X393Y-4.6 ;Locate fixture and part
M25 H152  ; Open Door
MO02 : End of NC

; Coupling Weld Subroutine

15
02 ,; Welding Routine
F1 ; Feed Rate
G05Q1 ; Jog with Pause / Move to Upper Left Corner
GI1 ; Incremental Coordinates
20 M3 : Gas On
G4F.5 ; Dwell for .35 seconds
X0.010 Y-.006 ; Offset from corner of coupling
M71 ; Laser Processing with Sync. feed
X0.015 . Weld left bead = .015:
25 M70 . Stop laser processing
X0.095 Y.006 ; Index to Right Upper Comer
G050t ; Jog with Pause / Adjust to Upper Right Corner
X-0.010 Y-.006 ; Offset from right corner of coupling
M71 : Laser Processing with Sync. feed
30 X-0.015 . Weld bead = .015:
M70 . Stop laser processing
M9 ; Gas off
M99 ~; Return
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M70; Stop |aser processing MD; Gas off MB9; Return 10 mmID stent ;10nm
Stent Wl di ng Proaram Mol; Laser Renote Control 5 ; Welding Paraneters Cl101
QL0; FREQUENCY 10 HzZ C102 Q. 3; PULSE LENGTH 0. 3ns 10C108 @BO00; Peak Power 200
W Cl11l QL00, A-Scal e 100 Mb1l; MONI TOR LASER OK ; Move to common work place 15
(300; Absol ute Coordi nate F50; Feed Rate X3.93 Y-4.6 ; Locate fixture and
~part Z-2.6716; Adjust Focus 20 ; .\Mékeh H) xtefibupl i ngs

;10mm Stent Welding Program

M61 :Laser Remote Control
. .
; Welding Parameters
C101 Q10 :FREQUENCY 10 HZ
C102 Q0.3 :PULSE LENGTH 0.3ms
10 C108 Q300 :Peak Power 200 W
C111 Q100 . A-Scale 100
M51 :MONITOR LASER OK
; Move to common work place
15
G90 . Absolute Coordinate
F50 ; Feed Rate
X3.93Y-4.6 ;Locate fixture and part
7-2.6716 ; Adjust Focus
20
; Weld six Couplings
M26 H152 : Reset Door
M98 P2 ; Goto Subroutine 1 - 1st Coupling
25 F4 . Fast Feed for inter move
X-.067 Y.061 ; Move back to relative 0.0
M98 P2 . Goto Subroutine 1 - 2nd Coupling
F4 : Fast Feed for inter move
X-.067 Y.061 ; Move back to relative 0,0
30 M98 P2 ; Goto Subroutine 1 - 3rd Coupling
F4 ; Fast Feed for inter move
X-.067 Y.061 ; Move back to relative 0.0
M98 P2 : Goto Subroutine 1 - 4th Coupling
F4 . Fast Feed for inter move
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M2 6 H152:_' Reset Door MB8 P2; Goto Subroutine 1 - 1st Coupling 75F4; Fast
Feed for inter nove X-.067 Y.061 ; Myve back to relative 0,0 M8 P2: Goto
Subroutine 1 - 2nd Coupling F4; Fast Feed for inter nove X-.067 Y.061 ;

Move back to relative 0,0 30Md8 P2; Goto Subroutine 1 - 3rd Coupling F4;
Fast Feed for inter nove X-.067 Y.061 ; Mve back to relative 0,0 M8 P2;
Got.0 SulX-dufi7ithesll ; Modt backoapdlatng OF; Fast Feed for inter nove X-.067 Y.061

;. Move to relative~0, Q MB8 .P2: Got outine 1 - 5th Coupling F4;
Fast Fegg%}ojr inter mov Otkgflg%?mgig%%ﬂ;@q@\%é back to relative 0.0 5MB8
P2Got 0 Subr out i ne; Fast FeddfoCmupimayg ; Go Back to Conmon Work Place (90;
Absol ut eX-C6)6Q7r39|08fit, E/lo]\'/g gc 'to'?qutclive . €

5 M98 P2 : Goto Subroutine 1 - 6th Coupling

; Go Back to Common Work Place

G90 ; Absolute Coordinate
10 F50 : Feed Rate

X3.93Y-4.6 ;Locate fixture and part

M25 H152 ; Open Door

MO02 : End of NC

15 ; Coupling Weld Subroutine

02 ;' Welding Routine

F1 ; Feed Rate

G05Q!1 : Jog with Pause / Move to Upper Left Corner
20 G91 : Incremental Coordinates

M8 ; Gas On

G4F .5 : Dwell for .5 seconds

X0.010 Y-.006 ; Offset from comer of coupling

M71 : Laser Processing with Sync. feed
25 X0.015 ; Weld left bead = .015:

M70 ; Stop laser processing

X0.095 Y.006 : Index to Right Upper Corner

G05Q!1 . Jog with Pause / Adjust to Upper Right Corner

X-0.010 Y-.006 : Offset from right corner of coupling
30 M71 ; Laser Processing with Sync. feed

X-0.015 . Weld bead = .015:

M70 . Stop laser processing

M9 : Gas off

M99 ; Return
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X3.93 Y-4.6 ; Locate fixture and part M5 H152 ; Open Door MX; End of NC
15;. Coupling Wl d Subroutine 02; Welding Routine Fl; Feed Rate GO6QL; Jog
Wi t.h Pause Move to Upper Left Corner 20331; Increnental Coordinates MB;, (as
On-GAF.5; Dwell for .5 seconds X0.010 Y-.006; Offset from comer of coupling
Mr1; Laser Processing with Sync. feed 25X0.015; Wld left bead = .015: MO;
Stop | aser processing X0.095 Y. 006 : I'ndex*to Ri ght Upper Comer GO5QL: Jog
with Pause / Adjust to Upper Right Corner X-0.010 Y-.006; Offset fromright
comer of coup shogd IO MRdsrstbed that e pesses inmghadstand Syerdevickethdy Kroguep1®e ngg| d
bead = .015: MrO; Stop | aser processing Md; Gas off MDP9; Return
intended to be limited to the particular forms disclosed. Rather, they are to cover all
modifications, equivalents, and. alternatives falling within the scope of the claims. For
5 example, while the devices illustrated in the figures have been woven from multiple strands,
in other embodiments, the present methods could be applied to devices woven or otherwise
created from only a single strand of material (such as a nitinol wire). Further, while stents
have been shown in the figures, other devices suited for placement in an anatomical structure,
such as filters and occluders, could have their free strand ends joined according to the present
10 methods.
The claims are not to be interpreted as including means-plus- or step-plus-function

limitations, unless such a limitation is explicitly recited in a given claim using the phrase(s)

“means for” or “step for,” respectively.
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35 It should be understood that the'present met hods and t he devices they
praoduce, are not intended to be [imted to the particular forns disclosed.

Rat her, they are to cover all nodi fications, equivalents, and
alternatives falling within the scope of the clains. For 5exanple, while
the devices illustrated in the figures have been woven fromnultiple

strands, in other enbodiments, the OLASMIY net hods coul d be applied to
devi ces woven or otherw se created fromonly a single strand of nmateri al
(such asj.a nig ine@bdwblisingur t her, while stents have been shown in the
figures, other devices suited for placement in an anatom cal structure,

such as filters,@0d QreliHdSkEorurs ek diriavand Bed portibe@f §tdediaél comftisirgdofoned |
according to the present 10nethods. The clains are not to be interpreted as

i ncl udi ng means- pliusc: QrinStaRnRbMial WRehiORnk i M tations, unless such a
limtation is explicitly recited 1n a given claimusing the phrase(s)

- Means for” %Eail’ﬁlto(%l?e %0(?1&)1'"2 Etgﬁplg@%i a;/s%ktynd st%&%@por&d@tﬂ@@ev%”pr i sing:

SeC]El_I’I ng g ]E:oup_ I'fg stracture ITst strand ‘end portion of a device
configured for ingsertion into an anhatom cal str oY [fg,t he
](c:oupl ing str Ui g‘etftbrsraa@esffﬁﬂﬂi Sérta?é;ﬁlbﬂog?‘}ﬁo%so?r% iSlgngE%Flgl%%%l‘%g@ﬁgg?&mg%e t he
irst and second strand end portions are substantially.aligned, the

coupl i ng struct ur STHENFO 1ot §tsrtr§ﬂ‘g Oﬁfhet ﬁeé'lﬁ‘fee?cgg‘,e ‘get‘f tlﬂ%u%é\ﬂngeori%%rfudes
one or nore str a_nds that include nickel and titanium 2.The nethod of claim
1, where the devi cérands thanipaleds, nige| Mdditpiim@i ng stent. 103. The nethod of
claim1l, where the cougl ing structure has a passageway that exists prior to
securing2t he Bwsuptthedoselriptt, ovhsrethe fewecet 1 pIOvaRde SEAENgSBhd end
portions. 4. The nethod of claim1, where the device is a woven,
sel f i@xpandi nBhesthethod dheltim 1, where the coupling structure has a passageway that exists prior

to securing the coupling structure to the first and second strand end portions.

4. The method of claim 1, where the device is a woven, self-expanding stent that

includes two or more device ends, where each device end is defined by strand bends, and the

strand bends of all the device ends have a substantially similar shape.

15 5. The method of claim 1, where the coupling structure is secured to the first strand end
portion by welding that forms a first welded region, the coupling structure is secured to the
second strand end portion by welding that forms a second welded region, and the first and
second welded regions are not directly connected to each other by another welded region.

6. The method of claim 5, where the coupling structure is a piece of material that is

20  separate from the first strand end portion and from the second strand end portion. and, prior to

the securing steps, the method further comprises:
directly contacting the securing structure with the first strand end portion: and
directly contacting the securing structure with the second strand end portion.

7. The method of claim 1, where the device includes multiple half strands, and each half

25  strand is secured to only one other strand.
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i ncludes two or nore device ends, where each device end is defined by
str.and bends, and the strand bends of all the device ends have a
‘substantially simlar shape. 155. The nethod of claim1l, where the coupling
stfucture is secured to the first strand end portion by welding that forns
a first welded region, the coupling structure is secured to the second
stand ehd pditeimahdyofiidini ngvhicheathe couplmgatrsauensipewdicied bermgihonstraaddf t he
first and second wel ded regions are not directly connected to each other by
anot her meliglee: thediréRes frer thBeouptingeduairec! ai m 5, where the coupling
structure is a piece of material that is 20separate fromthe first strand
end portg on afd HE@BH PRISARCIORFhcES FtngevetdinBlRldy AMeastitdo debicelenliP aide
securing steps, the nmethod further conprises: directly contacting the

securin gloﬁéiﬁﬁlﬁa‘t’ Lis Mk Rolififhef defuturs 1! Iﬁe'aﬁr] 85 dnP B teOdbviRNG a8l ka8 Cnly Yother

contactingthe securing structure wt e second strand end porfion. 7.

Th hod. of ¢l ai i i : f , d
e agh tal ev%sepg. a@‘lgq}xé' couiifd §1altc€]uge %es?%&g aggl'g %‘rﬁxgurqﬁe ﬁ@él’és't EAV‘?CC%E glo%tg ra%gs an

rand 1s secut nf'y on strand. the device that
crosses oyer éﬁe co Lin structure. 9. . The nmeth .claim1l, where the
devi ce i ?’l’X’Ftﬁﬂt lyaﬁa“\lﬁg ‘@ tﬂ%t l\%"@@ aiﬁx%% gt lgansgorée ﬁ%réﬁ‘gfrt%%%‘? fal axis, the
coupling strugture i earer to one of the.device ends than. any.other
5devi ce Ehd, EHH“Fﬂﬁgdg TN %??Eé?%?@“?%“§§§€bﬁi%Sﬁﬁ?oﬁ%XWFﬁﬁssﬁa Fest
device end along a line substantially parallel to the |ongitudinal EXiS by
at | east lopgieudingl axis, Sreroyphing strurire ThecargtiAgRe of e dsviserndiiire i devi ce
includes at |east two device ends and a |longitudinal axis, the coupling
st r uct ur deviies andaptshthe eoupliag sifuctuie isgPesadeapar: oy the Aeaser) detipresnd ddREAd e nd,
and the coupling structure is spaced apart fromthe nearest device end
al ong0 a kibtsenfiflyutsilihtol thé lopgipatisd! lagis by @t tchs ohodeyiicaunpicnial defed tyyat dast| east
one devi ce opening defined by at |least three strand crossings. 11. The
met hod othred @tamt trosvihgt e t he coupling structure is secured to the first
strand end portion through | aser wel ding.
11. The method of claim 1, where the coupling structure is secured to the first strand end
portion through laser welding.
12. The method of claim 11, where the coupling structure is secured to the second strand
15 end portion through laser welding.
13. The method of claim 12, where the laser welding of the coupling structure to the first
and second strand end portions is partially automated.
14, The method of claim 1, further comprising:
securing a second coupling structure to a third strand end portion of the device: and
20 securing the second coupling structure to a fourth strand end portion of the device.
15. The method of claim 1, further comprising:
securing one coupling structure to each of five other pairs of strand end portions of the
device.

16. The method of claim 15, where the coupling structures are aligned in an axial

direciion.

2
U
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12. The method of claim 11, where the coupling structure is secured to the
second strand 15end portion through | aser welding. 13. The nmethod of claim
12, where the laser welding of the coupling structure to the first and
second strand end portions is partially automated. 14. The method of claim
1, further conprising: securing a second coupling structure to a third
strand end pditinmthodfoftchitm déywhee ramdr mecwfitmgedupéngs stasnotecae pfsat grom
structure to a fourth strand end portion of the device. 15. The nethod of -
cl ai m 1,caflbthbefo@Tpy disduf@éresR@iticngvieae coupling structure to each of
five other pairs of strand end portions of the device. 16. The nethod of

cl ai m 15¢ wherg hoiBof BHBhindd, Sirfide bomhpsind Ris@ WadRE dri? @ipkad &ucture to
25di recti on. 17. The method of claim 1 where two or nobre of the

coupl i NG5 LEGY é‘gﬁér ﬁ'&lﬁs H &SR ehd g(th@ﬁ"scg‘f t‘% higvicaronhd eidhecoubligudhRignce of

t he devi ce. method of ¢laim 1, further conprising laser welding

one Goup nclugessrﬁé\;l&%%nldrtﬁantl m, a%(c\l'% gﬂc strfah Cé(ﬂt%n éfuB? rﬁéke? Eﬁc?ﬂtqﬁuﬁfﬂd portions

of the d eac coup I'ng s ure 5Inc es nic and titanium
and each d e or.t cl.udes ni and titaniuy t hod
of claln¥ aﬁﬁéwgggﬁgf kahg?Pw§@e8?%8f%6%?¥%0g§ rlégg %gﬁ LQ?SH?
portions of t dlf%Frent strgfgs of. the device. 20. The nethod of claim
18, wherROTHMS figterent erag it thp dViee: conpri ses strand end portions of the
same strand of the device. 1021. The nethod of claim 18, where the coypling
structurdhs arBreamegad@fidrizn! &ywhre aps @f thofive other pairp Comprsrs F@Rd CR%i m 18,
where two or nore of the coupling structures are offset from each other
around t pastiensad tiref semenendydf thdevekévi ce. 23. The nethod of claim 1, where the
devi ce conprises four different strands, each of 15which includes nickel
and 10 t abi.um The2 methbH eofrreltino d 8o fwheteaihm Qqupw@rseucthes creyiatignesio mpen el f i ve
different strands. each of which includes nickel and titanium
direction.
22, The method of claim 18, where two or more of the coupling structures are offset from
each other around the circumference of the device.
23. The method of claim 1, where the device cbmprises four different strands, each of
15 which includes nickel and titanium.
25. The method of claim 1, where the device comprises five different strands, each of
which includes nickel and titanium.
26. The method of claim 1, where the device comprises six different strands, each of
which includes nickel and titanium.
20 27. A method comprising:
welding a coupling structure to a first strand end portion of a device configured for
insertion into an anatomical structure; and

welding the coupling structure to a second strand end portion of the device;

where the coupling structure is not a strand of the device, and the device includes one

2
wn

or more strands that include nickel and titanium.
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+26. The nethod of claim1, where the device conprises six different
str.ands, each of which includes nickel and titanium nA nethod conprising:
wel di ng a coupling structure to a first strand end portion of a device
configured for insertion into an anatom cal structure; and wel ding the
coupling structure to a second strand end portion of the device; where the
coypl i nsst r Wtk uh&hods ofnolaina 251 waad thé fitdestrabed/ bude portingl it hbsdetvdliyealigned udes
one or nore strands that include nickel and titanium 28. The net hod of
cl ai m 27yiiyhekeohd Strdrdreati psitioand end portion is substantially aligned with
the second strand end portion. 29. The nethod of claim 27, where the

device i% a WONeRL R fc1BMPaNEhae Rl RVce is BRovel)GeliBpbREnOdtert] @i m 27, where
the coupling structure has a passageway that exists bSprior to welding the

coupl i ngy St 1 ugf ih 25 Skn@39nS EGAM e SHLARR BRY PRLELQNS thad dxisd e
met hod o%os'cl ;ﬁ]r% %}‘I’ﬁﬁ%?g‘“{‘hz gg%?ceé?s a woven, sel f-IEe%txﬁ1 ndzigflg “stent that
i ncl udes_t or,more devi.ce e i | efined by

St antl DEIILe “aitie FeCEPER DR P iy ARE RO LR Bl 2
substantjally._sim]ar shape. . 32 T thod of claim.27, where first
vel ded reli onTl?esmFg‘Pgre(g ‘g%}%?’d‘rvhifepﬁ%rggﬁc%dﬁﬁl Wﬂ‘éenstg?lg'ﬁ’fpﬁ%m% 0 t%ﬁeth%ti r st
strand end portion, a second welded regjon is fo d wel.ding th

coupl i ngMEPETINGrE ee dpacsendsnyhele F%ﬁ%dJeé‘}‘r‘a B it éegﬁ?d E%Efrapﬂge?(%r g?fﬁlﬁd
second wel ded regions are not directly connected to each other by another
wel ded r stgindibends of 31 theTlemicpendrduveh seisenHIBSIMilAEaPS he coupling structure
is a piece of material that is separate fromthe first strand end portion
and fronmB2.he Flexowthodt ofagldine3d, pbetei ddirstaneldedregen o famedh dyweldingthst eps.
the met hod further conprises: directly contacting the securing structure
Wi t h10 hecdipliag sstictardtoetid fier sirom; erminpordbn,.ee tsegondoweldet reprprt sefosmedityng
structure with the second strand end portion. 34. The nethod of claim 27,

wher e t hevetlied e donplingdesicait i pheesdeadd stsdmdaerdispordod and thalfifst sind esecbrids
wel ded to nore than one other half strand. 2035. The nethod of claim 27,

wher e t g ecRUPJIGT afd dod @lrbdtE dofinde@slith tanaghdepaastheravadddasdonf the device
that crosses over the coupling structure. 36. The nethod of claim27, where

the devige i ngludesAtof Gast 3§,%e§@ﬂe%uﬁl‘ﬁg§st%ﬁlr@is a bREYLE Hidlemal taKis, the
coupling structure 1s nearer to one of the device ends than any ot her

EvTce SO FALSRISTHUAS! Ui ORGSR AR b e Uy e o3t
by at15| eat‘t?é[ W&Ql%g Ssttelr)sa_._‘ r&ge mefiod jfu@l%‘er comprises:
directly contacting the securing structure with the first strand end portion; and
directly contacting the securing structure with the second strand end portion.
34, The method of claim 27, where the device includes multiple half strands, and no half
strand is welded to more than one other half strand.
20 35.  The method of claim 27, where the coupling structure is positioned beneath a strand of
the device that crosses over the coupling structure.
36. The method of claim 27, where the device includes at least two device ends and a
longitudinal axis, the coupling structure is nearer to one of the device ends than any other

device end, and the coupling structure is spaced apart from the nearest device end along a line

substantially parallel to the longitudinal axis by at least one strand crossing.

ool
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37. The nethod of claim 27, where the device includes at |east two device
ends and a | ongitudinal axis, the coupling structure is nearer to one of

t he device ends than any ot her device end, and the coupling structure is
spaced apart fromthe nearest device end along a line substantially
parallel to the longitudinal axis by at |east one device opening defined by
at _| east375t hmae radtiicanet clsias 87,nglsere t@8devideeinnimtitsodt lodst ¢Waidayied endthendea t he
coupling structure is welded to the first strand end portion through | aser
vel di ng.jo3QudihheadiEtiho Bowling lsaiidiid8s nekrer & bdireofcthupleiing eads thet wne oftsr wel ded
to the second strand end portion through | aser wel ding. 1040. The net hod of

claim 3% ywoehe aﬁ&‘ﬁléc%ﬁrngvﬁh&hféqs O achd) 8B ORGR ititChesHeilial 1ee @nd elohfe lifé r St
and second strand end portions is partially automated. 41. The nmet hod of

claim 27 bl 1birudinal axEhytiiNGsPorRaRORE of @Y ddTRe8 by UCkute to a
third st$%%%&%ﬂgﬁﬁgﬁgﬁén o] ‘fﬁemgé?icéﬁ and wel di ng ?he second coupling
struc urgrto a fourth strand end portion of the device. 1542. The net hod of
claim 27 qﬁﬂwmkﬁo%gﬁ%rising: wel di ng one coupling structure to each of

fi h ' d d ' .of the device, T f
cl ai m 425 vhahs ool i SeP e FaDSy R nd DR FRRINGY

20 44. The nethod of claim42. where two or nore of the coupling structures
are of f seartien BrAugh eV HEMEar ound the circunference of the device. 45. The
met hod of claim 27, further conprising |aser wel djng gne coug{in structure
to each o fiThs methed obelpims 3Hwias BSEORPHPLBRCTUENS WldacHe thevaceRd stiidy o
each coupling structure includes nickel and titanium and each strand end
portion emcpond@sthriugk dserawddingt ani um  46. The met hod of cl ai m 45, where
one of the five other pairs conprises strand end portions of two different
strangls af. t hEhdhavihod of ddim Thevheet thodasef weldiignihe cavpling storréureto thedirsti ve

ot her pairs conprises strand end portions of the sanme strand of the device.

and second strand end portions is partially automated.

4]. The method of claim 27, further comprising:
welding a second coupling structure to a third strand end portion of the device; and
~ welding the second coupling structure to a fourth strand end portion of the device.
15 42.  The method of claim 27, further comprising:

welding one coupling structure to each of five other pairs of strand end portions of the

device.
43.  The method of claim 42, where the coupling structures are aligned in an axial
direction.
20 44.  The method of claim 42, where two or more of the coupling structures are offset from.

each other around the circumference of the device.
45. The method of claim 27, further comprising laser welding one coupling structure to
each of five other pairs of strand end portions of the device, where each coupling structure

includes nickel and titanium, and each strand end portion includes nickel and titanium.
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548. The net hod of claim45, where the coupling structures are aligned in an
axi.al direction. 49. The nmethod of claim45, where two or nore of the
coupling structures are offset fromeach other around the circunference of
the device. 50. The nethod of claim 27, where the device conprises four
different strands, each of 10which includes nickel and titanium 51. The
net hod aff6. cl dihen BathodabBcleint HE, aeiecena ofrphei Bes ofhiey paieli £orapresss sgendapfs, each
of which includes nickel and titanium 52. The nethod of claim 27, where

t he devigei&RRPhie@Feehisudndsdrendevider ands, each of which includes nickel
and titanium 1553. A device having one or nore strands and bei ng confi gured
for insestionHenhOhéd oRRRIAMSC Ihed bHE LRI, fivhetidephice comprises Sirand ead
coupling structure secured to two different strand end portions that are -
substantlgoq‘!i(%,%a)qzltﬂeggﬁgStygngt&fq%qjgvggher; where the two different strand end
portion includes nickel and titanium and the coupling structure is not a
stra ofo th ey 54.. T 1.C8 .0 -ad _ i &S ai ayven,
sel f-%cejxpég;hdi ﬁTgl%s g%tgc.i OfS(ée.nml'Eg’ g@éﬁecgleo%uﬂlggi %gcgu&gk?fg gngﬁégl coupl i ng
structur(? hﬁs a passageway in which the two different strand end portions
are posi tf6H®Y.  56. The device of claim53 configured as a woven,

sel f - expandi stent. that includes two or e deyice. e _ h
devi ce efll i gﬁl‘fe‘f‘?t %@@*E&@aﬁ’g‘e“&ﬁas"f néoﬁ%lgﬁh C%prrlélggtr%‘%%%% ar\(%lg?%ﬁﬁd?ﬁe
devi ce ends have a substantjally sim|ar shape. 57. The device of claim
53, wher eachigghc aigpnd thg cseunfercnrefithe d@éifred to the first strand end 5
portion by a weld that forns a first wel ded region, tt}? cou lid:?g s%r cture
is secur&d toThhmethed ofdlaisk Panwhers dhp 87 isorPIIRFSes HR¥F dittsmeht STaRdtscd fdcond
wel ded region, and the first and second wel ded regions are not directly -
connigtt edvhich irdedes oickdrnbyitaanot.her wel ded regi on. 58. The device of claim
53, where the device includes nmultiple half strands, and each half strand
i s securet toThah¢thodef otaher27swharedthe 1668 Torepritey ffive different sirandsacacitidr e t he
coupling structure is positioned beneath a strand of

which includes nickel and titanium.

52, The method of claim 27, where the device comprises six different strands, each of
which includes nickel and titanium.
15 53. A devicé having one or more strands and being configured for insertion into an
anatomical structure, the device comprising:
a coupling structure secured to two different strand end portions that are substantially
aligned with each other;

where the two different strand end portion includes nickel and titanium, and the

20 coupling structure is not a strand of the device.
54. The device of claim 53 configured as a woven, self-expanding stent.
35. The device of claim 33, where the coupling structure has a passageway in which the

two different strand end portions are positioned.
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the device that crosses over the coupling structure. 60. The device of

clai m53, where the device includes at |east two device ends and a

| ongi tudi nal axis, the coupling structure is nearer to one of the device
entls than any other device end, and the coupling structure is spaced apart
fromthe nearest device end along a line 15substantially parallel to the

| opgi t udiknal Taxidsvityyofatlaimesfstonfigered tas arvbvenosiiaxgandidg sta ¢had enelusies B¥o cl ai m
53, where the device includes at |east two device ends and a | ongitudi nal
axis, the neRdPdviGngs, Wikl EhidRvide afiels definehBy fantitendicuicthe anas! tendn any
ot her device end. and the coupling structure is spaced apart fromthe

near est &%H't&edeeﬁeeﬁdsqme@sﬁub&aumgbﬁﬁlaa}tghaﬂ)éy parallel to the Iongitudinal
axis by at |east one device opening defined by at |east 20three strand

Crossi ngs,. 62 -{ikﬁ céj&\/ 456 % V&H 33131%%?&0&1%8 QQdﬁpe!d' t8 ghesititrsyéﬁaﬁﬂlﬂ @nd S

| aser we ded to irst stran rti on ) devi ce of claim 62.

wher e t e, SOUpl L N SHELNEIHLS, ki h%@ga MBS wuopms Sesand, skAcoand

pOI’tI on vice alm "her risi ng. a second

coupling structu ecure air of Ltio The
devi ce ofcd asini?{‘%:?ngf’fi‘ft‘toﬂgar ﬁg‘f hgfﬁcﬁ% n%ecgoupl fﬁdﬁg rgglglhcgﬂrdée @gsct:&?c(gd to
each of five other pairs of nd end portion Vi ce. of claim
65, mher“éCQWeW%‘éﬁﬁlnglﬂ%g e PY "ifF&é C‘?i‘rng‘:t%‘ﬁog%&}a %ﬁ %\Yna“zg eéfve@F &t n.

567. The device of claim65, where two or nore of the coupling Stl‘tl%t res
are of fs& f rBmdssiehobelniar Shrorereithedevies inclndeemuliple f Taadsyard qagh haldg  The

device of claim 32, further conprising: one coupling structure | aser

wel ded t@raeémeoﬁediomlmrtﬁe(rth%étrﬁfsd of strand end portions of the device,
where each coupling structure includes nickel and titanium and 10each
strang efdl poOThd denick o€ tlatheS3 nividce theanodplinig smictung is poSitionkidebedentt ¢ strand «f1 ai m
68, where one of the five other pairs conprises strand end portions of two
di f f er enthe Skviandar @6sstd @ cden¢icoeplingMuctliiee devi ce of cl ai m 68, where one of
the five other pairs conprises strand end portions of the same strand of

the devige. 1Pelddh® sfeMmhiee 59f whbraithe @8vicovitehrlet helcaauploi dtgicstendctind @s are
aligned in an axial direction. 72. The device of claim68, where two or

mor e of '[otﬂglt@d?ﬁbqlakﬂgth%tcrouﬁﬁﬂg Esuclr€ iOhdas8tiofdneBrare Bevitch@lds AU dthe
circunference of the device
device end, and the coupling structure is spaced apart from the nearest device end along a line
15  substantially parallel to the longitudinal axis by at least one strand crossing.
61. The device of claim 53, where the device includes at least two device ends and a
longitudinal axis, the coupling structure is nearer to one of the device ends than any other
device end. and the coupling structure is spaced apart from the nearest device end along a line

substantially parallel to the longitudinal axis by at least one device opening defined by at least

20  three strand crossings.

62.  The device of claim 53, where the coupling structure is laser welded to the first strand
end portion.
63.  The device of claim 62, where the coupling structure is laser welded to the second

strand end portion.

25 64.  The device of claim 53, further comprising:
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73. A device having one or nore strands and being configured for insertion
i nt.,o an anatom cal structure, the device conprising: a coupling structure
wel ded to two different strand end portions; where the two different strand
end portion includes nickel and titanium and the coupling structure is not
a strand of the device. 74. The device of claim 73 configured as a woven,
sel;f - expandi nge&dn@rtbuplingBtrudine arec® aabthet wiimofA&andvrelrpertidve. coupl i ng
structure has a passageway in which the 25two different strand end portions

are posids oneghe devie of18InHSY if@ehePEorfprasin®: 73 configured as a woven,
sel f-expandi ng stent that includes two or nore device ends, where each

device end i ydehified ol fDBRIS o ot pity AnghuRPadSoRfors) | the

devi ce ends have bstantially simlar shape. 77. The device of claim 73,

e B, eIV RE AR 8. (Rl N ELARH: (RGH00: oL Bk Bl BEariitBlH,

securlng I'rst stran ortion to 't COUp ing structure and

d d
por Livbn Tb t G %P?oﬁaﬁgp”%gc%ﬁ?rs o M Brait PRSI A3 ﬂtffi@‘??r‘ﬁg. ons

are not directly connecteqF%o eaq? her by anot her wel ded region. 78. The
devi ce ofachPHiChirPEnd (iR SFEHRIFENERY BedsVHEt udes nultiple hal f strands, and
each half 10strand is secured to only one other strand. 79. The deV|ce of
cl ai m 7368.wheFle deyice 5 EBIM g HRGEPMPBSRE positi oned beneath a strand of
the device that crosses over the coupling structure. 80. The device of
clai m 73. wheons cohplingesimuetarg laser iglisd & cack a5 ive oibcicRays eEstend snGpertigns of

| ongi tudinal axis, the coupling structure is nearer to one of the device
ends than any ot hethe Y6view wherewach eowglingh etrecsurp|inpludestrickel @ne titasusp zdd
apart fromthe nearest device end along a |line substantially parallel to

t he hongitudi nal agck stighdaind lpeawdt ieheles hickeldnd riesmsiomg.  81. The devi ce of
claim 73, where the device includes at |east two device ends and a

| ongi t udigmal Jxd Fevith f il 68)Owisdre Wat Wf ehé Siveedther pdie anegrivés staddend ce
ends than any other device end. and the coupling structure is spaced apart

fromthe Qggﬁggmmgqyﬁggﬁ%ggmﬁk@ﬁgc@Vk&ne substantial ly parallel to the
IongltudPnaI axi s by at | east one device opening defined by at |east three

strand crgssi 3ge deu@% of EmIEY ] §Ber®fonE At Fire SRE' BaitshGonGRMB kidghdsdduct ur e
is |aser meld to t first strand end portion.

portions of the same strand of the device.
15 71 The device of claim 68, where the coupling structures are aligned in an axial direction.
| 72.  The device of claim 68, where two or more of the coupling structures are offset from
each other around the circumference of the device.
73. A device having one or more strands and being configured for insertion into an
anatomical structure, the device comprising:
20 a coupling structure welded to two different strand end portions;
where the two different strand end portion includes nickel and titanium, and the
coupling structure is not a strand of the device.
74. The device of claim 73 configured as a woven, self-expanding stent.

75. The device of claim 73, where the coupling structure has a passageway in which the

2
W

two different strand end portions are positioned.
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83. The device of claim82, where the coupling structure is |aser welded to
the second strand end portion. 84. The device of claim73, further
conprising: a second coupling structure wel ded to another pair of strand
end portions. 85. The device of claim 73, further conprising: one coupling
structure welded to each of five other pairs of strand end portions.

586. The Tevi Ckheafeviek af olafdb 73 whrefigarddns acwonen| seif-sdpautitgistest thatendidegied i n an
axial direction. 87. The device of claima85, where two or nore of the

coupl i NQorShérdGewicesnd! ®h&k fes@t ddvicerene aciebtdy sedmdbrads, Aed dicrsond beelnce of

t he device. 88. The device of claim 32, further_conprising: one coupling
StfUCth@fdJlﬂﬁéaed{Fée%ﬁQh}x@ desﬂsiﬂaﬁ%u; bi%BlaPiH pL. pairs of strand end portions
of 10t he device, where each couplinhg structure includes nickel and

titani umy, di?ea%g‘léwﬁ@l'QQn 981Gy Ry ?é fh'eQi@\ 1h@ﬁJcHﬂg§a it eldc@ridd forRédBy th89. The

devi ce o | ai m ere one of the five other pairs conprises strand end
7 A ATt 8 TPt o
LQﬁpf?ESr%%oﬁfa‘ SRS AP Bl G e SR oS Sl
ot her ar TR (17 R rSGUAM ST SHCeBPnt HE TG ITERy conneced t e offer B enoh @™ S2CT
welded region.
78. The device of claim 73, where the device includes multiple half strands, and each half
10  strand is secured to only one other strand.
79. The device of claim 73, where the coupling structure is positioned beneath a strand of
the device that crosses over the coupling structure..
80. The device of claim 73, where the device includes at least two device ends and a
longitudinal axis, the coupling structure is nearer to one of the device ends than ény other
15  device end, and the coupling structure is spaced apart from the nearest device end along a line
substantially parallel to the longitudinal axis by at least one strand crossing.
81. The device of claim 73, where the device includes at least two device ends and a
longitudinal axis, the coupling structure is nearer to 6ne of the device ends than any other
device end, and the coupling structure is spaced apart from the ncarest device end along a line

20  substantially parallel to the longitudinal axis by at least one device opening defined by at least

three strand crossings.

82. The device of claim 73, where the coupling structure is laser welded to the first strand
end portion.
83. The device of claim 82, where the coupling structure is laser welded to the second

[}
h

strand end portion.
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84.  The device of claim 73, further comprising:
a second coupling structure welded to another pair of strand end portions.
85.  The device of claim 73, further comprising:
one coupling structure welded to each of five other pairs of strand end portions.
86.  The device of claim 85, where the coupling structures are aligned in an axial direction.
87. The device of claim 85, where two or more of the coupling structures are offset from
each other around the circumference of the device.
88.  The device of claim 32, further comprising:
one coupling structure laser welded to each of five other pairs of strand end portions of
the device, where each coupling structure includes nickel and titanium, and
each strand end portion includes nickel and titanium.
89. The device of claim 88, where one of the five other pairs comprises strand end
portions of two different strands of the device.
90. The device of claim 88, where one of the five other pairs comprises strand end
portions of the same strand of the device.
91. The deviée of claim 88, where the coupling structures are aligned in an axial direction.
92.  The device of claim 88, where two or more of the coupling structures are offset from

each other around the circumference of the device.
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