BRAI D BALL EMBOLI C DEVI CE FEATURES BACKGROUND [ 0001] Conmonl y- assi gned U. S.
Pat ent Application Serial No. 12/465,475 to Becking, et al. (also

PCT/ US20080Q4AF3)77descri bes a new cl ass of brai d- basedpemtiskoipasioon
devices and delivery systeminterfaces. The inplants may be used for

occl uding blood flow at_ e vasc r.sites. One use is in intracranial
aneurysm enbol i zati on Mgg?@slr gkﬁéﬂdcﬁo\fwgﬁ?% ®é$§nt vessel occl usion
(PVO or sacrifice. Inprovenents g/m;{dm@ejmvi ces are discl osed herein.

SUMVARY kOOOZ] Brai d-ball devices forned with fol ded-over and fol ded-fl at
di stal el80Hre ambwgmarb-arienit et Uity Aqeb@tiphadial NoBedkidHy) teBeding. These

ar chi tectures, g %150%19@9@05@&?31%?15&@:%&5ane&/rc%é’%ffwan@'ﬁ%eﬁ eﬁmﬂ@%b{&{m D stal

mar ker approaches are descri bed at are especially suited for such
devi ces. | n alddices avd delprenxivagm inefades. nTlsehlrrmgm&pmydmﬁ@s oppesldlimdriodded t hat

are suitable fQr, L AGRG:ANFs; ¥e@eoh§§ i lhba%ra%?a‘{h&e% sﬁe %‘?‘Jn Lp Seeking et

al. All of the features and nol ogi es presente et al. (US.
Pat ent Appl i catlvom SalrdnatheNo parkRy 66| @E@S@ndf"{l’@wrl@zrﬁ&@/ Dﬂilraﬁéﬁ)en&rte

i ncor por at ed tQOeSEgewcclg%rercpscfoseedw&?em[ 0003] Regardi ng the distal marker
approaches, one’li rises a tether to/for the distal marker

included in the i rrpl ant. Speci f| ca$IJJMMfWth the marker affixed adjacent the

di st al f the i aS|n he f ed-fl i ts in the
Mncor por MO appl POy EREMPehSiih K1 et kB Oie e BhUE THETE he
proxi mal hub ygf arétheciurpbentibed ih BoakSn@ el @NThde shit&réhad theben telie 1 npl ant

is conpressed, the marker is pulled into aLl gnment with the jnplant and/or
catheter. [O00BMMARHALNE ulraéewﬂ Rirgt iy ek aPpRachestrRdpscribgd ta3rd i e ar ound

the interior e@ﬂeciah?sﬂieﬁtf(ﬁlsué}pdedlcﬂ t]h aH&ﬂle'oxhﬁﬂl%ﬁci ﬁﬁ]@lﬂﬁ% pprRMEFe 1t may
be advantageous to use a wire rib (e or Nitino for other

reasons. [ 000SicRaerEINy, argsuitallp & “Fﬁis‘bﬁﬁirfh% @9%5@:6&1%?6%@% bs? L Bskimedt into a
"V shape) cap R of the features and technologies presented in Becking, et al. (U.S. Patent

Application Serial No. 12/465,475 and PCT/US2009/041313) are incorporated herein

by reference.

[0003] Regarding the distal marker approaches, one improvement comprises a tether
to/for the distal marker included in the implant. Specifically, with the marker affixed
adjacent the distal end of the implant (as in the folded-flat embodiments in the
incorporated application), the length of the tether/tie extends to the proximal hub of the
implant. It has a length set so that when the implant is compressed, the marker is pulled
into alignment with the implant and/or catheter.

[0004] When a suture is employed for the tether, it can tie around the interior of the
distal fold with minimal interference. However, it may be advantageous to use a wire
ribbon (e.g., Pt or Nitinol) for other reasons.

[0005] Namely, a tether ribbon (especially when pre-formed into a *V” shape) can be
threaded through the gap/hole and around as few as one wire from the braid. So-
disposed, there is no interference with the compression of the distal end of the implant.
What is more, spring action in the ribbon tether (whether comprising two filaments or
trimmed to one after crimping, gluing, welding or otherwise affixing at least one
marker) can help position the marker against/across the top of the implant when
deployed. Such a ribbon can also contribute to marker radiopacity, thereby allowing a

smaller marker size.



t hreaded t hrough the gap/ hole and around as few as one wire fromthe braid.
So- di sposed, there is no interference with the conpression of the distal
end of thwoizopleamt77 What is nore, spring action in the PCohsRowAs46T

(whet her conprising two filaments or trimed to one after crinping, gluing,

wel ding gr otherwi se affixin ma ker an hel osition the
mar ker agﬁsﬁpﬁst | acr'gethet pRuiopd todfrchtdﬁg%?ﬁﬁp&m O‘Wé’ﬁ)oﬁgbﬁ 189‘88110“%1]%‘}’1“3&‘% bbon
can al so contdonfiétien ivah RIKBE. VAdkQPasikyal opierie el @Wongidricaaml | er

mar ker size. WD 2011/057277PCT/ US2010/ 056051 [OOOG%Another option is to

i ncl ude fi ber§tdRHAEPAIdsdrthe ROSHE AR SRROEINRGS ABtRBRREIUSEY SaRIKect | on wi t h

the tether. Wal®Werl IRREEIIbR]id OPEdnORnitR K8l aRd EtherRW Apadl hhanal features
are provided, the proxinmal end of the tether is advantageously captured

bet ween t he |eEPandst ltanayitg shied e aiieed by meldrepr@themisei t her one of opt i onal
I nner or {(}%"? er ba%%anoltﬁer E@)Sf r&JeHl%ng chcthf ftﬂe)ﬁgmprym%l f.qill tﬁ'fg dn?Lher WI Se.

[ 0007] Yet anot her set of rovenents concerns the manner
i nplant is f|ﬁm%m©dByBWﬂﬂkﬂnn@h@dhwaMMa@en@nmnanwhmbﬂwhg»waﬁﬁ&kCﬁﬁwmhlch

the proxiral s Rubiee L IRIGR, o8, IANARCS . A8l A0enAgyRaang! o delivery

systen1detach ace n one a ageous approac in which
use of aWod8iner bamache aslvdﬁzsgeme;chpf)mac}i it eliitlace ofkt mnedtaad hrrtemtcdsfyxst em

conmponents (suc e de cribed in t a tion),

o obessing 1 0SSR RS G ST S u et b LSRR B PR B a0 The
hypot ube (e. gabmahﬂuwpﬁmﬁognmb@ﬁghgsabmesnmaxaomgaﬂgpbmb&ﬁidn&mdmnanipulate
an inplant pref. rm const t. In ition, when the tub is ri mmed off (or
when the fi néﬂ“‘@ 'FFe‘éerOtF’Lﬁétg"iah?ﬁ‘l'én{j o dong} seira g HFansdp E‘B'P\? PMPHACt ube
bei ng hel d) tapempenEiraibMgcdQirid.om @bitbheviypet dbeis WihRtdofr @ Whepkrnt  (now
the "inner band") defines the detachment interface |lunen, Likew se -

especi al |y wHBA & neeeienal mpplash isdtimmed o8 elalivedp dis tuke topeiheldy phecgogining ysed

for the tube,pokiag o$ﬁ1@¢xy[§(§tﬁ6éc\;fl'ﬂﬁ@th\é‘nhhlahtrm&@% e Mndfadeﬁﬁestu&e requisite
radi opaci ty at t he proximal end | ant. [0009]In all, the approach

(optional | y ceashiesnepiecrge gen Lkgwise ﬁemeauallwbm uperd radignasuc mpiskidach) i s
useful for glsying poyto TRY: %lu@gj @?th@@tﬁ]’e' &8 sdft ﬁrumle%ﬂgmgﬁ)‘%@gﬁcg&r%ffe} n fact,

it may be especially useful in the latter context by providing shielding
fromwel d sl dly randsigeddomrmity gnhd gexitabendrodsierimblaaper t ure/ port to be exposed

by 't r I me@(g)(lt he t H]bql h% aggljogi&e(agg&?nallly &%Facgﬁﬁgi asg ngl?’lﬁcn a&n}uf)as egﬁj’ Y, .af ter

wel din | ean cut anond s cutting,
EDM etc. - agpraebdﬂs)usa”n]cfot plemg dnymaedsr el apglied in a welding technique. In fact,

it may be especially useful in the latter context by providing shielding from weld slag
and deformation for the proximal aperture/port to be exposed by trimming the tube to
define the inner band in the implant. Namely, after welding, a clean cut can be made
(e.g., with a diamond saw, laser cutting, EDM, etc. - as above) and then any deburring
(by mechanical‘ action, etching, EP or otherwise) can be performed on the newly-
exposed face as desired.

[0010] In conjunction with a sacrificial hypotube length approach for gluing, or the
original gluing approach described in the referenced application, another advantageous
option is offered by a different post-processing step. Namely, after an outer band is
used at the proximal end of the implant to define an outer casting boundary for
adhesive/glue (e.g., Loctite 4014), it then may be removed leaving the underlying glue
casting in place. Outer band removal offers potential to reduce all of the height,
diameter and appearance of the size of the proximal feature of the implant.

Accordingly, it may assist in developing a system with 0.021” catheter crossing profile.



(by mechanical action, etching, EP or otherw se) can be perforned on the
new y- exposed face as desired. 100101lIn conjunction with a sacrificial
hypot ube wergtimnsagpr oach for gluing, or the original gl ecmgSapons@sh
described in the referenced application, another advantageous option is

of fered di fferent. post-processi step. Nanely, after an outer band is
used at ﬁ)%e‘?]proxi rréﬁfg‘%‘HgtedFmP. ’tﬁ “a%iayjtaﬂvﬁ‘ée\‘c’f:%lyﬁ”@[iﬁf’elﬁ‘réé%‘iyi(ﬁﬁ“ boundary
for adhesi ve/ glygif Rrs a pdsOiGhtidn8a#B It it mdytbelcDRBd BRYULDEsE rARVEN | eaving the
under | ying gl ue castltng‘%l n pl ace, ter band renoval offers potential to

¢

reduce al | of T{aq&mhpitgfit coatipgimay by desiithlappsay Balddclefse (he. Yy dbf- t he

proxi mal feat WagnOh & rd R AN altREGOLITbEGhYioydd 1o TRYst A8Sibpihe of (HEYHLOPI NG &
systemwi th 0.021" catheter crossing profile.” WO

2011/ 057277 PCHlcusiiosio asbosipn aodaurjmo Otlgeyise.tthg keand errokeadut off He dhand may
advant ageousl ygepmprise N Ti alloy (that naturally fornms a passivation

| ayer) or it may be coated or otherwise plated. A Titanium N tride coating
may be déMil2labl e. /Sptteyapmbadh felackiseng mingmal i@Manorubdiigmatoatwing i n nol d

rel ease may alternatively be enpl.oyed to assi.st in.slipping-off. the band
after adhesi \?‘Eg‘a%ﬁ’ﬁ‘uéc“ae? Cl%aﬁy 5ar%or{)§ﬂr8¥n'§.ml55@1?)%1%%?13&”}1“@ E‘g'ﬁd)géo B8 cut off

t he gl ue castinmg NiJO0h2]iAnot b éncaappinga@bntf. OFheged)iawiiogerNimi swalion dggplbant hub

di ameter - whil. i,nt ai ni ng.necessary. radi opacity - involves affixing a
pl ati num banaeaf‘)'ﬁ‘?% 0 ”éerﬁ'&hﬁr&d' i%"'ﬁ%Bé‘ﬁg‘e“(sioic8f’s,t’¥‘%d)afinpiﬂ??epéf('”g]r”fj‘éﬁgerrent) .
TEe EI‘ IC)l)(l ?\?\.}]/ Pomerd dNieThll@epﬁrgﬁﬂes@gﬂn-Eﬁe %ﬂﬁi{)b%@}lﬂé@@dﬂﬁc}eﬁd@ﬁm%-@stﬁﬁ aidin
the ba en so-constructed) and t i ncl udi ng r and ot her

al | oys) provic(%g&é‘ﬁgf“?f&’ﬂ YESS %Ifeﬁ‘ﬁéwgmﬁﬁff Rath ga”ﬁﬁ'eT%‘?a&%‘ﬁ@h?e dipehedm

control and geghey weddﬁr%;‘gm@ of 8A&irMe ot tdron akkobigled WRRRAS: oHR@nfRands may be
attached (e.g., by welding, glui nﬂ] or soldering) or nerely associated with
each ot her uricjaPhrBg svstame hire &paqvain | veither pasrobal may welais eFeragelt t hey may

i ncl ude i nt erjugsi@pRee & diher RHA%E 6 (BhREEN@Lr Bl O RGBT QONEKOSr 2L QAGGBRAT- gr oove
features to nmake or assist in nmaking a connection between the bodi es.

[ 0013] Anot her? cgBtecHPn barppanbneadics- concerns shaping the distal end of a
"fol ded-hhad" tYPRnbINR! &Pbs imlp]:%vlg?%(nt &n@érﬁé’ %}%ﬁlﬂﬁmetcﬁstﬁ 811(]% gff)a\t G0QdihQp- The

flattened top derives froma or e e roun i ng over which
the braid is tgivapetint. Thea¥ baprovided wigh pflatined thpbifherflhtcnpdytoadanintes Grod1:0"  of f
the form Thi - sufficient "table" for, desired shaping and
can be consi sf?éﬁ)frﬁ§/$gggﬁtri()g]lc‘jd tggﬁ%s(g'fefa‘%ggﬁ%g b(rﬂ"gllsr%g?paeﬂ't grhcs?%éz?ﬁ % om about 5
mmto 12 nmm iproddiainetreiling abbutlOlG10T eff gfeffemt. Dins ddpeh e nikeissadickdraneblc The
resul ting Creas rmoffers an

2 he inpl an vvir.eshae%i) such a f ,
i medi ate advdn c%t'(f;eg Si"‘ém?%’r@rpﬁaé:ﬁ'ﬂ E%Ceoﬁf"ég?ﬁ%yn{)p.pﬂ %lcﬁosf A&EF 8?‘”&@&965&6 o close to
the distal em@mofbotiemaevileem shipeeEaciaviarly edict binthe el el @age meound t he
flattened top drives early .opening of the inplant en unsheat hed (as
conpared to éesg{t‘f’%giefi??rif‘ \ﬂ%fé’?’gg_ﬁt ‘?S‘?%%@%edp’érsﬂgga %I"Blﬁ) gPREMFLCi s set
further away advaafagd@nignplast @p@yhded)wid) 6 14 pleded apebiad tgatistafend Hhant
i nprovenents descri bed herelfn augnents the density _ ,
device, shape recovery of the bénd/crease around the flattened top drives early opening
of the implant when unsheathed (as compared to a situation where a crease formed
around the flat is set further away — or none is provided).
[0014] Yet another set of implant improvements described herein augments the density
of the ball. Stated otherwise, provision is made for an additional layer of braid material
to further decrease the braid matrix porosity, and possibly do so without any increase in
device crossing profile/delivery (micro)catheter compatibility.
[0015] These improvements involve a third layer of braid that is added to the two layers
preferably already present in the folded-flat base implant architecture. In one
variation, a third layer of braid is captured between the two layers and captured within

the hub region, but trimmed proximal to the distal folded-over/flat section. In another
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of the ball. Stated otherwi se, provision is nmade for an additional |ayer of
braid material to further decrease the braid matrix porosity, and possibly
do so wi twoubtiasy277ncr ease i n devi ce crossi ng profil e/ delCirusey0/056051
(micro)catheter conpatibility. [0015]These i nprovenents involve a third

layer of braid that is added.to the two ers r ef er abl resent
0 the t ol daderiiuie maaSi RS et SHER I eI of 1 ArEn PRl Bk Tt 1

| ayer of brai lglamn@g&wwdaclaed memsttltaﬁd bivRe Ixﬁy.etmk@fnﬂn@@a@t)w&ﬁamotmn t he
hub region, but trimed proximal to the distal folded-over/flat section. In

anot her 3  vatieamaghsr bay nrwﬁ%ﬁd IAgyRth: the bed's gitachmpanteyHB nehipersp dhedibt he

af or ement i One;ﬂoﬁl\éﬂrbét/&di Sny prbfile SncRAVAN IRABAMhY ot ﬁ&&l%ﬁ th@tnﬂeﬂhy%tral end of
t he i nner marker band (above/distal) to any outer mark band provi ded. As
such, the braVid'terignly de Hiramed o it conpresiedderatsie lqcpied m@tsmp%léttihr@ldeﬁo avoi d
any profile | REF6ARG Ak ol P ell] SR infofl Ol b TR is SREnduANEE dpyer wi !
typically be trimmed so 1ts conpres | engt | ocat ed pr oxi mal t he

f ol ded- over Bhainderdeyer ey dimpladefiopd cef. Almnatlwpllyalnmay\hefme@cmwé@sé)dll In its
unconstrai ne AS natively,
it may defi nghé&sggg%ngd]gardyﬁgg y Tg)ﬁ%a{gg uc)h%e% algﬁlfés@gdp%l%%v%ﬂg%&s
substanti al | wosﬁ)gtea:tlomafhrﬂar mtudesmntc@mmasad\dmm agts@@lﬂwecbmcﬂ i ‘Ghereantls offthé ur t her

i ncl udes unt nds 1.9 the br nds of the brai d

e 1 i ng ¢ ne TIa ik B Bl MR e RS Bl TS B Kt ner

So- confi gur ed:ohfl@yed:taﬂy dihﬁtfoéﬁt:r mdtcheaﬂxopaﬂnemwu&ammhmtl&ataure{owetchj n the
bal I . However. red t the rai d end t he i nner |ayer
(i cup, bar 1o b ot ety Gafcapaitans BRen et dacmago Lk o hoy ray

i nprove thr orﬁatéswts@ramatmamlwtetdhlm shdie tHeo dhuy ahprlohethkdrug Mermali@OLGhiki nal |y,
delivery system i npr overrents are described. The features described are

"i mpr overnrent ¢he bod¥Of e dmplgRt- f eat ures noted above - in a contextual sense.
For exan@b% Cert@ln@llﬁfdeﬁﬁ‘? getemvxetpyov%msteme@t&hbt@cxmérf@a%urmesa%dbe as
space-efficient as others such larger systen(s) may be desirable for
reason of rec?EFce@PWé[?fH?'ﬁ%tlﬁﬂlafﬁg‘h%EﬁﬁreéﬁPtCQah?YdFdPa@@%‘t“mi{‘@@ﬁq] fMe subj ect

| mplant and dedi el YT (b 3elh! Sk WHEREDRYY A5G bOGhudedicARkhods of
use and manufacture are all Tncluded hin the scope of the present

descri ption. oferpunfrérsugf am@p@@t‘:@(&)fﬂagtb@Hemhletf@cftaﬁﬁleoﬁﬁ@cé‘iiscussed above.
More detaile in connection with the figures bel ow
BRI EF DESCRI guﬂqg%&@ﬁél%%@?x&%ﬁggg? f38] The figures provided herein are not
necessarliopy7]dr avah@strb'wat igplant athl ®On@EyY dc)mm,rielrstlrswmqutifeeateun@sdeexagger at ed

for cl ar| ty. ods t%gsanc; %grmf;[lc@ere grrc[,t%l ql't rfede'd ilin t#éjgcﬁ%e cgfrtﬁe sen?rrpI at ed.
Accordlngly, plc I On "of aspects an girent's' o RtE"i n the

figures are meicriptidre nidednba of aspedts (Bﬂmchsmmpéacmjrc tieelisdesat abpv¢.oMore
detailed discussion is presented in connection with the figures below.
BRIEF DESCRIPTION OF THE FIGURES

[0018] The figures provided herein are not necessarily drawn to scale, with some
components and features exaggerated for clarity. Variations from the embodiments
pictured are contemplated. Accordingly, depiction of aspects and elements of
embodiments in the figures are not intended to limit the scope of the description.

[0019] In the figures, Figs. 1A and 1B show an implant with a marker tether as
expanded and being compressed, respectively; Figs. 2A and 2B show the distal end and
a side view of another tethered-marker embodiment, respectively; Fig. 3 is a detail view
of a marker/tether subassembly; Fig. 4 diagrammatically illustrates the assembly in Fig.
3 set within an implant; Fig. 5 shows an implant preform prepared for proximal end
finishing; Fig. 6 shows the proximal end welded; Figs. 7 shows an implant preform
prepared for proximal end finishing according to another approach; Fig. 8 shows the

4



[0019]In the figures, Figs. IA and 1B show an inplant with a marker tether
as expanded and bei ng conpressed, respectively; Figs. 2A and 2B show t he

di stal emdoand/@7xi7de vi ew of anot her tethered-nmarker emrbDAISAENN56051
respectively; Fig. 3 is a detail view of a marker/tether subassenbly; Fig.
4 diagranmatically il Iustrat the asse W thin an

i npl ant ; Fi g. P8*EBRbWE Hhis T I8} é?f‘\cﬂ“mg S@%ﬂf@ﬂgwtbﬁmb‘mﬂ& ASIMERNE
finishing; Fi lgmﬁlaséi@\mlsthh@ Pﬁr@%dh@ﬁ'w&@dlc%'v@@@m k.98 of & IShOWEII@n i npl ant
preform prepared for proxinm finishing according to another approach;
Fig. 8 shows ¢mRed k{“e“brréﬁ@r Hi 2shPBetiew additions aegimatpiykradigpacya e messhow

i mpl ants enpl gy RGndid B'Mtth'\)éﬁ J%r%lf‘rﬁ% Eéc'ﬁbsshl 9 %W(?@ sht Wth a
detail view i nwFl nﬂj Ig% v ero fil mgngpr di ment gn Fi gs. S10£ﬂ§nd 10B show
addi ti onal prmﬁw'ﬂemstﬂb%ﬁt@p@qe@ Fﬂé@d@@h@@ la@laﬁh@rr@‘éfocamwwnwth vari ous
end-fi ni shi SRRl E08Shobh fr riddy1S00US, eﬁrm&ﬁ%mﬁt%gﬁqtswfagpv@n distal
flattened top; OWS | orm; or 1 nparti an 1 fplant shape
as shown in Fagge: 111155 dénowd léBn@Wbetrveb’E illgbtfftethe nperitiypl diat gnghntghapeden si ze
range; Figs n i f an

i npl ant shapeégéggfg ?Odl%lﬁgl lt/g %%%%’Lﬁ%ngéhaconﬁgﬁ t%ﬁogn)lg rﬁ%aﬁ‘?ﬁg?not

Figs. 14-17 dlla@lmanmatqvcaﬂdnyxty irﬂplmﬂsraatcemparrpaf ovbdardgnrsiuteypresepledint Sg.ab
conpared to the ghl tecture Etéc E 9%}4* Fl 18 sho an overvi ew
of an inpl ant/8efa %%e}ptovg%et Ei”rﬁ“@ PUILACRCHESY S BTG §ed2Y % connect i on
with the pres@ipoyedtedtihhation kit she pk&bntliNenand FEgBAP%OEJH ddusiaratie t he st ages
of operation (handl e-side side, , respectively). of t system
Shovn 1 1 Fr g. gt Taess oSt B RGN Sk PiGo ity onel B ohi t oot ur e
of the sane syst®Rhovwr BFig. Zzﬁngnzd sRBs Sheptioad n@bﬁo%nﬁ@ﬁ to/Be Gehite¢RikYofSyst em

interface engaged and di sengag respectively; Fig. 23 is an end-on view
of the del i véPysaB\sy e ieer? é@d%%B&O&’t%raétam?weﬁegverzQﬁtelmin&éfaC%A and 24B

illustrate alehgxgeaaﬁw@se%g e@ﬂeéﬁe@%lgohgt beisearhd-gML RN IPheklidrPYUshar shaft
in the sane system Fig A and show al ternative delivery system
interface opt‘i“éfrf%ce(aémﬁa’g@d A 2B sBiggdgadind 2B Phetrity altgpyativp gaden HavE he
pusher shaft o?%fcbﬂﬁ’glﬁ&tloﬂ%f hBus’l—iklgshai%%e Kk s gt@msb‘gé"’és/@%cﬁistse{h@@“ ve
inplant-side interface with a delivery system as presented in Figs. 25A and
25B; Fig. 27 albrosisycalliyompbysiem igiedfacd aptiens (@egnged dd didengagpd. eeseettizelyl n Fig. 26
wheh an AL eRabina RS dRnaLGRRELLS . 7] 98-80 ARl show an

al ternative engagene sengage i nt ace for a systemlike that shown
in Figs. 22Aiapdn29®; infeiigs:. wnzea @lnde@@ys;m“s greienadmt Figs. 25A and 25B; Fig.
engagenent / di;sepgagenent. e npl ant and
enbolic coil, %ggspectlfn\l/) P?ISI ﬁeﬂ%{e&&elﬁ@% d%fFigoi%g& 3??%%‘%at]§xerrpl ary
enbodi nent s @nﬂmedeﬂeamh}mdtubelﬂm 28%eeirﬂr2e88cseow3n alaetivo t hese exanples in a
non-limting sense S noted tha are.provided to
T st rat e osPERraR o sagprr s BB B s ui i R0 T 1Bl 298 buke and

met hods. Var 20BsFighanges3mywbet mder Er(gdgd’iﬁ&le’dS«Eﬁg@gﬂn%ﬂirShlﬁﬂidreefﬁﬂéaVN ents

may be substi ed without departin romthe true spirit and scope of the
i nventi on. ﬁgébﬁfdﬁy%‘m‘#ﬂﬁﬁmﬁﬁmoﬂ‘? %’ﬁ’l“&ﬁ%c W&Y- be made to adapt a

particul ar situation, materialrTAorpaskddomrTabnmatter, process, process
act(s) or step(s) to the objective(s), spirit or scope of the present
i nvent i JAO20AI | su¥ArIoHS RmRia icarhedimeats protdspraidad bdowe RafeteRsss ide Ycope of

the claims mafe H&RBINin a VMR- I%QMQ Q&ZQJJP%H%%%% %@9&5}%%@&1&&9& he
extent any dinmensions are stated in the sunmmary or detailed description,
illustrate more broadly applicable aspects of the devices, systems and methods.

Various changes may be made to these embodiments and equivalents may be
substituted without departing from the true spirit and scope of the invention. In
addition, many modifications may be made to adapt a particular situation, material,
composition of matter, process, process act(s) or step(s) to the objective(s), spirit or
scope of the present invention. All such modifications are intended to be within the

scope of the claims made herein.



such are intended to be nerely exanples and are not to limt the inventive
subject matter unless explicitly recited in the clains. [0022] Furthernore,

t he vari owe 2bsatsm7és of the enbodi ments descri bed herei RCaUS200008608d t 0 be
conpl ement each other and are not intended to be purely alternatives unless

stated s | n oth rds tures from one enbodi nent e freely
conbi ned([:)%2 th feat ED@%‘TM&WO?H‘@?S'WEF@ i theumgRey ord Cm:l]ﬁ‘il g‘%ﬁ?%”ﬂh Il in

the art will JueRghelisteddeg QORY R&elyCRABSIE dnll alchos ARl e hdtentRQsBefieat ures are
only to be used in the alternatlve A?pllcants therefore intend this

par agr aph t o 'BibVHHESERPHGBNTCSTRIpBE S-any present or future clai mthat

recites fgajures tF%I‘tﬁé‘rmfoFeOme%ﬂcx&%rf&a'i\lre@&ﬁ?ﬁ’é’é:ﬁ%@%cnts%&@éﬁb@d RYER Jpot al ready
be cl ear from the summary, detailed description, and clains. [0023] Turni ng

to the figurestengeidgebe ¢w;dmem@c§wdwm 4r¢m¢lam1t>nd£®t0 berpuriigaltdrmtivenl y t he
hub (not vi S'Lp.lle@ st fed Emh%mcrgvgrd's,sfegt &Etr rﬁ%n%h@d&g%%ﬁ%&'ﬂe% catheter 2.

Roughly 40% o I'sS recei ve i n sheat 1B. A

r adi opaque namk@rneQG}nt@éecgurc;s o aﬁothbaﬂnwpdllwnmasmt@loef ordnnalumkhllmtetvm whAE in
Becki ng, et al and with f ference to Fi | 10 includes
atie 22 p05|rf3ad"lﬁ ed Befied Cysbiglsétefjg@aghé)sel atureaarf%n] bab(e:g%td Ehﬁl stal fold
16 in the br altdinatiel oﬁtppﬂeefntsrtb@eﬂamemtenﬂ thislBrdgadpd oo prefude weided oiph@t &irn as t he
hol e or gap in the

y al so

nosist i oo oy S of fis pEY RGeS BBl Rl Bt e iy Topen
[ 0024] Whi | e tsheul@2udhebnilitadese Al &omnhe smikeay, RAiledddBagiiongin@tlaghs., it
ext ends to rOX|naI hub 3 ant 1 n the present descrlptlon The
ext ensi off"31let her'T”ﬁW}gttPél?‘Fstpgué‘?Snﬁﬁsrrﬁéraé‘glgéh%%a?)m‘?rﬂéﬁ Bpegdte °fy ensure
axi al al i gnmapd h®f (nbBh8E) AGm ﬁtrlollmélc@%d Withih §5Ké§mtdr|€ﬁﬁeté@§n§ﬁ1gﬁl!yl y when
re-capturing) in a catheter/sheath. ﬁh‘ %JnThe Ien h of tether nenber(s) 24

@

i s theref or e “9& ofdiiglnt K respiyedovitign i Eighd B- éd‘loﬁ%lluéﬁtdﬂieéz(éxpanded
(as shown in E?gaP{&)ndﬁl@%sgm@ln%'oﬁlC\Keng Asqm\éﬁgné’\@?ﬂ hRewiREk@Rt is fully

conpressed or tending thereto (as shown in Fig. B). [0026] Whereas the tie
and/ or t et herclgisnptree Fah dwmplant K gsludgsa tend metlp@dtbyme@abwaw layers 12 and

14 adjacent a distal fold 16 in the braid, which defines aperture 18 (also referred to
herein as the hole or gap in the braid). Marker 20 is held by tie 22. Tie 22 may also
assist in closing or limiting the size to which aperture 18 may open.

[0024] While tie 22 terminates adjacent marker 20 in Becking et al., it extends to
proximal hub 30 of implant 10 in the present description. The extension “tether”
portions, or members, 24 so-provided operate to ensure axial alignment of marker 20
when implant 10 is captured (especially when re-capturing) in a catheter/sheath.

[0025] The length of tether member(s) 24 is therefore set such that slack is present
when the implant is expanded (as shown in Fig. 1A) and the slack is removed when the
implant is fully compressed or tending thereto (as shown in Fig. 1B).

10026] Whereas the tie and/or tether member shown in Figs. 1A and 1B is typically
made of suture material, it may be made of any other biocompatible material including
stainless steel, titanium, Nitinol (possibly wire that is martinistic at body temperature —
commonly referred to as “muscle wire”), and the like. When suture material is
employed it can tie around the interior of distal fold 16 with minimal interference and
be knotted at point 26 (see Fig. 1A) to easily secure the position of marker 20. The
same approach may be accomplished with fine wire (e.g., 0.001 inch round wire.)

[0027] It may instead be advantageous to use a wire ribbon (e.g., Pt or Nitinol) for
other reasons. A construction as detailed in the next figures was made using a
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made of suture material, it may be nade of any other bioconpatible materi al
i ncluding stainless steel, titanium Nitinol (possibly wire that is

marti ni stWo 2at1/d502y t enperature - comonly referred to RET/USREI0I086084 r €™ ) ,
and the |like. Wien suture material is enployed it can tie around the

interior of distal fol.d with mnimal interference and he k ted at
poi nt 26 (seé”?ﬁrg?‘s“f%‘g‘trél)b%(%é*i'gﬁmg"é’éﬁf‘%sef ﬁ‘é‘%ﬁﬁg)rot%lqd?lchﬁbynag’rowe@g 0. The sane

approach may jh@cacconplished with fine wire (e.g., 0.001 inch round wire.)
[0027] 1t may instead be,advantgag%e?ous to use a wire ribbon (e.ég., Pt or

Ni tinol )I0PEH ot hert Pbaidiben 2AhEBE IHAR TSRO ORST dEt HitPRd Hr e BEXEN i gur es
was made usi rggpéo atHREERI A3 &5 MNe Wire tRPAR bWid § JdiiIBRAN SMgmpRAt | @fs about

0. 001 inches by about 0.003 inches. [0028] A tether ribbon 22 heatset into a
tight | oop orhownindhigge Speisposndelgthetiribtion du ghesgwpspotantivdly arteifniel V48 f ew as
one wire fro |G @lisd iy SF Ak 1RGO HRARE. bRy ESiSH WWe lefheFi 9. 4.
So- di sposed, %@Pﬁéﬁéﬁfﬂbﬁs@f does rllo{;'l Substant | al ﬂg} ?%?Cgrfer eev?,i th

conpr essi on aibbohevhdibst aimpenagoio fikechinor aimmedghanst pre inament (sspndipgiedact i on

in the tetherri ( : r Sl [ Nt Sy [¥]3: ,J0 just
one fil anment b%’ é%ebbﬁﬁkgﬁnébf )g%ﬁgémﬁﬁgglffrl%%gvef%é{r Ogtggg'? ¢ ?:’}ﬁ?{?ﬁ?’?i‘%@g Ui ng,

wel di ng or otshermindag.af tandietpgpasaiok @rark20 2@ sgagtsoimn a¢rnssfihg top3)f imalantiél p
position marker 20 . agagi hs or .across e,t f i mplant, 10 .when depl oyed,
o shown i F5a SR A b Pd PR PR AS PRB R Pt SRR EEP e Y e
t he paired ridblbar pareat hilos secsibag kiecket ppenh @ale bthot peride preovd teracggod
interface upon.which to cri marker 20 Wit hout drastically altering the
mar ker' s shaﬁ'g‘.wh[tﬁﬁré'@fﬂlaél@f %Wgﬁ?‘gﬁﬁ‘f‘ﬁca&' a{t%@gtﬂéet’ﬂ%r el 6)r;ti onal |y be set
ina geqeoﬂf] " quealsoOifc ALK of SRafRerintyRGKRIIY OF sdThE £ o&lenS euestiatsdk” t he
curvature of the inplant when unconstrai ned (e.g., .as the tether appears in
Fig. 4). PreS¥wam mgch (S mast Hetcl BalchdbtHVA8F OhprBRAHatEy mat ch) one or
more i mpl ant ,§i#A8$aisANe BehPihe gk EpRhgcH Eikab! eraddpisk Mel@herRerhacance of

i npl ants across a range of different inplant sizes and corq,)resm ons.
[0030] As st at@dpaissiiclamatchbencionposviewEt sits conbelg g edrediipllatids concer ns
the manner of;ALP¥iRhaRRO s IhNARDARGs a FirGe oPdifBRUSInMnl TRL ARG pref orm 60
prepared for proximal end finishing. Here, inplant preform 60 such as
prepared i n BewRicsigpnset al. is prepared, |eaving an additional overhang
section xt endi r oxi: r pects, the
setup re@%0 | es tﬁg'?t a%ﬁ%%\%%’l %0@?5‘%5%‘%&8&%’%%%8&5? p%{&.s Q%%gwgt e i npl ant
pref orm 60 i mehodiofigroaimal amkhinifing. Higbeshd4s anidhpldnepasserlpyepset fupon a
mandrel 52. To nmaintajin the positipn of-th onponen shown lue

(g < Loati POTBA DRSS RO eGPtk S SRFBR B AHEBRES efb "% ¢ e
hub regi on 3@repaad Heavinzl ad @ddigbiiat otdriviak geanbt KO axtevelingk fasteedproxdmiahieadkpor at i ng

the overhanging hraid 50, inner tube 34 and at |east . tack-wslding an outer
bt hong. 35 P & B fanbtes B s st au R S e i 38 ol Bhei ik o
resul t throughwit@the ifpht pro@ri@lo0enciidaRiahiizReNDridid Masd theepibiysdeng resul t.
In other words, it vvaﬁ neit her ae}gﬁgl ct.abl e Qor expect ed (t))%ht hose of skill

in the art ofP0A VP! CFademayy SRRy thy pmpyenissshovpglycdfhge h of t he

brai d over hangctite@upRragpied. iERtOsoMehdheRfrilgBisoaryy. 6 aREnd gioR B0 danténber  of
factors includi n(g impl ant diameter, wire dianmeter, braid density, etc. As
shown, the oVelrdsifctixelypdhe vldbmsd o6 insppatatios Bee VAR brajd PRk

tube 34 and at least tack-welding an outer Pt band 32. It is noteworthy that achieving
such a near-optimal welding result through (or into) the glue stabilized braid was a
surprising result. In other words, it was neither predictable nor expected by those of
skill in the art of welding (laser or otherwise). In any case, the length of the braid
overhang incorporated into weld 54 may vary depending on a number of factors
including implant diameter, wire diameter, braid density, etc. As shown, the overhang

is about 0.005 to about 0.010 inches in length.



WO 2011/ 057277PCT/ US2010/ 056051 [ 0031] Anot her proxi mal end fi nishing
approach is described in connection with Fig. 7. Specifically, preform 62
is not trwored/@amy7stabilized for welding as shown in FiPgT/US201RA5406T
preform 62 is prepared upon an el ongate hypotube 54. The hypot ube body
provi des d the co truct and st gbi

ans to ho its elon ail"
section 5@3 f braf@oqﬁy@PxTﬁlgﬁ rﬁwrﬁé?@?m%’”?gkﬂéah5§ogﬁﬁfﬁﬁ%§§ggthereon
[0032] Wt h a gpasifiemywpdbaw cdef idieehnihed ghd, stabiltzBd aﬁawtd;@ d@kﬂoxizr()m&bg)ljt 0. 025
i nches of - preferabl - _exposed braid) Ias%é ene d as
i ndi cat ed by Rafeer|pig @@i‘ %Fé’éﬁpa"FHé‘p‘é‘h‘@‘rﬁ?ﬂgﬁtf H‘?tf"?ec?g ethép(g@ g’ofhhe braid to
the hypot ube.prdRgesWehdhHQ lﬁ[&ﬁ@@&sﬂﬁ&%&ﬁﬁblhﬁ%%@ate wai ‘dsebfigh dwyqot ube to
t he opti onal underlylng mandrel 52. [0033]ﬁ¢ter such welding, the mgjority

of the | engt Hraf ghBrader suer & (cgaby prirgetd) thefeoni s tri nmed-of f to defi ne
the innefpoband 34 V@Eh 4 RErW IR d8She8 ROWN iR a@ugﬂ 080 to-Etle@t O' d@@%ch@@d‘fd may

provi de sone or all of the radiopacity rfequired in the region 3
However an outmrﬁb@h@ﬂﬁ@gﬁé@ﬁaﬂﬂywi@WHW1t@nwﬁ¢@Esmpﬂyibﬁmebéwfﬁ@k melded to

the braid asuqthggh%gﬁ Eerhﬁlem% Wid AW J’e@ @gbpo&ge ﬂféu JM %E’é‘s%béée of

whet her an o and is i1nclu st ra s an vant age
of the finishmngoapproaﬂhmemamEM$tOUNemav@ﬂmahdemgﬁwmétuibead fl ow

a-rti faCt[% SOC| aﬁAﬁt fxdve%lz Ce Fé(%erf ?ace trh o(ta’h{/lho ubd 54 is bs(r?cdr}/ﬁcg@s o Een in

Fig. 6). her, d=3nd Ininer men of the
remai ni ng bandnaﬂndﬁmbumkﬁdemldhmrbmﬂanadmeBﬁphnwﬁkhmM1mm@;apﬁaﬁemﬁrhub

size can be minim zed accordin [ 0035] Fi B i.l lystrate anot her
advantageousq%W%%Fﬁﬁ¥wgﬁ8mF?WﬁgH¥H§r@%ﬁ?%&%%mFﬁFﬁﬁﬁﬁﬂﬁﬁi?%ﬂ“%ﬁoxinal hub
size. Fig. 9AShowsandter BRIdaBIpetibilnif aRoMPLiRE PIYREKEY tablanelddRioalse traidw | |

general |y appear as affixed by glue or welding. In instances where such a
band is affi X&gcaRd ‘U%m“ﬁﬁééyg%gTue cast is forned therein the band can be

removed. | OMA' npl aMCSE%twéNbi}xllhéﬂQ@Qn b6 HERerd i RXhdi®ed NP s3Busttdatn i S

reduced in dianeter y as nmuch as about 0.004 i nches dependi ng on band
t hi ckness) ardvangggpsée ﬁ@@bmaapnre@ama@ebytf@fﬂf@ﬁ@fﬁ@ of weld beyhilavagtifacout si de

the body (e. stocﬂaf%d m%ﬁﬁéﬁgéns%ngh%§ 'eﬁ:d & IWdil as&H 1@13%)@)2 RaWer, Stﬁkeen of
adhesive/ glue 70 as a cast in which the braid is e ded i'nstead of a

hi gh cont r astweldfkiencaly. fac[ed@%]hwmeelug@eﬁf g rgmaimnpgrpand 34 de-brged andér i on,
this visual SRR B%ﬂ]nac'[quﬁ)%qippzﬁent hub size can be minimized accordingly.

[0035] Figs. 9A and 9B illustrate another advantageous proximal end finishing
approach for minimizing proximal hub size. Fig. 9A shows an implant with an outer
marker band 32 as it will generally appear as affixed by glue or welding. In instances
where such a band is affixed by glue, once a glue cast is formed therein the band can be
removed. An implant 10° will then include a proximal hub 30" that is reduced in
diameter (by as much as about 0.004 inches depending on band thickness) and is also
less noticeable by offering less contrast. Outside the body (e.g., in packaging) a
physician will see a glaze or sheen of adhesive/glue 70 as a cast 72 in which the braid is
embedded instead of a high contrast marker 32.

[0036] While seemingly unimportant to function, this visual aspect can indeed be
relevant. The impression of physicians regarding the bulk of the proximal feature can
affect whether the physician adopts the product. Conventional implants have been
designed with the proximal hub completely inset within the inner volume of the
implant. This is done to make the implant’s appearance more attractive to physicians.
However, the implant suffers in performance as a result (e.g., the implant is more
difficult to recapture; the requirements on the implant’s wire size and strength are
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rel evant. The inpression of physicians regarding the bul k of the proxinal
feature can affect whether the physician adopts the product. Conventi onal
i npl ant s Wawvels@i7desi gned with the proxi mal hub conpl eC&lug20m088¢05Wi t hi n
the inner volunme of the inplant. This is done to nake the inplant's

appear ance re attracti t.o physici ans. .Ho er, the inplant. ffers in
pglrof or nnnce”gé“ggtel"%‘i@lf%)rlc%/&edr.nf’gf‘%8Irﬁchﬁqrz}?ﬁm?e%?’éeaalngfu!? gﬁ”iadei"@% “ecapt ulr e;

the requi r enBAdrsasOm fp@ant BleaNbn; SnNbIHE [RHEEnABLISicleatigd) h Iathe p&senei ght ened
to force the inplant to recover the inset sha(glg, | eading to an undesirable
i ncrease in iAAChMhIINERONIAE PLFAY IHR FiZp O TR NAE N dRTTaSTSERTY '8 . In the

present aspechp&i “ath&,ticaﬁgami%pe;ft}ﬁn@%cei ved hub size is reduced, which
i ncreases the visual appeal w thout conprom sing performance. [0037]Figs.

10A and W8¥li | | ustreat B atidi PG hatraepddtpimb prBodinents BRi simHagiethe RBCout er band
whi I'e provi diggy (vﬁh@ﬁﬁgvi@lng &15&%?@%&%%@% AGht XpeARGRY. MG Ymp i Mal

i nplant hub size can be achieved by relocating a radi opaque band feature to
an in-1ine arwhngeparitc aghieyedithacloeatiog 2 ralinba@u. bapd Eiatwpd te aNiblimd 74 can be
set atop the jnner a0t &¢ A% SAQYR WuRhEr df7e TIPS MRIDRL SRy be

j oi ned using conventional techniques (i.e., gluing, soldering, welding,
etc.) or be hehdl34 m shelain [op 1t0d. difescanobtrer mgnbaotnedpongropyvbrend by
utilizing deltic il S(YeSt S | nsto dreIiaC%ve innbg'\r of Srll Weli b Fti Dhe &:Il'%’t ee%r(lz' -

t he enbodi nent 0f"Fi g.” OB REE T ks e ber's 63% and 74"t 'Rr oug[h PH'1e use of

| ock 76 and kaymp@arydatiubestililiddEBil&ncthen interplaniembeatushewingn Figl Ust r at ed
in connection with Figs, 11 d . The | npl ant ti |y .includes a

l'at toned t ofa6 Bartativets &5 W ule ek Ramborn e e bonled et

gener at ed by |gukon6iaglil Rgy 78 feadtee surface 82 in the nolding el enent 88 used to
define the bul k shape of the_inplant. MJ]ding elenents, or "forns," in

di fferer{fm%q].zes 8@,“0‘%8“ tmg t%%““red? BlUlFbEh N icATEptgpn “1‘9‘. Fighdy aa¢ & nihel ed down
froma Sphe“ix%@l'antfc%ﬁﬂﬂxaﬂl? iflefde0® fihteabd B soubhngiod Hyradae. 8k naihe.pdge
produces a crease 86 in the braid wire. Note that flat 80 and crease 86 are

shown in al t édmagenciielly nraviginga abygugpes 280 teouddppakemaef $8mptdAt pref orm

heatsetting, gefind@ShlReMpE QLM ich 1t Mfdifid ALmSREbF OBrh TP RSl B qual 1 ty
of the distal fold 16 in the inplant, helping to nmaximze uniformty and

m ni m ze t he 8Bekvd anchéfi "wee shawn ieligi Feslhepgregnidpd dayevirene asphgeika o oy t hr ough
tortuous ana I R A t i spial ' i 8t the edge
of the 11 attoagt th s2NBPndRBELEY sd iReoE, hERKEYELerd B EEFAOE She
performance Owonthadpt 8 malnrcasSPeat shaval ihplterage vielva gt frias. @d and 2Bi g. 13A, the
Crease presents mul tiple.bends in t ires f ' t he jnplant braid
A S e TR LRSSl TR S TR TS ol

i npl ant di st ahprend thoquaperofmierdestdl Had 1am iheph@adt, wlgiowtmaxirciae a cr ease as
shown in Fig. al.so ant

The i mpl ant *1uREBRY RS iRy BRAR b ARk kb TR e bont act _any

fragile tissugoughsttlouasndidigy Eie a@fthébr ianlee myi86ved. The crease at the edge of
the flattened area set in the implant also helps with delivery performance upon
deployment. Specifically, as illustrated in Fig. 13A, the crease 86 represents multiple
bends in the wires forming the implant braid matrix. Upon exit from the microcatheter,
the bends recover and cause the implant distal end to open more than an implant
without such a crease as shown in Fig. 13B (see also, the implant in Fig. 1B). Asa
more open body, the implant is softer, with more relaxed braid angle should it contact
any fragile tissue — such as the dome of an aneurysm.

[0040] Other architectural changes or augmentations that may be applied to implants

are shown in Figs. 14-17. Each approach offers the potential for diagrammatically

improved density relative to the parent architecture illustrated in Fig. 4.



[ 0040] O her architectural changes or augnentations that may be applied to
inplants are shown in Figs. 14-17. Each approach offers the potential for
di agr ammewDcalog7i7npr oved density rel ative to the parenPCanshiosdosr e
illustrated in Fig. 4. WD 2011/057277PCT/ US2010/ 056051 [ 0041] Specifically,

i mpl ant j.ncludes an inter | at raid | ayer 92 .set tween outer |ayer
12 and i @ﬁ%’r' I aye(tgp‘lcd.'cahé’yg‘ro gg%oﬁggﬁ%ﬁtaﬁrméed#%dﬁ% ‘“‘?ig’y %rgﬁ are the ot her
| ayers at a phuexiaved 12aint aglemanér 194 Laydno2 &i @p@ledax henio Sarewhn other 8@drs at  a

Poi nt or equat bPEBTY AABHTCR: TPREb e PREN by a AP GOPT B e © o

i mpl ant  densiAdati@scousi$litd@hdOtoNesMI SR halMedUGet BEEQSIcE ¥) theudncd athis

wi de- neck aneurysns. [0042] As shown in Fi qy 14, the distal extent 96 of the
t

braid is adj dcentheiayet witl BINGEg-lo BUdint dEtstY 61 - TEIGORREISE npddrt . Here, the

density is highgsl) S6n fRQidORek ah@¥@msW res will tend to stay best trapped
between | ayers 12 and 14. Yet, since the ends 96 do not interfere wth the

fold 16 [00Alch carsiseowrhia Hig dAdbe diptebiting Yasidbe bragkis adiecenhipltignfelded-i tt1 e or

no increase io@e&%&ﬁﬁi I'BQ)fWGQIn Iaﬁt. r}?eﬁ“g e H%i s [\@ e%t?’lol dle Hl'h@xq%i\@@s wihe inner
Si Ty

| ayer 92 of the 1 nplant can be produce y cutting a preform (like
pref orm 62) itendrakthy he¢st trippedbgitvatn hpdre 12 aHdi 19, Prebdincethe an&dtd dofnot wo i nner

| ayer sections_that . - I.f - i hngl e
formati on pr 6‘3:%@3? év.’tﬁ m@@e‘ﬁ%ﬁ%ﬁ 3%%%%%}1%%@5%& E’%ﬁgﬁﬁféﬁﬁgﬁh% g%“%r@@r ely on
t he ot her | ayensikonsesih custiog profidekediesilon, it may be made of finer wire

and/or w | ower braid .count. than t her | ayers. Fpr jnstance, the

i nner I\é\@?é&]n&y cB'hJHPf“éCé‘O‘?g‘Jee‘Ha”gﬁyﬁb%"f?‘ %ﬁnR}ﬁn?ganbbrea{)lr%gce er las "the outer

| ayers comrrﬁ_r icﬁﬁitr@ﬁp_&iﬁ@nﬂ.]i?é)ﬁ@fdrr!ﬂ(ﬁh) WHaEabmaid{ital Fclm&\el ies protiies & ex ef s»eabrray be
true, in whicg e inner |layer is more r st.. In any case, it may be
advant ageous "{'5" E‘V%rﬁﬁ‘ftl?ﬂs {hﬁécaﬁl&ﬁﬁ ‘%fw%ﬁ?’%gre@rﬂ’féfw%fg%ﬁaé‘(‘j‘gferforf’}‘i‘go%r ai d
(such as in thRe@¥anbeedi pRaldel, RbAMEe itheNRY S bl oniticeotherT5Brsupr,
thereby mnim zing parosity. [0044]1nplant. 100 shown in Fi,g. 15 illustrates
anot her advanst'ajea ﬁa‘é‘ﬁP’dg’éﬁy bomadegH APFTIYIre KT ISt PEHT EFUEEN Wi t hout

i ncreasi ng deyd Gker &yesS iFBLinRARE! th€inndSlaldd A€ ¢bmpri02-ah viondemerdiat e braid

| ayer 90 is enployed. However its proximal end is not secured within the
hub, t her eby bexdivigreapthe euteolaxars eamirise Poreah@p0G8dpshonire braid. However, the

reverse may be true, in which the inner layer is more robust. In any case, it may be
advantageous to mismatch the number of wire ends included in the braid (such as in the
example directly above) to help avoid wire match-up, thereby minimizing porosity.

[0044] Implant 100 shown in Fig. 15 illustrates another advantageous approach to
improving flow disruption effect, without increasing device crossing profile. Asin
device 90, an intermediate braid layer 90 is employed. However its proximal end is not
secured within the hub, thereby easing space constraints in that region.

[0045] Instead, braid matrix integrity is maintained by coating the braid layer with a
polymer (e.g., TICOPHILIC coating by Lubrizol, Inc.) or other coatings or processing.
Hydrogel coating also offers an appealing option, such as a hydrogel-based polymer
network capable of entrapping therapeutic agents as described in USPN 6,905,700 to
Won et al. Likewise, while the implant elements advantageously comprise Nitinol
braid (typically superelastic NiTi), the braid used for any of the layers may instead
comprise polymer — especially high strength biodegradable polymer such as MX-2
(MAX-Prene), synthetic absorbable monofilament (90/10 Glycolide/L.-Lactide) and/or
G-2 (Glycoprene), synthetic absorbable monofilament (Glycolide (PGA), e-
Caprolactone (PCL), Trimethylene Carbonate (TMC) Copolymer) that is heat set into
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[ 0045] I nstead, braid matrix integrity is maintained by coating the braid
| ayer with a polyner (e.g., TICOPHI LIC coating by Lubrizol, Inc.) or other
coat i ngs W0 2prioses3i ng. Hydrogel coating al so of fers anprapfsadiongospt i on,
such as a hydrogel - based polyrrer net wor k capabl e of entrapping therapeutic

agentsasdes ribed in 5, 700.to W al . Lik se, while the
o ant o creil Gy At GEBE! FRum Le Kot T B Tt Ypraos Ty

superel astic MbTiz):,thetmadfa’(aamhsuﬁﬁﬁlbé@r any of the layers may |nstead
conprise polynmer - especially gh strength blodegradable EOl ymer such as
MX- 2 ( MAO®blene) lephﬂ*hlétﬂlSEO%@&I%&SW&@MH@PWyghﬁwt e[ graeh &rypoved
ide/l,-Lacti d&)boﬁﬂﬂé&fr flowldi{rP e PRTRNE ih 18Kt het it aPeoihalenipoeghi | ament
(d ycoI i de (PGA) rol actone (PCL), Trinethylene Carbonate (TMC

Copol ymer) t Hakechis a%e@ph%bé@ by atfigimean gkEpest hedraid hyer1ll@ wgerdand bt i gr ade
for an hour) ; éﬂx%al%étl‘?ﬂ M"Ha bk %ld@@-l@ieﬁosoﬁfe?éla'olrb@l@rv\tl&eafmcﬁ'tper%tr' X as

descri bed. 100461l npl ant own in of fers anot her yet anot her
approach for Thephisyeud efrfb@bliazil Ing n(%rbeﬁﬂlmvw@jﬁ@rfgmﬁdrﬁg)ﬁh@m@cﬁthSh Farttle or

no effect on [ f f ing an
ner ot/ Chicrd B are” TS ep PG e B S RGF AT E e Bl WY, 5

It may be weldedst itgbqathr. sol der ed or ot herw se affl xed thereto The di st al
end of tnﬁtﬁﬁﬂr ai d :}\1 Hp%rlatlons in thf; Brevious %%lir?snﬁle tlHrd a eréncorrs)ora?edheﬁ%l}:\n 3fe ¢ Egr

exanpl e, cup So- 3-Y'or e ow 't erl
device up to 1@1Iplap6$rﬁ1pﬁytd3pleyﬂjﬁlﬂOfcaplﬂl&@WL]r)‘P@nWIﬂ\hhe/&Eﬂcdtlle(lﬁl@ ahn Uhh@:epl‘ evi ous

figures, the third | i.ncorp the i Iant 0 and
recaptures i MoUSI<oR ! ‘?ﬂ“?ﬂﬂmcgi g?” ﬂ%“Fﬁﬂ? ﬂenﬁﬁfﬁﬁﬂ HB%H g%ﬁyto t he
ar chi t ect ur e sefurdd, Gut sd@irddssutingbit it bhe:s Iﬁbﬁ&d}dﬁ%kpﬁﬂédﬂ tht pulefe.d heithik aleQuics st ably
secured, but secur ed %50h that it does require space in the hub (e.qg.,
within the odbakerfanday Wahad dpsnsignt iy UI’dlnensmnal stackup. [0048] A

rel ated foppdjant cantia@ui@phitohfa iR BwhiQFigli7. HHGE 8n inhfladt TR0, at 120,

t he sane prOX|naI end 114 attachnent approach is enployed. Yet, instead of
forming (e.g.sampronwa sed tlidrgrchnicat anprraeh isapeloved. Betaintteadaidorminap shape,

an inner bal l (e. élg{ héltstaﬁ'i'hgﬁqe m-II;QQa)@'r Qf%rgﬁllnté'aQGp gﬁca é B& iRl bail 1R joves over al |
proxi mal - si de | ant density, and al so defines separated fIOM/stagnatlon
zones A and éor\meﬂh‘r he Pﬂ@é'maﬂrﬁjﬁ%mﬁthft ealkinwrdayes O\as%li roximal-gidge iorptans ddnsityrat i on

within the i 'EH& 95 def[nggs%zl QB?I'Z)WQ%' S?tf%ﬂ%h ngﬁn%{}qg@laﬁﬁ% it @ form

Al ternatively, and nore vant ageo ape can or me w t hout
ei t her an extesishal thombup femagdn Wl@irlmfbymplant
[0049] Inner ball body 118 may be shape set over a form. Alternatively, and more

advantageously, the shape can be formed without either an external or internal form by
bunching the braid up and tying it onto a mandrel for heatsetting. Such a “free-
forming”™ approach is functionally advantageous because it maximizes braid angle
(hence, density) in the final body. Yet, any resulting inconsistency in shape is
manageable given that the only outer body of the implant defined by braid layers 12
and 14 is in contact with an aneurysm.

[0050] Irrespective of how it is formed (and the particular braid configuration
selection) the inner ball 118 within the architecture will be configured so that it will not
interfere with the distal end of the implant body/shell and/or marker and tether when the
device is compressed for delivery or recapture.

[0651] More generally, Fig. 18 provides an overview of implant-side of a treatment
system 200. The system includes an implant 10 (90, 100, 110, 120) and a
pusher/catheter shaft 210 ultimately attached to a handle 220 (e.g., as shown in Figs.
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bunching the braid up and tying it onto a mandrel for heatsetting. Such a

"free-form ng" approach is functionally advantageous because it naxim zes

brai d angve 20herscy;y density) in the final body. Yet, anpCrasadmiongs1

i nconsi stency in shape i s manageabl e given that the only outer body of the

i npl ant defin braid layers 12 and 14 is in contact with an apneurysm
00501 1 1 65 pelt1-LLEb Aol (HRE h b6 P Bt e SRt B IBr g

confi gur at i onins@p@ekd oNjeférbi@el Nner ball 118 within the architecture will be
configured so that it will not interfere with the distal end of the inplant
body/ shel%52nd/ or GRghREtIe sdtrySiondicludpehsipde PyBssT c éhs Rlupgsipribsiselar or

delivery or rgaapidsively @RRLEEMMISuILRRLA {dhnediddo HeBwiRIsONIsO@Sh 8bht@Y er Vi ew
of inplant-side of a treatnment system 200. The system i ncl udes an i npl ant

10(90, 100. 1105 21EAppulleddons shasmer Meathrenehor syiesfl 42 Pochyrctipmigtiéisiated t ached
to a handl e %3@@(;?}99\49@&@2‘@%%9. rhé:s‘ 9$A and % %%W@xc dc‘%’ﬂ% CQInp&rQﬁt%%s nmay be

constructed according to the teachi r]g?s herei n and/or incorporated by
reference. [0082jWrierhpasdigng drist!PBatlistates mopekdrsthahaidivgilengpt Wdgeirh a The

pl unger pull s;,9 dS%iEJ: Po'ia&op?élatpre?cgﬁﬁ)%i%ib‘é@ %ﬁ%@%@@@s P&érﬁ%te Ot?!:(et S

connected to the Wres; Tirst each cont W e 'S pu one at a
tinme), then tdegcanotoreniice @1@hdwnButly. AW i ldewdvsr, ptdgussivapudofitine [Fugst

19A- 19E and 20QA4-20 ' A shaow t he device w ents as
renoved fromagg\l %ag‘icﬁ{g:dﬁg feﬁ‘! t%fi@%@ﬁgﬁ (%3@ Srygt%'é’sasﬁﬁ ‘oc iﬁ S'? e %ndl e plunger
222 wi t h[0a53)20 dedigee! slatvatanoptisral atprsenicot th ardirehitbadky o2 dtenSMwh Hred, i on has

no effect on the Achnment interface, 216 own in Fi.g. 20B. However,
progr essi ve pst‘ﬁt'fmgﬁ& %érg‘ﬁ?’ﬁ%gwei fonpoy gire %g%-si‘@’ﬁ'véﬂvétg't" t%%}é”broél”g‘ﬁ%e of the
system as shaand 303 FbQ8e ind0Gt 2@E5¥e[n(&6,53& Iﬁh;g%né &h@ﬂ%@raws@@@izaggmkcﬂ] to |

i mprovenent to the architecture of system, . .Here, system ' has only
one 'true" cdmﬁ%etw'}% by Ao s Gl G (PR g O P bt 30/ 34

of the inpl anbmkQ by EseNors0 othtRasd J¥Rfi@Nntd)r emai ns securel y/stably attached to
the catheter shaft by virtue of the control wire interaction with anchor

bal | 216%0%lg., a&ckaiembiiciprloaiiapifesicdss ilgromsesiing dropothe pgeiriadss. 19C

[ 0054] Rel easgn@bod Rerdpmmliant. Hewsld.eahfd iRaind or%&g&gﬁ%%myf’ Lo Be steps
in Figs. 19C and 20C to 19E and 20E. However, a third (floating or

actuat ed) " dyhtnjpaded wighip g lugensefipupher shadied 0w shefrihis marelmamipinod clpsesher shaf t
210. Use of i 1 I i : - ked. arr ar the wires

i nsi de shaft tpgéf%d\éfvr\éﬁ%g ctgﬁ%gﬁ {eﬁb%&aggﬁ?fp?@’ ﬁgltcgrc %ﬁ;&%ﬁg&%n} g{ position

wi t hin a tor tlaeusinmettifenysitivewjthinglteases satdglge Yeayelbee imgle magbd and pl unger

Dot veen ¢ herm T R TRARC gt ARt ho Rt TR e AR RIS RE ™ engt
"L" by whi ch nwire gpadd@tweenitiemetllosithionspanel gousivesdasbaf t may
10055] Note that the length “L” by which wire 218 is inset within the pusher shaft may
vary depending on purpose. It may have no inset (i.e., essentially abut the implant
proximal end). It may be inset by about 1 mm so that any forward motion in a tortuous
setting does not result in contact with the implant. Or it may be inset to a greater
degree (e.g., between about 1 cm and 5 em) to improve distal tip flexibility of delivery
pusher shaft 210.
[0056] Figs. 22A and 22B show an alternative delivery system interface in engaged and
disengaged states, respectively. Here, system 230 comprises a catheter/pusher shaft
232 actuated with the assistance of a typical torque 234. Torquer 234 locks a position
of a central wire 236 including an anchor ball for implant 10 delivery. A bumper or
shoulder 240 may be affixed to the catheter (optionally a Pt band also serving as a
marker) to abut a hub 30 of the implant for pushing.
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vary dependi ng on purpose. It may have no inset (i.e., essentially abut the
inplant proximal end). It may be inset by about 1 mmso that any forward
notion i rwa20orasmyas setting does not result in contact Pairtus2ete®séospl ant .

O it may be inset to a greater degree (e.g., between about 1 cmand 5 cm
to inpro istal tip flexibili of delivery pusher sha 210. [0056] Fi gs.
25 and D98 show deliersinntiecdfioary: WRtuRT ARk AT fBhgaged and’
di sengaged st&i@sion PESPHERGE bk Yo d‘fﬁh@rfeﬁNgSr%ﬂﬂbx%B@ VGO ih&@Badl 34 of the

cat het er/ pusher shaft 232 actuated with the assistance of a téplcal t or que

234. Torquer 230} wwsth%ld%%ﬁhtail&ﬁg&fmar%f@ﬁ&e?awwnrdé shoyen indds-dditng” A anchor

bal I for inplant za%qd,qae.kd twlyal béﬁ l@d{ﬁp@zsg% A0l farshdPinmay. e, @zftédsp&ﬁd to
the catheter (optionally a al so serving as a narker) to abut a hub

30 of the i rrp‘ile@trﬂ“ LALTE fwgﬁmge (e W%qrmﬁ@wmmvswdﬁmﬁ@%ww or
[ 00571Engager{%’8£ cétﬁet@%ﬁéﬁa%ﬁgdrg\gﬁ %ﬁﬂn&@@m OIFPJC%E]aﬁtnd pusher shaft by virtue

of extension I's of into an interfering relationship with an
i nner bald584 of ﬁheZBwvmamﬂOwh@MWﬂhkééﬁehmﬁY$mmhﬂQQQGWHNQWEéHT%Eracted

position as %%\M}\S sﬂo g\o 1%@1%{6:%\@%% Wler( e %%@248%?1%0&: eés?ong%% ?é | feature

238) is advanced as s extension section ree to
nove (e.g., twiraZB6Us adviamceldt §1g024f‘gpmhysmmmtlarcwwbyxtmwﬂteworeau1plcxcm lor upon
cat heter shaff withdra 9 23 is

o endon v ol STvRsRERe 0Bl b HR, St kPRI aE RN 238 as
shown, no inUebﬁ@mem@eobebmmamowh@ebahkmaaﬂn&ndﬂmmp@xMEmﬁnﬂnmper5|sts once
wWre 236 is advanced. Fi rays simlar view e wre in
place. It showk™akt BASIS a%éiféﬁﬁ{% HOBER BoayPsYisea Eegﬁﬂey are
illustrated asofof rdabh RNehicPRAEXter(sionSectioMid frmedXy [ﬁ@l@h@@ve@u{e down), it
is to be appreciated that the exten5|on may i nstead be forned by an angul ar

cut or ot her wRger Vljiene sefego megighe @Hﬁﬁdaﬂt‘%‘ﬁkw Beet srtting. W%ineﬁrslﬁ@g

ext ensi on seGhd Qhpoficrt EREU2RYd PSR REepVEr the catheter wall on one side
to neet the other and optionally heat setting, fusing or gluing the

conponent?OPYr t s 24zs3Ad apd 25B shsgeanpdiernali GOBH Y g Ricalee 2XBPEADW an
alternative d di sengaged,
respectlveIyggkggﬁﬁ%gﬁxfﬁgg%tgﬁg%tgﬂg%%égyﬁghiﬁﬁa&§gg??gﬂ¥gﬁlon in Fig.
24B. Due to tchefigunaiosasBid. We. | Ductb dicriegeasod Well thabkbsss pHered by Blealouble

wall layer, the system can work much as that shown in Figs. 22A and 22B, except
without need for a distal interference feature (i.e., anchor ball/band). As such,
withdrawal of wire 236 will relieve the interference and unlock the pusher shaft 232
(specifically, the associated extension) for withdrawal from the implant 10.

[0060] Fig. 26 shows an alternative implant-side interface with a delivery system as
presented in Figs. 25A and 25B. Here an implant socket 260 is provided. Socket 260
may be defined by a cup 262 attached to one or more implant braid layers (12/14), by
welding or otherwise, and a reducer tube 264 threaded, pressed or otherwise affixed in
the proximal end of the cup. Note that with such an arrangement that implant pushing
can be accomplished without a shoulder or other proximal interface. Instead, both push
and pull (for withdrawal) force application can occur within the socket chamber. While
such a socket will typically be larger than the previous interfaces shown, it is easily
retrofit or used as and alternative to the screw-type release approaches employed in
many vessel sacrifice and closure devices as sold by AGA Medical, Inc. and others.

[0061] The delivery system configuration in Fig. 27 shows the same implant-side
interface 260, with an alternative pusher-side engagement/disengagement (or latch)
architecture 270. This architecture is a simplified version of that shown in Fig. 18 of
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wal | layer, the systemcan work much as that shown in Figs. 22A and 22B,
except without need for a distal interference feature (i.e., anchor

bal | / bandyO 28s/6st27h, wi t hdrawal of wire 236 will relievecrhs2emwossser ence
and unl ock the pusher shaft 232 (specifically, the associated extension)

{?nral \z,a\lint hgirge f‘rggtgt] hgﬁcﬁ%ﬂa@' gy gl%v ﬁ}’ﬁggy%{:eg%ﬁ’%g‘gﬁvgsen it rS‘V', ‘i‘—iw}ﬂ]tl \Z/EA and

25B. Here an Siﬂ@ﬁ'ﬁﬁ@ov&&ﬁ&QQ726ﬁtd\Sln@d@(ﬂodﬁ@re(ﬁﬁ(}]kﬁharéGtQOllitBrybubt&dck&fal ned by a

cup 262 attached to_one or nore i ers | di ng or
ot herwi se, anthpee F"éﬁ&g%‘?"“ﬁﬁlﬁ@reé‘ﬁe@r{gh?@ta(aéd?\! ﬁ‘rr QRO 8 S*éé%‘éflwgﬁd"\ﬁef. xed in
the proxi mal gRGicQftctien@WRaindN@lighet hak dMtal fics BTN i@fte AL &NGeyBRiteh hat

i mpl ant pUShI ng can be acconplished w thout a shoul der or other proxinal
interface. | Weeduent pytlorsmanbshyitdiryal(f or withdrawal ) force application
can ocCugp (W thin F%@ SAckEbsBRATPES alte%'t&@laﬁ:‘t“hhe@ac%@g(b(%tr aWdedm tixpingal 1y be
| ar ger than the previous interfaces shown, i s easi retrofit or used as
and al t er nat ishevit i Rigre 2%t pisl22By Je thistysissea é?mlb@}éfdhéesh@?;ﬁ%%ﬁslﬂﬁ many
vessel sacrifdce an S¢ 54l ¢al RGeryand
ot hers. [OOGI ﬁgﬁa@ ?b@f‘@ }geyfgﬁ%éérh%g%enﬁl %\%(rﬂggt/g%m in S:}%% tagﬁ 1 c?he sane

i npl ant - si de léwtex fb@dect@ﬁ,oa,s wal ltak 2 agvual anelraniag |fqﬁeJr©u1§lEe2r9-S§\Pdea system 290
engagenent/di se atch arch ture is
ST ed okl Qetd {hatl itk )21 thf:%ﬁ'l ?Ie%érgtr(ﬂy?d/gr o%%w LR&

Speci fi cal | y areareplusiderithahsiidie mn(zezg , metal hypotube) is provided with a

7 ounded WBRTa < nbaticdia 70 A g A e Aonor 270 Ta 515 B8R 47 boon)

to pass ther eidynough laa@lgmcauﬁ d@h b ibedhedreneee agaivibh bﬂUSthi@éd abbfit di st al
face 276 to prevent deljvery stem detachnent until .core

wit hdrawal . [60627 Ft“’gj%atw%wr%*’r‘f thag pax R bred i HERRREE & 9 i it lhlto&ﬁts ace 280

for a systemyldgcHob eSO fhe'ﬁlt&%rer%g'ﬁeaﬁﬂ@atZthnd bntylidy Skobysitem (a@ bent
back wire hook 282 serves the function of the ball in the forner, K system

Such a syst erhsaifstiBiaiof piaseidfurrdhyh)- ogfucktélk?(’tlcé‘?/\})‘t%‘%?e 5+ S OF t?{hldeda@ wel | as

a secure anc@f?l[)fhggtt;ﬁl@faé”l?cctnl'—ﬂegellagg/ R 3 Y &R 49QcADsialiGlesaly rel ated
tothat in Fig. 21, except that nul'tiple control and/or dum% W res are

repl aced wi t mibhorsi/hgpcketrtypioioierfzaan poBEBEEHAR|the coiby fitdrs aqdipkicaure

det achnent sy, VL& hRbRR.i29%. TRy iheoHsaEt d n

conj unction w%%ﬁﬁggr%ﬂ% %r’ﬁ%gr@g%%ﬁgl a b‘a% -shatt)edoanchor 216. An
alternative atprparmtch) tAvaalterrativiompurseldiny plves fﬂd\‘éﬁg syder befnedn thecalspndy a

ri bbon as th anch r rf i.ts end by
tying a knot %F'hmn gsthegelggﬂg i%l){&gl{'gpag& as?g% g(?rﬁlg Q}IMJ e‘%eéiulhh a knot
can be shape aﬁﬁtn,an@k wefdcmrate\mlrdedvat oncddiviy thomeiesaw@ecsfwatm remwvab@rlnutael
reliably be produced r a ribbon. A
socket -type i H‘t”é?tfoé’c%ﬂ%tgh mbpéo‘feg en%ofsmtteﬁ rycctnﬂ “O"?Jt%%g/g ? |Bt ting a coll ar

feat ure (80 W t hi m th¢ SarPu©dévaly sehien aftheonotd, e cathytetipushdirsbeftlechpirine (i . e.
|ntothe c0|IsI|keathrea al ternative a ch i nvol ves

f1 owi ng sol dérinyde GRAIOR He- d%ﬁé%ghop@gﬁ kiR nﬁlylbﬁﬁ%%gﬁ Cf‘és"ﬁ using a
renovabl e mapgihtionkh@H¥an dsitrudiay tdeBniflicpad adludaa dnyt, braidneppottaniiaci | i tat e

its renoval, includi ng t hose described for t,he,ren%\{) bt)e ub in connection
with the i rrpr%‘t‘?éﬁé‘??f (gegornbetn FIFMPGHIN BV HHoOMT Y2 gﬁt 988" 1 0064] I n the

various del i gy amed, gro. ﬁs’ BBIJ}%‘&&M&@PM&#&%@Q& brtaesdcnosiRRe Bhigihiidcconpri se a
sinple extrusion (e.g , FEP, PEEK etc or may be constructed using

convent i onal ”@atbhét)léﬁed é%@phaszf@twth@t@dhhwa@gova@w ﬁoﬁ%rl%tﬂé’gﬁst‘v?hér br ai d
support and ?l%';(lg{] ekfﬁjktﬁ& ARl %h@é(tﬂ)g sh@?ﬁh EXEHP IR Yo G RASH EUEE p@Rerd S

avai |l abl e t hroug croLunen, Inc. Brai d Rei nforced Pol yi m de. A distal
section of th@ﬁPd’lCSVﬂmfﬂ@@U%yh%‘éach@ﬂ %‘F@B'Sastﬁbﬂft%l aced with fused Pebax to

provi de Sﬁ;f ter ﬁrnogﬁrglggcgﬁcﬁf%? e%on%]%?gnpgt 1l@'ﬂgcktégné hteot %m?tﬂ?é‘]mpﬁn { oadi ng

sheat h | pi cal rovi over t Advant ageously, the
| oadi ng sheatdpuilsd gyl tht tcabing shdaO 6%} Ilq‘adm@tsheaﬂlells cadeed wiship gye hubwbthal from

sterile paCkaaqthqur tg @ se% rt‘orwlqln})l’anlt &?vérmhdﬁmg implant is advanced into the catheter.

Then, the implant may be advanced to and deployed at a treatment site. Or it may be
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is pulled into the | oading sheath. The | oading sheath is received within
the hub of the catheter to be used for inplant delivery and the inplant is
advanced woteoittds&7¢cat het er. Then, the inplant may be adeamasdomwos@sd
deployed at a treatnent site. O it nay be 14 retrieved in exchange for
anot her size i npl else reposi ti ane i f _desi . Pr to.ultimte
det achnent aseV‘FY%s’E EXEERESi oy AIRMC %%?d?’ﬁgf‘ht g3 rﬁB(tSéttW‘e%b‘;f}elslé"éit PO Cubj ect
matter. [006G]tatt hRaddhREEAIIisHYEMH BAincbiperatd BheftappRdatioisubi@ymime! ude
each of the physi cian activities associated with jnplant i tjoning and
rel ease. [0885Isuch, Ihibe RSB SYFIMPIE sytiect BrethRes PHosin| “ ghgasg © g‘rsttﬂ PR Bynment  of

an i npl ant dechl\Qﬁes a@:{o@ﬁteﬁ%ﬁh iRlahNSosto BB uh@RieaRU AL JEH, ma@@% y may incl ude
placing an inmplant wthin a brain aneurysm or at parent vessel targeted

for occl usi ormplxit tettterosisipping erd deplpymepipfgp iarlptdpvasfompheartfrthous acts of
| mpl ant intr C?R}éﬁ&éxfrsuw nRhoBAGH ¥3hehdPALERE aV Gk WAhS R4S LSRR,

[ 0067] More particu y, a nu ods according to the present
i nvention i nwohverdnheessa agated for odeiustont trevtlge hpplisatipns yistsenre opseiods. ¢l i n

reaching a tr %xa(t}urg%@tts 0§lr1]tpp(?antdttcer¥08 %Wé&angnh% FF&rQ‘ﬁqgssglo é:ggngider}&? manner in

whi ch the system (S eliverin or exanpl e
at t achi n@oéhe br aMbrbpdriiclaiyt hteurdkadnof/mlet)hos%m@mngmytemmmmmoel n may be
carried out i.noﬂ or der lé/teposm bl e,

as well as idM{% tPee'&tPt"éamoWQtth%g&é reynstystem OPC%FS 'WtrfaCh‘n&latg %ca;tg i'ons’ of those
events or theaoexefpleoOURr me[lﬁ@@c&]nbém (153 mmé:aﬁpdh&theﬁk tyhain iapiypopd ioonal

feature of thelnventl iatiops d set forth and clai ned
i ndependent | yelGFing gn bnst 8P aftﬁgﬁ ¢ BE@ ({}?g%r%ﬁ"e dSkvVrny SEatPes
descri bed hengiibd HRRfEhSNEE kR dbus inn@Ybater bt Bftecitdicdvegte shiches Ipgisgiybi | ity
that there is a plurality of the sane itens present. Nbre sg&mflcally, as

used herein Qﬁﬁ‘hl"n ag Wélléb‘ﬁélPFdféﬁteéIOéCfeﬁﬁftheﬁ'é &ishglhmedificatiqps of those ovgpfs »
-said,"” and "t he'evéelddde plural referents unless specifically stated
otherwise. In other words, use of the articles allow for "at |east one" of
the subjl@e4s]i t em ftns eantempdatedt thajtanp Aptistalfeatars ofgielinvegtiveneriatios deschBidow, | t

I's further nqi g%efstt%nﬁm&Au%tmdgm:xd&ﬂy,daEtttcﬁl% ibRiof XGhUHE oY nRRE benal

el enent. As su this statenent I's Intéended to serve as ant ecedent basis
for use of sulsheswch deivtedthercm. folfogyessa Sisgllalipnt inclydesthe pesaibiltethpi ke in

connecti on Wf}%g%%?@{rﬁ%%%h g&eqfteng fp%sgﬁte |1\}?&[§ Fﬁeﬁ t’ﬁc:‘ﬂf HS&e® BTrQin"aﬂc? ative"

limtation. &"lise "of such excl'usi ve °t er m no ogy, the term
"conpri si ng- tliemppheied:blaimtssths hakhlaafotnas/ af Otanf Herid, ’h@ﬂdjslnqﬁnncrb\idea)ﬂwaladdi ti onal

.el ement ir res 8r|9ntls Hglessd;aecinﬁcgﬂy 8‘rfataed %l!her\ 1senqnbﬁ1r \aords u%ggﬂtt%e@ l%s flyrer at ed

inthe claim ure cou be r
t ransf or m ng férhet Iaak oiee O@fheaﬁbjedt éemnh the eltschiptidrhabone tsheeltzts&l:xManmExcept as

specifically define rein chnical gnd scientific t used herein
are to be gi V&Y ars] Bf‘t@ ' 'éOt‘%:doﬁ?'trB]?ﬂ ‘5“%85‘?’3? gg‘g‘e ST lﬁfae ‘sﬁ bl e while
mai nt ai ni Ng @lealend. V&l sueh, thls statement is intended to serve as antecedent basis for use of such
exclusive terminology as “solely,” “only” and the like in connection with the recitation
of claim elements, or use of a “negative” limitation.
[0069] Without the use of such exclusive terminology, the term “comprising” in the
claims shall allow for the inclusion of any additional element irrespective of whether a
given number of elements are enumerated in the claim, or the addition of a feature
could be regarded as transforming the nature of an element set forth in the claims.
Except as specifically defined herein, all technical and scientific terms used herein are
to be given as broad a commonly understood meaning as possible while maintaining
claim validity.
[0070] The breadth of the present invention is not to be limited to the examples
provided and/or the subject specification, but rather only by the scope of the claim
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[ 0070] The breadth of the present invention is not to be limted to the
exanpl es provided and/or the subject specification, but rather only by the
scope of wbeodlmramr | anguage. Use of the term -inventi oRCThSR@0/056081 not
intended to limt the scope of the clains in any manner. Rather it should
be recogni zed that the -invention" . includes the y yariations explicitly
or i mpl 1 1y AR [ hEqT HEPET AU b AdB kP Al P e FRsoNBUI d be
obvi ous to ongaigk iadinkanyr. Retel it skouldie: @EdgnlzpOMar @adihngitibReinPues ent
specification. Further, it is not intended that any section of this

speci fi cati on™{. graliqns eXiGHiveY P SEPPE e DREER Bt uding thepsyaratiens tite| d of
the I nventi onyod Be dbvirsis AEGRIHBEH I SPEMiRIn 18E SOLFInGaES; thdpdeseri bi ng the
invention relative to another. or the clainms. Al references cited are

i ncor por at ed B§eiFEtiarehiuter if it piiptensdse theeey. segonbtghsreriEcation &gvi he

i nvention hasqReeRy d8Shll PR&riphot 8ltRirdct fFofid BELPARRS: A ct€) B¢ Adeyrdd
understanding, it 1's contenplated that certain nodifications my be
practiced w thfgalpsigaifisargan gfsciilieg he peneén relaayats anotipirAr N8 clfat. A% ¢l ai med
is: |I.An enbaql Vi IS havi: ng.: XJ LSt si des,
with a radi ogg%&élg&rrﬁ? (g?rggggﬁof%%gﬁar\?m@%ﬂ?enmt elé 8%&795%@% L‘%‘?g\gaﬁ%}é@@nt t he
di stal side byveation kmdeerodrecriticll andatitil fot prepésapeioveient undomandisg. nigs t he

at | east one f| 1t i . Kk e roxi mgl  side, and
having a | engctohtle@gﬁ %éiﬁgge% 'ﬂ%{ 'Ir;r{gcril %a;?%b%ﬁg ?%ﬁa%k? %&fthlgq%egség/ge en the body is
i n a conpress@gencedtlnigur ati on. 2. The enbolic device of claiml,
wherein the at | east one filanment conprises suture material, and the suture
material is knotted to secure a proxinmal side of the nmarker. 3. The

enbolic device of claim1, wherein the at | east one filament conprises a
metal ribbon of material weldable to the body for securenent at the

proxi mal side of the body. 4. An enbolic device conprising a
mul ti-filament body having proximal and distal sides, the inprovenent
conpri si ng: a flat forned across the distal side of the body,

providing a circular crease in the filanents.
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5. An enbolic device conprising braid formng inner and outer |ayers of the
devi ce, the layers defining an open volune and bei ng adapted to conpress
for del i wepyotimsergh a cat heter and expand when unconst pairfusd)10b@si nner
and outer |ayers neeting at a fol ded section closed at one end of the
device and at a hub cl osing and hol dbgglﬁ% | east the outer braid | ayer at
the other end of the device, the inprovenent conprising: an internediate

| ayer of brai@hpesiliineaad between the inner and outer |ayers. 6. The
device of claimb5, wherein the internediate Iayéer_ i S not att(&c&ed at either
a proximal side or-a diEEEIPOLSG GRICHFOPHEIALWE haYpGPTOREA PRSP e | ayer

i s positionedyhet %%a&ug%aﬂ@nﬁéﬁﬁﬁ@@wﬂﬂq IRRANRINSd &lj&Snt the distal side. The
devi ce of claimb, erein a proximal side of the internediate |layer is

i ncor por at ed tivrit Fagtieae filament the BPT@ERE@EcOMprISing: 8 The devi ce of claim 7,

where a distal sigg a‘?‘eagr})ﬁ%ﬁrﬁéﬂ%@@n@%g floAVEBE mhke PO pr00RH &4 acent the

fol ded section. olic device conprising braid formng inner
and out er | ayerisgeflenghhgo davi te markee t4 digarvgthabs baty vdrieathedpenisvbhume and

bei ng adapt ed(}no e(gsoeg%gf?%rgt@[‘ delivery through a catheter and expand when
unconst r ai ned, £he I nnerc and out er | ayers 17 neeting at a fol ded section,
cl osed at one end2of t ik detuilicdeviand chiimd, Whdygintheas laasf camfilanghdi ng at | east
the outer braid layer at the other end of the device, the |nproyenent
conprising:  comPriseysutdie Y eal aﬂgﬁ‘(ﬁ SUEHP Rt E ]Wﬁ%edgtﬁéecé’ﬁe aa%fg’?' nla}(;sr%aﬁ br ai d

| ayer connect@ehetimarkdte band distal to the hub. 10. The device of
claim9, wherein the additional |ayer is cug- s.halgbed when hE’F’l device is
expanded. 31, Thee geRalicdevse kit oV hSIRB RS 4 IPHE e 48 M onal | ayer is

bal | - shaped Vgaﬁl@rigelﬂ?l nstleMirBBod & nex@rNdedablc to the bodldor Aturclataah@bl e i npl ant
pusher system conpri Si n%ﬁan i npl ant including a proxi mal port section, an

el ongat e pusherxigpleideel e B9diral ity of el ongate nenbers received within a

lumen of the sleeye, WRRLALOILNSGiSLESNS IS hOBKAInER bbdiendviR! @#otindahr ough
interference with a distal surface of the port section until the at |east

one of the planddisiat sidesf the roprgegnesnpreamisiségi s drawn into the sl eeve, the
TP OveTent Corbr M A3 fhatUSLR B el engg g eroer
t hrough the ifiiphant port.
5. An embolic device comprising braid forming inner and outer layers of
the device, the layers defining an open volume and being adapted to compress for
delivery through a catheter and expand when unconstrained, the inner and outer layers
meeting at a folded section closed at one end of the device and at a hub closing and
holding at least the outer braid layer at the other end of the device, the improvement
comprising:
an intermediate layer of braid positioned between the inner and outer layers.
6. The device of claim 5, wherein the intermediate layer is not attached at
either a proximal side or a distal side of the device, and the intermediate layer is
positioned between the compressed and expanded states.
7. The device of claim 5, wherein a proximal side of the intermediate layer
is incorporated into the hub of the device.
8. The device of claim 7, where a distal side of the intermediate layer is
positioned adjacent the folded section.
9. An embolic device comprising braid forming inner and outer layers of
the device, the layers defining an open volume and being adapted to compress for

delivery through a catheter and expand when unconstrained, the inner and outer layers
17



13. An detachabl e inplant pusher system conprising: an inplant including a

proxi mal port section; an el ongate pusher sl eeve; an el ongate nenber
recei ved wiptzhimnsz27unen of the sl eeve, exiting at proxi mali/sadods@sal ends
of the sleeve; the el ongate nenber and the distal end of the sleeve

recei ved through the inplant. port ction, .. . wherein the .s|leeve is
hapt ed to | b Tpeaen s AR e PEGhE M sy sn RO L G R S F ace
of the port seddinga,leasithé butédteaiellangatie diembeat of tbe divep) @e edprovement 14, An
det achabl e iqplant usher system conprising an inplant including a proxinal
port section,OHW”gpgngate pusher sl eeve, at |east one el ongate nenber

recei ved W thin aahdmBpgat®bantiRaths] BEWEL arPantatifigodl bRIOXIdMBbnnaEd @itsd al ends
and received through the inplant port, wherein the sleeve is adapted to
lock to the i%pf dife@! orthribgh interference with a distal surface of the port
section, until thgpat IrgRadiQREcHINPAIARIMIRE bR AyawcipihapddRacil eeve,
the inprovenent conprising: the proximl port configured as a socket.

15. An enbol itke digedecxpaigsei sing braid formng i nner and outer |ayers of
the device, the ayersrehdnl.ngeafh ORAR-NOINIRiANM AELNONALGRLIL 1A
conpress for delivery through a catheter and expand upon rel ease from
constraint, ttheddvimaeyexpamicdut er | ayers neeting at a fol ded section cl osed

at one end of the . devige an .a_hub cl osi ng and hol ding at .l east the
outer braid layer et A8 oBrmafeifiatbe il SRRt Bl Rt

conpri sing: proximalgrtebaingatne:ldgad pudleddebvad 4 flumlityhe clougnt@amndmbarot her
adj acent band aligned. t herew t he adj acent band. co I S] Ny mat eri al
Chat 15 el aFGAIEY IBFE FEAY BpAgHE ST A= SNy ERBLAR TEBT A et hod of
meki ng an enmipbigh devicface Witta Ot NAEf&QITRId orngétidn@ni hgaded3oshe Dthet he
[ ane over S DYP SRSl ST TE LN LA Lo, 1R BypeLier nd L1 i
not all of the plurality of elongate members exiting at proximal and distal ends
of the pusher sleeve and received through the implant port.

13. An detachable implant pusher system comprising:

an implant including a proximal port section;

an elongate pusher sleeve;

an elongate member received within a lumen of the sleeve, exiting at proximal
and distal ends of the sleeve;

the elongate member and the distal end of the sleeve received through the
implant port section,

wherein the sleeve is adapted to lock to the implant, through interference with a
distal surface of the port section, until the elongate member is displaced.

14.  An detachable implant pusher system comprising an implant including a
proximal port section, an elongate pusher sleeve, at least one elongate member received
within a lumen of the sleeve, exiting at proximal and distal ends and received through
the implant port, wherein the sleeve is adapted to lock to the implant, through
interference with a distal surface of the port section, until the at least one elongate
member is drawn into the sleeve, the improvement comprising:

the proximal port configured as a socket.

15. An embolic device comprising braid forming inner and outer layers of
the device, the layers defining an open volume and being adapted to compress for

delivery through a catheter and expand upon release from constraint, the inner and outer
18



17. A method of making an enbolic device, the nethod conprising: formng a
multi-filament body of the device; setting a band for a hub region of the
devi ce; amplyimg7adhesi ve to secure filament ends wi thi RCThiS20m0l056080i on,;
and renoving the band fromthe hub region with the filanents secured in the

hub regi on. layers meeting at a folded section closed at one end of the device and at a hub closing

and holding at least the outer braid layer at the other end of the device, the
improvement comprising:

an elongate band welded within the hub and another adjacent band aligned
therewith the adjacent band comprising a material that is relatively more radiopaque
than the elongate band.

16. A method of making an embolic device, the method comprising:

forming a body of the implant over a hypotube;

affixing the braid to the hypotube; and

trimming the hypotube, leaving a band within the implant.

17. A method of making an embolic device, the method comprising:

forming a multi-filament body of the device;

setting a band for a hub region of the device;

applying adhesive to secure filament ends within the hub region; and

removing the band from the hub region with the filaments secured in the hub

region.



