; STe3eSP\ x6<T6: SELF ARTI CULATI MG SBENT BACKGROUND OF THE I N\' EN71

2, U o on s seneralty'vo sten=, oy cn o ATIN

vessel s, t@ospport and hol d open the vessels, or to secure and suppumts*

ot her endoprost heses | SPEFARTICUHNIARINGASTI, N Particularly to a self

articulating stent. Various stents are known in the art. Typically stens
are general I'y tubul ar BACKGROUND QFcTHIHINEENTTONn a rel atively smal |
unexpatrded dianmeter to-a | arger, expanded dianmeter. | or inplantation, the
stent.y S 4ypi Yo v nt being
P a1 S HR e Rntidn PN e Pgﬁﬂ?ﬁf@%ﬁ;‘%‘}%ﬁeFﬁ‘%ﬁiﬁ‘ggaﬂgﬁﬁmﬁp A he

cat het er wlisgegs tvithirhthe body pesioesch oot vediale ¢t Rgppott eodibdldtopen tharvessetspott he
intended inplantation site. Once the stent js at taﬁe i, nt ended igﬁ)l antation
site, it PSCERPARHEPPOrlARE snAgprestasses ingipssals 1p gensyHl and MArERAUEYRTL Ol e by
inflating, %1%)@“:@%“ Qefthe inside of the stent, or by allowi ng the stemto
sel f expand, for exa Fe by renoving a sl eeve fromaround a self expanding
scent, allow ng the scent to expand outwardly. In either case, the expanded

vesodH! < BaRGHTSRBEYAIb NS Srof VpRe ity By BSLBERTRRE kBl 17 5.

Pat ent No, ANPam Q, ) 8e®£82,824 to
Criantur caor;e%ﬂ?%éla a? reotr??aﬁgétm? %A%aglgl;’%@pgﬁ%e 51 éI%eGI&QGSI gr, H)iﬂﬁns% ead; ~J.S.

Pat ent Nodiamée88BoiEmlanatio, B8 31easS typicaliyknamtedonshe pad efie catksterswhe, 090 t o

Pi nchuk; U.S. Pat.en . .5,102,417.to.Pal yaz and Schat z;..U. S. Ratent No.
5, 104, 404th¢ 6‘%€?‘f‘$ E‘E!B‘%E ‘g%‘faéﬁett“ I\% its Bﬁlﬁ“ﬁ’f@ﬁ“fﬁt Bne?‘BQ\%“fefZi d@.’@?‘:rp &nt No.
5, 383, 892, 41 Gadi AR 18 wixpandddStenPa@it@bdd thlougB 1R 49maT ® thoidtimdebasi k et al . ;
and U.S. Patent No. 5,733,303 to Israel et al. One object of prior stnt

desi gns hiaspliseretion site; fansedhe sient it #dhastendedimplaationsiterdt isexprsedst r engt h
when it i§, ex Q t. ' {aGd o Wk . Btents
W th hi grSPRAN S o 3 Athel orbE P8 Rimpledy BBhackeR IBRO0H o B Y . 2L na
rigidity tbatenthe byatiseing the sthaab sélf-exmsnid ot ewstrpdk by tdidveing hdeavedrom has a
hi gher longitudinal xigidity than,t -1 vessel |n i¢ch .t is ipgplanted.
i ncr easedaTPP%‘ﬂﬁﬁg?' SXIP"‘Wg"\ge% jal ﬁﬁ'ﬁpggg‘éﬂ‘?matf’ c’t‘%aé'gé)ﬁhvsaf%y’?" ?%%nhse{ > Qe to
stress co HERHERNSsi AIRAERALy &Xfthé hessdlits patel thdlelBompintamiggtfeet ween t he
stented and un-scented sections of the vessel. [a] Thus. there is a need to

provi de avesseHs pateiicynore cl osely matches the conpliance of the vessel, in

which it is inplanted, with relatively little or no sacrifice in radial

strength. even when the stnt is nmade very | ong. SUWARY OF THE | NVENTI ON
(3] Some examples of patents relating to stents include U.S. Patent No, 4,733,665 to Palmag;

U.S. Patent No. 4,800,882 and 5,282,824 to Gianturco; U.S. Patent Nos. 4,856,516 and
5,116,365 to Hillstead; U.S. Patent Nos. 4,886,062 and 4,969,458 to Wiktor; U.S. Patent
No. 5,019,090 1o Pinchuk; U.S. Patent No. 5,102,417 to Palmaz and Schatz; U.S. Patent
No. 5,104,404 to Wolff: U.S. Patent No, 5,161,547 to Tower; U.S. Patent No. 5,383,892
to Cardon et al.; U.S. Patent No. 5,449,373 to Pinchasik et al.; and U.S. Patent No.
5,733,303 to Israel et al.

[4]  One object of prior stent designs has been to insure that the stent has sufficient radial
strength when it is expanded so that it can sufficiently support the lumen. Stents with
high radial strength, however, tend also to have a higher longitudinal rigidity than the

vessel in which it is implanted. When the stent has a higher longitudinal rigidity than the



[6] In accordance with enbodi nents of the present invention. inproved
conpli.ance with relatively little or no sacrifice in radial strength. even
when the stemis nade very long, is acconplished by dividing the scent into
segnents separated by self articulation areas. each conprising two

arti cul at ivedselpihartech its ntplatied. htvreasad eaimotd the Res¥elthey sccunat the bh® dgrenber s
in one articulation plane spaced fromthose in the other articulation plane
about t he the SRUAUSII@ SBRSS SPNGEHE ALNFONAFCRUNt Shgmismaich imeemplitngobeiserres as
possi bl e E}Perst PRLL &g{tggte&)&fﬁio%j Ahl 98e)BRI EF DESCRI PTI ON OF THE DRAW NGS
[7] Fig. I's7a schenmatr c perspective view of a stnt, generally in the form
of a cylinder, having designated articul ation zones between stent segnents,
di sposed in a cursed vessel. [8[ Fig. 2 is a schematic perspective view of
-t he sifént Tops.thegeise neede provifistaad it more cippgly maighes derempliancsey et ed
into a segj ri.er [ I . : t hayout of a
st patt Srach B iR F Pl SRS Rk e lRhe B o sebneP MErelisl afhgyf

articul at eosh whan®s steaais natetvbrytlopg.t hi n nenbers with the nenbers in one
articul ation plane spaced fromthose in the other articulation plane about
the circunference of the scent by approxinmately 90 degrees. [ 10] Fig. 4 is

a perspective view of the s I\B&Rﬁ@FﬁlE'ﬂﬁVFﬁﬁrm pairs of thin nmenbers
ot he

spaced approxi mately ninety degree from eac r. -2 [11J Fig. ~is a
schenéi i c liparcepiaatd weh embodiafentshd tsd presanf ifviegtion3 irapreced bionpliegce héthpai rs of
thin rrenbers.sP,ced ag roxijmatel y. ni neté/-de, rees fromeach other. (12]

Fi gs.  Ga- EEMED HEE of B0 SRTUICE HoTAdHY SEIEa Cth VEREr AEt BIaRe B Ao mber s

dependi nga&%n{fhﬁh&%@&bid@dﬂ@ sRhOMAFseb AR & isESAATEE b€ B LartiBRE M - 5Pas.
DESCRI PTION [13] Fidure 17s a schemafic perspective view of a stnt

gener al | yeaah cohmprismgrtwofartzcudationpanes th which ¢hitré areawo thin entrvisss avithahe The stnt
1 conprises series of Nt _segnent s .separat.ed by desj.gnat ed ,det achnent
zones’ 3. - FRTONE BBLATIRRIOn PREC GUSEy AL O fUt Je B T GRL PR A Bonpr | se
two arti CifealiicOmfdtbRReT thest@A®h a@famthhCly Ay 1688 ubite by BFoadibie far£as. e. J..
thin connecting nmenbers connect adjacent sections of the stnt. with the

menber s i pargAelapteniieustiated substantial ly ninety degrees fromthose in the
ot her plane as shown in nore detail in Figs. 3 and 4. In other enbodi nents,
the spacing will differ as illustrated in Fig. 6.

BRIEF DESCRIPTION OF THE DRAWINGS

[7]  Fig. 1is aschematic perspective view of a stent. generally in the form of a cylinder,

having designated articulation zones between stent segments, disposed in a curved vessel.

{8]  Fig. 2 is a schematic perspective view of the stent of Figure 1 after detachment. in which

the stent has separated into a series of shorter stent segments.

[9]) Fig. 3 shows a flat layout of a stent pattern in which the designated detachment zone
includes two articulation planes, each with two thin members with the members in one
articulation plane spaced from those in the other articulation plane about the

circumference of the stent by approximately 90 degrees.

[10]  Fig. 4 is a perspective view of the stent of Fig. 3 showing the pairs of thin members

spaced approximately ninety degree from each other.



[ 14] The designated detachnent zones 3 are designed such that the thin
menbers in at | east one of the planes separate under repeated stress placed
on the stnm 1 after inplantation. 'Wen both of the nenbers in one of the
pl.anes in a particul ar designated detachnment zone 3 separate. the stnt is
itself separated into independent stnt segnents 2. as shown in Figure 2.
The t hi ckness .or ot her, characIerlstiﬁ@of t he. connecti ng nmenbers in the

det adfhenf 1% 8Aes sEemaic PErspeqtive iy AlibA SteRLR! et halrmEitvigs B¢ nays obdehr

until so i g%” Lo I at the stent segnents 2
wll al rggﬁgldbggs %ggﬁdg%iﬁn e?gehgrgpér%ﬂaﬁa@}g?ﬁ?ﬁe%aﬁﬁ%}%gf det achnent and
therefore will not nove relative to the lunmen. [ 15] Persons of ordinary

skill in the art wi|l appreciate that the basic geonetry of the stent
-segniAt s biesele-¢ aredlal fyoytsishaming idersnt spagingnefithe Hun Biepibessedenedding on pay be
formed of qg S| [ | es of suitable structures. in

addi tion p% ogg&gﬁéﬁﬁﬁﬁé?ﬁ?ﬁ#”?@?gﬁﬁe stnt segnents 2 include those shown
in US Patent No. 5,733.303 to Israel et al., -3 t he di scl osure of which
is hereby expressly incorporated hy reference into this application. [16]
Figure 3 shows a flat |ayout Bp%élim])gﬁlﬁm‘lgéﬁmri sing stnt segnents ?
sepafiaf edrfyird| (eI @BRLENLASIRENTREY AANEnP 1. ddhelall§ i IHeUSHh 8F #evinRRAL - €ach
steﬁq éegng%{ t cgn&ge vPeﬁ%d as being néﬁe %pegf§élt§rnating %?gﬁ

f r equencydapekel ama tngdieessy! 4€Thd tait [sionpsieesdaseripadf semsegmentedti cal | oop
cont ai ni ng sectj.ons whic re arranged, general lly in th i rcunferenti al
directi ong%&t%l?yc%sf‘aﬁnétegéﬁ%wgglzlo S it y%ﬁﬁé%’f’%ﬁm-fﬁ% eSIgde s a fi rst
| oop cont gifiHigen? 861tdsONealh EombRQRS 0 GH At dADIdes #n Edch DY whi@duenayiext endi ng
along l'ine 301 and a second | oop containing section with also occurring at
sai d fi r sbrepkabdgianaey egxtteindioneecting mgmbersecopoect a@jagénit sertions pf besteal. ni ng
section 303 t [ .al | i = 1,00 ) rri a.Seco

Fr equency U FEMRFEHEeRE Hlant Berpes@uy RO R EsRE] P ThoR 3358y et ween
the fir st plandasgoomdiningsp de@itimFigsnpase4.t inonkerantbodimanaliecedpacingiwid to t he
first and second | oop containing sections. [17] In the illustrated

enmbodi mendiffer peillvsgaed eljgeticy is in a ratio of 3/2 to the low frequency.
Furthernore. in this enbodiment. the higher frequency | oop containing

el ements are smaller in wdth to provide flexibility. The relative w dths
can [hd] selketlesibrmmedtdesdchinkat duingdh3 breelysigned/ sueh el titesthar membemsaid least o t he

sane dianeter_.as the | ower frequency, el enents wever he stnt segnents
can have %%%frtg‘éB’f?f‘?-‘gi?Paf@FedH?F’ EREHCESSS BaRd LPESIEBh! @éﬁéwﬁwtm

cor r espongiyeg Hoth & B¢ HenfbRRfih QHE 8 inePlhes & L88HcilIR ddsi@naRaeRtn D
5.733.303. [18] In the illustrated enbodi ment three of the I'ow frequency

| oop cont &N§i nggparas: therikerg GotgHseparaod ive indgperndentdiena s¢aments 2.a86h®Vi oi ni ng
two stnt | tys ' Jiemlation .ol 0 _bet ween
secttons J00RTARa gt es ob SR UM AL e TRARARL ARGLAR IR OTT
sections 3Q8dhnendz&0G. maybe sdsvreiciucin hatrdethetnsend does mdt ecalir apwissehel timeach of

the planes 310 and 312, connecting respectively tﬂ sections 300a and 300b
and 300b B#fcPastsdaltereplAiAbY O AT B SHnppegmEnkr 2V E%l&@aypf SHiiehdKiebt her an
amount t hatoiWhh of 68 Uhle driefalfhén3Gl E&%ﬁé‘@& »(ngr{o‘?gﬁv@?é}faﬁvé 9 tig)é‘f%n?e}é! i ndri cal
stnt as wll be seen in connection wt 1g. 4. e spacl ng between the

menbers 31 ~ in plane 310 and -4 menbers 31 ~ in plane 312 is such that.

int cyhindrical .stent. th wi Ll be spaced be substantially 90 degrees.

| 1) 81 RorSS i e R b o M P e ot 6 WrSlP By 8t rkstegt

Cross-s eC§é§ﬂ{é§{s Bheftdkahy bSitabl fotifil Afatthy thOWehiGephmb¥n iAHBUorm& oft he
menbers and separation under the repeated bending stress placed on the
scent af t &y uitpblgmeaierialn Examplge absuablejstrupturgssingddition do thospshonen kergial
articul at} L0t gi.v t 0 the ' payrow in
order to F%@gﬁﬁ&ﬁﬁggé?g%a %%&%gﬁﬁFSg9W%Phg§ﬁ§§&§E§ér%?%$§. ﬁgggaata{he sane
there nmust be a high probability of fracturing established. O her ways of
insuring fracture nay be used as disclosed in co-pending serial No.

091 204. 830 entitled Controlled Detachnment Stents and assigned to the sane
assignee as the present invention. the disclosure of which is hereby

i ncorporated by reference. [20J Thus. &s descri bed above, the stnt nay be
provi ded at certain points or zones along its length with portions having a
cross-sectional area sufficiently low so that the scent segnents wl|
detach preferentially under the stress placed on the stnt after
inplantation. Alternatively or additionally, for exanple, the stnt nay be
provi ded at the points where fracture is desired along its length with
conmponents made of a material that is sufficiently weaker than el sewhere in
the stnt so that the stnt segnments will detach preferentia!ly under the

. - . g Y g o



[23] Fig. 4 is a perspective view of the enbodinent of Fig. 3 wth two stnt
sections 2 with a detachnment zone 3 between them The stnt is shown bent.
as often occurs after it is placed in a vessel. If the vessel is an artery,
for exanple, each tinme the heart beats. the artery tends to straighten out
and in doiteglistosptasfashiah hetddigxpteses snoofpdrited Bt Mifetencdidtstinng pl ane, which
woul d coincide with the plane of the paper. Because the stnt is |ong,
traum na?PIﬁhcai“mjuced at the ends. It is for that reason that it is desired
to separate the sections 2, to allow the stnt sections 2 to better conform
to the curvature of the vessel [ 24] This arrangenment of the stnt sections
2 andéflet aphrehth@enefa Ibgiuneen stehemes @ngeisidgl stst seinta ST fgartddaaldy in
Fig 5 Connecting menbers 315a are at the top and bottom of the stnt and
-connect i ngesignprerdetargnbzene Fe I&F}Eegus‘%dofé@ﬁef% éﬁegfpﬂea@é‘@?tﬁ@rl@from [ 2~]

As illusty Bl : S gconnecting
nmenber s ﬁ%&”‘éﬁﬁwﬂg:p ag%élpg?gﬂ%rg?‘vq\'}egetﬁ %grg |ons Ig(g a an%‘%g\ob rﬁ?ag at the top
and bot t opnodoiddl patethy edvestical l@ptoartatning e¢tiond whicharehfuloedegrlenille iand wi | |
not be "worked." But, the thin nmenhers 315b in plane 312 connect| ng

sections HUCHHMErIR dupaiogand wdhidh e periahicallyjrisEonpesiethe I Bundichyisl ane
and wi | | r Ba I t, h vm |1
Flex. aft OFt IOEtning el Sl BhE e B0 ol b I o e e ERE Aghi ke

sections Z0add a ssepad Btop.confaining @6iior Wwith Iaksohneudrmg apda.ixhﬁrsmﬁaweﬂﬁ\ degr ees

fromwhat is ho i f. Fig4. the onnectln rrenbej; 315b wo the
bendi ng pf¥ %P%Lnﬁc}%e’éﬁﬂﬁ% OPR TRRANRE SGhIon "de’kgé" g“e

11T ustrat g1 dﬁsa(;&ﬁ%@tat REYnE Freh By kR mmrtﬁaés]maﬁfsnfr@mne\l‘ me Foo

pl anes 310 and 312 wi [ racture. irfespective of the orientation of the
stnt. si ndisposad batteed tlwbﬁmeandtsheonddoem couapingsettioas anhealterpatblyrjsinad ® at a 4~
degree anﬁ%g to t.he b d| n‘gong .ane. The enbodinents illustrated thus
far are o FW“\*HF ?\%pr "’}”émgf‘% '08 anpl e, six cycles of |oops in each
of sections 300a. 300b and 300c. This enbodi ment allows the thin menbers 31
~ in each plane 310 and 312 to be spaced 180 degrees_as shown in Fig 6b and
t he Al n et diustrpied smbedimeny thehigh frieguensy 10w ayayp 6£3/21tp Hif IPNJERIUERCM he

pl ane 317gf . ei ght
Cyel o5 or " SANEEORR Bl bt feffpihe M EPRORED Lo bhludnid Pl AR

respecti vehyllerTx{nmdth tapieivgle fheaibilidye Tire ndlet e Willthsican pe aeiect8d 6 weaethspaced

either 67,i 112a degrees fromthe trlgnbers 315 iii_plane_312. Wthin a

pl ane. thBie HORFHEYS ﬂsn%vsearsﬁaeeablm é@msésameﬁms@m“& fieduepetause of
the even pumbgt Poweyel ﬁx%stéﬁ%é(;&n%\’se&n%% Ether dEigEM4RBNS, @bc%tds%”sm p does
not hold and wthin a plane 310 or 312. the spamg I's either 152.2 degrees
or 207.8 cudizaetionparergibyeomespoetingomn mem&uratlcm dispdese@ IO UshdPaBhP | s

ei ther 76,12 Qegn(ees or 127a degrees. O her nunbers of cycles may be

consi derelaI ?n general the nenbers in one articul ation plane may be spaced
fromthose in the ot her articul ation plane about the circunference of the
stnt _by fromabout 60 to 140 degrees fromeach other. Simlarly, the two

nmentdBE i I Badksyated embadinsmt Bvemef thalpvhi eeﬁa%@oaépmwe%mmw@aam 220
degrees f ther I t th ot her
nunber s oFr%cyc?thhgr%ﬁaﬁgth ﬁ%n§ ?ﬁgég\lﬁ%&%\ L%g%v\eezmi lﬁklggg %IWC ase.

spaci ngs asiculbbseplase pokketbyeen seond)x&CBO@egnceé@O bard mbdylarﬁ;duMiomApﬂa’iicn a pl ane
and as clpse to 90 de rees S between | an s | t ho t t he
Meal spasl hRRVET B Gectns S0TA DOCET 30 SATSEE FIgIoets 1377 SEPPRS RS LIt i n
a pair of e IREPeSpIAeR 310 ahdh 3 PNRofHectil réﬁ%&@%‘tﬁ@sé&ix@t’i‘&eﬁ)@ ahd@O@E and | 7
fracturlngto separate the two segnents [ 30]

enbodi men$@bkadG00beThhrmemibarsan eadwdans! are smmboj/ romseaoh hener maamamntolm are
Wi thin t h\%ll res&?m tfhe %elngq\éSrAEér%ens aa}asartqg ftﬁenc?/ﬂnggcatl Qt%nta S wxﬂdoe%egrl 1%' . _9_

connection with Fig. 4. The spacing between the members 315 in plane 310 and



VHAT IS CLAIMED I S' 1. A scent conprising: a plurality of adjacent stnt
segnents. spaced from one another: detachnent zones, one between each two
adj acent stmt segnments, each detachnment zone conprising two articulation
planes in each of which there are two connecting nenbers, with the nmenbers
in one ariembertilonn plaand 13 pesuel tifar.dmtheosiadiicnl slast. didverillaetshedtdaki on pl ane
about the circunference of the scent by fromabout 60 to 140 degrees from

" each ot hepubsgnualls9Gfegiedsor ding to claim1 wherein the two menbers in each
articulation plane are spaced between about 140 and 220 degrees from each
other. 3. A stnt according to claiml| wherein each scent segnent is nmade up
of hingh f hredissenghodanent! @ioh bof druenasctivig hanttels BliSrhss aiceds-spaidnal @sa tiat
vertical |oop_containing sections which are arranged generally in the
-circunfer @r?PFfwlelﬂlinléYYt‘? ahow ACig efthe membsrs andiseRATayon yidsr bshpRgicdd. 4. A
st aCCOEQJdﬂ%g&%;?Q@#éE oh z‘Bg RN z?ﬁe?%nglahfa{iéﬁ. 1h 3eR r?l?ﬂ{itai's ’B'e%]ﬁad%SﬁHeQ@ W th

| oops occurri a irst frequency and a secon oop containing section
wi t h al sosgdfsaiculangn pdinsaiackifd spot inrtke stemc it nasdbanmiatié nardvoapordentoai ni ng
section having | oops occurring at a second frequency that is higher than
said fi rs{OCFtﬁg%ﬁ@wsgﬁe@p@abg e ReetaEe i-%@wéﬂraegl@eﬁmswaﬂphl%nt ai ni ng
secti ons phadlihalikRlnhelaBfghclO IR Wyt 8F irdfithSEEARA Q0K ERALAI NI N

sections.” A stnt accor g toclaim4 whérein the high frequency Is in a
rati o of @ikAosed itlee-pending sertpldoc 09/264.830 sutitted domorotech Petachrobati Srends avitker ei n,

t he hi gher f ncy | oop.containing elenents are.smaller. in wdth to
br ovi e 1 P 19 g Samg S8 ghR P eke U G e B GiSEioRSE ShALGE i Bl ot  ve
wi dt hs of ;jdbgaradithy R¥rbdRquency el enents are selected so that the high

frequency el enents ‘are crinpable to the sane dianeter as the | ower
frequency elenments. _ 8. A stnt according to claim3 wherein first. second

and i rd—] ow u I I 1O re.i.n each detachmnment
zoneﬁpioi nﬂﬁ P f %&g?%acgsgggggﬁ gtgé}mxﬁwenﬁ'f)ﬁlsg ; gtr{él 3& pe?t":’tts)ﬁr ﬁ?nta}ﬁg%géftﬁeen t he
first andleagorich patibhOsirpwicrassacnnthl afchisefficintlo lowkarear irtsegen t he

second and third sections. 9. The stnm according to claim8 wherein each of
sai d firsteegeaByillgdstach profereaarlly wdsr e stressiplaged op yha sent gftey ypanaing. sai d

e | B oL AR A e RS o o1
fracture is desired along its length with components made of a material that is sufficiently
weaker than elsewhere in the stent so that the stent segments will detach preferentially
under the stress placed on the stent after implantation as disclosed in Serial No.

(09/204.830. The factors contributing to detachment may be applied individually or in
combination. For example, the designated detachment points may have low cross-

sectional areas and also may be formed of weaker material.

[21]  Inthe illustrated embodiment. to insure a high probability of fracture, two thin members
315 connect the two adjacent sections so that it is highly likely that repeated bending will
fracture the connection. However, if there was only one plane with two members it would
be possible that the stent would be deployed such that the two members were in the plane
of repeated bend and not perpendicular to it, in which case they would not “work” and

would not fracture.



degrees from each other. 10. The stnt according to claim8 wherein each of
said first second and third sections contain eight cycles of |oops and said
menbers in said first plane are spaced either 67.5 or 112.5 degrees from

t he nmenbers in said second plane, with nenbers within a plane spaced 180
degr[e2s fTooveramhe dtihproblein. lin embb@nehistof alecmesknngvemicel avorp@nsshescdi n each
of said first second and third sections contain seven cycles of |oops and
sai d menbREestaAdiageRt segions VM BINIRERBYS afeieyided . Inthay arfargemerfeqr ees

fromthe | i 1.3 s aﬁg{ it Qi A i spaced
ei ther | 5@95@3 %éb}g%%gs%rc%ﬂggﬁgﬂﬁeg% %&?nﬂ‘e‘rmcl)}rlﬁ lélgeg ot eglﬁlﬁ&ﬂb{‘ Oiugl\g{r}glaccor di ng
to cl ai m ffasinerpeim. Baciusebf the@lakeprectpargioie ifiee pahas n@nibeisis ¢f BesS section.

13. A stmt according to claim 12 erein each of the connecting nmenbers has
a cross sEOEINgrlineANdds ppfavorked Qi figxed; BrOIMET PihbE B HPIRRRPPHIHE Bf t he

renber s 9b§x“r‘£?%ﬁfab§’%&@ﬂ%ﬁée&@ncfe%%ﬁi%n%ﬂ%d?%fﬁF%i%.s\xﬂmﬁd on the stnt

after inplantat stm according to claim1 rein each of

t he conneatdanggmamtthernveorstscasadehaifthaplomt effdt dast dretfracsureveaerctot lsan agl sewher e
in the stm ., 15 ,A st accordjng.to claim1 wherein each of the connectin
menber s haépgleaofgﬁfsg ggt%e T)ﬁane o(f:%end. [}%15 arrangement }nsures that I;lhe connect{ng members g

315 in at least one of the planes 310 and 312 will fracture to separate the two sections 2.

[23] Fig. 4 is a perspective view of the embodiment of Fig. 3 with two stent sections 2 with a
detachment zofle 3 between them. The stent is shown bent. as often occurs after it is
placed in a vessel. If the vessel is an artery. for example, each time the heart beats. the
artery tends to straighten out and in doing so places a bending stress on the stent in
bending plane, which would coincide with the plane of the paper. Because the stent is
long, trauma may be induced at the ends. It is for that reason that it is desired to separate
the sections 2, to allow the stent sections 2 to better conform to the curvature of the

vessel.

[24]  This arrangement of the stent sections 2 and detachment zone 3 between them is also
illustrated schematically in Fig 5. Connecting members 315a are at the top and bottom of

the stent and connecting members 315b on the sides, 90 degrees displaced therefrom.

[25]  As illustrated in Figs 4. when bent as shown. the two thin connecting members 315a in
the plane 310 between sections 300a and 300b are at the top and bottom of the curved
stent and are, thus. in the bending plane and will not be “worked.” But. the thin
members 315b in plane 312 connecting sections 300b and 300c are on the sides, 90
degrees to the bending plane and wil] be “worked.” In other words, each time the heart
beats they will flex. After a certain number of flexures, they will fracture and the two

sections 2 will separate.
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section that is thin and is made of a material that is weaker than
elsewhere’in the stnt. 16. A nethod conprising: joining a plurality of

adj acent stent segnents, spaced from one another with detachnent zones. one
bet ween each two adjacent stmt segnents. each detachnent zone conpri sing
tWwo [26]t i Cifhled bemdingl jAaeswém 90alereef frodiveliat idwhoenaf Bigt daheomaredndlg menbers,
with the nenbers in one articuf ation pl ane spaced fromthose in the other
arti cul at MEMOES 2k ed Moyl ba mehebendingsriansrng tbﬁ CQIRECIIZARGMPSTS P v aBlBut 60 t o

140 decr et?e;%&rk%n SRGL ¢ Jﬁﬁ tratécf n{aﬂ&?m tlh‘é?lqes%ml%é?’ha@glbgﬁ 553h Eﬂu%gn erein

t he ers in eac I 6n ane are space et'ween ©140 and
220 degr ee® plimenigaahd Gmmll fria&ureTheespmﬂvedf ehecmredtangn bbthels@insinée. as

conpri sing djsposing said menq%ra]ln said first s aced 90 degrees fromthe
menbers i BPIEBRRVESEE NPT ICATFES theh HeFRGBRT S 2tRia AR 5gr6Féfh‘§eﬁ%@€@6“‘i‘8© degr ees
fromeach other. 19. The nethod according to claim17 conprising disposing
said nenbers’'in said first plane spaced either 67.i or 112a degrees from
the nenbers in said second pI ane, and nmenmbers within a plane spaced 180

degrees from each other. The met hod according to cI aim 17 conprising
di sg8dli ngllessrabadimprss sﬂqsﬁages.ﬂamffﬁrragﬁ optsdRvhigaberd a8 faresxample sixgpcles 7,

degr ees féﬂ%ﬁsﬁﬁ eStidrd 398k, %08@913&‘5’06%' A ﬁ%lﬂ@ﬁbﬁl st fi a plane

spaced either egrees or egrees romeach other. .-11 1 The
met hod acmemdem@lﬁ @n c‘dchlprlantas 160@np Bl Bionioe fpacati 1Y deprees anstomin m@méﬁvber s to

have a t halln% e & msé(ran%ers 11 plane 310 to be spaced 90 degrees from those in the plane 312

[28]  However. there may be embodiments with. for example. eight cycles or seven cycles
around the stent as shown in Figs. 6a and 6¢ respectively. Thus, in Fig. 6a. the members
315 in plane 310 are spaced either 67.5 or 112.5 degrees from the members 315 in plane
312. Within a plane. the members 315 are spaced 180 degrees from each other because
of the even number of cycles. With seven cycles. the even relationship does not hold
and within a plane 310 or 312. the spacing is either 152.2 degrees or 207.8 degrees. The
spacing between members in planes 310 and 312 is either 76.12 degrees or 127.5 degrees.
Other numbers of cycles may be considered. In general. the members in one articulation
plane may be spaced from those in the other articulation plane about the circumference of
the stent by from about 60 to 140 degrees from each other. Similarly. the two members
in each articulation plane may be spaced between about 140 and 220 degrees from each

other.

[29]  Similar results will be obtained with other numbers of cycles around the cylindrical stent.
However, in each case. spacings as close as possible to 180 degrees are established within
a plane and as close to 90 degrees as possible between planes. Although not the ideal

spacings of Fig. 6b, those of Fig. 6a and Fig. 6 will still result in a pair of members 315



??. The nethod according to claim 16 conprising formng each of the
connecting nenbers with a cross-sectional area that is sufficiently lowto
al low fracture of the nmenbers and separation under the repeated bendi ng
stress placed on the stnm after inplantation. 23. The nethod according to
cl ai m 16 ¢ ongef the Bepataioniphgheedth 003 12X fec noanmect parge neiver onknd 2t eri al
that is weaker than elsewhere in the stnt. 24. The nethod according to

cl ai m 16 Fégsnp#dsi-ng forni ng each of the connecting nenbers to have a
cross-section that is thin and form ng said nenbers of a material that is
weaker than el sewhere in the stnt. -12
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- a] ca] ca) SeqreAY ¢l @afwn@é]deﬁpida% a]aepeaﬁ\eﬁ %]a H##&* ++. p1S244S67n;
<<:=G====>7?} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
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a plurality of adjacent stent segments. spaced from one another:

detachment zones. one between each two adjacent stent segments. each
detachment zone comprising two articulation planes in each of which there are
two connecting members. with the members in one articulation plane spaced from
those in the other articulation plane about the circumference of the stent by from

about 60 to 140 degrees from each other.

A stent according to claim 1 wherein the two members in each articulation plane

are spaced between about 140 and 220 degrees from each other.

(O3]

W

A stent according to claim 1 wherein each stent segment is made up of high
frequency and low frequency vertical sinusoidal patterns or vertical loop containing
sections which are arranged generally in the circumferential direction and which are

periodically interconnected.

A stent according to claim 3 comprising a first loop containing section with loops
occurring at a first frequency and a second loop containing section with also
occurring at said first frequency and a third loop containing section having loops
occurring at a second frequency that is higher than said first frequency disposed
between the first and second loop containing sections and alternately joined to the

first and second loop containing sections.

A stent according to claim 4 wherein the high frequency is in a ratio of 3/2 to the low

frequency.

A stent according to claim 4 wherein. the higher frequency loop containing elements

are smaller in width to provide flexibility.
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10.

11.

elements are selected’so that the high frequency elements aré crimpable to the same

diameter as the lower frequency elements.

A stent according to claim 3 wherein first. second and third low frequency loop
containing sections are in each detachment zone joining two stent segments with a
first articulation plane between the first and second sections and a second articulation

plane between the second and third sections.

The stent according to claim 8 wherein each of said first second and third sections
contain six cycles of loops and said members in said first plane are spaced 90 degrees
from the members in said second plane, with members within a plane are spaced 180

degrees from each other.

The stent according to claim 8 wherein each of said first second and third sections
contain eight cycles of loops and said members in said first plane are spaced either
67.5 or 112.5 degrees from the members in said second plane, with members within a

plane spaced 180 degrees from each other.

The stent according to claim 8 wherein each of said first second and third sections
contain seven cycles of loops and said members in said first plane are spaced either
76.12 or 127.5 degrees from the members in said second plane, with members within

a plane spaced either 152.2 degrees or 207.8 degrees from each other.

. A stent according to claim 1 wherein each of the connecting members has a thin cross

section.

. A stent according to claim 12 wherein each of the connecting members has a cross-

sectional area that is sufficiently low to allow fracture of the members and separation

under the repeated bending stress placed on the stent after implantation.
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13. A stent according to claim 1 wherein each of the connecting members has a cross-
section that is thin and 1s made of a material that is weaker than elsewhere in the

stent.

16. A method comprising:
joining a plurality of adjacent stent segments. spaced from one another with
detachment zones. one between each two adjacent stent segments. each
detachment zone comprising two articulation planes in each of which there are
two connecting members, with the members in one articulation plane spaced from
those in the other articulation plane about the circumference of the stent by from

about 60 to 140 degrees from each other.

17.  The method according to claim 16 wherein the two members in each articulation

plane are spaced between about 140 and 220 degrees from each other.

18. The method according to claim 17 comprising disposing said members in said first
spaced 90 degrees from the members in said second plane. and members within a

plane spaced 180 degrees from each other.

19. The method according to claim 17 comprising disposing said members in said first
plane spaced either 67.5 or 112.5 degrees from the members in said second plane. and

members within a plane spaced 180 degrees from each other.

20. The method according to claim 17 comprising disposing said members in said first
plane spaced either 76.12 or 127.5 degrees from the members in said second plane,
and members within a plane spaced either 152.2 degrees or 207.8 degrees from each

other.
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members and separation under the repeated bending stress placed on the stent after

implantation.

23. The method according to claim 16 comprising forming each of the connecting

members of a material that is weaker than elsewhere in the stent.
24. The method according to claim 16 comprising forming each of the connecting

members to have a cross-section that is thin and forming said members of a material

that is weaker than elsewhere in the stent.
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