; e3et <v86 Tt"1 14 ~ ~~ ;' ~~3 LONG TUDI NALLY FLEXI BLE STENT FI ELD OF THE
| NVENTI ON The present invention relates generally to scents, which are
endopr ost heses inplanted into vessels within the body, such as bl ood
vessels, to support and hold open the vessels, or to secure and support

ot her endoprostheses in the vessels. |Ip particular, the present invention
relates to a stent which is longitudinally flexible before and 4afrem;
expansi on. BACKGROUND OF THE | NVENTI ON Vari ous stenms are known in the art.
Typically stents are JONGITUDINARLLY FLEXIBLESTENT expandable from a
relatively small, unexpanded dianeter to a largéer, expanded di aneter. For

i npl antation, the scent is typrgabl prnount edveNTtde end of a catheter, with
the stnt being held on the catheter at its re-latively small, unexpanded

di ameter. By the c e IR alcyAstchely t 4l ] t h the

| umen to the intenggg #ﬁ%f%%?a%lon S|tesg%ﬁgggtﬁgﬁggé%§§i§péﬁgﬁﬁggintended
i npl ant at | si.te, ki . j+cad s i 5 a rce,
for exan%?gnﬁyaﬁgfFQ?P?§°§%E§€?§SEW%%Q{ e ﬁﬁggdggg%e?%éﬁg¥ggﬁ%%%r58§9'

all ow ng 4Jak, el okl Seble Py suioR XAl oY HEERVIAN RestledByeolr om

around a -expanding stent, allowng the stent to expand outwardly. In

el t her quoe1setéa%eeéﬂan9§9péken5tﬁee§iéiq%ptrla%theaesnw Afe thesseassel tho

narr ow, thereby mai nt ai ni'ng the vessel's patency. U S. Patent No. 5,733,303
to |srael,gtidy1al, 308e) pr¥bbsh 1rfveiP@s sy atB50EHOL ad schdyniehergnce,
shows a uni que -2 14 APR 2003 stent formed of a tube having a patterned
shape whiighhasdihbstyapte 38500 hdmandandpattef Neéxpayd ikh axes extending in
first and second directions. The second nmeander patterns are intertw ned
with the first nmeander patterns to formflexible cells. Stens such as this
one are very flexible in their unexpanded state such that they can be

tracked easily down tortuousadrErNMD dPORIEXPRVISNPION t hese stents provide

excel l ent radial support, stability, and coverage of the vessel wall. These
stent are al so con(griebs estdntd hate khBWnadaptnd catthe IhpRea0lyt beevessel
wal | during inplantation. One feature of stems with a cellular nesh design
such as falties generabhdoyeresylds irhathapleyahaveréd igngadidbargiftodi aal
flexibility after expansion, which may be a di sadvantage in particul ar

appl i cat irenatiV¥hig $malledidoginded dabmétexitn |4 tharmyey, cansendeéd ess poi nts
at the end of the stent and along the Iength of the stent. Conventi onal
nmesh st edtismetke. t hBer shuwentetlo8, Phtenterd; 733, B8 cady ysnophyed apk

| ongi tudinal flexibility, which is illustrated by Figure 1, a schenmatic

di agr am ¢theaepsdnetm i eafdletsaentwizb2the atenl iedngededd 204thagcathtan a
stent, it maybe delivered to a desired site by a balloon catheter when the
stnt is PR &RSuRPEhtRY sMetld, TRe*Pardedriicheterer B¥ thercaWietdtted to
expand the stnt, {ﬂéh%ingathe st.m intoﬁflace. Due to the high inflation
pressur e§N8f PRFEPIAGDATERL d5 HoF 2Bt EF mMEoUFRe thEI LBBFR cBUSEE t he curved
vessel 204 _an ven a longitudinally flexible stent to_straighten en it
STt 1 atBkeheS i Bt st 258 - of Cpge tne SehEs! 2 A AU

implantation site, it is expanded, typically either by an

internal force, for example by inflating a balloon on the inside
of the stent, or by allowing the stent to self-expand, for
example by removing a sleeve from around a self-expanding stent,
allowing the stent to expand outwardly. 1In either case, the
expanded stent resists the tendency of the vessel to narrow,
thereby maintaining the vessel's patency.

U.S. Patent No. 5,733,303 to Israel et al. (®'303"},

which is expressly incorporated by reference, shows a unique
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3 14 APR 2003 configuration of its nmesh is or becones relatively rigid
after expansion, then the stent renmains or tends to remain in the sane or
substantially the same shape after deflation of the balloon. However, the
artery attenpts to return to its natural curve (indicated by, dashed |ines
Oin Figure 1 with reference to a converggional nesh stnt. The iASR240& h

bet ween the natural curve of the artery and the strai ghtened section of the
artery with a stnt may cause points of stress concentration 206 at the ends

of the stent and stress. alo he.entire | engt h. The ronary.

vascul at &%&néa °FRY soeé a?d&i“%%o%’gwlggr %s%a%%erpﬁegenf%ﬁggaﬁgécﬁﬁ%a%ofrlornsécry

vascul ature noves reIaE{vekét?ignif%cant amunt s . wi t.h_each ?eartbe%}'. For
e Pi-+-F

i 11 ust r aPPGnSHEPRD B PENREVHY ST CRESBAFDE 6F THEPL6 and
5. 807, 403SLE0R GH ST LA ch 1hE B8pP BTS20 PRRtaERe B° r BPEPEIAE shous
rter al MpER FERSE b DA BAeT CHPERETMTTS SE TOAR PAEI COL et RS
Fenai i nGUAR 87 PRI 0P TEndeEY chE RIS 67 RS RolPPTRATTE Siotna hd of
t he stnthhgeviates t he ﬁtre?%dat thf end i@%%buit does_not..elimnate the

stress a HReY eritt R &RG of 2theY FXMt “PATBUS RERPR: ar®Phown t hat
tain | Lt udinal,_.fl exibil i i_on. . U. S. Patent
oLl | SRSl L XL DL Bl . SSpAISIGN. R SR U S PalET
2003 4 pé%%ﬂlf{%yf%‘ﬂ \é%%&"gaesé?%é QR 101, 1€ PRELE Dy SN WL 1S
initially fornmed into a band”of zig-zags formng a serpentine pattern, and

then theazhg-capdiand ks oaf L6de!nid) adield 68! +ALTnod0oSLAD ke expanded

by an internal torce, for exanp y inflating a oon. coile

Zi g- zag g4 eNtSudi ahgahtbhestgated in Figures 1 through 6 of the Wktor
'062 and ' 732 pg?gtgsba?e %ongitudinally flexible both in the expanded and

unexpanded condi tipR gHgPuEdAbs thenGanike kraekech £asidsh dRWA ghOELERUS
| umens and such that they conformrelatively closely to the conpliance of

the vessed wfitelondepheyevat, Midt hase steatsimdeed | ®dfkadikbey al so
have rel atively unstabl e support after expansion. Furthernore, these stents

| eave | aflgexipdntitgnsf oér t dveparesisel, walikchunepvies ed,diadddwaintggki saue and

pl ague prol apse into the lunmen_of the vessel. Thus, it is desired to have a
stnt whipartaxhilbrt sppbigrtiudisnal Thiiexiibmbitey befgrmadingansilenisithty hat it
can easily be tracked down tortuous |unmens and longitudinal flexibility

af ter expansieosesatheshaqointscat torpeydwpf itliche deadselndsahabgr dhe
flexibility and curvature while still providing continuous, stable coverage
of a vedsadtRaPf thatsStENY. niGerversienasuregndtionts tLA&el theh. SITBIEGTS AND
SUMVARY COF THE | NVENTI ON Accordingly, an object of the_ invention is to
provi deUaS- Falient pR Z50$6Ht Mevt RalPLy 1aflyitndiihacipat| Ekebill bidhor e
expansion so that it can easily be tracked down tortuous vessels and

remai ns "PaABi tBidt W T A4k Py él&?f%rle@meaﬁtgﬁcﬂlﬁﬂaﬁmi LRI |

Fllexi bi FPEYeRRICBEL TG B8 Mt br SEEHH VR A vescel  Anot her obj ect of
after dolivery suh PRAETT of FERBE o Ty A ety PEsTore (R Tradibeat to
reduce %X%Liﬁyséré§i 5gh %g%hg@g§ ﬁ%eﬁr%%é“é?én%“?sakgngnt£§%§%§¥1éd

state. The balloon catheter is then inflated to expand the

stent, affixing the stent into place. Due to the high inflation

pressures of the balloon -- up to 20 atm -- the balloon causes

the curved vessel 204 and even a longitudinally flexible stent to

straighten when it is inflated. If the stent, because of the



Anot her object of the present invention is to provide a stnt with a cl osed
cell pattern such that it provides good coverage and support to a vessel

wal | after expansion. O her advantages of the present |nvent|on will be
apparent to those skilled in the art. In accordance with thegg @
stent of the present invention is fornegl to be a tube haV|ng a pat rned

shape which has first and second neander patterns having axes extending in
first and second direction mherein t he second neander patterns are
intertwined with the first, nea patt nce mnth ?
enbodlneﬁPnSFgPﬁ@tFﬂUeﬂfl S W ﬁﬁt@Ft HQH ﬁeﬁ % &fddr 8f hekel I s
whi ch have three p \M%%ih:he first ap econd neander gatterns neet
each oth@ﬁpaaﬁdoﬁhl e?n€?% B N T E%ﬁfeﬁPtﬁﬁnﬁﬁﬁuFﬁr B8 F2€ These
three cornered or tri ular cells_are fl exible_about on di nal axis
of the sCft S FEP“E%%@%E e ﬁ%ﬁ%éhﬁPlaﬁégFﬁrdef 'Eﬁnﬁﬁg 5563g8i ?%nprOV|de

conmparabl e scaffolding and radial strength to fthat of fornmed by

intertw ﬁ@HeﬁééndEPepgﬁ%’%saWﬁWshé\?e EOUF™ oo it &S e{’tact\}éﬁiaihcflﬁ‘éefl rst and

second patterns et e q&ﬁ%gdl 3 1 ch |£ this sense cou d be called

squar e cefp 1CPﬁ nBY hégs Wﬁ? 1PHEE v%ﬁﬁq(ﬁ? E3&RGS 6f Rells are
ded al th ngt.h f . _Th f | I I t e bet

el 1 s Sdg§p§§ faﬁain RIS T8 e &ﬁﬁcmf%a?%?“%%beﬁf iRt REEBFTE THAC are

d d |, fl

' anot hBr & mog?ﬂaﬁi‘ e eﬂﬁ”%@sﬁ@%}lg h%é"‘ﬁwgfx'righlste¥ Befori g
dapted t t fl " | f t d t
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| ongi tud nal SLLex! Bidi 4y ansagiaredul Lh the <303 a%h yhar ?ﬁ a[:f!matﬁj

unexpende , and has i"nérea udi nal erX|b|r|t
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coverage O e vesse radi al support

DESCRI PT&Q:\bngr J Ha SRANGS E'og%er 4130095 2 ﬁ%ﬁlﬁ 'ﬂEbﬁt di RALAE Qf t@x

conventional rigid stent deployed in a curved l"'unen
each heartbeat. For illustration purposes, the difference between

the curve of the vessel and the straightened stent has been
exaggerated in Figure 1.

U.S. Patent No. 5,807,404 to Richter, which is
expressly incorporated by reference, shows another stent which is
especially suited for implantation into curved arterial portions
or ostial regions. This stent can include sections adjacent the
end of the stent with greater bending flexibility than the
remaining axial length of the stent. While this modification at
the end of the stent alleviates the stress at the end points, it
does not eliminate the stress along the entire length of the
stent.

Various stents are known that retain longitudinal
flexibilaity after expansion. For example, U.S. Patent Nos.

4,886,062 and 5,133,732 to Wiktor (“the Wiktor ‘062 and ‘732



Figure 2 shows a schematic diagramof a stent of the present invention
deployed in a curved lunen; Figure 3 shows a pattern for a stnt nmade in
accordance with the present invention; Figure 9 shows an enl arged vi ew of
one cell of the pattern of Figure 3; Figure 5 shows a patterm4hpﬁ!ﬂ stm
made in accordance with the present inuvention; Figure 6 shows an % ?arged
view of one cell of the pattern of Figure 5; Figure 7 shows a pattern for a
stm nade in accordance with the _present invention; Figure 8 shows an

enl arged view of one cell used in the pattern of Figure 7; Figure 9 shows

an enl argggenti W choanothesusedtentsedorincli goreire Wi 18eshovs &
schematic conparison of a four cornered or "square cell"” and a three

cor ner edi ©f t{dIliyaFeuhal” i6€b | a Ward@ fpregenbgh NFGM i a Eegyest dde shows a
pattern for a stent constructed according to the principles of the

i nventi opatdiGl) a8 vaehabhe fEPRIg badbony tbésléendtd aFhgUieal2 shows

anot her pattern for a stent constructed according 14 APR 2003
stent. The stents are expanded by an internal force, for example

by inflating a balloon.

The coiled zig-zag stents that are illustrated in
Figures 1 through 6 of the Wiktor '062 and '732 patents are
longitudinally flexible both in the expanded and unexvanded
condition such that they can be tracked easily down tortuous
lumens and such that they conform relatively closely to the
compliance of the vessel after deployment. While these stents
are flexible, they also have relatively unstable support after
expansion. Furthermore, these stents leave large portions of the
vessel wall uncovered, allowing tissue and plaque prolapse into

the lumen-of the vessel.

Thus, it is desired to have a stent which exhibits
longitudinal flexibility before expansion such that it cen easily
be tracked down tortuous lumens and longitudinal flexibility
after expansion such that it can comply with the vessel's natural
flexibility and curvature while still providing continuous,

stable coverage of a vessel wall that will minimize tissue sag

into the lumen.

OBJECTS AND SUMMARY OF THE INVENTION

Accordingly, an object of the invention is to provide a



to the principles of the invention. Figure 13 shows another pattern for a
stent constructed according to the principles of the invention. DETAILED
DESCRI PTI ON OF THE | NVENTI ON Fi gure 2 shows a schematic diagram of a

| ongitudinally flexible scent 208 of the present invention. The stent 208
may be delivered to a curved vessel 21G by a bal | oon cat hetl érAPRaligs
inplanted in the artery by inflating the balloon. As described before, the
bal | oon causes the artery to straighten upon inflation of the balloon.
However, _upon_defl ation of the | I gon, . the st 208 assunes the natyral
curve oFtFﬁg Fagkets B Gk él{]}ggqiﬁty ?gejéh%i]? e%%fse Ieﬁﬁﬁﬁapnﬁ?l&?q i bl e
after expansion, This reduces, any. potential str.ess points.at the ends of
the steffPaR@ At by tHETS gFﬁWETt?ﬁé“%%%hY?S%ﬁhﬁrﬁﬁ4¥5ﬁ8?188cause the stnt
is longitudipally flexible after. expansion, the stent w.ll flex

| ongi tu(lﬁpﬂgf‘g's}d%}(?#}f el'%/xe%géel agﬁﬁrnax}f’%%s%%/%lseusC%cgcﬁ?édl%yw%\lﬁeart beat .

engt h BROEREMELRIEY N S S RNe SAEBAT CBP T 1 Y SCORETABEoT B G ¢ ho
t i ' Thi.s .patt b t t f Kk terials, d
For - oxalracat i pret Sylal <ol eorknres pEe ity At Pabf e e

constructed SronlNiTi. The pattern can be fornmed by etching a flat sheet of
NiTi int'6°tF e pattern shown. The flat sheet is forned into a stent by
rolling the 9 0 ched e i 1,0 . |.ar .sh ! | di ng
t he edges of the]éhégtgﬁel%ébggte%tér g?otggr%%éﬁtbuﬁ%aﬁe%gggﬁt .1§T§§epd%$§lﬁe\é\%of
this me o} rad t - ; { ch i t§%9§, -

di scl os%ggﬁﬁ {Jhgsp rga[hg)rrlltgq ugitlﬁgﬁég\gpg‘%%%% a?%%g?id%‘}ggg\?\gl C arte t:rletby_
eXpr eSSk yek 08 OSRONAY GhPECILE! 88CEne ANEILHTRINALS L kAOUD Loc 1088 Ak skl |
in the art such as laser cutting a tube or etching a tube may al so be used

t o consifughe BerdLr WMheCRtUB@SahAe 5 EF & He ishgRtiON. After formation into
a tubular ~hape, a NiTi stent is heat treated, as kno4rn by those skilled

inthe art, to t@k@tm\faabggetoéftnee RnFERBkENERNaR acs &fd Pricks aef aNi Ti
and its superelasticity. The pattern 300 is forned froma plurality of each
of two eféhogenal aneavden pallepast W GudpathaEnst apeotv iy tgeiomed with each
other. The term "nmeander pattern” is taken herein to describe a periodic
patt er ncabatigen atentseppbirnetans Vesddioganal affeandexppadicar.ns” are patterns
whose center |ines are orthogonal to each other. A neander pattern 301 is a
vertical sinusoi @thavi agvanveges cal thenpeesknheid3d@ntidmmedndebepattern 301
has two | oops 304 and 306 per period wherein |oops 304 open to the right

whi | e | areesr 806 topshotse shelled tin |tdeper804 and 306 share common nenbers
308 and 310, where nenber 308 joins one loop 304 to its follow ng | oop 306
and nenber 308 j dNn8cEREdRBYD BUR tideiSesoPHeFow ngd cdEn30af Ahereander
pattern 312 (two of which have bAen shaded for reference) is a horizontal
pat t er PHRAANg 18 VRBEE BNt 2l TSGR C Peo2 1tUPAPR VIGER g Paéteracd ASHRRS zont al

meander pattern 312 al so has |oops | abeled 316, 318, 320, 322, and between
t he |(xﬁﬂ$qﬁ W&SpéFFBH @ud second meander patterns having axes extending

in first and second direction wherein the second meander patterns
are intertwined with the first meander patterns.

In accordance with one embodiment of the invention, the
intertwined meander patterns form cells which have three points
at which the first and second meander patterns meet each other,
and which in this sense could be called triangular cells. These
three cornered or triangular cells are flexible about the

longitudinal axis of the stent after expansion. These triangular



a section |abeled 324. Vertical neander pattern 301 is provided in odd and
even (o and e) versions which are 1800 out of phase with each other. Thus,
each | eft opening | oop 306 of neander pattern 301o faces a right opening

| oop 304 of neander pattern 30le and a right opening | oop 304 of meander
pattern 3010 faces a | eft opening | oop8306 of neander patterl 8BR2103 The
hori zontal nmeander pa~tern 312 is also provided in odd and even fornms. The
straight sections 324 of the horizontal neander pattern 312e intersect with

every thicéglgomié@f%&gﬁfa%%l@f sERErSV@hy &irld Galii1IBaBERin P LY Rndfle.

The strai ght sections of the horizontal meander pattern 3120 al so

I nter Se%g}"‘&:&ﬂlgv%i’mééﬂt{ﬂ 1GQEERN; FEATRL At %fatttlggngd?%y&g LRl fapgnder

pattern 3 Upon expansion of the stnt, the ['oops o e vertical meander

patter nsp{%%tgpsp 1 D 28 PYeLtT GRS ShdSR! iRt TRESnEaSEScH RAMLLO Shorten

in the horizontal direction. The loops in the horizontal neander pattern
312 openyp Qméh'ﬂm &/ §lehiseakodi & 85d i 1avd sHherborszpat al direction,
e s

conpensating for t ortening of the | oops of the vertical neander

patterns. A stent {oriRAHRORNLHIGiRALE & 19fe FnOERE:dnanshAmde 0Ly i is
particularly well suited for use in the carotid artery or other [une:ZS
Subj ect Locapr OVl $ddle IIrS THEC] chlien ISR tentl hathbesanse dMheeghat 1S
formed of NiTi, it Is reboundable, which is 1 4 APR ZQD3 11 a desirable

propertyazf pershesetlcagedel Nst h8aSBE Pl rd Rt B M 1 FhEo AMnde@a@Mal S t hat
the stnt of Figure 3 offers excellent scaffolding, which is particularly

i mpor t angupPothes Ll Hdid sathet Yar SCadduedi petedsmespeel pldy dnfaeckant in the
carotid artery because dislodged particles in the artery may enbolize and
cause a sbr@keudirigurid e4ibslaty expendedkpangwoat one flexible cell 500 of
the pattern of Figure 3. Each flexible cell 500 includes: a first nenber
501 having a firstirertobf2raadbed seeand fentle503yvenmt s@conthengEdbbet 509 havi ng
a first end 505 and a second end 506; a third nmenber 507 having a first end
508 and mesmdendariedrb89aranadapfalirich prenbet &19 hoddmiggaohit sbfend 511
and a second end 512. The first end 502 of the first nmenber 501 is joined
to the floeps erfd t3@5 fof st heeaedondatares 8091y delXivesty odr vee stearber 535
to forma first | oop 550, the second end 506 of the second nenber 504 is
joined to the secdndtentl sowrxtinhéct fhpdineederors®taying skeond curved
menber 536, and the first end 508 of the third nenber 507 is joined to the
first entPBHLUSHPeReltBYiRh Hohisesosiotsy Wl ihithe c@Ovedeibibdr SNt o form
a second | oop 531. The first | oop 530 defines a first angle 543. The second
| oop 5315 &eexPEREBAS Hfire N2 Eat PR Te SIS EBA IR} udes a fifth
menber 513 havi.ng a.fiyrst end 514 and,a segond end 515; a sixth nmenber 516
havi ng qﬁ%§9lég§ 5&7{%ﬁuf§f%9§?8natgﬁﬁ'51 & FERFeAPRS mEREt9ES having a
first eng%é%% iang a geéggﬂﬁgpd_§2};ean g& ht h n%ng r 522 h véﬂg a first end
523 and "2 Second @nd 529 G nt h* nEnbeEY havi geav?f?% "$hd $26°And a
second 527, 14 APR 2003 12 tenth menber having a first end~_" 29
and a 53%%%3%e588§§68'The first end 519 of the fifth nmenber 513 is joined
to the second end 503 of the first nmenber 501 at second junction point 592,
the second end 515 of the fifth nenber 513 is joined to the second end 518
of the sixth nmenber by a curved nenber 539 to forma third | oop 532, the
first end 517 of the sixth nmenber 516 is joined to the first end 520 of the
seventh nenber 519 by a fifth curved nenber 548, the second end 521 of the
seventh nenber 519 is joined to the second end 524 of the eighth nenber 522
at third junction point 540 to forma fourth |oop 533, the first end 523 of
the eighth nenber 522 is joined to the first end 526 of the ninth nenber
525 by a sixth curved nmenber 549, the second end 526 of the ninth nmenbex
525 is joined to the second end 530 of the tenth nmenber 528 by a seventh
curved menber 541 to forma fifth |oop 539, and the first end 529 of the
tenth menber 528 is joined to the second end 512 of the fourth nenber 510.
The third | oop 532 defines a third angle 545. The fourth | oop 533 defines a
fourth angle 546. The fifth |oop 534 defines a fifth angle 547. In the
enbodi mrent shown in Fig. 4, the first menber



501, the third nenber 507, the sixth nmenber 516, the eighth nenber 522, and
the tenth nenber 528 have substantially the sanme angular orientation to the
| ongi tudi nal axis of the stnm and the second nmenber 504, the fourth nmenber
510, the fifth nenber 513, the seventh nenber 519, and the ninth nmenber 512
have substantially the same angul ar ori’entation to the Iongitx&h&g@%axis of
the stmt. In the enbodi nent shown in Figure 9, the 13 1 4 3

| engths of the first, second, third and fourth nenbers 501, 504, 507, 510

are substantialé g &1 ng%h f ifth, sixth, seventh, eighth,
ninth and tent ; . ; » , 528 are al so substantially
equal ....Qx her _er.~bodi nents where .l engths of individual nber re.tailored
for spediFrclappteard oﬁrfé",emr?&tlgr fié?%g%r? %%nastcroﬁlgteingr]iOB?HBWE}%Jocgs&oefntdel ivery
are al so possible,. and qﬁy be greée aQée,for them Preferably, the first,
second, third, SFREPET O FefBEV§dsts" 504, 507, 510 have a width that is

greates, than.the width of the.fifth, sixth, seventh jghth, ninth, and
tenthﬁﬁgﬁﬁgrg 5§§?W§fBFQ§f@?%%§2§l% ) éﬁgiﬁﬁﬁfﬁﬁtoge?bg HheSHitt fering
wi dths of the fjrst, second, third, and fo%{th nenbers and the fifth,

sixth, sevent h, " GHHP? SERERY Sdnd 12t H TenBeFS™i t h respect to each ot her
contribute to the overall .flexibilit ista iad,.C ression
of thggggff.QTTéb%VﬁnﬁugﬁﬁfefﬁefSEr?d%?gﬁgﬁ%ggé%%agggggﬁgésgre&j%ggﬂépecific
applications. Preferabl. 2 fifth, sixth, seventh, eighth, ninth, and
tenth nenbers eéé?%ﬁﬁﬁj%%gghgg?édoninantly to enabl e | ongi tudi nal
flexipility, b ef.ar t |0 Ll-e i cond,
third?ig%%gf%u?%ﬂ”%%ﬁ%e%gﬁgggg%p??ﬁf?@gngéggéﬁﬂgktF&Qf%;gﬁﬁﬁiéﬁgufficient
resistance to r@gdiale gonpression to hold a vessel open. Although specific
menbers are optimzed to predom nantly enable a desired characteristic, all
the ppréhans ofshhe GebhttBERT G | ¥ &leGoRRaRAL R 8RCL LN L RUlte el he
characteristics of the stnt. Figures 5 and 6 show a pattern and an expanded
vi ew of 14 14-ABRnh2003venei&e! | of an enbodi nent of the present invention
which is specially adapted for a stnmt nade of stainless steel. The pattern
i's simidwde 60 khewpakheenl of gdd GLil®S oF aRd deldnds tee TR oraf eence
nunerals are used to indicate the generally corresponding parts. In this
enbodi ment of rheguravention, for exanple, the second | oops S31 are' nade
stronger by shortening the third and fourth nmenbers 507, 510. This hel ps
assurks gurat 7t hehgesoadrd Dopsn domat steharwvadet I'n durdoglageki wékl thet he stm
t hrough tortuous anatony. This "flaring out” is not a concern with N Ti
stents which apeesevergwvdnti@nsheath during delivery. Furthernore, the

| ength of the-nenbers in this enbodi mrent nay be shorter than the |ength of
t he &d8EPESPBNIS I Tredtbeaslangech&ienbedi pentceld uadatiadths FREUeEs 3 and 4.
Typi cally, the anount of strain allowed in a'self-expanding NiTi stent may
be around 10%°f FigWiaiHl ess steel stent, the amount of strain allowed
typicall¥ may be 2096orrg%eater._Therefore, to facilitate stents nade of

N Ti FAABT &t ntHEISToreEPEIRAc¥Let @b 2R ETIGHT 1t §588npAr BEbT & Qi amet er s,

t he menbers of7jthe Ni Ti stent

Figure 10 shows a schematic comparison of a four cornered or
"square cell” and a three cornered or “triangular” cell
of the present invention.

Figure 11 shows a pattern for a stent constructed according to
the principles of the invention which has variable
geometry along its length.

Figure 12 shows another pattern for a stent constructed according



may be | onger than the nenbers of a stainless steel stnt. Figure 7
illustrates another aspect of the present invention. The st nt of Figure 7
is also constructed from orthogonal neander patterns 301, 302. The neander
patterns forma series of interlocking cells 50, 700 of two types. The
first type of cell 50 is taught by U Sg Patent No. 5,733, 3031 {ThepBi¥rel s
are arranged so that they form alternating bands 704 of 14 APR 2003 15
first type of cells 50 and bands 706 of the second type of cells 700. As

seen in Figure 8 gndeparddicidignley Wet fnéespesitign.the cell |abeled for ease
of description, each of 'the 303 cells 50 has a first |ongitudinal apex 100

and a S@Qeegel PROLE ML Nalotend Z)%ttgﬁﬁhf§§|é S TRnist rAEO¥E 0eek W dih

first longitudinal end 77 and a second | ongi tudi nal apex 104 di sposed at
the second | ongi tgli ﬁ%ﬁ%cl%legaéb €.e limfris i ncl udes a first nenber
51 having a | ongitudinal conponent having a first end 52 and a second end
53; a second nenber 54 having a |ongitudi nal conponent having a first end
55 and a second end 56; a third nenber 57 having a | ongitudinal conmponent
having a first end S5&mnd1@ps8e8RRILRION BF anftk anvewribnmenber 60 having a
| ongi tudi nal conponent having a f1rst end 61 and a second end 62. The stent
al so includes a first | oop or curved nenber 63 defining a first angle 64

di sposed between the first end 52 of the first nenber 51 and the first end

55 of the second PRINRS S4hoflsS8CLARNLOR: Qi SGHHed FMRTDEE ﬁﬁ;ﬂ%fad 1Miyng a
second angle 66 is disposed between the second end 59 of t e third nmenber

57 and khexserongkand 4 oft the Hodsddr nBIRRSIt 6@ .angntsseispPosrd general |y

opposite to the first loop 63. Afirst flexible conpensating nmenber (or a
secti onpefdaliengd ud rRalcurvandeespat tern)oy6a BaLlBenCHE Mtk 29 in@n and two
legs with a first end 68 and a second end 69 is di sposed between the first
menber Sdpbattddneirt hibed areeber bH7imd 1dt itnte thier sb1286n68 A ddwerfibest

fl exi bl e conpensating r.enber 67 joined to and communicating with the
second eaflobS, ofhd & lflicbst cauibs 1theARR 12003 toepbes i SHtemdiddme second end 69
of the first flexible conpensating nmenber 67 joined to and comuni cating

W th thenflatsiorend 3&eobaf heobhi riibwesrdyer updn dhélétist e&ihdhe8 and t he
second end 69 are di sposed a variable |ongitudinal distance 70 from each

ot her. Pekbmond theexitbht g6fpespsatdndhrembénribrouavesart ithe gksael

| ongi tudi nal nmeander pattern) 71 having a first end 72 and a second end 73
i s di sppsedaraigserdtt A6 3bEoheMaEthdiongs tyddne hby f blaxtibleesbEEr60. The
first end 72 of the second fl exi ble conpensating nmenber 71 is joined to and
communi VRBSETh Th SsERBRECBRPEEOSEIERRL sBEOMF MNMFEE 54 BRE $HES second

end 73 of the second flexible conpen g, henber 71 is joined to and
comuni Tht' e §teR Tt RBIf 7149 e‘?‘fbe g%n&?ﬁ g ?%%rﬁq?%nbgPr%BerW’ée¢l rst end

72 and th d end 73, t udi nal . di st 74
(rom et BIoRTe £ R o Bt e otRE Tl PP ~f§%ko‘éab$$w'bfe%”°e
conpensg tlﬁgtnqu% Sy an %#ﬁﬂéfﬁg §rL¥F£h curved rtlon Ehereof 67 and

71 are & The®8econ ype of -c el%fﬁﬁﬁ Féng gure 9 and

the sane,olerence, pUNpLals ar%gssgaé sLadleats, %g%g%'ytgeogg spondi ng

areas o ne api ces e se ype 0O ¢eld” 700 are

of fset. 6id querenthal Lot 08 [hexi bl e ymensating. menber 67, 71

i ncl udes: rst portion or eg 9 w t irst en and a second end

81, a second POT ek gRr 073 | S§OHR2 MpRrerhi §8ta &N 83 22008180 RNd 84; and
a third portion orQPeg 85 mnthé¥%% fIFSt end 86 néng ge%dﬁd end 87, with

the seqandend;8teandod he ﬁﬁ%o%t%e@n%pewgcdn@t@%@tga 8¢ Oyed menber and
the first end 83 and the first end 86 bei ng j oi ned by 17 14 APR 2003

materials, and for example stainless steel, but it is

particularly suitable to be constructed from NiTi. The pattern
can be formed by etching a flat sheet of NiTi into the pattern

shown. The flat sheet is formed into a stent by rolling the



a curved nmenber. The first end of a flexible conpensating nmenber 67, 71 is
the sane as the first end 80 of the first portion 79, and the second end of
a flexible conpensating nenber 67, 71 is the sane as the second end 8? of
the third portion 85. Afirst area of inflection 88 is disposed between the
second end 81 of the first portion 79 _&nd the second end 84 of the second
portion 82 where the curved portion joining themlies. A s&4oM8 Whea of
inflection 89 is disposed between the first end 83 of the second portion 82
and the first end 86 of the third portion 85 where the curved portion

j oi ni ng e¥Ad isheetwinke & Gebwlar iShapsy r andswal phng efhe efdagst efndbeng
bands of cells, the stnt nmay be optimzed for a particul ar usage by

t ai | ori nghadte togethgur hoi Hprmfa thdwWasdsiersr ekgpietailse of &gﬂé band of
the second type of cells 700 may instead be forned of cells 50, or vice
versa. Trthosc ofd foypenegf thel$tentn Mhdghehasna§r bd by advantageshe agel
configurations described with respect to Figures 4 and 6. The cel
configur@&ﬁQ%Q§Q§fiFiQuﬁesPﬂt%ﬂﬁiW?ﬁarévﬁéér?gé e ant By A at WRAEY @FRl not
cause any torque of one portion of the cell relative to another Rortion of
the cel Iheshyt eXRECEEAYi HER FRAT abeCs byf reRererent MoeeXpdhedsSnkn@hiRch may
happen when the second type of cells 700 expand, a torque which could cause
a stent & thes6r A akdlstiRKERRuBTTASUCP| A8t +aF®d FH EingurPe tEPRA®T of the

fl exi bl e conpensati ng nmenbers are arranged so that the path_of the flexible
conpens &R PReAbEFRE PrYHmMitd e §5ePghP, CORAVERIEE it sFegénatarhyuasinwar d
direction. The cells 700 can also be arranged . 14 APR_2Q03 18 so that the
f1 exi bl CoRPERERLi MYVFRMRNY s AT t6Re TRTRATLPR HWirufydebiilary -§&Rer afl y

upward dj.rection the flexible conpens a acent band

ti nber.s i '
are arrangédSrArh ggn T3t 1§ FRWa s ?E%??%ﬁg“%ﬁ%sﬁﬁﬁﬂk dlnn%g%eaﬁFt can

il k h i fi [ . Fi 10 i h i i
Conpar i 19 FRESCENTENEMHE L (A SPEBENPeT AL BriI ot C ot o i 8ot P 5b B8 ni s
wher e tq%slghggigigg%géi{ t and second neander patterns neet and are in

t hat sense ee cornered or triangular cells, with cells 802 of the 303
stnt which have f o 1S s\aes L At i_n fi a meander
patterns neet andﬂgi |n%ﬁ?at se%gekggﬁé@c%%%@%%gﬂgfaggﬁgrggcggﬁgngabre

particulap! ¥rt® I iyd Faune &0, I vegti ; nder
patter né g%ft 8(5%5%’31%% njf‘é(c?itnr?%é E?eﬁrgg%%r sﬁ8%g,p%f%%hglgg?mﬁ%gﬁfglr’leﬁ%gct i ons

of | ongit Ui 82kn reander pakt @eRs) "hOad @M tlethal i kYt Okeh i GPrMEr ed or
triangular cells 804. By triangular cell, it is neant that there are three
secti onge8dPibd| 2 pdliddieaghtbavh Ngod 0O RRHte@Ns i ABdah I €S BsRRBHAL ed

poi nts 816, 818, 820 of their joining, formng each cell. On the right side
of Fi gumeadder apyidiernei weet pedtermeandersepatheensl B2es £2« @rtthggainzad

t oget her conpensati ng nmenbers 828, 830, 832, 839 (which are sections of a
| ongi t ute nedchmetiider.) to forma plurality of square cells 809. By square
cell, it is neant that there are four sections, each having | oop portions,
and four associ attethepodatspatteheii0] disnianyertocal nglmaphi délavinBoer
exanpl e, the shaded cell 802 is fornmed from four 19 1 4 APR 2003 sections
832, 83vergBrRl g3Btew LhneodP2 assFEaNded poLhesn o030l s Ywe diongssd04 842,
844, 846. Both the square cell and the triangular cell have two kinds of
sect i ong"hi 14 IRSGpPerTRE VhexeiniinPrst 30dopPebntai Hieg isddt Wddles for med
froma vertical meander pattern and is optim zed predom nantly to enabl e
radi al $eQFporile Pli?énséeogﬁe ke of Hooms S8At aPdi Hf sEHSOFFEOspt i i zed
predom nantly to enable flexibility along the |ongitudinal axis of the
stent. PERIFATR EaéRdl 86P cCHRER m%&esreégﬁow%s S MiAR 39RedBnithant Iy to
enabl e a desired _characteristic of tEF stent, the sectjons are

i nt er cofE"EP Al@PodP8r 28 RYRFFH 308 PRePENSRACT R st tohe stent.
Therefore, the first Eind of | oop containing section contributes to the

| ongi t ubR AV IM% 6P PPY- of the stent, and the second kind of |oop
containing sectiqgn_contributes to the radial s ort of the stm. In the
square cell BOZ,%iFeBQHeBepgiﬁﬁFQP%ﬁ t9ﬁ¥°s8gngP£?n%P%ﬁ q?ﬁﬂ)%@@ﬂF&ining
sectiong 830, 832 each _have one inflection point 848, 850. In.the

Ui angul®h KSR 180p RO ETH Ty REaCAIBnE BHES 81 DA trdv & Ss™

i nflection point areas 852, 854, 856, 858. The hi gher nunber of inflection
points allows nore freedomto deform after expansion of the stnt and

di stributes the deformation over a |onger section, thus, reducing the

maxi mal strain along these | oop containing sections. Furthernore, it can be
seen that a square cell 802 is generally nore el ongated al ong the

| ongi tudi nal axis of the stent than a triangular cell 804, which is
general ly nore el ongated



2014 AF'"R 2003 along the circunference of the~stent. This al so
contributes to higher flexibility after expansion. |If the first nmeander
patterns 806, 822, 824, 826 of both types of cells are constructed
identically and spaced apart by the sanme anount, the area of a triangul ar
cell 804 is the sane as a square cell 882. This can be nore T &AdR 246
understood with reference to a band of cells around the circunference of a
stm. Each band will enconpass the sanme area, and each band wi |l have the
sanme nunber of cells. Accordingly, the area of each cell in one band forned
of squaléneeBl4.wiA|hdelzdntalameanserhpattenn o}l zaclsacdlals Lnonaot her band
formed of triangular cells. Although the areas of the cells are equal, the
peri nmet éebelledh2l 6ri 2hul 3R 0,cal22,i enHabgbweemarhe heogpsr iofetepenfod hiss squar e
cell. Therefore, in conparison to a square cell, a triangular cell offers

i ncreasedseovioagkalodéled Vakel wall. In the particul ar enbodi ments

descri bed above, the stent is substantially uniformover its entire |ength.
However, other appértita onseandere ppoteronsObfig ercstigied aneoddapt@d to
provide different characteristics are al so possible. For exanple, as shown
in Fi guewenl(caahdne) ofersidns 850 chagreel Besigpted ft phpseviviieh déddher ent
flexibility characteristics or different radial conpression characteristics
than t hethemai nfings bagrish dfeidelopsnbygal eepi b tdfe maaddes patteemgitie of the
menbers making up that band. O, the stnt may be adapted to provide

i ncr eas&dcascesel ght rgrdableseh3Pdneh Ib%/a”tg@’\/%ﬁtl’?@rat 3%95@@)@3 cell 852
which is larger in size then the remaining cells, or by 14 APB
2003 pr 5YPHE ngPemi ehtiqaP Bddd oéf meanfer MW%@%Peflaﬁﬁge?l l%ﬁ% i ze than
the other bands of cells. O, the stnt nay be designed to expand to

di f f er ePPCRIBFRINR R MRENAEAGPATEITR hPl&ent. The stent nmay al so be
treated after formation of the stent by coatln% the stent with a nedicine,
plating the stnmt W% H’Ozfl&to&ttégt PGRNARE &3 dierHiPdri i hE° sterfl%dt K%

or cov the stmt with a

di | 2 d
13 show 3t %S%\%%b s et R o e C RS Bt diad egtefe
| t t { Fi g. h
Pnds. CheEntts EAE Slzg AEREERT ih SrEdY, %Er“@naor@%%?m%ariﬁab and
gfgﬂ ;pef ctg{)% eJehgtvCerlcelr g'a&Tﬁem&S pOJtt%% %o§§6 ' tgr%tghtth% ds,of the

e renmini ng ellsm ar é esarreas

descri pi d [ h em shown
in Fi gbﬁ%S%h%}s.t% ?lgsﬁgfﬁgaﬁhg%ﬁé%? F%%&Ieg%gg%%%yo 8Jj e ﬁg-gf ?’r g% type of

band ofetly $H84 icommeAPRERTeOf31BRF k¥Reca8! b@nﬂsﬂ s&ca%@raagtwfﬁd
types of bands of cells 866, 868 are fornmed of the cells des~ribed wt
respectidio, the cells 500 depicted in Fig. 4. O course, any various

conbi nation of cells may be used in the present invention. Thus, what is
described is a | upght egpamsion fd el etshent thdalodtd lifzeseavet osed cel |
structure to provide excellent coverage of the vessel wall. The general
conceptre aterer phedehns eB0l caperbaiputinl tredveot feaInditrerttsont t hrigi § f er ent
configurations than the particul ar enbodi nents descri bed herein. For

exanpl gauses gberr ab chockegt sircamebbousedntal fdirmadiiibur caled lo&s 'im 4 ~P' ~
2~0~ stents. It will be appreciated by persons skilled in the art that the
pr esentthenhentizontps neandeminadders whatobers Urediotparni theavéytgfdwn and
descri bed above. Rather, the scope of the present invention is defined by
t he c”igqﬁng4p§hap@|t@g,horlzontal direction, compensating for the

shortening of the loops of the vertical meander patterns.

A stent formed from the pattern of Figure 3 and made of
NiTi is particularly well suited for use in the carotid artery or
other lumeius subject to an outside pressure. One reason is that

because the stent is formed of NiTi, it is reboundable, which is



23 WHAT IS CLAIMED | S: 14 APR 2003 1. A stent for holding open a bl ood
vessel formed of a plurality of triangular cells, each triangular cel
conprising: a first | oop containing section, the first |oop corltéahrR iy
section arranged generally in the circunferential direction; a second |oop
contai ning section joined to the firstiloop containing section at a first
junction point; and a third |loop containing section joined to the first
| oop containing section at a second junction point and joined to the second
| oop cond adesinpldecpiropeatyafohisterjinetliaocrdponnthe cadtstdaraecgr di ng to
claim1l1, wherein the first [ oop containing section is relatively adapted to
enabl e rEk altsuppertspnand thet ssdeomteatdofhFigduteop affietrai ekngliesti ons
are relatively adapted to enable longitudinal flexibility. 3. A stent
accor di ngcd ffcdldings ¥horh2is whaerteiquliahrd yf impbrtaop oonthe wiemgtsdcti on has
wi der struts than the second and third | oop containing sections. 4. A stent
accor di ngrterycl aisma3 fodiingi s tdepddirdilyl onporbamtiai i rdpeseetrbbndhas t wo
| oops. 5. A stm according to claim4, wherein the second | oop cont ai ni ng
secti on dEd=nywbecanps. dislodged particles in the artery may embolize and

cause a stroke.

Figure 4 is an expanded view of one flexible cell 500

of the pattern of Figure 3. Each flexible cell 500 includes: a

first member 501 having a first end 502 and a second end 503; a

second member 504 having a first end 505 and a second end 506; a

third member 507 having a first end 508 and a second end 509; and

a fourth member 510 having a first end 511 and a second end 512.

The first end 502 of the first member 501 is joined to the first

end 505 of the second member 504 by a first curved member 535 to

form a first loop 550, the second end 506 of the second member

504 is joined to the second end 509 of the third member 508 by a

second curved member 536, and the first end 508 of the third

member 507 is joined to the first end 511 of the fourth member

510 by a third curved member 537 to form a second loop 531. The

first loop 530 defines a first angle 543. The second loop 531

defines a second angle 544. Each cell 500 also includes a fifth

member 513 having a first end 514 and a second end 515; a sixth

member 516 having a first end 517 and a second end 518; a seventh

member 519 having a first end 520 and a second end 521; an eighth

member 522 having a first end 523 and a second end 524; a ninth

member 525 having a first end 526 and a second end 527; and a



24 14 APR 2003 6. A stnt according to claimb5, wherein the third | oop
contai ning section has two loops. 7. A stnt according to claim®6, mherein
the stnt is nmade of stainless steel. 8. A stm according to cl II['FIAP?{
wherein at |east one of the legs for a loop of the first |oop ontal I'ng
section is shorter than other legs forlda |loop of the first |oop containing
section. 9. A stent according to clains 1 or 5 wherein the second and
third junction point are circunferentially aligned. 10. A stm according to

¢l ai ms Jee%h2me%@£ewvf@§m cEldsti Bnline2st 0l encmasees 586, Safke ar ea.
11. A stent according to claims 1 or 2, wherein the cell is arranged so

t hat \Ahef&r%paﬁgegla éfnﬂ%éﬂ ﬂffttrmeﬁstsk 81 9ngs & il FHCREBCEeOnd h&uﬁt ent
is longer than a length of a cell along the longitudinal axis of the stnt.

12. A stopls ggcendi pgrLQ &%n%ézs 539105t2se$@§aejahé&%r§tp%%tl gqpmdend rom NiTi .

13, A stnt according to claim12, wherein a cell of the stnt I1s symetri cal

about a JddcbRaPanal Lek 6o ehd angithlgRBL;asi 3 £f joshok ABRGRA0G.ZGd he st

19. A stent according to clains or 2, wherei'n at |east one cell with a

| arger ghgesh§ Qfowu@leéilml Qtlén@)‘é‘rai%99§scu9v@d MDY 3ABNthURBAn A5. A stnt
according to clains or 2, whereinthe cells are arranged into a plurality

of bandgnigndi1bbg 5@&) sthd fQnetband 8ie barged diham hikeneel bssiist he
remai ni ng band so as to provide access to a side branch in a vessel. 16. A

stn acgehdeAgrdotké af iBstl &d Z20WBEr €ha e memdlee 81bapgesd findt a
plurality of bands and the cells in at | east one band are adapted to have a
di f f er esbrvadi abmb@r C®41 4 hamet Receabl endnsihe f el BiedgnbANESmber 519
is joined to the second end 524 of the eighth member 522 at third
junction point 540 to form a fourth loop 533, the first end 523
of the eighth member 522 is joined to the first end 526 of the
ninth member 525 by a sixth curved member 549, the second end 526
of the ninth member 525 is joined to the second end 530 of the
tenth member 528 by a seventh curved member 541 to form a fifth
loop 534, and the first end 529 of the tenth member 528 is joined
to the second end 512 of the fourth member 510. The third loop
532 defines a third angle 545. The fourth loop 533 defines a
fourth angle 546. The fifth loop 534 defines a fifth angle 547.
In the embodiment shown in Fig. 4, the first memher
501, the third member 507, the sixth member 516, the eighth
member 522, and the tenth member 528 have substantially the same
angular orientation to the longitudinal axis of the stent and the
second member 504, the fourth member 510, the fifth member 513,
the seventh member 519, and the ninth member 512 have

substantially the same angular orientation to the longitudinal

axis of the stent. In the embodiment shown in Figure 4, the



17. A stent according to clainms 1 or 2, wherein the cells are arranged into
a plurality of bands and the cells in at |east one band are adapted to have
a different longitudinal flexibility than the cells in the remaining bands.
18. A stent according to clains 1 or 2, wherein the cells are arranged into
a plurality of bands and the cells in BB | east one band are adagfpegpiso t hat
upon expansion of the stnt the band expands to a dianeter which is
different than the dianmeter of the remaining portlons of the stent. 2 6

14 APR 200348 b Shent Aecoding o ghakend L2 WISEELD LOE cst)s are

arrange pl urali he nu N at

band i s §H'ffe§11 Ear%ha{}bat:,@azp&ta]ﬁtiﬁfel %fua el ' hk ”1&9@#11"59 %gg £ 2Py A stent

according t'o ent i*ni%sh one’ of the
foll I t
o B LS i RO e Pt g

27 14 AP f h
conpri si VUP§P|$%nEEl$rr£%5 nlﬁggil g§$€%%gncgge ugé.l £h tSsecond
nmeander atterns | ter%&nrgavfguaq gbgkrsgr qgfe%akggr %f%éénrn

triangul‘at® LGl eRIt 1&nt accor |ng wherei

meander ag% t%’art’ﬁo ce {\;\%rcﬁ%d ocff fggg %18#51% JEB%% ﬁgaél%e(ﬁgfl q:nyd odd

first er pat & ns are phase W't & even Ti'rst

meander HAlars ogg%PQd dd $ey"BRNEEL: ALERL Ro0%GUR! T NG betveen every

two even lrst attern
Preferably, the first, second, third, and fourth

members 501, 504, 507, 510 have a width that is greater than the
width of the fifth, sixth, seventh, eighth, ninth, and tenth
members 513, 516, 518, 522, 525, 528 in that cell. The differing
widths of the first, second, third, and fourth members and the
fifth, sixth, seventh, eighth, ninth, and tenth members with
respect to each other contribute to the overall flexibility and
resistance to radial compression of the cell. The widths of the
various members can be tailored for specific applications.
Preferably, the fifth, sixth, seventh, eighth, ninth, and tenth
members are optimized predominantly to enable longitudinal
flexibility, both before and after expansion, while the first,
second, third, and fourth members are optimized predominantly to
enable sufficient resistance to radial compression to hold a
vessel open. Although specific members are optimized to
predominantly enable a desired characteristic, all the portions
of the cell interactively cooperate and contribute to the
characteristics of the stent.

Figures 5 and 6 show a pattern and an expanded view of



23. A stent according to clains 21 or 22 wherein the second neander
patterns are conprised of: even second neander patterns; and odd second
nmeander pattern occurring between every two even second neander patterns.
24. A stent according to claim 21, wherein each of the triangular cells is

conprised of a first |oop containing séétion, a second |oop confﬁip'@ﬁ
section, and a third | oop containing section. 25. A stnt accordi é * élaim
24, wherein the first |oop containin% section is fornmed by a portion of a
first nmeangecepat péranagmbedidneidc ond hﬁdptﬁﬁﬁ%ﬁIkﬁﬂﬁnﬁdﬁﬂaWhiﬁg k®ctions are
28 14 APR 2003 forned by portions of one or nore second neander patterns.
26. A st epecaeddydedgptedcfed a 24 entanadei af t $airiless Issepleontlaé ni ng
section includes at | east one leg of a free | oop which is shorter than

ot her | egmtakrhoopssimitie todhecpataennngf sBrgumas 32andAdst and atieording to
claim?29, wherein the first | oop containing section is wder than the
second amdmehiredekrenpe comteralisngreeosednso PBlicdhatst éhie geperdlhy to claim
29, wherein the first nmeander pattern has two | oops per period. 29. A stm
accor di ngotraespbandi 24, paties ei n t he second nmeander

In this embodiment of the invention, for example, the
second loops 531 are made stronger by shortening the third and
fourth members 507, 510. This helps assure that the second loops
do not “flare out” during delivery of the stent through tortuous
anatomy. This “flaring out” is not a concern with NiTi stents
which are covered by a sheath during delivery.

Furthermore, the length of the members in this
embodiment may be shorter than the length of the corresponding
members in the embodiment illustrated in Figures 3 and 4.
Typically, the amount of strain allowed in a 'self-expanding NiTi
stent may be around 10%. In a stainless steel stent, the amount
of strain allowed typically may be 20% or greater. Therefore, to
facilitate stents made of NiTi and stents made of stainless steel
expanding to comparable diameters, the members of the NiTi stent
may be longer than the members of a stainless steel stent.

Figure 7 illustrates ancther aspect of the present
invention. The stent of Figure 7 is also constructed from
orthogonal meander patterns 301, 302. The meander patterns form
a series of interlocking cells 50, 700 of two types. The first
type of cell 50 is taught by U.S. Patent No. 5,733,303. These

cells are arranged so that they form alternating bands 704 of



pattern has four |oops per period. 30. A stnmt according to claim29 wherein
the first and second neander patterns are substantially orthogonal. 31. A
stent according to claim?24, wherein the first |oop containing section has
two | oops facing toward the interior of the cell. 32. A stent1§®@§r@hng to
clainms 24 or 28, wherein the second angsthird | oop containing il s each
have two | oops. 29 14 APR 2003 33. A stent according to clains 24, 28
or 32, wherein the |oops of the second and third | oop containing sections
are adapkedstocgommensahad o Lhe bardentys U Uik lsaeBacolybhief idahd oop
contai ning section to foreshorten when the st nt i s expanded. 34. A stnt
accordin o claim?24, 28 or 32, wherein one of the |loops of the first |oop
section is a free loop which is shorter than the other |oop of the first

| oop section. 35. 4y Sled] 3C¢0GHrP0s ond! I AMard§ QLLRZeghteiyy Lhe odd
and even second meander portions have portions I n cdmon erein said

meander s puncLi { ha, SAE AIT egtlops @0scARIOR, Acear dingnd 0 odiam 124, 28

or 32, wherern the first and second neander patterns have portions in
common WBer 858 §%£’r{‘?%&§i&ﬂé&h§i”§pé#r‘ldd‘ 4 SQUBHE' PG Hhaidby A
mul ticellular stent ftor ing open a lunen, conprising: a plurality of

even andegddryertggal Jmander .pabt 8§ NSrodNRPIA theht keakt MBI uRARLEr NS
bei ng | ocated between every two

end 77 and a second longitudinal apex 104 disposed at the second

longitudinal end 78. Each cell 50 also includes a first member
51 having a longitudinal component having a first end 52 and a
second end 53; a second member 54 having a longitudinal component
having a first end 55 and a second end 56; a third member 57
having a longitudinal component having a first end 58 and a
second end 59; and a fourth member 60 having a longitudinal
component having a first end 61 and a second end 62. The stent
also includes a first loop or curved member 63 defining a first
angle 64 disposed between the first end 52 of the first member 51
and the first end 55 of the second member 54. A second loop or
curved member 65 defining a second angle 66 is disposed between
the second end 538 of the third member 57 and the second end 62 of
the fourth member 60 and is disposed generally opposite to the
first loop 63. A first flexible compensating member {(or a
section of a longitudinal meander pattern) 67 having curved
portion and two legs with a first end 68 and a second end 69 is
disposed between the first member 51 and the third member 57 with
the first end 68 of the first flexible compensating rember 67

joined to and communicating with the second end 53 of the first



even vertical neander patterns and being out of phase with the even
vertical neander patterns, a plurality of even and odd horizontal neander
patterns, the odd horizontal neander patterns being | ocated between every
t wo 3 0 14 APR 2Q03 even hori 2ont al - neander patterns, vvhereprp gﬂm
vertical meander patterns are intertwid®éd with the horizontal neander
patterns to forma plurality of triangular cells. 38. A nmulticellular stent
according to claim 37, wherein the triangular cells are formed by a first
| oop containing_section, a second |.ogp containing sectigon.connected to the
aggh?f tf;ie Eé}

first |oBEMe8At at nthy S tiesrPRdafgd d1% AiRg€section

il 1§ Col ORBPPSE PG IEIIRRIG |t § CLPRRAF 3650 M HePBFRHE LBy 8 ERobhE CEHESS ni ng
it col 1SBPaRBop Rt hecar i TGEI 57 m S5 Vg 1T & BEOnEDANEFTRY d 1 oop
Teander. FAEL EPnsre al SO & CEFROPAE PRI CulE G teBCEI AP Sk ei n

menbers formng the first Ioci&_}%ont ai ni n%_ section are wider th ers

formng ChESEecohdSeFrPd Hited Hod6p CBBRERTAT HYP Wetfns‘.orll_z?‘_ AE ??’i[‘rfé% 121 ar
st acoqrdng.Lo.cl Am AL, wheteln, the {113t 109 qQnainga,3gcfi on forms
second end 73 is disposed between the second member 54 and the
fourth member 60. The first end 72 of the second flexible
compensating member 71 is joined to and communicates with the
second end 56 of the second member 54 and the second end 73 of
the second flexible compensating member 71 is joined to and
communicates with the first end 61 of the fourth member 60. The
first end 72 and the second end 73 are disposed a variable
longitudinal distance 74 from each other. In this embodiment,
the first and second flexible compensating members, and
particularly the curved portion thereof, 67 and 71 are arcuate.
The second type of cell 700 is illustrated in Figure 9
and the same reference numerals are used to indicate generally
corresponding areas of the cell. Tne apices 100, 104 of the
second type of cell 700 are offset circumferentially. Also, each
flexible compensating member 67, 71 includes: a first portion or
leg 79 with a first end 80 and a second end 81; a second portion
or leg 82 with a first end 83 and a second end 84; and a third
portion or leg 85 with the first end 86 and a second end 87, with
the second end 81 and the second end 84 being joined by a curved

member and the first end 83 and the first end 86 being joined by



14 APR 2003 31 interior of the cell. 43. A nmulticellular stnt according to
claim42, wherein the second | oop containing section forns one |oop facing
toward the interior of the cell. 44. A nulticellular stnm according to
claim 43, wherein the third | oop containing section forns one | oop facing
toward the interior of the cell. 45. Alfulticellular stent adcohRR 0 to

clains 37, 38 or 99, wherein the stnt is made of stainless steel. 96. A

mul ticellular stm according to claimd45, wherein the first |oop containing
r stent accordin

section includes on freeToo e Argjét:_{pllu to
cl ai m 962 %%Y%?r{“ €leg E’F ?ﬁﬁ Fred 00p | e%‘ﬁ%i?efolf‘%%?\s?tﬁé‘gom ®feg of
(e | 00Pg doy ATUAL SOl (5L B 0ol o LA Ar ahierelnlhe
L0173, O8RS 21y St Loy PB4 bl e shefhe POEpr 0g,t0 ol
32 14 APR,2003:8% s AL S8 a3 SEFt e G duNEob s Gh 34N 4% Aghei n the

area of inflection 88 is disposed between the second end 81 of

the first portion 79 and the second end 84 of the second portion

82 where the curved portion joining them lies. A second area of

inflection 89 is disposed between the first end 83 of the second

portion 82 and the first end 86 of the third portion 85 where the

curved portion joining them lies.

While Figure 7 illustrates a pattern of alternating

bands of cells, the stent may be optimized for a particular usage

by tailoring the configuration of the bands. For example, the

middle band of the second type of cells 700 may instead be formed

of cells 50, or vice versa. The second type of cells in Figure 7

may also utilize the cell configurations described with respect

to Figures 4 and 6. The cell configurations of Figures 4 and 6

provide the advantage that they will not cause any torque of one

portion of the cell relative to another portion of the cell about

the longitudinal axis of the stent upon expansion, which may

happen when the second type of cells 700 expand, a torque which

could cause a stent to deform, and stick out.

As illustrated in Figure 7, all of the flexible
compensating members are arranged so that the path of the
flexible compensating members, from left to right, travels in a

generally downward direction. The cells 700 can also be arranged



wi dth of nenbers form ng the second | oop containing section and the width
of nmenbers formng the third |oop containing section are the sane. 51. A
mul ticellular stm conprising; a plurality of bands of first cells, each
first cell including a first |oop disposed generally | ongitudi{n&RR 2003
opposite a second |oop and a first paix8of flexible conpensating nenbers
joined to the cell sections containing the first and second | oop; a
plurality of bands of second cells, each second cell including a third | oop

di sposed generally langi.tudinally opposite fourth lo and a second pair
of FToxi B oL hEuids Skt et BORRE TN G SEBERS EBNPAS AP (HE third and
fourth loops to forma cell, . the bands,.of second cells interspersed with
the bandd8ThFNgeq s G |ICDETRHLY HRTHE HT %IPBOpaﬁﬁdﬂ?%e&s‘?&%’ﬂ& | oop are
substaptiall aligned a ong a | ongi udin%L axhs of the s&gﬁh_and_mherein
t he t hi r 8°TR brt A0 B P LS St LA dap bR TN Shdi™ @di nal axi s.

52. A multicellular stent, gccordji ng tao clai 1 wherein the | oops of the
o | ar co SRR i o HE T S5 BT E Fomb e FKLLABICR | T ATt hBoro0ps
provi de nore radi al suEpor%, 53. Amulticellular stm according to claimb51
wher ei n B&k® these PPIABRCIHHI™T 1 exi bl e nenber of the second p8ir of

flexi ble nenbers i cludaﬁp a first éxwtlon with a first end and atgecond

f:~d: a second porti®dhewtPhis 3iT@d CaR§PE S RbAH Bh O R AT Ad EBSr ti on

wWth a fééfis‘%H% %Qdt%esgggggké”¥£vention, which have three points where
the intertwined first and second meander patterns meet and are in
that sense three cornered or triangular cells, with cells 802 of
the ‘303 stent which have four points where the intertwined first
and second meander patterns meet and are in that sense four
cornered or square cells. More particularly, on the left side of
Figure 10, a pair of vertical meander patterns 806, 826 are
joined by members 808, 810, 812 (which are sections of
longitudinal meander patterns) to form a plurality of three
cornered or triangular cells 804. By triangular cell, it is
meant that there are three sections 810, 812, 814, each having
loop portions and three associated points 816, 818, 820 of their
joining, forminn each cell.

On the right side of Figure 10, a pair of vertical
meander patterns 822, 824 are joined together compensating
members 828, 830, 832, 834 (which are sections of a longitudinal
meander) to form a plurality of square cells 804. By square
cell, it is meant that there are four sections, each having loop
portions, and four associated points of their joining, forming

each cell. For example, the shaded cell 802 is formed from four



a curved portion with a first area of inflection disposed between the
second end of the first portion and the second end of the second portion;
and a curved portion with a second area of inflection dispoaed between the
first end of the second portion and the first end of the third portion. 54.

A multicellular stent according to cl alleth 53 wherein each fleféahg nber of
the first pair of flexible nmenbers includes a flexible arcua #@Snsating
menber. 55. A nmulticellular stent according to claimb51, wherein the bands

of the f%%c[séio% | 8y5al grnaggyWi gg?éﬁﬁ,@?@%ofasggs%%ggﬁgo.%eéé Sf ?ﬁteﬁé

mul ticel ar stm dccording fo ¢ erein ands o
cells ar S to od sections of the stm with increased
r adi al rf%%ﬁi%ﬁg %Ezl’mle'?iﬁée?lgﬁl ar stmt according to claimb51, wherein
t he bands of cell f are. b r
Sdh the gﬁg?ﬁg %%ﬂggﬁﬁf%ﬁe Q?1993@%§¥15éﬁl %ggg @w§4 14

| ongitudinally flexible tTh cell's in"the remain

APR 2003 0154 N YeliondBui nbeEL! Il 136:Mhs AGCOF HdUp 'Rnthdhihg T

wher ei n
section is formed from a vertical meander pattern and is

optimized predominantly to enable radial support. The second
kind of loop containing section is optimized predominantly to
enable flexibility along the longitudinal axis of the stent.
Although each loop containing section is optimized predominantly
to enable a desired characteristic of the stent, the sections are
interconnected and cooperate to define the characteristics of the
stent. Therefore, the first kind of loop containing section
contributes to the longitudinal flexibility of the stent, and the
second kind of loop containing section contributes to the radial

support of the stent.

In the square cell 802, it can be seen that the second
kind of loop containing sections 830, 832 each have one
inflection point 848, 850. 1In the triangular cell, the loop
containing sections 810, 812 each have two inflection point areas
852, 854, 856, 858. The higher number of inflection points
allows more freedom to deform after expansion of the stent and
distributes the deformation over a longer section, thus, reducing
the maximal strain along these loop containing sections.

Furthermore, it can be seen that a square cell 802 is
generally more elongated along the longitudinal axis of the stent

than a triangular cell 804, which 1s generally more elongated



stent is made fromeither stainless steel or NNTi. 59. Anulticellular stm
conprising: a plurality of bands of square cells, each square cel

including a first |oop disposed generally longitudinally opposite a second
| oop, and a first pair of flexible conpensating nenbers joined to the |egs
of the first anc: second loop; a pluratgty of bands of trianguipgrygel!s,
each triangular cell conprising a first loop containing section arranged
generally in the circunferential direction, a second | oop containing
section connected to the first |qo containin section, and a third | oop
containiﬁd°§§cFP6nC%Eﬁ#R§ﬁ§§TQFOOth Pr?E?nFoogwﬁﬁh@éFﬁlﬁ@n§€%?¥§ﬁﬁeﬁﬂlthe
second | oop contai ning section, wherein the bands of triangular cells are

i nt er spehsgBewi £hex Hel bt IHeTs§XPaP81eRI |s to formthe stnt. 60. A

mul ticellular stm according to claimb59, wherein the bands of the square
cells alternate wilh Ee Hdirds"6RNERE P tEeTRA H06ePfP3, 844, A3RE cel | ul ar
stm according to claimb59, wherein the bands of cells at the ends of the
stents albétéldgpiPéﬁ o5 ¥ kfprge c8BSiRuAREE mtllGﬁéllb’uaPﬁa?H’a)Fefq éFeBlte t han
the bands of cells in the remainder of the stent. A multicellular stnt

accor di n§¥t §hel 8FRE 5TOURer &P £R&21PF s? ?Uc?dlgéﬁﬁtraf:ﬁilﬁgsg‘%c‘tq dhen§&mewo

| oops faC|n the interjor of the. cel
P % square cell 802. gls can be more readily understood with

reference to a band of cells around the circumference of a stent.
Each band will encompass the same area, and each band will have
the same number of cells. Accordingly, the area of each cell in
one band formed of square cells will be the same as the area of
each cell in another band formed of triangular cells.

Although the areas of the cells are equal, the
perimeter of the triangular cell is larger than the perimeter of
the square cell. Therefore, in comparison to a square cell, a
triangular cell offers increased coverage of a vessel wall.

In the particular embodiments described above, the
stent is substantially uniform over its entire length. However,
other applications where portions of the stent are adapted to
provide different characteristics are also possible. For
example, as shown in Figure 11, a band of cells 850 may be
designed to provide different flexibility characteristics or
different radial compression characteristics than the remaining
bands of cells by altering the widths and lengths of the members
making up that band. Or, the stent may be adapted to provide
increased access to a side branch lumen by providing at least one

cell 852 which is larger in size then the remaining cells, or by



63. A nmulticellular stent according to claimb59, wherein the second and
third loop containing sections each have at | east one |oop facing the
interior of the cell. 64. A multicellular stnt according to claimb59,
wherein first and second | oop are forned of nenbers which are w der than
the pair of flexible conpensating menb&ds. 65. A nulticeLIuIar st ent
according to claim59, wherein the first loop is forned f ARR R s whi ch
are wi der than nmenbers formng the second and third | oop. 66. A

mul ticellular stnt according to claim59, wherein the first |oop containing
sect | BPEOWAGiRG nan | &Iyl 1 blaﬁgp§fv\ﬁ?%%5 £ WG PTENART 8- Pk |S5FE of | oops.
67. An expandabl e stnt conprising a plurality of enclosed f|exible spaces,
each bBhaphehe|efher thansts @ﬁcpéééﬁnfl‘g‘% pthe FFgassmprchediegigned3§o14 APR
2003 a) a first nenber having a first end and a second end; b) a second
menbeexhand nge 0¥ f fanerdndiangtarseaboney &l 1@ng&ht Af r BheretiRNt -haditlg a
first end and a second end; d) a fourth nmenber having a first end and a
secondtent; manhe2¥3q e dxgasrdt ALY rEermAtHeEr ofofanF ERRY Y WAt iPke first
end of the second nenber, the second end of the second menber conmunicating
with the stewhdiid omedieinhi ralaeMerthafientevitPst RFRFUTLiMee third

menber communicating wwth the first end of, ,
material, plating the stent with a radiopaque material, or

covering the stent with a material.

F.gures 12 and 13 show alternative patterns for a stent
constructed according to the principles of the present invention.
The stent shown in Fig. 12 has two bands of cells 856 located at
each of the proximal end 860 and distal and 862. The cells that
form the bands of cells 856 located at the ends of the stent are
‘303 type cells. The remaining cells in the stent are the same
as described with respect to the cells 500 depicted in Fig. 6.
The stent shown in Fig. 13 has alternating bands of cells 8§64,
866, B68B. The first type of band of cells 864 is composed of
‘303 type cells. The second and third types of bands of cells
866, 868 are formed of the cells des~ribed with respect to the
cells 500 depicted in Fig. 4. Of course, any various combination
of cells may be used in the present invention.

Thus, what is described is a longitudinally flexible
stent that utilizes a closed cell structure to provide excellent
coverage of the vessel wall. The general concepts described
herein can be utilized to form stents with different
configurations than the particular embodiments described herein.

For example, the general concepts can be used to form bifurcated



the fourth nenber; e) the first nenber and the second nenber with the
curved portion at their ends formng a first loop: f) the third nmenber and
the fourth menber with the curved portion at their ends formng a second

| oop; g) a fifth menber having a first end and a second end; h) a sixth
menber having a first end and a secon@2end; i) a seventh nmenbdrdMRaliing a
first end and a second end; j) an eighth nenber having a first end and a
second end; k) a ninth nenber having a first end and a second end: and 1) a
tenth nenber having a first end and a second end

ok f.irst d t he
fifth nenbmmseonﬁﬁnWéblibﬁyﬁﬂHﬂ?cﬂﬁEegegﬁhﬂﬁiﬁﬁpﬁﬂsH?HzegiF%ttﬁgﬁ%gé, t he
second end of the fifth nmenber communicatjn ith the second end of the
si xth merizdr thehpresert BWEUH OPhdSsPREh %%%4 t@or‘?‘E‘ﬁﬁi gg?i%%elgvith t he
first end of the 14 APR 20Q@3 37 seventh nenber, .the con f.the
sevent h pentieulesdyuahest i aif WesrriRedsaRBYY: eﬁH’t Ty hg &i E}%‘?Eﬁg(r]lrotef‘irar‘otehr‘%1 t he
first end of the eighth npnber,connunicgtin Mﬁtq’tgﬁuEgii wend of the
ni nth mamtssentt havestbpd EhPfineRelNi R FEIHY “OorfuhiPcathg with the
second end of the tenth nenber, and the first end of the of the tenth

menber communi cating with the second end of the fourth nenber; nm) the fifth
menber and the sixth nmenber with the



curved portion at their ends formng a third | oop; n) the seventh nenber
and the eighth nenber with the curved portion at their ends formng a
fourth |l oop; and o) the ninth nenber and the tenth nmenber with the curved
portion at their ends formng a fifth Loop. 68. The st nt of claim67,
wherein the first nmenber, the third neztber, the sixth nenber, the ei ghth
menber, and the tenth rrenber have substantl ally the sane aqqyl\mmnﬁ
orientation to the longitudinal axis of the stm and the second nenber, the
fourth nmenber, the fifth nenber, the seventh nenber, and the ninth nenber
have substantially the Wik IEngMAIMER L8at ation to the |ongitudinal axis of
the stent. 69. The st mt of claim®67, wherein at | east one of the nenbers
in at |edst oAesbénthkoplhalaing openspabésofatesseenyrmeachaf Bs greater
than the length of, the other nenbers in that space. 38 14 APR 2003 70.
The st entlofradisymes7tr idrarsiar sellgaseachetpiangieldy asll semprdsingtrd,
and fourth nenbers in at |east one of the plurality of spaces has a Iength
that is |onger fhasttheon ernjtieigfingt seeasenonthof LRt flifoph cogtrining
seventh, eighth, ninth, and tenth nenbers in that space. 71. The stnt of

cl ai m 70,se@Répei AraRngehsiersia gy dRether §trc§é@%ﬁﬁ?t1taﬁi 3 reghdorourt h
menbers in at |least one of the plurality of spaces has l ength that is
about twice tBeSPEPRE P eﬁoqt@écéltln@néeﬁ'?:lPﬁeJq’WQch t%lti‘teh Tiggfehphp
eighth, ninth, and tenth nenbers in that space. 72. The stnt of claim67,
wher ei n &ONtaARENGReGHiqhe i SirSEedBRATIPRIRA NI Furt h nenbers in at

| east one of the plurality of spaces has a length that is substantially
equal to the Pehl Fﬁ d ofooR quisindng secthentifited dikithe favant ho9R; ght h,

ni nth, and tenth menbers in that space. 73., The stent of .cl.aim 67, wherein
the fi rsFonEQ&Bh’ag TRFTTAPR &fd X 66FPH melBet Lo Py @18 38&8%‘ tehehe
pIurallt?{D apgces have .a width that is different than the.wdth of the
fifth SERPASEVRRL O A GHEW, SEERERD ahd® ¢ Bt retisérS™i RO4RAt space.

The stent of claim 73, wherein the first, second, third, and fourth rrerrbers
in at least one of the plurality of spaces have a wdth that is greater

than theZWAdtR §%eﬁ{“%583y&1ngskétQiaim3?, wherein the first loop

containing section is relatively adapted to enable radial
support, and the second and third loop containing sections are

relatively adapted to enable longitudinal flexibility.

3. A stent according to claims 1 or 2, wherein the first loop
containing section has wider struts than the second and third

loop containing sections.

4. A stent according to claim 3, wherein the first loop

containing section has two loops.

5. A stent according to claim 4, wherein the second loop

containing section has two loops.



? 4 APR 2003 seventh, eighth, ninth, and tenth nenbers in that space. 75.
The stnt of claim67, wherein at | east one nenber in at | east one of the
plurality of spaces has a width that is greater than the other nmenbers in
that space. 76. The stm of claim®67, wherein at | east one nenber in at

| east one of the plurality of spaces hgg a wwdth that is greater than the
other nenbers in that space. 77. The stent of claim69, whelé&iARRA003I east
t hat menber having the greatest length in that space is joined to an

adj acent . memher_whi.ch extends Ln adjacent _spac 78.. The stm of claim
67 “wherin & GhNaAerar Shat PO T At e BRR Fhro i S Bt ant a1y

straight. 7t9" The sste iof ﬁl gi g@ﬂ(@? C)\/\/nerei n the nenbers are conprised of
metal . SPPTHI TS OPa AT 70O wh R n the netal is selected from the

group consisting of stainless steel and nitinol. 81. The stm of claimé67,
wherein the first, second, third, and fourth nenbers and the fifth, sixth,

seventh,_eighth, ninth, and tepth nbers are proyided w.th differept
rextbiiT11 oo ian =Fea2aanieR - T & sBETEOn kR Difity 1 made SF

stainless steel.

8. A stent according to claim 7, wherein at least one of the
legs for a loop of the first loop containing section is shorter

than other legs for a loop of the first loop containing section.

9. A stent according to claims 1 or 5, wherein the second and

third junction point are circumferentially aligned.

10. A stent according to claims 1 or 2, wherein each cell in the

stent encompasses the same area.

11. A stent according to claims 1 or 2, wherein the cell is
arranged so that when expanded a length of the cell along a
circumference of the stent is longer than a length of a cell

along the longitudinal axis of the stent.

12. A stent according to claims 1 or 2, wherein the stent is

made from NiTi.

13. A stent according to claim 12, wherein a cell of the stent

is symmetrical about a line parallel to a longitudinal axis of



82. The stnt of claim8l, wherein the first, second, third, and fourth
menbers are nore flexible than the fifth, sixth, seventh, _ eighth, ninth,
and tenth nmenbers. 83. The stm of clains 81, wherein the fifth, sixth,
seventh, eight, ninth, and tenth nenber patterns are nore flexbﬁi@&fhan t he
first, second, third, and fourth nenbeRS. 84. The stent of Jla
wherein at | east one portion of at |east one of the first, second, third,
and fourth nmenbers and at | east one portion of at |east one of the fifth,
si xt h, venth eighth, ninth, and tenth nenbers are provided with
di fferef®f PERIbI 1 ities with respect to each other. 85. The stent of claim
84, wherein at |east one portion of at |east one of the first, second,
third, and fourth nenbers is provided mﬁth at | east one portion chat is

i bl an_at t one i the fifth,

nore fl rtio ast .one o

si xt h, gzven hS %ﬁzﬂﬁQFor 1H9ht°aﬁ T%%?% %BeV eIgan %ﬁe 8Tt BI cl ai m 84,
wherein _a t o ortion of at e fifth, sixth, seventh,
ei ght h, Cﬁlaﬁtﬂl lén%lrhlaetprﬁer{ réfber & PEOY)}%% (clteod ‘ﬂchtnlfjﬁ' 8FCPRAstO he* 15t ti on t hat
is nore flex] bie t han at | east one portion of at |east one of the first,

41 14 ABﬁ??ﬁbB‘f??bhd, third, and fourth nembers. 87. The stnt of claim 67,
wherein the first, second, third, and fourth nenbers and the fifth, sixth,
seventh, eighth, ninth, and tenth nenbers are provided with different

resi stagges 40,1 gl al. SOMRLESLOD D 1 GP9CT L2 £REN 0L Nty B, The stent

of clai m87, ereln second ird, and ers have a

great er oL pghol 416 4 & LAdLEN L £OTDS g3ai QD thanchbectifthy, Skt Hhorseyeat

ei ghth, "'nin stm of ereih -t he
fifth, sixtoe 315‘%@ cgh9bt by piath.yand, %;eBEHd”Eé‘b;%St& x.f‘ovgd%reat er

resistance’to ra conpression than the first, second and fourth
menber s;-80ss e Stillheobrghalh mH7, shergin at | east one portion of at |east
one of the first, second, third, and fourth menbers and at | east one
portion of at | east one of the flfth, si xth, seventh, eighth, ninth, and
tenth nmenbers are provided with different resistances to radial conpression
W th respecta tsxeachcobbheing o charnst nt oof 2¢l aherdF tMerRiinsabrkeast one
portion of at |east one of the plurality of the first, second, third, and
fourth awerdeyei iistpr evplera Wi ttsh et Haedst andetiporddlds timatathasaat goeat er
resistance to radial conpression than at |east one

band are adapted to have a different radial force than the cells

in the remaining bands.

17. A stent according to claims 1 or 2, wherein the cells are
arranged into a plurality of bands and the cells in at least one
band are adapted to have a different longitudinal flexibility

than the cells in the remaining bands.

18. A stent according to claims 1 or 2, wherein the cells are
arranged into a plurality of bands and the cells in at least one
band are adapted so that upon expansion of the stent the band
expands to a diameter which is different than the diameter of the

remaining portions of the stent.
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20. A stent according to claims 1 or 2, wherein the stent is
finished in one of the following ways: plating with a radiopaque
material, plating with a protective material, embedding with

medicine, or covering with a material.
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24. A stent according to claim 21, wherein each of the
triangular cells is comprised of a first loop containing section,
a second loop containing section, and a third lcop containing

section.

25. A stent according to claim 24, wherein the first loop
containing section is formed by a portion of a first meander

pattern and the second and third loop containing sections are
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( (H(ujtontgining section includes at least one leg of a free loop which
is shorter than other legs of loops in the loop containing

section.

27. A stent according to claim 24, wherein the first loop

containing section is wider than the second and third loop

containing sections.

28. A stent according to claim 24, wherein the first meander

pattern has two loops per period.

29, A stent according to claim 24, wherein the second meander

pattern has four loops per period.

30. A stent according to claim 24 wherein the first and second

meander patterns are substantially orthogonal.

31. A stent according to claim 24, wherein the first loop

containing section has two loops facing toward the interior of

the cell.

32. A stent according to claims 24 or 28, wherein the second and

third loop containing sections each have two loops.



S109& ()- 10< 10< 10<8@10%& ()-s6 10%& ()-!f3t!109@<Z<& ()-s 1Y
109%<& ()-H(1 ((((/)L,dEj _=!Tp! F'109%& ()-SS10%& ()-Y Y109%& ()-S 109%& ()-Y
"109&' ()-Sf10%& ()-L,,------ QObC! ! p! #10% & ()-4"10% & ()- @s10% & ()- 10 10
10y0! 109& ()- /109 ()- Q001133333}[MP1 10°a a 10°a a

10" a al a+#10% a’ a& () - y+#10% & ()-y! D2Z" 109%KK& ()-Z , Z'1P%pf - Z

I S#10%&' () - 43333414e4dEM?1 10 a a 10@&6@&T()-

109 ()-"109& ()-Z109& ()-y#mlO%& ()- @ 109%&' () - e4557<7988dEM?1 10 a a
33. A stent according to claims 24, 28 or 32, wherein the loops
of the second and third loop containing sections are adapted to

compensate for the tendency of the loops of the first loop

containing section to foreshorten when the stent 1s expanded.

34. A stent according to claim 24, 28 or 32, wherein one of the
loops of the first loop section is a free loop which is shorter

than the other loop of the first loop section.

35. A stent according to claims 24, 28 or 32, wherein the odd
and even second meander portions have portions in common wherein

said meanders run in the same direction.

36. A stent according to claims 24, 28 or 32, wherein the first
and second meander patterns have portions in common wherein said

meander patterns run in the same direction.

37. A multicellular stent for holding open a lumen, comprising:

a plurality of even and odd vertical meander patterns, the
odd vertical meander patterns being located between every two
even vertical meander patterns and being out of phase with the

even vertical meander patterns,

a plurality of even and odd horizontal meander patterns, the

odd horizontal meander patterns being located between every two
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even horizontal "meander patterns,

wherein the vertical meander patterns are intertwined with

the horizontal meander patterns to form a plurality of triangular

cells.

38. A multicellular stent according to claim 37, wherein the
triangular cells are formed by a first loop containing section, a
second loop containing section connected to the first loop
containing section, and a third loop containing section connected

to the first and second loop containing section.

39. A multicellular stent according to claim 38, wherein the
first loop containing section is formed from a portion of a

vertical meander pattern.

40. A multicellular stent according to claim 39, wherein the
second and third loop containing sections are formed from

portions of one or more horizontal meander patterns.

41. A multicellular stent according to claim 40, wherein members
forming the first loop containing section are wider than members

forming the second and third loop containing sections.

42. A multicellular stent according to claim 41, wherein the

first loop containing section forms two loops facing toward the

10
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interior of the cell.

43. A multicellular stent according to claim 42, wherein the

second loop containing section forms one loop facing toward the

interior of the cell.

44, A multicellular stent according to claim 43, wherein the
third loop containing section forms one loop facing toward the

interior of the cell.

45. A multicellular stent according to claims 37, 38 or 44,

wherein the stent is made of stainless steel.

46. A multicellular stent according to claim 45, wherein the

first loop containing section includes one free loop.

47. A multicellular stent according to claim 46, wherein one leg

0of the free loop is shorter than the other leg of the loop.

48. A multicellular stent according to claim 47, wherein the
length of the second loop containing section is equal to the

length of the third loop containing section.

49. A multicellular stent according to claim 48, wherein each

triangular cell of the stent encompasses the same area.
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the width of members forming the third loop containing section

are the same.

51. A multicellular stent comprising;

a plurality of bands of first cells, each first cell
including a first loop disposed generally longitudinally opposite
a second loop and a first pair of flexible compensating members
joined to the cell sections containing the first and second loop;

a plurality of bands of second cells, each second cell
including a third loop disposed generally longitudinally opposite
a fourth loop and a second pair of flexible members joined to the
cell sections containing the third and fourth loops to form a
cell, the bands of second cells interspersed with the bands of
first cells,

wherein the first loop and the second loop are substantially
aligned along a longitudinal axis of the stent, and wherein the

third loop and the fourth loop are offset along the longitudinal

axis.

52. A multicellular stent according to claim 51 wherein the
loops of the cell are wider that the flexible members of the cell

so that the loops provide more radial support.

53. A multicellular stent according to claim 51 wherein each
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flexible member of the second pair of flexible members includes:
a first portion with a first end and a second ¢ad;
a second portion with a first end and a second end;

a third portion with a first end and a second end:
a curved portion with a first area of inflection disposed

between the second end of the first portion and the second end of

the second portion; and

a curved portion with a second area of inflection disposed
between the first end of the second portion and the first end of

the third portion.

54. A multicellular stent according to claim 53 wherein each
flexible member of the first pair of flexible members includes a

flexible arcuate compensating member.

55. A multicellular stent according to claim 51, wherein the

bands of the first cells alternate with the bands of the second

cells.

56. A multicellular stent according to claim 51, wherein the
the bands of the cells are chosen so as to produce sections of

the stent with increased radial rigidity.

57. A multicellular stent according to claim %1, wherein the
bands of cells at the ends of the stents are adapted to be more

longitudinally flexible than the bands of cells in the remainder
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58. A multicellular stent according to claim 31, wherein the

stent is made from either stainless steel or NiTi.

59. A multicellular stent comprising:

a plurality of bands of square cells, each square cell
including a first loop disposed generally longitudinally opposite
a second loop, and a first pair of flexible compensating members
joined to the legs of the first anc second loop;

a plurality of bands of triangular cells, each triangular
cell comprising a first loop containing section arranged
generally in the circumferential direction, a second loop
containing section connected to the first loop containing
section, and a third loop containing section connected to the
first loop containing section and the second loop containing
section,

wherein the bands of triangular cells are interspersed with

the bands of sguare cells to form the stent.

60. A multicellular stent according to claim 59, wherein the

bands of the square cells alternate with the bands of the

triangular cells.

61. A multicellular stent according to claim 59, wherein the

bands of cells at the ends of the stents are adapted to be more
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longitudinally flexible than the bands of cells in the remainder

of the stent.

62. A multicellular stent according to claim 59, wherein the
first loop containing section has two loops facing the interior

of the cell.

63. A multicellular stent according to claim 59, whereia the
second and third loop containing sections each have at least one

loop facing the interior of the cell.

64. A multicellular stent according to claim 59, wherein first
and second loop are formed of members which are wider than the

pair of flexible compensating members.

65. A multicellular stent according to claim 52, wherein the
first loop is formed of members which are wider than members

forming the second and third loop.

66. A multicellular stent according to claim 59, wherein the

first loop containing section has some legs of loops which are

shorter than other legs of loops.

67. BAn expandable stent comprising a plurality of enclosed
flexible spaces, each of the pluraiity of enclosed flexible

spaces including:
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c) a third member having a first end and a second end;
d} a fourth member having a first end and a second end;
the first end of the first member communicating with the first
end of the second member, the second end of the second member
communicating with the second end of the third member, and the
first end of the third member communicating with the first end of
the fourth member;
e) the first member and the second member with the
curved portion at their ends forming a first loop:;
f) the third member and the fourth member with the
curved portion at their ends forming a second loop;

g) a fifth member having a first end and a second end;

h) a sixth member having a first end and a second end;

1) a seventh member having a first end and a second
end;

j) an eighth member having a first end and a second
end;

k) a ninth member having a first end and a second end:;
and

l) a2 tenth member having a first end and a second end,
the first end of the fifth member communicating with the second
end of the first member, the second end of the fifth member
communicating with the second end of the sixth member, the first

end of the sixth member communicating with the first end of the
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seventh member, the second end of the seventh member

communicating with the second end of the eighth member, the first
end of the eighth member communicating with the first end of the
ninth member, the second end of the ninth member communicating
with the second end of the tenth member, and the first end of the

of the tenth member communicating with the second end of the

fourth member;

m) the fifth member and the sixth member with the

curved portion at their ends forming a third loop:

n) the seventh member and the eighth member with the

curved portion at their ends forming a fourth loop:; and

o) the ninth member and the tenth member with the

curved portion at their ends forming a fifth loop.

68. The stent of claim 67, wherein the first member, the third

member, the sixth member, the eighth member, and the tenth member

have substantially the same angular orientation to the

longitudinal axis of the stent and the second member, the fourth

member, the fifth member, the seventh member, and the ninth

member have substantially the same angular orientation to the

longitudinal axis of the stent.

69, The stent of claim 67, wherein at least one of the members

in at least one of the plurality of spaces has a length that is

greater than the length of the other members in that space.
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second, third, and fourth members in at least one of the

plurality of spaces has a length that is longer than the length

of at least one of the fifth, sixth, seventh, eighth, ninth, and

tenth members in that space.

71. The stent of claim 70, wherein at least one of the first,
second, third, and fourth members in at least one of the
plurality of spaces has a length that is about twice the length
of at least one of the fifth, sixth, seventh, eighth, ninth, and

tenth members in that space.

72. The stent of claim 67, wherein at least one of the first,
second, third and fourth members in at least one of the plurality
of spaces has a length that is substantially equal to the length
of at least one of the fifth, sixth, seventh, eighth, ninth, and

tenth members in that space.

73. The stent of claim 67, wherein the first, second, third, and
fourth members in at least one of the plurality of spaces have a
width that is different than the width of the fifth, sixth,

seventh, eighth, ninth, and tenth members in that space.

74. The stent of claim 73, wherein the first, second, third, and
fourth members in at least one of the plurality of spaces have a

width that is greater than the width of the fifth, sixth,
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seventh, eighth, ninth, and tenth members in that space.

75. The stent of claim 67, wherein at least one member in at
least one of the plurality of spaces has a width that is greater

than the other members in that space.

76. The stent of claim 67, wherein at least one member in at
least one of the plurality of spaces has a width that is greater

than the other members in that space.

77. The stent of claim 69, wherein at least that member having
the greatest length in that space 1s joined to an adjacent member

which extends in an adjacent space.

78. The stent of claim 67, wherein a substantial portion of each

of the members is substantially straight.

79. The stent of claim 67, wherein the members are comprised of

metal.

80. The stent of claim 79, wherein the metal is selected from

the group consisting of stainless steel and nitinol.

81. The stent of claim 67, wherein the first, second, third, and
fourth members and the fifth, sixth, seventh, eighth, ninth, and

tenth members are provided with different flexibilities with
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82. The stent of claim 81, wherein the first, second, third, and
fourth members are more flexible than the fifth, sixth, seventh,

eighth, ninth, and tenth members.

83. The stent of claims 81, wherein the fifth, sixth, seventh,
eight, ninth, and tenth member patterns are more flexible than

the first, second, third, and fourth members.

84. The stent of claim 67, wherein at least one portion of at
least one of the first, second, third, and fourth members and at
least one portion of at least one of the fifth, sixth, seventh,
eighth, ninth, and tenth members are provided with different

flexibilities with respect to each other.

85. The stent of claim 84, wherein at least one portion of at
least one of the first, second, third, and fourth members is
provided with at least one portion that is more flexible than at

least one portion of at least one of the fifth, sixth, seventh,

eighth, ninth, and tenth members.

86. The stent of claim 84, wherein at least one portion of at
least one of the fifth, sixth, seventh, eighth, ninth, and tenth
members 1s provided with at least one portion that is more

flexible than at least one portion of at least one of the firsf,



10/, 710% & ()-Vj;<=dE:/ 10B
10B810YB& () -, 6"109B& () - 4#109B&' () - +- #109B&' () -, -#109B&' () -y@ 109B&' () - =>A
N*uV7/ 10310%& () - @#10% ()-9'!'10% ()- @ 10%& ()-f#109%& ()- !fl0%wW& () -
10B*f Nr dE7/
103810%&f()-fS#lO%&f()-y3"10%&f()-le%&f()-"10%&f()-!10%&f(?-r" dE7/
103@109%&' ()-S.'109&' ()-, + 10%&' ()-S,)"10% ()- SY% 4 APR 2003
109 () -fy#-#10%' () - RSTUe| bC 10310%& ()- 10%&' ()- 10 10 10@B
109%& () seBoh@Y&th]) r&A- #d U ptH neitEREs . 103910%& () -! 10%& () - m' 10%& () -
109%&' () -s$10% () - @10%& ()- ?bC
87. The stent of claim 67, wherein the first, second, third, and
fourth members and the fifth, sixth, seventh, eighth, ninth, and
tenth members are provided with different resistances to radial

compression with respect to each other.

88. The stent of claim 87, wherein the first, second, third, and
fourth members have a greater resistance to radial compression

than the fifth, sixth, seventh, eighth, ninth, and tenth members.

89. The stent of claims 87, wherein the fifth, sixth, seventh,
eighth, ninth, and tenth members have a greater resistanmce to
radial compression than the first, second, third, and fourth

members.

90. The stent of claim 67, wherein at least one portion of at
least one of the first, second, third, and fourth members and at
least one portion of at least one of the fifth, sixth, seventh,
eighth, ninth, and tenth members are provided with different

resistances to radial compression with respect to each other.

91. The stent of claim 90, wherein at least one portion of at
least one of the plurality of the first, second, third, and
fourth members is provided with at least one portion that has a

greater resistance to radial compression than at least one
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92. The stent of claim 90, wherein at least one portion of at
least one of the fifth, sixth, seventh, eighth, ninth, and tenth
members is provided with at least one portion that has a greater

resistance to radial compression than at least one portion of at

least one of the first, second, third, and fourth members.

93. A stent comprising a matrix oi cells, substantially as

depicted in any of Figures 3, 4, 5, 6, 7, 9 or 11.

84, A stent comprising a matrix of cells, wherein the cells are
selected from one or more of the cells substantially as depicted

in Figures 3, 4, 5, 6, 7, 92 or 11.



