1 EXPANDABLE DEVI CE HAVI NG BI STABLE SPRI NG CONSTRUCTI ON Background O
the Invention There are serveral kinds of stents on the market with

ei ther ball oon expandabl e or self expanding function. Balloon expandabl e
stents are generally made froma material that can easily be plastically
defornmed into two directions. Before insertion, the stents placed around
the ball oon section at the disual end of a catheter and pressed together

to reduce the other dinensions. As soon as the s&ggég%aRRﬁgﬂgﬁs into the
body in the proper ' i S EF @RBAN y
phsi cal |y EEE%HEB&E§§£@Eﬁ@?ﬁgHﬂﬁﬂ?E%EEa|ﬂ%%n. In this final position,
the slent is at its |argest dianmeter and should function to support the
surroundi ng tissue, preventing an undesired shape change into a much
smal l er dianmeter, at least locally. Therefore, the stent needs to have
sufficient figigiry in the radial direction but also some flexibility in
the axiglodimeClimInWEEHT t is in the final position. Further, the
amount of materigl should be:as. snaddis @srposskbhelanee B i nner
surface of the st¥&t“should not observed thQ-flOMLIh%§9%%ﬂLh%a'hannel
(eg. for bload) qrrcausidonmeuch Beidml@new:tepigh Ens” at’ general |y
occur® W h*these stents are as fol | ows.  Aft I G UREBSS. Netble slent to
this gpald 88k eehisnmicen caspunplenE*BaPFEOR° Ti%e "si'ent wi Il al ways have
sone elastic spring back to a ljggm%%gs&ﬁegermdhauﬁkedpfmhﬁéﬁubaﬁiCause
problEn%n“heﬁ%tﬁ@“@éPFﬁgf@P“Pg rought into the patient's body. In
addition, the axi far L S Qu. et weedosRal | oon and stent can becone so
snal | PRz Pﬁégﬁsctrgén%coé%f%,sm;f f the catheter, s, in e proper axial posiion
A5 SoOM 2 ihe s1epT js broughl 1D INE oay o In ks
. - \ N, . 2lloon. InN RS
czn be expanded and thereby plesneally dcformed by pumping up the bel
ster and should funciion 10 SUPPOL the
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Further, a larger size stent is typically a disadvantage. A further
problemis the so called recoil of these stents. This neans that after
expansi on by the ball oon pressure, the outer dianmeter will always becone
slightly smaller as soon as the balloon is defined. This degree of
recoil can be as nuch as 10% which can cause mgraion of the stent. A
different type of stent is nmade of a fiore or less elastically expanding 2
structure, which has to be held on the catheter by sone exterrna{ ans.
An examh8c@fe, WHlIshisypee hsldarshemhtdraty sostanamssns CBRSVPESRd state

by & delivery sheath, that is renoved at the nopent { 4.h -RAPd
shoul d deipltepe te st theaisdredd 171 sy PSSR SO P%ééjé"\sct%ﬁ'fcg%ééﬁzﬁgs e of shape

menory material with eithe p ashk eabehaywizpr or tenperature
sensiti \?é.‘llctTPPﬁ(jB‘r‘ithﬁ‘ %f‘g?#e}mg})?pcghg’?on unction. A di sadvant age of these
sel f - expandi ng st egl§e bsimhs: Aore2Earadt bésihekinanyy moperal WG ng a

| arger insertion dianeter. The renoved of the %heath,al_.so reguires

sheat h rghéRksii©BelPin@nisnpersiccnHAY NELHe & PR 8 TFI5E P oxi nal
end. Mst stents of both types.further h; t b I SIOVARRERABe @blivery
relatively |arge #feigEH éL ﬁﬁgﬁﬁx%%}é%ﬁssih%ﬁﬁgnd a poor  hydrodynani e
behavi or  because. of ARG dladdieTHE AoV 6fabc drcBtaletIseugtot her

di sadvarté %afu'@ﬁr?el%ﬁre%ts ig t he positive spring rat gl ich neans
that furgpgp rexRAVSInNEheasmonhichiies wit ssvuetehyt Hif GIRF™ b oon pressure.

The construction of prior stents is_typicall. 8010 -3 UE e dsvaaY b drat  t he
external forces, Mﬁ@%ﬁ’f?ﬁ‘g%ﬁeéw%%?%cexfa Tal ditection, merely

causc bendi forces. o0 10e, Siidl oo hydcBsnohic bakesdartucansr of theghzpe

exanpl e,ie?g‘[}%ihf“‘tee Y781 B 'Pai maz- Schzst ent, as produced by Johnson &

Johnson Jdmhepyentiieaal syst ens or the ACT One Corenary stent prod d by

Progressive /gl oplasty. SHShaiMiac oPfomPBEnd ik bk fosiold apmdaeontichi on a
eans that firther expansion car only be schieved by higher ballocn pressize.

' 3 ically made | h a way that the
‘The construction of pricr stents 18 typically made in such \

external forces, working on the stent in the radia) directicn, merely causc bending forces
on ihe struts oy wircs of the structure.
For example, 2 unil cell of 2 Paimaz-Scharnsient, 2s progucec by Johnscn
- 5 - ey b
& Johnson Interventional Systems o7 the ACT One Corconary sient, produced by

_ . lor
i i ' 5. he 1s colizpsed condition 2 flat, rectangu
Progressive Angioplasty Systemns, Inc. hes inats colizp ;

i 3 2 form with zimos!
<hapc and in its expandud condibon 2 MOTE OF jcss digmond-shaped Torm with
straight sirots {Palmaz-Schatz) or more curved struts (ACT-One).

3 5 is 1vpically metnica) with four
The shape of the unit cell of such slents is 1vpically symmeinc :

idivon, the loadi ! in the axial
i 2me s seclt ition, 1be loading of the cell nth
struts each hzving the szmc cross secuon. In edd g

. et 1] of the ST,
direction will typically czuse an elastic or plastic deformetion of &ll of the

. : g e . ove s
resultipg in an elongation of the unit cell in the axial direcuien. These unit ceils h
positive spring rote. In stents bzsed upon these unit cells the stzbility apainst radial

i 1 L Tuts their connections.
pressore is merely dependert on the bending stengln of the struts 2nd

Summary Of the Inventicn

icat ' ) ibed with & unit cell.
In this patent epplication 2 New Iype of stent is cescnbed wil

i 2 bistab i 3 : | be used in
having 2 ncgative spring refe aac 2 bistable furction. Such z unit cell can 2lso



shape and in its expanded d condition z nore or |ess dianond shaped form
with al nost straight suruts (Pal naz-Schatz) or nore curved struts
(ACT-One) The shape of the unit cell of such stents is typically
symmetrical with four struts ca=l; Staving the same cross Section. In
addition, the loaning of the cell inthe axial direction ;-ill typically
cause an elastic or plastic deformation of all of the struts, resulting
in an ghengadiceiregfictiensuriThis cekhs that tthes axe apnftlveedisoh Whitledds gable
cells have a positive spring Talc. [n stents bas upon these unit cells
t he stwbbduttipe aged fg@neAHras fo{cﬁeé%]ﬂlde“ i‘f’sgﬁé%ﬁ' ﬁgﬁélﬁliéﬁ{“% W@ bendi ng
strength of the sits.and their cannecti on ] L jon In
hi o Db 5B CABRILE AR Ty Ba oF  ShanesT EPIE dnt Ot RHE2h

cell. having.a.n ' ' @chirveabhiee hunchiiadle séioR ia uni t
cel | caéﬂs %feg%lﬁ%y5%2%59@03‘%’399%%3%@?% iislklggtgti ons. Thiﬁs means that it
has t w&a&f&ugﬁr b iIeNShENdMEGeR 1hé piishlebeaiioe canibt elumedcbmdrdadsorefan
external force to hold it in that shape. The unit cell is fb rmed Using
at | eaht opposidp féee drim gectgidrsctiantheweiliphofi e paalle oF figpibés $558AREhe
other one and acts a relatively rigid support that hinders the shape
changé’t@mgi)hé’lcmﬂlséd-pl i able section in one direction. In the other

direction the pliBOLS PRILQN GRc06n SELONIEN: Rithe PRARDIIO becildiure

opposing force f e rirgid section, e stability of the pliable or

f1exi blierecdd @nht $igi®tdctnalditncereasediiofxf grepdiablecreceen ismeredli rect i on
perpendi cular to the nost pliable section are di sgri buted. to the rigid
sect | doadetint drenmessen sudiel dtiohakesdhp PRSI QR BIUCHSUPRESHPE! P10 gaded i n

COTDr €252 ode; (ADLLS TBKSS 1Lhe Lconal HELhan JChe i ogehelan P | o

st ent sStENF bt PBPT $€B _ gener al e same Cross section
and ”e%ﬁgh%é'apd%@&%%w%ge@nﬂh%@ndm%%aeused in the bending node. The

const riicton of "4 scent; based upon this unit cell results in an
apparat us, that chit @asirbyidreofsd sistt baseti ppen ips usis 68l! 8s8lHE ¥he bal | oon

Shaps SmerHer, 1 R B C BT BEOTITERE 610 Nom PG T Re BEt TSt e
bal l oon firmy omyf;a. e 845 EAGEI Blarh di&r, 1eqirBabeEentnkBs ABtlens@RT i ON
dianeter that is as small as possible. An additional sheath is

stable, smallest diameter, thus holding the deflated balloon firmly on 1o the surface of the

catheter, with an insertion diameter that is as small as possible. An additional sheath is

not required, but may be vsed for extra safety.

Afier the stent has been brought into the patient's body at the proper ax1al
position, the balloon can be inflated untl the stent reaches its critical etestic equilibnum
diameter. Slightiy above this diamezer the stent auiomatically expands further to its final
Jargest diameter, where il reaches its maximum stzbility ageinst radial pressure. The
design enables a constant length large expansion ratio, a relizble expandability and/or a
small surface ratio.

A further embodiment of this invention is the possibility of 2 kind of
stepwise expanding stent with a range of stable diameters.

Another part of the invention is 2 stent with several external diameters
along its length, to adapt as good as possible 10 the shepe of the body cavity where it is
placed.

Another part of the invention is the possibility 10 modify the stress and

strain pattern in the unit cell by means of 2 hezt treatment in such a way, that the Jorce



not required. but may be used for extra safety. After the steni has been
brought into the patient's body at the proper axial position, the
bal l oon can be inflated until the stemreaches its critical elastic
equilibrium dianeter. Slightly above this dianmeter the stent
automatically expands further to its f4 nal | ar gest di aneter. where it
reaches its nmaxi mum stability against radial pressure. The design
enabl e%jé’blg@e@ﬁrﬁr&%ﬂa‘é&g%hc|o@[]ﬁ§u§ix@ﬁhSéaﬁbﬂs&@mmeaitmloi abtreexdxpangabi | ity
and/or a” small surface ratio. A further enbodiment of this invention is
the possiiiduitly imfiesl &inbismble Snepwi, sulexpahdieryrsbesst QRLERT 8T Hihge of
stabl e dianmeters. Another part of the invention is a scent with several
ext er nalblldpsaedienster deorggibe troqt siEIFONEHI0Rdapt as good as possible to the
shape of the body cavjt ere it ds .nlaged. t )
p‘”d%‘%i"%%/qq‘ V’?"B”Wdﬁ? VR eﬁ‘gg% {s tﬁQ%oQ%ca?i%B of%e %)@(ﬁnelr)

invention is the t resS and strain pattern in

the unit. cell b n IheALMBALyhmeBUCH Ay WaNeLiE Bitatiber f or ce
4 di sp|°a&§ﬁ§¥ﬂ55§ﬁ§$°§’c e%ﬁ%ﬁr@ﬁgio tr:h?é:0 uni t} cel | beco%res asymetrical or
even exhibidish)a forlenesiebhiepizbaheadhafacrribiist @bk enftenidt i on, either with
t he expanded di aneter or the collapsed dianeter bei ng t he ‘?‘;Bfit st.abl e

condi tion. Anot herAmythodiareefi thefneRBOR i BANEGAT PRE FTHAOHOUIF FLRIPONDE t he
geonetry of the cross sectipn of sone struts to i jc or
asy metPECh HIABRECRY Sucﬁ’r?ﬁogjtr SHPBPEOFR 8*%%’3Frn%rta %lﬁjrs] ﬁﬁ}a{l%elﬁgﬁ{e%%w

characteristics of ' bl bALResr BAHetbo@l tishe:. i nvention is the use
of one C@V’t%oqunfﬁit?%%:% Is3r ?ﬁ ot hep%t&rredi cal apgl i cati ons such as, for

exanpl e, an expandgfe @heic ispisoaditehend tbohspressdhainysdyve 8anisty open or
to clanp or hold a body part or_ sone body tissue, The invention is also

di r ect embriundtive wilh iBYCUVE YRR FDBS QGHT WEFRET BT GiEti on with
inventive expanderT}Eﬁ! ig‘tgg%tﬁée)” ismlg\}e&%ggetdhgra ﬁimb%%ﬁ%bﬁiwn—%ﬁsﬂ@yﬁﬂmon i's

also directed to a va aving. a snap-action bipositional unit
cel | ang Ys@sntohnit BE1 8adBsesifor harshine Linatartitwarp reprentntiincuninenence.

The invention is also dirécted 1o multisiable cells and their use In medicai

gevices.

Description of the Construciion.

The construction of the present stent includes a series of elements with an
arraneement of unit cells that enable the stability in a speciai way. Ezch unit cell exisis
out of 2t Jeast two distinet, mechanically connected secticns with different mechanical
behaviors. One section acis s 2 relatively rigid support for the more flexible
counteracting section. The more flexible section is responsible for most, if not all, of the
expansion of the stent. There are several ways 1o manufacture a stent based upon this
principle and it can be made from severzl materials, like polymers, composites,
conventional metals or shape memeory alloys with superejastic behavior ar with
temperature sensitive behavier.

1t can be made from an arrangement of wire or strip, welded 1ogether ai
specific places. Another possibility is metal deposition in the desired pattemn onto &
substrate or the use of sintering of prealloyed powder.

A further method is making the stent from a twbular shaped starting

materizl, with z pattern of slits or slots made in the wzll by means of etching, ghnang,



The invention is also directed to nultistable cells and their use in
rnedi cal devices. Description of the Construction. The construction of
the present stemincludes a series of elenents with an arrangenent of
unit cells that enable The stabilitysin a special ,play. Each unit cell
exists out of at least two distinct. nechanically connected sections
with different mechanical behaviors. One sectiqt i | ghkvel y
ri gi dcstippofetg. fwithtaHesenpyaes. IﬂgxbBPaéﬁébq;hqne?ra%biﬁgcrgsgﬁ}t% F%ﬁnﬁ_}ﬁgg qrr@r e

fl exi ble section is responsible, faor, eidefi. Babe@bd criped foes mexpansi on
of theademngan 2#@?%“&5%&%3@}%‘%%%%?FrgnETgg%ur eaéa den&”based upon
this rincipl.e .and | Wor=1 » fueghn Sevetval caratzgenad with|lager pol yner s,
conpoé‘?pstséé'?mQEB?‘}\fgﬁP% %Tn%ﬁ/thgi‘t?]acgzggi shape nenory alloys with superel astic
behavi‘jpa(rn&%rg/\/ith tenperature sensitive behavior. It can be made from an
arrangenent of wire or strip, welded together at specific places.

Anot her possibility is netal deposition in the desired pattern onto a
substrate or the use of sintering of prealloyed powder. A further nethod
i s mafred Desrigtientof theddia®Behul ar shaped starting material, with a
pattern of slits _or ,slots I adHic Bechedang, of etching, grinding,
cutting (e. g., \ﬁi’%‘ﬂ SEOV%H(;E‘E&,Q%U(#QFE??D&%. ). spark erosion or .any .other
suitabl e method. FThe sHpalsEE Norcadisplaembat cragre1eiistia O g MSFEANESARG t hen
v, Bided, brazed of crinped to a nore or |less cylindrical shape or a
cylingspcpl md section with two conical ends with larger dianmeters
Brief Description of_ the Draw ngs_Fi kihen pHirGEPlcehietabairy;

bi st abl e mechani dtg- 3:?}6’.‘”52”??1 ‘ﬁ‘%bégpgr%}é%{} I splﬁlgcema)lnt characteristic of
the nmechani sm of ﬁ%%sﬁdwf{hgfor%ememﬂt tierabestapifdbererbaisM Ui th an
asymmetric bistabi'Fity; Fig. 4 shows the force-displ acenent
charagtjgrgstic of the mechanismof Fig. 3;

Fio. 5a shows an inventive tubular stent in the stable, fully collapsed

configuration;
Fig. 5b shows an inventive tubular stent in 1he stable fully expanded

configuration;

Fig. 6 shows a part of 2 stent with one bisteble unit cell, drawn in the

stable expanded shape:

Fig. 7 shows the part of the stent of Fig. 6 near its elastic bistable

equilibrium position;

Fig. § shows the part of the stent of Figs. 6 and 7 in its sizble coilapsed

shape; and

. . . .
Fig. 9 shows a jarger seclion of the stert of Figs. 6 and 8, showing som

unit cells in the collapsed shape and some unit ceils in the expanded shape.

Fig. 10 shows an invertive stent formed of a plurzlity of smaller invenuve

stents joined together with fiexible connectors.

Fig. 11 shows 2 partielly expended invenuve sient having more than one

type of bistable unit ceil; |
Fig. 12 shows an inventive stent having a range of diameters along 1ts

length;

1 ! ) : jon Ting in expanded state;
Fig. 13 shows an inventive exXpansion Ting In expand ;



Fig. 5a shows an inventive. tubular sleet in the stable, fully coll apsed
configuration; Fig. 5b shows an inventive tubular stent in the stable
fully expanded configuration; Fig. 6 shows a part of a stnt with one
bistable unit cell, drawn in the stable expanded shape; Fig. 7 shows the
past of the scent of Fig. 6 near its_ elastic bistable equilibrium
position; Fig. 8 shows the part of tRe scent of Figs. 6 and 7 inits
stabl e col |l apsed shape; and Fig. 9 shomsta | ar ger §qc%&9Q,of the stern
of Figs. 6 and 8Jﬁ§hnwmhmymsbwmﬁpauﬁpﬂﬂ@éﬁﬁs’&HPfWﬁ?WEG?F pSed shape and
sone unit cells in the expanded shape., Fi WS cadthbEnTitve Sient
forned of a pIurdﬁﬂtVS8ngﬁﬁﬂpé?§wﬁ§@ﬁt¥vgngé@gﬁ$gﬂfg?ﬂéd together with

flexibl e copnectors.. Fi.g. .l shoushasear birald yo dxpardsd i nventive stent
havi ngS¢¥F& YHAAUHE vctcs%_njsi]o]p

bi"st abl e unit qellt]ﬁ%g. %g ﬁn9ﬂ%1@n
i nventive stent hayi ngswangesefecdpzatetr & Hgony P& Feryth: "Fig. 13
shows an inventive expansion ring.in expand Lat8r iefref] thelderahows t he
expansi on ring ofFigi @'PQ@WW’@H E’teézfngfoéﬁlggql‘é?g& 15 (%howg an inventive

sent joining tw vessels together and further secured with inventive
expansiteeney Wgde VERE= st nt exterior to the vessels;_Fi%i.16 shows a
cross-section Vi epcof g Ehws o o soelgj oSt fopeth il HEIENYEETFEEP? shows an
i nventive scent jolning two vessels together, The scent interior to the
vessel indhirg a didoghows two vessel s joined together with an inventive

expansion ring and 3,CL AP, yisizbic valve in the closed position:

Fig. 20 shows the bistable valve of Fig. 19 in the open position;

Fig. 21a shows 2 multistzble cellin 1he fully contracted state;

Fig. 21b shows the mulgsteble cell of Fig. 212 inthe fully expanded stzic;

3 lint  contracted state;
Fig. 222 shows another mulistable celi in the fully co ;

i s vie 232 in the fully expanded state;
Fip. 22b shows lhe muhistzble cell of Fig- 222 in1he felly expan :

Fig. 23 shows ceveral unit celis 25 shown in Figs. 212.b joined 1ogether

2nd in the fully expanded staie; | N .
Fio. 242 shows severel unit cells as shown in Figs. 220, joined togel
g.

and in the contracted siate;

he ) e F in fully expanded
Fig. 24b shows e intesconnected cells of Fig. 242 y cxp

steie; o
3 nd i ¥ sof
Fig. 24c shows the imerconnected units cells of Fig. 24z In the proces
expanding; and

Fip. 24d shows several strips of interconnecied cells as in Figs. 24eb

joined together znd in the process of expanding.
Detniled Pescription of the Drawings

inci ich Une Stent is besed, F
Fig. 1 showsthe principle on which Lne sien -
nit: it reaches 118 hucking

3 s n 1ol
3g. Ja shows o

‘ \ hich 3 e ins1s axiel direction v
1 with 2 Jengih L, which is compressed In s

il in a sidewz irecticn, either 10
art of end out in a sidewards direchen,
stress. Then the centrz) part of the red willb .

1 i H ds of
position 2 o7 3 (dashed Yines in Fig. 1b). When the &dal displacement L of the ends

4,31} 3 ; atral section of
the rod is held stable by extemal clamps 4, 1is possible to move the central



Fig. 19 shows a bistabic valve in the closed position Fig. 20 stows the
bi stable valve of Fig. 19 in the open position; Fig. 2la shows a

multistable rill in the fully contracted state; Fig. 21b shows the
multistable cell of Fig. 21 a in the fully expanded state; Fig. 22a
shows another rnultistable cell int fully contracted stale; Fir'. 22b

shows '"the .nultistable cell o Fig. 22Min the fully exuded state; Fig.
23 shows severs] unit cells as shown in Figs. 21 a b ] Qi.ned.tOﬁet her and
in the ;hgléé&/bgm@mﬁdustmkea o ipns 243¢Shahes BevErEl SUREC TS as shown
in Figs. a, b joined together .and,in the,cqntractedystal.Cinelidic 24b
shows tﬁmnﬁaﬂmnﬂmmﬂgéwﬁhé’m rfﬁ"‘@.c*é}h'afofi'ngfnllP%%gljkggpanded state; pig.

24c shows. the jnt connected g GE ek Sra0karfh Pthe 2dighdsno tdigte prer®Ess of
expandi RPUUKE B .“Iﬁf&q%ﬁgvvsmé!eé/gor al stri T|c-)s of inter conngg{fgd cells as

in Fi gs?négg,bcpmmire@@aﬁ poaidved iratitctipn ¥hdiprodadss ppeas fng,. Detail
Descri pti'on’ of the Draw ngs Fig. shows t he. phi RG] oWhi-ghhitdhe stent
i s baseguvEiuee inl@d $hvnueh acqﬂ@ﬁ""%i” %FE%‘ZHWF %Wéﬁ:?élftgq%/\ﬁ#%?o@s} coﬁ%r eggsed in
its axial direction unit. it.rapches.its bugkhbng xstaess. Then the
central il’pﬁﬂﬁ"@k?ﬂ@r%hm\'ﬁ ma.%éhﬁé@?ﬁts I'Di n’na sidewards direct]jon, either

to position 2 or %1%%13%@1]&& nes I & Fhgevdbyf disghsameneX axiart di spl acement
L of the ends of ‘the rod is held stable b‘{ ngt eg;‘?luoﬁlr%%éldwﬂhs

possi bl Qljgtpg)ra@\yﬂ}ichﬂﬁwmildHtCTyxﬁetWﬁ“%fs R E TR E SBPWEent he t he st abl e
positions 2 and_ 3. Thi venent 1.1 safll £ &6 EERAe Kmaxpeniendrtetdar to
t he ori gkabid quéﬁﬁtﬁfé&ﬁsqﬁfioﬁp ‘?Cﬁc}érs(r)}a.&cj%q} positions, be;cpggn]:t Hg st abl e
posi t | ong 2 ande 3uAF GicYist ok eondldiadricgretire ohie eclref i = cFyher” g
has to rdtate over an angle B before t he rad can he.ppved.ip.4ikection
X. Fig. dGiakews: & decomXaodercedevaira=f i56d I, whi ch occurs when the

rotati Onsp%gl;atgn ?fo?c:i g\ac%pt%g&%gs Yo & @ERiifgosition 2£d firther movement

. ‘ . , -
i ; in I3 vstern is completely symmemnca
occurs automatically. 11 can be seenip I':g.l 2 that the &)

N .. c
and the forcc needed 10 move back from the Jower to the npper pOSIVON has the sam
characterisuic. |

1 e iispl it
Fig. 3 showsrod 5, which wili have en asymmeuical foree cispiacernel

iread C ) in e unloaded postdoz
characteristic, because it already hes a presel curveinic, even in the vnloaded P .
1 . = ? .

. : L . .t
here the length is aiready L-aL. This can be achicved by pricr plastic defermanon, he
where the les . .

. . . : (no
Ircammext ¢of the use of 2n ssvmmerTicel geometry of the cross cection of the ro¢ (not
rcames an 25

- - ¥ . ﬁl F-38]
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} iin Figslp e ., 1t will have ¢
if 1138 elzvtically deformed in 1he same way 2s1a¢ 200 in Figsip zndle, 1t w)

jon 1 itien 2 and d1othe
istribution i ¢ n eod positien 2 and 3, compe
different stress distribution in the cross seCNON 1= €3 1 ,
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ical f g1 ~t cheractensdc of the
Tig. 4 chowsthe asymmetricol force-displacement charactens
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rce 15 } ition the sianing force 1 e
siarting force Fl and if the rod js in its stable lower position Bt siariing force
daad pe
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dc ‘“c i hY o C"at!\e t nee ab [U]lﬂLEE D’O.‘-a[l\t \-alUE li Slah‘llt\‘ DI l 1€ 0 €r
S o, € cn Ze orn = . Dut h cs
pOS?'dO.) 15 T‘eqmlCd-

; 2 £ 21 jpventive tebular steet
Figs. 32 and &b show the generz] sppezrance ¢f 2n jovenuve 1uo



the central part of rod 1 and nmaintaining this part parallel to the axis
A-A Fig. 2 shows the force F as a function of displacement X, with X

di spl ayed in the horizonal direction. The rod is noved fromthe upper 2
to the lower 3 stable position of Fig. 1. The fo-ce increases rapidly
fromzero to Fmax. At that nonent the onset of either the first or
second order curveture of Fig. 1lb anti le is reached.éthurther .

di spl acenent in _djrection, X 8 cbsesutofcrsphecals el tehilenlsPrilng Sy st em
has 2 ’ﬁe{g@@’ic\%‘”a&ﬁ i“ﬁg 1CErﬂ?alk é‘%@%f or ce§even begorres zero_in the rﬁ@i d

posi t1 o AR 4 UElcabvameamRly c180eud s anfoheoirealid/szeshedn 5acEdEf! i n
Fig. 2. "hat T he systemis conpletely symretrical. ggdcﬁhg gﬁg%e needed to
nove bggks thaipridae of epbirzliy dheie;capppees BEEHS bR AES EREV B A

characteristic. Fig. 3 shows rod 5, ich wll _ : Lirkcahefor ce
di spl aggpeided schasaft brFigt o). 'Héec@ﬁéggl Wi erléétfgl% ‘agélgm%?gggtl ‘curvature,

even in the unl oaded_position, t.0e.i 1 80gih;His sédmeady (68AhFig. This
can beriguhseayeerisy (BPiI% ’%)Isggtaf]%\é\lggogrdr{g%foﬁ? best Stiaér eatnent or the use

of an gsynerical g 182 CResshaseRtively faditlheegroent ¥8tare shown) .
The ro J?Weéilaggg%;gﬁerﬁgs ?r(gunt ed between two cl anps on

. [ gsletggth L- AL,
and i;mE;Comcﬁlegs¢i{}pﬁjj£¢endaa‘1mm¢ragnﬂ mbaberarfd . Wei2e ' CHE Y0iCi n Figs 1b
and 3c.” 1t wll have a different stress dibsltr.ebé‘ﬁcie%gmie?alt’}% afd R¥Sed 2t
sect i oforiginginalpesid (onicReineinal DdopiEraEcts THeé Fad of Fig. 1. This
nmean that The rod _has hecone a.pr SRt Eh A b eadedr sl aid senposit i on.
shown endsygand 725k 2 q%W@\ﬁsu?Jf{fgm:%?/{& trical force displ acenment

characterj st i.c ,of S GV BEhtFReEdob Fuly eSparfled conf EWAL CBPE Bl%&cement
fron ﬁé“ﬁ%’ﬁpe&ﬁtﬁ{gg?ﬂ%siti‘bn needs a starting force F1 and if the rod
IS in ifssStable | ower position the starting force in the opposite

direction is only F2, being snaller. than E £.6 6L dids £ ahallgarmde as
smal | as desired,Fie&/ERTERF BrE Wéaﬁe{?%vl@.r%%ud?%ﬁgeds to. haégJ a pcgsiatléve
value if stabili f. the Lkoweln JBeSht bt shmeduh oéd uniicgl. 2Ba7HAY 'Sh
show tﬁ@cgé’ﬁé %ﬂsthéﬁ"%égrré c.'é) of Ca# i nvention tubul ar stené.B iarn 1@}‘%'0'1}%;
cont r agech; @ fallehioexpaadesvicanhiyur 2eDe B teei gect PoR I P Fhe 'St'eht |

nts Jﬁlxiltrla%/axis of the stent. There are 1wo series of sinusoidal segments with distinct size

(see also Fig. 9 for an overview). The segments 72and 9 have a relatively large cross

‘ } ivelv
seciion. Only segment 9 is shown entirely. The segments 9 and 10 have 2 relztively

: } ; m. T 15 are
cmzller cross section, end here only segment § is entirelv shown. The segmenis 27

led ima 1 -
interconnected for example welded. &t }e:inls end 12.
Because of the difference between the cyoss section of segment § and 9.

N K =] 0 "e‘
the deformauicon force of segment 8 is much lower than for segment = Therefore,

segment 9 can be considered as e seiztively rigid clamp, like the clamps 4 in Fig. ib

jve dj joints 123 [z direction, parallel 10
opposing relative displacement berween the joints 12 in the axial direcuion, p

PO . - N . - [ . T
axis A-A. In contrast, segment & acls as a flexible rod, ke rod ], descnbed in Fig.lo

.y . . - -
. - — . r
d 9 m }

11} i > h e
unit cell, ecting as a bisteble spring sysiem wiin 2 ferce-displacement curve F-X hike 1}

‘ o . ;
} } s, d ] ne unloz cordition and geomelry 0!
described curves of Fig 2 and 4, depending o7 15¢ unlozdec con g

. . . . e
\he seements. Alternatively, instead of using segments OF SITULS of different diameter. 1h

segmenis can have the same diameters (i.e., cross seciional erez) and exhibit difierent
streneths or rigidity and stil] zccomplish the same efect. One wezy to obizin sueh
o =

] jgidity would sse 3 3 e segments.
differences in sirength or rigidity would de 1o use cierent meterials for the seg



contracted state shcvmgenerally at 50 and in its fully expanded state
shown generally at 60, is conprised of a plurality of interconnected
bitable unit cells (shown in the expanded state at 64 in Fig. 5b). The
bistable unit cells are formed froma first relatively rigid segnent 52
(66 in Fig. 5b) and a second relatiwely flexible segnent 54 (68 in Fig.
5b), joined together at ends 70 and 72. Second rel atively flgogi bl e
segments 68 are interconnected w th:.adjacent: I &hal ivedegmengitdt menber s
66. Adpacdm verMoal] i oqEe T eo%ﬁ?“%%ghﬁﬂhsenseﬁt he | ongji t udi ngl axis is
denot ed bcﬁ?r,effs TS Gen @Hgﬁﬁ@hcaz@kz@rggl}j@& padieats tha gerd P cdHds- 75 By

appl yi ¥ VG TSTm radial [y outward or | hwar,d f%gﬁmﬁm fstemsmy be
swi t cheghuel Eﬁﬁéxkz&1lftmdlmtafﬂhiﬂl¢n}wélé)ﬁ?‘r%@9@ﬂui% Uy expanded
configuration or vice ver s?t.squiﬁgmgmg&qrm§ggj@djmgf}tmidoh&mtbﬁ in Figure

5b) shbmmsmmphﬁ‘allzé:sgfﬁ%’ such as that _shomg i nt F?ic 191"’20' whi ch
uses the bistable functien ot s 1bRiol Newdd] mearplerbifi HEIYH O *esent
i nvent Fﬂ‘\‘?’?eérﬁgw(ﬂérw{bn% shows a horizontal line A-A which is parallel to

the cepi gl @%hs Qibhef Nitenl.. There are two series of sinusoidal

segment's"with distinct size see al b (e dabRiecddn FOY &) vieewhe The
segnents 7 and 9 Havkshovsdhe V%W?Yfﬁ?izrg%gk‘cr‘aos%gp section. Only segnment 9

is shown entirely. The seg S% 18R Gedddiavedant hadirogEry S SHEFY er cross
sect | oﬁ!ﬂsﬁﬁE@‘HEJPéU%‘rﬂ%s‘llzgg%g%}% i's entirely shown i1”%?~%?‘s ts are

i nter c%&r}g,q:thdbi,pgcgea@nph:es e coteits orzging) PHEs e ERSARG 17T BEEause of the

di fference befween the cross secti.oge]p%ﬁagggﬁqjtf BoaRd Ser itize bdet or mat i on
force of segnent Bie 8 shRrsESHEF “PhEh Tor Segm?gﬁi 2. There{:sop . segnment
9 can be copsidered a Lekativglysifibgi W aoloaurpsliy iSREPSORE 1E1° 4 in
Fig. | Bare%ﬁ%'gtaﬁ%f‘ ﬁ’égfaafs?\c/egdf spl acenent bet veen, t H(?dja%ieﬂ;ﬂ%d 121ddn t he

axi al ?Jsﬁ%igmggpaﬂaﬁslzeiappmg forek s2yReRTOPR ROWE I ast, segnent 8 (gcts as a
flexil€rod, like rod 1.  described. in EiGs hdmreénanicolchBrzcthosess (§é&d i n
Fig. 3.ughios horsbeist 18h BF! %@Bﬂggfés&? ag%lbcgl1 8 or 9 and 10 definesia unit
cell, a tiﬁ_gﬂ,qg- B¢ B StA0L (3 precng rais terme phes. a V8 Eet 9IS acenent curve
F- X | KEPRE = bScribed curves of Fj_‘_g‘PZ and “gq?gqﬁ‘agi,ﬁgnemohheofunl oaded
condi t i gRseRgurgeaheseamasts 8 erb SefAENPE A f'er Raf i vel y, instead of using
segnents or stru‘t] of . di {.f gl Rt A eemctehe  segnments can have the sane
di amet efRPCE IR BEFEYS” dect 1 onal hi by t,. disf iy

anet P Fjg.SQSshiiials?tgt?on g'rtgf .2\1\2:%”0 F(sag).% 5%:‘%% hefieRtzsive
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p p =) £y X g 1€7 hC co 1205 < S]JADE'. N 7 enis 14
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i iptain i Jeinal shape.
' igid znd sui iy meiptein tisir oNgns 3RA
17.and 19 are reletively ngid cegments and SubsENLZLY M

- e P
ively ripid ris js spown as (L) in the collapse
The distence between two relatively ngio segens i (

3 3 Ye gisplecement {F-h)
steble shapc and (H) in the expanded stzble shepe. The vallte of the displecement {1+

oht of zn expanded unit cell €7 emplitude of the

in the direction X depends on the he: e
‘t'he described pari of TAC SIER 1S shown

: he s cting joints.
segmems and the 5ize of the connecting } 5

indrice) sient sueh oS 1het shown 1o Tigs.

I itme that 2 cyl
et surfece, but it mey be clear 3 . v
. - with joints 21. In

1S Sh l 25 :{,2'0( 1 IOKh M

he joints 2 jin 2 fene
i¢ shown sepzraied zlong Lne JOINIS Zlandin ‘
th the value (H-hY/'™,

ped condition.
other words, the sient

The range of stzble diameiers of the sient chunges Wi
each time that o flexible segroent SnEPS from the col]s;?s_,cc' stzble po.sm on 10 the 1]
‘expanded sizble position. The resultica stent with 2n extrerpely igid swrface ':n .: )
.diameters being able 10 vrthstand the externe} forces petter then with conventionsal sients.



strengths or rigidity and still acconplish the sane effect. One way to
obtain such differences in strength or rigidity would be to use
different materials for the segnents. 9 Another way would be to use the

same nmaterial, like a netal for all tﬁg segnents but selectively
strengthen (e.g., by beat treating) those segnents that need to be rigid.
It should be noted that heat treatnent will not strengthen all

mat er i lySihe Nerloith @hrech o, tox Aapibdity eXpleciitadzn howeyersed to B eriapctg e
section of Nitinol nore pliable relative to a second, heat - u-car ed
sect i orseokrdliunitrells feinghefr Eﬁ@@lﬁ?ft‘lﬁé%]éhérobéﬁmﬁﬁ ‘f\h%urEE%Elf © ¢SRSt ed

in Fig. 6) near the _ elasti.c. e |I|br|um pgs! gnent 8 has been
def or meet MATE)0PHE VWH Wﬁ%“%”qﬁ%ﬁ%"eﬁ 149 P 1(SEF%:ge%Ir'—lm gﬁt segnent 9 has

al nost its origina @ﬂ%ﬁ%@ﬁ%@qggﬁ?egg flied: smjl?r]ge@ ckdr@ledhé Yeorfre®y o shows

the sane unit cell € scent after it has been pressed

t hr ough, L he, 6L asd isCoransithit Reiisim memnkg,t}odin:edtiona‘icmwrm ietativeyflenbledoitt o its
stable position of Fig. 8 This snappin force can ben]g: ng endough to
hol d a wefthatgdeabposveralitgts eng the 1etal kagdy oldha Fient R

dependi ng on the nechanical chara ristics e t t he
mat er i ane?@ymussle(f 1%09 P&‘k@r fpee gre‘(:ﬁ‘féﬁ? e B\Wr{eﬁl Ir%g“ 2%8%]? rb% Joﬁ%\,;\%na%%gj%hes
figur es t e gcggn a?r%g[&d o ol drwisk 9RQiHI 0GRS Fﬁ?l’d) s'é@lidﬁsﬂghluﬁ aBeffatd MumM

anount ent Isinits smalllest stable dianeter. Fig.
9 showsa@e,s&%l@]rmgﬁ the stent of Figs. 5, flattered for illustrutive

pur poses, shovm ng several flexible ssegments i ﬁ%co I sed st.a B
shape (segnents 14An0@enpdssinlityapgsiong Yely 15é Ht® 9 f’%letsl?e Q‘ﬁanded

bl h e 1 !
T SR B ey L ot T

origina ape The di stance bet'ween

two rel i’{t)-!t | ¥ o't Qs s ©9 BRI Ereh Se ety @<conlfighrationtskeheciolinhiafsrningst abl e
shape and X'E!) rgn t he expanded stabl e shape. The val ue of the displ acenent

H-h) i mditieud wacteldn X depends on the hei ght of an expanded unit cell
or anplitude of thﬁgezﬁeﬂgﬁ&t% aQ%I t h%lu;(e ;]C&ﬁuée@] Iﬁg@@@pﬁjla{ggmﬁ oppk i The

descri bed pan of t 35 a t sur but it may be
cl ear tﬁ?ct %stclé ér@Q‘id&%Ete‘%ﬁa@"ﬂfssﬁxbbﬁhaﬁﬁ:]@hﬁioxsﬁmessemf:ﬁﬂg&e eiassweltraped i f

segnents 1 20 ar'e directly connected to reach of her V\g? ts 21.
I'n well defined stress values, caused by their plateau siresses and the possib: ry detine
the desired curvaiuse into the metal by means of a heat treztment. A stent of Nitinoi can
be made by forming slits or slots in a wbe, while in its collapsed or smeller sizble
diameter. The slotted tube s then expended by a separate shaping toal and heat treated
on this 100] 1o define the expanded sizble diameter s the unstrained shape.

In a more general sense, the present invention is directed 1o a device
having a plm‘e]ity of stzble configurations. The deviceis comprised of a piurality of
imterconnected multistable cells. The cells include one or more relatively rigid sections
2nd one or more relatively flexible sections interconnected so &s 10 define a cell structure
in the form of a muitistable spring system having a plurality of stable configurations. In
2 preferred embodiment, the cells comprise 2 first arcuzte member having first and
second ends and a second arcuate member having first and second ends, the firsi end of
the first member in communication with the first end of the second member, and the
cecond end of the first member in communication with the second end of the second

member. 1t should be noted, however that members need not be rigorously arcuate.

Other shaped members, including relatively straight members are contemplated'as well,



ot her words, the stent is shown separated along the joints 21 and in a
flattened condition. The range of stable dianeters of the stent changes
with the value (H-h)/, each time that a flexable segnment snaps fromthe
col | apsed stable position to the expanded stable position. The result is
a scent with an extrenely rigid surfgce at all .dianmeters being able to
wi thstand the external forces better’that with conventional stents. 10 in
the length direction, the flexibility of the scent can be.ingreased by

di sconnecting seVied abettiting irceftios:dy e es HERBKIEEHS: (! £5 Cééfl s, for

exanpl e, by cutting the center of one or pore_joi L \Whi i 3@l ni ng
the severai t]'A@iﬂ’ﬁblptfélﬁﬂsl’%@nf-o%nrﬁ”§.su%h‘t§§lhg}cGﬁ% Cég’gf“of\é?'ﬁ{’:’?eesgg’l’é hé

[l bLLLLYC LS, 0-Phanas | NG daTels e of mesauaralc apetromsehiiathio uni

cel I's iA¥THED M ion fromthe relative flexible to the relative
rigid g oSEVEBER siith BEGIcakBNTht bellstintmic e pptdongtfuct Wewng EREE AR ot her
words, referring to Fig. 9 one or nore or each ]ogéh%ushegeq,? ts 13 - 20
coul d hBatahegtvioe tedf inict feestibigehdy 22hRP SR PEF PN S U To7" ot her wi se
flexible and rigid) sections wiich, oy ferjsi2k Bbd 1.

Anot herC)’bB@%‘F%iSP‘ini &‘“ﬁ%“’s’%gwofen&' il%rg‘lz[gn%g%?]szf@e&qugﬁf a series of
short Al %ér?&a&&%cépﬁ% 825100, akdcabedizdoengHowicse, muliistad! tesitrisaif 2856nnect ed
with fI'exibrfrty joints 104 having the sane orda d,'kgggﬁge%ls%%onetry or
conf i gucatdnosizrd. Thesjfoi aesrormeagmY REFYTHUEES HhIP'°Cetd € The scope of

the invention should include all _t - halsee Rf Ont Bahnost
i nt er esiscipgedane pTaRESYte P‘é’{}’b%'ae’lzﬁg%/&i‘%ﬁﬁ%ﬁeﬁg\g?{eggigéu%ﬁgg P’? s large

el astic, sf {-mgg P"ﬁ" bw:@,l:LQ.-%gfgﬁqE'@dcoﬁfd%&fé Ml ayesverckdiSedntypeswdicellpidpeau
stresses™an e possibility to define the desired curvature into the
met al  hyertpens rope of Bidtvineeatiffenp! SPA™E CEMEEOFC Nt PRSP EAS™ e nade by

formng slits aor slots.in. a 0L L 8 dirferirh 8ietthdragacsla eensimal | er
st abl e 2@Puef deres ¥R ‘&B&'?ég%%ggdbaé% thenrexp:anded by a separate shaping

(00) e chipatetacmedoakicls oF el NSRRI ST

| nvent | Sivrsedieraibrad 0o 15 HEN G semﬁ%%ﬁdﬂ’g@a‘%%ﬁf’éﬁ“tsigﬁ?ﬁé% jajgﬁép‘

conf i gurat 1.ons< JAfndeuiiefihis reemai hedooging shkpr, ahd tojetoply fexible
segments-125, 129, and 1733. The sepments are interconnected, with joinls 122. As
depicted, first flexible clements 125, and 133 are in 2n expanded contfigurztion while
sccond fiexiblc clement 129 is in o comracted configuration. By applying aredially

outwerd or tzngential force, fexible element 129 may be flipped i0 i15 fully expanded

configuration resulting in 2 stent (not shown) with a Jarger diameter. As Shownin Fig.

11. cells 138 zre larger than cells 336 even in {he contrecied state. First flexible elemnents

1720 3 : itiliny the d flexible
125 2nd 133 are charzcterized by @ different degree of flexivinty than secon

clement 129,
. » - = T - ,)
Another form of sient, as shown generelly =1 150 in schematic Fig. 12, has

i a i dizmeicr et 2 nd cnd 154 and one (or
en first diameter 2t a Tirstend ]52.’ a2 second diameter gt 2 secon

i first ¢ i end 154,
more) imermediate diameters jn 2 regicn 156 berween first end 152 end second end 124,

1he intermediate diameter differing from the first and sccond diameiers. The

d i . 25 5] Ny & in Fie. 12 may 2}l have the
interconnected cells in such z sient, £s shown cenerally at 1501 Fig ve

sarme force constant and hence be openzble all al ence with the zpplication of the

everzl different types of cells, each with their own force

be

necessary force or there may be s
e : L 3 S 1 : 1
comstary. Tn order 1o echieve the multiplicity of dizmeters, cells of differing stzes may



i nterconnected nultistable cells. The cells include one or nore
relatively rigid sections and one or nore relatively flexible sections

i nterconnected so as to define a cell structure in the formof a

mul tistable spring systemhaving a plurality of stable configurations. In
a preferred enbodi nent; the cells coﬁﬁrise a first arcuate nenber having
first and second ends and a second arc?atp menber ggving1%%gﬁhhgnd
second._end i ngk ©fs nbhef fiemstherfprbet sepocbfRing i with the
first ‘ésrf‘@‘ g]b (%I{%ger{jséggcog}r?é%rrenberfﬁanq t he se%gn.d end_of..the first nenber

i N conmupi Gakican Aotlfer ehbodenondhefdsiend SHETSELTRY feibier . 1t shoul d be

noted, however that nenbers need.not bhe ri 0 2LcHah gning@her shaped
menbers, includinghe etféﬁlﬁl\)é}"iﬁusof“r’éi"ﬁﬂt‘mﬁ@ﬁgggr%H%lrl%c conr’g}npl ated as wel | .

11 The invention, in particular, ephahasohl sTiabmeteal dosypriseathd s

cel |'s expandagle sientdiay ?eaB]g‘h?Iﬁg]S;%??fgns. )?n one sucgd(_:el I, E}he1 dié{stance

bet ween correspondi i the hiastorandisecodd eenEiloh§epsiq ar ger
in theS¥P? Qfagﬁgbl?%{%gtsé gk% fﬁpgekncg% than in the second stable state of
the cel ireﬂ‘ﬁo&%‘ | Rati BRI phNdISe dree pendns IREBHSGAY O PANGEF IT" THAE 't he

device Itself 1s at |east bistable an ssibly nul ti l.e4 M€ such
devi cefira stmt:icndﬁ'gmltioswmdeﬁmSﬁ@mﬁ%g‘gfﬁ°%$%LT%‘6¢1?=i‘}§%€é§P?%ﬁs with an

initial diameter sate apd a ..final..lar diapetcehnn siuzgohamduieioying
descr i lbedfiap@pen haam%?aﬁm‘w@ A eﬂgete@r?t s are al go cont e‘rarhpl at ed.
Thus; for exanple, e s FEYb&E1CRB&Id. CTledkpandthg oeaph@Xelq% are
desi gné]ae 'é’r‘f&a”ggfighed]g??% p?]ovi de 2 range of dianeters inﬂség?eﬁ)l's‘@}aﬁ%e
f ashi on,;98E, §uidinaniey devics ameyr ihehexeaslripn PSRBT ORETIMY Be %™ erpl oy

several different types of cel.ls in t 3, Ly pRa2At. Tat kiehaving a
di f f er enduedr forganph SRESLY RS FRGPT %‘@p@ﬁ&fi %gq%ﬁ etgzg%hna?munt' Ig)]]feaijf_orge used,
t he scent woul d .assu j dii et @figuReiadn @ rsteht 2pplied Ingaftial |y
expandéB@ P& Earlied & %&,b%]slg?fféﬁr]g{h??e{fll; in Fi z; 11. A p]gr hi il I% expanded
SeNt | S0 SRPWRLE (eap@hdel) 2oifi iR BlionTharingcibar PRI NEoTHHT | Ddde of" T &t i vel y
rigid segnents 123, 127, 131 anq_ 133 _whi cg ‘sg-p%tlar%iﬁggignmwrﬂ@imgﬁ_h_ei r
ori gi nabdsdiapewaandraselarnadebs2RRIER BIE SCUSRERT S F38 120, an]d 53. The
segnents are interconnected, W jcQinRles. WlZere 1ASterddps edddpndlistaye
fiexi blséaléFéﬁ’Eﬁ’%rai’fg, °5H€p 1l@gﬂcgairﬁg “n an eszﬁndeoI__ conf Lgur,zt Lon, vhi hg
second £ i exi plGrdh GRRTbe 49 ciiso e tmlloonth aE IBEEGHRT FAPLTOR " B ©

bl R NS

applying a radi a . _
PR égiamcter of the{nem is intermediate between the diameter in the first state and the

D . . e < by
Giameter in the second state. Again, the stenl mzy he Jocked on the expanding means b}
- daid » a0 =
further applying & radially invwerd pressure.

} ) uon ) £ z single bisizble unit cell &s
A further object of the ;nvenuon 1s the use of & single bistebl

} 1 jgeered
an expander (expansion ring), that can be brought into 2 narrow place and then ingg

in Fi ion min
1o snap back into its expanded stable shape. As shown in Fig. 33 an expansion nng

shown generally in its expanded stete 21 250 consis

first 258 and second 262 ends and 2 second more flexible member 266 having first 270

i 3 —_ £ - LR r f- !1 S - f- “ 270 i

second member 266 znd second end 262 of first member 254 is connecied 10 seCon

274 of second member 266, Fig. 14 depicis the expension ring cf Fig. 13 Inits

contracted siaie; Second member 266 1s seen 10 be in a second stable posiion.

Another obiect of the inventicn is the use of a single bistable Joop (unit

cell) as a clip, that can be used to clamp on an artery, fallopian tube or any other body

part, 1o close or hold it for some time. For such a clip it may be desirable 1o define the



outward or tangential force, flexible elenent 129 may be flipped to its
"fully expanded configuration resulting in a scent (not shown) with a

| arger diameter. As shop;min Fig. 11. cells 13 8 are larger than cells
336 even in the contracted state. First flexible elements 225 and 133
are characterized by a different degree of flexibility than second
flexible denent 129 Anot her form of stent, as shown generally at 150 in

schematic Fi an first .di hane a cond
di amet eroligpse &f@é‘bﬂlﬂp“éﬁd ”i%ﬁqﬁaﬁawone P %g{m‘qg 1}3 &!ﬁ{%&gﬁ%@g%fc |h2'5ne&fer in

a regi et?e %5&012{9&%@ ol ISthe %Bﬂariéizsiﬁ’{@dm§eﬁpﬁ.dmﬁndsclﬁﬁt LPcthBApr&tﬂ ermedi at e
di anet e ering rom the first and second di ameters.

i nt erC%?)@ﬁéﬁ@dnﬁgbfhzg . sﬂohggmeman“a@h%mf@ﬁhﬁﬁwcyo&ﬁl‘f%“| n Fig.

once %c?w@@ﬁ%hﬁeaﬁ%ﬁe% i e 0o FOFy Or T8E pPA R AR ERBLbe 2L
d'ffere”t%% %p%f i §c1«a§?c§i‘1wnhhz 6rfb¢dcfmﬁwehim%mmamr&muesm order to

achi eve™@ T I'ameters, cells of differing sizes may be
used. |J&cﬁﬂ¢gﬁmg%d£ﬁﬁllnchﬂ& # hinsenthppe Fp;f yisgeotce 1Ct1ﬂi!é bistabie logpdengaband

di aneters are the sanme while I'E"r anot her enbodi " t he fh géx,]gend second
di anet ewppdicéﬁca'rf)fhtaflﬂﬁéh‘b]ro@@erq TAGEEF P8 548 Hi* én PEgOn e nmet hod of

i mpl anti ng. an anda I Pasgbabkeey
conf i guPEHIng 1P 8“5%?)%%%%?%?%]%5@% %fmsé%eﬂg!skg‘yrgppl )t%I ng tmhne1 stent to

an expapdki m@g&gbmjﬂ@ns@tﬁ@mé delivering the stent to a desired

bodi |l y | ocat’i on, expanding the expandln nmeans sgQ as to e st ent
froma first st ablneﬂ@bﬁfﬂ eLPAPrsRBYea g léglil‘,oz‘(’fs sprspuguons %f&&“ e

configuration, cond st.apl 8in.couki guLat iomdavidighised @itger di anet er
t han th‘é”f’?ﬁ’s‘f“"ﬂsf B e‘:l(‘::rc’)]rrl1 i‘gurat fon, “and eg loying the expanded st ent

at the gesiufedehodlid iy ~iatatddon. elfhepeaepdirgichy cmeans /He§B@ %S °541 | oon, a

nechani cal devi ce on e catheter hencel | s
can be cdlkdgedyses %ﬁgﬁfﬁjé*%;r[ SV OREY rt')lq%e &gﬁ.ﬁo‘% e%gﬁﬁ%}bﬁg

expandi ng %@Qﬂ%onsﬂ?%f%@ﬂb\eﬂ@%nbﬁi BipfLbl cedr:llso Tﬂahembadd@@m: jteptt he first
stabl e COR ration or may be applied in the secaond, stablege. (egﬁpanded)

Conf i gumahpmtsdtﬂhmrgo‘tliﬁed &P RO/ RENSIARNRS| A0 FIOR0g 8 RS SHIEIY |y

It E‘Q’a][ idr {r?gusn\.r & By bcew@e?\%é ggp.h%oﬁ BEeSUBIM 180mA$ bE BuktegOr &bMebiient into

2 polymecric matcrizl 0T Zny other suitsble bio-compatibie material. Such 2 stent may
comprise One Or MOre EXPansion Tings, such zs z {irst expansion ring zt 2 fitst end of the
stent and 2 second expansion Ting &l & second end ot the sienl. The sient rpay be of
constznt diameter elong its lenzth or may have a st Giameter g1 the first end and &
second dizmeter 21 the second end.

The present invendon is also direcizd 10 2 siert having 2n unexpanded
ccnngur'-t_on and an expanded configuration, 2nd compnsing & plurality of generally
longitudineal, wave-like first members characterized by z first wavelengih, and having

peaks and troughs 2nd 2 plurziity of generally Jongitudinal wave- -like sccond members
charzcierized by a sccon& wavciength, and having peaks and woughs. The wavelengihs
of the 1iTst and second Jongitudinal members are substzntally equal. ‘Jhe second
members arc capable of siabiy assuming two pesitions, 2 first position corTesponcing 10
the unexpanded configuration in which the st and second members zre iv phase and 3
second position corresponding 1o the expanded configureticn, in which the first and

second members are 180° out of phase. The first members are rore ngo than the



stable configuration to snap it onto the catheter. Were the stent has
additional stable states, the stent nmay be applied to the balloon in an
intermedi ate stable state in which the dianeter of the stent is
intermedi ate between the dianeter the first state and the dianeter in
the second state. Again, the stent may be |ocked on the expanding nmeans
by further applying a radially inward pressure. A further object of the
invention is the use of a single bistable unit cell as an expander
(expansi eohd RmbdrhaThehnt e Eoowghogitusiod aerdersewr plsaeed #rdhe Hatpee

triggered 10 snap _back into.its expanded stable.. . Ag, .§hown in Fig.
13 an exph¥sistr! P?’\?Pdha‘szﬁf)\]/ﬂ?gﬁéﬁléfﬂjﬁFvn?’ﬁe"_l’otﬂg %%(r%%hég State at 250

consists of a fj " Q1,0 AIBIDRE: BRA rR@HeNT cofhdetdd 1828¢ afidcese perkchi262
ends anduﬁexféﬁééﬁ{iﬂr}g’r%g*'l exi bl e menmber 266 havi ng first 270 and second
274 ends se5hl Shergig 25 8e@hn 6 mschmentbed cabardugh edaredtred e G ¥ st end 270

of second nenber 266 and second end 262 of .first rrep%ﬁr 254Liassca%q}\n:nect ed
to secondiahdd 1@ e adieeat BhE MERreFoREaBempsrgn 2 {98 e ghipfl expansi on

ring of Fig. 13 Injts .contr te. . 6aing Seen to be
in g secéﬁg fearadie O‘gl?qgegqu_ns ﬁﬁ%@ﬂ@&ﬁ e ,::Eﬁ%g%’&%&%@@ﬁon%ﬁ i

€r obj ec the Tinvention is the use

ofl a si 'agr!'ﬁiol?ﬂilz);gﬁ)e'\%a L?%y(_umizé so deedriDedagnacal bepnapivdtiaomtbebe used to
clanp on"an artery, fa

opi an tube or any, other body part . to.close or
hold it fupExysated tenfepuratsn 18 tlehexaerder GOk el @@Qg{%g@%% %ﬁfﬁi t he
col | apsed stabl e shape as the uns [ 18 aP8e 1Pe6ANGR dohegortibapsed
stabl e sﬁ@ﬁé%ﬁ@@‘b"aﬁ’b@nft’lcém%%g? ’%ﬁg{g?gggﬁl& Nt he col I apsed state, we
clip woulhd. kg%ﬁfbbﬁ—‘aﬁﬂ@ cohlapsed WEkpankisensmnhofsc Figemagos Regigger i ng
nmeans vvo&jl‘c?‘ € usSed in’conjunction with the cle}rrp tQ S}‘%{ictCh t he bi stabl e
| oop fr oment istrayelsbdeanet hapmelrpaciselsdgert AP Neshs ' be  pneumati c,
hydraul i c, nechanical,. thermal or, . 1 ONBEHRARIGE fliniAR A theExanpt ssisof
such triggering nea e‘i“ﬁE’?‘hOé]eal‘é? {%%ag’ﬁ‘%at ed apploy"ladng orce to the,

£

bi st abl e Jog-gﬁ,si, ¢ k1285 oPPPheag komvelivemn: e e PHEHd COPHET Y Gder i ng
ude

means i ncl ‘pul I i ng on the, device, ushi ng an 4,ke devise, mbendidig -t he
rigid sedisonat st odeRqc =0f- TEFERE gsﬁnﬂgsts?%‘mt hol di hg he flexibl e

menber in ol age. AN BRbn@aEblclzd Hecdiashat of hyemsdom bajpbiodesd
const ruct oRs’ between one or nore ri n%-shaped el epents according to the
present | plugng lensictonbi Medesketsho fo joinct. The 'sicnl ay Inen o COTretiety

third stable stzie, the stent in the third stmble stete having 2 dismeter intermedizte
btrwcén the diamerters of ihe stent in ibe unexpended staie and in the secend stzble sizte.
The stent mey further be secured to the vessel with the zid of one or more of the 2bove-
Gescribed expansion rings (e histzble loop). One or more eXPansion yings, cuch ac that
depicted in Fips. 13 and 14 or smell clzmping stents (such as that formed from the smp
shovm-in Fig. 23) may be delivered 10 ezch side of the stent in 2 comrected siete &0
depioyed so 2§ 10 clamp Tie vessels between the 1ing(s). Muitiple rings may e usec for
additional clemping. As shown gepernlly 2t 300in Fig. 15,2 first vessel 304 znd @
cecond vessel 308 zre joined 1ogether with inventive stent 312 Vcssel. 304 overleps stent
312 in a frst overlap region 216 while vesse) 308 overleps stent 312in 2 seécond overlap
regicn 320. Vessel 304 35 clamped between expansion ring 324 (shown in the expandcd
state) and stent 312 while vessel 308 is clamped between expansion r'm‘g 328 {shownin

* . . -0 0 » ui
the unexpanded stztc for illustrative purpeses only) and stent 312, the dotted lines

associated with expansion ring 328 illustrate expunsion ring 328 in s expanded siate. I

) —— . . a . - " ., ’ 1 .t } ‘lrinn
chould be zdditionally noted thet Fig. 15 provices a cut-away View ol vessels showing



tubul ar sleeve that is reinforced or held open with such el enments, An
exanple is a so- <called graft scent nade of a polynmer with one or nore
expansion rings. The expansion rings nay consist of 'he above-described
bi-stable cells. The surface of the gtteni conprises a skin nounted on

t he expansion rings. In nmounting the skin, the skin may surround, be in
or between the expansi on rins. Ski-N,DRY . hehranc o g ard ARhg Skition  z
poIynéhﬁé”ﬁﬁﬂ@ﬁﬁ%?mﬂéwﬂﬁ? Eﬁhéé¥§§??§6 éggig-conpatible naperiaIMzﬁuch a
stent ma b €. Qf, o FRIE BXRPES bacth BEs! 3 Quatl apansibhrgg 324
expansb%%l¢ﬁ%gp%ﬁégy??%gg end of the stent_and a second expansi on ring
a. a second end of, 4l csleatodinita, scdowmmayipel Tot NrEloHsIEAAL dPdfnet er

along its length or may have a first diangter. at firs:
secondsatioplBicese] 208 tahe) ogmrong cberdhy TRENT ok et ieﬂa?ﬁ@é’ﬁﬂe%g ﬁsj“"gpq”

directed to a stent havjn ex ed. canfi tinen jexpanded
conf i guesatl 404 wanld Sé@ﬁf’&r‘?‘%i%& g %ﬁ’ﬁ?’iﬁf V‘gﬁﬂg’{e‘%ﬁﬁp@' C%@%é’? e ,
wave-| i ke first nber s f ' e a1t EidwiRYe i g Bgithforand havi ng
peaks EWNEFG BYEY Oglgﬁciozllg}gﬁs/]leg?%ﬁ%grgﬁnl y | ongi ttjndi alljlﬁwave-l i ke

second 46haLAGHeIdnABE obtice cfaesseis v@valdti§tdampdhd Sornig Beaks and
trough%ﬁ%‘?ﬁgﬁvv%\fé Z‘?\gt hg of the first and second | ongitudinal nenbers

:resubgtaaf.i Ald}jm(ﬁﬂtlellamp'fhﬂa}sb@@ﬂ‘?—d aspepdssr s are capabl e of stably

assuning two positions, a first position Lr ondi ddmesnexpanded
configuration in lrmmﬂih%’ffé“?‘?Cﬁ?thﬁ&ogqg’é%a?\%nr?gﬁ%eéggbg@E&?ﬁ phage and a

secondéﬁga]ietsf'érggﬁlgé)hgﬁ%gg&qm ﬁrgugé‘@ﬁgﬁﬂgﬁdgdhgmfsé]gm]éﬂhmmhd enhpEh the

first ers are 180 out of phase. The first nenbers are
more 1iygl dehNaayhentb eeonnd coritberse, Agwn.| daTpeand FEEBHE BRIt Nal
menbers ere disposed or, the surface .  of the stem such that the

| ongi t wdedad fifrires tseeure teeRBRd OB YSPESal ternate. In the unexpended

state, each peak of eagh {i I Lhiwn GPRNEGE ek sté) BnanddjeasedAb8 peak
of a second msrrbg’il ai’%%gr ‘E%é?%ﬁ]{,gﬂggggttachne% and each trough of each

first nerRel dseuet bachedpiniangnadfaieanal wobgh:st! Wdsedsmd fonber in a
region o attac‘ﬁment, as can be se?{;?ff r0§>m Fh%l 9. Thg e;]{ag;‘%@g Qfhat

at t achremtisang csefoaratmpleak 6MplsEE IRldiotiaps stenly PR ETOR By Sne

vavel ength. The $0:9638LiPsdoAG5RE sfllaf6 a3 BARBEH: HEGMebfigs 454 and 458

the diameter o

i i ither the ex jon 1 1 . but not both, may be
-and expansion ring 462. Either the expansion nng 01 the clemp, b h, may

. e,
replaced by asuitable support such as a rigia collar.
The invention 2]so contemplates z method of jeining together two vessels

is3 lelivering an i 1 i ineypanded configuration in @
comprising he sleps of delivering an jnventive stent In an UNexp g

' iily sl &cl '0 bods ; stent and expanding
first stable siate 16 a bodily site, placing two bodily vessels cver the stes I

i T 11 e state
the stent to 2 second steble state, the diameler 03 the stent in the second stab!l

i joi ) 1 3; second stable
exceeding that of the vessels 10 be joined. The diameter of the sient 10 the seco

state is preferzbly chosen so thal the vessels fit snugly over the stent. The delivery of the
stent may be accomplished by delivering the stent in an unexpanded configuration
through a bodily vessel and subseguently expanding the stent 10 rest snugly in the vessels
to be joined (where a portion of {he stent resides in a vessel), or by expanding the stent
L0 i1s most expanded state, placing the stent over the vessel and then contracting the sient

to an intermediate state over the vessel. The collars and expansion rings mentioned

above may similarly be delivered. Alternatively, the stent, collars and expansion Nngs

may be delivered by surgically exposing the vessel in gueslion.



unexpanded configuration to the expanded configuration by applying a
radially outward force and simlarly can be snapped fromthe expanded to
t he unexpanded configuration by applying nradially inward force. Wile
such stents nmay he used internal to a bodily vessel, it may al so he used
external to vessels to join two vessels together. The invention also
contenpl ates a nethod of joining togetther two vessels conprising the
steps of delivering an inventive stemin an unexpended configuration in a
first stable stateqtoptgraihedidyisalst direexpandongtichehec di: vedveaesecond
sable state, the di anbt er of the stent in the second s:tabllg state
exceedi ngchhatenefzl I hetMemdak.sl diocees onaEd R BPALTHG "R ELSHENT” over
vessels to be joined. The .steal er be contracted | Qufc.if b4 d stable
state, tgraesdAl 5%%{“%@?’?1&?’64 §?"£@?€e&)§t gpg&ﬁ%\%ﬂ%&g A aneter internediat e
bet ween the. . dj Qfiy LRS- SPenibl Mehiter Bexpandedrsead 61An an t he
second stABISE Osar@.g}%@ﬁe }scent ﬁay further be secured to th ,)ée sel. with
the ai d.Qfconendsarofist efic 6Hisabovemiiesey Héaaéfxwﬁéaa@?ﬁ%ﬁg wEh i

bi stabl e 1 oop). One or nore expansign rings, h. : depissed in
Figs. 13suppdriadi infus kel SuEPEhBERy @%&HF@?EE@%"%&“@%&% formed from the
Strip shown.in Eigy s28)s fBYoiD&:Aak} Y87 RintRorenahuey defsot sihersdent in a
cont r act ¢ st 48" dhd depl oyed so as to clanp the vessels between the

ring(s) . esYihds ks chmst 6ty Soepursetaisai24 Addian HHaIC G1%RETRG. As shown
general ly at 300 in Fig. 15, a first yessel 30 Al ;odyLvessel 308
are t anesbifiogetheidfotld fedhsiearees f’“ﬁﬁ?c ‘ﬁgs@éﬁgb%ﬁnﬁggélﬂ aps stem
332 in a.first overlap redi R348 yhidRis\wesaakis808byely haps wadnt 312 in
a secondﬂ@v‘é ﬁ‘aﬁm%rfe@%z)r??‘%iz%% Vessel '3041 i s clanped. bg,t en, ezﬂggnsi on
ring 324g66howmidua ridiensesaiamdéds 2 opetng 63 BneR{OMBIDIRA F# 9Pessd 308 i s
danped between expansion ring 323 (shown, in.  -thesdnexpandedslate for

i |l ustratios ‘?ﬂuﬁﬁﬁs‘%%’e%?ﬂ”ﬁ%’ Ogﬁgms“t‘ rr‘é?‘laﬂﬁ’le.l O?ﬁrg" _o%_t ed lines associated

Wi th expansihQn; i B9s 82801 ddrusit bes,ehax phosiony ekilign grgri wil X goBkFanded
state. It shodjl.d pbe additionally noted that“_fFicg.V 1 85%%%%b@r gL - anay
vie x of otmspebsbls humipPren! UHePHPRELPESITPCAT Acd therern. F g. 16 Shows a

cross-sect{ onal Y.SW il Elfeiodd ALARS: seathion mdine 60831 6onsesseland04 i s

shown saAfRE Jetween stent 312 and expansi on rin

24..
arranged so as 10 block the flow of fluid through opeming 652 whe f?e:-uo]e member 608
is in the closed position. When {lexible member 608 is in the open position, s depicied

. i 1 ] r =) 1
in Fig. 20 valve closure member 640 1o Jonger obsiructs opening 632, thereby =lowang

the flow of Nuid therethrough.

. e merhaniea! hvaraoli
While riggering means 620 mzy be any suitzbie mechanienl, hydraulic,
preumztic, or thermz] based wipger knovm in 1he wrt 2t present €7 10 the future, 1IN &

i ] ipgen 520 ¢ jezoelectnic element: In operaton, if
preferted erpbodiment, tnggenng means G20 is 2 piczoclecuic element: Inop X

in T 20 35 not zediv er 640 s
the piezoclement shown I 2. 19w ézD je naot pedveted, valve closure memb

closed. Aciivation of piezoeiement 620, zs shown in Fig. 20 czuses a small shortening in

the Jongitudinel length (Genoted by Y in Fig. 15) of plezoclement 620 which 15 Tuin
releases flexible member 608 from s first position. With member 608 released, valve

closure member 640 js froe to open under the pressure wzneminted frem the fhaid.
' 3, 3 i ictedin Fi jle the fluid
Member 608 assumes 2 second, inverled, posiien, as depicted in Fig. 20. While th flu

int2) 1 in i 3 Htion 3 ahsence of any flvid.
pressure maint2ins membey £08 in its second position, even inthe . b

member 608 remains in ils sccond position. s depicted in Fig. 20 if the-riggeming is

turned off end piezoelement 620 sssumes its original lengh. Velve closure member.640



I n anot her enbodi nent, as shown in Fi9. 17, a first vessel 404 and a
second vessel 408 are joined together by a stent 412. First end 416 of
stent 412 rests in vessel 404 while second end 420 of stent 412 rests
-wi thin vessel 408. Optional clanps j-(such as a snmall portion of a

col l apsible inventive stent shown later in strip formin Fig. 23) 424

and 428 residing on the outside of .vessels 404 and . tlegesient to
the weswelcioddtiddnnalhehbps fh%i/m%e )h%e@i’%%”er’?é[e}g%g%lg%@%her

enbodi nent, a conbinatign of t ' B Fh g0l bhandis e/, the
fi rst6mdl@win&@f§m@ﬁt60gé9ﬁﬁ%ﬁglﬂgjgﬁfg‘%%ﬁ% czo%f) he vessels and the

second end of the ste X SRR hidshecs eennd ioessak 2 mgEnsd cl anps
and ekﬁgﬁé‘? Ho?lﬁ’ﬁaé)%r?&{}%ge sed 1o further secure the stent to the

vessel s.gégagrg%{;%rigq:@pgi ment, as shown in Fig. 18, vessel 454 and

vessepo% are held together by an expansjon.ring,462 in t he
vessel and a cl agpe4ab&, depudabindtiphd 95md 40gpa gi%l lbe%%gn%énag@%ég??{’m of

col I apsi bl e stent, the stent chosen Sg.t F BB eihetifgerahent in
a col hpdsed dsvidles. &FBoindrBCWHug? £ © “H%Se“”s‘{s{e}ﬂgg’%54 a%%lJ }258 ang
expansion ring 462, Either XNARSH fUhcE | NOa pstidnhevitl jaopotinsnte.nbe bot h,
may bélST%@ﬁwag‘&d‘Weéoggﬁ%% l‘(.a:naj;‘)uigfgortl such as‘pa rigid collar. The

i nvent Eone 8%%911;%8"'&;3‘?@11@9% idphBtdiod tof ujetlira upig s epY SPRENe BiEWessel s

a ‘r’ng e steps of deliveri ne% an inventive ?te”h?é\’;}d@%‘w‘ﬁ]@)(pa”ded
rebesit TRt " p

conpr i
conf i gynadin@rhknsa of e sltovstdshe FPENT Y HPBH Y] acing, two

bodi |y vessels ever the stent | ' t fR i ®hat Be &riggeedd stable -
state,urmhsa.dhélﬂn@péh%?V?IH%I%%?#%@@?%E%SQ%%H st abl e gate exceedi ng

that of th ssel s .0l Redhiadee Yiamebidingte blegdst, e valie £ Becond
st abl é?"heé‘t‘g’ﬁg:ﬁfiég r%%@}’ggl\?%c%osean o) _tﬁat the vessels fit Svrég}%:n}’e Quer

t he Stxﬁﬁ%cre&@%ﬂ?’td YIREY 10 A tokieer sst}emplmyolﬂ)étaéﬂﬂiﬁf PRI Sdat TVeér i ng
the stefit in an unexpanded configuration. - dil YeVieeesd and
subs equentrcyicexpahdi ot h s sharmt giaée}}eeascﬁl\étgégw%t?%%@%e vessels to be
joined (where a portion.of the;st@ntsetrRel des in a vessel), or by
expandigarinaney tctlo eg b&t%‘% grét“ expanded state,  placi % the stent over
the vessel and t hep cgeit tectdngrihdessehin oby BEOFHEEP TG 8EE Gt at e over
the vessel. The collars and expansion rings nentioned above nmay

si m | asgpickBodeks velled. Al teraatively, the slent, collars and expansion
rings In =ddition to the bistable unit cells isclosed above, bistzble unit celis

_ I
mull un; th ar contemplated by the
and more generally, multistable vt cells of other shapes are 2lso contemp

| ] 1z2tions of another -
present invention. Figs. 71a and 211 are schematic represenialions oi

l 15tz ini | and expanced Stales,
embodiment of an inventive hinged ~ultistzble cell in its contracied and €Xpanced Siates.

respectively. The contracied cell, shown generally at 700, and the expanded cell, shown

] v 1y side
generally at 705 consist of Tour interconnected relatively igid members. Two
H)

) 1 713 via hi 715. Side
members 709 are connected 10 0pposiie ends of top member 713 via hinges 715

. . : ber
members 7090 are connected at their opposiie ends 10 opposite ends of bottom mem

7317 via hinges 719. Preferably, the hinges are elastic o7 plasucally defarmable. The

hinges may be fixedly attached to the side, top and botiom members or may be integral

i ) 1al
with these members. 1n the Jatter case, the hinges mey be formed by removing maieri

) ) re thi ' jifferent
from the cell in the region of the lnges so that the hinges are thinner or have 2 diff

e - m
geometry from the side, 10p and botiorn members. In the process of transiyoming fro

the expanded 1o the collapsed state, bottom member 717 opens slightly. The cell of Figs.

. s . &
21a.b also has two additionel intermediate siates in which one or the other (but riot both)



any be delivered by surgically exposing the vessel in question. 16 The
present invention is also directed to a bistable valve. The valve, as
shown generally at 600 in Fig. 19 includes a snap-action dipositional
unit cell shown generally at 604 |locate within a conduit 606.
Snap-action bipositional unit cell 604jgconsists of a (substantially
arcute) flexible nenber 608 having a first end 612 and a second end 616.
First end 612 is in comunication with a tri -1.ng,.eans 620 which is
supporte}i,sidemntmrmip%m@}ﬁﬁé’?f{m%%é aé%ﬁ“i“ﬁg?“g?%‘g’ f'%?m i nner surace of

conduit 606. Second, end 616. f i phe. erber;s&a8wh Scaaiiatid 1 Figt op
surface 628 which r}b&?wgég’éﬁ%esdsﬁ%ﬁ%gﬁ 606. ]Support nmeans 624 and stop

surface 528 _nus fd Sicanthy. 70b0ihdht exfelied flaexiTieeceiemip®yn 608 in
pl ace ar?gz%rfﬂgﬁe %8 aﬁjﬁsregg{rai g d tha{% fl exi bl elmr?errber 608, ta%% surfage 628
| 1

ext ends %Hp,sdt;grgtiﬁbl, Yorah¥ts giiepynavba IS dcaddwitor: BOBbEh FePFeyfons
630 and "has a opening 632 within in | ongitudi nal region.63 | ow t he
f1 ow t henenbenyse. cfwa Upped de mem#éﬁg?&gﬁé GO CHES0] ?%P?%%f%g)fé%ng t he

| ongi tudi nal axis 636 of it 6086, b d 3K bohommmemeer art
will recmg!ﬁlb@é756W@‘”§6§Zﬁgﬁgp%efgéd%t%%$§§§ 7%? a?éhe openi ng and stop

surface..,Val ve_en rhehbE498 is Sdped GHle By \weih tiopevo aprights o684
posi ti on%jsbva}ﬁ18§7sg%@§#% Jeﬂr? 608, is (]:%nst}jrduct ed and arr&rr%gﬁ,g 0,as 0
is

Pl ock ther el i iy flopihy@ughiopeli mgp G320 Wg@ﬂpmpﬁ% °
in the closed position. Wen f]exi .ne IS on,
as depi cthegreviouBiyglimsses IVEBT&}VSQH%%%%Egéﬁgai% Té&ﬂ%%ar 0 g%%ﬂ?a g

openi ng 632 thereby allow.n : Wi st dreh i eughine\Werheers.
triggeri #orBaplé B MAY* gégde&%%g%ctgggﬁlge f}rrigchaﬁi cal , E’t:’a;]/dr aul i c,

Pneumat i g, . L. IELBhi Ras eshibits gatplkatabie smes hip aiaitosato hedybheX AP
the futuie, " Tna preferred enbodi nent, tri gz%gri n 620-ia§c:gii Q&]eglg(gl ectric
el enent . and fulDpesatdctm, stites shaya pi 28 i@t 2 2oh TR EY é a 0is
not activated val ye encl.osur rrent%%g i whidhas 8¢ onde ineaticorpref side

pi ezoel ewdntY GO THETR %sfaﬁlﬁog?] Ef@’f:}%ﬁs’@&h? srra?ionshorteni ng in the

| ongi t udi nalbelrgr}g

L1 ?*{'5 éﬁ?})@é@ﬂnﬁ‘{d ¥idn8 vAtlgtoplmymbér Th4ezoel ement 620 whi ch
in rum Pefeades fIexi bl'e nenber 608 fromits fi rft Eo%i ti on, Wt dy frenber
608 rel eased, val veThe above described hinged multistable cells may be usedir a5

above discussed applications e.g. to form stents, clamps, clips, expander nngs, bistable

e In one such application a ing or stent is formed of the hinged cells of
Figs. 212 and 21b. As shown in Fig. 23, a series of unit ceils of the type depicied in Figs.
21 are joined together so that the 10p member of 2 cell forms a portion of the bottom
member of zn adjoining cell. As depicted, top member 814 of cel} 10 forms 2 portion of
bottom eiement ;3] g of cell 820. Similarly, top member 824 of cell 828 forms 2 portion
of bottorn element 832 of cell 836. Although the ring or stent in Fig. 23 hes been cut for

o ends 840 2nd 844 are normally joined together with a
r cell 856. The

illustrative purposes, the tw
poﬁion of lower member 848 of cell 852 serving as &n upper member fo

ring so formed has arrange of stable siable states including 2 fully expanded stzte and 2

fully contracted state. Where the individual cells are made identically, oniy the fully

expanded stales may be accessed by the application of a uniform radially outward force

10 the stent in the fully contracted staie. 1t may servezsa clamp or collar, an expansion

ring or & stent. Larger stents may be formed by imerconnecting a plurahity of such rings.

Similar products may also be formed from other multistable um'i; cells.



cl osure, menber 640 is free to open under the pressure transmtted from
the fluid. Menber 608 assunes a second, inverted, position, as depicted
in Fig. 20. Wiile the fluid pressure nainteins nmenber 608 in its second
position, even in the absence of any fluid. nenber 609 remains inits
second position- as depicted in Fig.,20 if the~triggering is turned off
and pi ezoel enent 620 assures its orgi‘nal | ength. Val ve closure nenber
640 17 may be closed again, in the absence of fluid,.By Ibseguent
triggering 2f: picerbelerentones2d WSFJ@W%&%%%%#‘?’683”’8%%‘:?‘3%% ?‘g‘n to its
second (Cl osed) position which.is,th ebefdrethepPasiohheningf Trernber 608.
Member 6018 sheisabBbere BRiad $502 12084 ebegﬁgr eferr ed EOSi tiﬁig_ndq@‘ shown in
Fig. 3. The val ve. depi ¢ i NoiEk g5t 2% @bshaportiyn B8 appodidedtd’ medi cal
and nonTCHEEA g%‘}loﬁ%&ﬁ(?@}s% t“d}?s, in particular,, alfn aiQ{? of %QE (ﬁg%?gnt

i nventi gn 0y ARBLY R BOEentbyesh Biovt abFEPVEIR E D858 2BHATTOT 0
urinary’incontinence. In a patient wth incontinen tinguinaeaeaded
descri begh Majouedraynd@§ WoloaREd s ﬁmfﬁ‘é’pu‘{r]g?%rjé us?ﬁ)amgny‘ﬂ_’s)ﬂié& abl e neans
i ncl udi ng the_ use, of the_ ab flesGeibadheéxpaasdoisidenger 16 S efip t he
val ve téiﬂtCHEF!%rrje‘;tbhrAe?;lﬂ”ﬁfﬁf%gﬁ the valve in the def.aﬁjb%{} st t%ck/%sscl osed,
the val ye ray. be t ei}gﬂ%ﬂgrgesﬁc deshentet B2 bF aldis SHOR'SIOGF (€ vora e

bl adder . Ug’gn vol'di ng the bl adder, tES vatﬁ R and Y34 gegsiaed again to
close i bfeﬁmah@mmbmmﬂyi%ﬁﬁ%ﬁ cpis 7%y rfeoy % e 1 nvent f}ve val ve in
conjunction with a shunt. The shunl, HRY.~d6:agihwvalt 836 byidnpiggemismyt he
devi ce- badomgneibefr 4P 3@%%@9%} 8:;%6' by Triggering the devi CF. g@t‘o{course
the valye nay {ig}%dl{?&qmﬁ.Qogﬁ%nﬁﬁdie@ahrhwdem@hxsnﬁa%'@ienébeb engthiof O 20
vel | . 1 #°8dGPP6n 't the bistable Uni'_réltﬁcell.lq%-qgéﬁ%u@ SehaeVEinchi st abl e
unit cehhsumaedl.nbrscyenscab P! SWAPIT SR E lini't celI's of other shapes
are al so contenpl at ed m%r}e':j’fgb@éﬁ'ﬁchi’ NYERtel Dar. shBivg selDH4 Brige 211b are
schemat ity FarVERE S “ ot her embodi ment. of an, inventivey henged
mul ti st acqggn&glgmg Bad dcBis Dontr aetreckeatef ARpERted- BYACES 7 T espect i vel y.
The contracted cell,. shown general '%ﬁkmmﬁ’em@wnﬁ hs2 expandéteedkt b¥ shown
gener al Ispean Bposshetobress > S FolPP fiter connect ed r el at i vely rigid

. . H Ll o < e cm

menber s 'L\;':-'I-\er si%’e(sz?embcm 04§ 25 well 25 by obligue regions 936 of botiom m
H 14 B } | ‘ -
: . . - . n

1t showld be noted that the wmventive devices of the present applicetic

2 tesis Thus, for

may be used on a mperary hasis o1 on 2 pcrmanent basis In1he body. Thus,
: 3
J jz1ed i e sienls and

exarnple, permenent sienis znd clamps are CONCIMPIZICE, a5 &re removeble stents

idphi ey = ‘

clamps. . |
her t &1 in expand! ¢ of the invenhive
Yt should furthes be noted thai In €:paning son

{ ior jon in @ directicn
multistable cells, there mnay be CompOonens of expansion/conmacion 1o

i jirect 3 : olicd 1o expand the celis.
perpendicular o ke direction of the fuorce appll 1

3s applicail het '‘multistable’ is
Finzlly, for the purpeses cf tns applicaiion, the €M

inended io inchude ‘bistable'

2 { different
In the described drawings and teXt only some examples 0 differe

3m }al 1 T10Y SIC 118 lh(: ¥ lclcllfl;_'lc‘,.'l E',SL)..[S Gre L()!].Dlel{:. Uli!ele 31 due to Lhe .Sp'- Clal
V
1 Q p 2 > -
comblns Q I 1 a e - i he 50 4] tCE‘l . .
non Of‘:’l gld scciyen &n a. 170t {lcxlbie =eCcION N i same T 1 O
= dc Lhe 1!4 d[Bd 8 llu..:(’ CE] -;})apt many Ollltl £ lc 2351 -h
Course [hEJ " bt . by

ith simi ;stic behsvior.
for he unit cells, with similer charactenshe beha

; i of 1} eraj principles of the present
From the zbove disclesure of the ceneral principles P



menbers 709 are connected to opposite ends of |op nmenber 713 via hinges
735. Side nenbers 709 are connected at their opposite ends to opposite
ends of bottom nmenber 737 via hinges 719. Preferably, the hinges are

el astic or plastically deformable. The hinges nay be fixedly attached to
the side, top and bottom nenbers or mayZ(be integral wth these nenbers.
In the latter case, the hinges may be fornmed by renoving material from
the cell in the region of the hinges so that the_hinges are thlnner or
have a di {f\eneRt »n@BeMREs i darmilch destigaon, topscakdicp st tomiThaHbERd Y I n the
process of transitioning from the expanded to the collapsed state,
bott om nenber 717 opens slightly. The cell of Figs. 2la,b also has two
additional internediate states in which one or the other (but not both)

| S of side nenbers 709 and top nenber 713 are collapsed downward. A
hexagon hinged nultistable unit cell is showm schematically in Fig. 22a
In the collapsed state and in Fig. 22b in the expanded state. The cell.
shown generally , at -/50, consists o ftop nenber 754 and bottom nenber
758, and upper side nenbers 762. Two upper side nenbers 762 are
connected to OPPCsil e ends of top nenbEr 754 via hinges 756. Upper side
nmenbers 762 are connected to bottom nenber 758 via hinges 768. Bottom
menber 758 is shaped like aUwith the two uprights of the 'U nodified
tolie at oblique angles -"ith respeci to the bottom pan of the'U. As
with the previously discussed inventive cells, hinges 756 and 768 may be
elastic or plastically deformable and May be fixedly attached to the
menbers or integral with the nenbers. The hexap-onal unit cell exhibits
-multiple stable states. In addition to the fully expanded and fully
contracted states shown in Figs. 22a and 22b. the hexagonal cell can also
achieve two iniernediate stable configurations In which only one of the
tvvo upper side nenbers 762 is collapsed inward along with top nenber
754. The above described hinged -nultistable cells nay be A-,sed in any
of the above discussed applications e.g. to formstents, clanps, clips,
expander rings, bistable Valves. in one such application a Ting or.
stent is forned of the hinged cells of



Figs. 2l1a and 21b. As shown in Fig. 23, a series of unit cells of the
type depicted in Figs. 21 are- Joined together so that the | OP Menber O
a cell forns a portion of the bottom nenber of an adjjoining cell. As
depicted, top nem beT 8 3 4 of Cell O for-ins a portion of bottom

el ement 818 of cell 820. Simlarly. I% menber 824 of cell 828 forns a
porlion of bot-tomelenent 832 of cell 836. Al though the T]%ﬁﬂg ﬁtem
in Fi gcoddr ﬂ&mcbbemmmmﬁ1ﬁoﬁﬂkﬁvﬁm%®ﬂﬁﬂFbé“hﬁ?ﬁ@éé§m“Pﬁ%”FWBC ¢-840% and

844 are normally joined together "61h a_porti.on 848
of ceI I lmmd@bﬁilﬂ?fﬁgc%‘éﬂ% Qf%ﬁ%ﬁ”fr’?ﬁwp ’f‘?}ron 191 gg%mﬁ?eﬁeem g%‘r&g}g%?nso *forrned

f stabl t ab I d
1o BTt GBS 1 dakiesmenditst e an

| denti gabl v 0horERR:! blilabior 2xpARMled byt gsovemyshibedasessie by the
application o auniform radially outward force to the stent in the

full), contracted state. It nmay serve as a clanp or collar, an expansion
ring or a stent. Larger stents nay be formed by interconnecting a
plurality of such rings. Simlar products inay also be forned from ot her
multislable u-njis cells. 19 Figs. 24ii and 241 illustrate one such
posibility schematically), in which hexagonal unit cells such as those
shown in FigS. 222, b may be joined- together to forma ring: The top
menber 884 of each cell 880 is joined with a the. bottom portion 886 or
nodified 'U shaped bottom nenber 890. Althoug in . in ~T p formin
Figs. 24a and 24b, end 894 can be joined to end 898 to 1brn a ring. The
strip of Fig. 24a is shown in fully expanded stoic in Fig. 24b. Adjacent
cells 880 are seen in their expanded state. For the sake of

conpl eteness, the tinges are design .aced 902. Fig. 24c shows one cel

920 in the process of expanding;, and one already expanded cell 924. The
cells 920 and 924 are joined at bottom nenber 928 and top nenber 932.
1-Th gcs arc shown at 936. Miultiple strips may also be joined together',
so as to forme stnt whose lend is a nultiple of the length of the unit
cell. in such a c2sc, upper side nenbers of .adjacent cells would be
coined toget er. This is illustrated in : i8. 24d which, like Fig. 24e
shows cells 940 in -the expanded state and cells 944 in the process of
expandi ng. Upper side nenbers 94% we shown by dashed |ines- Adjacent
snips of interconnected,.ed cells 952 :sc joincd together by



upper side nmenbers 948 as well as by oblique regions 956 of' bottom
~menbers 960. |i should be noted that the inventive devices of the present
application may be used on a tenporary basis or on a permanent basis in
. the body. Thus, for exanple, permanent stentS and clanps are
contenpl ated, as are renovable stens and clanps. It should further be
noted that in expanding sone of the ipywentive nmultisiable cells, there
tray be cenponet-sts of expansion/contraction in direction perpendicular
To the direr.ion of the fune app lied to excand the cells. Finally, for
t he purposes of this application the term ' nultisi3ble- s intended to
i ncl udeClapimst:able'. In the described drawi ng and text only sone exanpl es
of different enbodi ments have been given. Wile the stens O the present
invention can appear simlar to prior cleats, the nechanical results ere
conpletely different due dpatheuspesi-als% Qﬁn@i;laééé%e@éy,” gid section
and anore flexible section in the sonme unit cell.. course there are,
besi de I 4431 r at ed si nusoi dal Shape nany ocher possi bl e basic shapes
for the unit cell Wi, t Ll e characteristic,beghavior. Fromthe above
di scl osure of thégbgﬁ F&F%Eg%nEPBEQ%ECfo?ﬁ%g%¥%§e RT 2R IREM on and t he
precediwig rdet ai lped sdegoaiynt icor, ekpeseabk| tegihne thisimgta Willrdwadi |y
21 conprehend the variqus nodifications to which the present invention
i s suscptSiedanle gelilg dngédmpsr DEnbreby et beRedibe Heedr exetitable
appl i catd | nglude diif fer e Les, . dl ; uctigns and
differgﬁ?ﬁgg#%?ﬁggﬁgﬁ% g%dogesggkégrggﬁgﬁgg?a gé%%q%ﬁggﬁﬁﬁgﬁég%égn? asic
mechania dlotsghallirectasl exddiibiltiedobywahed, above descri bed exanples. 22
Gaims: 1. An ap% %%%H% %%Ei%%eekga%ngﬁsg gﬁﬂgﬁpaééggqé:%é¥% passes

a transition point that allows the force to be decreased

during transition to the expanded state.

2. The apparatus as recited in claim 1, wherein

the expandable conduit comprises a liner.

3. The apparatus as recited in claim 1, wherein
each expandable cell comprises a longitudinal strut and a

flexible link.

4. The apparatus as recited in claim 3, wherein

each flexible link undergoes pivotal motion during expansion.

5. The apparatus as recited in claim 3, wherein
each flexible link is arcuate in form prior to expansion of

the expandable cells.

6. The apparatus as recited in claim 3, wherein
the force may be removed once each of the plurality of

expandable cells is moved past the transition point.



an expandabl e conduit configured for deploynent wthin a passageway, the
expandabl e conduit having a plurality of expandable cells that nay be
transiti oned between a stable contracted state and a stabl e expanded

_ state by application of a force directed radially outward, wherein
during expansi on each expandabl e cell passes a transition point that
allows the force to be decreased durimng transition to the expanded
state. 2. The apparatus as recited in claim1, wherein the expandable
conduit conprises a liner. 3. The apparatus as recited in claim1,
wherein each expandable cell conprises a |longitudinal strut and a
flexible link. 4.7.The dppargtustas péciiedmi h shat#i3, thdesriral gach

flexible link u rgoes .pi votal notion_during expansion, 5. The apparatus
as reci?%oe’iﬁﬁaréllqagﬁﬁ £ o B R So Ac Hor FeRFBERT| £ k. 152 bt EVARE T 90r m

prior toh&xdashemh dic he @é@%@d@bb&ﬁﬂahsof 6cnd 61 @PPRI & USr as) J&ci ted
inclaim3, wherein the force may be renoved once each of  the plurality

of expwiddldl eércalimbte mheed pasnh the erpasfsbbe pordieit 28s 7in The
appara%gﬁ_of c%ﬁkgl%uwh%r%yn the plurality of expandable cells define a

wal | haV|rﬁf%f%3 grd f@f St STt s t heret hrough with at |east a portion of

the plurality of slots having an arcuate shape when the expandabl e

conduit is in a coll%psed configuration. 8. The apparatus of claim7,
wherein the arcudt-e he apparatus of claim 7, wherein the arcuate

shape transitions to an expanded arcuate shape as the

eXpandable conduit is radially expanded.

9. The apparatus of claim 7, wherein the arcuate

shape comprises a wave shape.

10. The apparatus of claim 7, further comprising a
deformable material surrounding an outer surface of the

expandable conduit.

11. The apparatus of claim 10, wherein the

deformable material comprises an elastomeric material.

12. The apparatus of claim 7, wherein the plurality
of slots are formed at least in part by a plurality of pivotal

links.

13. The apparatus of claim 1 wherein each
expandable cell comprises a thin strut that is flexed between
a contracted state and an expanded state without plastic

deformation.

14, The apparatus of claim 13, wherein ezch thin

strut is coupled to at least one thick strut that remains



shape transitions to an expanded arcuate shape as the expandabl e conduit
is radially expanded. 9. The apparatus of claim7, wherein the arcuate
shape conprises a wave shape. 10. The apparatus of claim?7, further
conprising a deformable material surrounding an outer surface of the
expandabl e conduit. 11. The apparatus of claim 10, wherein the
defornmabl e material conprises an el asdoneric material. 12. The apparatus
of claim?7, wherein the plurality of slots are fornmed at |east in part
by a plurality of pivotal |inks. 13. The apparatus of claim1 wherein
each expandable cell conprises a thin strut that is flexed between a
cont r actdd estedlt euandganrexpanded sfatlee it hroutt plasiian thef or mati on. 14.
The apparatus of, claim 13, erein each thin strut is coupled to at
oast G e Rt B hat tHBnarRNSHS (hFTEked duri ng tranei tion of the
thin strut fromthe contracted state to the expanded state. 15. The
apparatus of claim 14, wherein each thin strut is pivotally coupled to
at | east one thidk.stfoe. apparhesappatbrim bf, cihgrain agedr divint he

expandall e, couayit, emains gt assubsiant il v, fi xgd axigl.J ength duri ng
transi tion frompa coO 8.5868 On?l guratiron to an expan Ed: confi gur ati on.
17. The apparatus of claim 14, wherein the
16. The apparatus of claim 1, wherein the
expandable conduit remains at a substantially fixed axial
length during transition from a collapsed configuraticn to an

expanded configuration.

17. The apparatus of claim 14, wherein the
thickness ratio of the thick strut to the thin strut is at

least 2:1.

18. The apparatus as recited in claim 1, wherein
the expandable conduilt comprises a radially expandzble tubular

member.

19. The apparatus of claim 1 wherein each

expandable cell comprises first and second arcuate members.

20, The appraratus of <¢laim 19, wherein the first
and second arcuate members of each expandable cell are

connected to each other.

21. The apparatus of claim 20, wherein the
expandable conduit has a collapsed configuraticn is a first
generally tubular configuration and an expanded configuraticn
is a second generally tubular conficuration having a larger

diameter than the first generally tubular configuration.



t hi ckness ratio of the thick strut to the thin strut is at |east 2:1.
18. The apparatus as recited in claim1l, wherein the expandabl e conduit
conprises a radially expandabl e tubular nenber. 19. The apparatus of
claim 1l wherein each expandable cell conprises first and second arcuate
menbers. 20. The apparatus of claim19, wherein the first and second
arcuat e nenbers of each expandable celd are connected to each other. 21
The apparatus of claim 20, wherein the expandable conduit has a
col | apsed configuration is a first generally tubular configuration and
an expanded configuration is a second generally tubular configuration
having a larger <Zdi-amBher aphanathe pirsiagenstal fyrthiul eampporingueat i on.

25 22. NS APRINAL S, OBl BLIL 24 ULEDORE, GOIPLL2L0G. Qe flowd 68, able o

transpo He expandabl'e € v S|red Bcati o i the
passagawamreas16Eﬁ&1ampamatﬁs phisebabwa?2, wherein the apparatus further
conpri ses a deploynent device able to initiate expansion of the
expandabl e conduit fromits first generally tubular configuration to its

second general |y 54 tub@h%raggggbgggagkog%agé 25hewﬁgggq§uﬁg%(ﬂ= cl ai m 20,

wherein the first arcuate nmenber and e second arcuate menber each

conpriﬁ@paaatmﬁdﬁ@ummeandomwm endsp dedlbymemerdevhiereiabldhecd i rst arcuate

member .S 1908 L%t NN e 28500 RLCYRL G MBPE G st First
generally tubular configuration to its second generally

tubular configuration.

24. The apparatus of claim 20, wherein the first
arcuate member and the second arcuate member each comprises a
midpoint and twe ends, and further wherein the first arcuate

member 1s more flexible than the second arcuate member.

25. The zapparatus of claim 24, wherein the first
and second arcuate members are mechanically connected such
that the second arcuate member hinders deformation of the

first arcuate member.

26. The apparatus of claim 26, wherein the first
arcuate member has two stable positions, the first stable
position being where the first arcuzte member mid-point is
adjacent to the second arcuate member mid-point, the second
stable position being where the first arcuate member mid-point
is displaced from the second arcuate member mid-point to form
a gap between the first arcuate member mid-point and the

second arcuate member mid-point.



25. The apparatus of claim 24, wherein the first and second arcuate
menbers are nechani cally connected such that the second arcuate nenber

hi nders defornmation of the first arcuate nenber. 26. The apparatus of
claim 26, wherein the first arcuate nenber has two stable positions, the
first stable position being where the first arcuate nenber md-point is
adj acent to the second arcuate nenber26m d-point, the second stable
position being where the first arcuate nenber md-point is displaced
fromthe second arcuate nenber md-point to form a gap between the first
arcuate nenber md-point and the second arcuate nmenber md-point. 26 27.
The appar at us of 2@l.ai fh&9apphertia dtheckzioonik, aroustion merderedoas a

greater_thickness thap the first arcuate nenher. 28. The apparatus of
ol ai m 2F ot &eﬁ‘bFﬁeRaF’hFcEHEEEeFa‘E%‘:We?%gB?&oﬁtF dridiRdt @OreREr to
the fipghheat.cuate nenber is greater than approximately 2:1. 29. The

apparatus of claim 19, wherein the expandable conduit further conprises
a wapping attached to the outer surface of the expandable conduit. 30.

The apparatus of ,gl ai m .29, wherein ewa g ,conprises an expandabl e
material. 31. Thé%appgbgt ﬁgpéfagﬁl%i ctr)npz(éi,l\gwggjr—};’i anerfer&v\r}r ag‘ﬁ ng is
sel ect ethiicankesr eaitsbant theeB¥topANBNt @L< andidd O wWRCEIMsered in the

passageway. 32. The apparatus of claim 21, wherein the
arcuate member 1s greater than approximately 2:1.

29. The apparatus of cleaim 19, wherein the
expandable conduit further comprises a wrapping attached to

the outer surface of the expandable conduit.

30. The apparatus of claim 29, wherein the wrapping

comprises an expandable material,

31. The apparatus of claim 29, wherein the wrapping
is selected to be resistant tc environmental conditions

encountered in the passageway.

32. The apparatus of claim 21, wherein the
expandable conduit in its second generally tubular

configuration comprises a plurality of diameters.

33. A method of applying a radial force zgainst a
surface of a passacgeway with an expandable device, comprising:

forming an expandable device with a plurality of
cells expandable between a stable contracted state and a
stable expanded state;

selecting the geometry of the cells such that the
cells expand autonomously once expanded past a transition

point; and



expandabl e conduit in its second generally tubular configuration
conprises a plurality of dianeters. 33. A nethod of applying a radial
force against a surface of a passageway with an expandabl e devi ce,
conprising: form ng an expandabl e device with a plurality of «cells
expandabl e between a stable contracted state and a stable expanded
state; selecting the geonetry of the2fells such that the cells expand
aut ononmously once expanded past a transition point; and 27 radially
expandi ng the expandabl e device past the transition point and against a
surface of the passageway. 34. The nethod as recited in claim33, wherein
radial ly expandi ngd@hélsxpanaa@l@gd@w c oAt Isegdepandiasg  thise

pl ural i h orte of t R | e devi ce.

35. ThtE¥n§% ggas ?2%%t§ géé?% ﬁ%ereln t%orﬁéggaggwgylses form ng
t he expandabl e device as a tubular nenber 36. The nethod as recited in
claim 33, wherein formng nprises formng the expandabl e device as a

liner. 37. The méfhodT8% W%EP?%da?nr%Q%ﬁ?ﬁiﬁ? e $BIEEEPng
conpri §§§1§thcékﬂg 8if Oﬁﬁéré(x%zg dldzes cﬁegﬂtl fat 'e‘% =% ihi

struts coupled to t truts T e nethod as recited cl al 33
whereimhehglueabangabfeCdéWBcelsmemﬁIdzb&laﬂuuﬂsuppmwﬁﬁﬁt$ectlon of a
passagewa

expgndable device.

35. The methed as recited in claim 33, wherein
forming comprises forming the expandzble device as a tubular

member.

36. The method as recited in claim 33, wherein

forming comprises forming the expandable device as a liner.

37. The method as recited in claim 33, wherein
selecting comprises selecting a gecmetry that utilizes a

combination of thick struts coupled to thin struts.

38. The method as recited in claim 33 wherein the
expandable device stabilizes &n unsupported section cf a

passageway.

39. The method as recited in claim 33, further
comprising attaching a wrapping to the outer surface of the

expandable device.

40. The methed as recited in claim 39, wherein

attaching comprises attaching an expandable material.



39. The nethod as recited in claim33, further conprising attaching a
wrapping to the outer surface of the expandable device. 40. The nethod
as recited in claim39, wherein attaching conprises attaching an
expandabl e material. 28 41. The nethod as recited in claim42, wherein
radi al | y expandi ng conpri ses expandi ng the expandabl e device to a
plurality of final dianmeters. 43. Thé&3nethod as recited in claim 37,
wherein selecting further conprises selecting a geonetry that utilizes
a conbination of thick struts coupled to thin struts through hinge
joints. 44. The nethod as recited in claim43, wherein selecting
conpri ses coupl i Ag -eadhet RERNSHr @f ¥oChte@ ot eshrlidry tHic€ <t r ut

LT ough @i 8n Yot %QE%HQEQ e cbfbBlocdSex Il IR NG A8 LLRAAL Idewlial m 43,
wherei N~ "Sel'ecting conprises coupling eac hin strut to a corresponding
t hi ck sbor ut plthradghvaof]l éxnbledhengeei®i nt. 46. The nethod as recited in
claim43, wherein selecting conprises coupling each thin strut to a

corresponding thick strut by a hinge joint having a plastically
deformabl e regi oR3. The method as recited in claim 37, wherein

selecting further comprises selecting a geometry that utilizes
a combination of thick struts cocupled to thin struts through

hinge joints.

44. The method as recited in claim 43, wherein
selecting comprises coupling each thin strut to a

corresponding thick strut through a pivotable hinge joint.

45. The method as recited in claim 43, wherein
selecting comprises coupling each thin strut to &

corresponding thick strut through a flexible hinge joint.

46. The method as recited in claim 43, wherein
selecting comprises coupling each thin strut to a
corresponding thick strut by a hinge joint having a

plastically deformable region.





