EXPANDABLE DEVI CE HAVI NG Bl STABLE SPRI NG CONSTRUCTI ON Background O the
I nvention Then are several kinds of sterns on the market with either ball oon
expandabl e or self expanding function. Ball oon expandabl e sterns axe

generally mat.. froma material that czn easily be plastically deforned
into two directions. Before insertion; the tent is placed around the
bal | oon section at the distal end of :. catheter and pressed together to

reduce the outer dinensions. As soon as the scent is brought into the body
in the proper axizJ position it can be expanded and thereby plastically

def ormed by pupnpi n, ln.ibis is at
its | argest dﬁgﬁéSgpkgﬁéﬂﬁﬁgﬁ¢gggﬁH@F&éﬂg g%?ﬁﬁfﬁﬁjﬁgﬁﬁigﬁﬂgﬁﬁg tlssue
preventing an to desired shape change into a nuch snaller dianeter,

| east locally. Therefore, the stem needs to have sufficient r|g|d|ty |n t he
radial direction, but also sone flexibility in the tlxial direction when it

isinthe final position. Further, the anount of material should be as
smal | a ty TR nyeng i nner surface of the stem should not obstruct

the flow through t channe for od [ 0,,much
t ur bul ence Prgbl et R- 58"5’?‘?&?5’%1’ V%E’ESB "}‘\ar?ﬁtw‘ fe'heerrﬁgu%‘f‘ﬂeas fol | ows:
Af zc: FH&%%' N&elhe pRidthg f@elibs, BOMd deShaB Rl Bl AE %HM‘E]‘]%%EE@' I oon, the

stent will always have sone el astic spring back to a slightly larger

di anet eﬁo*mvlamd:mezinhma:useaqohdhl sasiceitheslohha ieat hetdircciisndridafght i nfo the
patient's body. In addition, the axial friction between_ball oon and stem can
becomne é’b‘s"gﬁ'ﬁ? Ehet H&hUF RiECed @W%ﬁ%”ﬁ?’f THeo EbhalEY =od phf fHEFLET 389 ar ger

si ze sc 1@1 ;ég@;cped cgu gi. sadvant, emtA further problemis the so called
recoil st ens. IS means t after expansion by the ball oon

pressur e, t he out ens dmca:rmtlbe mbﬂ k bacbu@bysncbécbnév sl hightdper wnhp¢senoras soon as
the balloon is defl at qFﬁThl % S coi | (:anubehe .ruch a 10% which
can cauS® hf G¥RTSH *‘%‘? Acd ‘f@n’f“’??ﬁﬁ Bf a‘%‘tlpr}[é ﬁhﬁe of a
nore or fﬁ@%s@*cﬁﬁ%&ﬁ&ﬁﬁs @%@@ﬂﬁﬂcﬂgmamcter and showld funciion 10 support Lh(:
surrounding Hisve, p:evemmg a5 undesired shzpe change into @ much smaller dizmeter,
al Jeast Joendly.
Therefore, the stent needs o hove sufficient figidity in the radizl direction,
bur 2)so somez Aexdbility in the dxizl direction when it is in‘xhe final positien. Further, the
amount of matenzl shounld be as smzll as possible end in 1he inner surfzce of the sient
should not obstruet the flow through the channel (c.g., for blood) o7 cavse 100 much
“rurbulence. |
Probiems that generzally occur with these stents zre 25 follows: Aficr
compressing 1he sient 10 115 smeliest d3ameter axound the belloon, the ﬁcm will glways
have some elastic spring back 10 2 slightly layper diameter, which can causc problems
when the catheter s brovght inte the patient’s body. Ineddition, he axiz] friction
betweén balloon and stent can become so small 1hat the stent siips off the catheter.
‘Further, 2 lzrger size stent s Tvpically 2 disadvaniage.
A further problem isthe so czlled recoil of these stents. This means that
anier expansion by the balloon pressure, the vorer Siameier will alwsys become slighdy
smaller as soon s the balloon 35 d=flated. This degres of Tecai) can be os much 2s 10%,
which can cause mnigration of the stenl

A different Type of stent s made of B more or Jess elastically expanding



structure, which has to be held on the catheter by some external neans. An
exanple of this type is a scent that is held in its constrained state by a
delivery sheath, that is renoved at the nonent that the scent shoul d depl oy
to its natural form Sonme of these sterns are made of shape nenory nateri al
with either superlastic behavior or tenperature sensitive triggering of the
expansi on function. A disadvantage of these self-expanding stenms is the need
for the delivery sheath, causing a |largér insertion dianeter. The renoval
of the sheath al so requires a sheath retraction nechanism which has to be

activated atudthee, phioi ko bateldMashe sdiledrbyaorkalferlypegnt URLReamBRVE t he
di sadvant age of rel ati velg Iar e  length change during expansion and a poor
hydr odynantf'ts B@say # sicnbdatigde 1’?%”‘3%&2}?@ stagg by R elresrashaath, et drrestoved s .

Anot her  di §%ﬂ¥%ﬂ$r@&ﬁ1}9&&?@%:%%8%%@1%%@%3 PAgld bye, spring rate, which

means that “further expansion can rg’y hi gher bal | oon

pressure. The comst r WohiedT héscRidn® xS IRRNSE drSpk YRIGA! hbiMBAgihRiEMCh a way
that the, external forces, working on the scent in the radial direction,

mer el y cau&;@cr;énmcmhmﬁt@rswmnmﬁmg sesitiye 4 ggering od sheofxptisgorsfunogenir e, For
exanple, a unit ceII a, Fr

d J
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Progr essi veleéﬂgb&ph@sé YargeY $ARMBon iBGeteN 8% kbl of B! s%&fzﬁglssf?aﬂﬂck gn a flat,
rect angul ar ape and in its expanded condition a nore or

di anond- shspeth sieopenon mbchahiros twhict inzanghd: agivotds:t (.‘*Ra;irmmaSehiat z) or nore.

curved struts (ACT I’\f The ha e of the unit cell of such stents is
typically symetrica rb“ PPGHER RV R A Hipdr HEeReiec bPYEY 1986t i on.

In additi Oi@ngllh%ah‘)@éjﬁ:ﬂ% :@(fpa;xh@n eed b péd? h&@l%d?ﬁugjc beblhliEChd QR Wirhte méB!: call'y

cause an elastic or plastic defornmation the struts, . resulting
in an el orgfabrmttdf“"tﬁ@rmts cell in the aX| aI d| rectl on. These un| t cells
have a positive spr g}rate in ste hese unit ce _sjthe

stability against her gisadupiase© 5%‘?%@13&% eﬁ&ehftﬁ?{"‘[gﬁél e
strength Q{aczmahsrtmuhsr sXpehditetdn @xﬂj"l Be&dHi ORa by HieeTRENo &S prefiard nventi on

The construction of prior stents is lypicﬁzlly made i3 such a way that the .
external forces, working on the stent in the radial direction, mcrcl& cause bending forees
on the struts o7 wires of the structure.

For example, a unit cell of 2 Palmaz-Schawnstent, s produced by Johnson
& Johnson Interventional Sysrems or the ACT One Corenary sient, produced by
Progressive Angioplasty Systems, Inc. has in its colizpsed condition 2 flai, rectangular
shape and in s expanded condition 2 more or less digmond-shaped form with slmost
straight struts (Palmaz-Schatz) or more curved struts (ACT-One).

| The shape of the unit celd of such s1ents is 1ypicslly symmetrical with four
struts cach having the sarne cross section. In zddition, the leading of the cell in the axal
direciion wil] typically cause an elastic or plastic deformation of ali of she strnuts, |
resulting in an elongation of the vt cell in the axial dircction. These unit cells hevea
positive spring rote. In stents based upon these unit cells the stability against radial

pressure 15 merely dependent on the bending strength of the suuts and their connections.

Summary Of the Invention
In this patent application 2 new type of stent is described with a unit eell,

having a negative spring rate and a bistable function. Such 2 unit cell czn 2lso be nsed in



In this patent application a new type of scent is described with a unit

cell, having a negative spring rate and a bistable function. Such a unit
cell can also be used in. 3 other nedical applications. This neans that it
has two configurations in which it is stable wthout the need for an
external force to hold it in that shape., The unit cell is forned using at

| east two different sections. One secti%n is less pliable than the other one
and acts a relatively rigid support that hinders the shape change of the
nor e pliabkersdtal spphaaticone THisrewns Gmt 11 iestthio configuragione ot whithtihis piblabl e
section can be deforned, but befause of . t.he oppaosi force fromthe rigid

sect i on, VitheUSHEHERT 97 B eI EREIK] Orefy Qe itpp é@ﬁ‘lﬁﬁ@es 16 §H! ¢! 1sdPrBRgl v

i ncreased.. r f es.i i ti h Leul, > st pliable
oot i on SRk SLfeeR i PR Pl (RS AP IE R P BR SR TRt T
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construction nuch Stronger than prior stents. In prior stens, all struts
have genaredirgctione 1sdheottepdiesienitihepliabld seaohacndel defpnogiebhi escaamdofir e
merely used in the bending node. The construction of, a stem _based_upon this
unit cel'beoppasing fpreedrom Appaet wetion.Rht stabily ehde pjiable @(fiexiblespenpon is
conpressed around the balloon by finger pressure. Below a certain critical
TQRLY Bitesac

di anet er® "stemsnaps further to a stable, snallest dianeter,

thus holding the d@ﬂt%’éﬂfo@@és'iﬁ%_rﬁifeicﬁfﬂa)Seﬂzl@ﬁéﬁcﬁlﬁ?t&ﬂﬁ%frﬁ&@'gﬂébﬁe@%cﬁ&ﬁ&{&et er,

with an insertion diameter that is as simal'l as possible. An additiona

sheat h idistritatted ®qbe radd sdzmtonremy thecroseskefion of tteraiabddf steyron Af tnerelphe st ent
has been brought into the patient's body at the proper axial _ position, the
bal | oon GAREDLE SHFPEEYED FHRde: W%mé%‘%%g’%%%%npt’ NG FOREFT BRAPIIOE

11 bri . gl - i i cal l
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st abi | i tprop@aied shd radingkeiphessii e bdding gesiegn enabl es a constant | ength
| arge expansion ratio, a reliable expandability and/or a small surface
ratio. A further enfidGdiomeiecyan ¢iiF gentnbassd Lpan iys ppé cpbsSIBFIP &) of a ki nd

of apparatus, that can easily be elastically compressed around the balloon by finger pressure.

Below a certain critical diameter, the present stent snaps furtherto a
stable, smaliest diameter, thus holding the deflated balloon firmiy on to the surface of the
catheter, with an insertion diameier that is as smal} as possible. An additional sheath is
not required, but may be used for extra safety.

Afier the stent has been brought into the patient's body at the proper axial
position, the balloon can be inflated until the stent rezches its critical elastic equilibrivm
diameter. Slightly above this diameter the stent avtomatically expands further to jts final
largest diameter, where it reaches its maximum stability agzinst radial pressure. The
design enables a constant length large expansion ratio, a rejiable expandability and/or a
smnall surface ratio.

A further embodiment of this invention is the possibility of a 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 1o the shape of the body cavity where it is
placed.

Another part of the invention is the possibility to medify the stress and

strain pattern in the unit cell by means of a heat treatment in such a way, that the {orce



stepwi se expanding stent with a range of stable dianmeters. Another part of
the invention is a stent wth several external dianeters along its |ength,
to adapt as good as possible to the shape of the body cavity where it is

pl aced. Another part of the invention is the possibility to nodify the
stress and strain pattern in the unit cell by neans of a heat treatnent in
such a way, that the force 4 displacenent characteristic of this unit cel
beconmes asymmetrical or even exhibits a 4nonost abl e i nstead of a bistable
function, either with the expanded dianeter or the collapsed dianeter being
t he nost &tplbteneondiztdcodristidndtineungrbld dicomnts afynirhetric avemdvearxdhiditshe

modi fication of the geometry of the cross section of sonme struts to achieve
t he synmmenpnestableassiaamer & piskible Apickoneithspnobthdperanged diampaemet the

di spl acenent ch racteristiCﬂ}of a ﬁ@&t cell. Another part of the invention

i s the us@BPSHhEZIEITFRE Y ctm‘&ﬁls ei‘??”(?ﬂ‘l’%}* medi cal applications such as,
for exanple, an exp ePdmBoditdeR: oﬁ%&é&%m&i%?ﬂh% b AHRAY o £RY! teXm%B'gn or
£ ody ti's fi TS

to clanp or hold a body part or sone sue. e‘invention i
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expander rings to join together two vessels. The invention is also directed

to a bi sirabhestelseverdeagamgt disgphapmenticheractdsisposof somiticelini t cel | and uses

for the sane, in particHI ar, tTg prevent incontinence. The invegiéi_on is also
directed to mul ti st ADPAPERTEOLKA BHEPPT iSBeiUse OhBRTF BLMOTYBYE £@lds In other

Descri pti 90 di%ll %}qggﬁgﬁg £dé‘i:1t§s,c’f?31 e%ﬁgﬁl%%ﬁ 3 tdlexo& szlljﬁ,r&?thgxr CZ%?éafzﬁlg@éyen abl e

i ncl udes "a ser enents’ Wt arrangenent of 'uni't

the stabidaiity dpenaripeRing obyld 2Badlh pdi dr soeld baryitkkse. out of at |east two
di stinct, nechanically connected sections with different mechani cal

behavi ors. One sect il iaventianss alsoddingeieddpyhe bigi of thappeptivé stentsia nor e
fl exi bl e counter acti}r; se(gti on. The_.nore fl e€<i bl. e §ecti on i s responsible for
most . if cﬁB{”’%ﬁt’lc’f’ Wit ?rhv ntive expander nngs 10 join togetheér fwo vessels.
The invention is also directed to a bistable valve having a snap-action
bipositional unit cell and uses for the same, in particular, to prevent incontinence. -
The irivention is also directed t¢ multistable cells and their use in medical

devices.

Descriptiion of the Construction.

The construction of the present stent includes a seriés of elements with an
arrangement of unit cells that enable the stability in a speciai way. Each unit cell exisis
out of at least two distinct, mechanically connected sectiens wath different mechanical
behaviors. One section acts as a rejauvely 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 zre several ways'1o manufacture a stent based upen this
principle and it can be made from several materials, like polymers, composites,
conventional metals or shape memory alloys with superelastic behavior or with
temperature sensitive behavior.

It can be made from an arrangement of wire or strip, welded together at
specific places. Another possibility is metal deposition in the desired patiern onto a
substrate or the vse of sintering of prealloyed powder.

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

materizl, with a pattern of slits or slots made in the wall by means of eiching, grinding,



expansion of the stent. There are several ways to manufacture a stent based
upon this principle and it can be made from several materials, |ike

pol ymers, conposites, conventional netals or shape nenory alloys with
superel astic behavior or with tenperature sensitive behavior. It can be
made from an arrangenent of wire or stri wel ded together at specific

pl aces. Another possibility is netal 605| tion in the desired pattern onto
a substrate or the use of sintering of preal | oyed Qovvde_r A further nethod
i s maki ngutting @temeithradases, \taanbulea?r} sh:ab@dossmzamwngot Aesvetabi mewiodh Ehepat t ern
of sllts or slots madelnthevva ans of .etchi rinding, 5 cutting
(e.g.; WPHTHETR J2R<8F0 bRds I %ﬂeiyat%ﬂé eV ~8nor&ﬁ~§%ycr 158 MUBIOE
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section galdieikMo conical ends with larger dianmeters. Brief Description of
the Drawings Fig. | shows the principle of a bistable nmechanism Fig. 2
shows the force-displacement characteristic of the nechanismof Fig. |;
Fig. 3 shovvs anot her bi stabl e mechanismw th an asymmetric bistability;

Fig. 4 sh B PRl e Jd¥ent characteristic of the nechanismof Fig.

3; Fig. 5ashows an |n t tubuJ cent e stable, fully coll apsed
configuration: Fig.T yg}? FHPH\PZ%?’IS p&w&&@%ﬁt inthe stable fully
expanded  conf | qur agjy Oﬂsh&w heSoS0NSn e PRI BEraRieFRAUbS WclleaNie; ) 8F abl €

unit cell, drawn in he stabl e expande ape; Fig. shows pan of the
st ent ofFiIgL . 6 near its elastic bistabl e

Fig. 3 shows another bistable mechanism with an asymmetric bistability;

Fig. 4 shows the force-displacement characteristic of the mechanism of
Fig. 3;

Fig. 52 shows an inventive tubular stent in the stable, fully collapsed
configuration;

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

Fig. 6 shows a part of e stent with one bistable 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. 8 shows the part of the stemt of Figs. 6 and 7 in 115 stable coilapsed
shape; and

Fig. 9 shows a larger section of the stent of Figs. 6 and 8, showing some
unit cells in the collapsed shape and some unit cells in the expanded shape.

Fig. 10 shows an mnventive stent formed of a plurality of smaller inventive
stents joined together with fiexible connectors.

Fig. 11 shows a partizlly expanded invenuve stent having more than one
type of bistable unit ceil;

Fig. 12 shows an inventive stent having a range of diameters along its
length;

Fig. 13 shows an inventive expansion ring in expanded state;



equilibriumposition; Fig. 8 shows the par of the stemof Figs. 6 and 7 in
its stable collapsed shape; and Fig. 9 shows a |arger section of the stem
of Figs. 6 and 8, showing some wunit cells in the collapsed shape and sone
unit cells in the expanded shape. Fig. 10 shows an inventive scent formed of
a plurality of smaller inventive stents joined together with flexible
connectors. Fig. 13 shows a partially expanded inventive scent having nore
than one type of bistable unit cell; Fiﬁg. 32 shows an inventive stem having
a range of dianeters along its length; Fig. 33 shows an inventive expansion
ring in expanded st dtp;1%6shomsghe dxpashonsingd Fexpamscomnvzciedgland, Fig. 33 in
convected state; Fig.. shows an inventive,stemjoining t vessel s

t oget her and furthe%‘g']jgscﬁw&f%WH’W’W@WP‘L\%"%&B’ Esﬁs%gﬁ‘ggf”{dﬂénbﬁfent

exterior E&u%éﬂ%&iﬁ%%&'n?g; E&;g:inéﬂoﬁ rEOWRe Stefif 83303 fTcQR@eisvi m of Fig. 15

al ong section |ine - 17 "shows an i nventive stemjoining two
vessel s toget her, t g sittesitowsi antressisortidm] vizer ofdss dl5sslodg getdiBlishpiass:t wo
vessel s joined together w th an.inventive expansion ring and a clamp Fig.
19 shows a bi st abl e F&l VeshowsiRdn¥ang¥e g poHve Yseels wacbabilke $43 bi st abl e
val ve of FELg: I open position; Fig. 212 shows a nultistable cell in
the full yﬁg%noﬁggﬁaﬂv%?(g?’e; Fig. 21 b shows the rnultistable cell of Fig. 2la
in the fully expandddg.sittashews thiyes2Rdoimbo sgedRotiBran imnehiist abjzasiégl | in the
fully contracted state; Fig. 22b shows the nultistable cell of Pig. 22a in
the ful | yDBXPMhACHED R ate; Fig. 22 shows several unit cells as shown in

Figs. 212,b joined t}‘?;:g.eltd.'s%'bws a bistable valve in the clesed positions
Fig. 20 shows the bistable valve of Fig. 19 in the open position;
Fi r. 212 shows & multistable cell in the fully contracted state;

Fig. 21b shows the multistable cell of Fig. 212 in the fully expanded sizve;

Fig. 22a shows another muliistable cell in the fully contracied state;

Fig. 22b shows the multisteble cell of Fig. 22a in the fully expanded state;

Fig. 23 shows several unit cells as shown in Figs. 212.b joined 1ogether
and in the fully expanded state;

Fig. 24a shows several unit cci!S as shown in Figs. 220.b joined together
and in the contrected siate;

Fig. 24b shows the inwerconnected celis of Fig. 24 in fully cxpanded
stete;

Fig. 24c shows the imerconnected units cells of Fig, 24z in the process of
expanding; and ‘

Fig. 24d shows severa] sirips of interconnected cells as in Figs. 24e,b

Joined together and in the process of expanding,

Demiled Description of the Drawings

Fig. 1 shows the principle on which the sient is based, Fig. 1z shows arod
1 with 2 Jenath L, which is compressed in dts axial direction vnit; it reaches its buckling
stress. Then the centra) part of the rod will bend out in a sidewards direcu'cn; either to
position 2 or 3 (dashed lines in Fig. 1b). When the axjal displacement 1 of the ends of

the rod is held stable by external clamps 4 iis possible to move the central seetion of



and in the fully expanded state; Fig. 24a shoves several unit cells as shown
in. Figs. 22a,b joined together and in the contracted state; Fig. 24b shows
the interconnnected cells of Fig. 24a in fully expanded state; Fig. 24e
shows the interconnected units cells of Fig. 24a in the process of

expandi ng; and Fig. 24d shows several strips of interconnected cells as in
Figs. 24a,b joined together and in the process of expandi ng. Detai
.Description of the Drawing.,; Fig. 1 shhows the principle on which the stm

is based; Fig. la shows a rod | with a length L. which is conpressed inits
axi al di r edit rehibaimnietn thetropegbiesoditics Buek 3l s sbressy ishhenitdgocdnt ral part
of the rod will_ bend qut in a sidewards direction, either to position 2 or

3 (dashed PEFRESIGHarp ghe orpynalygrgh £He Aakicfhedpd p Pllodseinns beistees e ebds of
the rod i | St.ahle, r ~- C ol 0. ve t he
central s:%thﬁkcgﬂLéf% 3 "trgémﬁ%%gbg? \k;\%éir}fq‘tgﬁgeﬁ})ﬁsqg Iﬁlg?%%rélgtlﬁéé}‘s‘mgg hd' 3. This
movenent iagioB befdire ve rodeanbe mpeediendhiccudaY. Fip. tdehord gidvahd bergth axis A-A
of the rod. All pos}ef}i ons .between the stable positions 2 and 3 are

unst abl e. $WHvatprg e b pderrcrm Whrnihe FolElee qvstanaia b iopresad B Bempingn  angl e
(3 before thhg‘écrr%%ﬁif?ﬂ%fb@}%ﬁ%&h&ﬁﬁ%ﬁﬁ%ﬁ%ﬁd fd e 24i& Shows a second order

curvature occur's on over-angre is is opposed

by clanmping the cenfipal siaid thefforcedt sk aduskudBionBRLREASe it Svipakt paral lel to
the axis A-A. Fig. 2 shows the force F as a function of displacenent X, with
X di spl ay@spleyedtihdhtimrizeosiadiregiipe cThomd IThevedblionghaenpsd 2fte 8mlower Bipper 2

to the lower,3  stable.position of. Fig 1. The.force increases.rapidly from
zero to F\r%%b%? pﬁm?%‘gﬁ’gbolsﬁpfrﬁc e "Bhse m@ﬁ"ef’?ﬁe‘?“’%'ﬁ’ :?’Txr's%‘gft ’_[3'2’81?5 d order
curvnhre ohs bhar dbeiditd ulfidsor RasHESdcriti+dd@e of HigS Bga0BNeatRadiFLAEET ON X
costs less force, because this spring systemhas a negative spring rate.
The force EWEFFePuEd ek FEPD X sPsthessiPueprrs sk 1S aprerof SYF¥AEh2sPEEAYH

spring reic. The force even becomes zero in the mid position acd firther movement
occurs aﬁtomaﬁca]ly. It can be seen in Fig, 2 that the system is completely svmmetnical
and the force needed 10 move back from"Lhé lower 10 the npper position has the same.
characteristic.

- Fig. 3 shows rod 5, which will have an asymmeuical force displacerncnt
characteristic, because it already hzs 2 preset curvature, even in the vnloaded posidon,
where the length is already L-aL. This can be achieved by prior plastic defermation, hest
treatnent or the use of an asymmetrical geometry of the cross section of the rod (not
shown). Therod 5 in Fig. 3 can be mounted between rag clamps ona lengib L - AL, and
3fi13s elavtically deformed in the same wey as the rod in Figs Ib and lc, it wilt have &
different smress distribution in the cross secnon in end position 2 znd 3, compared 1o the
rod of Fig. }. This means thst the rod has become 2 preferent unloaded stable position,
shown in Fig. 3.

Fig. 4 shows the asymmeineal force-displacement characteristic of the
precurved rod of Fig. 3. The initiz] displacement fram the stable upper position needs 2
sierting force Fl and if the rod is in its stable Jower position the siarting force in the
opposite direction is only ¥2, being smaller than Fl. Force F2 can be made 2s small a5
desired, even zero or negative, but needs o have 2 positive value if stability of the lower
posidon is required.

Figs. 32 and 5b show the generzal appezrance of an joventive tubular sient



occurs automatically. It can be seen in Fig. 2 that the systemis conpletely
symmetrical and the force needed to nove back fromthe | ower to the upper
position has the saint characteristic. Fig. 3 shows rod 5, which will have
an asymreni cal force displacenent characteristic; because it already has 2
preset curvzrure, even in the unl oaded position, where the length is
already L-&L. This can be achieved by prBor plastic deformation, best
treatnment or the use of an asynnetrical geonetry of the cross section of the

rod (not ; %ﬂ@%‘%m%@@d Log 1) & a!n%e Z@r?% U Gl REMRER A, 54 on a

l'ength LA IS &l ast |ca or ne n the same way as thée rod
in Figs |ldanaaetieldcstate shvwh lpehauBy &t SUhﬁd@{ﬁﬂﬁlﬁr&f@%ﬁoéﬁ §£1Elsh5ﬁm0glntﬁﬁ he
cross section in end position 2°and 3, conparéed fo the rod of Fig. 1. This
means t hat0, itheompd strhsf d)phmiﬁy@Ipnlefcenncmwhalsmhttam'smm(ehcpmsmn tan, shown
in Fig. 3. zug 4 shows the asymmetrical force-displacenent characteristic
of the sRFs/bErateod 64N Frgy. St3; 'iﬁé”fﬂ?#lﬁuaﬂ ceH%Wdeéﬁ%from%@%Iﬁ@lawglme
upper p05|t|on need rce , he,ro t abl e
over podi® Faﬁgrmel S B P, L 8B f%ﬂb‘oﬁltf PRI Sertedn SALbhin 2

being STl) o b eEher KRR 7022/AT). N6 cBRE Fel vt e 1b‘?§se|lty € 68ler even zer o

or negativ eds ave a positive va ue st abi the | ower
posi ti on inkrd@itctddvitiFragiacerhacangdelyhi ghovwriies genedpdceap@diarianee of an
inventive tubular stent 8 in fully contracted and fully e@ganded_ i

conf i gur aenndesheess (ﬁb@ i/ongmdlrsatl éms is iﬂwqt%c%bx mfcrym@:@wm Y édarsyamed ghown
general |y ?f ul I an hownI eral i's
conpri se(‘fn ?7§ adun?za IIE’]}f ”1%1? éaccﬁg ”D“r??(? %8?’I@X€@%W‘?Vl n the

expanded wtabigcRld dfkch 5‘ ﬁl:dnga 2l cofﬁ}‘ﬁctéﬂ ﬁ@&lll% éﬂc@hﬁd&ﬁi&n% gFRi dnrnBee from a

first relatively rigid segment”52 (66 in Fig- 5b) and a second relatively
flexi bl evsegment 54 (68 in Fig. 5b) joined together at ends 70 and 72.

Second relatively fl exi e segnepts 68 are i.ntergconpected th adj acent
relatively rigid e ‘Q BB} BRI PG & HIRUERE) %‘ﬁ@?ﬁﬁ& ¥ (the
l'ongi t udigpay, a@’f}'la'st s'h%wg‘?ﬁ'?’;ﬁd 5RYn B e ARE & MTBEH1idr b 318t RN oAbing 10

the present irivention. The drawing shows a horizontal line A-A, which is paralie] to thie

centra) zxis of the stent. There are two senies of sinusoidal segments with distinct size

(see also Fig. 9 for an ovérview). The segments 7 and 9 have a relatively large cross

section. Only segment 9is shown entirely. The segments 9 and }0 have a relatively

smealler cross éection, and here only segment 8 is emirely shown. The segments are

interconnecied for example welded, at joints li and 12.

‘Because of the difference between the cross section of segment § and 9.
the deformauon force of segment 8 is much Jower than for segment 9. Therefcore,
segment 9 can be considered as a relatively rigid clamp, hike the clamps 4 in Fig. |b
opposing relative displacement between the joints 12 in the axial direction, paral]e}' 1o
axis A-A. In contrast, segment 8 acts as a flexible rod, like rod 1, describéd inFig.lor
rod 5, described in Fig. 3. This combination of segments 7 and 8 or 9 and 10 defines a
unit cell, acting as a bistable spring sysiem with a force-displacement curve F-X hike the
described curves of Fig 2 and 4, depending on the unloaded condition and geometry of
the segments. Alternatively, instezd of using segments or suuts of different diameter, the
segments can have the same Giameters (1.¢., cross seclional area) and exhibit differemt
strengths or rigidity and still accomplish the same effect. One way to obtain such

differences in strengih or rigidity would be 1o use different materials for the segments.



ends 70 and 72. By applying a uniformradially outward or inward force, the
stemmy be switched directly froma fully contracted to a fully expanded
configuration or vice versa. Fig. 6 (corresponding to inset 6 in Figure 5b)
shows a small pan of a scent such as that shown in Figs.5 which uses the
bi sl able function of a unit cell: according to the present invention. The
drawi ng shows a horizontal line A-A; which is parallel to the central axis
of the stent. There are two series of si nusoi dal segnents with distinct size

(see al so,F] r ery pEnt s nd, 9 have a relatively
| arge cr ossbggreé“'?? %OU?@%?YOU mrgnaz“f11 gret “‘“2 E’ﬁf‘i’? hrREEI Rt s 9 and
10 have asemluat:hvsexleﬁgmmgeb; @EQ%@%Mﬁewg@qM:% ﬁllo\/béﬁgaemt 8 is
entirely shown. The segnents are interconnected for exanple wel ded, at

joints 115henid h?ZanB@é‘émbéﬁtG’fﬁW’ il persenoedietivseritihe Nk slos exarnpin of

segnent and rce of s nt C wer than for
segrrent gbﬂ?h‘egéfcéfge S %uté)l}@gﬁ ’Tﬁa‘”&%hsf’g age&o@\% g‘far% y rigid
clanp, |ikseidiRe, FbRbRsS, ﬁbrbﬁhel%loge stcllon @mﬂﬁiomﬁmh%i%se\&@ladwm AGREEQNL betveen
the joints 12 in the axial direction, parallel axis A-A. In contrast,

segnent Smelst-asardiskalindfdNitiod], li ke rod ], descrl bed in Fi g | or rod 5,
described in Fig. 3..This co nati on f se nts .7 and.8 nd 10
defines a unit cel Fig. Csppwa%agctﬁag H}ee“eg’ﬂ)mfsr‘gﬁp%V f%ﬁi&mgf Eé%“

force-di Sa%s%%%ﬁgﬂibrﬁﬂﬁ g@:;n':m?( éf‘sv'ﬁ’?cn?ﬁ‘ﬁzx KRR QEioRBEl fild ﬂ’:e%lg]e 2bidi B @vlad 4,

depending on t unl oated conditi on and geonetry, of segnents.
Al t er nat ibyeloyge ¥ risttesginofl Susis ngnse grengisalodosdt, betessecod! nmlirﬁgemeptinyu anet er.

the segnents can hgve tge sanme di angt (S }(?i . e. icf.oss ti o area) and
exhibit different &t& P BSrseamegraice "5 g stepf 4 ?rﬁ{c‘F"th ¥ Bane
effect. %&s@@!‘nr&gg@m@élﬁué‘éﬁﬁhbﬁbﬁafp%ﬁﬁﬂﬁeﬁ a&:fbn%u&ﬁﬂ%gpsoirmd }LQQQME:Y woul d be

to use different naterials he segnents. her” way woul d be to use
t he sanme peattenicdlFigl §. Iaémeﬁrwsplag fvrotoﬁnla]qﬁmhen@agﬁehoiﬁ utﬂrﬂdxesie)laécm vel y
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Nitinol, thesr@ieipdRhe AREORRS) BRES Rhkalbkecaferis. ey |U’6& glonft@atshbwaas ment .
This pr oper ty of Nitinol can be
hese figures, the segmems 8 2nd 9 fit close together. 1aking vp 2 minircwm amount of
space when the stent is in its smallest stable diameter.
Fig. 5 shows z section of the sten of Figs. 5, fleniened for illustrztive
purposes, showing severe] flexible scgments in the collzpsed steble shape (segments 4,
18 and 20) and one segment element 16 in the expanced stzble shape. Scgmeps 13, 15,
17,:and 19 are relatively rigid segments and subsizntially mainwin tieir onginal shzpe.
The distance between two relatively rigid segiments is shown as (L) i the collapsed
stsble shape and (H) in the expanded stable shape. The valve of the displecement (H-h)
in the direction X depends on the height of an expanded unit cell er emplitude of the
segments and the size of the connecting joints. “'he described part of the stent is shown
as a flat surface, but 3t mey be clear that a cylindrical sient such os 1hat shovwn in Tigs. 5
is shaped if seglncﬁts 13 and 20 are direcily connected 10 reach other with joints 21. In
other words, the stent is shown seperaied along the joints 21 and in 2 latiened condition.
The ranpe of stzble diameters of the swent changes with the value (H-h)/,
each 1ime that 2 flexible segment snaps from the collapsed stable position 10 the
expanded stzble position. The resilt is a stent with 2n extremely rigid swizee at all

-diameters being able 10 withstand the externel forces berter thun with conventiona! stents.



expl oi ted, however, to render one section of Nitinol nore pliable relative
to a second, nor.-heat-treated section of Nitinol. Fig. 7 shows the sane
part of the scent (as depicted in Fig. 6) near the elastic equilibrium
position. Segnment 8 has been defornmed into the direction X, caused by force
F, but segnment 9 has alnost its original shape, because of its |arger
rigidity. Fig. 8 shows the same unit cell0of the scent of Figs. 6-7 after it
has been pressed through the elastic equilibritmposition. It

aut or nat i GatHey cSPRPSrd bR, HeFSE BT 1ROSER] 08, W inkld@seBby BNc8nsaaRpRI NY
force can be strong enough to hold’a deflated bal loon tight on the-catheter

shaft (noteshgvwmii cdppfenditheir asighber wendedln] fralexehatatl entitig 0 cepteg of oné he
strength) of the nmaterial (s) used to nake the segnents. Wth the geonetry
shown i n ot fregednguvkide mehsaweyhbasevesaldamt Piqces 28]WBE. t oget her. taking up
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expanded s 2 i gidadepe SegrEniesldond he tothl lertfoflGeakantr &h atHey S)ords,i gi d
segnents and substantially maintain their original shape. The distance

bet ween nefewirgttiodeky9 ohgpdnsegneercs df shessepwenss 1§ hE0icouldnze cotstrmpsddvith
stabl e shape and (H) in.the expanded.stable shape. The val ue of the

di spl acen@r@er(3adymalies dizppeigy F“g 'Wlsﬁf@éﬁgﬁﬁggﬁ‘@)hﬁcﬂ%’?‘b‘ﬁ ’(g‘faj‘ﬁ“%’ipanded
unit cell Q[ERI-'- of the segnents and the size of the connecting

j oints. T%igér escrjll)%jgg(?'pan of rho stnm is shown as a Bat surface, but it may

be clear that a cyliadstheabossilitys B khoas inhRigushDOVy the ubt g5a sbried of Sbaped i f
segnments 13 and 20 are directly connected to reach other with joints 2I. In
ot her wormjtisthelestants 19&als eBEbRrEtead talcnAgne sermpesitet withflexmilinjoants

flattened1 t&gdi.ti . The ra%ﬁ;ﬁ oft st at%I e di angtgr . of the. stlrL%I changes with
the val el (LERY P SR EREeERLAEloY tichr Qebibingie B iapelsrPBivEne

col | apsed;st@b) g ResEd]ion to the expanded stable position. The result is a
scent with an extrenely rigid surface at all dianmeters being able to

wi t hst aand t he ext erfiad sdopecd she ertion thavldinchideciMapes ohaiateszénOpe 010

the most interesting meterials is superejastic Mitinol, because of its large elastic strain,
well defined stress values, caused by their plateau stresses and the possibility to define
the desired curvaiure into the metal by means of a heat treatment. A stent of Nitino] can -
be made by forming slits or slots in 2 tube, while in its collapsed or smaller sizble
diameter. The slotted tube is then expanded by a separate shaping toel and heat treated
on this too] to define the expanded sizble diameter as the unstrained shape.

In a more general sense, the present invention is directed 10 a device
having a plun“;lity of stable configurations. The device'is comprised of a plurality of
interconnected multistable cells. The cells include one or more relatively rigid sections
and one or more relatively flexible sections interconnected so zs 10 define 2 cell struciure
in the form of a mullisiable spring system having a plurality of stable configurations. In
a preferred embodiment, the cells comprise a first arcuate member having first and
second ends and a second arcuate member having first and second ends, the first end of
the first member in communication with the first end of the second member, and the
second end of the first member in communication with the second end of the second
member. It should be noted, however that members need not be ngorously arcuate.

Other shaped members, including rejatively siraight members are contemplated as well.



in the length direction, the flexibility of the stew can be increased by

di sconnecting several unit cells fromtheir neighbor unit cells, for
exanple, by cutting the center of one or nore joints while naintaining the
several joint pieces as joints. Another nethod to increase flexibility is to
change the geonetry of several sections of the unit cells in the Iength
direction fromthe relative flexible to the relative rigid shape severa
times along the total length of the stédidt. In other words, referring to
Fig. 9 one or nore or each of the segnents 13 - 20 could be constructed with

| arger and snal | er dihameteaticd 0 patbelkyiceachipbistiaaiadells, giafl)s 8Bt i ons whi ch
alternate after each joint 21. Another possibility, as shown in Figure 10
i s the uskavons aveseblssoafiswaoens. Jrane phapil.dhe stnse boween sqrespondergt hwi se

dt -and t ith flexibility. j.olnt 04 havi t
Gt 1 or entPRiaBma B 268 488 sficf kol RagleRid P PR e=PB et B Rl B AT o ¢
celI's. TheescapR. @il B PR THRem gheiBaluds, @éﬂsxx‘al@@%n@%nﬁ@e@%a' . One

of the nost interesting materials is superelastic Nitinol, because of its

| ar ge el abtlbe sievae msell wedt leadiefifabld asd pesly aluliessblc alsesbchyettheia pl at eau
stresses and ,t.he possi hi Iit%{ to define the desired .—cluc[;vature into the netal
by means GPEETIRAAEN PRPEERE OF ROS Wit SYFURPT VHB D SR BRI %3 % or i ng
SIits Or S04k digmcitdSize W bénidBsdrivid SO ARERARF, nRTBLBE 8hRBkEa1so

di aneter. The Slotted tube Is then expandeé by a separate shaping tool and
heat tr eatcatemplatetiniEus,dot extamyde fai stent tiizg bexpasichettdst aldlich tile asiistaes as t he
unstrai ned sha In a nmore general s t he, present ventjon is directed

e. : ense, i
to a devi °’8nﬁg\§*i“ﬁ@”a?$ﬂdd?§rfi i9e Hrnge b }éme@rﬁm@_ﬁﬁpaﬂ%ﬁ%sgi@h@rﬁéme i s
conpri sed,af 4 mawb@'atfaa%qtsh AO,Toﬁfd%%’}G%ﬁm‘o kL) SkRhhe ?z@i bfeerd hffq%_e' I's
i ncl ude one or nore relat ver rigid sections and one 8’ nore rel atively
f | exi bl e "Kevtihsypandfortddnnegtzaiiiisenagpring cdefiimen that étpenstopuwattbe e i n the

f f | tistabl i ny t havi ng.. Luralit f stabl,
cont i qur dEFUH.OT FS€ 356 BESH b CBRASHHERE 167 HE STy’ CORP FIEdl B9 i 1 st

arcuat e rRmbary Haehag {thiesd 106G schasANAueRds; and A BacIRtxaidakenmnber
having first and second ends, the first end of the first nmenber in

comuni c&PPER Swerrlly e 12G.r She SRt 1oforpPRSEE €€ Erid eBNBRIE seaments hed. 127,
131 2nd )35 which substantially maintain their original shzpe, and relatively fiexible
sepmenis-125, 129, and 33 The segments are inlerconnected, with joints 122, As
depicted, first flexible clements 125, and 133 27e in an expanded configuretion while
sccond fiexible ciement 129 is in & comracied configuration. By applying a radially
outward or tangential force, flexible element 129 maoy be flipped to i1s fully expanded
configuration resuliing in 2 sient (no? shown) with a larger diameter. As shown in Fig.
11, cells 138 are larger than cells 136 even in the comtracted stote. First flexible elements
125 2nd 133 are characterized by = different degree of flexitility than second flexible
clernent 129,

Another form of sient, as shown generally a1 150 in schematic Fig. 12, has
an fivst diameter 2t a Tirst end 152, a second diameter at 2 second cnd 154 and one {or
more) inmermediate diameters in 2 regicn 156 between first end 152 and second end 154,
1he intermediate diemeter differing from 1he first und sccond diamcters. The
interconnecied cells in such 2 stent, 2s shown generally at 150 in Fig. 12 may all have the
same force constant and hence be openable all at ence with the application of the
necessary force or there may be several different types of cells, each with their cwn force

constant In order to echieve the multiplicity of diameters, cells of differing sizes may be



second end of the first nmenber in comunication with the second end of the
second nmenber. It should be noted, however that nmenbers need not be
rigorously arcuate. Oher shaped nenbers, including relatively straight

menbers are contenplated as well. 11 The invention, in particular,
contenpl ates bistable cells, that is cells hating two stable configurations.
In one such cell, the distance between cérresponding points or the first

and second sections is larger in the first stable state of the cell than in

the secongkedt 3@ eSdndRiiRlent &ﬁhfseﬂrvjf;e ofTfiemC Blel first HRNBELVES ad Ber€ @Nsieut ed and
arranged so that the device itse is at |east bistable and possibly

mul ti st abdzene Ghdesnahothey embodianentythé Hdvtiapd ke sndmidmeersgiffao or nore
configurations with an initial diameter size and a final |arger dianmeter
si ze has been descr i D¥dPTBE&NVIREREVE?ISO HIFHES IabPE et B PAmEIng ajp
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severs) es of cells I'n th scent, each type aving a

di f f er entdesped B@dilonstanin, sopdridaiy ttepepadidivg wwaksw® asaoewpindhefstirt ¢roms ad,
the stemwould assune a different dianmeter. Such a stemin a £arti ally
expanded f&shsieblescastignraiirhiorreddsiad Fseopd stablp copfiguptisar thegiergnexpalided scent

is shown nerally 21120. The,stemi.s cC ri.s of relatively,rigid.
segrent 5 CE95 Euigior AT A ferd S0 RiFIE, UEF B NS BT RGPS nal
shape, ange behMdetekdntld e MsGed %%giﬁ@mt:%ﬁéﬁﬁhéaz?panaﬁ% héshs hBgpeggnent s are
interconnected, wth joints 122. As "~ depicted, first exi bl e el enents 125,
and 133 draélobn, amerkpaindedevianén gumahe omtheder, lacheassooodwhbexhbeelctanent ) 29

isin a contracted configuration. By applying a radially outward or
t angent i ANCPERICE, cliapak sHTes byl GRBRAR 0159 REGT ﬁawgﬂq $HEa0wE Meanst diheyiedt panded
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a different degree of flexibility than second flexible clenment 129. Another
form of ge@iR|lyasverbmresgareral be2nplicd sQtherstgRHe AR BTERilhe SiEpt inghe first.

stzble configuration to snap it onto the catheter. Where the stent has additional stable
states, the stent may be apﬁlied to the balloon in an intermediate stable state 1n which the
diameter of the stent is intermediate between the diameter in the first state and the
diameter in the second state. Again, the stent may be locked on the expanding means By
further applying a radially inward pressure.

A further object of the invention is the use of 3 single bistab']e unit ceil as
an expander (expansion ring}, that can be brought into 2 narrow place and then wiggered
to snap back into its expandéd stable shape. Asshownin Fig. 13 an expansion ring
shown generally in its expanded state at 250 consists of a first 1igid member 254 having
first 238 and second 262 ends and a second more flexible member 266 having first 270
and second 274 ends. First end 258 of first member 254 is connected to first end 270 of
secand member 266 and second end 262 of first member 254 is connected to second end
274 of second member 266. Fig. 14 depicts the expansion ring of Fig. 13 inits
contracted state.; Second member 266 is seen 10 be In 2 second stable position.

Another object of the invention is the vse of a single bistable Joop (unit
ceil) as a clip, that can be used 1o clamp on an artery, fallopian tube or any other body

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



an fiat dianeter at a first end 352, n second dianeter at a second end 154
and one (or nore) internediate dianeters in a region 156 between first end
352 and second end 154. the internediate dianeter differing fromthe fi st
and second di anmeters. The interconnected cells in such a scent, as shown
generally at 150 in Fig. 12 may all have the sane force constant and. hence
be openable all at once with the appllqatlon of the necessary force or
there may be several different types of ceIIs each with their own force
constant. In order to, achi eve the, Ey|tl |C|ty i ameters, .cells of

di f feri ngt@iepees abie paaress NcWHT2NET FHES rbBH "toq’é‘P“tﬂkﬁ‘@]‘% §3Ee 6BS Bt em t he
first andbéﬂ;‘;%%ng | AR b g{egcfo&elgﬁswrﬁg@ phid ewbtﬁd ?é}%%%rm@%ﬁagké?m the

first and secon I"anet er rese invention 1Is also directed to

a net hod efpahtiphaiigiof§@n4. exphipdad meaisexﬁumwut@m cphpunaidntwitethest abl e
confi guratl ons. The method conprjses the step @ of _applying the stent to an
expandi ngclABane surch thediy e@léﬂoormwa? Flal 10 AROSER th hedhateraggneasg maydiel y
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second st afher g@mlxﬁéﬂ’rﬁﬁﬂ&mmﬁm:ﬁ% Kb apAom goalveb afe tibakle Ydi, bhd 8 Stabl e
configuration, and depI oying the expanded scent at the desi réd bodily

| ocat i on. apphieatexpeiietzhig the hop. r%zrtiég@pnn@mmmcl@derm&lmnm@t dgeiee.ce on or

th th t t b d dt h
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applied t]ﬁb;BJﬂg hahbaen shémbdenhidcet stable configuration or may be applied
in the second stable xpanded) configuration during the applying step. In

the latter case radinatheypirhobig ppﬁsergsm@vnaymmveappmmu@m henuesnt @t so as

t the stent i.nt t .stabl.e i ta t onto Th
cat hotor . VRO EREPERLHE AR AP TSR AT SEvAB] £ PO BEOPRE AP ant may bo

appl i ed t@sbhesibald @es mnﬁ&ddm:eﬁma@teab&m&hahle&mimt vl BuWHICR dtde
di aneter of the,scent |s i nternedi ate between the dianeter in the first
state andcalsé 2rali EpEtErdeo] sORRTIOBHHORS HPROTEAFRIEION NS HEREX PRI Be | ocked
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further e invention is the use of a single bistable unit cell as
comprises a skin mounted on the expansion rings. In.mounting the skin, the skin may

surround, be inor between the expension rings. The skin may be human or animel skin,
2 polymeric matcrial or zny. other spitable bio-compatibie material.. Such 2 sient may
comprise One OT more exXpansion 1ings, such as z fivet expansion ring st 2 fivst end of the
sient and a. second expansion ring et a second end of the steni “I'he sient ypay be of
consiant dizmeter along its length or may have a first diameter et the first end 2nd =
second diameter 2t the second end.

The present invention is also direcied 1o 2 stent having en enexpanded
conngur'-Lon and an expanded confipuration, and comprising & plurality of generatly
lonﬂlmamzl wave-like first members characierized by a first wavelength, and having
pecaks and troughs and a plurality of generally Jongitudinal wave-hike sccond members
characierized by a sccomﬁ' wavelength, snd baving peaks znd woughs. The wavelengths
ot the {irst and second Jongitudinal members zre substantielly equal. The second
members are capable ¢f siablv assuming two positions, # first position correspending to
the unexpanded configuration in which the first and second members are ip phase and a
second position corresponding 1o the expanded configuration, in which the first and

second members are 180° cut of phase. The first members are more rigid than the



an expander (expansion ring), that can be brought into a narrow place and
then triggered to snap back into its expanded stable shape. As shown in
Fig. 13 an expansion Tins shown generally in its expanded state at 250
consists of a first rigid nmenber 254 having first 258 and second 262 ends
and a second nore flexible nmenber 266 having first 270 and second 274 ends.
First end 258 of first nmenber 254 is connected to first end 270 of second
menber 266 and second end 262 of first méfrber 254 is connected to second end
274 of second nenber 266. Fig. 14 depicts the expansion ring of Fig. 13 in

its contraeted skabes, Seedbd Herband 2B i1.8insBRBmbashe dibpi.s e ands,sihabl e
position. Another object of the invention is the use of a single bistable

| oop (unit ofaks $tpntwich then ths lopginidined frshand sesand greaibarrl 6maim Jankery,
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nost stable one. In the collapsed state, the clip would resenble the
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appl i cat i omnefpdneat comiguratdraophe Sprrdedtavnfeerii ogbyrepmigingrcohdiddy putwarsig on
the device. _ pushing on the device, bending the rigid section t he device
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shaped el e actording to the present invention, conbined wth a "tubular
sl eeve t hatvekssl,rietmal eisodd wed batdebpansseistth jSucko etsentgetheAn exanple is a

so- called graft scenf, nade of ol ymer with one ar .nbre expansion rings.
The expansion ri ngsnﬁﬁy”&ﬁﬁﬁ”ﬁ&%@”éﬂ@@ﬁ%@’é’fg@g@?i"B@&’gﬁ?g%{)eéwg_‘Eﬁgﬂss. The
surface of cbhgrSeRNhe siePIBS d§98riAy SKinRedTREHeediP I8 8XRARSH Rk ididS -2 | N

mounting the skin, the skin may surround, be in or between the expansion
ri ngs. The I5KisetinyizisdomheaHy 6RC.&np3rgineske pent to 5 second stable siate, thetdiameler

of'the stent in the second stzble sizte exceeding that of the vessels 10 be joined and
plzcing the stent over the vessels e be joincd. The stent xay then be contracied 10 2
third stable s1zte, the sient in the third stuble stete having 2 dismeterintermediate
berween the diameiers of the stent in the wnexpanded state and in the secend steble state.
The stent mey further be secured 1o the vesse! with the 2id of onc or more of the zbove-
described expansion rings (a bistzble loop). One or more expansion rings, such as that
depicted in Figs. 13 and 14 or small clamping stents (such as that formed from the strip
shown-in Fig. 23) may be delivered to each side of the sient in 2 contracted siate ang
deployed so 25 1o clamp the vessels berween 1he 1ing(s). Muitiple rings may be used for
additional clamping. As sh'ewn generally 2t 300 in Fig. 15, 2 first vessel 304 and 2
second vessel 308 are joined 1ogether with inventive stent 312, Vessel 304 overlaps stent
312 in a first overlap region 316 while vessel 308 overlaps s1ent 312 in & second overlap
Tegion 320. Vessel 304 is clamped between expansion ring 324 (shown in the expanded
state) and stent 312 while vessel 308 is clamped between expansion ring 328 (shown in
the unexpanded state for illustrative purposes only) and stent 312, the dotted Yines
associated with expansion sing 328 Hlustrate expunsionring 328 in its expanded stale. It

<hould be additionally noted that Fig. 15 provides a cul-away view of vessels showing



a polyneric material or any other suitable bio-conpatible material.. Such a
scent may conprise one or nore expansion rings, such as a first expansion

ring at a first end of the stemand a second expansion ring at a second end
of the stent. The scent may be of constant dianeter along its |length or may
have a first dianeter at the first end ggd a second dianeter at the second
end. The present invention is also directed to a slept having an unexpanded

configuration and an expanded_confi.guration, and conprisj urality of
gener al | yhe F’GB@FPE@iW&IiB“\%{\/ CIE¢ Eés’ st C?Pé?fﬁ%“r“a‘m@hgg‘é’cquﬁgz‘gﬁjg{??géeq“%i r st
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and having peaks angy bhoHeNembdMignenR e lsBheh s FiQf 7L DBrdivesde] 2p4 .5@g0Nd
| ongi tudi nal nenbers are substantially equal. e second nenbers arc

capabl e gtcsicbdsseladuare Rgint oo grolsdr thiyensentat 101 Ftst pab4 16 ofstemr 4 ¥sesedi ng t o
t he unexpanded configuration in which the fist and second nenbers are in
phase anocasel §84ovilepwsspud ond ¢8F véstsairil augstsovitie vessshfdedOptinslglanaps on, in
R AT e T R I il
| ongi t udisRal f A di t hat the
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each peakegde] eanhtifion=s clampEhany bs veaiuranieded.t o one adj acent peak of a
second nenber in a region of attachnment and each trough of each _first nenber
is attached to onelm@pethentmbedimsht gfcomaatinrioibab@bopiments e§f s 1ofand
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Separ at od Tl B Pl BEAR TehihaY Polf e domin ) B s e B e Recoen BT
descri beghsiem ﬁi%gte??en%rlﬁlépﬁ% {0 v, Al ﬁ.pa&qgg?g@%aa%ﬁtﬂ k&, bhe

expanded confi gur on by applying a radially out fforce and simlarly
can be smappediirtiemseéhee expsamaead thoveskelsunexpanded configuration, by

applying a radially_inward force. Wile such ste may .he used interpal to a
bodily vessel, it ﬁ’ﬁ?n%l-[“%roerﬂ 0%‘%&“@?@@?%” ?tﬁ-\r}gs‘é"ég%’ 6 36 ¥eseskdYessel s

toget her o, Thelal BYERL! B ALRPuR AN £PhES BRerdaBHOURLI 1 1By AEET her two

consisting of, for example, a small section of collapsible stent, the stent chosen so that
the diameter of the stent m a collapsed state affords a snug fit with vessels 454 and 458
"and expansion rning 462. Either the expansion ring or the ¢lamp, but not both, may be
-replaced by asuitable support such as a rigid collar.

The invention also contemplates a method of joining together two vessels
comprising the steps of delivering an inventive stent in an unexpanded cenfiguration in a
first stable sate io 2 bodily site, placing two bodily vessels cver the stent and expanding
the stent to a second étab]e state, the diameter of the stent in the second stable state
exceeding that of the vessels to be joined. The diameter of the stent in the second siable
state is preferzbly chosen so that the vessels fit snugly over the stent. The delivery of the
stent may be accompiished by delivering the stent in an unexpanded configuration
through a bodily vessel and subsequently expanding the stent 1o rest snugly in the vessels
to be joined (where a portion of the stent resides in a vessel), or by expanding the stent
10 1ts 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. Altematively, the stent, collars and expansion rings

may be delivered by surgically exposing the vessel in guestion.



conprising the steps of delivering an inventive scent in an unexpanded
configuration in a first stable state to a bodily site, expanding the stem
to a second stable state; the diarneter of the stemin the second stable
state exceeding that of the vessels to be joined and placing the scent over
the vessels to be joined. The stent may then be contracted to a third
stable state, the scent in the third stable state having a di aneter
internedi ate between the dianeters of tjlde scent in the unexpanded state and
in the second stable slate. The scent may further be secured to the vessel
with the aid of one Gfh.HREenOhvefR:IPAYELHESELI DG BXRANSI 3’9:&'&“@?&3(61 .

bi stable | oop). One or re expansion rings, such as that epicted 1 n Figs.
13 and 14 skovemgéderdihamsiondn Bisehd snc(igie b seap-tdiatn Hmrsiieeka X wrgmdihostyr i p

shown in Fig. 23) be deljvered taq h.side .of the scent in_a contracted
state and gﬁ@ﬁli‘y@mdo%"q‘B“Jé’f’érf‘ﬁnﬂ%&%s%‘?lpsacbé‘f’ reertend et EH04 Ml tipl e
rings may e ghti-onale) kAR A%3hay I 1 .300 in
Fig. 15, ap@ﬁ“tg{/ge@gg?ﬁgﬂsan aems%g%n %gssebl% H%%g%ﬁ%?{%{dﬂ%&%ggaet her
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region 336 while vessel 308 overlaps scent 332 in P. second overlap region
320. VesseSurpones gndamyeSBRhEEAnesIFmas 81erTary Udang showre ofForHil expanded
state) and eq: i I i { £ i ring 328
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312. the dghitedk ddreon@SsENY. Hupdomnicanesprntl o) surfigc 828nivki gistrat e
expansion ring 328 in its expanded stair. It should be additionally noted

that Fig. 8YBcisndyirigidstodoidfleablaynanlentol invplesetnd mhsbemeereszid tanr i ngs

contai ned fherein. Fi 16, shows a -sect] view .of Fig. 15 along
section I‘I’ﬁ’é’g%@i’@.gﬂ%eoésgmpsﬁl RS 6%%%3\/\% ‘JE&HEWQ@%@H oéggl\jl\%%ﬁqgf&%ﬁn]&ﬁz and
expansi on &0@g: SAthve rfpiGiratdtend ¢abodhamil 632 nERdModgitufing] redibn 684ftor St
vessel 404 and a _second vessel 408 are joined ,tgget her by a stent 412.
Fi rst end 2% 8ic Sewupergipuphof 3 . Aldweglh oppunghpt & ket ewd820 of

stem 412 yestSqihiNiNeETIBhddiO85, Misk ON&ldi 700 in(]ﬁ'];!a‘?pwﬁﬁre@oml portion

of a collapsible inventive stent shown later in strip formin Frg. 23) 424
and 428 r esthei pepstve efrnloions pdticoiperiog sed oG izntd 08 dbamprehdbestéht to

the Vessegc"[uapfgg %)-Ezrlu%gg lopccnl B%répcﬁosgg%osqgaﬁjs%%’dﬂ &3pld ?necczi'netge'r 608, is construcizd and
arranged so as 10 block the flow of Nluid throvgh opening 632 when flexible member 608
is in the closed position. When flexible member 608 is in the open position, as depicied
in Fig. 20 valve closure member 640 no Jonger obstructs opening 632, thereby zllowing
the flow of fluid thersthrough.

While tniggering means 620 may be 2ny suisble mechanieal, hydraulic,

pneumsztic, or thermzl based tipger known in the art al present or in the Tuwre, in s
preferred embadimeny, tnggering means 620 is a piczoclectric element: In operadon, if
the piezoclement shown in Fig. 19 a1 62_0 1s not actvated, valve closure member 640 is
closed. Aciivation of piezoelement 620, as shown in Fiz. 20 cavuses a smail shontening in
the longitudinel length {dennted by Y in Fig. 15) of piezociement 620 which in rum
releases flexible member 608 from i1s first position. With member 608 released, valve
closure member 640 is free 10 npen under the pressure wensmined from the fluid.
Member 608 assumes a second, inverted, position, as depicted in Fig. 20. While the fluid
pressure maintzins member 608 in jis second position, even in the ahsenee of any fvid.
member 608 remains in s second position, as depicted in Fig, 20 if the wiggering is

tarned off and piezoelement 620 assumes its original length. Valve closure member.640



I n anot her enbodi nent, a conbination of the enbodi mrents of Figs 15 and 17,
the first end of the stent may protrude fromone of the vessels and the
second end of the stent nay extend over the second vessel. Again, clanps
and expansion rings may be wused to further secure the stemto the vessels.

I n anot her enbodi nent, as shown in Fig. %8, vessel 454 and vessel 458 are
hel d toget her by an expansion ring 462 } ternal to the vessel and a clanp
466; consisting of, for exanple, a small section of collapsible stent, the
stent chusgmesdosdtasgainhie tht apsenes olfiuidhey stsebregient & gedringpsfan exteddreeraf f or ds

fi ith, ls 4 d 458 -and [ i.ng 462. Eith h
S oo, b et S e SRR e 5y LT LD
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i nvent i Ve, Shi&Mts kPoRY ;HMexpended configuration in a first stable state to a
bodily site, placing two bodily vessels over the stent and expanding the
step: to a second sThbheivstdapeiedtihdigh. dfendr20ahayt beasilmth mnédical 204 -
stable state exceeding that of the vessels to be joined. The dianeter of

t he scenbefisal evisesolids.9aBTtculass 2 @M ef the Preseanyeniivsionpply tedoveribe
vessel s f.it,snugly over the,stent. The delivery of the .stent nay be

ncconpt | RGP IR s9t R S bR o e el S CRP GEERS % hr ough
a bodi | yapesfekcAPea SHE SOMERE InYp8XRa i bR $difhny SuilBH pRBNgl y in the
vessels to be fo?ned (wher'e a] p%rti on of the stéﬁ#‘| r)esildes In a vessel), or
by expandchgiidhthstentf tht abotsdemsbedrpznded rtpatie clapiratienglene the ent . over

the vessel and then contracting the scent  to an internediate state over the
vessel . WEBraopyHranghige ¥zlysns Uendsfpwgsteirgs claspbdhe ¥Hoo anavele Biggeredr | y be

det Tver ethAianNBbLICldy NG #181, 80! LAS A, LAAIAAD ALNIR.: Y the

del i vere y gre y éexposing t S inqu ent

i nvent i afigigsredl Siflitd ekedt. tn@Ah& sstRBhS06B0Y &5 toldep1¥ahNEInvast $hoMe in
generally at 600 in Fig. 19 includes a snap-action bipositional unit cell

shown g@mgration witheozhunbcdbeshust Ay earcgiyaddiby HessBhlg-devidesmd
bi posi ti onaﬁl unit %IOI . .56 Ah t»c;ons}_i. st s odf v}aceg substantially arcuate) flexible
menber GUR'AHYITAGY 3’ 59 53 é’n&ggiingaﬁﬁ 5

Of course the valve may be used in other medical and non-medical
applications as well.

In addition to the bistable wnit cells disclosed above, bistable unit cells
and more generally, multistable unit cells of other shapes are also contemplated by the
present invention. Figs. 21a and 21b are schematic representations of another
erﬁbodimem of an inventive hinged muitistable cell in its contracied and expanded states,
respectively. The contracted cell, shown generzlly 2t 700, and the expanded cell, shown
generally at 705, consist of four interconnected relatively rigid members. Two side
members 709 are connected 10 opposite ends of 1op member 713 via hinges 715. Side
members 709 are connected at their opposite ends to opposite ends of bortom member
717 via hinges 719. Preferably, the hinges are elastic or plastically deformable. The
hinges may be fixedly attached to the side, top and botiom members or may be integral
with these members. In the Jatter case, the hinges may be formed by removing material
from the cell in the region of the hinges so that the hinges are thinner or have a different
geometry from the side, 1op and bottom members. In the process of transitioning from
the expanded 1o the collapsed state, bottom meynber 717 opens slightly. The cell of Figs.

21a,b zalso has two additional intermediate states in which one or the other (but not both)



second end 616. First end 612 is in comunication with a triggering neans
620 which is supported, in ttnri by a support neans 624 energing fromthe
i nner surface of conduit 606. Second end 616 of flexible nenber 608 is
anchored to stop surface 628 which extends across conduit 606. Support
means 624 and stop surface 628 nust be sufficiently rigid to hold flexible
menber 608 in place and nust be nore rigid than flexible menber 608. Stop
surface 628 extends substantially oinqueiy across conduit 606 in oblique
regions 630 and has a opening 632 within 1nh [ongitudinal region 634 to
allow the flow therethrough of a fluid, Al though opening 632 is oriented

al ong the ©of vdgiroembersl’08énd 1@88756119566?1319{@(Ccélﬁﬁéiedt‘ffb’s"@”@fi ordinary skill in
the art will recogniz ot her ,passi,bl e.orientatigns of the opening.and stop
surface. Valve closur }H%ﬁggplgH@Fdn&ﬁ?ﬂﬁb@d”ﬁ%?@é@ﬁﬁ%ﬁ%ﬁggﬁﬁﬁg?@ggagﬁf
posi tions [ g;ﬁﬁﬁ [ ; e afhanggad s to

bl ock the ??%\f/{)g%g%l}ﬁp t rglﬁﬁ%gﬁ?%gﬁggf ﬁdﬁ]%(ﬁeb@ %ﬁbséh?qggS isin
t he cl osedgpasilty anys0Mensitisexid membebas4 608 bbBorhmmirhBerOl58) apO8HperaAde  as
depicted 1n Fig. 20 valve closure nenber 640 no | onger obstructs opening
632. t her emendidrowing Tvtcheprier sifle ahernbars d62 laes earine &g o oppisite emds ghwmn ng
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causes a snmall shonening in the longitudinal |ength (denoted by Y in Fig.
15) of pi ethsgirewisuslyshiecusseinveniivanals. Mapendtbatd 3 ber bashsse ospBsHEIM i t s
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a second, TP¥RELSshnaPOSH LEPRxniBs aMHiME bt sthied. 12&iaifh kN kihahded

pressure naintains nenber 608 in its second position, even in the nhscnce of

any flui d.andiribecor88taderiaienshawn int B gsetierahdntdd) thedrexagenadepll ctedison Fi g.

20 11 1 he LLLa0er ng. | o (dutned ol L and plezocl crent, 620 QSSUIER IS wae
members 762 is collapsed inward along with top member 754.

The above described hinged muhtistable cells may be vsed in any of the
above discussed applicat.ions e.g. 1o form stents, clamps, clips, expander nngs. bistable
valves.

In one such abplication a ring or stent is formed of the hinged cells of
Figs. 21a and 21b. Asshown in Fig. 23, a series of unit cells of the type depicted in Figs.
21} are joined tegether so that the top member of a cell forms a portion of the botliom
member of an adjoining cell. As depicted, 1op member 814 of cell 810 forms a portiono
bottom element 818 of cell 820. Similasly, top member 824 of cell 828 forms a portion
of bottom element 832 of cell 836. Although the ring or stent in Fig. 23 has been cut for
ilustrative purposes, the two ends 840 and 844 are normally joined together with a
poﬁion of lower member 848 of cell 852 serving as an upper member for cell 856. The
ring so formed has a.range of stable stable siztes including a fully expanded state and a
fully contracted state. Where the individval cells are made identically, only the fully
expanded stales may be accessed by the application of 2 uniform radially cutward force
to the stent in the fully contracted state. It may serve as a clamp or collar, an expansion

ring or a stent. Larger stents may be formed by interconnecting a plurality of such rings

Similar products may also be formed from other multistable uniis cells.



may be cl osed again, in the absence of fluid, by a subsequent triggering of
pi ezeel enrent 620 all ow ng nenber 608 to transition to its second (cl osed)
position which is the preferred position of nmenber 608. Menber 608 has been
treated to receive a preferred position as showmn in Fig. 3. The val ve
depicted in Figs. 19 and 20 may be applied to nedical and.non- nedical
devices. It is, in particular, an aimof the present invention to apply the
inventive bistable valve to the controfof urinary incontinence. In a
patient with incontinence, the above described valve may be inplanted in

t he ur et hrigghsisngnarddbsiiistratel @ eneensoskibiing eilrghati balyisenidth hdegonal unit
above- descri bed expansion ri ngs to clanp the valve to the wurethra. Although
the val ve GeHSEREh aefash showndn é13ss24 baeay, betipiacy gl eqtg fops amnéggﬁwex@p when

t he bl add he .b he_ bl
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enpl oy th%hhﬂé%ﬁrtd’rﬁxﬂé%lb\éﬁsw AR%U-%@B&W& %,{:mxﬁn Hwpt 244884 5%1%&@@;« he
activated by triggering the device-and simlarly may be closed by

triggeri ng:ambejohead@ecndc&%dou;::sm vihe. Vht 6P wayid 4 ssedhoim intilbr expedigial and
non- nedi cal S as I n addition to able ynit. cells
di scl osed :ﬁﬁ% gbﬁ%% a‘g ‘a’r‘iFf‘ %qol a2 SR hﬁr‘recxﬁﬁ’ﬁﬂtézpéﬁwy ﬁ%}{ﬁ? S#ﬁtﬂfe uni t
cell's of @ et@ﬁ@@%e ﬁ&ge@iﬁégcﬁ%ﬁﬁ%ﬁtﬁg Y shHSs o &5 1hW@}%b&@ Figs.

23a and 23b are schenmmti € represéntations of another enbodi ment of an
i nventive dfiengmzﬂmnmhmd ®icablced etfandad detl 926 o0iihe adtsétﬁoaam BApanpbénkdst at es,

respectiv ¥t The contract ed cell, sho ener Iy at 703\(5 a.n t he expanded
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menber 713°Via“hi'nges menbers 709 conne at therr opposite
ends t o ophosiit eclhnhsmolﬁabﬁstct omm»m?beremb'ﬁﬂﬂafmd@chmmgﬁs\ﬂzﬂx‘@l bel?}oiafcérabl y, the
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nenbers. leRpiddedlsadid 846 &Rs 844 ihBehritgesomByahind O pRd shit rh@nbirk s aRt eri al
fromthe cef in the region of thé hinges so that the hinges are thinner or
have a di Fheveny dashed lines. Adjacemt strips of interconnecied cclls 952 are Joined together by
upper side members 948 as well as by obligue regions 956 of borlorn members 960.
1t should be noted that the inventive devices of the present application
may be used on a wemporary basis or on 2 permanent basis in the body. Thus, for
example, permznent sients 2nd clamps are comcm;ﬁ]med., 2s are remmoveble stents and
clamps. |
It should further be noted thet in expanding some of the inventive
rnuitisiable cells, there 1nay be components of expansion/conuaciion in a direction
perpendicular 1o 1he direction of the foree applicd 1o expand the cells.
Finally, for the purposes cf this epplication, the term ‘'multistable’ is
intended to include "bistable'.
In the described drawings and 1ext cnly some examples of  different
embodiments have been given. While the stents of the present invention can appear
similar o prior stents, the mechanica) results are cornpletely different due to the special
combinztion of a rigid seciion and a.more flexitle seciion in the some unit ¢cell. OF
course there are, beside the illustrated sinvsoiéel shape many other possible basic shapes
for the unit cells, with similar characieristic behavior.

From the zbovce disclosore of the peneral principles of the present



geonetry fromthe side, top and bottom nenbers. In the process of
transitioning from the expanded to the coll apsed state, bottom nenber 717
opens slightly. The cell of Figs. 21 a,b also has two additional
internedi ate states in which one or the other (but not both) 38 of side
menbers 709 and top nenber 713 are coll apsed downward. A hexagonal hinged
mul tistable unit cell is shown schematicabhy in Fig. 22a in the coll apsed
state and in Fig. 22b in the expanded state. The cell, shown generally at
750, consists of top nenber 754 and bottom nenber 758, and upper side

menber s 762-mM?io&!%arﬂa@bfé@cdmgw‘e@mdmaqgmng@ag@g&m hahRRRAste-gnds . of
top nmenber 754 via hinges 756. Upper side nenbers 762 are connected to
bottom nenber 758 via hinges 768. Bottom nenber 758 is shaped like a' U
with the two uprights of the 'U nodified to lie at oblique angles with
respect to the bottompart of the "U. As with the previously discussed
inventive cells, hinges 756 and 768 may be elastic or plastically

def ormabl e and may be fixedly attached to the nmenbers or integral with the
menbers. The hexagonal unit cell exhibits nmultiple 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 internedi ate stable
configurations in which only one of the two upper side nenbers 762 is
col l apsed inward along with top nenber 754. The above descri bed hi nged
multistable cells may be used in any of the, above discussed applications
e.g. to formstents, clanps, clips, expander rings, bistable valves. In one
such application a ring or scent is formed of the hinged cells of Figs. 21
a 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 top nenber of a cell forns a
portion of the bottom nenber of an adjoining cell. As depicted, top nenber
814 of cell 810 forns a portion o bottom el enent 818 of cell 820.
Simlarly, top nmenber 824 of cell 828 forns a portion of bottom el ement 832
of cell 836. Although the ring or stemin Fig. 23 has been cut for
illustrative purposes, the two ends 840 and 844 are nornally joined together
with a



portion of |ower menber 848 of cell 852 serving as an upper nenber for cel
856. The ring so fornmed has a range of stable stable slates including a
filly expanded state and a fully contracted state. Were the individual
cells are nmade identically, only the fully expanded states may be accessed
by the application of a uniformradially outward force to the scent in the
fully contracted state. It may serve as<h clanp or collar, an expansion
ring or a stem Larger stents may be forned by interconnecting a plurality
of such ebmgkereindithanapseduotilcavynadosehiol hopmreehtfinvemiohhesuseuptblst abke
units cells. 19 Figs. 24a and 24b illustrate one such possibility

schemat i uatm@ed forwhe wm@cﬁdﬁamrmmappbemu@ wushlude difirrsr! Ehowirien Fi gs.
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in fully expanded state in Fig. 24b. Adjacent cells 880 are seen in their
expanded state. For the sake of conpleteness, the hinges are designated
902. Fig. 24c shows one cell 920 in the process of expanding and one

al ready expanded cell 924. The cells 920 and 924 are joined at bottom
menber 928 and top nmenber 932. Hi nges are shown at 936. Miultiple strips may
al so be joined together so as to forma stemwhose length is a multiple of
the length of the unit cell. In such a cast, upper side nenbers of adjacent
cells would be joined together. This is illustrated in Fig. 24d which, |ike
Fig. 24c shows cells 940 in The expanded state and cells 944 in the process
of expandi ng. Upper side nenbers 948 are shown by dashed |ines. Adjacent
strips of interconnected cells 952 arc joined together by upper side
menbers 948 as well as by oblique regions 956 of bottom nenbers 960. It
shoul d 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
exanpl e, permanent stents and clanps are contenpl ated, as are renovabl e
sterns and clanps. It should further be noted that in expandi ng sone of the
i nventive



mul tistable cells, there may be conponents of expansion/conuaction in a
direction perpendicular to the direction of the force applied to expand Tic
cells. Finally, for the purposes of this application., the term
‘mul tistable" is intended to include '"bi stable'. In The described draw ngs
and text only sonme exanples of different enbodinments have been given. Wile
the stens of the present invention can appear simlar to prior sterns, the
mechani cal results are conpletely diffgsent due to the special conbination
of arigid section and anore flexible Séction in the sone unit cell. O
course there are, beside the illustrated sinusoidal shape many ot her
possi bl e basic shapes for the unit cells, with simlar characteristic
behavi or¢) Ffgm t he above disclosure of the general principles of the present
20 invemrmtTtom and the preceding detail ed description, those skilled in this
art will readily 21 conprehend the various nodifications to which the
present invention Ls susceptible. i nt.ended for the coverage of the
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constructb@psiantlgdi fferent conbinations of one or nore materials to obtain
the sane basic mechani cal behavior as exhibited by the above described
exanmpl es. 22 C ai #8: eipap@chppafatdisl § gronfsl@unedh fngs segawwaiientconpri si ng:
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by application of a force directed radially outward, wherei.n dyrin
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a force directed radially outward,
wherein during expansion each expandabie cell 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 1link.

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.



a transition point that allows the force to be decreased during transition
to the expanded state. 2. The apparatus as recited in claiml1l, wherein the
expandabl e conduit conprises a liner. 3. The apparatus as recited in claim
1, wherein each expandable cell conprises a longitudinal strut and a
flexible link. 4. The apparatus as recited in claim3, wherein each

flexi ble link undergoes pivotal notion during expansion. 5. The apparatus
as recited in claim3, wherein each flexible link is arcuate in formprior
to expansion of the expandable cells. »§. The apparatus as recited in claim
3, wherein the force may be renoved once each of the plurality of
expandabl e cells is noved past the transition point. 23 7. The apparatus of
claiml1 wherein the plurality of expandable cells define a wall having a

plurality of slots7.thergthsppghatiht hoftclLasty amrdiroraf gihegliural ity of
slots having an arcuate shape when the expandable conduit is in a
col | apse@fcenPrpdprhtrorel8s dnbinppardd s WFvidiaiamFAusMee Ph e drcuat e

n : hak . duit i
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def ormabl e_materi al surrounding an outer surface of the
collapsed configuration.

8. The 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 132, wherein each thin

strut is coupled tc at least one thick strut that remains



expandabl e conduit. 11. The apparatus of claim 10, wherein the defornable
mat eri al conprises an elastoneric material. 12. The apparatus of claim?7,
wherein the plurality of slots are forned at least in part by a plurality
of pivotal [links. 13. The apparatus @f claim1l wherein each expandable
cell conprises a thin strut that is flexed between a contracted state and
an expanded state without plastic deformation. 14. The apparatus of claim
13, wherein each thin strut is coupled to at |east one thick strut that

r emai nen2éexadntihexeg thansigivhaosittHeorhah stheatd Hremsthet cdtamcdtha contract ed
state to the expanded state. 15. The apparatus of claim 14, wherein each
thin sffft® i@ tE?v?ﬁQﬁW%ﬁ@:&ﬁﬁF%d to at |east one thick strut. 16. The
apparatus of claim1l, wherein the expandabl e conduit renmins at a
substantially fixed axial length during transition from a coll apsed

confi gur ati dn. tTtheagprprpatitePcsariguiht ivhierein, eqtle Wyparssrus ¥ claim 14,

wher ei p. ngea I ¢k rati he t hi S to the thin strut is at
| east g%ﬁ. Ql%ﬁgsg%%éghﬁgs?égséé%% EgEFﬁ %ﬁ%ﬁﬁhlq wherei n the expandabl e
conduit conprises a radially expandabl e tubular nmenber. 19. The apparatus of

claim1l wherein _each exgandable cell_ caqnprises first and_second arcuate
menbers. 2016 THE'SAFPRAEEEES A Glaim 1o, YRATEAB AT R BIEP 5N EeRBEdInd
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a collapsed configuration 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

condult comprises a radially expandable tubular member.

18. The apparatus of claim 1 wherein each expandable cell

comprises first and second arcuate members.

20. The apparatus of claim 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 configuration which is a first generally tubular
configuration and an expanded configuration which is a second
generally tubular configuration having a larger diameter than the

first generally tubular configuration,



21. The apparatus of claim 20, wherein the expandable conduit has a
col | apsed configuration which is a first generally tubular configuration
and an expanded configuration which isggsa second generally tubular
configuration having a |arger dianmeter than the first generally tubul ar
configuration. 25 22. The apparatus of claim 21, further conprising a
device able to transport the expandable conduit device to a desired | ocation

in the passagemmy appiratie afppananusl poffuitaem 22npidne A H&ei appdiat us
further conprises a deploynent device able to initiate expansion of the
expandb®| EFXERAGFt ThT SFHRFEIPLE sTOUBHET FPVICE WUIPaFeEORTT glRSAG6R 10 its
second:gensi=ahlb¥whitbul ar configuration. 24. The apparatus of claim 20,
wherein the first arcuate nenber and the second arcuate nenber each
conprises a mdpoint and two ends, and further wherein the first arcuate

menber is e exi t he.secon I t r. . appar at us
of clain122?£mﬁ%#%§hg%ﬁ%£$$?§ cgﬁéﬁs%%bﬂg%rgg%ug?%gﬂgﬁ%gFégaF%BﬁggﬁanicalIy
connectembsisels hhaépidignessecdadicarablat eonenberatw retenss tled arfrathieon of t he

first arcuate_nenber. 26. The apgggatus of claim 24, wherein the first
ar cuat BPIHIAPAE ASRM o TCTHRES pbilith GrESTRhEY fHuPslast SR PUECLPBN Dei ng

where {he dddopld gEReAIR yTRIBEL a1 &sXigikat Sod] acent to the second arcuate
menber m d-point, the second stable pdsition being where the first arcuate

menber m d-point is displaced fromthe second arcuate nenber md-point to
forma gap betugen Lhe, (i1 ot ALeUahes fPTHRY eThlend% Ysr?2dchbe: SR520
arcuat e nenber md-porn

and the second arcuate member each comprises a midpoint and two ends,

and further wherein the first arcuate member is more flexible than

the second arcuate member.

25. The apparatus 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 24, wherein the first arcuate
member has two stable positions, the first stable position being
where the first arcuate 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.



27. The apparatus of claim19, wherein the second arcuate nenber has a
greater thickness than the first arcuate nenber. 28. The apparatus of claim
27, wherein the thickness ratio of the second arcuate nenber to the first
arcuate 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 claim 29,
wherein the wapping conprises an expgndable material. 31. The apparatus of
claim?29, wherein the wapping is selected to be resistant to environnental

condi ti ons
wherein the

encountered in the passageway. 32. The apparatus of claim 21,
expandabl e conduit in its second generally tubul ar

configuration conprisesrra Rigfaddtis off dlamet ens. wddreAnmehBodeebnappl ying a
radi al force against a surface of a passageway w th an expandabl e devi ce,

conpri si MgEua §&rTaTHIE I & parftikds e I SN ic&knkisth taapl Ghel ity séf agerpse
expandaQ& Lween a stable contracted state and a stable expanded state;

sel ecting

e geonetry of the cells such that the cells expand autononously

once expanded past a transition point; and 27 radially expanding the
expandabl e deviceiﬂ?stlghe transition point, agg a%%inst a %%rface of the

passageway.

he apparatus of claim erein t

thickness ratio of the second arcuate member to the first

arcuate member is greater than approximately 2:1.

29. The apparatus of claim 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 cliaim 29, wherein the wrapping

is selected to be resistant to 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 against a

surface of a passageway 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



34. The nethod as recited in claim33, wherein radially expanding the
expandabl e device conprises expanding the plurality of cells wthout axial
shortening of the expandable device. 35. The nmethod as recited in claim 33,
wherein form ng conprises form ng the expandabl e device as a tubul ar

menber. 36. The nethod as recited in claim33, wherein formng conprises
formng the expandabl e device as a liner. 37. The nethod as recited in
claim 33, wherein selecting conprises gelecting a geonetry that utilizes a
conbi nation of thick struts coupled to thin struts. 38. The nethod as
recited in claim33 wherein the expandable device stabilizes an unsupported
section of a passageway. 39. The nethod as recited in claim33, further
conpri sing attachiradiza Weapgpmnding heheo hagra nslabfllac elesfi ceh@asex pardabl e
device. 40. The nethod as recited in clai@139, erein attaching conprises
at t achi ngF e Bxpahdabt Rt ARSr3d1nsig @ FEITAGE Mt AGE RESPEGRFEd i n cl ai m 33,
wherein radially expandi ng conprises expandi ng the expandable device to a
plurality of final dianeters. 42. The nethod as recited in claim37, wherein
sel ecting further ThnprThesishedtd hgaerigeshrdty wlhiat 33t Mhegging
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the plurality of cells without axial shortening of the

expandable device.

35. The method as recited in claim 33, wherein
forming comprises forming the expandable 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 geometry that utilizes a

compination of thick struts coupled to thin struts.

38. The method as recited in claim 33 wherein the
expandable device stabilizes an unsupported section of a

passageway.

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

expandable device.

40. The method as recited in claim 39, wherein

attaching comprises attaching an expandable material.



43. The nethod as recited in claim42, wherein selecting conprises coupling
each thin strut to a corresponding thick strut through a pivotabl e hinge
joint. 44. The method as recited in claim42, wherein selecting conprises
coupling each thin strut to a corresponding thick strut through a flexible
hinge joint. 45. The nmethod as recited in claim42, wherein selecting
conpri ses coupling each thin strut to a corresponding thick strut by a
hinge joint having a plastically deformable region.

28

41. The method as recited in claim 33, wherein
radially expanding comprises expanding the expandable device

to a plurality of final diameters.

42. The method as recited in claim 37, wherein
selecting further comprises selecting a geometry that utilizes
a combination of thick struts coupled to thin struts through

hinge joints.

43, The method as recited in claim 42, wherein
selecting comprises coupling each thin strut to a

corresponding thick strut through a pivotable hinge joint.

44, The method as recited in claim 42, wherein
selecting comprises coupling each thin strut to a

corresponding thick strut through a flexible hinge joint.

45, The method as recited in claim 42, wherein
selecting comprises coupling each thin strut to a
corresponding thick strut by a hinge joint having a

plastically deformable region.



