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APPARATUS 5 Background O the Invention There are
several kinds of stents on the market w th either ball oon expandabl e

or self expanding function. Ball oon exparndable stents are generally made
froma material that can easily be plastically deforned into two

directions. Before insertion, the Slenl is placed around the bal | oon
scetion at mmmmsmmwmvmmwﬂnwwo i@%ﬁduce
t he outer dinensions. soon as the stent |?

into the body in the proper axial poAPPAMWS can be expanded and

t hereby plastically deformed by punping up the balloon. In this final
position, the stent is at its largest dianmeter and should function to
support & he Backgroumi@f thednventioni ssue, preventing an undesired shape change

h I'ler di | ocal |
Theretore. the st ont - HEBRA tvRaLkinds ot Faiion BF it sy eiteriationn; o
direction, expandablelor géxﬁecp‘aﬂdm%hhféﬁbzblBatt&nleﬁpM%te&eﬁka%g&%ti @%a&&en it

Is in the flnal position. “Furt anmount of nateri al oul d be
as small as f;mcmmahﬂ@twmbﬁmiaﬁhcslwtﬂémmﬁohwoshreﬁﬁons. Beforshoul d not

obstruct th he ,channel . 0. . Or 0 us 00 ch
For pul Sren ot RPN idia SRS Be dafladh seot Sl o 300 g 13 Slhcki? S |

these steent %rﬁ&ﬁﬁger_ﬁﬂhbweﬁ{ct@[erdunemoﬁﬂﬁpreSSI ng the stent toits

snmal | est di aneter around the R’gl I oon stenté M%PFO Jhave sone

el astic spring back t sSSP agHhesient isbroue H‘PH’rﬁ?F i2] FOSIUBR ¥p| enrs
when the CathﬁB@Exﬂaﬁd&f Qi&lﬁércbf‘f)ﬁsﬁéaﬂy H&Bhﬁégbyspﬂ?ﬂ)z(g up theddflbéd. O thishe

axial friction 25°. between balloon and stent ‘can becone so small that the
stent sli ps fus} pQSinpnc therstengis at its largest ¢gigmeterand shohldrfysatiopite suppogithe | s
typically a s&rﬁﬁ%’ r?g 'Ex&gg ‘preventing an undesired shape change into a much smaller diameter,

15  atleast locally.

Therefore, the stent needs to have sufficient rigidity in the radial direction,
but also some flexibility in the axial direction when it is in .tbe final position. Further, the
amount of material should be as small as possiblc and in the inner surface of the stent
should not obstruct the flow through the channel (e.g., for blood) or cause too much

20 - turbulence. '
Problems that generally occur with these stents are as follows: After
' compressing the stent to its smallest diameter around the balloon, the stent will always
have some elastic spring back to a stightly larger diameter, which can cause problems
‘when the catheter is brought into the patient's bady. In addition, the axial friction
25  between balloon and stent can become so small that the stent slips off the catheter.
Further, a larger size stent is typically a disadvantage.

A further problem is the so called recoil of these stents. This means that
after expansion by the balloon pressure, the outcr diameter will always become slightly
smaller as soon as the balloon is deflated. This degree of recoil can be as much as 10%,

30  which can cause migration of the stent.
A different type of stent is'made of a more or less elastically expanding

RECTIFIED SHEET (RULE 91)
ISA/EP



A further problemis the so called recoil of these stents. This neans that
after expansion by the balloon pressure, the outer diameter will always
become siidikidaNi2 smal ler as soon as the balloon is dgtiAlseslersldi S -
degree of recoil can be as nuch as 10% 30 which can cause-mgration of

t he stent. A different type of stent is nade of a
nore or | ess elastically expanding 2
RECTI FI ED SHEET ( RULE 91)

2 str, , ' s C o one -ext er.nal
means. An ex arrp| e vc\)’wah% !aaotirﬁeg %Sggéltgﬁg{b t%ﬁlﬁ %%‘hﬁémﬁ%l ieﬁaq'i’% of
const r ai ned this hipe ihy stentdbatisald instexanstraindd-mate by 8 eletiveeyl sheath, thatiis relpgveg neENt

that the ste shoul d..depl i nat yral form _ Sone
of these st@ﬂ{l‘gnb%e%ga‘ﬁ%gﬁg’ﬁgfdﬁﬁﬁﬁf% ﬁﬁf‘%‘f’@éfmﬂth either 5

super el asti c behavi.or Soie bfIHRSS Abrits e HRAAS of Eh4Pe hicnWF§ iabiGiaPlvith BEh&X Pansi on
function. A di sadvant age of these sel f-expandi ng

stents i% t sepcRelagiciehavioror ranpeyatpsg sensitive tggaring of theexpansion fuastien.

i nsertion dianeter. The gg.ﬁgik D:?p%kﬁi I s i . sheat h
retracti on nechani sm tAV\‘#lg@h a n%!z%%?%@t vat e s%?mtlﬁggﬁ{cgéfo?fﬁe %"’r‘\‘éf.“%

Most st'cnt s shéath obusingaplargef insertion dizaeeesrt The niinpual\ofiicasheatblsvatqtivesal y |'ar ge

10 | engt h, change duri ng expansi and a poor, hydrodypani c, behavi or
because of th& Wg'ﬁgmn me&”&?’%ﬁ ’cﬁg?sa'f"%ﬁaf’g%“ﬁ at ??ﬂ"é‘.m‘m’“d'

Anot her di sadvant age atossaeassfmﬁeyrp@ﬁ&in&mitﬁéa&@aﬁﬁ of BlaBvelPMidgd
means that further expansion can only be achieved by higher balloon-

pressur 0  length change during expansioppnd ager hydredrmamig behayigr bacapse of theshape
typically Mg medi4eesor sl NAL the - .

Another disadvantage of some stents is the positive spring rate, which
means that further expansion can only be achieved by higher balloon pressure.
‘The construction of prior stents is typically made in such a way that the
15  external forces, working on the stent in the radial direction, merefy cause bending forces
on the struts or wires of the structure, |

For exémple, a unit cell of a2 Palmaz-Schawzstent, as produced by Johnson
& Johnson Interventional Systems or the ACT Cne Corcnary stent, produced by
Progressive Angioplasty Systems, Inc. has in its coliapsed condition 4 flat, rectangular

20  shapeand in i1s expanded condition a more or less diamond-shaped form with almost
straight struts (Palmaz-Schatz) or more curved struts (ACT-One).

The shape of the unit cell of such stents is typically symmetrical with four
struts each having the same cross section. In addition, the loading of the cell in the axial
direction will typically cause an elastic or plastic deformation of all of the struts, .

25  resulting in an elongation of the unit cell in the axial direction, These unit cells have a
" positive spring rate. In stents based upon these unit cells the stability against radial
pressure is merely dependent on the bending strength of the struts and their connections.

30 In this patent application a new type of stent is described with a unit eell,

having a negative spring rate and a 'qistab'le function. Such a unit cell can also be used in
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15 external forces, working on the stent in the radial direction, nerely
cause bendi ng forces on the struts orwires of the structure.

For exanPlO98324nit cell of a Pal naz- Schanstent, as producBHTHBYEMQoN -
& Johnson Interventional Systens or the ACT One Coronary stent produced by
Progressi ve Angi opl asty Systens, Inc. has3in its coll apsed condition a
flat, rectangular 20 shape and In its expanded condition a nore or |ess
di anmond- shayker mahnalwpphcmiOMS This means that ithaghwo wnﬁgma(im inowhiel ktds stebler
nore curved stru af .t he un|t

cell of su c‘ﬂ‘tg‘f‘ﬁhﬁ%&?e? foran %’QFWI e sorhald iin that shaps, ?ﬁ"e “n%pceuéf formedaach

having the é&%?wéﬁﬁfdr&ﬁ settiordd Birfei setior 8 fess PAiEbIRIhAT the Rthet Bk ahd t he
axi al Irection will typically cause an elastic or plastic

def or mat i oractsf a ilatively tigid sappmtt that hxmlers the shapeichgngeofthe ploneplhiabio seasiontine

Spring Fat 'e”qt el o Belalr dBRiTT e e e it @kt imst, bytpgitent;

radi al oP{:@s‘iﬁg’f&cé fofifthe lr»gldi@aaﬁaﬁl qRé sﬁBxﬁdﬂ 6f theliabie o’itﬂeﬁﬂﬂé Bedafbnwe
struts and thelt connections. Summary 'O thé Invention

In this patﬂnglapmlcreasﬂd on a new type of stent is described W|th a uni t

ﬁﬁ: lt cel | Canh:?/lsggbgliggegxaillfﬁ\z/;%ess naglge rane andﬁa gr% 31% mostpﬂglt)le sectzo%ué:rg a
3 Ot fiSfibiuRdl todhe ﬁgﬁ' sdebdidrt QHHSthe -Ehis§ sé&ﬁaﬂso lidble §REioh Imerely
configurations in which 1t is stable he need for an external

force 10 holoddéd in compressicritapde. This makics tlms:lomstmctmm stronger then pgont

| east two differ section section,.ig |ess iable th ot

one and Stemé‘cf%r’% rrsé?ng,la@eﬁtg}nqeﬁxadﬁe&eggag%ﬁ} ':?ﬂ?srfﬁ‘é%l ?"ﬁgmg%é ailhange
of the nore, ﬁgbﬁgggﬁ%m%l ﬁkeamtheclﬂ'!ﬁdgi gedd.on. In the other direction
the pliabl e section can be deforned, but gecause of t he opposi ng
force fromthe rigid Jbetconstructinn of aatent,ibasedafponiibispinits!igeswitsin ani bl e

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

15 Below a certain critical diameter, the present stent snaps further to a
stable, smallest diameter, thus holding the deflated balloon firmly on to the surface of the
catheter, with an insertion diameter that is as small as possible. An additional sheath is
not required, but may be used for extra safety.

After the stent has been brought into the patient's body at the proper axial

20  position, the balloon can be inflated until the stent reaches its critical elastic equilibrium
diameter. Slightly above this diameter the stent automatically expands further to its final
largest diameter, where it reaches its maximum stability against radial pressure. The
design enables a constant length large expansion ratio, a reliable expandability and/or a
small surface ratio.

25 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 a stent with several external diameters
along its length, to adapt as good as possible to the shape of the body cavity where it is
placed.

30 Another part of the invention is the possibility to modify the stress and

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



strongly increased. External forces in a direction
perpendi cul ar to the nost pliable section are distributed to the

rigid segidhogsapd the cross section of the pliable sectionpcgigssiave 10
| oaded in conpression node. This makes the construction nuch stronger than

prior stents. In prior stents, all gtruts have generally the sane
cross section and nechani cal properties and are nerely used in the

bendi de. ‘e . Tk ' . t
e 1, ™R i o s f SR a0 e 0

el asti cal | ymoaosalsls sesteadrofabdstabile finmtionpesittey withnbe expundsd diagnetéror the
Bel ow a certain critical djianeter, the present stent snaps further to a

st abl e, squl@Pﬁe@m%bFingmmﬁé‘I%‘}b’@c@fﬁﬁﬁ%f lated balloon firmy on to
the surface of the ., E&%Bﬁ{m n ofﬁxef’iﬂvén%ﬁrié e e | ft@@%e&rﬁe@}g
smal | as possible..An Aad1t Ponal ahea I'S not™ requi red? ut may be

used fol5 exbf theebdseisyction of some struts to achieve the Afinerietfiéor adydirhethie bidstsle or
brought into the patient's body_ at the proper .axigl 20 position, the
bal | oon canmeaostable fereg against|displacementeharactenistics pf @ umtaelleal el astic

equi li brium di | i . \ ' '
automatically expands%&}f‘e}%graétogqﬁly?@%g’] 1§tﬁems§ o?:ogggég{or%{ﬁgﬁg@g& %eér e
it reaches hiedicabapplicaticisaoih as, Yorr@ainiié, ahaspaidepoes slip,eithéht spread a ballysi gn
enabl es a constant length |ar %'%' exgansi on ratio, da reliabl e expandability
and/or a  cavity anegjor taglampas bold # Bodyppart or some body tissue. A fyrt her

enbodi ngnt of this in . | S L il ' : :
st epwi rsi@ expandi ng st gﬁ‘?“\)\ﬂ%ﬁbg lgr %ﬁ%gﬂ%ﬁé‘goa %éSéé%%ﬁr}%F%‘;rég.n% stents In

Anot her par torjndtion witly inventive ¢xpandertritgs to\joil topeuer alvo eedselsnal di ameters
along its length, to al_cillapt as, goodl aa, posgl bl e tgltha? shape of the body
cavity where it is e Inysntien ds alsgdirected to a bistable valve hayagg,a snapsaatiogs ~ t he

i nvention ig; 8!5151!" i | . : L0 pattern
i n the -uni tﬁzﬁg?ﬁo y rrégér?gl a%)i? égﬁﬁﬁ{ﬁﬁw.&%ﬁ%ﬁ% reger\}\t/alg/l?o & ét?he force
4 The invention is also directed to multistable cells and their use in medical

15 devices.

Description 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 special way. Each unit cell exists
20  out of at least two distinct, mechanically connected sections with different mechanical
behaviors. One section acts as a 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'to manufacture a stent based upon this
principle and it can be made from several materials, like polymers, composites,
25  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 pattern onto a
substrate or the use of sintering of prealloyed powder.
30 A further method is making the stent from a tubular shaped starting

material, with a pattern of slits or slots made in the wall by means of etching, grinding,



di spl acenent characteristic of this unit cell becones asymetrical or even

exhi bits_a nonost abl e i nstead of a bistable function, either with the
expanded BB or the col | apsed di aneter being t h&GTAL9800134f ¢ -
condi tion. Anot her eg‘oodl ment of the invention is the
nodi fication of the geonetry 5 of the cross section of sonme struts to

achieve the symmetric_or asymmetric bistable_ or nonost abl e force
agai nst d| s%%(%twﬁh&rlﬁ%éﬁt% etcd, spark erpsian erany other suitable method. The

At o] Parfatfiy b UEHRNO 4 Bof N8R Rln RORCE LBl ot tHlndiiblatybit 31 "°7

nedi cal I OonsS suc e, an expander or a
spread a bokys cyllndncﬂaehalbe/omqﬂuﬂhcil&mﬂ &nﬁoxowmhaiwda conbvatigndsawith Mrg&onNe

body tissue. 10 The invention is also directed to t he use
of the invediameterst ents in conjunction with inventive expander rings
to joingtogether two vessels. The invention is also
directed to a bistable valve having a snap-action bi positional unit
cell and USMMMM| cular, to prevent incontinence.

The invention is also directed to rrultlstable cells and their use in
medi cal 15  devi ces. Fig.  shows theqeinciple ofa bistablremeehamismict i on.

arr angement of unit cAft e TRAD R REURER feblierie Bl uf ERANEpe T O

unit cell eRigst;s 20 out of at least two distinct, nmechanically connect ed
sections with different mechanical . behavi ors. _One section acts_as a

relatiV@ly rigid supp&ig rshewsgaother hisablemeghanism with as asymmesse h@tabd!ﬁ'i on.
The nore flexible sec | €0
expansi on of the sten?’é)flbhgg?g;sﬁ%@éévgf%g%a@é&?%aﬁ%%ﬁg @Fem% s S0t ased
upon this Fig.3;principle and it can be nade from several materlals i ke
pol ymers, conposites, 25 conventional netals or shape nenory alloys with
super el astic behavi or Fig Swsbﬁwsanmvenpmgpgt incths istables figlnepliapse

It can be sgf % an arrangenent of wire or strip, welded together at
specific place 5¢ her possibility is metal deposition in the desired
patternsonto a Figll5%tshetve an inventive stbuldr stend irethersgabld fullyesiphndedd
powder. 30 A further nethod is making the stent froma

t ubul ar shapdigeation ng material, with a pattern of slits or slots

made in the wall by 'S &Bv@tama LA Ghe bistable unit cell, drawn in the

stable expanded shape;

Fig. 7 shows the part of the stent of Fig. 6 near its elastic bistable
20  equilibrium position;
Fig. 8 shows the part of the stent of Figs. 6 and 7 in its stable collapsed
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.
25 Fig. 10 shows an inventive stent formed of a plurality of smaller inventive
stents joined together with flexible connectors.
Fig. 11 shows a partially expanded inventive stent having more than one
type of bistable unit cell;
Fig. 12 shows an inventive stent having a range of diameters along its
30 length;

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



5 cutting (e.g., with a laser, water, etc.), spark erosion or any
ot her suitable nethod. The pattern can also be made in a flat plate
and t henwigdghagiz brazed or crinped to a nore or | essp h{s@&%i:ﬁ&"
shape or a cylindrical md section with two conical ends wt arger

di aneters. 5 Brief Description of the Draw ngs

Fig. 1 shows the principle of a bistabl egnmechani sm

Fig. 2 shows the force-displacenent characteristic of the mechani sm of
Fig. 1; 10 Fig. l4sho~5§ﬁee§pa§§i9ﬁ§in§6?!‘&913hi&dnﬁ?ét@d?ﬁ&ha”'SmW'th
an asyrmetrlc bistabilit 1g. 4 _shows the

f or ce- di spl acenent chgr&aihh%%artmwtwnéten@@mgmmselstogethmgdf@;her
Fig. 5a sho Ily coll apsed
configurati \gﬁcu?éa W%&ﬁﬁ%éxﬁ%&{n@%&sﬂgﬁt%&ﬁ}%ﬁk?ﬁsﬁéﬁt i ve tubul ar
stent in the stable f&ig. yéehq;mwmss-socuomtmwojlﬁsuﬁamngsect:onlme16-16,
Fig. 6 shows a part o t W & L abl e unit wn in the
stabl e e{:panded shapefF 21746505 & Ve wesé%nt%ouﬁ%tw% 5#8%9‘5% Shf t he
stent of Fi gnteforite#ie vesselsgl astic bi stabl e 20 equi li brium position;

Fig. 8 shows the part _of the stent of Figs. 6 and 7 in_its stable collapsed
shape; and Fig. 18 shows tworyegselyjoined ¢agether withap invsativencrapsiome st ent
of Figs. qﬁg Fﬁ,ﬁg ng some unit cells in the coll apsed shape and
sonme unit celPs A expanded shape. 25 Fig. 10 shows
an inventive stent forFumdQ«showspbutahlcim;wedlﬂﬂsrwdsbépoﬁtiment ive stents
J o ned Iooget her with E-'L: )ﬁbgia ?evalveof!-‘xg 19 in the open position;

Fig. 21a shows a multistable cell in the fully contracted state;
Fig. 21b shows the multistable cell of Fig. 212 in the fully expanded stare;
Fig. 222 shows another multistable cell in the fully contracted state;
Fig. 22b shows the muhistable cell of Fig. 22a in the fully expanded state;
15 Fig. 23 shows several unit cells as shown in Figs. 214,b joined together
and in the fully expanded state;
Fig. 24a shows several unit cells as shown in Figs. 22a,b joined together
and in the contracted state;
Fig. 24b shows the interconnected cells of Fig, 24a in fully expanded
20 - state;
Fig. 24c shows t’hg imerconnected units cells of Fig. 24a in the process of
expanding; and
Fig. 24d shows several strips of interconnected cells as in Figs. 24ab
joined together and in the process of expanding. '
25
Detailed Descriptiop of the Drawings
Fig. 1 shows the principle on which the stent is based, Fig. la shows arod
1 with a length L, which is compressed in its axial direction unit; it reaches its buckling
 stress. Then the centra) part of the rod will bend out in a sidewards directiqn; either to
30  position 2 or3 (dashed lines in Fig. 1b). When the axial displacement L of the ends of
the rod is held stable by external clamps 4, it is possible to move the céntral section of
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Fig. 11 shows a partially expanded inventive stent having nore than one
type of bhistable unit cell; Fig. 12 shows an

i nvent i vaV ¥ havi ng a range of dianeters along its 30 FEHEE01310
Fig. 13 shows an inventive expansion ring in expanded state;

6 Fig. 14 shows the expansion ring of Fig. 13 in
contracted state; Fid. 15 shows an inventive stent
joining two vessels together and further secured with inventive

expansi on ri thegpd betavesn ﬂmtweﬁtabh msmpgs 2 nd 3o Thisimovement is in a direction X,

F| g. 16 shows a C‘{Eﬁs tg%%t 6\%1 ﬁ? Lﬁaggﬂ‘g?ﬁtxﬂ%ﬁ’?ﬁ'@a Iln& 132116

t oget her, t h@oﬁﬁ&&ﬂ and 3 are unistabsle.on Exg lbhke senaabpat of the rod has 1o rotate over an

D Al S b B b O B OO GobaPSHREL” 1 ¢ e
closed posi ticGRatutdin rod I, which occurs when thd ﬁstati%ﬁ O'i'@f’ﬂﬁ'l:éﬂ%?f% ﬁclﬂ:ﬂbi\ﬁﬁ of

Fig. 19 in the open p05|t|on shows

mul tistabl e &k gentrel partofrod | q;xdcmpmge@:wmuel to the axis AvA.

Fig. 228 shows anot her THIPCTRV e bEF < Mo R skt R ta?ée

Fig. 22b showisplayed fmhe hﬁﬁzdhhbdlm’tibn.o"l‘hﬁn@ is Mdeed froinhke Gppdr P texpdodet

state; 15 Fi 23 shows several unit cells as_ shown in
Figs. 2la,b Jsabmsmgef Fig: | The forcepcrrascs mpidly, frop EEDnErR- bt moment
Zln g . ﬁ4§ &e hgom SR et%liﬂlyﬂhé fifE bl SecBt GRO kb lofFig. AR B RRLhelO PakthGT

displacement in direction X costs less foree, because this spring cystem has a negative
spring ratc. The force even becomes zero in the mid position and further movement
occurs a;itomaﬁcal[y. It can be seen in Fig. 2 that the system is completely symmetrical
and the force needed to move back from the lower to the upper position has the same

15  characteristic.

Fig. 3 shows rod 5, which will have an asymmetrical force disp}acemcnt
characteristic, because it already has a preset curvature, even in the unloaded positon,
where the length is already L-AL. This can be achicved by prior plastic deformation, heat
treament or the use of an asymmetrical geometry of the cross section of the rod (not

20  shown). Therod 5 in Fig. 3 can be mounted between two clamps on 'a length L - AL, and
if it is elastically defarmed in the same way as the rod in Figs Ib and Ic, it will have a
different stress distribution in the cross section in end position Z and 3, compared to the
rod of Fig. 1. This means that the rud has become a preferent unioaded stable position,
shown in Fig. 3.

25 | Fig. 4 shows the asymmetrical force-displacement characteristic of the
precurved rod of Fig, 3. The initial displacement from the stable upper position needs a
starting force F1 and if the rod is in its stable lower pesition the starting force in the
opposite direction is only F2, being smaller than F1. Force F2 can be made as small as
desired, even zero or negative, but needs to have a positive value if stability of the lower

30  position is required.

Figs. 5a and 5b show the general appearance of an inventive tubular stent
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Fig. 24b shows the interconnected cells of Fig. 24a in fully expanded 20

state; Fig. 24e shows the interconnected units cells
of Fig. Jdfedddalhe process of expandi ng; and PCT/US98/01310

Fig. 24d shows several strips of interconnected cells as in F{Ugs 24ab
joined together and in the process of expgnding. 25 Det ai | ed
Description of the Draw ngs Fig. I shows the

Pengtn L. iR Eakalfscdriiyd BpRRE8 soltdhoanich RRMIALT b, spersin ity (s
buckl i ng con&act%&%&%shoﬂiﬁghnb gfatﬂolhﬁdiupﬁﬁ ﬁlﬁexbﬁﬁd&&&ﬂaﬂsh&wﬂ@&i&ﬂw at N a

sidewards direction, either to 3 position 2 or 3 (dashed lines inFig.

1b). When t6fk insomprissdnfiapienalion ofiintstconnectedbistable unit cells (shown pcthe s hel d
table b t | t b t t
7 A0S DY, PR e BB i, ). THERRG St ReIR 4 afifed BB £ e i

in a di s5ect}gid ségment 52 (6BGhH F?g]@bﬁuﬁdii séc@na Pela@vdlg fleRibld ﬁg&iéingx(és Aﬁgof
the rod. All positions between the stab positions 2 and are

unstabl e. | ﬁb)Fjogned together a8 ends 20 apdhy2. &cmﬁéelntmelm ébxtbclﬁ gegImanss @S/am an

arder © "l GatiBeER T RRR R RIS h TR o Al BRI 7R

opposed by ngitidifiél sense (thd 1bﬁgﬁﬁiﬁaaabusna dendtéd bp dethreaeanﬁmmm a5y ure %oxh@d &t
part parallel to the axis A-A ig. 2 shows t force

F as a funcendsiyOcmddils ;ﬁmmhgng aynifprm radially outwagd meazgaé@ forge ithestastr aynal

directi,qn. Jhe r | u e st abl e
posi 11 8f or B eilipd ey Bm 4 Rty ABeaBeFlo €416 oxtamidt Fpbyrationer V' ha
nonent 10 vérge onset of either the first or second order curvature of Fig.

| b and l e is reached. Further di spl acenent in direction X costs |oss
force, because this spFi8 fdceryespendingdo insatg in Figure 5b) shows a small part of a stent

such as that shown in Figs .5 which uses the bistable function of a unit cell, according to

the present invention. The drawing shows a horizontal line A-A, which is parallel to the

15  central axis of the stent. There are two series of sinusoidal segments with distinct size
(see also Fig. 9 for an overview). The segments 7 and 9 have a relatively large cross
section. Only segment 9 is shown entirely. | The segments 9 and 10 have a relatively
smaller cross section, and here only segment 8 is entirely shown. The segments are
interconnected for example welded, at joints 1l and 12.

20 ' .Because of the difference between the cross section of segment 8 and 9.
the defor;ﬁation force of segment 8 is much lower than for segment 9. Therefore,
segment 9 can be considered as a relatively rigid clamp, like the clamps 4 in Fig. Ib
opposing relative displacement between the joints 12 in the axial direction, parallel to
axis A-A. In contrast, segment 8 acts as a flexible rod, like rod 1, described in Fig. 1 or

25  rod S, described in Fig. 3. This combination of segments 7 and 8 or 9 and 10 defines a
unit cell, acting as a bistable spring system with a force-displacement curve F-X like the
described curves of Fig 2 and 4, depending on the unloaded condition and geometry of
the segments. Alternatively, instead of using segments or struts of different diameter. the
segments can have the same diameters (i.e., cross sectional area) and exhibit different

30  strengths or rigidity and still accomplish the same effect. One way to obtain such

differences in strength or rigidity would be to use different materials for the segments.



spring rate. The force even becones zero in the md position and further
MOVeNent o oo g,tccurs automatically. It can be seen in Fig. 2 that the
systemis corrpzl“ ely symretri cal and the force neededTHUASHA3Wack -
fromthe lower to the upper position has the same 15 characteristic.

Fig. 3 shows rod 5, which will have an aiymretri cal force displ acenent
characteristic, because it already has a“preset curvature, even in the

unl oaded po ere.the | en L-[err]L. This can be

i ti th,i | d
achi eved by%rﬂ"lf]g’? wﬁré@t"‘?c}:b%ygf‘ﬁi’ MESREE ,mai%'!?ﬂ’llﬁ“% met: ¥‘Eé¥lmntstwt use of
an asynmmet r isgie¢tiv@BOsiRnEthe® {e.4.) 8y Bda0 Geagy HuSse@ nehfithd: Afed qu;eenré}?f {tSflO\XE ).

The rod 5 in Fig. 3 can bg mount ed between two cl anps on a |

and shoyld be goted shat hess tregimeat Wilkagt senathen allmmwesiply. Nitinohdor exaiple Fi gs
b and le, i kds " 1t 8F b.@,g}n & | m@“ LRt he cross
section in rg%c pgsfri“%}?ﬁazegsn%im?? gofr!r%)agre teggt—ﬁgépﬂbwbro gpcahq:ge 1. This
means t fat ekplotted] hhwevdrstogemen ong ssctioreof Nitinbbadezplivbleiveletiyoti 4 second,

shown in Fi Fig. 4 shows the

. . 25 . -
asymetri ca%fﬁ'?‘é@fmsﬁwwlﬁgr acterisde of the “precurved rod of
Fig. 3. The initial df W%ﬁ@ﬁ?ﬂ{esf:!&z@ﬁﬁhﬁ!&?ﬂx%&&hifﬂsd@ﬂ%dﬁ&??ig%?ﬁhaﬁﬁﬁds a
e

starting force F1 and it the rod is in its stab | ower position the

starting foelasti¢ equillrium positions f¥esment8 hasheen deformed intq the direction Xravsad | er
than FI. F ' :
nogat 1 ve, | boy ToEE 5B BEmER Ol e ol shape, bl e LEILARRE 0T o

positiolis required. Fig. 8 shows the same unit cell of the gtent &faFigads-3 aftetiohad Yeen

| of i nventiye tubul, t L
8o P T Prcoien ok i Rt Bt ou R eiromatiFally nas e esile i vel y.
The stent, ipdsitibs of Figl 8. This snapﬁﬁ@%ﬁ&&iﬁ?bé%u%hg eﬁ&@ggo HE13% d¥flatedMaliébh and in

its fully expanded. state shown general |y at , 1s conprised of a
plurality oftighhencthesavheter shaftdnetshowa), dapanding anghe miechanicahchamgeteristics (e.g.,

expanded st %%t%hg&?of‘&c%ﬂeﬁaﬁ@i used 16 mBkS 3 W i, Wi i Spferdy WBRA o T OM @

first relativ
15 these figures, the segments 8§ and 9 fit close together, taking up 2 minimum amount of

space when the stent is in its smallest stable diameter,
Fig. 9 shows a section of the stent of Figs. 5, flattened for illustrative
purposes, showing several flexible scgments in the collapsed stable shape (segments 14,
18 and 20) and one segment element 16 in the expanded stable shape. Segments 13, 15,
20 17,and 19 are relatively rigid segments and substantially mainwin their original shapc.
The distance between two relatively rigid segments is shown as (h) in the collapscd
stable shape and (H) in the expanded stable shape. The value of the displacement (H-h)
in the direction X depends on the height of an expanded unit cell or amplitude of the
se'gmcnts.ami the size of the connecting joints. "T'he described part of the stent is shown-
25 as a flat surface, but it may be clear that a cylindrical stent such as that shovwn in Figs. 5
is shaped if 'segmeﬁts 13 and 20 are directly connected to reach other with joints 21. In
other words, the stent is shown separared atong the joints 21 and in a {lattened condition.
The range of stable diameters of the stent changes with the value (H-h)/x,
cach time that a flexible segment snaps from the collapsed stable position to the
30  expanded stable position. The result is a stent with an extremely rigid surface at all
.diameters being able to withstand the extérnal forces better than with conventional stents.
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5 rigid segnent 52 (66 in Fig. 5b) and a second relatively flexible
segnent 54 (68 in Fig. 5b), joined together at ends 70 and 72. Second
rel atlvewb ¥i,Pl e segnents 68 are i nterconnected wp ,U%g%l, t .
relatively Jr| gl(:’l menbers 66. Adjacent cells in the Ioﬁg' tu (i%rjla sense
(the longitudinal axis is denoted by ref gbence nuneral 75) are joined at
ends 70 and 72. By applying a uniformradirally outward or inward force,

cxpandeq cdRRieEPaR onrm e BokBis Sb e uénd Tad vl ticrdasEFBY WELSRkckig § (oY
(cor responefeaf ¢hit &iRfrdin tlféuﬁiéiéﬁ%r%hﬁt céﬂ@\i@r ékahiplL, | byR&fifin e%e@%%‘éone

such as that shown in Figs .5 which uses the bistabl e “f unct a unit

cel |, accorojlnng'egmntswhlemhmtapnmgelmmvmﬁémmmecéﬁm jolimgsni ng shows a

hor i zont al line A-A ral entr axi s of the
stent. There are two gﬁ?&‘ﬁrsmﬂmg tﬁ%&?ﬁﬁﬁ%@gﬁﬁ?? apge g?"sﬁ?"ﬁl?fryﬁfze

(see al$0 HegeraPsebRbnso¥ BY ﬁﬁi‘f b@l‘!@ in tﬁ@&nﬁﬁﬁdﬁ?&h@nh&@ﬁx&etﬁ‘#@ ﬂ%ﬁfbﬁ Rithyel y

| arge cross section. Only se nent i's shown entirel e segnents 9
and 10 haverehtuvehgid shapg several ti ngthe mtalsleagtbtqfcthn stemtd Ih@ﬂmrmdr@s,segrrent .

\ie: 3e§nt 13»[ el érm:%tol 1g; gn?sLe xrxrlgget gr e%rg of the segﬁlght%rlgo-gﬂg%}@ bf Oéwexgnalmm

di fference lhngewsxﬁaﬁrqsaﬁae%s bitRRwiE ﬂ%ﬁwf@md fgid) Sec¥ions which alfelifate
deformati on force of segnent 8 is nuch | ower than for segnment 9. Therefore,

segment 9 cafter bachgoind2dered as a relatively rigid clanp, like the clanps 4

in Fi | b | T. di,spl t t t [Qints,12 i
the astQl di rect on " SaPBFT Bessfbofeysas robastn TRy 107k Wetielod dsbretoontt 5"
acts as a fllnﬁfﬁ'sﬁbfe Jt&ﬁs 160 Kl?gﬂeﬁ%ﬂgth%%%h& Béhd £hd: écﬂmeéte& "wxﬁrsﬂemﬁl‘ﬁib ﬁmts

described in Fig. 3. This conbi nation of segments 7 and 8 or 9 and

defines a 104 havingthe sarab or a différemnt gromztryios cabfigurstieon mgthgyemmﬁovmmg a
force-di spl aaa,gﬁ’[aﬁ‘ lg F X like the descri bed curves of Fig 2 and
4, dependl i ded condition and geonetry of t he segnents.
Al ternati vel y, insteagh@bcope! 'o?%&xﬁgéfﬁwnssh%ldﬁhél&ﬁé aHfty;SHsfoff%aQéﬁaldO%Gerr

t he segnents can have the sane dianeters (i.e.,” cross sectional

area) &hd ethhimpst ini¢restinggnatedals is stpeeql@uhé\htmok besagise of s kargr ¢lasticatiaimpl i sh
t he sanme ef f

i drty wourhapeetsaRlvalfisy By Bl of el pajequ sipeseh SRR ROBIY L Ebad
the desired curvature into the metal by means of a heat treatment. A stent of Nitinol can
be made by forming slits or slots in a tube, while in its collapsed or smaller stable
diameter. The slotted tube is then expanded by a separate shaping tool and heat treated

20  on this tool to define the expanded stable diameter as the unstrained shape.

In a more general sense, the present invention is directed to a device
having a plurality of stable configurations. The device is comprised of a plurality of
interconnected mulitistable cells. The cells include one or more relatively rigid sections
and one or more relatively flexible sections interconnected so as to define a cell structure

25  in the form of a multistable 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

30  member. It should be noted, however that members need not be rigorously arcuate.

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



9 Anot her way woul d be to use the sane material, like a netal, for
all the segnents but sel ectively strengthen (e.g., by heat treating)
t hose seWPH§B342hat need to be rigid. It shoul d be RETAFBAROheat
treatment will not strengthen all materials. N tinol, for exanple

becones nore pliable as a result of heat treatnent. This property of
Nitinol can be 5 expl oi ted, however, b render one section of Nitinol
nmore pliable relative to a second, non- heat - eat ed secti on of

Ni tinol . The invention, inpagticuiar; pentemplates bistablaxells, thét is pellsst ent (as

depicted inEi r : | IR Ition. ment 8
has been de#lg?g%a’g clg ﬁ‘?@gtcﬂe |'?Ié°c i gnn&&?&%lggeslggﬂ &’%“W%r%gg&mge
segnment 9 haeing orothe firstand sécgnd séctionsis dargdrdn thesBrspdtablé stateatdies cell thaglint y. 10
Fig. 8 shomg t he sane unit (f | | ﬂf S‘he lgent ?f Figs. 6-7 fte? it hgs been
pressed thré‘ifgﬁ?c?’}ﬁ’éq"gﬁl%@??@ g%ftﬁe i ghe geisIhemeslyss arg ‘E°“§E¥‘3?£ﬂdc‘ﬁm¢%??aps

into it St ¥k ehe device itsIP I ot LB Kitatile Gnd Possibly &u?ﬂ%i@. Snd Rk Berid] abC

strong enough to hold a defl ated bal | oon I ght on the catheter shaft |

(not shown) cylirsdsisabstens heving fso peoRmsoofipustonsawith an initial Jigmetey sizeanda  t he

honni n 1 ioet FrgRE o e b in WEckBEf abcy®, TERUVHL fulciinte 4bfis BRI 1Y
taki ng up a contemplateda T fonéxample, a stenparg bebonstiubred i whichithe cellsiats

snmal | est stabl.e di aneter. ey . . Fig. 9 shows a section of
the stent ofdesignrd ang armangadita BERYides rapge ofdiametersdn step-wise fshigns Oae sutowi ng

sever al 1 | Xl s S8R Ucor 08 woRld M5 SihoRh A BaPliABR SBIBNUeAs khe

1 8 and 20) and one’segment” el ement "1 expanded st ape.
Segnent s 13 steh cactOrype ofl 2l1 hamihg rodiffereny spring constant s¢ thatidspending os thnd

bstanti al | | ' ' ol oy . ' t
twor o at | v iR ehEle st WollR oo SUIBP F picterconpamelel?” sfh JAaC e
3; ab: e shap?aafaﬂ?ﬁkbaddndsthﬂ igex}mmket " gt_tmi\tiadta!lyirsl;iggm. Idfpemmb';cﬁpaﬁdeﬁbamisf

i spl acenen e .directign epends .on t he. of an
expgnded unisp‘g%"égF&‘ﬁnYaﬁ?ﬂ??'t IEB%S‘S‘F“? ﬁgnpnseg'ofrelgtg%ﬁgpég s%"(‘%gﬁsﬁg of the
connect {99 |13 2hd 135" %idﬁ%ﬁﬁtﬁ.\ﬁﬁﬂ{%iﬁmi&fthéixh&ig%ﬁ'}haﬂéar&i”'&l/&i‘ivet%\':ﬂexi-b?é a flat

surface, but it may be clear that a cylindrical stent such as_that shown in
Figs. 5 segments 1 25 48Ryl 33 dhe segments wpinteroonnested, witle joints d2hndeted to
reach ot her 4 | i 2, ae . 2 b whileWn
separ at ed aldgh%&td hg*s?glé)ﬁtg% "ﬁ"Ji’Ebé‘FFd’ %Sha%d ﬁ?:gz?% Ie%\%{:lg@g!r‘éfpt%f) gfrllg"g&t‘é e

The range ofscedndiflexibic elombrtri290$ int depnatered canfipugemnwiBlytapplying/aladinlly
(Hh)[err], each, tinme that. a.flexiple s nt snaps.fromt

Col | hpsed (IS S URRFBR 055 HBblsplement 1 A3 el oS ERsao JE il Sipende
result 95 a phffiiratibd Rs@EnEM £ SERI(Not'showh) With A RaPerdfianidbr. As showndh IRt €rs

being able to wthstand the external forces better than with conventi onal
stents. 11, cells 138 are larger than cells 136 even in the contracted state. First flexible elements

125 and 133 are characterized by a different degree of flexibility than second flexible

clement 129,

Another form of stent, as shown generally at 150 in schematic Fig. 12, has
25 an first diameter at a first end 152, a second diameter at a second cnd 154 and one (or
more) intermediate diameters in a region 156 between first end 152 and second end 154,
the intermediate diameter differing from the first and second diamcters. The
interconnected cells in such a stent, as shown generally at 150 in Fig. 12 may all have the
seme force constant and hence be openable ali at once with the application of the
30  necessary force or there may be severnl different types of cells, each with their own force
" constant. In order to achieve the multiplicity of diameters, cells of differing sizes may be
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10 In the length direction, the flexibility of the stent can be

I ncreased by di sconnecti ng several unit cells fromtheir nei ghbor

uni t ceI% sk%zexanpl e, by cutting the center of one PCWUSQ%]@IJ oints
whil e maintairning the several joint pieces as joints.

Anot her nethod to increase flexibility is1 t o change the geonetry of 5
several sections of the unit cells in theZI ength direction fromthe
relative flexible to the., elative rigid shape several times along the
total | engt$eds hlﬂ’ée%rf‘ gffimento ﬁe?'p%fﬁgx}t’ the first ﬁ%??’?%%a?‘&teﬁ Yethe one or
more or eachin whillCinS AR bAbbdimentAne Bt dnBSecsRAidmet AL D larger
and small er dianeter (or otherwi se Tlexible and rigid) sections which
alternate af t er Theptes¢ndiimven®ion id also directed to a method of ivplentiag an

ibility, h i.n_ Fi s t f. ' f ,short,
il St abl GRRHS Yau Hving Reiopityph R cERRERatERY ThRTReR sematisea
f1exibigityg 'd}"a?ﬁlying the Sttt P ShahBfioSRHRs Bfl,aebgg'{eftér?&éﬂ;egﬁggﬁéﬂ 9k

configuration as € Jjoints formn I ndi vi o unit ¢
The scope odesirhéd bodilyelvcation, skpariding thelexpandihg megpseso asftorempand the ste@hfromfa 15 -

the nbst interestin terials i;s.syperel.astic Nitinol, hecause, of .its
| arge el alst st gppllgicﬁgﬁgurauén ‘%??S}Hggﬁf?é’& siq.th{l%g I @F"’Eﬂé’%" Bl?aﬁ‘ig%"&ii %@bll? hei r
pl at eau str&ssRaraion Habﬁxg}[hqg.@ﬁ? bidnietertRartilifiSt stable configifatils gili@g%;ﬂ!iﬁﬁét ure

into the netal "by neans eat treatnment. A stent of Nitin
be nmade by theerpargledistentatthe desited Hodily location. Whe lexpanding means hapbesd or

|1 t abl di. ter. The, tted tube is th d b
Separ o10°Srenfong. s BorhanicH Revbe o B2 e siter et Baler HCR BR GRS R R

expanded stglhédtoRRBAL sties by ﬁediﬂx_%tdr%?%@xe‘i Bafdble expanding means. Thestent | N
a nore general sense, the present invention is directed to a device

havi ng a plmanbeapplidd tottheballavarifitbrifisst steble configurdton oemiay beappli¢dindhof a
plurality of » . i.ntergonnect.ed nul tjstahl e cel.ls. Th el,l s include one
or more 1 el FEPYLgbleiEERRndedopguration during the apaTyipd ispo I e Jetier oA
flexible sepdiMySniviiEpeREMae be 3BpH&d toqhé SEhi 4 16 Dge the Stént S the first

15 stable configuration to snap it onto the catheter. Where the stent has additional stable

states, the stent may be applied to the balloon in an intermediate stable state in 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.

20 A further object of the invention is the use of a single bistable unit cell as
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 ring
shown generally in its expanded state at 250 cohsists of a first rigid member 254 having
first 258 and second 262 ends and a second more flexible member 266 having first 270

25  and second 274 ends. First end 258 of first member 254 is connected to first end 270 of
second 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 in its
contracted state. Second member 266 is seen to be in a second stable position.

Another object of the invention is the use of a single bistable loop (unit

30  cell) as a clip, that can be used to 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



25 in the formof a multistable spring systemhaving a plurality of

stable configurations. In a preferred enbodi nent, the ceI onpri se
a first wo¥MMEe nenber having first and second endsr%ﬁ‘&s’&"i%@ond'
arcuat e nenber having first and second ends, the first end of t he
first menber in communication with the first end of the second nenber, and
t he second end of the first menbel3 in communication with the second
end of the second 30 menber. It should be noted, however that nenbers
need not becollagsedatahie shapeanthe: unStramed sherqqévcagm@eaolmﬁ%% le shape bas tog
relatively glHaigit sﬁﬁ%ﬁ%ﬁ k& RARLAE 5 |resemble the collapsed

11 nven ron, In partlcu ar, contenp es

bi st abl e cekxmansibh singiof Fipel4.sA mggcnnamangwpubl bttabtﬂmo:mﬁncgom withales. | n
one such cel], t an n_corr Qi.nts on t-h i rst
and second Eié'E’tP'%ﬁg'ﬂ?éh’leﬂsg@e °HP?W§’?’?°SS§£)§1 q}g:rs?g?g‘%“?%@ %‘b‘lq‘ae‘?f"an in
the secgnd- §ﬁﬁb¢hﬁxc8ﬁﬁmnj fabehatifthl, thefig! (ﬁ'%ldc&omh&fﬁibhl/m&an%t Exanpriopct ed
and arranged so 5 that the device itself is at |east bistable and

possi bl y nubwchdriggering ragnas ingluse adymeg hapd applying £orce tafhe bistable lopp, amddheng t wo
or nore con Qﬂff | ?ﬁﬂiin denal

| ar ger di ané#lg#ggéﬁz g{’s‘fotg!é%ﬁﬁge?gdlr e%#hggﬁe%i@\%x\% nglo?ltg%%%’?e stents
are al so pushingper teplevice bendihg the rigid sexxianpf the davice enteleusing lacestmimnt r uct ed
in which the cell re desi gned and arranged to provide a range of

di aneters iﬁ"@f’%ﬁ)‘f‘eﬁg’é‘b}‘aﬂmﬁﬁm €such 10 way this may be acconplished
woul d by to enpl oy sewgbiMer plir &H6E Plesént RSRnfibn ERLIVES bohsiri®iions betweth 676 .

each type of cell having a different spring constant so that depending on

t he ampmore Bhg-shaped cloments agqoading enthe povient inventine embinedoyiting
di h
| amet er. Slf\?bulna} ]?_e%gp{hfﬁ'g r%nforced or P?dto?@:; %tg%g ngﬁgnét %eexhﬁpfihgx\’go-

schematicall'y in artia st ent
general |y atallegraft b\enmaduofasswmmmﬁemm marbaxmaneioy rngei 'ﬂhsegmmom 123,

;ﬁg r éISat i \%gl%‘ﬁgfr}%@}?g%‘% il aB5Y _éant if‘ﬁ bi W' %‘g ?B%%ggi {h%é@Lgigﬁfg are
| nt er cof¥Iecicaphprivésta skiPinbirfed 8% thc/%&pansmn rings. In mounting the skin, the skin may
surround, be in or between the expansion rings. The skin may be human or animal skin,
a polymeric material or any other suitable bio-compatible material. Such a stent may
" comprise one or more expansion rings, such as a first expansion ring at a first end of the
stent and a second expansion ring at a second end ot the stent. "The stent may be of
20  constant diameter along its length or may have a first diameter at the first end and a-
second diameter at the second end.

The present invention is also directed to a stent having an uncxpanded
configuration and an expanded configuration, and comprising a plurality of generally
1ongitudixia1, Wavé-like first members characterized by a first wavelength, and having

25  peaks and troughs and a plurality of generally longitudinal wave-like second members
charactetized by a second wavelength, and having peaks and troughs. The wavelengths
of the tirst and second longitudinal members are substantially equal. 1he sécond
members arc capable of stably assuming two positions, a first position corresponding to
the unexpanded configuration in which the first and second members are in phase and a

30.  second position corresponding to the expanded configuration, in which the first and
second members are 180° out of phase. The first members are more rigid than the
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depicted, first flexible clements 125, and 133 are in an expanded

configuration while second flexible clenment 129 is in a contracted
confi gurgwbiegR2418Y applying a radially outward or ta ' ®rce,
flexible element 129 may be flipped to its filly expanded ggﬁ%bg%ni

configuration resulting in a stent (not shown) with a |arger dianmeter. As
shown in Fig. 11, cells 138 are | arger than cells 136 even in the
contracted state. First flexible elenents 125 and 133 are

characteri ze Wife e of, flexibility than ,second flexible

cl enent 129. Shoby Baftble: ‘rﬁgh,s%%ge% lpﬁ%fuc#n&ﬁl m%ﬁaéﬁf",sl’%g§ﬁébﬁf“m

general | y atofith®stiert snclhthanthis forfgimdindirshaml sefond ridinbdré Siterglite "RIRE at a
net er , at second end 154 and one (o

first end 152 d di

more) i nt er nTKRREN Saike pash Pepk ot cach Brsg membst fscomanciedtp out adiaernt kot

second end 1£céondmember'hfaQegieﬁ6f£€&@hﬁ&&aﬁh%ﬁ@xtﬁugﬂ:o}°%iﬁ}&r¥. e first
e

and second di aneters. The i nterconnected Cells in such a stent, as .
shown gefier aatiaghesk to DBE adiacent yougipofirsecernd member it heegion of attackment] asrcar be

necesaar y 1 o B TP g o THRYefat ol ylbupeRiary epdmlcdy it Fapodfedl ook 't

their own f ofigRtion by one WavEdrpi, The @ déSérided sRANEAMR shlifhedifiohd fbki Ci ty Of

diameters, cells of differipg sizes mac% be . ) .

12 usERFXpanded 5 18 the expanded sorfiguzatiom by applying yredially ourvasd
second di ane I S8 | '&ng&p{oh‘%“g&? ' first
and second d%bgéheangrsgnfé%}ﬁ%cg.besn £16FH e ek ep g‘?@ﬁ?@] ent |non S

al so di 18ct ebly spplyingeridialyihwardfomet iWigleasuch stents mayiwmsedbintersdl ema bbdilsi ng a
plurality of_stahle configurations.. The hod conprises the 5 steps of
appl yi ng thev?f%’rff.m% a@fﬂ h@)‘(‘ﬁ%ﬁﬁ?‘fmﬂﬁ‘éﬁ?ﬁg‘é Hl%ﬁ‘_f‘ﬂg“lsﬁf t°§§tgfr\'/e_ri ng the
stent to a desi r ik inddition al D3hteMplataARHbABf foltinPiopaner tid VeERRS SO
as to expand the stent froma first stable configuration to a desired

second st abl ERIHNESHE SEPHH delineringaniryrnsive seat in an unexpspdedpaniswatiomzg ng a
LS o TR ARG ) S Bt U B r
be a 15  oftthe stent in the second stable state exceeding that of the vessels to be joined and
placing the stent over the vessels to be joined. The stent may then be contracted to a
third stable state, the stent in the third stable state having a diameter intermediate
between the diameters of the stent in the unexpanded state and in the second stable state.
The stent may further be secured to the vessel with the aid of one or more of the above-
20  described expansion rings (a bistable 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 ot the stent in a contracted state and
deployed so as 1o clamp the vesseJs between the ring(s). Multiple rings may be used for
additional clamping. As shown generally at 300 in Fig. 15, a first vessel 304 and a
25  second vessel 308 are joined together with inventive stent 512. Vessel 304 overlaps stent
312 in a first overlap region 316 while vessel 308 overlaps stent 312 in 8 second overlap
region 320. Vessel 304 is clamped between expansion ring 324 (shown in the expanded
state) and stent 312 whilc vessel-308 is clamped between expansion ring 328 (shown in
the unexpanded state for illustrative purposes only) and stent 312. the dotted lines
30  associated with expansion ring 328 illustrate expunsion ring 328 in its expanded state. It
should be addiﬁonally noted that Fig. 15 provides a cut-away view of vessels 'sho_wing
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10 bal | oon, a nechani cal device on or in the catheter, a heat source
where the cells can be . I nduced to change states by heating or any

ot her suWOMPMIBxpandi ng means. The stent may be appF’F@'ﬂ’st%y"m%
balloon in the first stable configuration or may be applied in the

second stabl e (expanded) configuration ddding the applying step. In the

| atter case radially inward pressure may be applied to the stent so
as to urge thehfing@t emtained thetdim Fig: 46 shews asrosisectiomal vigwr eftFignl 3 aloag sgrtion

toth h I h
atent mmy GESREp1G oYewet 10S sEpvB B bRt Sl apensfafoe e
whi ch the di arrerneinof;{ertemoaﬁﬁéﬁt, asSshoWnSh RSl 1, & thatvesel 4bl gndlh anet er

in the first state and the di aneter in the second state. Again, the
stent may Isecdmictesstl 468 tareejoinedangéther byeastenidl 2. First ehdidi 6 of staptod )2 rests in

[ mventiDn Mevtoh 40k SEIgEcondlend 4209t tent 412 st it Vet 408" OpBigpalGlasap

(expansion (Eﬁdlh%)s’a $hAl p&r@ibn b€ aQBQ&';SHiEle iNeRtie SRAT HvR RfcP n@m ttﬂﬁﬂ in Fig.
triggered to snap back into its expanded stabl e shape. As sho in

Fig. 13 an 23jpahandr28 residing on the e\ktausln og‘a'n&sckMOﬁand‘iOBs:lmmﬁxmmmﬂtee at
250 cohsi sts o g{}{}”St rl'@l%p 54 had? first 258 and second
262 ends an®s¥ls naelamps may eé"s ABBred88s having first 270 25  and
second 274 ends. Firsjy ﬁib%e?%ﬁx%ﬁuﬁéﬂt,si c&ﬁﬁﬁﬁﬁo@%tﬁesen%aﬁﬁéﬂtﬁ‘éf Figsfl'sra'iﬂ
end 270 of second nenber 266 and second end 262 of first nenber 25

i s conhect €, the frstemblofithe stent may ppataudsf frore one of thenesselpasl theisgeontlendafi ct S

t he expansipn ri of Fig. 13.in it c.ont acted,state. Second nber
266 15 seerint sepbmen extend oysithe pegoind vsswly AGAD, clamps and expansion rings may be
Anot her objlggat@ﬁlﬁﬂggsédﬁy@ﬁ@s%twﬂkmsm of a single bistable |oop (unit
30 cell) as a clip, that can be used to clanp on an artery, fallopian

tube or any ot her bodin another enﬂmdlmentoa@m inrFigol & vessel 474 anshvessél 468 For

180" 2 1 B bl e e iitar ihafsib ringided nbeR ro the il a5 R ST 466,c.

col | ap;’ssad donSisBng BRATSr &@tnplé), a small section of collapsible stent, the stent chosen so that
the diameter of the stent in a collapsed state affords a snug fit with vessels 454 and 458

er

and expansion ring 462. Either the expansion ring or the clamp, but not both, may be
replaced by a suitable support such as a rigid collar.
The invention also contemplates a method of joining together two vessels
20  comprising the steps of delivering an inventive stent in an unexpanded configuration ina
first stable state to a bodily site, placing two bodily vessels over the stent and expanding
the stent to a second stable 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 stable
state is preferably chosen so that the vessels fit snugly over the stent. The delivery of the
25 stent may be acconiplished by delivering the stent in an unexpanded configuration
through a bodily vessel and subsequently expanding the stent to rest snugly in the vessels
to be joined (where a portion of the stent resides in a vessel), or by expanding the stent
to its most expanded state, placing the stent over the vessel and then contracting the stent
to an intermediate state over the vessel. The collars and expansion rings mentioned
30  above may similarly be delivered. Alternatively, the stent, collars and expansion rings

may be delivered by surgically exposing the vessel in question.



be the nost stable one. In the collapsed state, the clip would resenble the
col | apsed expansion ring of Fig. 14. A triggering neans would be used

i n conj ua,%t' ith the clanmp to switch the bistable peprisbiifBi®Ne
state to ando?“%‘el\rg The triggering neans nay be 5 pneunati c, hydgr auli c

mechani cal, thermal or el ectronechani cal ntans. Exanples of such
triggering neans include a human hand ap?¢ying force to the bistable | oop,
and the application of heat to the Toop. Oher triggering nmeans

include pulling on th ' . . i . ' ndi t he
rigid section of the gg\g/ﬁ:%ggrmv@f’%%gi% s& dggf’“ggttéglgﬁ%ﬂg%& %° .‘*E’g"tshe
flexible ne rm@.lsm genepdihae 600 ifdFig. 19b includes a spap-acorobipesitipeal tnid télhshopme's g nt

i nvention involves constructiqns betyeep one . Qr _nore ring-shape

el enent s actﬁﬂ‘?ﬂ’ﬁ_@a‘t@qtﬁﬁ‘@‘ V@@Eﬂ?@ﬁ&?ﬁh%%“&'&ﬂﬂ%&%?%lﬁmgeu t ubul ur
sl eeve that dy igﬁgt:iaﬁuﬁﬁﬂn&ﬂy%uﬂteygéﬁbwr?é?n&%bs%ﬁﬁ@ﬂ?@s’ceﬁd‘ﬁ&‘m eis a.

so- calle stent” made of a polyner with one or nore expansion
rings. The eegindsnd6l6. First end 442 isdngomonaicstionwith adrigeasipg mrane 62 which is

bi -stable cells.. Th rf ac Is it €d on -
t he expansi OSHPWIWSSE’tﬁ#’br%usglpﬁéﬁh{lﬁgés%mﬁ?&gﬁéﬁ?%@g%§ﬁéhOgurround, be
in or betweednst ISecondrmd 616 of flexible mébier §08 is amelyorkd tdwiomsurace 628 whichski n,

a polynmeric material or anﬁ o} her suitabl%sbaiéﬁ-co atib material. Such a
stent may  extends aerass copawe0q, SURRPR MeRRS,0%Y a0d SIQRRLIAtS 04P MuUSL e j | o

expansi on | R Ay J§%§ %&t%&&ﬁeﬂﬁleﬁﬂ_&}ﬁm 608 irPPISEY an@tFudd b8 BcAOHeitRaNS| On

ring at a secon e stent. e stent” may be of 20 const ant
di anet etQal oitexiblée mehibey608. Stoprsirfaca$28 exteadssubsiantially ebliquely argossicpaduiend and

a secopy) .di ter n 3 — .o . . Pr esent
I nvention i s&% ‘§8gﬁ ee’%?’gés é?@ﬁgﬁgﬁgpﬁg& ?1392 “5%%“’&&%%’6&%8%‘8“‘ region B8P

confi gurati adllowdie Mowelkigramenghasafiuil r aliiough opering 63disicsienmgd alopgdheal i ty of
i rat vevel casimeRRl Kk 29F it congEit 8t iiSe atbnasy S0 Y L PEIRES Y
general |y | opgidpidsinilorieftdtionsi dfthes afiR §lepstrface. Valvdviosued mEmbardbd0y a
second wavel engt’h, and havi ng peaks and troughs. The wayel engt hs of

the firdf ananeptedohriweasmpen aed plascd nositions by.flexiblgisaemaher 688, iy confuped il
N o cor MR LT a o BIACRRAPGY BE A5HA NN 35y 5 WEEr/HRRSELE fREmbored | o

posi ti on correspondi t he unexpahded configuration in which the
first and sesdnthershosed pesitiore Whempflexibleamsnter 808 is in dhoopen position,@a depicted

correspondi ng {.0 e expanded configuration. . | e f -
second rrerrbe&sﬁ‘g'r@]'ﬂ?é\f PR PBRYSE n?ﬂgn%ef: Pg%t&ﬁgﬂ e?‘é’é grsze‘ thnéﬁ’rétsey ‘?}P’g'.‘“& t han
t he the flow of fluid therethrough. '

20 _ While triggering means 620 may be any suitable mechanical, hydraulic,

prieumatic, or thermal based trigger known in the art at present or in the fuwre, ina
preferred embodiment, triggering means 620 is a piczoelectric element: In operation, if
the piezoclement shown in Fig. 19 at 620 is not activated, valve closure member 640 is
closed. Activation of piezoelement 620, as shown in Fig. 20 causes a small shortening in
25  the longitudinal length (denoted by Y in Fig. 15) of piezoelement 620 which in tum
releases flexible member 608 from its first position. With member 608 relcased, valve
closure member 640 is frce to open under the pressure wansmitted from the fluid.
-Mcmb'cr G608 assumes a second, inverted, position, as depicted in Fig, 20. While the fluid
pressure _ma.intains member 608 in its second position, even in the absence of any fluid.
30 member 608 remains in its second position, as depicted in Fig, 20 if the wiggering is
turned off and piezoelement 620 assumes 'its original length. Valve closure memycr.640
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RECTIFIED SHEET (RULE 91)
second nenbers. The first and second | ongitudinal nenbers are

d| sposedvgﬁs@%ézsurface of the stent such that the |BAYUSIROIN first
and second nenbers alternate. In the unexpanded state, each peak of
each first member is connected to one adjlicent peak of a second

menber in a region of attachment and each trough of each first nmenber is 5
att ached t mayrbe choljed @gain, inrtbe ghsanlce of Ssish by arsuhtmmmtrtriggct&agg' oﬁ‘pwioelement
attachnent

b m. Fi. Th f.. h t
separ at ed g?@%’éc‘?ﬁ’@ ‘58‘&5?&??&5 tﬁ:g{ansmon to btg rs%%dc(ﬁﬁ’ﬁgfsg’ﬁom b t{fta e rr?’ﬂe 2:‘)6
descri bed pifsttedpotithth SMACRBE éaso NVeBber 608 hasiaxRRadado Q&Eiw}%éfér&'a to

t he expanded configuration by applying a radially outward orce and
simil arI y pasxtlmasslmmﬁ'lgofin t he expanded to the unexpanded confi guration

|1gt ernal a{)gl gl Bgd?I ; ‘X’V%?\é\% &i“* ﬁlgﬁ‘ae&? %/H\Vys%&%y géalt’%f{@rlﬂﬁ‘illcg@“az’ggel s

to join tWﬁle\iﬁ:%ﬁaéﬁcésOQEishﬁf particular, an aim of the present umﬁnbﬁ'&?ﬂ;ﬁl?ﬂwqﬁ&mve
contenpl ates a net hod of jOI ning together two vessels conprising the

st eps of dbistable valye tmthercontrol afairinagy incontinencen &ix p patikng vdtnincontirencegthe n a
first stabl e.to, a,bodi sit di ng t he. st ent a second stable -
state, the? frfgef‘é?b%"alv%???ﬁi’cé?gfﬁmqﬁat ﬁgﬁﬁﬁ’“gtaﬁglsglt&IQWCeedi ng

that of thghcheBfgh ise dfehd ﬁﬁéﬂie@&ibede a.nd%@ﬁh otdlanﬁmawefﬁrm& hed

vessel s to bejoi ned. The stent may ge contracted to a
st abl d0st aursthiahlthough thewvalvein ﬂhcrddfaadmate iselased, thewalvg raayibamgred

t di at th t t.h d
State ana e veddts Sl bp Soll BFElade:. Vol foidinghe hlaghes e ey be
secur ed t 0 i fiRruPRRAk 0ible i Anitbr ShotiipliRkidiPls %o Bnpld}AneNERLiv dalve in

descri bed expansion rings (a bistable I oop). One or nore expansion rings,
such as t hacmjunctlon wishiashunt. | Therihyst mag baadtivatedby triggering ithmgeviee adent s

(such as t Qﬁztn Pyr {ﬁ%)c,i b]; oRoBd B tnggeriong the device.

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

In addition to the bistable unit 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

20  embodiment of an inventive hinged multistable cell in its contracted and expanded states,
respectively. The contracted cell, shown generally at 700, and the expanded cell, shown
generally at 705, consist of four interconnected relatively rigid members. Two side
members 709 are connected to opposite ends of top member 713 via hinges 715. Side
members 709 are connected at their opposite ends to opposite ends of bottom member

25 717 via hinges 719. Preferably, the hinges are elastic or plastically deformable. The
hinges may be fixedly attached to the side, top and bottom members or may be integral
with these members. In the latter 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, top and bottom members. In the process of transitioning from

30  the expanded to the collapsed state, bottom member 717 opens slightly. The cell of Figs.
21a,b also has two additional intermediate states in which one or the other (but niot both)



shown. in Fig. 23) may be delivered to each side of the stent in a

contracted state and depl oyed so as to clanp the vessels between the
ring(s). “MJ% e rings my be used for additional c S RIsHE shown
general ly aéﬂégi(} in Fig. 15, a first vessel 304 and a 25 k>second vgsel

308 are joined together with inventive stgnt 312. Vcssel 304 overl aps stent
312 in a first overlap region 316 while vessel 308 overlaps stent 312 in a

second over | regi on . 320. Ves 304.is ¢l ed between expansion
ring 324 (sﬁ#?‘ﬁmpﬁ’é@g ﬁa%mem er%i?rz?tcédla g@%ﬁaﬂglz whil e vessel

308 is clanped bet me@lﬁ‘éﬁﬁé&ﬁﬂﬁﬁxg‘é&%ﬂﬂé&@blé%ﬂﬁ%ll'xi‘shownschextngﬁc G4 pggded
state for illustrative purposes only) and stent 312. the dotte I nes” 30

associ at ed 2Qain th«pdlapsemstawmgd&iﬂxg QIth ﬁmtexpwdﬂrsmton'l'hc mjl sB@wvan its
expanded state.

provi des a &€ raéwaa} 7;9,eqﬁn81|sts\pg’|§d D& {%H] ﬁo%omn%e%l%er%h dqlpper side

) C 5 VReRBer’ZA32 Two upper side members 762 are connected to opposite ends of top 19
the rings contained therein. Fig. 16 shows a cross-sectional view of Fig.

15 al ong semeinber 754 via hingee 736- Uppensids mienders 762 arh comnestaddnibotient themberen

stent 312 ansi ring 324. , ang ot her

enbodi mont - TSV MaRges A8 - Bgtoihember 758 is shansd) ke Usith fnE B0 Utights of e
vessel 408 @y gdddfidiid Heoa%bn&ae 18 @&ﬁaéspééz%ot@w&foneﬁ&téé&e@@ %&semth412
rests in 5 vessel 404 while second end 420 of stent 412 rests with

vessel 408. theprévdonsly disewssed inventive enlishhingess7 36naxid 768comay bnebﬁx@prqﬂasmp&y bl e

T A 4R B B B P Th! o S o

vessel . Ad dirhé RO@goRdlATRTTRYhidRs ¥ERApRSAMREASEs. In addition to the fully expanded
and fully contracted states shown in Figs. 22a and 22b, the hexagonal cell can also
achieve two intermediate stable configurations in which only one of the two upper side
members 762 is collapsed inward along with top member 754.

15 ' The above described hinged multistable cells may be used in any of the
above discussed applications e.g. to form stents, clamps, clips, expander rings, bistable
valves.

In one such application a ring or stent is formed of the hinged celis of
Figs. 21aand 21b. As shown in Fig. 23, a series of unit cells of the type depicted in Figs.

20 21 are joined together so that the top ﬁember of a cell forms a portion of the bottom
member of an adjoining cell. As depicted, top member 814 of cell 810 forms a portion of
bottom element 818 of cell 820. Similarly, top member 824 of celi 828 forms a portion
of bottom element 832 of cell 836. Although the ring or stent in Fig. 23 has been cut for
illustrative purposes, the two ends 840 and 844 are normally joined together with a

25  portion of lower member 848 of cell 852 serving as an upper member for cell 856. The
ring so formed has ai range of stable stable states including a fully expanded state and a
fully contracted state. Where the individual cells are made identically, only the fully
expanded states may be accessed by the application of a uniform radially outward force
to the stent in the fully contracted state. It may serve as a clamp or collar, an expansion

30  ringorastent. Larger stents may be formed by interconnecting a plurality of such rings.

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



I n anot her enbodi nent, a conbination of the enbodi nents of Figs 15 and 10
17, the first end of the stent may protrude fromone of the vessels and the
second ewo 9832412 the stent may extend over the second vecTAISIs/HLp0N,

cl anps and expansion rings may be used to further secure the stent to
t he vessels. I n anot her enbodi nent, as shown in Fig.
18, vessel 454 and vessel 458 are b2l d together by an expansion ring

462 internal to the vessel and a clanmp 466, 1 5 consi sting of, for
exanpl e, a ?Igsl 24tsmdt24bnﬂuﬂratnodrdeapdi ﬂsdse:bslhy sd:hemzheally mnvhichhaapomduhibat
t he di aneter tent Ln.a.col ﬁ‘sffordsasnu It with

vessel s 454 53 ggs thosé sthogﬂdngﬁa%@,)ﬁ togefhier, i form 2 Tings Fheitem ri ng
or the cl anpenék swaaeh Betl 880/ishsined with artwia@cfcﬁﬂ pbitiod 8RH o %hmca%?pm t

such as a rlgld col | he 1 nvention al so-

cont enpl at e§ Qped’bpm Wh% BH0. ngltbwbtdiewnmméss@nsl’rzs 24a00d b, cnd §94 he

t f d t

Firat stabr utt{obadd b Ko hie AL e s GHIAEPAR P alRlIh ol Suile, o
stent and exwmdlﬁrg%b AdjachsHe&%OmsamdhﬂcmadﬂdesweaFm'mmdfarret er

f th t ent d stab t d th I

Lo be ] of nodompletengsss e itess R sBeiEn 507, Fion 2ARB08R andcetl o  the protssy o <
preferably. %eﬁﬁadﬁﬁ ahfl dhe AlRAIdY @ﬁﬁ&ﬁ&d éémmn uuiemenmo éﬂ@ﬁtaﬁé‘#«ne—ﬁ%

delivery of the 25 stent may be acconpli shed delivering the stent in
an unexpandbdtt@mnﬂm}jbﬂf&tnemﬂwp membdﬂﬁé&gmnscbm 9%@&3356 Mnhlphmwmmtly

= Porti Bh ofpihe Hapet oeratsod Wik uted eSS BRal s o muuibl o Bl e " ©
to its nost :wuaamm Inyadhey capd:,ax@pﬂgnd&mersbanbfwment Jsuﬂs\xmrkbbe johkdt hen
COnt 0t 19 %St S0 g iy RS S e B g e
del i vered. Akbaidediatetind colld9a45hTHE progadk b aﬂ em@ma&m&hwﬁ 948 are  MAY
be delivered by surgically ex 03|ng t he vessel guesti on.
16 shown by dashed lines. Adjacent strips of mtcroonnected cells 952 are joined together by
15 upper side members 948 as well as by obligue regions 956 of bottom membets 960.
It should be noted that the inventive devices of the present application
may be used on a temporary basis or on a permanent basis in the body. Thus, for
example, permanent stents and clamps are contemplated, as are removable stents and
clamps. .
20 It should further be noted that in expanding some of the inventive
multistable cells, there raay be components of expansion/contraction in u direction
perpendicular to the direction of the force applied to expand the cells.
Finally, for the purposes of this application, the term 'multistable’ is
intended to include bistable'.
25 In the described drawings and text only some examples of " different
embodiments have heen given. While the stents of the present invention can appear
similar to prior stents, the mechanical results are completely different due to the special
combination of a rigid section and a more flexible section in the same unit cell. Of
course there are, beside the illustrated sinusoidal shape many other possible basic shapes
30  for the unit cells, with similar characteristic behavior.

From the above disclosure of the peneral principles of the present
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The present invention is also directed to a bistable valve. The val ve, as
shown generally at 600 in Fig. 19 includes a snap-action. bipositional unit
cell shown generally at 604 |located within a conduit ﬂJs9§5ﬁ Gac_ti on
bi posi ti SIS “cell 604 consi st 498f a (substantiaFly AfCUALe)

fl exi bl e nenber 608 having a first end 612 and a 5 second end 616. First

Cuppor ted. | MVEHPH 48 O dfiabiadeeleh Be BB Bl AR B e ity e

of conduit 606. Second end 616 of flexible nenber 608 is anchored to
stop surface 628 which extends across conduit 606. Support neans 624
and stop surface 628 nust be sufficiently rigid to hold flexible
menber 608 in place and nust be nore rigid than 10 fl exi bl e menber 608.
Stop surface 628 extends substantially obliquely across conduit 606
in oblique regions 630 and has a opening 632 within in |ongitudinal region .
634 to allow the flow therethrough of a fluid. Al though opening 632
is oriented along the | ongi tudi nal axis 636 of conduit 606, those of
ordinary skill in the art will recognize ot her possible orientations

of the opening and stop surface. Valve closure nmenber 640, 15 actuated
bet ween open and cl osed positions by flexible nenber 608, is constructed

and arranged so as to block the flow of fluid through opening 632
when fl exi bl e nenber 608 is in the closed position. Wen flexible
menber 608 is in the open position, as depicted in Fig. 20 valve

cl osure nenber 640 no | onger obstructs opening 632, thereby all ow ng

the flow of fluid therethrough. 20 Wil e triggering neans
620 may be any suitable mechanical, hydraulic, - pneumatic, or thernma

based trigger known in the art at present or in the future, in a

preferred enbodi nent, triggering neans 620 is a piezoelectric elenent; In
operation, if . the piezoelenment shown in Fig. 19 at 620 is not
activated, valve closure nenber 640 is cl osed. Activation of

pi ezoel enent 620, as shown in Fig. 20 causes a snall shortening in 25 t he
| ongi tudinal length (denoted by Y in Fig. 15) of piezoelenent 620 which in
turn . . rel eases flexible nmenber 608 fromits first position. Wth
menber 608 rel eased, valve .closure nmenber 640 is free to open under
the pressure transmtted fromthe fluid. Menber 608 assunes a
second, inverted, position, as depicted in Fig. 20. Wiile the fluid
pressure nai ntains nenber 608 in its second position, even in the absence
of any fluid. 30 menber 608 remains in its second position, as depicted
in Fig. 20 if the triggering is turned of f and pi ezoel enrent 620
assunes its original length Val ve closure nenber. 640
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17 may be cl osed again, in the absence of fluid, by a subsequent

triggering of piezoel enent 620 all owi ng nenber 608 to transition to
its secowo9gBk41ged) position which is the preferred BETIUSPHPIIG -
menber 608. Menber 608 has been treated to receive a preferred

position as showmn in Fig. 3. 5 20 The val ve depicted in
Figs. 19 and 20 may be applied to nedical and non- nmedi cal devi ces.

It is, in Rafipkehé¢hathe wtioas Modifiddiiondtewaith the pRiRERtGAvemtionlP buscepteble. Itis
inventive bi stable valve to the control of urinary incontinence. In a

pat i ent wi dntendasfor thecoverage péthe presentepnlication to inllgb%sl_e v@nh&spnmrimﬁl ant ed
above. desc FHBRRCoRRRGTionS hd Befe teRAihinsgus o1 i 8F bt AR g iy e

Al t hough t Rgmédayie mdthaticalbRhavibi aséhitsitddsoycthe abdve ddieribed yeaniplys. be

triggered when the bladder is full, to void the bladder. Upon voi di ng
t he bl &dder, the valve may be triggered again to close it. Another
such application is to enploy the inventive valve in conjunction with
a shunt. The shunt may be activated by triggering the device and

simlarly may be closed by triggering the device. 15 O
course the valve may be used in other nedical and non-nedi ca

applications as well. In addition to the bistable unit
cells disclosed above, bistable unit cells ~and nore generally,

mul tistable unit cells of other shapes are al so contenplated by the
present invention. Figs. 2la and 21b are schematic representations of

anot her 20 enbodi ment of an inventive hinged nultistable cell inits
contracted and expanded st at es, respectively. The contracted cell,
shown generally at 700, and the expanded cell, -shown general ly at

705, consist of four interconnected relatively rigid menbers. Two side
menbers 709 are connected to opposite ends of top nmenmber 713 via hinges

715. Side menbers 709 are connected at their opposite ends to
opposite ends of bottom nenber 25 717 via hinges 719. Preferably, the
hi nges are elastic or plastically defornmable. The hi nges may be

fixedly attached to the side, top and bottom nenbers or nay be integral
with these nenbers. In the latter case, the hinges may be formed by
renovi ng materi al fromthe cell in the region of the hinges so that
the hinges are thinner or have a different



geonetry fromthe side, top and bottom nenbers. In the process of

transitioning from 30 T\'mﬁet laeed t he col | apsed state, bottom nenber
717 opeps. Skihahtly. The u 2la,b also h | tional
i nter rreeﬂlﬁagﬁék ates in e ot her (but not bifﬁ)t)ﬁg”%q%

18 of side nenbers 709 and top nenber 713 are col |l apsed downwar d.

A hexagonal hinged nmultistable unit cell,,is shown schematically in Fig.

22a in the coll apsed state and in Fig. géb in the expanded state. The cell,
shown W%Q?E@H 750, consists of top nenber 754 and bottom nenber
758, and upper ‘side " menbers 762. Two upper side nmenbers 762 are
connect ed tlo opposmietizakbdeticecbntaining at least oferiniycell kisting findgt9éasy RG> Upper

si de nenbers..762 are connected to bott.om ngegber 758 via hinges 768.
Bot t om oA EpeER, 8 deginan DR IS yabr A prble end i g e asnest beih

"U nodi fi agiatigel} Hgide neekinic caﬂ%@aiwsﬁdaarﬁ%p,%hﬁc%m?mg& art of
the "U As with & % t he pregi ousl y discussed inventive lgel §‘,ﬁgﬁ)nges 756
and 7685 mayhitdersthe defopmation fhe moes flsxitile segmpat iy onsizhain direetiony rebudtifg e | y

attached tq L ' hth the.nepbers. I xagonal
unit cell eﬁ"%?‘%ﬁr%@rfu%f’tile 8%% s%‘gg’l%%{hg\t,‘\%%we\“% d 'ta?’g'ﬁt gcg:epﬂsgﬂﬁ.ﬁﬁ%e
expanded  first mafadirketiony betomén afitst thosé o less stdbiy\tollapselishape agda sesd22b, t he

hexagonal cell can al so achieve two-internedi ate stable
conf i gur at iTBPFS oF jeshpteble cxpanded shBPei t he two upper side menbers 762 is

col | apsed igawar dy ghi? 01 ¥¥ dimiel M PRI S hathfh wical load-d The above
described hinged nultistable ceils may Sg&uas d nl'seh anyoagfdz%prll%cement above

di scusi@ed abptacteristicatound the equlibdumcenterpositionl anps, cli ps, expander rings,
bi st abl e val ves, . i e . I n_one su | jcation a ring
or stent is3'forr@&“‘é?#?ﬁe"lﬂmdé’adé@Ils}'%f“ganasymﬁ‘:&c?f gﬁ%ﬁ@%ﬁg As shown
in Fig. 23, charaRfikiSarcindiie basitibtivn @bsitibs withitic doRindédshapdbdih@the mddt- 21
are joined tqQgether so that the top nenber of a cell forns a portion of the
bott om PAf%er of an adjoining cell. As depicted, top nember 814 of

cell 810 fafms a4 g bLiPEs Qhimed in claim 1, having an asymmetrical load-displacement
15  characteristic around the equilibrium position, with the collapsed shape being the most
stable one.

5. Aunitcell as claimed in claims 1 to 4, where the different characteristics are
mainly determined by differences in geometry of said flexible and rigid segments.
6. A unit cell as claimed in claims 3 Lo 5, where the different characteristics are only
20  or also determined by differences in the unstrained shape of the segments, by prior plastic
deformation and/or final heat treatment and/or by the use of difference material for the
distinct segrments. _
7. A unit ¢ell as claimed in claims 1,2, 4, apd 6, used-as a ¢lip to clamp or hold a
body part or several body parts.
25 8. A unit cell as elaimed in claims 1, 2,3, 5, and 6, usad as an expander to spread 2
body cavity open or hold several body parts apart. .
9. A structure made from an arrangement of unit cells as claimed in claims 1 t0 6, in
such a way that seen along the most deformable direction of the unit cell, each or most of
the flexible segménts of the unit cells are connected to the rigid scgménts of the adjécem
30 unit cell by means of joints, located at or neax the point of maximum deflection of each
flexible segment.
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bottom el ement 818 of cell '820. Sinilarly, top menber 824 of cell 828 forms
a portion of RAlhQLBe®Rflac8B82 of cell 836. Although the ring or

stent i WOMB{24123 has illustrative purp®STUSIBABIP\\o ‘ends
840 and 844 are norwﬂﬂ IH M E gether with a 25 portion of | ower
menber 848 of cell an upper menber for cell 856. The

ring so formed has a range of stable st @ e states includi ng a fully
expanded s ully contracted state. Wiere the individual

d
cells are n&dg ?&é\?&&@#@%¥@cﬂﬁéaﬁﬁﬂ'ﬂﬁdm claim Sk eonneeting specisic may be
db Hﬁ‘&& I 3
?ﬁge:tsgm ?@ng{ilﬁn@?? y cont Fg%%sgté:‘dg%ﬂfggéﬁgéﬁﬁiﬂ c}Sil%ab ags’%é‘gﬂ‘fﬂgl ol?°d¥,‘0l I ar

an expansi owitls@ifferant mbb dizmetéredeperiding on thetammmt adylodioh F Ge célls that

I nt er connect.i a, | f such rings. Simlar
products 2{?‘9 8@%’ H@’f\é"? MRCot her nultistable units cells.

19 5 ans 4R of fifb prdducts dswﬁmaamamau@hommmbéﬂtyhﬁﬁmw cally

i n which hexagonal unjt | s such as those shown in Figs. 22a, b may

be joined t N@formablpmer@lpmgdasmléqfwmab e malgidtper 884 of each cel |l
880 is joinpd aped
bot t om nenber 89%éll %hﬁ?@#&ﬂ@oﬂﬁ#&ﬁ%‘??ﬁn@ #fnllﬁga%__fr@ﬂ pgﬁymegh%mfffguoend
894 5  carconpojsi, raesﬂaﬁmemok-yaﬁﬁeﬁiﬂ Witk snpererasﬁgbeh“a‘hﬁr,satslmp mémbhy. 24a is
shown in fully nded Fig. 24h., Adjagent cells 880 are
seen in th@?‘eﬁéﬁg‘gﬂgﬂ‘lﬂaﬁ’ﬁ seqsgpeﬁaﬁga\g%a(;pm ination g i imere of these e

hi nges,gre gagskgeated 902. Fig. 24c shows one cell 920 in the process

of expandi ng and one already expandcd cell 924. The cells 920 and 924 are

joined at 13. Mmﬁhwmmsay imad in Jpimed 142, Wisze anjnerpasedfexibiiown at
936. Mul ti r\inﬁ m a stent
whose | engt 'ita. eg‘ﬁ’? ? ?%E%P"Z)ﬁ Wﬁg%g&e&cﬁgt‘% éteﬂlg#b n such a
case, uppersesumi’ealmhetmgmf adj acent ceI | s woul d beJ oi ncd t oget her. .
This is illustr in Fi 4dwh| I|k Wscell 940 in the
Expanded st St psigined el 15 whes Becpdingd Reshi issaueddvae
menber 35948:134iR hinges.

15.  Products as claimed in claim 13, where the increased flexibility is caused by

plastic hinges.

16. A stent as claimed in claims 10 to 15, where the flexibility between

. adjacent unit cells in tangential and/or axial direction is increased by separating these unit
20  cells by plastic or clastic deformable hinges.
17. A stent as claimed in claims 10 to 16, where the flexibility between adjacs.;nt unit
cells in tangential and/or axial direction is increased by separating these unit cells
. completely from ¢ach other, ]
18. A stent as claimed in claims 16 and 17, where a scries of short stents with bistable
25  unit cells are connected in axial direction by flexible joints with different gcoxne_u'y.'
19 A stent as claimed in claims 10 to 18, where 2 number of bistable unit cells is
combined with unit cells with a different characteristic.
20. A stent as cleimed in claim 19, where the cells with different characteristic are
balioon expandable, self-expanding or temperature sensitive.
30 2. Oneormore stents as claimed in claims 0 to 20, vsed in combination with a graft

stent,
IO
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shown by dashed |ines. Adjacent §tFips of interconnected cells 952

arej oi ned together by;khe. HABRES ic(éléa menbers 948 as well as by oblique
regi ons, botto I mju e noted
t hat tkgﬁ%ée%&%l ve dWH"ﬁEmr esent application ¥ nay g’elpused on
a tenporary basis or basis in the body. Thus, for

exanpl e, permanent stents and clanps argy contenpl ated, as are renovable

stents and cl anps. 20 It should further be noted
that in expandi RGusR Y€l hE& clafhy D1 -ﬁaﬂy heSt RblRo GELk 8 wradiCr € MRy .
be conponents of expancsP%r}f?coﬁt ra?t'l o%&?ﬁheg | re%ﬁl%% %?Qﬁi\?ﬁ?ﬁﬁl cular -

to the di r slonsagangta scond sens ghas pplcdst panly sowpundd thegraft stensand the bistable
Finally, f n{he pur poses of this application, the term'nultistable' is
i ntended t0 Thclude 'bistable' . 25 In the described

drawi ng ang3.t exA stk s claimeddn sliitheH ©f 22 tHaf Bimedtle removable BydIpsBeISs have
been gi_ven ile the ste tg, of the_present invention can appear
simlaP tobﬁﬂ'ter“% st stablp diamaster bafoseremavaly | t s are conpletely different

e 0 B e im0 3. bl O SELL ASoBEG=" 1 ©
i || ust r at eth @hgentiel ditectioh dptalsmimdifierentrdirgotianishbl e basi ¢ shapes 30 for the
ool e Gl it SR . U ol e it |
19a | BoeBbh; b aRH thpbled sdtdnaedi ng detail ed description, those skilled in
this art will readily
10 26, A stentas claimed in claims 10 to 25, where at least some unit cells have an
asymetrical load-displacement/characteristic with a collapsed shape that it not stable.
27. A medical device.using a unit cell as claimed in claims | to 9, where the
triggering to move from the collapsed shape fo the expanded shape or vice versa is
caused by pneumatic, hydraulic, mechanical or electromechanical means,
15 28 Astentasclaimed in claims 10 1o 26, where the triggering to move from the
collapsed shape to the expanded shape or vice versa is caused by pneumatic, hydraulic,
mechanical or electromechanical means.
29. A medical dovicc as claimed in claims ) to 28, where the unit cell is made of an
arrangement of reia.tively rigid sections, commected by plastic or elastic deformable joints.
20 30. A medical device having a plurality of stable configurations, the device
comprised of a plurality of interconnected cells, cach ccll having a cell sn"uctu.re, the cells
including a relatively rigid section and a relatively flexible section interconnected so as to
define the cell structure in the form of a multistable spring system having a plurality of
stable configurations.
25 31.  The medical device of claim 30 wherein the cell structure is bistable having two
- stable configurations. '
32.  The medical device of claim 31 wherein the cells are constructed and artanged so
that the device may be switched between two stable configurations by applying a uniform
radially directed force. _
30 33. The medical device of claim 31 as a tubular stent having two or more
configurations includiné an unexpanded configuration and a fully expanded

THIS SHEET HAS BEEN |
REPLACED:

MMM recriFes sheer RULE o1)

ISA/EP



21 What is claimed is: 1. Astent conprising a first plurality of

unit cells, each unit Tbslsheetf}ﬁyh&g fast first and second segnents, the
second Wy98G281hei ng nect ed to the first RGHHESO0IHE nore
flexible than the fi rst mfl rst plurality of unit cells having
at least a first stabl e te and a second stabl e expanded state,

wherein the first plurality of unit cell3%are transforned between the first

and second stabl e states by noné‘;’)l astic deformation of the second segnents.
2. The st confipmationgtheslianeterafiharstant ipshefaliy cxpapted eonfigumtion txceeding the

equi libri umdPBﬁe E{JS%W ?‘ S8 nd stable states and a
symet ri cal oagét(??sp acerreirillt cﬁgjr acfdfarl StIC aI?ound the equilibrium
posi tion. Tliémeﬂicahdcvm of lctainn30 whereth dicoells anehiesighed edakrangdditocel |

has an equi I | bté 05|é on_ bet.ween the@#grst and second stable states and
an asyrmet r PEIY g%l? ‘*ﬂ?’ﬁﬁtﬁﬁéﬁﬁm?ﬁ PRstic around the equilibrium

posi tior, with thfe medical device of claim 34 as a tubular stent baving an initial diameter at a
first end, 4 {inal diameter at a second end and at least onc intcrmediate diameter between
the first and second ends, the intermcdiatc diameter differing from the initial and final
diameters.

36,  The medical device of claim 35 wherein the initial and final diameters are the
10 same,
37. A twbular stent having a surface, the stent comprising a plurality of cells having 2
plurality of stable states, the cells on the surface of the stent, the cells having at least a
first stable state and a second stable stare, the cells in the second state encompassing a
. larger area than the cell in the first staie, the cells characterized by a negative spring
15  constant, the cells constructed and arranged so that the stent is charactetized by a
plurality of stable states.
38.  The stent of claim 37 whereln the cells are bistable having first and second stable
shapes. __ o
39.  Thestent of claim 38 wherein the celis arc arranged and disposed such that the
20 stent has at least two stable states, including a first stable state in which the stent is
chﬁacteﬁzed by a first diameter and a sccond stable state in which the stent is
characterized by a second diameter, the second diameter .larger than thé first diameter.
40.  The stent of claim 38 further having a third stable state, the third stable state
having a third diameter different from the first and second diameters.
25 41, The stent of claim 38 wherein the cells are formed from at least two different |
- segments:
a first segment which acts as a relatively rigid support for the cell, and
a second segment which is more pliable than the first segment, the second
. segment ca;;able of existing in two distinct statcs, a first contracted state corresponding to
30 the ﬁ_rst stable state of the cell and a second expanded state corresponding to the second
stable state of the cell, the first and second segments fixedly connected onc to the other.
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second state being nore-stable than-the first state. 4. The stent as
claimed in claiml, wherein each unit cell has an equilibrium position

bet weent i f.St S BeepRaplhced St at es and an asynmet g .
wd'ssdzulz ﬁiﬂ i’b‘i‘ﬁsgﬁ?m\hot h T he

| oad- di splacenent ch round the equilibrium poSi
first state being M t he §gcond state. 5. The stent as
claimed in claim3, where the asymmetri ¢al | oad-displacenent characteristic

)5 1o S, Ll g T e R eSS bR >

| oad- di splspG WBStwe SiabR Glatds) & thstrdcied Rate hAVIRGE ¥t &ih:hée&sﬂ&ﬁek&ghéf
unstrai ned shape of the segnents, by prior plastic deformation,” by final

heat treatstasehaving lysecdnd diaraetef laggdérithanethe firstidiarhetess for the first and
220N SCYE Sy et 1P B B e BB ol b0
5  same material, the first segment having a first cross-sectional area and the second
segment having a second cross-sectional area in excess of the first cross-sectional area.
44, | The stent of claim 41 wherein the first and second segments are made of different
materials, the material of the first segment being more rigid than the material of the
second segment.

10  45.  The stent of claim 41 wherein the first and second segments are made of the same
material, the first segments being strengthened by heat treating so as to increase the
rigidity of the first segments.

46.  The stent of claim 41 having a uniform diameter and having three or more stable
states, the diameter of the stent differing in each stable state.

15 47.  The stent of claim 41 constructed and arranged to have three or more stable
states, the stent having different diameters in some of the stable states, the stent
comprised of a plurality of bistable cells of two or more types, the cell types requiring
differing amounts of force to expand. - o
48. A method of implanting an expandable stent having a plurality of stable

20  configurations comprising the steps of:

1) applying the stent to a balloon mounted on a catheter;
2) delivering the stent to a desired bodily Iocafion;
3) inflating the balloon so as to expand tlie stent from a first stable configuration
to a desired second stable configuration, the second stable configuration exhibiting a
25  larger diameter than the first stable configuration; and
4) deploying the expanded stent at the desired bodily location.
49.  The method of claim 48 wherein the stent is applied to the balloon in the second
stable configuration during the applying step and further comprising the step of:
applying radially pressure inward on the stent so as to urge the stent into the first
30  stable configuration.

50.  The method of claim 48 wherein the stent is applied to the balloon in a third
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an adjacent unit cell by a joint located at or near a point of maximum
defl ecti on of theTrieSIRAMSBGARMiaced 8. The stent as clained in claim?7,

wher ei n"WORSA342nt | ttaining different stabl @G/EEBOHNE
dependi ng on the aﬁuﬂﬁm m
t he second stabl e . :

ion of unit cells that are transforned to

stent2@s claimed in claim1, made froma
polynmer, a netal, a conposite, a shape nenory material with superelastic
behavi or, stablestgie dneng the apptying stepithe dianmteraofabe stentsiarthe thivdstiislaatator or a
conmbi nation _of t or nore af these erials. 10. The.stent as,  cl ai ned
el i m Sergprchalf BEDYER the Spmsfis EEIEAHS il A tae QamElRe i i feogne Fagy o
connect ed Ry fifties thnpALing e step - The stent as clainmed in claim1, wherein
the first and second segnents of each unit cell are connected by plastic-
hi nges. 12. Tapplyingnatially préssimeddward ol thersteht sovas teeunge dhi stemtrintouthe firstel | s
In a tangen gm%gogxi al direction are separated by plastic or elastic

def or fabl étame%

51.  An expandable stent having an initial condition and an expanded condition, the

stent having a plurality of diameters along its length in the expanded condition, the stent
comprised of a plurality of cells having a plurality of stable states, the cells encompassing
different areas in the different states.

10 52.  Anexpandable device comprising one or more multistable loops, the loop having
at least a first state and a second state, the loop encompassing a first area in the first state
and a second area in the second state, wherein the device is expanded by applying a force
thereto.

53.  The device of claim 52 comprising a first arcuate member having first and second

15 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 fnember in communication with the second end of the
~ second member, |

20 wherein the second member is more pliabie than the first, the second member
capable of assuming a first stable position and a second stable position.

54, A clamp for securing a bodily member selected from the group consisting of body
tissue, body organs, body lumens and body vesséls comprising the device of claim 1 and
further comprising a triggering means for triggering the device to alter from one state to

25  the other.

55. A tubular graft stent comprising one or more expansion rings, each expansion
ring capable of assuming first and second stable configurations, .

the expansion rings formed of a first member and a second member, the second
member more pliable than the first member, and having a first and a second stable

30  position, the first stable position corresponding to the first stable configuration and the

second stable position corresponding to the second stable configuration, the ring
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23 13. The stent as claimed in claim1, wherein the first plurality of
unit cells are connected I n_an axi al d|rect|on by flexible joints. 14.
The stegly ' ISSE ﬂmBﬁﬁl eplagedrei n the stent conpr pg@AysdsGRePENd -
plurali ty 0 un| t ce I d- displacenent characteristics
different than the f y of unit cells. 15. The stent as
claimed in claiml, wherein the stent cgnprises a second plurality of unit
cells that are balloon expandabl e, self-expanding or tenperature

sensi tive. encompassing a greater area in the second stable configuration than in the first stable
configuration,

the stent having a surface, the surface comprising a skin mounted on the
expansion rings.

5 56.  The stent of claim 55 wherein the skin is selected from the group of materials
consisting of polymeric materials, human skin, animal skin, human tissue and animal
tissue, .

57. 'l‘he stent of claim 56 having two expansion rings, a first expansion ring at a first
end of the stent and a second expansion ring at a second end of the stent,
10 58.  The stent of claim 57 having a first diameter at the first end and a second
diameter at the second end.
59. A stent having an unexpanded configuration and an expanded configuration,
the stent having a surface,
the stent comprising:
15 a plurality of generally longitudinal, wave-like first members characterized by a
first wavelength, and having peaks and troughs; and
a plurality of generally longitudinal wave-like second members characterized by a
second wavelength, and having peaks and troughs,
the second wavclength substantially equal to the first wavelength, the second
20  members capable of stably assuming two positions, _'
a first position corresponding to the unexpanded configuration in which the first
and second members are in phase and
' a second position comresponding to the expanded configuration, in which the first
and sceond members are 180° out of phase, the first members moré rigid than the second
25  members,
the first and second longitudinal membets disposed on the surface of the stent, the
longitudinal first and second member alternating,
cech peak of each fitst member attached to one adjacent peak of a second member
in a region of attachment,
30 each trough of each first member attached to one adjacent trough of a second

member in a region of attachment,
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16. The stent as claimed in claim1, used in conbination with a graft

stent. 17. The st e Siaé Had BdehRGledt Cl @i s 1, that is made renovable by
col | apsi WD 98/241% ent |l est stable di aneter REEEI98/01A0Val .
18. The stent as cl ajmﬂm‘mHUH , Wherein the stent conprises a

cylindrical section t ape28d sections. 19. The stent as

claimed in claiml, further conprising a delivery systemthat triggers the
first plurality thé regions of atthchrhent separattd dynohbevaveleapthst abl e state to the

second stable state b neunati c, draulic, chani cal _ or
el ect r orrec ereLy| ﬁétgﬁggan%e snapped ggm e unexpanded configuration to the expanded

REPLACENEWO%EEIﬁon by applying a radially outward or tangential force thereto and the stent can
be snapped from the expanded to the unexpanded configuration by applying a radial
5  inward or tangential force thereto.
60. A method of joining together two bodily vessels comprising the steps of:
delivering the stent of claim 40 in a first stable state corresponding to an
unexpanded configuration to a bodily site;
expanding the stent to a second stable state, the diameter of the stent exceeding
10 the diameter of the vessels;
placing the stent over the vessels to be joined; and
contracting the stent to a third stable state, the diameter of the stent in the third
stable stent intermediate between the diameter of the stent in the first and second stable
states, whereby the stent rests snugly upon the vessels.
15 61. The method of claim 60, the stent having a first end a second end, further
comprising the steps of:
positioning one or more devices as in claim 52 in the form of an expander ring
inside the vessels and underneath a porﬁon of the stent; and
expanding the one or more devices so as to clamp the vessel between the device
20  and the stent.
62. A method of joining together two bodily vessels comprising the steps of:
delivering the stent of claim 39 in a first stable state corresponding to an
unexpanded configuration to a bodily site;
placing each of the bodily vessels over at least a portion of the stent, the diameter
25  of the vessels exceeding the diameter of the stent in the first stable state; and ;
expanding the stent to a second stable state, the diameter of the stent in the
second stable state chosen so that the vessels fit snugly over the stent.
63.  The method of claim 62 further comprising the steps of:
positioning one or more collars around the vessels and over a portion of the stent
30  soasto clamp the vessel in place in between the stent and the collar.

64. A method of joining together a first and a second ve_ssel, the first vessel having an
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24 20. The stent”of claiml wherein the first Jlurality of unit cells
are constructed and_arfan ed SQ g the stent may be switched between
the fir con by applying a uniform @Htg i rected
force. %Q?qu?%e st ﬁ‘ﬁgﬁ wherein a di aneter of t%e @8@3 gwhen

the first pl urallty s in 5 e second stable state exceeds
t he di aneter of t he stent Wnen the fII’St

lurality of unit cells is in the

first stable te. '{ge stent clajm2]l wherein the first
plurality ed %ﬂfﬁ eé%?qnél"z?i‘$ %‘P@ﬁé&n HK}s SF’BSBf‘ovi de a range of
dianeters in st % colla%?trvefrﬁ:%eﬁg%ﬂheogec daq, &2 wherein the
stent has an |n a first en a fina | aneter at a second

end and at Ieasplacng atrhd:astmpdrtmhmfdheaﬁm eessdehwe&aastaﬂatﬂ’txbn bftheascbngdecond
ends, the internediate dianmeter differing fromthe initial and final
di anet er s. VeSSelL;

5 pos.itioning an expansion device as in claim 52 in the form of an expansion ring
interior to the first and second vessels; and _
expanding the expansion ring so as to clamp the vessels together.
65. A stent as in claim 37 wherein the cells are expandable from the first to the
second stable state, the expansion having a tangential component and an axial
10  component.
66. A bistable valve for opening and closing a tubular device comprising:
1) a conduit, the conduit having an interior, an inner wall and an outer wall;
2)a stop surface extending across the interior of the conduit, the stop surface
having an opening within;
15 3) a snap-action bipositional unit cell, the unit cell including
a flexible member, the flexible member substantially arcuate, the flexible
member having a first end and a second end,
the first end in communication with a triggering means,
the triggering means supported by a support means
20 emanating from the inner wall of the conduit,
the second end anchored to the stop surface,
the bipositional unit cell constructed and arranged so that the flexible
member may assume a first position corresponding to a closed position and a
second position corresponding to an open position;

25 4) a valve closure member actuated between open and closed position by the
flexible member, the valve closure member constructed and arran_ged so as to completely
close the opening in the stop surface when the flexible member is in the closed position,
the valve closure member further constructed and arranged so that the opening is open
when the flexible member is in the opened position,

30 whereby the conduit may be opened by triggering the triggering means so as to

allow the flexible member to move between the closed position and the opened position,
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24. The stent of elaim23.-wherein the initial and final diameters are the
sane. 25. The stent as claimed in claiml wherein the first plurality of
unit ceVP98RMdZarr d eeaHae(BeexR}pla(fmre expansi on rings, cBCHUSNMAW on ring
capabl e of assum ng nd stabl e configurations, the stent
further conprising a ski n3@ount ed on the surface.

25 26. The stent o c rein the skin is selected fromthe group
of materiads consisting of poI ymerl ¢ materials, human skin, aninmal skin,

human [err and animal tis 27. .The stent, of clai m 26 having two
expansi[on ]ri ngte cgngmtmay be closed bytnggenn t%e triggering means so as to allowtl?e

flexible member to move between the opened state and the close state.

67. ~ The bistable valve of claim 66 wherein the triggering means is a

5  piezoelectric element, the piezoelectric element serving as a restraining means for
resuaining the flexible member, the piezoelectric element triggering the flexible member
to flip by undergoing a small decrease in length upon introducing a small current thereto,
thereby releasing the flexible member.
68. The bistable valve of claim 66 wherein the support means is a rigid

10  member relative to the flexible member.

69. The bistable valve of claim 66 wherein the stop surface has two oblique
regions, the oblique regions being oblique relative to the longitudinal axis of the tube,
with a long}tudinal region therebetween, the opening disposed in the longitudinal region.
70. A medical device for use in the human body comprising the bistable valve

15 of claim 66.

71. A medical device for use in controlling urinary incontinence, the-device

comprising the bistable valve of claim 66.

72. A method of controlling urinary incontinence comprising the steps of:
1) inserting a medical device as in claim 71 into a portion of a urethra; and

20 2) optionally clamping the medical device in place by applying a clamp as

described in claim 54 to the outside of the urethra;

wherein urine may be voided by triggering the valve so as to switch it from the
closed to the opened position, the valve being triggered so as to close following
urination.

25 73. A medical device including at least one multistable unit cell, the multistable unit
cell formed from at least four relatively rigid segments, each relatively rigid segment
having a first end and a second end, each first end connected to a second end of an
adjacent segment by a plastically or elastically deformable hinge and each second end
connected to a first end by a plastically or elastically deformable hinge so as to formed a

30  closed cell, whereby the multistable unit cell can be switchéd between a first stable fully

| collapsed shape and a second stable fully expanded shape.
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first expansion ring at -a-first..end of the stent and a second expansi on
ring at a second end of the stent. 28. The stent of claim 27 having a

first cuvgrgg}aﬂnat tTi"IﬁS]?q?frF@s Bganﬁe;ﬂa%eli a second di aneter at ﬁéﬂlﬁfﬁﬁgﬂ) end.

I

74. A medical device as in claim 73 in the form of a stent comprising a plurality of

multistable units cells having four relatively rigid segments, the stent having at least two
stable configurations including a first fully collapsed configuration having a first area and
a second fully expanded configuration having a second area larger than the first area.
5 75. A medical device as in claim 74 in the form of a stent wherein the multistable
unit cell has: -
a top segment;
a bottom segment, the bottom segment including a portion that is substantially
parallel to the top segment, the parallel segment having first and second ends, and two
10  oblique portions that are disposed at oblique angles relative to the parallel portion, each
oblique portion situated at an end of the parallel portion;
a first segment connecting the bottom and top segments
and a second segment connecting the bottom and top segments, the first and
second segments of substantially equal length, the cell symmetric about an axis that
15  bisects the top and bottom segments. |
76. A medical device as in claim 75 in the form of a stent wherein the multistable
unit cell assumes a hexagonal shape in its expanded state.
717. A medical device as in claim 74 in the form of a stent wherein the multistable
unit celil has:
20 a curved top segment;
a bottom segment, the bottom segment substantially parallel to the top segment, -
a first segment connecting the bottom and top segments
and a second segment connecting the botfom and top segments, the first and
second segments of substantially equal length, the cell symmetric about an axis that

25  bisects the top and bottom segments.
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