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.STENT  F| Ef§5 2ADSBASKERRUNDYEF % KEBYANNVENT| ON The present P.8/36

i nvention rel at 30 842004cnts and, nore particularly, to nmethods oPCT/USS4/62688
fabricating and deploying stents. 5 The term "stent" -has cone into
wi despread use-to denote any of. a Iarsggmva?'l ety of spring-like support

structures, in the formof a tube which is open at both ends, whi ch can
be - |nplanted i nside a bl ood vessel or other tubular body" conduit, to help
keep the vessel on ARNAEAEE ma | owi ng bal | oon

angi opl asty to 01 € generally, be used in

repairing any of a nunifhe prekent Gnviemtion tuatdsad)stenlsraddu there pemidulasly, ihmsthodsoft he
vascul ar, biliary,

enitour,i astrointestinal and respiratory
syst ens, anong otﬁ rﬁa‘ﬁ’é ﬁﬁf‘gowed weakened, distorted.

di stended or ot herwi sem@&%rnggmn ﬁ%%ﬁ@ﬁg&u@&sﬁcm&d d&Bw@daydPBla:ge@mety

nunber of pat hol og| cal conditions. ffective stent nust

possess a nunmber sr:mﬂ:kamppanmms,szpém fcm OfEil @hamk&hel# jopen sisboth ends,

Specifically, the aul

its surroundi ngs a%gm%% g‘f‘ @h&)égs?é]dq t;%ed%\n%gﬁ é&lcéﬁm' PﬂE‘p
living tissues mpuﬁdessbl or'EbﬁdLﬁtt@ah Suads miny be hed fbﬂao\&ugbandmtangi‘opmdto
stay in the correct position, and conti nue tg’a ort the tub

conduit into whi cHPPYent Bstennsisand smaye more EspFRAILY DIFPARIREBYY 9 |°rr@‘“‘ "

Further, the steQiwbili! body Gohfifis23uét ta¥ sy Gk Uhe VRIS ﬁnasrcrgehmm-y, 20
pl ace d| ameter after the stent dianmeter has been-signjficantly, reduced

prior toits i nEpspeinestinal sod | regpirasragmt wytems.amye@s dithess, c whicBt Bave parevedne

Stent materals tovpiged, e duiaes bPOlRIRRCned, Rrkctlp3e SRR ©

found that variousa aﬁmtnysfpimangbdlcoaﬁdomtam um (herei nafter
"nitinol"), wth or w%ﬂogﬁ. certain coati ng t}e desi red roper rti. s
and 25 are consi der ed PFRYS £ e JRYST (PRSS ?e%f“"ﬁ%ﬁl? MWB'H%

Speci fically, nil5i¢hataserivickh Spécifi¢allpOthe semeshoalll be @hérhiBelhy arlficdislopRelly ek Rel
to be chemcal]y and hiologically inert and tqQ inhibit thronbus

formation. Nitinol% Siroudings-And should apt sact withe gF © ise %F‘%‘Ba%u'ﬁ@rl’éfNﬁF‘E‘
whi ch al | ows themsrewmfv.hﬁ@&ém%s?ﬁ&wbe such S RvAR s} rinmdco%w sfu‘aam

their or|g| nal shape. Furthernore, nitinols possess sh menory, |
the metal "remembefopting @pémmrbcmba\@ebﬁdm forfghich pésmnjmr&omaxmded

Shape- momory al | oy2oas bt ifle, Beinck A0 edt BRI bt BB, Bleb Py proscrited in-

sui table heat t r?-@aplmwdxmenpeﬁut the estenf\idiameter has been significantly rcduced prior to its
insertion, usually tightly wrapped on a catheter, into the mbular body conduit.

These requxrcmems limit the suitable metal stent materials to just a few metals

and alloys. To date, it has been found that varions alloys of nickel and titanium

(hereinafter "nitinol"), with or without certain coatings, have the desired propemcs and

25 are considered suitable for use in stent applications,

Specifically, nitinols, with or without special coatings, have been found to be
chemically and biologically inert and to inhibit thrombus formation. Nitinols are, under
certain conditions, - also superelastic which allows them to withstand extensive
deformation and still resume their original shape. Furthermore, nitinols possess shape

30 memory, i.t., the metal "remembers” a specific shape fixed during a particular heat
treatment and czn resor to that shape under proper conditions. Shape~memory alloys
can be formed into a predetcrmined shape at a suitable heat reatment temperatxe, At
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2 BbH 66 Dadvom RAESVAN ON ' t"é“r’rb’&?é?“'ﬁr e’rdnge ("TTR') cergajg
nitinol aI | oys are wosideidr martensite phase wherein they arRCTisssteys
ductile and nay be plastically - defornmed into any of a nunber of other
shapes. The alloy returns to its austenite - 2 phase returni ng toits .
origi nal predeterm ned shape on reheatin aih.gve t he
transition tenperat urémf’“ﬁg‘é' L@‘h@‘ﬂ“ﬁh"é‘l‘?" gigﬂre var| es ach
speci fic combi nation abéinmiasn ghssovsrmcinysard H‘E’t‘hé“éﬁ? |agd, may be plastically  The
superlasticity of nitigketnsd B3kt bEl Aumbl JD SR REMNLY Th WREP Eekuft Sk dsientitik €S i t

possible to fabricate sten haV| ng, the desired shape and di pensions. Once
f or ned, t he stent"%fn B‘E'i"ﬂé‘?ﬁb‘oq’*g‘f’ Img?lrfg‘ﬂ’ 'F i 1 h roo
shape for insertion 5nbmd;€)mhi¢mbﬂ¢ymmm memmmnmmwmawdbe made
to resune its desired RAP&mARMm md ?lmwg&nggmal n alloys of nickel

and titanium can be made which are_ plastic at or n@gratures b o_w about
30[err]C and are el astic 3t Weseastsciyof afiaqlyaod
all oys are widely use@mummwmmm émcsnd‘cbmcnnwd.l ﬁadefumd. si-nce

these nitinols ar Ghedhhy &#}g PI § oénSiakron/RA iR Spe Adr il QB DOY
I Cla

tenperature w thout éhe nee y heat the sfent..
Wil e such stents hdbée® Q%%Pi"évf*'e%ﬂ% 5 e, ShaRec 0 £ ¢ om
a nunber of di sadmmsmﬁhmsoﬂﬁwﬂenm&mmmmﬂamm@agagasmat

tendency for tissue t t of the
stent. Over time, such ?rowt H"‘(‘:"é’ﬁ'f*a“fﬁg @3@%&“@%‘?’?{%3&% even
the conplete closure, *HFYs R ¥idely wigs for heeenyediop AT fof |“8‘f’”?di‘?°rﬂé“§ll‘ent was
i ntroduced in order t ;rdablep rexuedtheiricfrediships sGkisaal bgdyeriperere witivetedeedet ur e

w th no gaps woul d gkig e,1 gﬁ Hegindesired tissue growth. However, a rigid
t ube woul d Iack the hi y esirable flexibilit mhlch ac |Ied sprlng
configuration offers. SRR YR Y SR RHaGTY e ey paadnue, '“’?

techni ques for | ocati nymistehtiseivinmge. et here B/iolterdin cases, am@n@tﬁulnssummhe

stents are often i nSt e thyRbeniel bl GHrt ok el “0RP bR o 6h onid 14 25

I ntended optinmal | ocation. recogni zed

re i1 s th
need for, and it woul d®BE=REgaies or even i pompieecloses ‘S‘b&f‘iﬁl@d é“‘?té‘h i ch
woul d be suitably fIlémammmmhom&epopm.s%qmuﬁuucam—ftge.mbducw or

even elimnate, the po,am@%,%g%@ggw&@,“gw Vidbever, o Sl adigeN t he

coils of the stent. 30 here 1s further a w reco ni zed need for,

and it would al so be hiqjifilirkte %ﬂm‘amt"ﬁ“hﬁéw uiE ffpcsy
installing stents which mmmamwgmmmmmmmmmsmamym:

preci sel Y the desired kpeah bhidfine dhs 4 onkt mbia LG bdatithl R is5oP Prbcidlif O OF
by " 25 intended optimal location,

There is thus a widely recognized need for, and it would be highly
advagtageous to have, a stent which would be suitably flexible but which would
significantly reduce, or even eliminate, the passibility of undesired dssue growth
between the coils of the steat.

30 Thexe s further 8 widely recognized need for, and it would also be highly
advantageous to have, a techmique for installing stents which would allow the srent to
he Incated a1 precisely the desired lncation, either by controlling the stent design or by
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t hose cases where H&P‘Eu shape nenory" characteristic is use
stent is to be heate s final |l ocation in the body to cause it to
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resune its menorized shape, it is desired and advant ageous to. have a way =~

of heating. the stent which significantly reduces, or even 5 elinmpates,

t he chance of damagi ngmthFN@ws@summ Fretharmergy inghase: fses yhero
conduct ed for too |.0Ngn&Rekee membry t&mlﬁ&& 38 i =R i€ 10t 18 Qediid G its final
SUMVARY OF THE | NVENTI ON ccording to,the t i xgg;ll t here
i s provided a method o'P“f‘%fb’i"l‘t‘,‘aWh& causa it “gt’%ﬁ'i 1f’r%°§m s ch:rrprl s%g (a)
wi nding the wire on a fdvmpgeonssa tisvels way 6f)bedsiagite frgr Wchsigufcapsy TRluve. 6= form

a coiled spring; and s( gnidafet She &P ihoRiging B&Mﬁn@%&u@%ﬁﬂhemng which s

sufficiently, reversing the vvln dlrectlon Of‘é‘i‘%‘e c0| dsprlngtoform
the stent. F ‘55’8 ntlonthere i S
provided a stent conprising ac0|led Wre characterlzed in that the wire
i ncl udes at | east one R und in one sense and at | east
one section which is woun poSI sen

stent taking place by t|ghﬁp§pmgﬁgph§;ewém§&%§% V%E{ %@ﬁgg Qf sai d

subsequent |y al | owi ng i leent SbmntwiieNcotfristngs(a)i stugling ce ik ouli fimrrsangrpls (b) heuting

Still further accordi t J betled §i¢ dooed et hod
of depl oying a st gdr:tqml n akﬁmgt%?aﬁqlcg%%t nﬁggsrrpts}?f?f g;gim%%t ly

wi ndi ng the stent onto‘“m“%“ba!"m&a*cw‘(‘%')g‘ﬁ#ﬁ?ﬁb?flﬂf‘ﬁ‘}f&
ti e-down points on the steWum:&ﬁcﬂemmmmemmMammyHM| ngi ng

the stent to the desi rgl sconnec‘?ﬂ‘m% &QW&{,‘?M& " h‘_r,g,,‘b@ng@%wgd (d)

causing the thread to at one or nore 0 he t|e-d , Qi nts,

thereby releasing the tOESJHARF F pd ot Hﬁé?’@l’??“%“a‘i"ﬂf;hdi g%?]ﬁé’&?t?fb?“é’ 'ead is
neltable and said t hnbaehlnymendlosmrmﬂaﬂkhglplha; i dghtly wigditgris tswostmd cabetensndt 0

cause the thread ‘@“&F’“ ¥ &llowi NSlorAf @Rindbddd t O the present
invention there is prow met 83‘"‘?“ heatl a n|t| nol, ten&lﬂéo cause
the stent to shift from it sotifdpthernesordive phsereser e and

to nmonitor the phase cliapioyng acengin & Gasireg locftion, cahmns‘m:adhﬂwwmmmnym t he

stent to an electrical ) i b gnt, 10
o ) S Pl kil MK SRR B S

i ndi cate the phase cff “T‘H?“M&NFF’H’W‘hﬁ‘“tﬁéh‘d’ﬁ?’F‘b‘ﬁf‘“‘f‘hw

t he change. 10 be deployed; (d) cansing the thread 10 disconngct at one or mare oftheue—down
puints, therehy releasing the vie-down point, wherein said discomnectable trewd i
meltabls and said thread is disconnected by heating the thread so as to cauee the thread
0 melt.

23 Further yet according 10 the present invention there is provided a method of
heating a nitinol sient W cuuse the sieat w shift from' s manensite phase to its
austenite phase and to monitor the phase change, comprising: (a) electrically connecting
the stent to an electrical power supply; (b) supplying electrical current to the stent: (c)
sensing a chanjge in at least one electrical property to indicate the phase changs; (9)

30 controlling the current in response o the change.
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4 e BUAARM KM & HYUccessful | y addresses the short cdvBrags

of the presently wolssmmm st ents and their nethods of depl offFBRT4/opsYs
providing a stent which is suitably . flexjyble but which is sufficiently:
.tight so as to elimnate the gaps between adjoinin wi ndi ngs of the
stent, thereby signifi cantThy presgivetio :wmﬂém*hgﬁmlt’ﬁe therpreenlyi |ty

5 of undesirable grommm,%m%w%&mmwﬁﬁlmmﬁmm‘ﬁimzs skidtypr esent
i nvention further &P’ tent S anﬁl a %eﬁ%&e&{ hnl ques .
whi ch make it possible taI i e%lflc :
| ocation of a body tubﬂh@mcfahedmummbysmmffmfﬂmmsmmsew WRAW NGS

The invention is herg&ﬁg&m%o%gw“mrmmml mpvu,gnh,nngMrence :

to 10 the acconpanyi ng, dr awi ngs, vvhere

perspective view of a prfers, Seens) pod @'W"%%PW‘W‘“@T%WW" posible 10 FIG
2 is a perspective vi excunfelyingaling! seatii ghéciiy lsitos ol chintidl t 0 t he
present invention which was obtained by reversing the wi nding of a stent
such as that in Fi 8ure 1. 15 __FIG_3 is a side cross sectional
view of a stent underg to the present
invention, on a mandrel haviengpeddedis deei desribed. by aahofurinipieconty] ¥itharefermrce e at

sink capacity; ective view of a stent wound and .
i mobi lized on a cat eter e‘l]:“kpﬁamngccor ngfﬁg the prior, art FIG 5

is a close-up side cross s@@ﬂ&WW‘EW‘@W&’H&‘FW&‘H “"E”H’e"‘"s?g’i em of

Figure 4; - FI G  BIG. 2 ifa pRfpecpechdwd awmwmpneemnmmmm_f a
stent accor di ng to the “R&%&emmh 1Y SRELYD e oP P RGP bubiPds ¥pagvound
sections; G 7 a schemati c Si de view of the stent of Figure .

6 with reference to a iL"Sl'_'!",‘&tll'neter on which the stent is delivered to its
desired location aft&s rel meuafsxdhhassecnonnlmseofmtdntmwgmmteadng according

ElnGa ga!t ﬁe?efcgﬁnﬁl: gh%t‘ﬂ;ew%%ngnt [ st%g‘lnﬁlﬁieaéﬂ% gj‘:]:s?:g esire 9%?3&1' antty
FIG 8Ais a side viewSBfaB®at heter such as night be used in Fi gure 8; 30
FIG 8B is a side view of Fi 4dad jasjetdive @itw bl Ouenewvotidd and imimobilied st eothewound on
t he cat heter, according 10 the prior art;
20 FIG. 5 is a close~up side cross scctional view of a pornon of the system of
Fipgure 4; .
FIG. 6 is & perspective view of onc embodiment of a stent according to e
present invention showing two oppositely wound sectiting;
FIG. 7 is a schematc side view of the stent of Figure 6 with reference 0 2
25 catheter on which the grenn is delivered w its desired lacation after releasc of the
intermediate point:
FIG. 8 is a schemadc side view of s stent of Figure 6 when wound tightly
on a catheter on which the stent is delivered to its desired locadon;
FIG. 8A is a side view of u catheter such as might be used in Figure &
3U FIG. 8B is a side view of the catheter of Figme 8A with the stent wound on
the catheter;
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_FIG 8C is ZBsFdé™ i MiABT EMEONCk KEMPRd stent after its rel ease; P.19/35
FIG 9 is a perspectWompuew of anot her ‘enbodi nent of a stent"aﬂ’éﬁﬂ%g to
the : present invention showing a -plyrality of oppositely wound
sections; FIG 10 is a schemmatic side view of the stent of

Figure 9 with reference togse. sc;;umgv@a&khfphﬂﬁdmmm‘mhﬁém stent is
delivered to its desired | Jon wth th IE@“[ eased;
FIG 11 is a schematic S|dlce}E\Ei9|t hL ) a1 é&?# | gur e “9mm)r1en Wounﬁ

tightly On  aPresEE peantign Wl%”ﬂ?é“@?‘éﬂl’ wPgd getPFered to its

dﬁ;i (rjed I oca]E [ I(gn 1lpxgh|o“”chﬂ;£a,.dl21¢wst meomsmgmwemvmabi he ]

. enbodi nent of Figure S ng the
stent; % %qg"ﬁ"'gﬁ sliveret &7 ';kedrg"sr’r'g&etcat rve cross sé&ﬂ onal

vi ew of one portlon ofretmd.system of Fi gure 12 showi ng a tie-down of an

i nt ennedi ate poi nt; FIG. 11 u,@gm&l;ﬁgnwunﬁe ﬁdf%@mﬁew&ﬁe@ﬂwe
cross sectional view of one portion m of Figure 12

0
showi ng a tie-down of %‘@ﬁﬁ"ﬁﬁl‘m‘h m‘““hig'dmmd‘“ma 5 s a
perspective view of a vari G tis ofershdmive el otfharebrdinert of Figarad-41 showing onc

showi ng a stent V\/nergu Rethdd®r iR ‘E‘a‘T“!“ nis effected in sonewhat
di fferent fashion eibcdot ﬂhié G915 IS a side VI of a c;aé?eter

such as might be used in FF@JF%“ISI““““PP‘“P“’““UW secBonalyiew o 1%”?'%“6?

vi ew of the catheter ofysehgiFigurd R/ shawidgn delpws Do tntammeding: polat: t he
cat heter, 20 FEa, 14RG coi-ah ,ﬂs&emvh@ws&smﬁhﬂevemmmmt as
It would appear after it has been re} easgd.fromthe catheter,

FIG 16 is a |aid-flat SPEREf Brosi? Somers weitr? LR to the present
i nventi on wherein thds st enfI&ds lss pansmectivn ciew efth tagiston Hf herempodifabns o Figuee 9.

(rjraterialf o " showing Eg%wﬂeﬁﬁ&%mwﬁtﬁmh%%mMm&mmﬂ thg

evice of Figures i ncl udi n e rea

FIG 16B is a side view of P}%ésﬁé\i‘ls%“ﬁ‘? @%"% 'ﬁ'§hmg‘?) ﬁ%f?z‘%“ﬁggear when
wound onto a cat heter FIG. 158 isas:dev:e\!ﬁifﬂieaﬁmﬂfépmé}mwdﬁhﬂsmmlﬂnal

vi ew of the stent of Figld\ Wm0 When tlghtly wound onto a

LA Py OB R RN i N
been released from the catheter; :
FIG. 16 is a laid—flat vicw of an’cmbodiment according to the present
invendon wherein the stent cofls are encased by a film of flexible macerial;
FIG. 16A i3 a view of another embodiment of the device of Figures 16,
25 including 2 inweygral immobilization thread;
FIG, 16B is a side vicw of the device of Figure 16A as it would appsar whea
wiumd onto a catherer;
FIG. 17 is an end cross sectional view of the stent of Figure 16 when ughtly
wonnd nnio a catheter;
30 FIG. 18 is a side cross sectional view of the stent of Figure 16 when tightly
wound ontn a catheter;
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6 - FREH EPMSkEdfeonc &, oemvodect | onal  vi ew of hnot her. enbodi L0 P
of a stent accor%g%&the present invention when tightly, z&bout a ,
cat het er (not shown); FIG 20 is a side cross sectional Vi ew of

t he enbodi nent of Fi gure~ 19 when unwound fgr deploynent; 5 FI G-

21 is a side view of stent featuring neck-down regions and two sectlons
connected by a coil of | oWF1Gh 82 fs; 3 sde cvoss secdongt| visw of snpther ppbodiment of 4 swont

cr(ﬁss sectional View Ofgedriify I g%%,ﬂfm}g\mm%@dv wmﬁahomuuﬁ&@(n&%%}. &
schematic cross sectiona e view of a catheter. show odi ment
of a technique for rel easi ﬁé' #hia 2 9y 't'é"ﬁom{ﬁh ﬂ@f’ﬁ%‘g‘é % g’erggn

el ectrical 10. circuit ynwomdfordeploymEi:G 24 is as in Figure 21 except that
two electrical circuigs ar ?xd&‘ﬂ?‘.h& Mg,g@fumgg& k [dion REGIR B sechdh €ase

of various points of the stent; is acircuit diagramfor
the el ectrical heati ng%%?s‘@“gﬂf’??‘%nm ng - of a stent according to
the present invention, for Fide2 auk Mm:sexdhstumaiaquufﬁ:mamS heat i ng

Cihr Su upﬁn% t. or at an app é &eé%é&REFERRED ENBO:)l NENT an&he
phase shi :
The present invention |°§“6’F’“Fﬁf3‘rm§°€ %Mﬁ”ﬂbﬁé‘gbf‘”%%ﬁﬁdand

depl oyi ng them whi chigaixuze used to increase the effectiveness of stents.

20 The principles and &p@g{gly&ﬁﬂﬁzﬁlc:ﬁhgtetter %&ﬂaﬁ%&ﬁgqﬁﬂm

according to the present 1 nventl o under stood w't
reference to the drawi rf‘@}'é"éﬁﬂ“‘t‘ﬂé"“"°h@€6‘ﬁﬁa‘ﬁ'§/Prfb‘ H8Scription.

Referring now to the dravm Im insgL&rautJdmgxh:hlﬁsmwabmaweinggh@hwﬂiﬁr@Mf a
conventional stent. In | ?[n egcg %F@mnh;enﬂo? 7 &ggﬂi&%y

control the 25erX|b|I|ty 0 as wel| as e |nter spaci ng
and tightness. A nunid@Meaps siroulkupen, gy a8 s FREToPTe 48 ‘§'Pﬂ'é$'é’éfq°ﬁ°“é"éf’ B 4% t he
proper flexibility and shifit erl oop spaci ng. First, the stent nust be’
sufficiently flexible to follow the natural shape and di nensions of the
body conduit into which it is installed wthout undue stress. The stent
must also  be sufficiently flexible to adequately foll ow the various
novenents of the conduil R OBIGENTS | ndi cate that a

coiled, or spring-like, st r'ﬂgw{e& htﬂﬁndtﬁﬁqu xmprovcd sicnts and of methods of malking and
: deploying them which can be used to increase the effecrivencss of stonts.

20 The principles and upcation of Steots end related methods according 10 the
present invention may be betssr undersiood with reference to the drawings and the
accompanying description. -

Referring now to the drawing, Figure 1 illusirates a single winding of 2
conventional su:m.. la many applications, it is imporwant w previsely control the

25 flexibility of the stent as well as the interliop spacing and dghtness, A aumber of
facwors wmust be considered in selecting the proper flexibility and interloop spacing,
First, the stent must bs sufficienty fexible w follow the natural shape and dimensions
of the body coinduil into which it i3 ingtalled without nndue soess. The swent must also
be sufficiendy flexible 10 adequatcly follow the various movements of the condusit.

30 These reyuirementx weod to indicats that a coiled, or spring=-like, xuwucmre be used.

—|
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.7 _ FEB 22 "9H(RMaydM KENMY S HEMONTUSt not be too | cose since thisPrg36
"~ erode its body condupdsesmpaport function and since when the strewssesmsens.
significant interloop gaps are fornmed which tend to encourage the growh of
surroundi ng tissue into the separations. Such i ngrowm h may have

serious adverse consequencge,. -%*ﬁﬁgﬁ‘““&é@h’hﬁym“w‘ Yondde by

first tightly vm"nding_avm're.o? i e materi al o such_as
nitinol, on a mandr el .svPNe feesiowmi ke when the it Ipessns serificat iareloap gaps g formed

t enper at ur e SO \ichlod v Eidbidageld@ ghod@ & Bwinding Sitass me ehphmpe Sudiovever
during the heating progess, _the . I l.s al so heated, which bri.ngs
about its expansion anm %'Bcﬂ%’-ﬁﬁ%%%? ~a’'stent with |oops
whi ch are somewhat sdépar at & et isaypicallyanade by firscizhiyoyiedine s g pht yuphle muzrial ) 0 5y e

undesirable in certai NP} nitihck{dn R Ahndrel, The assembly is then heatddas e uitableemmamregaps
can be elimnated and the stent can be,stif.fen

S M}ﬂﬁg ; ﬁmac&n,y
reversing, the w ndi ng*df Peder ‘t“ﬁ‘g”ﬁl(’a}'ﬂf a "t’ce‘r::ml%t e e
suf ficiently. Shown  mandrel is sisofhicmeds whicB brings abpreitsaxpapsion and leads to e fermargn eff

Figure 1 after it has bﬁ&ﬂﬂﬁ&?&%ﬁ&-mﬂﬁhﬂﬂlwﬂ@fr%mﬁ&i iich sparititmer sal
(Figure 1), was the {eft end 10, is, after reversal 15 -

. the lo

(Figure 2), the right® %HV%WBWRQR"S’Mi l e what, prior to reversal
(Figure 1), was t he Thesgjiwtrioppighpsecha te biiminatst pnd the Seent fag be iffensd somewhay s g
(Figure 2), the left eggrefhuhR JiRAP girekion of th afudSt héd dobledRAeRiIGVYESHbWI ed,
the reversal puts each, %E) }er?ﬂel astic dﬁg}%r}sgf‘io ﬁ@‘?d tt]%reb Th
causes adj oi ni ng | oops*t "8°r § &e shge by g lI"'I“FnE jbay "é?m gaps.
Under certain conditi ombarzpriot tomévenah (ezuie \1), westherleft eng of the loh, (18 i @ity ion as
20 described above M (K& Sel dhelchdd 16, wikORHal brfor RMMcisd] @iiAL, Wa) SUCh
a case, the ri gi(dl_t‘kl éﬁ %:?ﬁf%;&o@ﬁmﬁ bg ;dt%“%% toﬁgn&ﬁsi{zed
| evel by following a rSHEH Li"‘?ﬁlgj‘.m'f 0op, 1 gj‘rﬁ‘ﬁ'e%m’ (l'é%ge T & B PG oo
The reversed stent 20, Aniwtibhe aprrggiatd, shy roversal putsiotsh Jocpligelsstc defermaion sudabicint o a
trrgngir\ella 22 (2? ?E;es?)ent it%.&rri ?ﬁ"éfm?ﬁgg%‘“ag{'& nt 20 g‘ﬁg‘kmhgﬂpg;/%ﬁ;;;yélrjzed

. Pgﬁ’ﬂéf"ﬁtﬁﬂ‘}’é SRS RYHEYEERE T8 MEBR TSPy

reheated at a suitable ' ransitio but
the reheating is al | 8lvdebcuibed shov taylbe ovrly yigid for a specifipaplicatinoy fhuehos efist B¢y t he

out side portion of the rgfaRnbs &d Rk m) Beduida W QY dQired 18@1 SyBllowing a renebtidfat ched
portion) to approach the reheat ng‘? ervrrperat ure and therefore to rel ax,
whi | e t he portid’ﬁ" CRER B near the rel atively cool nandrel
(indicated in Figure 3 by e etversed sg8 2Nawies)ngifitg 50 A¢ Wi"fmﬂ P30 R ower
tenperatures, does nNot niaRér@i’22 (1R 37 PR niky 6Emdy@otHa e mandrel previdubl$ usdd loGive al
rigidity. In this wayste L PReatad SLeN o A0 G20k B weLRBLANS: Sictie
flexibilit i
Y emperature sbove the transidon point but the rehearmy is allowed to ¢ontinuc only
long cnough 10 allow the nuside partion of the stent (indicated $n Figure 3 as the
unhatched partion) to approach the reheating temperature and therefore 10 relax, while
the portion of the stent near the relatively cool mandrel (indicated in Figure 3 by hawh
30 ruarks) swys at significantly lower tempesatures, does not relax, and continues 10 have

its original rigidity. In this way the reheated s1ent, npon coaling, displays a flexibility
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- L RECEIVED 62/23 @S:2@ 1996 AT S33p69Y : -
whi ch is int &&@au'ase%emMmeﬁfEt HE THPERESEed®stent and a stent

which is ‘conpletely rel axed but wi thout opening up gaps between the P.1335
stent | oops. Wwos4#mpd durati on of the reheating nust befChV=SfUEsYy
controlled to achi eve the proper degree of relaxation. The reheat.ing -

tinme will be influenced to a | arge degree by $he - 5 heat properties of the

mandrel . A mandrel whi G WWM& o@%ﬂm H44€ oS swnt whidhEia

| eft-hand portion of the rrandre f Fi ure can,absor.b con3| der abl e heat
and keep the stent &P HSN 'a‘t‘fﬁ‘ gp%# uP_F21S SFOATP & P8Ry ¢ i e

By contrast, a mandrel whi dhehmodaﬁmmunzmkwmwawm

ri ght-hand portion qg relkRAKIE. St e Qdneatitgtie Q,Bb,,gﬁawak}sq e MGk by ik | €
heat and will not kee e 10 stent at Iowt e e}m % byt rat herbivvl |1

al l ow that portion of Propegtiss of Reamnitin “H t}\fﬂg Pehas

overal | heating tenperaw:fehaadmmﬂrmmmf&m B.chranbecth msidmblehmmd
Advant age may be taken %M&e&.?f&ﬂ&%&u&ﬁof%ﬁy%“ﬂem portions of a

st ent to different extents SO as achi-eve a“fi nal ‘ggroduct whi ch has a

certain rigidity in one YGP“W@"S‘E’& Which s logy hyas;sik qapacity, gueh as terighisiged - o
significant interloop Cepiea oihheohdndrtl of Eizint 0,78 sbbb vEy[dintedba yd will navheep ihe

useful to have signifij at lo® x&rﬂ?&:ﬁub/ﬁltapﬁ?ﬂaﬁ:&ﬁmvﬂf&ghgﬂ&mm@ﬁ@r each

end of the stent to faci|itate esuturlngo st ent | ace
It will be appreciated ‘l”ﬁ ¥ resch dhecyeralhheding $mPEATTAIL MYFregyromplcte rlmgAROR | axat i on -
characteristics can al so beadaingemeche biteavedis progeny weehelit tifferrre pdriveegfaBms t o

di fferent t enper at %ﬁi?fn@rﬂgxn&nfs@?sm&iﬁﬁﬁa%ﬁﬂ ng as3 égquﬁ&gq,g“geat er

or furnace. 20 Convent 1 ona e reverse tents

according to the preserff Mo seciiqns @ sty rud 3 SEMUm PR gyt npl= e at el y
pl aced in a specific 15chakillyrit may belisesl) awlyave :x:nincmndumaop gﬂosomlmﬂﬁwmm:rmst

effective. A common pl agg e tend [g.qm UL eailithek ad 1S | | lustrated
in Figures 4 and 5. Stent 20 | S tlgh=gl vvoun%parouﬁg a“ggt“ lseter 24, whi ch

typically features helical 'ér”ﬁ'b%@%‘"ﬂ Shake ey baRg Femoop Of SIedE I8 ot ent
20 in its 25 tightly wosharebesioins iz0ialsa tht @thicved by hesting the dillerent isagmentyxd SlittafertSt ent

20 are typically bul bedymdeeafires addtnef 68 af q;cq,g egmé,ugg enl ar ged
di aneter. Each end of,.stent _20 is |rrm)b|al *lsze :\:’Y i read 28 Il\f\ﬁznch i's

anchored by wr appi ng 2r ound Té?ﬁ%?‘eﬁ““‘é’ﬁé’@\l/é‘rgﬁ Urtspeeoniing b the prEtell o nped
over t he end of st enten®O decritadidure, mmtwmnmmumnocmnﬁmtwyes a

smel | diameter bore 30 &%:mwtamoabums Rt § 8t e oo 0N OF
thread 28 enter transveraﬁi‘éﬁ 0 2? b}% near t he bu en of stent
20 and thread i s connecf 1 Fiameedd I, giobddssightly wopnd spnmd 2 cahe F t hat
as long as release w renﬁmlrQsamswmmhrzéawd@&smmomﬂmzzuhm

25 tighly wound configuration.

The two ends of steat 20 ure typically bulbed, ie., the ends featare g stightly
enlargedl diameter. Cach end of stsnt 20 it inamobilined by a thread 28 which is
anchored by wrapping around cuthewer 24 soveral times, Thread 28 is wrapped over
the end of stent 20 as shown wn Figure 5. Catheter 24 features a small dinmeter bore

30 30 through which runs a relense wirc 32. Portions of thread 28 enter ransverscly into
bore 30 near the bulbed end of stent 20 and dmvad is connccted with release wire 32
{see Figure 5) so that as long as release wire 32 is in place thread 28 tmmobilizes the
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PASE l‘l (PRINTED PAGE l‘i) )

9 *ECE‘“%&ﬁ%%&hﬁz%%@ of ‘stent 20 are so immobilize® 43

"stent 20 is effectiwdddioeag Prevent ed from unwi ndi ng and r esufiRdunkdS
preset shape. - To deploy stent 20 in the body, catheter .24 i s
first brought to the appropriate p03|t|o?| Rel ease wire 32 is then

~pulled, thereby rel e%ﬂ&%&iﬁvﬁ%m@&u%@%zo&@m.ﬁwmud Rend 80 1t QR Bively
I mredi ately proceeds to unvm nd, .enl argre and mstgll itself into the body

t ubul ar condui t VT TRES GOR mivinding pnst reyumng i BESSY ion to the dianeter
growh, as is the case fdodepic)ym:QOMeMmgmaHyﬁmlmgshtvolpm cont act

each ot her. However, a nmes a
v : Som%%ﬁf s Bk putted, &B&?&dh&ﬂm%&@@ls&&o §uvld

final position whic at ar |trar hlnlts | engt h, and
whi ch depends, to sgr:r'g Hﬁ‘&é %"‘@‘Fﬁgﬁﬁlﬂef"&%"lo to

the unwi nding in the mmemhlshmdhmpduporﬁﬁhmtheedtdmmfgxwh.tamsmtepsbmtt he
accurate pl acenent gy M}%ﬁﬁmm@f%ﬁﬁfog RS | iGweode! 1 b bRoGRGES -

Hence, it is qU|te|rrportant easethe stent Wth a
hi gh degree of accur aRyidng, steat 20 sssumesra gl jpiias which §s somewhgtaftpmigvitiintison of a
stent of conventi onal origing icaigh, hﬂwhldlde?@mwmleﬂdnblythﬂbﬂhbmdﬁmg

Lir ough many €Y C! 25100k sk MR 18 Blelch ot 6k thp ki S Uil R e e 2

detrinental effect on surroun I'Ssue since era prol onged
turning coul d abrade HF‘W%M#%OF&QM@@ f%"ﬁ’(“%‘fl%ﬂ“vﬁ"ﬂ%‘“mﬂ‘? vessel-s
i n which the stent | Sterablk @asiegk the mmmhahaghdﬁaeeradumg& y, a stent according

to one enbodi nent of thenﬁ%‘ﬁ@ﬁ;{ m%?qﬂ' c?ga mlde HRvRkondl %H gd Wre

which is characterized i he wre east one section
whi ch is wound in one*EwmyEd i the swid wming “%ﬂ‘i’é’ @ cycish ol e spet eails\Suh@ i n t he
opposi te sense. PrefSefuminf vould i@ § dthrhenia etfertChn Surfounlling Qissud €URS i sigdd @ach of

t hese sections rep&@;ﬁ&@&&ﬁ mwﬁ%%&ﬂ%e@md%&i‘&%ég‘dt 120

exanpl e of such a stepnt I gures
has a central point 49 (s e st i relgaree ng direction changes, and two 25 end
points 42. To place stent A&aingin -wmpmmmmmr&mmm&msh tightly

wound ont o cat het ep,324 m%&g@uﬁghxmécﬁgc@m ures g’aandﬁgﬁg ohec! ease

wre 32 as descri bﬁ& ove I'n e context of in any
ot her suitabl e mann@t 9o “ighis tvoepd in one sz And ﬁl‘““'ﬁ&?"rﬁ‘nﬁ‘b‘"’?‘@ iy pavgd P'rﬁ‘FDbl I i zed
in a simlar manner, mammghﬁmmaﬁwthum&eomumwmeﬁcﬁofﬁ&mms

place stent 120, cathg E&thESHﬁ wﬁpl%é)% %}, n. Next
central point 40 is re ea y us ng secon re easerwre 3 I's all ows
stent 120 to unwi '%T‘f idut any axi al displacement, since the two ends
42 are still inmobilized. Sent 120 has a central point 48 where the winding direcrion chnges, and two

25 enc points 42. To plave sweny 120 in a body condait, swent 220 is first tightly wound
onto catheter 24 and end points 42 ans immobilized using releass wire 32 as described
sbove in the context of Figures 4 and S, or in any ather suitable manner. In addition,
ceawral puint 40 is also immobilized in a similar maaner, but using a2 secund relesse
wire 33,

3y To place stent 120, catheter 24 ix first brought to the proper locarion, Next,

' cenral point 40 is rcleaset! by using second releasc wire 33, This atlows steat 120 w
unwind without any axial displacement, since the two ends 42 are still immobilized.
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{ RECEIVED @2/23 85:21 1996 AT 5338694 PAGE 18
10 As st ERIZELE (B TrH KENYON 5 EYR |ts(P?lJI“ID Ganstdr and is firn yP.15/38
~installed onto the igy wal I's of the body tubular conduit,  _prossemsssss
At this point the two end points 42 are rel eased by using rel'ease wire 32,
freeing stent 120 fromcatheter 24, and allowng the latter to be -
withdrawn. Since stent 5 120 is al ready fully unwound and fir

| ant ed
in the body conduit prf\byent130 wpyinds it aspumescis 44 W‘%M’b%‘%‘“ﬂ?m?t%m‘g}fzo
does not nove upon thewilis bEdRadpibubAchogst Nt s 42 and remains firmy

installed in the correct p %&Qf_n are
nore detail ed views of catﬁé#"{ér"gﬁfang%gﬁﬁ 120, as thguf F{g %gﬁear In an
act ual appl i cat i on. fresing st 120 frmp cazhaen Hetpd WARRRPSIRIE W SUEEr di ng

to the present invents m:shwmyummﬂwpmp&mn the beaip cor@@Oprios tonkede U

of several sections w adj oi, n| N9,5S£C &0 o)
directions. Preferabl y?en”ﬁj il zoﬁﬁéiﬁpgst ent a{rgg%guﬁ%‘aﬁ?\ OREOSI te

directions, wth inter redamaing mﬁwmw&'&?m

wi ndi ng directions ﬁhaﬂga,mf&pvmlgpnﬁuamNsmmuasmemme&me used
which features a serieg 15.0f suitably placed pins or protrusions. The wire

i s wound about the mandPEF™fhd use is made of the pins or protrusions to
wrap the wire around!® hese T motx ciaboditent pfestpaty aeording 1 RGPy BYHEPaFROvINg ] on .

agtr)\gn InaF:cg;the r1§| Iez g&&efﬁh%gmmnn%famkmﬁmtwmmgm 34
I rs S W 4
approxi mately one half %W‘*‘l‘ﬁ?’ ‘ﬁmﬁtmﬁ%ﬁ%aﬁgog}d}ew

rel ease wire 133 ser vedirction;, mm!}bmhmzhmt pasats 14lhmprespnsies BF Nsivoe Mprst windisg poi nt s

140. Each of rel ease V\nd&&ﬁon;a&ganﬂn&%?suén&:iaﬁg&fcaﬁ&b&aybeuseamm&dumas own
bore, 232 and 233, §|%?‘c The rel eas

acconpani ed by the r p| d“(gﬁ%' P BAYEPFEPN 8 ‘éﬂgé%g"ﬁgc"o#&flﬁg&“s’? ent
but is, rather, ac hiitmasel ofohe pisis 97 progmsionsdo unpfhem wounh fapRg INRdey NSt |
through approxi mat el y tmﬁ&gum before the stent is full y depl oyed in

t he body vessel. es 13 and 14 _depi.c | S for t he
actual inmobilization of an® uﬁf“é‘r‘#é’a‘?“&f%"%é‘?‘ﬁ%&dgﬁi% PORt 42,
respectively. a firshrgloash) wirc BMWW@E@@M%W%@#M
present invention lswhomamwmﬁa%ﬁciicma\mwa&mh@veeaﬂmmbMamand in

or depr easi on 50t heuSER g ania, AL bl W 1af il O T WS, T T K
The ki nk or depressi on aedininomm oreadiz ag 233, rpeprively. TR0 picrse pEwchyysent is not
accompanied by the rapid and prolonged wming of the coils of the stent but is, rather,
achieved by minimum and uniform turning of the coils through approximately two
25 wms befors the stent is fully deployed in the body vessel.
Figures 13 and 14 depict possibilities for the acwal immobilization of e
intermediate point £40 and an end point 42, respectively.
Another embodiment of a stent according to the present nvention is shown in
Figure 15, where at the end points and in the vicinity of each winding direction
30 change, stent 320 feawares o kink or depression 50 in the otherwisc circular cross
section of the stent. The kink or depression 50 allows stent 320 10 be immobilized on

\
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- Fi gures 15A and 158

' AGE 16 (PRINTED PAGE 16)
aca ﬁ&gévmmmmma%m mgv&Nre | ease wire (not shown) above klpﬂ%’f'fs
" or depression Sﬁ%{il gure 15). As can be betgpcgimowses i n.

er 24 preferably features sl ots 25 which
accommodat e t he ki nked portions of stent 320 ®Ho that release wires 32 5

b1 | 365! ot ent 320, BT G e preat SR St o8 B Mt B G gt .

rel ease from cat heter 28/ {ve Figure !5). Q her variations and inprovenents of
“met hods of i nmobilizing andg) mmﬁnﬂ;QBA&d 1‘5@%@&&2‘3%&&0@ or
those according to the t I nventi o -
When a stent is to be |‘ﬁ§?f’g WP%%?’R@W&V“WW&% S‘f‘“déaj’% n
deploying - the stehtnd33 mmsmwdm«mrﬁy kingadpogiog Wmmwnw a
hi ghl'y convol uted path 388 Fgure H@zﬁ@ﬁ&@&hﬁﬁﬂﬂﬁﬂb&% tmLéy_;gjl on.

If the stent is to be releaged romthe cataﬁt‘er dlmgulllng‘dont

rel ease wWire, the friction P X #d UPRIvEMEHE © ?fy qoilizing #nd mRlseging,py e
~sufficiently high that sgak|vhedertddaveiiodi€ @16 Guiti se@rdivig| th dregesnt invedtidn) @ay be
deformation 15 of the g gﬁi&,ﬁicat heter and bring about the displacenent of
the catheter tip on whic e stent is wouynd. This, in turn, could

result in the inpropal pl ac¥hssessjs o hs msegpiscen inro the hody, the cathereqyged ifdeployies
avoiding this difficul tyesessiciromasly vay Bag dnth mby rgere o1y 2 digidy cddvoluted patkiar € t he

release wire i s an el egfr ,%ngféﬁ“ aTe) ase
W res descri bed abgi%e‘d’u ?iwno Wo?'smzciﬁqtﬂm%?ed&étagmgﬁ%\@uct a
smal | electric current ?@“Hﬂéirﬂ"‘ﬁ’éﬂ:‘?“\l%ﬁ'ﬁ%‘ﬂ?"lhﬁg’ we he sV Al th3 5
pair of threads 28 are mmwbcﬁmd,mghmpmhgmhmmmdnmmmmm a .

certain point on the gt égp% |?QQ¥WI: ﬁ'l"ﬁ‘ :a!lhﬂuﬁﬁ wth a
heat produci.ng el enent %(%LL or NG & part o?p%% el gwtl’l cal” ci rcwt
Heat producing el enent T8t Egunge This. inumcod it e Eprpe Placcment of tbp foeh|
energy into heat. Thr caOm28ay f woadte hif difficnin ie derdnsmamd: in Higures 28/amn2dheat

el oasi ng the Stent. el ot Gl %E%??%ﬁ“?“ﬁ?“ﬁ&gure %caﬁﬂﬁ%eby

features two circuits, 93Fipréabavaiymor mavallefut is.faies uyrd
sequentially rel ease Zﬂauppmmlvmngme cphﬁhanﬁgmam. afpﬁr ofmrendemihm agh

descri bed above. As wil} | g!"g# CRRad be
"used in a variety of reI at %gﬂv\u/é@éslp or exa g&timgﬁﬁwgﬁ?be ca&?gd to
break or 30 di sconnect BFoRaG:Yihagea WMWY@@%W”&%WW@‘

Nitinols of certain conﬁaspiomghnmmwmtnlm ehificoateitt danicd Ropegy iohi ch

are such that the pififQla b sl of § miBkd GBSk SHBRS ooty clesedP bRt | C.
at tenperatures of ab%ut Rctivazed, thread 28 s caused 10 el thrchy lcasing tho
% o steit.
‘In the embodiment of Figure 24 catheter 24 features twa circuits, rather than
ome. ‘Ihis makes it possible to sequentially rcleasc various points of the steat, for
example. as described above, As will rewlily be appreciaed, the basic concspt can be
used in a variety of reiated ways. For example, thread 28 can be caused to break or
30 disconnect by cuming, by clemical reastiom, and the like.
Nitinols of ceraim composition have transition temperatres ranges which are
such that the nitinol is in its murtcayite phase, aad iy plastc, at wmperarurss of about

\_
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" { RECEIVED 82/23 85:22 1996 AT 533694 PAGE 17 (PRINIED PABE 17) ] ,

12 FEB[ & f?ﬁcpgﬁwmm&mwnite phase, and hi ghl i cP-Hr3s
or above body tenpe w, above about 37[err]C. SU&W are

useful since stents nade fromthem can be tightly. wound about a

catheter at roomtenperature and can then autonatically resune their

desired shape at nor e Ciaaiiy in itsmpstenis Physcs engibieplh EHEstie: 0,300y body SEPEMYR | o) |y
heat the stent. 5 abave abolit\3P°CE Such kildlysSard e Ethod sremsSnikié S6rh therh caibedghdy
di sadvantage in that t st ent eat ¥"Ef§“§wﬁr g% WUk Bei
prematurely, that is, "%g'fdo e ?f‘%%ﬁ%%’?ﬁ%%%’gn ed posi |o§?
and may thus suffer urf§@et hapsmaomulbedy wmgeraptvihen e rehe *F8edly Mt b 1t i s,
t hus, useful 5O enTHoMver) itiis Rkt s0kérCom 1MsRdvantizs BIGk thé et dugMer at ur €

range above body tenperature about .. ert g} S Hﬂéi the stent

nust be heated to a te%%?ﬁ%ﬁ?@é’%b?w““ﬁ%“f']é’rrper‘gg‘ﬂirne. | nwosﬁrﬂ‘d%r ‘to

convert the nitinol i rindmiytthne sfertupisicalic gressesand permanent deformadon. It js,fhus,peeful cases

conventional techni qUas Myl nith@ whidhRavd @ @lokiBh wper® Fingd 2B6va bEH) tdnd@anme A
e

circulation of hot Iiquids rough the cat hete t t he, stent .
difficulty with %é"&‘c#‘se%% s“ﬁ“‘s“‘?’héﬁ E‘a“?ﬁ?]qi ‘gf"%]“gsﬁ'b ¥ %‘}s"%ct ed
havi ng a t enper at ur éVvitsmastariedn erder to convsmy fhf pidiokino|iy aisicrj PRast-as t o reach the
stent at a tenperature WhigRuch Sase ddnbdnedn® RHciniqudd el Yort the neating Bf siedd trBugh e St ent

t enperature above the requir TR ES ecia)% ere _a-.l ong et e

nust be used to reach ?‘%P%%Sﬂ&m%&%’é?,“‘%ﬁg |nf5%%°§ﬁﬁ°?q'qﬁ|&§%°?3’rrmp rature
may be high enoughthiqen irstu doivsid cus de e having ®telperago#lich sssues.
The probl em i's cOMPOUNABRely nRShds lobba e Bk of Orcfiied Vion hosRinkiBRly BipPW| d be
di sconti nued, since {st i S:hd' fficult t}g ';Eow %lﬁsg%wpe% hle ni%i nol
reaches the desired - "30% SHpEPHRYPE R BIFESUM “TERer &M s 8 BT Ency to
overheat the stent, whishbefused tolrench remmse hody veseels, the injeced lignjicktmpefaresymay bechighi ng and
danmagi ng body ti SSUEsS. enough to canse damage w HIBadANESHPRRY hi@sEe shortconmings, it is

proposed that the stent begheated | ectri.call nd, that adyvantage be
taken of the differences iﬁ‘etpﬁ%g‘ﬁt"ocﬁ‘@ma@{wo s ggf?%mamﬁ %"% r
martensi te and aust eni ti¥oysued.aipecivs diiend e intverreielnyisn e nigerbsarhesthedisizsdni t i nol
to 25 aut omat i cal 20y winfgitind 148 a ki, FE@AE 4 ttency 1w overheat the sient, whide Rk Bkl N

Figure 25 is a circuit _diagram.of. a gstent. heating and nonitoring

syst em according to thtehgg%g’sf "ﬁ’fh*"ﬁﬁlﬁmfﬁg%e.“f)“?&l nci pl es and operation of
such a system may bé&o [sedriome theseckborongags) st opoesd g thetsisatchechetsed fj
exanpl e described next eecmically and thit advEnavelaen b R6 hifkbreR6d if B %@ € 1S

hlustraive only and gogs ohuyl s SRl Bl e Lot b 38R "
t hermal conduct i vi t y2bfuemagtally ygilate the heaing.a| | oy in its austenite phase are
different than in its mart @gghddan Pi@s S is FRFLiCRAMA &2 ste heating and monitoring
system according o the present invention. The principles and operation of such a
system may be betier understood with respect to a specific cxample described next
It is o be undersiood thar the example is illustrative only and does not, in any way,
30 limit the scope of the invenrton.
Tt is known that both the resisdvity and the thermal conductivity of g nitinol

alloy in its austente phasc arc different than in its martensite phasc. For example, for
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13 a piaEt ¥ (Pear BHATTIGNYON AW stivities are 70 and 100 [err]ohmacng’nS
for the martensite uqmom austenite phases, respectively. ThecTuEsmes
conductivities for the same nitinol are 0.085 and 0.18 watt/cm-Cerr]
for the martensite and austenite phases, redpectively. - Ina .
system according to the prese nventj.on, Ste 1 I be electrically
5 connected to a pomel”g%ﬂl?‘cngn’ibé‘“gﬁ(’fﬁ a?@%ﬁ%&%?&r%ﬂn appfgo‘ﬂ%i ate
first . resistance l@enif ghassmapprtiely). THS thetmal copdyeriviies; for the dapccnitngt ahce 108,
for exanple 0.15 olyas ﬂ@mﬂwwc&ndedmmnau&mﬁedemmahlp&s&pﬂam%dr op in

the martensite phase, say 5V, cross stent 100 esi st nce of
036 ohm (0.5 nm di anet er H‘ﬁdﬁfﬁ’d’ﬂﬁ?ﬂ! 6’? ¢ imveanon. 3 mw\‘ﬂﬁ'g%ﬁ‘?
shifts into its aust%MMWhﬁsmﬁmm%t@@ﬂvﬂVlWréasemmale)hﬁl 10 ohm

and the vol tage drop @&fﬂﬁélﬂitfﬂ‘}}ﬁ% Q. Wioheh, ahd bR YSstafcc A0R Yor cldiple 8341 P
change in. voltage |§ an exce a |r? |cat|£8bﬁ[&‘%t s?tent fOO ha?shlfted

into its austenite ph&%“"%'@&ﬁ‘lﬁ‘é’“ﬂ‘e‘d‘%ﬁ STRTRORIEe PRHR SO Vhe

heati ng process, eitherossadnt 1004avirigiresinaset 01036 ohm (DSmmdicmeted and 00 owm lehgd)ect | ng

t he vol tage change or at Mo@ﬂf‘gﬁa u%mﬁéhﬁ@:@ﬁeﬁﬂm&ﬁﬁmamﬂaﬂj after
as E

15 For exanple own 1 n ure , .the circuit_can furth
i ncl ude a transistor® "t‘-f"'fm“-?ﬁ“! PF'°<§‘ m@emﬁﬁwe 78\ %hﬂ%ﬂ‘@“g&s st ent
100 isinits nartenSImaahﬁdaa&ﬂaichEntmdxcpmw::calwbm i Qoo Frivs scstayset whasd 06 Wi | |

be 2.8V which is abovend 4e nd ALES ANk HPenl Bhe felf pm@.&&&‘énnﬂ&d‘heﬁlﬁ cl osed.

As soon as the austenite ﬁ;ase I'S reached the o%entla on tran5|stor
gate 106 drops to 2. Z\P““WF%\BPWW%WB‘%“ Efs‘?’rﬁj“?h@"ﬁf“r‘ﬁ‘&‘fl‘l 38 open

and 20 the heating to teeattkr.scont i nued The circuit may further have neans

(not shown) to CQB“”UEFohﬁﬁ-& creeeu{fmff&&maumea@m&rtme
and at a suitable rate &s ou g ecl at ecLo a siml ar system
can be used wherein tH¥3 ‘Y’@ﬁl”“ﬂ?%ﬁﬁ?’a higpe 8§ Fegp L 1”? is

sensed and used to incﬁowuhmudwuphawmwﬂmt’.ﬁwmchunbovcmc:fmeshammmm cases

it is desirable that thguSlifed abdd D QR mmgwug
acconpl i shed by enca5|Lng t he wfre ﬂ}\ﬁ,og{pq} < = I'n Pastlc

I n the s ent n
envel op 70 (Fi gure WWN‘“ g\??’g‘é“t'ﬂﬁh% M t he
stent is in positior® thcheﬁhowrbemm&wgmenmtﬁcmaw fbeakaee mranemot :tmav\toand a

side view. respect i Vel dmintnadthPRliond Bis poinFBELERE tod fd B A3l R YU 70, 2
It woul d appear when s} ent ,20 !Ig%S!a E Al wound cat heter 24

Anot her enbodi ment of ZAPRERREL @%W?WW‘FF’@&F’&%‘%WGB
The stent is as shown hsvoiig drop, if Snsed dnb uich @ ialiker the pheseafansitiospeci al rel ease

| oops- 21, preferably rraﬂwfcaés R 1ok BrePona tnd Sdnk fornt B ERhuBhs »AR I TRY Ray

- connect Ed to plasti Zienvel mﬁ\shedby encasing the wire making up the steat in a thin plastic envelop 70 :
(Figure 16) which will provide the continuous wall when the stent is in posidon.
Shown in Figures 17 and 18 arc an end view and a side view, respectively, of stent 20
enveloped in plastic envelop 70, as it would appear when stent 20 is tightly wound on
catheter 24,

30 Anothef embodiment of an encased stemt is shown in Figures 16A and 16B.
The: stent i as shown in Figure 16 with the addition of u special release loops 21.
preferably made of & suitable plasdc material and are conneeted 1o plasic cavelope 70
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E
- 14 RECEIVEP 92423 (- %}P@b u%%%@ P%I ch can be used (see Figure 16B) B
an

engage refta d. inmmobilize the internmedi ate pe:pRhSunkgsst ent
20. The ends of stent 20 can be i mobi | i zed as descri bed above.
Yet anot her enbodi ment of an encased stent {pr. effecting a continuous wal |

5 upon .depl oynent is shown in Figures 19 and 20. In this enbodi mrent a net al
core 80, preferabI?ﬂmd@ﬂ‘&ffw{l|M=ﬂl%%ﬁa§mll@)a°ﬂHSMI ope 82

preferably of a suit as2lai immoRliz8 H ifisrmiikiGhini bf £EAS! MBe &li€6H sichi20lR@ Boi gt |y
wound on the cat heter, ﬁgglﬁqn h fo ‘a conti nuous surface when the
|

stent is unwound. Unl S %t i ons of Figures 16-18, in the

configuration of Figures Yemser cmoqimenicof am cachsedomeat; for offorting o peckimgw saliand 10
does not di rectlly CGdel Iima,bﬁl & i Adnss 19,Fianmmm,3mdmlemm%up t he
stent is envel ope it mat eri a pl ast |

features an extensi off '%fnd?ﬁ'% midnul, i§ gricaed i &@éﬂg Fﬁ@"é‘%"@ §fb rves to
bri dge the gap bet menmmngmmumu@omowemmmmmﬁhe
configuration shown i gudrdi btce WRendkthicAQs datrodC UnikdIdib colifiranbdd ¢ 15
expands and its netal ég{e Io ar e ’}iﬁ’@ w Jrom ach ot her I gure 20)
the stent retains | l?d’fﬁ"f’ ‘ﬁ'&ﬂé"g 3 0. the: FRY&Ope s mot eoppgmn t ai ned
whi ch features contWUndeotmue direciyadohmet adidining) paith Rmmgstuammwme et $sarme

|ength when vouNd. ont Guidies 2 Allehachilmeh o kL ek Yootk BERATA paS Vihen
fully deployed in the t shoul d not,ed

configuration may be U 8 Ves‘iﬁ‘*ﬁ"f%dﬁ‘(”f"e"\vg’g il W“f’ﬁ@%@h "2'0

direction, since a set®d wall is nmaintained even Wnen adj oi ning | oops are
not conpl etely conti gumsowﬁgmmn shown il Figirés andOm 19 QR Ghial bﬁ&x uie skhent

according to the pr eci al I [

conti nuous wal | supgsgg?"e %F ‘ﬂ*@f‘gf F’E%l“f’ ’fp?é %"‘l‘a"é'ﬁ:&% &Bﬂﬁ‘o’\%‘ i s
highly desirable.in tF?&P’mmnl@uwﬂ@o@&-r%sﬂa’bkewymmfaﬂRSMy
vessel and prevent 25wills St Nuida i fueihtlny it B loabld WG, oo OB LAGE=MA N t he

normal flow of bl ood The | atjer ch acterlstlc
i s achi eved through use%“@%?h?ﬁgggﬁys&“iwa‘%m Y ¥ %l s
envel opi ng the stent B#ifueh a configuration may bnusefildéved wihout hwqbuodﬂdwewam

configuration of they Gieeith, S8 l@uANHISE HlinEBPS Ien adiohidl WRBE 27 dot M Z€
the flow friction of H"H' gﬁ fl.owm ng i nside the stent and reduce 30

turbul ence. For exanple econd'rg%"?al ends of the stent can be nade to have
| arge coi l di anmet er s ffiscin be jotsd thetgt wensfacoptding sdiic pestobinvelrion, esetidly ophe St ent

is deployed, its two esing umnﬂninﬁﬁﬁanfshﬁpﬁm oA § Fedoit e, ROGINASBRE, i her eby
creating entrance r eghgﬂ?d si?a{ﬁe Inl A\Nsu rs%hlcglrr]ci: able to suppou the body vessel and prevent
25 dssue ingrowth withour undus inperference with the normal flow of blood snd other
bodity Muids. The laner characteristic 15 achieved through use of very thin cnils and
thin connecting walls eaveloplng the steat cuils.
In addidon, the profile and configuration of the stent can be adjnswed 50 a.s )
further minimize the flow friction of fluids {luwing inside the stemt and reduce
30 turbuleace. For example, the distal ends of the stont can txe made to have large coil
diameters thon the rest of the coils o that, when the steat is deployed, its two ends
press firmly against the body vessel thereby creating cntrance: regions for flow through
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the"Stent rehezeros tdaeimeaﬂ\'ms& sgwemtially flush with the body vesselp 2o

that drag and Wi Qpb@Ice are minimzed. It is known thglorisbagisdsence,
especially in bIood vessels in. and near t he hear, is - directly linked to*
t hrombus formati on. In certain applications it may be desirable

for the stent to feature uneven 5 contour to heI!E anchor it in pI ace. An

exanpl e i § shown i n PhyTRevieein thempds cogetisielngh wihsthebody premle a8 988 3 he coi |
to increase the fri ctdubilenbein\Riitnided) ) §§ Blobvn dturbdlice. cspdcialiySitl Gloodkeksels @ MOT €,

in some cases it may be gplt\égg ge&g%égqﬁpave égmkowhl chis made up of

two sections which are conn y 3 Subst anti al | y straight
portion of wire, preferabhyesanseeksaionit may bt desibic tiarehiopmb o figure geyen of t he

two sections 10 whi gheoing ﬁ%m%ﬁ&ﬁom N@na fesis s&9m ) Blguk DS, Whene does
not undul y press agai pst 1he of éhe bod ssel where there is a
natural constriction &H"’T"ﬁ‘é"ﬁdﬁg% ﬂ'é‘”f“(ﬁﬂ' AR of the
stent. Preferably t hetissenBoteimon. whome cise ‘d;\qpewshmsthampdﬁdhﬁhery of
the sten, as shown '%wega%u&ﬁw%mm&wﬂmﬂwﬁ

m nim ze the obstructlon ul ds througoa%t he centra gpor | ons of

oW 0
the stent. 15 °€ > FIE ROy Pag PG RRInty GRIPF QRRASIE 1OPRS Y 6 R F¥Bhect t o
a limted nunber of10 whichrieoit coBrepading foint) sb khathie wiro dewe onatde ptenagaturathey

vari ations, m)dlflCathﬂﬂﬁd@%y%smrﬁmmcﬁﬂgkitﬁﬁl&@ﬂ&a%ﬂelﬂ&y'vwwm mey be .
made. For exarrple th of|J | astic enve kes up

the stent :can be vari “’t?f "PTe‘f"t“er"‘é‘iS’H’Wd’P"’nﬁ“W“‘f“l‘l‘ E”HE“ d“”‘?‘fﬂ U2 shape
of the body vessel vmmriehcnr ®ftthe Beni, asdhown i@ che end cross-yectonal view of Figure 22, to

- 16- 1. A et Radniind BRfokditi A8 offiids QMg 16 Bnial Wiclidas ot Tdnd, ST NT:
15 While the invention has been described with respect 10 & limited mumber of
embodiments, it will be appreciated that many variations, modifications and other
applications of the invention may be made, For example, the profile of the plastic
envelope which makcs up the sieat can be varied 5o as to better conform with the
intornal shape of the body vessel whetein it is installed.
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. (a)  windi fi WP% KENYPY &tKEEONr el ; (b) heat,bﬁgs,x,aasv\oun({“
wreto forma coi spring; and. (c) after said coiled spring has
cool ed sufficiently, reversi ng the w pgli ng direction of said ,
coiled spring to formthe st ent . 2. A nethod as in claimi1, furt her
conprisi.ng: WHAT S %‘H@Pﬂ& said stent on a second nandrel; and
(e) reheating said reversedAeeibdd fidfiningg ssatdmt & wire, compising t i ne
sufficiently short as togpartialli L&la xfhm‘&g@ d stent. 3. A

method as in claim?2 wherel n sal second %rel IS [rade up of at least two
regi ons of different hea® si hauing s aepndvre © Brtion of said

stent overlying said at (cpasir;&m;ﬁﬁglspm§hm¢¢dledblfﬂdﬂﬂﬁmmdm ent

extents during said reheatin Q&Lxd\ef qed of a shape rrénbry
all oy, conmprising a tightly g"f'f ss"ﬁrcfdﬁng’ﬁ%v?“ng a nu t| plicity of | oops,.

wherein said | oops are coiled in a stressed direction reversed fromthat of
an original, relaxed directi @rnefiba iiuneling, mmehcompdstngsai d | oops press

together tightly. st ent fbddlef apgherein said coiled
spring is partially rel adZd I’(2\‘“‘“mm%u%m{ngi&ent as in claimbs where| n
portions of said coiled &ri WM“#MEPW‘F@#@W“EW@ 7.

A stent, formed of a shape Mg ipiidly iy saicanpri sing a coiled wire having a
rerrenbered direction of wi nding and at |east one sectjon whi ch i s wound |n‘

sai d
3. A method a3 in claim 2 wherein said second mandrel is made up of at !

least two regions of differenc heat sink capacities, so that the portion of ssid stent i
overlying said at least two regions will be relaxed to different cxwnts during said
4, A stent made by the method of claim 1. l
5. A stent made by the method of claim 2.
6. A sent made by the mothod of claim 3,
7. - Astent comprising a coiled wire characterized in that said wirce includes
at least one sceton which is wound in one sense snd at least one secden which i
wound in the opposite sense, deployment of said stent taking place by tiphtly winding
the stent onto a catheter and subsequendy allowing the stent o resume its normal

dimensions,

R A stemt as in claim 7 wherein said wire includes two sections with each
of said sections representing substantally half of said wire.
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. -17- " renerasTaed Wi reaciePokEdfoNve RENvDg and at 1 east one section which Pe22/35

wound in the opposwiopsdisssect i on of wi ndi ng, wherein said coirbrrossmsee i s
provided wth depressions ext endi ng . | nt o thi’t ot herwi se circul ar _
cross-section of sai-d stent. ent as' in claim7 wherein said
wire includes two sectiornss WA kheRCE &Bloﬁw ¢l SIER F IQIRST e B IRSEN tdciiih,

substantial ly hal f of_sajd wire. . A nmethod of deploying a stent
of claim7 |nade5|r'°gam"3§:at|on corrprlsmg (a) tightly

wi ndi ng said stent onto dﬂcatﬁturemdln: said steat onto y gathersr nobi | i zi ng the two end
-points of said W re gnd @oﬁm?tmom &8t RInEEAH stk CwiROhdA ot AbhsS He d

W re; (¢) brlnglng said,_s ent to,,the desired | ocation wher e
said stent is to be deployed:; . imermediate point ory “P“é‘l easing said internedi ate

poi nt on the wire, tMer dbyghal!mmgosi&idsmleﬂﬁom@mmﬂmmidb

keepi ng sai.d two end points |WI | zed; and (e) rel easing said

two end points of said wi stent as i i m?7 V\/nereln sai d
coiled wire includes at @ast%‘%‘@&%ﬂ@“meﬁmﬁw ﬂ]"wf‘?g

renmenbered direction of w ndiwgnveniwidit kdcpingsirid twooend pairts ipxmebilided; aial are wound |
in said opposite directiog Of i AfLfGwo end points of said wire. '

10. A ment as in claim 7 wherein said wire inclfndcs at least two sections
which are wound in one sense and at Jeast two scctions which are wound in the
opposite sense.

11. A swent as in claim 7 wherein said wire include a phurality of sections,
cach section being made up of substantially 2 single loop.

12. A stene =5 in claim 11 wherein the stent i connected to a flexible film
to form a twbe-Ifke member.

13. A method of deploying a stent in a desired location, comprixing:

(a)  tnghtly winding said stent onto a catheer; _

()  immobilizing at least two tie—down points on the stent uxing a
discoancciable thread;

()  ‘ixinging said stent to the desired locarion where said stent is to be
deployed:

() mﬁsing said thread to disconnect at one or moye of said tic—down
poims, thereby iclcasing sald de-dnwn point, whemin said
disconncetable thread 1s meltable and said thread is disconnccted by
heating said thread so a3 to causc said thread 10 melt,
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11. A St entFERS23 BC| @i: 16y RERENEL Rosand coiled wire includes a pluralibyzsfs

sections, éach sectiwdu@dagpg made up of substantially a single |oop.

12. A stent as in claim7 wherein the wire nmaking up the sterCTUBamgsse| oped

in a plastic envel ope having an extension atjgone side, wherein said

ext ensi on overl aps nei ghbolr ing coils of said wire when in an undepl oyed
state ' 4. mothod of heating a nil] stent tozmek: HacheaiE Shifd Gbaae N :
nei ghboring coils of Mpﬁ&mﬂmmmmﬂﬂﬁtﬁgﬁﬁ%@r bv,1o forma
conti nuous wal | . 13y ?ﬁ,ﬁgﬁ]} co r%si ng a colle Te ‘acteri zed
inthat said wire is envel(ﬁpe in an“?ﬁ‘!v% HETHY PO BRBIION at one
side, wherein said extensiin ralyngesttiod ogissor mgengoi | s of said wire when
in an undepl oyed state and)exisafigs ﬁw&&@&kmmgi@m{gfmﬁi wire

when in a depl oyed state ther%ge;to forma continuo

@ contolling said wrent in responss to sid change.

1. A method a3 in claim 14 wherein said eleotrical property is 2 voltage
drop change,

s

16. A method 13 In elatm 14 wherein said elwri;zl propenty is a current
thange.

17. A stem comprising a coiled wirs characterized in that said wire is

caveloped in 3 material shaped so that when the stent is fully deployed, portions of
said envelopc material occupy gaps between adjoiniug coils of the stent,
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