16 MAR 2004  STENT FIELD AND BACKGROUND OF THE | NVENTI ON The preseh® MAR 2004
dinvention relates to scents and, nore particularly, to nethods of
fabricating and deploying stens.4+5 The term "stern" has cone into

wi despread use to denote any of % | arge variety of spring-like support
structures, in the formof a § whi ch is open at both ends, which can

be inplanted inside a blood vessel or other tubular body conduit, to help
keep the vessel or conduit open. Stenms may be used follow ng ball oon

angi opl asty to revent restenosis,_and. no pre generally, be used in
repairi ='i~_ﬂ‘f-s:= QUNIROF BUEIN Yedl@lndui t s, such as those in
the vascul ar, -®iliary, : l: Lpary, a%;dr ' ' v B ol kgtory
systens, anonéﬁ‘(?t?g'sésﬁf "%lﬂghﬁ)%\%ggr%rmfcg%e , %V\dg‘%l%g#ecg%}gf storcte ,

di stendeqamcaah@eﬁwdg?loﬁfgqnm, typically as a result of any of a nunber

of pathol ogical conditions. An effective stem nust possess_a nunber of

i nport ént  and Rhergrme peseitt has comse inkmwidespread usecio denprs @npy PE alarge VARRY st ent

shoul d be _chem cal | y and bi ol ogi cally.ine | 1. ' d
shoul d n& SPE%%% %/‘}P,pogrs“&?ﬁ’é'%\nﬂéh%ﬁomuéf;? é‘?“’t ﬁ%‘éﬁl ﬁgﬁﬁgygk?%%gaﬂar ound
it. The s mﬁbc_fixuhtahéa iRGds Y Wlodd 1 Msséll orbthér fibaldr bbdy bBendu@] kehélp
position and continlue to support the tubular body conduit into which it
i s i npl arkeep tevenssad or enokbut ogear iSeerss Ry be weed fallowing ballopa angieplastyse have
the ability to return tg itsn?rescri d.in 20.pl ace. di aneter after fthe
Scent. i B RSO Sy e RTS8 oS XD PR e Ay, 2 R lof o
usual | il Yool 2BRIRFIEN Ack 24NGhSde. ih NHe VRGP Wikiry D Gitite@uiey,{
These requirenents Iimt the suitable nmetal stemnmaterials to just a few
net al s argds@bihwysnal Tandlatspirateryhagsitreen amongdothbest which ohayea nhoywedf

ni ckel and titani,um (hereinafter "nitinol" w th-or without .certain

coatings,¥ G@%t H'b“‘fﬁé‘* EF“BF%BEPW’E’?S%\ or'%‘gd'a%lcﬁl&]gﬁ ﬁé?sé‘g LAY Bl e for
use in sty mml%ggfiéﬁg;dlgggﬂ cSRekickical ly, nitinols, with or wthout special
coatings, have been found to be chemcally and biologically inert and to

i nhi bit thronbAs cffectet isem: rhist i postess & eymberdef impemanajandcvemnli speoifis, al so
superelastic which aLllo hemto with nd. ext ensi ve..def.or.mati on and
St T ShmacRsTe. oprgLially S e bR P arEically v SioppaliieRdnine 3o
Menory, iisCurrchl®nPRhAd sheBFHEPSa2 wikhS BE 6itlehdise RaR@iatd, ¥ idiagi iguad
particular heat treatnment and can resort to that shape under proper

condi t i orasour@hiapdheestroe ynust fugyter be such that it will stay in the correct positon and

conunue 10 support the tubular body conduit into which it is implanted over extended

periods of time. Further, the stent must have the ability 10 retum to its prescribed in—
20 place diameter after the stent diameter has been significantly reduced prior to its

inserton, usually dghtly wrapped on a catheter, into the wbular body conduit.

These rcquir:mcﬁts limir the suitable meral stent materials to just a few metals
and alloys. To date, it has been found that various alloys of nickel and ttanium
(hereinafter "nitinol”), with or without cernain coatings, have the desired propernes and

25 are considered suitable for use in stent applicatons.

Specifically, nidnols, with or without special coatngs, have been found to be
chemically and biologically inert and to inhibit thrombus formatdon. Nitinols are, under
certain conditons, also superelasdic which allows them to withstand extensive
deformadon and stll resume their original shape. Furthermore, nitinols possess shape

30 memory, i.c., the metal “remembers” a specific shape fixed during a pardcular heat
eatment and can resort to that shape under proper conditions. Shape—memory alloys

can be formed into a predetermined shape at a suitable heat reatment temperarure. At



"can be fornmed into a predeterm ned shape at a suitable heat treat meh6 MAR 2004
tenperature. At 16 MAR 2004 2 tenperatures below the transition '
tenperature range ("TTR') certain nitinol alloys are in their martensite
phase wherein they are highly ductile and may be plastically defaorned

into any of a nunber of other shapes. The alloy returns to its austenite
phase, returning to its original pred@t erm ned shape upon reheating to a

tenperature 5 above the transition tenperatur, e, . . Lfi.an
t enper at UFBPYARIRSsblp W he Hansinog jeRpRRI: FTSF tﬁiﬁgﬁ%rmé#gg %h'g%}qé&stc%ﬂrrponent s
in the al.loy.. T r i (Ei':lki'r?' Lt dadfle tiR ma PG 2820 LAV
char act er'f's F%sﬁké&égs i@age;é‘éhm gggo%ag@ ate acstem hgvi ng t he gesi red

shape andicforasings any Gfcenimberad, orhdrhshapeseniTbanllby rewmpotoaits RYsiERdtor med
into a much narrower shape for insertjoars'bnto 10 the-.body. Once .in place,

the st entphesm THRIHARIAO i\ QNERMPRAEETRESH SBEPSYRANT AR e RSP R Cer t ai n
al l oys pf _.nickel and.titani e Erad i ruAStdrfesakith each
tenpera?uarbggc t%ﬁ B%Sélﬂ%hic \.Julanghgnaé'e -Z?gst [ (1: %?I%E)%y tenpergt urega,lc above
35C.  Suchgpeaiiic QonbidARion b Yf diesbnipdhehtsdn icoalioyt i on of stents for nedical

use since these nitinols are able to resune their desired shzg&:at nor mal
body t enper at uFke supetrdasticitn of pisiagistapd teir thape MOy |CHAREETSHTS &th while

such stents have been proven,effective. @ﬁ%: td; iby. SOhéLiordne@m a
number ofp?ﬁ’g’g’d@aﬁs‘a@@‘g? S ggvmf ﬁ’e"raeé:%f’g%l | gaglra tdéilﬁgﬁségl%es, a toendg'ncy f or
tissue tomgrs@ chil bt iensiRsiyhaoverd iad ©niich gatroeps sidpetfoe istsiondoer ti e,

such growh could lead "to the constriction, or even_trr:f ﬁﬁgphete c] osure,
of t he 10 uhal badybopce dmcnlice. ihe sipntctan2le F1Rde SPIRFWAS it BEHLCBPS #H%r der

to keep open. .A continuo p-fir . | 23S apvoul d
el i m nat e&é’tﬂ?ﬁ"nﬁdgﬁ'ﬁﬁ’dﬁﬁ%3’3&‘%5@2@%&23@# %E gﬁ%cg%{t?u ePwoul d | ack
the hi ghl wngRsiniabbélot BYibio-Claid Whictirie acitidyaemperaiunes, abnvei GoCaShan

of fers. Another disadvantage is that the techniques for.loc tigﬂg‘%ﬁents in
a body comduystare sidely ussd fonshe praducsipe f SteadopEica) BNSSHICE 43S, cat i on

which is not precisely. the .25 jnte ggﬁd'tﬁat[: kL QRthotN@k Giekd1d hus a
w del y re%gaﬁ czlgdtﬂﬂ%wgr#sﬁdghﬁ?c 5\/\%‘&% e igw:pgﬁ%vantoageousc to have,
a st emphigificiyl ibabehessiddrabl y flexi bl e but which would significantly

- reduce, or even elimnate, the possi bi IitfP/ of undesired tissye &éOWth
bet ween t he coMhileosuchieenst bane begm praysp SHELRVE (PEHEPNIIUGQY SV BEBdfhi zed

need for, mﬂﬂgcriorf d‘ﬁ%ﬂbgntgétﬁ.o F@rgt, chJH'sym certain cases, a tendency for tissue to grow

in the gaps berween adjoining loops of the stent. Over dme, such growta could lead

to the constriction, or even the complete closure, of the wbular body conduit in which
20 the stent was introduced in order to keep open. A continuous, gap—free, tube smucture
with no gaps would climinate such undesired dssue growth. However, a rigid mbe
would Jlack the highly dc.simblc flexibility which a coiled spring configuraton offers.

Another disadvantage is that the technigues for locating stents in a body conduit

are such that the stents are often installed at a locaton which is not precisely the
25 intended optmal locadon. _

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

30 There. is further a widely recognized need for, and it would also be highly
advantageous to have, a technique for installing stents which would allow the stent to

be located at precisely the desired location, either by conuolling the stent design or by



“advant ageous to have, a technique for installing scents which woul d‘| gMAgv?/nﬂl'
the stent to be |ocated at precisely the desired | ocation, either by
controlling the stemdesign or by 16 MAR 2004 3 devising adequat e nethods
for its accurate release. Furthernore, in those cases where the "shape -
menory" characteristic is used and the gtent is to be heat inits final

| ocation in the body to cause it to resune its nenorized shape, it is

desi red ang.. dyanl AGONS A RALR Acia ALaleFkiBRThbR, B Rk akeihere

significantTy'r or even I'm nates, the chance of danmagi ng
surroundi nghet Tsspee ndeficay U Rhiraak skt whised and the eraiudd el bt dreattdanlicn@nand/ or
at tenperatures which are too high. SUMVARY- OF THE | NVENTI ON According to
the presentocAv®RM iteh befkrle Gayspilow BEwme iemRErZsd £haRs dhi§ Agred a§‘aent

froma wire, c Lsing: (a) wndi t ' -} |5

heat i ng 16:1‘{35@&%%5”@ i\(/?\‘}lwr':ea %’Sy g?‘r%g%gcéglglsgh( g’&%“n%@?%%“(’e? a# ? 'eorr t\}%)é

coi | ed sprengifaas, ¢eo0lBan&ubf idanRpingY surfemdingi tigsut htirovighd hewgingi whichi isn of
the coiled spring to formthe stent. Further according to the present

i nventi on corgustedsfoptoy ilehgdand/en aremperapFrsssvhigh ai 9 PER- wire
characterized in that the wire includes at | east one section which is
wound in one sense and at | east one section which is wound in the opposite
sense, 15 topf i rely aking place by tightly wi nding the
stemonto a catheter an subsequently allowing the stent to resune its
nor mal di mensi odecogiing to ther piesant aevsotien shere és pravidedes gthad ok fabrieatingher e

is provided a nethod of deploying a stint.in .a desjire bl .

conpri si ng? X%} "bﬁtW\A‘i‘WSW’?%"gt‘ ﬁ@ Mﬁfg BAeETe gn@aﬁﬁg&a?‘,&g(lbg%? heating

i mobi |19 i dbuhEdte t0VPorkd &-AB sBRSH HdOR) her Seesdiltd §iGing B8 cooled

di sconnectabl e thread, (c) bringing the stemto the desired |ocation where

the stent issfficieptipereyeming td; windingotitestion of e ¢diled=pring tgifemaikredentat one

f the tie.d ints, thereb | easi > 1 e e
Cherei n oai d ai SABRGAGCORRBE Pl AR e EaRg df plliasd £ PR mnaiste
di sconnect gdcdigdh@at | dhdrdch@izb8if aRarSBe abird Snchidss Gart1BSst tddeeddod avhial fs. 25

Further yet according to the present invention there is provided a nmethod
of heati ngvaandiinjong| scpsceand ot trasisenct seetien avhich 5 whnmgd irf FEnPPROSIUGSENSS: ¢ e

Phese L0 PSR o A E S PR b B BB a9
suppl yi ng ghigefidn8s! allowirg e §ilnitBaesin®its ndedal di@BssidG. 2 change in at
| east one el ectrical property to indicate the phase change; (d)
Stll further according to the present invention there is provided a method of
deploying a stent in a desired location, comprising: (a) tightly winding the stent onto
a catheter; (b) immobilizing at least two de—down poinis on the stent using a

20 disconnectable thread; (c) bringing the stent to the desired locadon where the stent is
to be;deployed; (d) causing the thread to disconnect at one or more of the ne—-down
points, thereby reieasing the te—down point, wherein said disconnectable thread is
meltable and said thread is disconnected by heating the thread so as to cause the thread
to melt. -

25 Further yet according to the present inventon there is provided a method of
heanng a nidnol swent to cause the stent to shift from its martensite phase to its
austenite phase and to monitor the phase change, comprising: (a) electrically connectng
the stent to an electrical power supply; (b) supplying elecmrical current to the stent; (c)
sensing a change in art least one elecmical property to indicate the phase change; (d)

30 conrolling the current in response to the change.



30 controlling the current in response to the change. 16 MAR 2004 4 JfﬁeMAR 2004
present invention successfully addresses the shortcom ngs of the presently
'mown stens and their nethods of deploynent by providing a scent which is
"suitably flexible but which is sufficiently tight so as to elimnate the
gaps between adjoining w ndings of thegstem thereby significantly

reduci ng or even elimnating the possibility 5 of undesirable growh of
tissue betvween WiedirsignOhvidionSaedtssfullj eddtRsLiht shorusiingnof therhresendpf f er s

- stints and associ ated depl oynent techni ques which nmake it possible to

accur at el y kinowhatdn:st dnel theiemtetiods f Spploymicnt hyppraviding afsieat bhdnh 15 Bty

conduit. BR| EE SCRI .PTI. ON OF THE DRAW NGS The. i nvention.is herein .

descri bed, “‘%‘éb{éﬁﬂfgﬁﬁﬁw,u%f%”r&%l?@ﬁ@é b ga&ﬁbfwgc’éégi)oﬁ%%yi ng
dr awi ngs, Bk | ' i o c9fn Sliminaghe W putkiBilicpf a
prior art ;@gﬁ?h?gﬁ %L%n%g%%eﬁggéﬁ%éy@icg\%%gfc gn single win i_ng1 o_ft?st em
accor di ngs tof unbesirapleegewth ofnisnt berwenh ivahding of dizt aente Pressnd nBYASgOR he

wi nding of a scent such as that, in Figure 1; 15 FIG. 3 is a_side .Cross
sectional \freherstiess §‘F@maﬂ¢|é§§oﬁﬁﬁ¢g‘i‘r¢%@éﬁ“f F@@Sﬁﬁr‘gpﬁs m@ﬁ’ WB”E‘P‘&é%m
i nvention, I | 4 | , | Wdfier ent heat
si nk capaciatgww %’Sﬂf] ?g‘g'léﬂge% %%gz?ﬁ%ﬂ&?e%v 0 gwggg!ﬁf cﬁhoﬁll‘g and

i mmobi li zed on a catheter, according to the prior art; 20 FIG 5 is a

close-up side cross sectional viewof a portion of the systemof Figure
4; FIG 6 iBR 2N Qe fok LUHaWRBi ment of a scent according to

the present in t:l . A 0g: i yf\/gﬁﬁ I QRS %al S a
schemati c side wgwﬂlg#hﬂgﬁg%%gﬁ{ &%f EI Sﬁité'?"% i T ?gfg@ghggﬁtrgféﬁcggo

cat het er I®nhevatcdmpaliging deaing§ wierdinered to its desired |ocation after

rel ease of the internediate point; FIG. 8 is a schematic side view of the
scent of Fi gure BGwin arstvpgcrygremPof o single MPABE Y HANGhIR 1 Phe stemis
delivered to it Sy e i.Qn;._ El i i i rRing er
such as ni ght bzﬂggé"d{si %Pl?.‘*éﬁéﬁe"g&""go&p? gﬁg%%w?”sfﬂfd of ﬁ*ﬁﬁ%ﬁ? of {a{ﬁgﬁ-

cat het er ofpréseguin@eritidnvwivhibh e obartd byaendsiap the winding of a stent such as that

in Figure 1;

15 FIG. 3 is a side cross sectonal view of a stent undergoing reheaung according
10 the present invennon, on a2 mandrel having two sections, each with a different heat
sink capacity; )

FIG. 4 is a perspectve view of a stent wound and immobilized on a catheter,
according to the prior art;

20 FIG. 5 is a close—up side cross secdonal view of a pordon of the system of
Figure 4; |

FIG. 6 is a perspectve view of one embodiment of a stent according to the
present inventon showing two oppositely wound sectons;
FIG. 7 is a schemarc side view of the stent of Figure 6 with reference to a

25 catheter on which the stent is delivered to its desired location after release of the
intermediate point;

FIG. 8 is a schemadnc side view of the stent of Figure 6 when wound nghtly
on a catheter on which the stent is delivered to its desired location;
FIG. BA is a side view of a catheter such as might be used in Figure §;
30 FIG. 8B is a side view of the catheter of Figure 8A with the stent wound on

the catheter;



‘the catheter, 16 MAR 2004 5 FIG 8Cis a side view of the expanded sk%ﬁw 2004
after its release; FIG 9 is a perspective view of another enbodi nent of a
stent according to the present invention showing a plurality of

oppositely wound sections; FIG 10 is a schematic side view of the stent

of Figure 9 with reference to a 5 catleter on which the stent is

“delivered to its desired location with the stent partly released; FIG 11

s a schemti ¢ SRRV Eial vIdiPofhERpalicelseth ardr whesicamund tight Ly on a
e s ell

catheter on whic ent Is vered to its desired location;, FIG 12
i s a perspect i VEIO/Dewa@Erspetive viod biremithayferitiogimen of 25108 REARFHGE hde 10
met hod of immobilizing the stent; Fl % 13 is5 a cl ase- up perspective cross
secti onal PFFseRl BVCHIN FOMIRDA ngléﬁf FOBRLFIFE2 showi ng a
tie--down of angint,gried LBL vieB) 6F thhdiim of ME@e® WithPefaretb\e
Cross sectionalrk:l\t/jl?el& lg;% ggﬁéeﬁ%%(r)%l&%#ccﬁ){‘ tﬁé systemk%? Fi %ure 12 show ng a

tic- dows Qfarhefer &idwRithnthe skt Fd Gelivifed ® s desiedelocanen widwhsfsient pariyat i on
of. the enbodi nent of Figure 9, showing a stent wherein the i mmobilization
i s ef fect gaicassdsonewhat different fashion; FIG 15A is a side view of a

cat heter such 1,ght _be. used |. ' : f@i%l}éawﬁc@wgmﬁ ' of
the catheter o?ﬁlqularlé al%k\cwqjchgl@ﬁ]gkg%f%%%%bﬁd 0 t he cat het erfm%v FI G
15C is a Ssifig cytheer Oh Wwiieh Seprdaieddaiverdd msits desed|ldcajopear after it has
been released fromthe catheter, FIG 16 is a |ai w,of .an

-flat yi
enbodi nent accoFli.ng is e permegivesasw of hs\raHOCERCR? éﬁ?’t%’e OMAR8P s are
encased lﬁy a, fil m.of fbl. exi ble ma&,eri al; FIG 16A is a view of another
enbodi nERtMEFOR 192 IRRAPHANE hESKies 16) 25 including an integral
i mobi | i zat i on ti5.epris £higse-kpBdrspeand ciosy bexwiondl vibw afesriccporubnBfghe e 16A
as it would appear when wound onto a catheter, EIG 17 is an end cross
sectional wisem of Figwee d2shewol Fngrdoymel FhERcgS Po™kound onto a

(1:gt \?\Eéﬁri i Sgt ::;EIG.]'& |52 Aot A8 SEGREuFEEkO 0ok beWeR of Bt §é@0h dIfthEl gure

systemn of Figure 12 showing a tic—down of an end point;
15 FIG. 15 is a perspective view of a variation of the embodiment of Figure 9,
showing a stent wherein the immobilization is effected in somewhat different fashion;
FIG. 15A is a side view of a catheter such as'might be used in Figure 15;
FIG. 15B is a side view of the catheter of Figure 15A with the si=nt wound on
the catheter;
20 FIG. 15C is a side view of the expanded stent as it would appear after it has
been released from the catheter;
: FIG. 16 is a la-jd—flat view of an embodiment according to the present
invention wherein the stent coils are encased by a film of flexible material;
FIG. 16A is a view of another embodiment of the device of Figures 16,
25 including an integral immobilization thread;
FIG. 16B is a side view of the device of Figure 16A as it would appear when
wound onto a catheter;
FIG. 17 is an end cross sectional view of the stent of Figure 16 when nghuy
wound onto a catheter;
30 FIG. 18 is a side cross secrional view of the stent of Figure 16 when dghtly

wound onto a catheter;



“wound onto a catheter, 1 6 MAR 2004 6 FIG 19 is a side cross sectildn¥hR 2004
.vi ew of anot her enbodi nent of a stemaccording to the present invention
when tightly wound about a catheter' (not shown); FIC 20 is a side cross
sectional view of the enbodi ment of Figure 19 when unwound for ‘
deploynent; 5 FIG 21 is a side view o% stent featuring neck-down regions
and two sections connected by a coil of low pitch; FIG 22 is an end

cross-secti onaIHé!r ag of th %;téoesgtgﬁgifeopﬁi ILWE of lanotHeP erdtodimedt 6L hestenti ¢

cross sectional 5 Aw er show ng one enbodi ment of a

t echni que at"&rﬂi'é?l‘giﬁé ?Q:iﬁ}?m%x@i@h wheftigatpwnjundsibogt a cathalgk ¥nas| B8 VR cal
|

10 circuit; as in Figure 21 except that tw e triggl ,circuits
are used to pr@&ICd&0 iﬁwsidmel‘osewémﬁla@“f@fé}é%émg?d‘%ﬁ“f 8{-1??%‘57’ ﬁ?swo t he
stent; FIG 25 is a,circuit diagramfor the electrical heating and phase
shift sensPHEUFITARRYPEcording to the present invention, for the
aut omatig di scqRAE6Yi0n e ¥iB& of Senhfatiring neck-edown oyons axd MO gANONS
appropriate tine following, the detection of the phase shift. DESCRI PTI ON
OF THE PREpEmR: EBVBOoIINMINGS fikkd: present invention is of inproved stents
and of methods of making and depl oying. ' : gped to increase
the effectivendd§. g $adf .“Qﬁ'?cc?ﬁ‘éﬁ%ﬁ#‘?\gmﬁ?‘\ggtgglngpgggﬁat?on of stens
and rel ated netjheds, Accordidig i rbdhiesecitms eitle vieweof aaatwry showing: 0wy
understood wi th Téférence to the drawi ngs and the acconpan ilngl .
descri pt i ofinbddirhentrof rgrenimiquector krécadiﬂlthnq:ﬁnﬁhflP“f“)i“IsWﬁsatsr%ﬁ B °5m§fungl e
wi nding of a conventional stent. In many applications, it is inmportant to
preci sell} @®Mitiol the 25 flexibility of the stent as well as the
interloop spaci pg; and %@E@ﬁﬁsﬂ Ac?{mm@afcléc&waotﬁcmm beedcomsivdds ed in
sel ecting the proper F1%2x1 bitl Ity and interl oop spacing. First, the stent
must be sufdrited sstiukiyadll relenssl of vamoidpPwF ehdeN% al shape and di mensi ons

of the body conduit_into which. it is i | ' S @88ng The
stem nust al so FH& Uf§ # EFEWE Bﬂ?gm%rbtpét:%&gtgle%%@g%ndf oI T ow _tthe VeEi ous
movements of , he, leﬁiﬂjn%'toqgc hasf ihRadbh ef2ths atwnttcaisoodhecios afithe a

I ke,

coi l ed, or “spring- structure be used. _ . X
15 heatng circuit upon, or at an appropriaic ume following, the detecdon of the phase

shift.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invendon is of improved stents and of methods of making and

deploying them which can be used to increase the effectiveness of stents.

20 ; The principles and operation of stents and related methods according to the
present invention may be beter understood with reference to the drawings and the
accompanying description.

Referring now to the drawing, Figure 1 illusmates a single winding of a
conventional stent. In many applicatons, it is important to precisely congol the

25 flexibility of the stent as well as the imerioop spacing and tighmess. A number of
factors must be considered in selecting the proper flexibility and interioop spacing.
First, the stent must be sufficienty flexible to follow the natral shape and dimensions
of the body conduit into which it is installed without undue smess. The stent must also
be sufficienty flexible to adequarely follow the various movements of the conduit.

30 These requirements tend to indicate that a coiled, or spring—-like, smucrure be used.



1 6 MAR 2004 7 However, the stemnust not be too |oose since this mafyMAR 2004
erode its body conduit support function and since when the stent | oosens
significant interloop gaps are forned which tend to encourage the growh

of surrounding tissue into the separations. Such ingrowth nmay have

serious adverse consequences. 5 A stent is typically nmade by first tightly
winding a wwre of a suitable material,?7 such as nitinol, on a mandrel. The
assenbly is then heated to a suitable tenperature so as to inpart to the
stent its desi ridowsteaphe sidovwmustmot briroiorigosersinceakis imay qspde s bodyt ¢andutvandr el
I's al so heated, which brings about itaoex agsi_ n and lL.eads to t

f or mat i on SBPPOTRIUSERAA ang RCT) WREFSDEHFROC : 11“‘5{4?)%? BRRS4 T F%meﬂne
anot her. %‘ﬁ& 25035 3hbQige he ﬁ@m%ﬁ‘gﬂo%ﬁ tis$he GRid Ak ReARPHAEAIRAS

These int oop gaps can be elfimnated a e stemcan be stiffened

somewhat  ifgrowely &iayi Hage tsbioud dtideng cdnseqodnces) of the stemafter it has
cooled sufficiently. Showmn in Figure 2 is the single stent w nding, of

Figure B after A stchals typically sade by frst ighdy WinHBE 2 Yre 6 2 spighs maczal,

(Figure 1), was the left end of fhe | s | t . rahde
(Figure 2)%ch ﬁsemtninﬁhtoneﬁﬁmﬂ&'hzﬁ? 55357,%8%01,5%%'%& gtfg%lh%gcre&tﬁﬁcr ever sal
(Figure 1) 2488 impdierd theRienERdldlired Bitapk OBloweler, difing dfetteatngpmicsal theFi gur e
2), the left end of the | oop, 12 As wi ||l be appreciated, the reversal

puts each massieliinalep asated, whith bringsi dbauiissenpresierhgnd leads wsths dpP@RasioRPtl oops

to press together, and elimnates interlo c [ l.Lions

a stent nd %W%G’g%i‘"ﬁ‘& msWﬁ'ﬁFﬂﬁcwtg% °Oh %S gtscrdggs‘fggisg% above nmay

be over{(y Jré ghakshMble 3n TPR&H fabpli@BBhd. Cati on. In such a case, the rigidity

of the stent may be reduced to any desired | evel by foll ovvingg a reheating
13

procedur e descritsetinesianp. gaph ean baalirsipated ardriteGlenpatske yiffangd sgmewhaty pe

reduced, i,s nounted, onto.,.a .mandrel, 22 (Figure 3 hi A ot be
the mandr &V T5VEVING Fhe ViRding; dirgeapnpf Lg’zfué?th%%&“e}#i%i%ﬁugﬁﬁg %@é‘é‘a Scent
20 and mandrmburd2 Al Be sHR&ALEE BihdmgSf Fi?@ﬁ:el hRAPR At bEe Alvered!t Mus,
transition pornt but the reheating i's alllowed to continue only Iong

3 as

enough t o widtopvierhie reuesald@ipoe t1),omasothe titfe ead oftyd lngpe d0els, piterATYEm

t he unhatched rtio t ppr pach,t he .reheatin e t

ther ef oo Fre PR e Rk 403 HREE BB 1brenl VRE: RS THRESE Bifrd oy,
cool mandrfe righfeHdCat @ 166, AROKI Snet reVerfid (Figu02)raickief catiaf shaloop, 12.
significantly | ower tenperatures, does not relax, and continues to have

i ts origi na wWill 5t apmrpciaied. theirsvansa) putsecapk: inaptia ¢lastie feformasan apd ey

di spl ays %auc%xafdsjo'ixlw.iln%¥oops to press together and eliminates interloop gaps. '

Under centain conditions a stent made by reversing the winding dirccdon as

20 described above may be overly rigid for a specific application. In such 2 case, the

nigidity of the stent may be reduced to any desired level by following a rcheadng
procedure described bclc;w.

The reversed stent 20, whose rigidity is to be reduced, is mounted onto a

mandrel 22 (Figure 3) which may or may not be the mandrel previously used to give

25 the stent its original shape. Stent 20 and mandrel 22 are reheated at a suitable

temperature above the transidon point but the reheadng is allowed to continue only

long enough to allow the outside porton of the stent (indicated in Figure 3 as the

unhatched portion) 10 approach the reheating temperatre and therefore to relax, while

the portion of the stent near the relatively cool mandrel (indicated in Figure 3 by hawch

30 marks) stays at significantly lower temperatures, does not relax, and contnues to have

its oniginal nigidity. In this way the rcheated stent, upon cooling, displays a flexibility



+1 6 MAR 2004 8 which is internediate between those of the unreheategd map 2004
'stent and a stent which is conpletely relaxed, but w thout opening up

gaps between the stent | oops. The duration of the reheating nust be
carefully controlled to ‘achieve the proper degree of relaxation. The
reheating tinme will be influenced to a | arge degree by the 5 heat -
properties of the mandrel. A mandrel wBich has high heat sink capacity,
such as the | eft-hand portion of the mandrel of Fi gureeﬂ’(é, can aﬁierip

consi der allerhgaim@ffidide opmicte osenof e wmheatsdp8Fa: e TH ATrelati vel y
long tine. By contrast, a mandrel which has blcOW hqﬂé .éhlnﬁ,oggpaci ty, such

as the ri gbinpleamiyl relpxed, ibahwishout RPeRRS HPeB2PSOCRY Gl 8- 3" can abgérb very
little heat and_wi ||l not .kee : chfrpliedpacmeve ©¢ PRRSTr at her
will allow thatn‘ﬁ&“ﬁ‘?(?t‘? oéb'ﬁ’ﬁgéagﬁgrﬁdé@g%%%fggyi t to qui cklna; reach . the
overal | hg?ybgg)ftrglquﬁé}{ UTRe Adhgatiipdemgoriddrpndenced 1@ 2dATES T n?"ﬁge may
of -t

be taken I's property to reheat different porti - of ERich 40

di ffererg hextmoparisoofithetroansietli oy 828 WSF&QP%S‘EB} in:%:‘:i%c chgs gecec::ﬁt:gi n
rigidity in one_ or nore sgctions, ande i axafaeeh tomidoraide SegrAndi cant
i nterl oop %M"’lﬁ‘#ﬂ%@ﬁé‘i‘m‘sﬁﬁ °0W§9d’§15g{r§% ca:aiisl, ia_t may be useful to have
significant] SaweeNfdr herehitvdiynlpsg tmsar “each end of the
stent to %&#ﬁf%@oﬁ}g@?ﬁuﬁn&i ng of the i_lcent in I.%cg chl 4s did LikhtDRand

appr eci at ed t haBy aomt=smatmaandne) whigf krsdows cﬁﬁ%ﬁpﬁﬂ SR on
characteristics can al so be_achi eye L 0Qirdid Beddi anflewitintordegpbrt s to
di fferent PQ@%@?Q%F@%&&EBfﬁ%?' %ﬂgﬁasgﬁﬁuse o? a segnented heater or
fur nace, 20, CONYEDLL QGRS QUB rariey will dliows thiahpomrien ©f hedseRtMEYHEID i ng
to the b?e% nt™ Tnvention described above, nust, be acc rtt!%ia%{ Blfced in a
speci fi ¢ | ggaklyaeadhnht chaiidyeatiog rmperanise FGFATRS FUHES & fect i ve. A
common pl acenent techni que currentl.y 11§ ritehUSiifeAdne dotdbnkiofarsent 4 and
S. Stent 20 is AOYARRLE TBURE %FB&E#&%@%H&@#HZ%, Wﬁi chg,ty_p_i cally
features NE ifterd ERRYRSOAS 1§ 2286V Gnahprpdact twhicicbasrmesraim iECaH in 2B i n
its 25 tig% y wound configuration. The twg ends@g}; ste iggmch&cEwical ly
bul bed, i . er morh&caonsarfddatalaedand feages FESapE AREIOR &3ster. Each end of

stem 20 is _inmobiljzed by a.thread 28 ' 1 BGwosh Weawindings
~around dét ﬁ@?@ﬂlml‘éwegmctfﬁ‘ln’@g}?“fh?gﬁg&% dll%ﬂcv,\fﬁ;%% over the end of

stem 20 as s O%h icﬁd Fr Ok Semr mCﬁHﬁﬁ;@@:Zﬂmirﬁ@uﬁ% steng faPlaceli anet er bore
30 30 throug Ich runs a release wire 32. Portions o{ d%&%%gr% er
transversel y intlo wilobe pprogisaed thas dHUIBEIXNE BEULRR a ﬁread is

connect ed "é"hépac&%'-_u?cassgan""'afsg b?ézachicvcd by heating the different scgments 10 different

iemperatures and tmes, such as by use of a segmented heater or furnace.

20 Conventional stents, as well as the reversed stents according to the present
invention described above, must be accurately placed in 2 specific locadon in the body
conduit in order 1o be mbm effsctve. A common placement technique currently used
is illustrated in Figures 4 and 5. Stent 20 is dghtly wound around a catheter 24, which
typically features helical grooves 26 sized and shaped to accommodate stent 20 in its

25 tghtly wound configuraton.

The two ends of stent 20 arc typically bulbed, ie., the ends feawre a slightly
enlarged diameter. Each end of stent 20 is immobilized by a thread 28 which is
anchored by wrapping around catheter 24 several imes. Thread 28 is wrapped over
the end of stent 20 as shown in Figure 5. Catheter 24 feamres a small diameter bore

30 30 through which runs a release wire 32. Portions of thread 28 enter wansversely into
bore 30 near the bulbed end of sient 20 and thread is connected with release wire 32

(see Figure 5) so that as long as release wire 32 is in place thread 28 immobilizes the



' (see Figure 5) so that as long as release wire 32 is in place t hr ead 64AR 2004
.imobilizes the 1 6 MAR 2004 9 end of stem 20. Wen both ends of stem 20
are so immbilized, stem?20 is effectively prevented from unw nding and
resum ng its preset shape. To deploy stem 20 in the body, catheter 24 is
first brought to the appropriate posifion. Release wire 32 is then

pul | ed, thereby releasing the ends of sStent 20. Scent 5 20 then

i nredi at elgy Bi'f?ﬁ&ﬁﬂf el Bmm 6P 5BhID A0 hﬂﬁb&'}ﬁcd}s&ﬁhio &@ff}cﬁt@y body

t ubul ar con u e getting s orter In proportion to t I anet er

growt h, - apréentcieromamwinding and remmixgy it greaetj shapd. ng | oops whi ch cont act
each ot her. However, in the process of unw ndi ng stent 20 assunes a
final position VhEERNY SBLARMhEE bodyi eatisr 24 isfiFshbropght 1g,the; RRRIPPII@AGL h,

and whi ch (ASREAIRe1d0: SIS AN Bl SHRs) PABLRRL BHANSERERTDL AR, 10

to the un € unéeven esse ack o n the

accurat es 20l m&mmﬁélytﬂ?&c&ﬁ_e[ﬁ mﬁﬁh@,rtndaey gdeinsthll fself frmthc\lﬁdji&ﬂ)uldrlence
it is quite inportant to be able to release the stemwth _a high degree
of accur a@yndmumﬂergm shorier wrpvepentey tadha igmsier Fravemapis bisfeenfaronal

design is an the r he

st om coi | & FETBAPRE <Boigife 100 RGP sohalAth bR BB i Fogfs oF

sur roundi R@windsg Srenk 206askihifes” 2 Pinsl ﬁdwhdmr @whieh 3¢ domewhatgbiery, dviglii ade or
ot herwi se damage the interior walls of body vessels in which the stemis

rel eased. énnsgn gnd whichalepensisotodiomg cxisns e thlasal Tesisianes encpentered
p of h is characterized in

Phat 1 hi0 U e bR Singhe FoiRe iRuEh bt Vsl o A dah Al BrteinS B RE FriRe

sense and picetRASSt BE BrehLEfiéPBepMHeG fisicte@ibngssl HAdRE, @ PPQAfiet itpdRBHGo
Preferably, the stent includes two sections with each of these sections

repr esent ibageb ml@srtcimsq tiel yerg rvatha highodegrdseofsacsmiacin exanpl e of such a stem

is shown in Fi e568 St ent. Ohaga entrcatt Pm%r 41:9\/}1/1!jl g;the
wi ndi ng directi e dide HEO_nYs Apofhit & MV Elehit 120

in a body a@wﬂpu:ﬁod 5y Qﬁ\é rapt8 dushirlg Eh?éu%fh ShhY XyviesiRe thoRicar eaﬂshetsa& 44 and
e

end points 42 are |mmb| | i'zed using rel ease wre 32 as descri bed above in
t he cont®exemyz Ruwdrhayesp dnmr&nudrcffmt @nysumduedms uiissath isimcerdth gapid |and

sing o s PEORRChuaiiL Ehyf aiade B SerRp timad S eyt llsePEP S, o
first broughthidiothe heenRiopgast@cat i on. Next,
Accordingly, a stent according to one embodiment of the present-invention is
made up of a coiled wire which is characterized in that the wire includes at least one
20 secton which is wound in one sense and at least one section which is wound in the
opposite sense. Preferably, the stent includes two sectons with each of these sections
Tepresgning substantially'r one half of the stent. An exampie of such a stent is shown
in Figures 6-8.
Stent 120 has a central point 40 where the winding direcdon changes, and two
25 end points 42. To place stent 120 in 2 body conduit, stent 120 is first tightly wound
onto catheter 24 and end points 42 are immobilized using release wire 32 as described
above in the context of Figures 4 and 5, or in any other suitable manner. In addidon,
central pomnt 40 is also immobilized in a similar manner, but using a second release
wire 33.
30 To place stent 120, catheter 24 is first brought to the proper locadon. Next,
central point 40 is released by using second release wire 33. This allows stent 120 to

unwind without any axial displacement, since the two ends 42 are stll immobilized.

¥ j



. central point 40 is released by using second rel ease wire 33. This al b BIAR 700
scent 120 to unw nd wi thout any axial displacenent, since the two ends 42
“are still immobilized. 1 6 MAR 2004 10 As st-ent 120 unwi nds it assunes

i'ts full dianmeter and is firmy i'nstalled onto the inner Il of the body
tubul ar conduit. W5 S a At this poiﬂJt the two end points 42 are rel eased
by using release wire 32, freeing stent 120 from cat heter 24, and

allowing the latter to be withdra DELarid 8 firmby Iideulied oamr@awcml |y
unwound akmbténtrlﬁﬂydm"ﬁﬂséhi’%ﬂmﬁniﬁ@%gpgy conduit prior to the rel ease of

end points 42 pt nove upon the rel ease of ‘end points 42
and remlwﬂlsqurlﬁ?ﬁ’oﬁﬁ%i“ﬁ)q*a?ckgﬁlﬁ t he correct @Fsl tbg'ﬁ mghgmsd Rrifel 3BUres 8A,
8B and 8C ar ep{Tgii€ pdik ahe edrovindweoin®s 4a S P5 18 8t Snt 120 as t hey
m ght appear in an actual gm%mmd&mmmmf
stents acfcmnmbsu;pttldﬂtﬂ’ﬂ!ﬂ5?‘@%‘5’%"l é&ﬂ%%%ig%&ﬁggg 08 {\%Eﬁa 1 stent
220 i s nmade up . of  several t fnpddijured i ¥4

opposi t & Eﬁorb“cm? l&&?er‘gﬁwm gl

adjoining lo s of 4gound in
opposite G Leqki 'cﬁ’@ ointd 49 st aam:an@t lp@‘l”ht‘ rfg%gese gﬁtﬁh

regi ons ere w nding di rectlons change 0 sSIAe&B and 8Cat het er
can be usgfl wimairs fﬁmﬂtvummﬂ@élé g TR g?ﬁm;sgw%%bl Iaced pi ns or

protrusions. Ihe,w[g ‘”W%B g,ghaa%tanm&mwwmmmms@pcarsm#aaemalr the
(0]

pi ns or pAGtPES e wre around these in order to reverse the
wi ndi ng di . Shown in Figure 12 is one schene for attaching stent
shiifares,

220 to ca Here a fi rst rel eas &7 iRRinkiba effowihg it wo end
poi nts %2 and appnmhcmanmd}melﬁeo fpsgngs ac%r%g}vg '%bﬁP El?r!r:lgdl ate points 140, while

a second rel eas re 133 VeRbkdoans with aldailalngéCQﬂO“F ﬁ@é’t‘%dl ate
poi nt's 14(FIELE'5§;§'¥§ SF‘@It V\AX(?CZ%}S ?E’}Z and 133 is ferabluylﬁull g‘%&ﬁg in
ent i

Inz)tS Oﬁcﬁmaﬁ?@éb%%?ﬂé%?a%d andtacl glﬁﬁi’éifé‘l“% r@?'&i‘gvml»&nmﬁgthe
stent but difectoss, henh mm#@@@dp%‘?gngﬁé)r{%ﬁcsc H’[‘% ?or n%oturfnl ng of tctge
coi l's through appromg&g A8 Qe 2 QefiiUi BatkatQdae btlmeccbwbnh t%ﬂfF&PPW

depl oyed | HfCHEY ures 3 and 14 depict ppssi f or
the actyal m@ﬂ'ylﬂliéfd';ﬁﬂs of pmﬁ-usmns The wire is wountl RN SiaRbdel bAPSse

10 TeVErse
is made of the pins or prowusions 10 Wrap the wire around these in order

the winding direction.
Shown in Figure 12 is one scheme for antaching stent 220 to catheter 24. Here

a first release wire 132 immobilizes the two end points 42 and approximately onc half

20 of intermediate points 140, while 2 second release wire 133 serves 10 immobilize the

balance of intermediate pomts 140. Each of release wires 132 and 133 is preferably

d 233, respectively. The relcase of such a stent is not
rather,

locatcd in its own bore, ..32 an

accornpamcd by the rapid and prolonged rurning of the coils of the stent but is,

achieved by minimum and uniform mrning of the coils through approximately rwo

25 rums before the stent is fully deployed in the body vessel.
Figures 13 and 14 depict possibilides for the acrual immobilizadon of an
intermediate point 140 and an end point 42, respecively.

Another embodiment of a stent according to the present inventon is shown 1n
Figure 15, where at the end points and in the vicinity of each winding directon

30 change, stent 320 feawres a kink or depression 50 in the otherwise circular cross

section of the sient. The kink or depression 50 aliows stent 320 to be immobilized on



~internediate point 140 and an end point 42, respectively. Another 16 MAR 2004
~enbodi nent of .a stent according to the present invention is shown in

Figure 15, where at the end points and in the vicinity of each w nding
direction 30 change, stem 320 features a kink or depression 50 in the

ot herwi se circular cross section of the stem The kink or depression 50
allows stem 320 to be immobilized. on"1 6 MAR 2004 11 a catheter (not

shown) by inserti -\ . Wi‘ RRPMB VK] §igrsSi on 50
(see Fi gé%‘giﬁ{nopgﬁ%gkq@%wa{%&g&eﬁéi n FI%UI‘ es ngﬁg(n(grdle B, catheter
24 pref exglpley Higaeursgs sl ots 25 which acconmodate the kinkKed portions of
stent 320 so that release wires 32 5 and 33_can L&;ss on t}_he oyt side of the

ki nked porti oA candedersrescen it Fighrs 1570ard { &R cathesey 24-pryisrably Jeatirs s

stent 320 as,Jdt would appear aft. ' : 2

vari ati of§% dwhﬁﬁr’ﬁwﬂﬁ‘ﬁﬁ‘é“’% %ﬁ%ﬁéﬁgﬁgf’ﬁ%@ #:zl%tzglbﬁ%ﬁ%n r%lgéggpng
stcntss WiesBehn pARVEh Ydddide 6F the B daRE6SH 2@ eovd freinmnobifinés sizent i on,
may be envisioned. 10 When a stent is to be inserted deep into the body,

the cat hd2@r Figed 156 sheps o1ennd20 ahes wowdtappearasice elazse| ffomeahets 9 and may
need to follo hi ghl.y convol uted path.on.. i Q: |

depl oyment | oGP OHRIIAP "iméig?i’é?‘ﬁcq"gmi Sf B’g“}?&%@ﬁ@%‘#-?’énﬁﬁgﬁi‘%?ﬂéter by
pul1ing oRndh@hERkE2BRveMHEORal, bRGhbdc! fdcbRiin® @b WRE priset ikleadio®, may dbeand its
bore may be sufficiently high that pulling the release wire will result in

t he def ormwasiooed.15 of the entire catheter and bring about the displacenent

of the _cathet tip on which the tint i,S und. Thi LN ul d
resul t10 n t he%ﬁﬁ’r b ERt injoemrRiEd SFR 1P B y‘ntgf)%t%\%u%c? %\%@8?’%‘8 this
di fficul iy &S deARRSHN 66yi1Bnd b8 ndski RNBLH a HiphE édivolatdpaR onire is

an electrically conducting wire which, unlike the release wires described
above, i $isnedy movebdesireditdeployment losationys &fi theostersrid e tbearclassed fremether i ¢

current 20 upon activation t he operator. .l i - Daj af

t hr eads f@'gﬁﬁ’:gggﬁ’ﬁ&mg n, die ﬁ?g%i%ﬁ’i 3 ﬁécg‘cﬁmtbgar%‘?g%l&ﬁf%g“a%r gi‘% poi nt
on the sHERIMINEE sutfiSihy hféh@%?nﬁ&ghﬁcmﬁﬁs@%&ﬁll reduldinahd@formdapduci ng
el enent 60 which forns & part of the electrical circuit. A Heat producing

el ementS 60 thregntipecathetes it ingwbouhthe dispiacement efcthe calhece HaogyWhipk g1€ heat .

Thread 28 is. mde of mat erial such .t hat _when h ; ment 60
is 25 acdEnli ¥gmd: h?—giédmztgnl'@%lsgd?é‘ﬂ% to ‘ﬂ%’?%gité%?ﬁ‘?gfégg‘?nsgé@he stent.
One way of avoiding this difficulty is demonsmrated in Figures 23 and 24.

Here the release wire is an electrically conducting wire which, unlike the rzlcase wires
described above, is not movable but is, rather, used 1o conduct a small electric current
20 upon activation by the operator. In Figure 23, a pair of threads 28 are shown, each
of which is used 10 immobilize a certain point on the stent (not shown). Thread 28 is
in contact with a heat prdducing element 60 which forms a pant of the elecmical circuit.
Heat producing element 60 may be a resistor which convens electrical energy into
heat. Thread 28 is made of a material such that when heat producing clement 60 is
25 acdvated, thread 28 is caused 1o melt thereby releasing the stent
In the embodiment of Figure 24 carheter 24 feamres two circuits, rather than
one. This makes it possible 10 sequendally release various points of the stent, for
example, as described above. As will readily be appreciated, the basic concept can be
used in a variery of related ways. For example, thread 28 can be caused to break or
30 disconnect by curdng, by chemical reaction, and the like.
Nitnols of certain composition have transition temperawures ranges which are

such that the nidnol is in its martensite phase, and is plasdc, at temperatures of about



- I'n the enbodi nent of Figure 24 catheter 24 features two circuits, ratghesR 7004
‘than one. This makes it possible to sequentially rel ease various points

of the stent, for exanple, as described above. As will readily be

appreci ated, the basic concept can be wused in.a variety of related ways.
For exanple, thread 28 can be causedlbp break or 30 di sconnect by

cutting, by chem cal reaction, and thée like. N tinols of certain

conpositi have transitio Laoes WabR/R BYdS wempehnirtt t he
ni tinol i3§99:r?“ﬁtl§“}rfﬁ?%‘&u%ﬁll?enﬁlgﬁggé?%gﬁfs pl as?i c, at tdgrrper atures of
about 1 GpMARIA04742 S RIRNE abeSusefulisings atentsemadecfrpmabem cande sy y

el astic, at or above body tenperatures, above about 3.7%l Such ca‘_lhl Qys are
usef ul siwmmdstbent & catcier 4l roOM WEPETRSHT BAd AR e PRI S BIN “a Cat het er
at roomtenperature and can then auto ' AR Heat h8Steed shape
at nornaldcﬁ‘ﬁ'd{/%@ﬁﬁ‘e'? RodY; SRRTP ‘gﬁé\%@g}‘%%ccg?ﬁﬂ;i& aﬁ y heat the

stent. & "'O‘A'evﬁfywc&%l fid RaPN BuUaeMTffan 3 disadvamagh mabmahe sigat inay heatt t he
stent may heat to body tenperature prematur.ely( ore.it i

! , that is e s
pl aced i noitoslyitamperdeant prsianiroly, thahis baoye ihisP %ﬁ&#f‘%ﬂ“dﬁﬁ’@g BBYBO%t r esses
and permanent deformation..lt is, thus, 3 st e whi ch
have a t rABAIP3Y BAs F‘g'?‘ﬂé‘f’gl"(sﬁ?!é‘c FIRES @?&@%@%‘bdﬁfgkg‘?@ﬁ%ﬂ ﬂgdébg%ffm 370
such t hat,,tRe:s) Ginolushick fateatskidch @niperfgt aingeababobedbudyperaie

tenperature I'n %r er to convert the nitinol into its austenitc pg}tad%e. n
such casdsbann¥Z@)i suchl thaedhmisgaesnusalte heaed 8 HJEPPHEWE PR 2% ough

the circulation of hot |iquids,through sed to place the
stem W dF‘l“PF’E?&FFQ"\ﬂ"‘%ﬁm §8‘E:‘ff“t@8ﬁ1ﬁ‘?’ﬁ’gé'§t%iq§s %{“%Fﬁ%%?%hi d nust be injected
having a terrpen.pgdv,\g/h%a_'yqygicgnvgngomﬁqéd‘hhrdueﬂtwfdﬂ 16 heaingoft soem elrobgh e st ent
at a tenperature ichis sufficiently high to 15 raise

he_st ent .
t enper at wircuidimwefthoe igedsiragh TRRCAURIETISEA [ PlaghBF &gt | %r%f E&F‘H@E‘@r must
be used to yeach.renote body,.vessel s, t I, 14 . hhsbbelG - RITRAIEH 8 € MRy
be hi gh %‘ﬁfsuﬁﬁh‘ll%“?éaﬁs@a‘dér#é"é‘éé t%“szlb&ogﬁ%érﬁ% gﬁm‘ﬁ? albool t1ssues. The
probl em i g r6ORROVAGB DM 1§ RERR Rl fikdt RS EMpwhtie wWhichHeatfficiprsiydughithe
di scontinued, sihce it is difficult to know preci i&lﬁy when .t he njtinol

r eacheds taisedbs sicaticngerangnpbove: he ecquisdal Hes frpeciallyayhers 2 1ang 3Ry o
over heat the scen

whi.ch further ineurs . hd | RGigd
damagi ng ‘BBE‘;pCI‘iSEé E%Ecac}ﬁ'?%%‘t’%@rﬁ? sfelinséggc %kgfcfi éi!o1§1iﬂntglfsnpE)I?,ltﬁﬁ{l:1 gﬁgr opé)%gd t hat
the stentehf-hagtatse @ndgenb bRiddyandnsthédiddyatisasst age be taken of the

differences in the properties of nitinols in theiyr rtensite a
aust eni t e phas@setproliemse compowtiiad ¥ WECHHAYASIP ‘t’lPFé‘nﬁF E}’Fﬁ‘?ﬂg %“P&jbc

discontinued, since it is difficult to know precisely when the nitinol reaches the desired
20 temperamure. As a result, there is a tendency to overheat the stent, which further incurs
the risk of overheating and damaging body dssues.

. To overcome these shorticomings, it is proposed that the stent be heated
electrically and that advantage be taken of the differences in the properies of ninnols
in their martensite and austenite phases to sense the change of phase of the nitinol to

25 automatically regulate the heanng.
Depicted in Figure 25 is a circuit diagram of 2 stent heating and monitoring
system according to the present inventon. The principies and operation of such a
system may be berter undersicod with respect to a specific example described next.
It is to be understood that the example is illustradve only and does not, in any way,
30 limit the scope of the invendon.
It is known that both the resistivity and the thermal conductvity of a nidnol

alloy in its austenite phase are different than in its manensite phase. For example, for



.25 automatically regulate the heating. Depicted in Figure 25 is a cik@diR 2004
.diagram of a stent heating and nonitoring systemaccording to the present

i nvention. The principles and operation of such a system may be better
understood with respect to a specific exanple described next. It is to be
understood that the exanple is illustrative only and does not, in any way,
30 limt the scope of the invention. I t13i s known that both the resistivity
and the thermal conductivity of a nitinol  alloy in i%gr%gstenite phgse

are differ erparuowar niringl thepsisaviges arepivaand 10 pohumaem) OPEReRSIFRARA2 004

13 a particular nitinol, the reshstiyiti . a higsg r the
nart ensi te“ﬁﬁﬁ%}“ma%}?ﬁéﬁqirf?%‘ﬁ‘é‘é‘é‘s ,sfhr%e%%ﬂééﬁ] %\?3%&%% gtﬂ.eélr%gﬁaﬂgondu@t %:\% ties
for the sagggsidndrols &ar/cH-08%orame rikritRsiidédndcatsténie rphiakes, napeaivsiyt e and

austenite phases, respectivity. In a system according to t presen
i nvention, st entln 2Gswmdcdotsingeiodhe present IRvVenBoR oHFH P‘blg%;f@ﬁﬁg?“i'ﬁur ce

102, such as a 12V battery. An _a opriat e, fiqot i siar
exanpl e g E8NUHIC Hhé 30‘3%%6%% @@?s %cges iogffbg#gﬁan%ﬁgf@%%moﬁﬁlﬁ are
provided t Qefiiincd 1985 EdralRhipitcd. t R8BI bdtohdl gesiniatcenbi8, dopbemelc 45

6.5V, across stent 100, having resistance of 0.36 ohm (0.5 nm di angter
and 100 nmohengthprovitirdnosue m de6idabih voltage drep in e masieanies Bhash 531 6.1\,

resistance will increase to 0,51 1 anf <t he R st ent
100 wi 111 G e, 10 Ragne misons 0 n ahga0 S kB8 nd 100 i LR

i ndi cation that &mt&gwpasﬁif&hh&tiactuk@ﬁi& pHaSe Ry sdsevtirice walldaereasenel 05An be
used to control the end of the heating process, either cutting off heating

i mredi at H} yhepand detwitage grafacrosl segd 08 hwiligiactseseate 3.50r The sharp cbangs
calcul ated ti thereafter. .15 For exanpl s_sh 10 Flgure. he
circuit can@rffet® PrICEHER A" ?"‘_&‘rﬁ’gi‘@l‘o‘%‘ Sg?iﬁa%ge\é\:\nﬁtlﬂ%aq %‘%@Hgﬁjga%f
2.5V. As |ong &3 Ri&ey %{PQ hSoll Be ich@ ofMid REbTink HroEERE Ceitte cuniigestt hedrrpn
transistor gate 106 w | be 2.8V which is above the threshold so that the
circuit wilinmrdixtlyspdn déscsmmihe yoltageechangs emattaccaniain Bx¢d of exlewiagd tme
potenti al 3{11 ;gansi'stor gate 106 drops to 2.2V, belowits threshold,
causing th CFHEdit to open and 20 the heating to be discontinued. The
circuit pay fur tlhﬁ'r:xliﬁ%lfc, 8 bl ROt gl @8N the lefreui @BA irdeer hsBidd g rhesysod
this point for a suitable time and at a suitable rate. It should be

appr eci at ecgatch#6 withianihfeaholgyad t2eFY c dvs lowg assentk{risiin it Rarsnsite Akase thin,
rather than,, L 68 el p2R 10652 8vAMCH $EhdVR th Hulica §6 ek i ©

transition.
circuit will be closed. As soon as the austenite phase is reached the potendal on

transistor gate 106 drops to 2.2V, below its threshold, causing the circuit 10 open and
20 the heating to be discontnued. The circuit may further have means (not shown) to
continue heating beyond this point for a suitable rime and at a suitable rate. It should
be appreciated that a sim'ilar system can be used wherein the current drawn, rather than
the voltage drop, is sensed and used to indicate the phase transidon.
In some cases it is desirable that the stent form a continuous wall. This may
25 be accomplished by encasing the wire making up the stent in 2 thin plastc cnvélop 70
(Figure 16) which will provide the continuous wall when the stent is in posigon.
Shown in Figures 17 and 18 are an end view and 2 side view, respectively, of stent 20
enveloped in plastic envelop 70, as it would appear when stent 20 is tghtly wound on
catheter 24.
30 Another embodiment of an encased stent is shown in Figures 16A and 16B.
The stent is as shown in Figure 16 with the addition of a special release loops 21,

preferably made of a suitable plastic material and are connected to plastic envelope 70
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“In some cases it is desirable that the stent forma continuous wall. This
may 25 be acconplished by encasing the wire naking up the stemin a thin
plastic envel op 70 (Figure 16) which will provide the continuous wal}- when

the stemis in position. Shown in Figures 17 and 18 are an end view and a
side view, respectively, of stent 20 ﬁ:nvel oped in plastic envelop 70, as
It woul d appear when stent 20 is tight ‘§7 wound on catheter 24. 30 Anot her

enbodi ment, of an encased.stem.i.s shown i.n Figures and 16B., The_stem
i's as shovit PREFERE i, oTPigh g, ?wgwﬁ%bﬁf Y °?¥E£5%‘8”Fd‘8ﬁs 21,
preferably f?rﬁ? S ' rEhdndl202 A cdnObe

pl astic en%/e opﬁB@?ﬁ@W}%ﬁ%m Sl.ﬁot zr;gtlugE:fﬁ‘zifgﬁfi‘]onlf;It anch can be
used (see nmingebikzed6d3)deserimdgagec.r el ease wire 32 and i mobilize the

i nternmedi ate points of stm 20. The ends qof stint can be . mmbi:m' zed
as described abb%eanoRar %mmwté%b@o? BELIRT SHEGERE) ASTAPRIRYS W

effectin ' - - FE%Q& %”rel?,t | rﬁﬂlﬂiﬁgﬁ feQUE&s 889 and
20. In t%i‘@og%ég%ﬂfm\é&h&léﬂ? re %«H’ld pre eﬂrﬂasgeiy na glg% nlg%JFnol, i's
encased i nprefesdbipRAde BY BIHABE iSehcasuddh arshiped enivelops 821 pivferablplofiatsiicablerhi ch
allows the stent to be tilghtly wound on the catheter, and which forns a

cont i nuousPlawics whishwlenvstthe sk ba Bghilywonnd onHIG GeahsTFeandoWRICE dOTS Tons of
it e 18 Nt C ) ; : .
ot cont i riabRuai el BB 4 S SR Pbudd 2WhBRe 1 BfhaludisRIaELED !

the wire npddiRginie ichRfigkativn of Fifivel pad 20) the savdiapd i matcentialops sadh as
pl astic, which features an extension such that, when depl oyed, the,

ext ensi 3B dass\nes dirsctly icaneect adjodpipe Isetlhe &atid) Bienvirg Balkdng Wx therseent dt ent |
The configuration.sho in_Fi ] t ent
15 expandc WRIEPR & Ry oI mps P, S e il eEatid A HnciER skt O0
20) the st®mdn dgEedS tel sk iRt s2radd 3o deidfe thevigpl berwbers adjeindigetoilsofalxt ai ned
whi ch features continuous walls and which is substantially the sane

| engt h whefi®kound onto the catheter for delivery and placenent as when
fully depl oyed 4 v = EFP t o
configuration n%@c Egl%fé%?n g@%‘%vﬁ tFt]h%u ?be\%é‘p?@ngst gﬁiﬂ}[ F}%vaﬁbgi é}la%%n
directi Qf, expafideard $E€Heed copd loops artbiephmicdefiomveanh wissy Fiut 20ngelseaps ar e
not conpletely contjiguous. It is to be noted that a stem according to the
present i nFEARS BrCONEaBRLS sgp.]cg walh Thus, a stent is obtained which features contnutus

walls and which is substangally the same length when wound onto the catheter for

delivery and placement as when fully deployed in the body vessel. It should be noted
that such a configuration may be useful even withour reversing of the winding

20 directon, since a sealed wall is maintained even when adjoining loops are not
completely contiguous.

: It is 10 be noted ﬁat a stent according 10 the present inventon, especially one
‘fcaturing a conunuous wall supported on a metal coil frame, as described above, is
highly desirable in that such a szmucture is able 10 support the body vessel and prevent

25 dssue ingrowth without undue interference with the normal flow of blood and other
bodily fluids. The lanter characterisdc is achieved through use of very thin coils and
thin connecting walls enveloping the stent coils.

In addidon, the profile and configuradon of the stent can be adjusted so as to
further minimize the flow fricton of fluids flowing inside the swent and reduce

30 wrbulence. For example, the distal ends of the stent can be made to have large coil
diameters than the rest of the coils so that, when the stent is deployed, its two ends

press firmly against the body vessel thereby creating enmrance regions for flow through



featuring a continuous wall supported on a netal coil frane, as described
above, is highly desirable in that such a structure is able to ST@WHWWWI
t he body vessel and prevent 25 tissue ingrowth w thout undue interference
with the normal flow of blood and other bodily fluids. The latter ‘
characteristic is achieved through use of very thin coils and thin
connecting walls envel oping the stent 180ils. In addition, the profile and
configuration of the stent can be adjusted so as to further ninimze the
flow fri ctheosensfwiierein die stemvis gsscnmallyoBushnwits ghenbodynvesselg s &hat sipag and

turbul ence., For example,. the distal en f,_the sten have
| arge coi Wﬁfﬁét"é’f ‘{”I’mﬁ“{]hlé 1% E%qmbﬁl‘?ﬁg&gﬁqﬁcsc%gfﬁﬁgx?%ﬁgn%%gss ent is
depl oyed, ahd fedr'iRe REES i BI:?‘&I? fidkedliy uRSaIbAS forkla@oR0dy vessel thereby ‘
creating entrance regions tor flowthrough 1 6 MAR 2004 15 the 'stent

wherei n the st éntcersineapplinaticnk iy midyubh desitahict For thedsientews fsamurs quneMer  dr ag

and turbul ence axe, mnimzed. It is known that turbul eace pecially in
bl ood vesS¥MNEW tp hsipganchor it AR PRACEr ¢ AN, F’“E?P:l%dfl OV e GIENEe ro‘ﬁ%%

for mait i ongedBocilstaal BIaAOPhILAR AR linéfRdefe HcohRincdiothe B aBithe  ©
feature uneven contour to- help anchor it in place. An exanple is shown
i n Fi gur edgsue. \hethermsiepinesicormsesit angyl b adivaatagoopst lochayeid stieat whichdase t he
friction between the coil and the tissye. Furtherpore..in sqme _cases it
may b adHAE 4850 SECHs HCEE oA ke oicach ARG OY, B sy SEREN o
whi ch are inPYoifsIARAL Bpdsiilg Ibops 6Ethe Blo s@iohk on of
Wre, prePg%Fogkﬁgcﬁkggﬁqﬁl ngxit‘}%tﬁgg %’ﬂ%s?éll opgigi'téisnggl I ol?ps of t?usa'two
secti orn® uhickhire hoacsrespbnding peiaposuwlihagthpovint doesswot uhditly pmss agrissidbes not

I [ h Il of th | . h ' I
e S Pl wiasihnat pnal bbSrion L e e e
Pref er abl i B, GORRRE!r e Wiehe pRertiaBRORE toRfaink i REipBEIY nol hbe
scent, as shown In the end cross-sectional view of Figure 22, to mnimze
t he obst r petipimny tof the wnafasf showmesint the endherossesavannalariepoef Figue G2, the

stem 15 Wile the invention has bheen descr'bbed wth res e;):“go alimted
nunber of TMIBRNER theedhsgucan g flow 96 Thuds BEqueh &bF ¢ RETRPDS &F T2 FIEA%,

modi fications %1 e ﬂn%q" LS sbed NG RUEEL 0 [Rcd GufRRe of For
exanpl 21% the pro |%)yéo{nv% e pllllaggr%c%ﬂgragsenve ope which nakes up tuhe scent can
be vari ed eabodBnene, he tatil rbecapphaiazdiittan riny vinutensamodifitpeonsf andhethrgdy

vessel wherejin it is installed. 1 6 04 - 1 .
applicatons of the invcnrion may be m%@. %Qor cxamp?c, the profile of the plastic

envelope which makes up the sient can be varied so as to bener conform with the

internal shape of the body vessel wherein it is installed.



1. A nethod of deploying a stent in a desired | ocation, conprisingﬂkoQRzm4
tightly winding said stent onto a catheter; (b) inmmbilizing at | east two
‘tie-downpoints on the stent using a disconnectable thread; (c) bringing
said stent to the desired location where said stent is to be depl oyed;

(d) causing said thread to di sconnect at one or nore of said tie-down
point, wherein said disconnectable_tféegd is neltable and said thread is

di sconnected by heating said thread so as to cause said thread to nelt.

2. A method of heating a nitinol stent cause the stent to shift fromits

martensite phase to its austenite hase and tq sense {he e e,
comprising: (a)-el ebtPeERPHYCEOHARELY HYP Bhé 1 & Sléflpeglg'?ﬁcc%a rz‘%dwer

supply; (0) ﬁﬁg@lg&pg el ectrical current to the stent; (c) sensing a
change in Alr T east ° one el ectrical propert% to indicate the h@se.change;
(d) controlling sai datutiehtlynwiedppaseai®d PR PERgR. CBTNAREL hod as

A'method as. i ol ai 102 HAEE R B ey S e current
perty Is a current
change. the stent using a disconnectable thread;
(c} bringing said stent to the desired location
where said stent is to be deployed;
(d) causing said thread to disconnect at one or
more of said tie-down point, wherein said
disconnectable thread is meltable and said thread is
disconnected by heating said thread so as to cause

said thread to melt.

2. A method of heating a nitinol stent cause the
stent to shift from its martensite phase to its austenite
phase and to sense the phase change, comprising:

(a) electrically connecting the stent to an

electrical power supply;
(b) supplying electrical current to the stent;

(c}) sensing a change in at least one electrical

property to indicate the phase change;

{d) controlling said current in response to said

change.

3. A method as in claim 2 wherein said electrical

property is a voltage drop change.

4. A method as in claim 2 wherein said electrical

property is a current change.



