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Field of .the Invention . The ﬁrese‘nt invention relates s wma

i npl antable nedical {dev ACED s ovegﬁg Tpl antabl e stents
conprising an elastic or supere1ostﬁu eri Background of the

| nventi on , [ Desceiptiors Lijyged i, \sitopagear.8&. fhat are inplanted in

t ubul ar organs, bl ood Bh(S) Or ﬁgber_lﬂt,,ublphggd,ﬂggs |l umens to hel p keep
such conduits open. %gﬁ“aﬁg;s)ofﬁ@gdmg.sﬂqg bgdal owi g bal | oon: angkggl‘%g?lto
prevent restenosis ABiraci™O" Epfd e@.@a@.'thﬁ Qe -lisad in repairing any of a
nunber of other tubullBr_body | unmens, such t hosejin the vascular,

biliary, genitourinary, gastrointestinal, respiratory and other

syst ens. The materials used in fabrlcatlng stents nust be
chemically and biologically inert to living tissue. Stents nust further be
able to stay in position and continue to support the tubular body Tumens
into which they are inplanted over extended periods of tine. Moreover,

stents
BALLOON EXPANDABLE COVERED STENTS .

5 Field of the Invention
The present invention relates to implantable
medical devices and to covered implantable stents

comprising an elastic or superelastic material.

10 . Background of the Invention
Stents are'support structures that are implanted
~in tubular organs, bloéd'vessels_or other tubular body
"lumens to help keep such conduits open. Stents are often
uééd following balloon angioplasty to prevent restenosis
15 and may, more generally, be used in repairing any of a
number of other tubular body lumens, such as those in the
vascular,  biliary, genitourinary, gastrointestinal,
respiratory.and other systems.
The materials used in fabricating stents must be
20 chemically and biologically inert to living tissue. Stenté
must further be able to stay.in position and continue to
support the tubular body lumens into which they are

implanted over extended‘periods of time. Moreover, stents
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- Z- must have the ability to expand froma contracted state, which

facilit
usef ul

and yet
mechani

t ar get
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nsertion into a body lurfen, ” to an expanded dianeter that is

in supporting at least a portion of the body |umen. "This expansion
i s acconplished either nechanically, such as by the action of a ball oon-
ended cat heter, or by sel f-expansion such as by shape-. nenory effects or
by the use of amefnshivéneHecladsliiey HLxpand from a thatzheved state,
requirenents |imt the nunber of eligible stent materials. One of the
nost wi del y useshidket dacilllimatasst ¢nBertibhe mmedela t body ubusgst ergo falme
al l oys of which are known as nitinol. .- Under certain  conditions, nitinol
is highly el astéxpamddd tdhbdméter sthdt eistosefidér gon expprstingdetodeasitoa
return.to its original shape. Elastic stents are typically

depl oyed in a pworhidumeh the bedycilumenhe Thiseesxpagsione ist ascomplished
cal means, restraining the stent_in the reduced  dianeter during

i nserti orf i nt o adtheandyecharical bysi auckhas Hyerhbs raghior PEser Heddogh-a

| ocati on. Once rel eased, the stent "seli-expandé

predet er i ned, engded urFaghgketer By BYr S foeXRADH Ot FLC
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tic stents is. that, after deploynent..th e
QLY t ﬁg%FcfEefQﬁ gHi drhs eP§eaf?€r et FHTRd eﬁ‘xy'?S%lc

force?s.t he resilient nature of such stents not only nake them

- ansi on upon delivery to a target |ocation, but
The above requirements limit the number of

eligible stent materials. One of the most widely used
metall alloy' systems is the nickel-titanium system, the
alloys of which are known as nitinol. Under certain
cdnditions, nitinol is highly elastic such that it is able
to uhdergo extensive deformation and .yet return to its
original shape. Elastic stents are typically deployed in
a body lumen by reducing the diameter of the stent _by'

mechanical means, restraining the stent in the_reduced

> diameter during . insertion into the body, and releasing the

20

25

stent from. the reétraint at a target location. Once
released, the stent "self-expands" to its prédetermined,
useful diameter by virtue of its elastic properties. One °
of the advantages of elastic stents is thatf after
deployment, they are able to "rebound" to their useful
diameters after being deformed by external forces. The
resilient nature of such stents not only make them ideal
for self-expansion upon delivery to a target location, but
it also makes them desirable for use ip body lumens that

are often subjected to external forces and corresponding
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it aLéo makes them desirable for use in body lunens that are of t en
subj ected to external forces and corrdspofidi ng t enporary

reductions in diameter or other deformations. For éxanple, el astic stent:
for placenment in the carotid artery, which is frequently

are usef ul

defornmed by external forces because the vessel is in close proximty to

t he body

associated with conventional elastic stents. For exanple, such

sel f - expandi ng eseeple postastia sktagks mralcusefuhedordipdanement (iysthe

limting the use of a given stent and_ increasing the nunber of différegt

stent's requi regaxetdsl drteryanybich dsefine Yordeformgeh Ry fxtexna

predeterm ned diameter is larger than,the body, | unen in which th% sLeat
gSrE he body

i s placed, resif@FgEScPRSAYSENT

88sel (18 IRHPST PHREMIYadFalt

undesired expansign of the surroundi ng | umen. The release of
sel f - expandi ng S¥FERCE -of t en does not exert sufficient force to open

bl ocked body | unens,.containin h gue.._lf_ is ti
necessary to perforﬁ%ﬁﬁ? 'aaﬁgfioﬁé$w§+§%'of ?%@%rtF%%ggtgggfoo§§?HP8c¥ﬁe

partially-

deaggxeqaﬁFanaiEBrCBHGEHEE fdLhakh 98y ;EhuBeALdl NOFEPSExakpiB,
procedure. .gunnary OF I

and risk to the overa

the I nvention.
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_ bl ood vessels, or ot her
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diameter, thus 'limiting the use of a given stent and
increasing the number of different stents required to cover
a rangel of useful .diameters. Where the predetermined
diameter is larger than the body lumen in which the:stent
is placed, residual expansion forces often result in the
gradual, undesired expansion of the sﬁrrounding lumen. The
release of self-expanding stents often does not exert
sufficient force to open blocked body lumens containing

hard plaque. It is thus sometimes necessary to perform the

- additional step of inserting a balloon into the partially-

deployed stent for further dilation, thus adding cost, time

and risk to the overall procedure.

Summary of the Invention
The present invention provides stents for

deploying within tubular organs, blood veéssels, or other

s

sur f aemporary rédeceionsein diawever, or sfther getfommagliongr.akbacks

S,

tubular body lumens. Such stents comprise a stent body

comprising an elastic material, the stent body being
characterized by a free'cylindricai shape having a free

diameter. The stent body is at least partially covered
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tubul ar body |l unens. Such stents conprise a stent body conprising an

@l astic material, the stent body being  characterized by a free cylindrical
shape having a free dianeter. The stent body is at |east partially
covered -4- ° with a covering that substantially prevents the
stent body from expanding towards its free dianeter when the stent body

i s placed intowatdi anebeersngl thatt babstartiabby prevenes. thé nseelt t body
after the stent is expanded, the covering does not force the stent body to
a diameter snélrbar dxpandimy dtowatrds taswfirge | diaseapantied. the oseent
enbodi ment, the covering is a netal coating on the stent body. In another.
enbodi ment, thbodyveisngpliazesd t Gbboarauddameierst smalbedy.tham yhe afeder
enbodi ment, the covering includes multiple rings around the stent_ body.
The present indéameseral soIrpr@@dfdf'e-‘sOIPrethg'éI%rf she gegnsyilsy eRandedy sthe
the present invention within tubular organs, bl ood vegsel s, or other

tubul ar Body FENERSNITHEOSEt MRF | ﬁ_@FGGe h%e%@é‘ﬁs.}a‘l’ Yr AR dPndRARe T

bei g char act cPR2s4SEy uhy Bhe HHREFFEoro SHIHE Hat hE PR n: R gle

CeoTINg e ShEThsheR P SI LL § AIEAUCORRS ) APy feust |10

crnand g | ovegly L enk SRoHhar Al N Rkt 13 aPlasetuiatay

while in the regucelent body. In yet another embodiment, the covering
10 includeé multiple rings around'the stent body..

Thé present invention also provides methods for
deploying the stents of the présent' invention within
tubular organs, blood .vessels, or other tubular body
lumens. The method includes the steps of providing a stent

15 °~ comprising a stent body comprising an elastic material, the
stent body being characterized.by a free cylindrical shape_
having a free diameter; deforming the stent to a diameter

- smaller than the free diaﬁeter; covering the stent with a
covering that substantially prevents the stent body from

20 expanding towards thé free diameter when the stent body is
placed into a diameter smaller than the free diameter; '
inserting,the stent into the body while in the reduced
diameter; ana mechanically expanding the stent. In one
embodiment, the step. of covering the stent comprises the

25 step of coating the stent body. In another embodiment, the
step of covering the stent comprises the step of piacihg a

tube over the stent. In yet another embodiment, the step

aced

il
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di aneter; and nechanically expanding the stent. 1In one enbodinent, the
step of covering the stent conprises the step of coating the stent body.

I n anot her enbodi nent, the step of covering the stent conprises the step
of placing a tube over the stent. In yet another enbodi ment, the step

of covering the stent conprises: the step of placing nultiple rings
over the stent of covering (BReadyte@hfgecaiptiedr edent suagenbifonpilacihgt
it provides stents that are isothernmally deployed in the body.

Anot her advant agdtdpleheipgssever thensitenti.s that it provides stents that
resi st | oads exerted by a surrounding tubular organ. _ Anot her
advant age of the present Onevadvaohags of hthe ipresevt dewventiandds &shakt st

t hat are reboundable and resilient along their |ongitudinal and_ radial
axes, and thuprowifes dtentsuthan avenisoEuwanlly [dapliaved A& thedPof¥di al
forces. Yet anot her advantage of the present invention is that
it provi Bes stents that APEtERFarRRRARIDNCLITRR) PrE&ENFe N SRITTHNEShy
bal | oon cat heters, and each,atent can be expanded tolan di_ane eh\%trnn a
wi de range of thlagma’t"er provides; ftefhs FiRt of S5 Sthe ?f‘i%vi fggr-ea ©¥ 4
Figs. 1A and 1B show gLanaEugng cross-sectional. views, respectively, ‘of an
enbodi nent of FHETRHBSAARE tudutar organ. -

Another advantage of the present invention is

that it provides expanded stents that are reboundable-ana
10 | ‘resilient along their longitudinal and radial axes, and
thus resist deformation when exposed to longitudinal and
radial forces.
Yet another advantage of the present invention is
that itlprovides-stents that are expanded to controlled,
15 " desired dimensions by balloon catheters, and each etent can
be expanded to any diameter within a wide range of

diameters.

Bries otion of the Drawings

20 Figs. 1A and 1B ehow planar and cross-sectional
views, respectively, of an embodiment of the present
inventionrin which a stent is covered with a metal coating.

Fig. 2 shows an embodiment of the present

invention in which a stent is covered with a tube.

25 Fig. 3 shows an embodiment of the present
invention in which multiple rings are situated around a

stent.
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invention in which a stent is covered with a netal coating. Fi g.
2 shows an enbodi nent of the present invention in which a stent is covered
with a tube. Fig. 3 shows an enbodinent of the present

i nvention i n-which multiple rings are situated around a stent.

Figs. 4A to 4C show a cross-sectional view of a nethod for deploying a

stent into a body |umerigs. N gpaaePrLaNsIowi 4 heibigs Ps@sEIdnd DVeléw 0Bf a
Det ai | ed Description : The present invention exploits the

advant ages of methodnt fomal dephsyingstantstert | einmioni @ zbodyt hdupehent ial
limtations and drawbacks of such stents. For exanple, the stents of the
present inventccnrdanee with kthei pereseat pnseetdom.ned "| earned" dianeters
~and do not require post- ' placenment di'lation procedures separate fromthe
deploynment stage. Moreover, the stents of the present invention are each

expandabl e to a range of useful diameters. Furt hernore, when expanded to
usef ul dﬁaneteﬂsia&gﬁdLgeﬁﬂrlﬁééﬂnons wi thin body | urens, the stents of the
present invention are resilient such that,the bound to their gaqged

di ameters after being suEP@cPEﬁs?Bte&FE?ﬂE+°?o %% °1?ﬁaﬁh? Y%nF?se
tenporary reductions_in or _ot her

General |y, t he® 8?8ﬁ?§18?aih%fiﬁ%%%n?t?QE%anb%e fEnif{Zing the potential

limitations and drawbacks of such stents. Eor example, the
stents of the present invention are not limited to
10 . predetermined "learned" diameters and do not require post-
placement dilation procedures separate from the deployment
stage. Moréover, the stents of the preseﬁt invention are
each expandable to  a | range of wuseful diameters.
Furthermore, when expanded to useful diameters at target
15 " " locations within body lumens, the stents of the present
invention are resilient such that they rebound to their
expanded diameters after being subjected to external forces
‘that result in temporary reductions.in diameter or other
deformations.
20 Generally, the stents of the present invention
comprise a stent body comprising an elastic ﬁaterial, and
a coveriné on the stent body. The covering substantially
prevents the stent body from expanding towards iE? free
diameter when thé stent body is placed into some sﬁaller
25 : diameter. A stent 6flthe present invention is deployed
within a body lumen by deforming the stent to a diameter
smaller than its free diameter, covering the stent with a
covering ;hat substantially prevents thg stent £from
—

-6 - aquTwﬂ

"



conprise a stent body conprising an elastic material, and a covering on
the stent body. The covering substantially prevents the stent body from
expanding towards its free dianmeter when the stent body is placed into
sone smaller dianmeter. A stent of the present invention is deployed
within a body lumen by deforming the stent to a diameter smaller than its
free diameter, expatiding t kowardst tsh freeoddamegearhabysubsttant i aiff yits
prevents the stent from -7- expanding towards its
free di ameter elastiluepobperties| asinsextiner tthes, stessr t inget st bady
into the body I|unen, and mechanical |y expanding the stent such as by

bal | oon i nfl at ilemeng aadésmee:dlammﬂd-ly dexpandingt tiie osERRt SYSHR idH DY

wi thin. the bod | unen. I n accordance with an enmbodi nent of the

i nvention weon; gnflgtion ta atdesingd msefkPANSeF af1@ LREFPRg a.
free cyllndrlcal shape of free dlaneter d. The cylindrical shape and :
di aneter 2 d, oﬂ°Fﬁ§1§PeNPQQiﬂ/?ER) boglye LR t o be "free" when .t he stent

body 110 is not acted upon t er nal

FR IR N A b%ﬁ;%%m% e 50k
configurations _(for, exanpl e, re o I n S r

ri bbogs z: g- z84s Ié?‘%(ﬁlgg‘ J\é\ést I ‘ﬁ 10pl i?%a?e sa%e%tg' v&%ﬁ( i?’ﬁ
scope of the p % Eﬁéi £ %;%? indric al sH Séfnﬁféédaléﬁgté Mpg1 Segpan

el astic naterla 0 un ergo appr eci abl e recover abl e (elastlc)
cylindrical shape and dlameter,.d, of the stent body 110

10 are said to be "free" when the etent body 110 is not acted
upon by external forces. Although the stent 100 is in the
form of a patterned tube, other suitable stent
configurations (for example, wire coil, braids, hexagons,
nets, spiral ribbons, zig-zags, articulated stents, and the

1S  1like) are also within the scope of the present invention.

The stent body 110 comprises an elastic material

that is able to undergo appreciable recoverable (elastic)

- deformation upon the application of external forces without
incurring extensive permanent (plastic) deformation. For

20 example, the elastic méteriai is preferably characterized
by recoverable strains greater than about 1%, more
preferabl; greater than about 5%. The elastic material is,
for example, a metallic or polymeric material. The elastic
material includes so—ealled "superelastic" materials such

25 °  as | certain 'nitinol .ailoys, which are typically
characterized by recoverable strains greater than about 8%.

Nitinol is a preferred material for the stent body 110.
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defornatlon upon the application of external forces w thout 1incurring

ext ensi ve permanent (plastic) deformation. For exanple, the elastic
material is preferably characterized by recoverable strains greater than
about 1% nore preferably greater than about 5% The elastic material is,
for exanple, a netallic or polyneric material. The elastic materi al

i ncl udes so-cal | ed "supeBecastsec"thmtstentt scady hll@scovpriaes annelasgblic

al | oys, whi ch are typically characterized by recoverabl e strains
greater than ameerd®l. Kkt Fapdsi soaspringrback a diisifres comé iguzatisady
110. Because the stent hody 11Q conprises an elastic

material, it téngs freepdingesask afsean peing éSﬁPF@EFIatqrorFm%El’ée??%‘% by
di anmeter after bein efarned or ressed b external force
However, the e§F€ﬁ% 10§°rFﬁ§IudesnB§¢V€Bver¥ §f§htlﬁﬁaydff0 fhat

o) i, EREG Fed kel ségészﬁsﬁg‘fﬁxguﬁﬁsﬁﬁqéﬁ&gér&énvee
[ . Mo

et r. O 4G gkl SEMSTLD POLASSHIGAIAT s By 100 kpskRudherELe
Therefore, in geeqrdances wibRelha fUeseNaibAYeOr Qhalibr Tiel 164UEEEY

that the wusef: aneter e stent may be expande
substantially aqumbtbe.!hRotEssed! aeﬁée&ooérihg Abe8k PREYstddf body 110

- I'n one enbodi nent, the covering on the stent body 110 is a coating 102
t hat DFEferab|£oCQH§rd$&ﬁeﬁer to Wthh it is expanded once positioned in
10 a target location in the body. Therefore, in accordance
with the present inventioh,.it is not required that the
- useful diameter to which the stent may be expanded be
- substantially equal to the free diameter of the stent body '
110.
15 In one embodiment, the covering on the stent body |
110 is a coating 102 that preferably comprises a
-plastically deformable metal. The coatiﬁg 102 optionally
.comprises an x-ray absorbing material, thus rendering the
stent 100 radiopaque. Preferred materials for the coating
20 102 include gold, platinum, palladium and tantalum.

The coating 102 is applied to the stent body 110
by any shitable method such as, for example, dipping,
spraying, vapor deposition, chemical or electrochemical
plating, sputtering and the.like. A preferred method for

25 applying the coating 102 to ‘the stent body 110 is by
eleétroplating. The bbating 102 is applied to a thickness,
t(102), on the underlying stent body 110, ﬁhe struts of

which are characterized by a thickness, t{(101), as shown in

- 8 - ThlSSheetH
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plastically deformable netal. The coating 102 optionally conprises an
X-ray absorbing material, thus rendering the stent 100 radi opaque.
Preferred materials for the coating 102 include gold, platinum palladium
and tantal um - The coating 102 is applied to the stent body 110
by any suitabl e nethod such as, for exanple, dipping, spraying, vapor

deposi tion, chemecalrogs-gkeetibnahevienl il phstraged sinitRiey.i 1@ .andhehstenke.
A preferred met hod for applying-the coating 102 to the stent body 110 is

by el ectropl abiody. 110hésceiathey gartisl hppr exbuipletally coveged withozhe on
the underlying stent body 110, the struts of which are characterized by a
t hi ckness, t(lebptiag 20@wn When the diameter of the stent 100 is reduce

the cross-sectional viewillustrated in Fig. 1B. The stent ody 110 is
ei ther partial Ispchr asoby! srémpingventd ai bﬁllﬁen eaﬁbeheraoghevébh*ﬁess
di anet er of the stent 100 i s reduced such as by crinping onto a QQIIoon

catheter 5 the Pﬁrdﬂﬁbs@oa%ﬁnsh%o%anKﬁ52l0215t@B@éﬂcﬁ%PQHHQ|E%%N& the

provide the SLemdn nesessary a%ﬁé@m Rols ShenstenhyBods" 11L5 &Lﬁgﬁced

'ﬁ%i[ﬁgogégi Ee:%fdl V'nrttsﬁfg hé*&'{] inseggﬁﬁalifﬁ a'ﬁ@f "reﬁ‘is‘%f? a?sfoé 3 SR he
el 6] osf%eé%é&?& £ 'fes E%Et h?ﬁl?%et%*ie Gpaty %113193%0 o

pref erabl y approxrmates 0SS-Secirona ness 'of ‘t he stent

tS}“r ws ?gggéiggtye%&’eemct BEoEeAL18Y. 10For CORRRDEES @nsh' ORECECHELIAY 1035
10 | comprises a soft, pliable metal such as gold, and the stent
body 110 comprises nitinol, the thickness of the coating
102 preferably approximates the cross-sectional thickness
ef the stent body struts. Convefsely, when the coéting 102
comprises a stronger metal, its thickness need not be as
15 ' thick as the underlying stent body struts. '
The coating 102 imparts desired properties to the
stent 100. For example, when the coated stent 100 is
- expanded within the body, its compression resistance is a
-combinaﬁion of the strength of.the stent body 110 and the
20 strength of the coating material, which is plastically
deformed during expansion of the stent 100. The radial
resistance of the stent.loo against stent collapse and
recoil after deployment is thus greatly enhanced by the
coating 102. When expanded, the coated stents of the
25 present invention have the further advantage of being
resilient in the longitudinal and radial directions,
thereby resisting permanent deformation by longitudinal and
radial forces. Furtherﬁbre, because the addition of the
S
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thick as the underlying stent body struts. . "The coating 102
Fnparts desired properties to the stent 100. - For exanple, when the
coated stent 100 is expanded within the body, its conpression resistance
is a combination of the strength of the stent body 110 and the strength
of the coating material, which is plastically defornmed during expansion of
the stent 100. coathfg' a2l tol €dles st 0f00heubistantiad 19ggirsiermienthe
col l apse and recoil "after deploynment is thus greatly enhanced by the
coating 102. stkas bsggnued, fromeexmeidihe tteowasrds ittlse frpeedénmetaveniton
have the further advantage of being resilient in the Iongitudinal and
radi al directi dsspott hecebgargstst regt painanbat stehdr frenoexbyndibngi suahnal
and radial forces. Furthernore, because the addition of the

-10- coatingas0dy csheéathytent ombersers§ﬁ:a'ﬁtmamy ﬂkﬂaé\ﬁerﬂvsrmﬁa igsertioRdy
110 from expanding towards its free dianmeter, it 1is not necessary to
restrainSt he sidk® £thenbedyanding such as by sheath or other restraining
means during insertion into the anot her

enbodi ment  of the preseﬁﬂglr%M§H?%% ?ﬂoﬁﬂ?ﬁhewﬁgd§g8HF fgg Pt 8R8H

tent body 110 d wt 202 th h h
erbodi rent shomcgﬁ‘?%?a Sepnfan e P Wil o4, 5 B ?’931"’115 )

bi ocorpati bl e mpterial ,hexi no sy éfi:@ ePé%ﬁéf D64 che Sbbeiantish e pegyent

t he stent body om éxpandin owar ree di ter t he

stent body 110¢h8oaRhafied shdud airp'ﬁ?.t eia.srralrhsr culben 2o ddsr heumeiny . A

10 suitable biocompatible material having sufficient strength

to substantially preventlthe stent body 110 from expanding

ltéwards. its free diametér' after the stent body 110. is

placed into a diameter smaller than the free diameter. A

preferred material for the tube 202 is implant-grade

15 =~ medical polyurethane. In the embodiment shown in Fig. 2,

the length of the tube 202 is substantially the length of

the stent 100. The thickness of the ﬁube 202 is sufficient

" to provide the strengﬁh necessary to hold the stent body

110 at the reduced diameter, thus negating any‘tendency of

20 the stent body 110 to expand to its free.diameter, d, by

virtue of its elastic properties. For example, when the

stent body 110 comprlses nitinol and the tube 202 comprises

implant-grade medical polyurethane, the tube 202 is
approximately 100 to 200 microns in thickness.

- 25 The tube 202 has potentially multiple functioné.

- Por example, the tube 202 prevents the stent boay 110 from

expanding ﬁo its free diameter after the stent body.llo is

placed into a diameter smaller than the free diameter.
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preferred material for the tube 202 is inplant-grade nedical polyurethane.
tn the enbodi nent shown in Fig. 2, the length of the tube 202 is
substantially the length of the stent 100. The thickness of the tube 202
is sufficient to provide the strength necessary to hold the stent body
110 at the reduced di aneter, thus negating any tendency of the stent body

110 to expand p@rtharimbee,di BEBhAEe dthBY 1l¥hgtHe Of 1&Recl @ghéC 202 is
properties. For exanple, when the stent body 110 conprises nitinol and the

tube 202 conpri§BStahfRhaNy- hadq eMgdhCIE ey WtRidtamndyt ML d Ul 2rves
approximately 100 to 200 mcrons in thickness. " The tube 202 has
potential |y nutbi plimitineinbelization esadpl erowtie thveu®? phevergenirgs
stent body 110 from expanding to its free dianmeter after the stent body
110 i s pl acedbenween thensteutsnelfl ¢het Erenthd. 00r.ce Al annther example,]]-
Furthernore, because the length of the tube 202 is substantially
the |1 engbh of the subet 20Rlyigioptirngddyesisad fomni hoddbagi AnucorrIAnts
growt h through _the openings . between the struts of the stent 100. As

anot her exanpl @uringe de}i¥ery? 40 dPERBHAF | OGIEHORor WHEFEURGTI TS LM s

~during delivery to a target .| ocatjon, whereupon the_drug -agents .are
- rel eased from *BeREEbBYE0XelepSede EHAR Lhe h'gub? u%@zzzoz%ﬁgs%dﬁﬂ?lfgerﬁk%e

crbedded Lher o o WM A2 cRUISPRUEHLLY glapncs LiatLile LiReeRORAl
Anot her enbOdig&ﬂée&&eﬁ@fyprfeﬁee@sé&vﬁgginor}:ﬂé' tube 202 at the target
10 location to prevent or limit neo-intimal prqliferation.
Another embodiment of the present.invention is
shown in Fig. 3. This'embodiment.is similar t§ that shown
in Fig. 2 wiﬁh the exception that the embodiment shown in
Fig. 3 includes multiple tubes or rihgs 302, each having a
15 = 1length less than that of the stent body 110. This
embodiment is preferred.bver'the embodiment shown in Fig.
2 in applications where the use of minimally covered stents
" are desired.
The present invention provides methods for
20 deploying :the stent 100 within a body 1lumen. In one
embodimeng, the method includes the steps of providing a
stent comprising a sfént body comprising an elastic
material, the stent body being charadterized by a free_
cylindrical shape héving a free diameter; deforming the_
25 stent body to a diameter smaller than its free diameter;
covering the stent with a covering that substantially
prevents the Stenﬁ body from expanding towards said free

diameter by virtue of its elastic properties; inserting the
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[T —




shown in Fig. 3. This enbodinent is simlar to that shown. in Fig. 2 with
the exception that the enbodi mrent shown in Fig. 3 includes nultiple tubes
or rings 302, each having a length less than that of the stent body
110. This enbodinent is preferred over the enbodi nent shown in Fig. 2
in applications where the use of minimally covered stents are desired.

The present i ngesit oinpsdovhdebodet hadd frechaddmadyiyn @xpandingntt hE0Gtantthi n
a body | unen. In one enbodinent, the nethod includes the steps of
providing a siaena tampgeksilogatishentititdy therpbedy njuaanckasa desigied. al
the stent body being characterized by a free cylindrical shape having a
free di anet er ;usiefwl nibhagmeter. st The bo&yrﬁogasﬁgaﬁangiaﬁﬁm|n§eWﬁ%%$iq

free dianmeter; covering the stent with a covering that substantially
prevents the sstent hagmf ewpandingi deriegalnsesaiens ko &%%P@%Ybfnd
virtue of its .elastic properties; insertin

the body? and PRERFRIERREI |5 epakdragtt h&og:g&l%rgg a¥ighin, g%t ]k?z%%‘ét oSkt hi n
brovents the. MeReRver ontExbantingSERFnGe: AERLAYER: | (P8 Ry SaRy dras
Ctont 15 depl GyAR, SHRPCONE | R5ohoPAGTSEAR SE8nt APACPnet ) ditet SRR
b b rtene el o1 F, sfesl ook, Ehe' REcLESSILy AR 2B Sqmipia <

diameter to whighy tPeqst RhghSoeXA2AMEEePS, and it is not required that
10 the useful diameter to which the étent'is expanded be

substantially equal to the free diameter of the stent body.

A method 6f deploying a stent is described with

reference to Figs. 4A to 4C, which illustrate (in cross-

"section) the deployment of a stent in an angioplasty

15  procedure as a non-limiting example of the present

invention. As shown in Fig. 4A, a stent having a stent

body 110 and coating 102 on the stent body struts is

-mounted on a catheter 401 having an expandable portion 402.

The diameter of the stent when mounted on the catheter 401

20 ~is less than its free diameter. Although the stent body

110 comprises an elastic material, the coaﬁing 102 is of

l§ufficien£ strength to substahtially prevent the stent body

110 from expanding towards its free diameter by virtue of

its elastic properties. The catheﬁer 401 is bositioned

25 within a body lumen 501 having a blockage caused by plague

buildup 502, for example. When inserted to the desired

. target location, the expandable portion 402 of the catheﬁer

401 is expanded by known techniques so to expand the stent

This Sheet Has Been Reﬂlaced . - 12 -
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substantially equal to the free dianmeter of the stent body. A
met hod of deploying a stent is described with = reference to Figs. 4A to
4C, which illustrate (in cross- section) the deploynent of a stent: in
an angi opl asty procedure as ‘a non-limting exanple of the present
invention. As shown in Fig. 4A, a stent having a stent body 110 and
coating 102 onttha desitedpdysefuliidinensiamast eltoom dncHiget 6B. 400uhing ng
. an expandabl e portion 402. The di aneter of the stent when nounted on the
cat heter. 401 such| expan$ioni tthe metal feaatdng A02hebgkhehstentnbody L0
110 conprises an elastic material, the coating 102 is of sufficjent
strength to subBdergees|plasteierdeformation. b exnaNdaBLe BYEHEPM 02
towards its free dianmeter by virtue, of its _elastjc propertleﬁé _1?{k§e

catheter 401 i9fpsbe: icatdeteni4®l nig bbeyeprtiker S¢£HRLFhI
le.. W ' desj red
ol SAEEREEE 4085 5PN bt BREY od uneRo oy 48 ©

caused b plagﬁngngfi; up .502, for exa

target |9dcati oh; expa

expanded by- kno t echni ques sg.to expand S . e o .

-13 - to ?hdié\g%d,nhsgﬁgl' d’i“)ﬁénsi ?ﬁeassés%gtv\g&f%aﬁlngs. ﬁﬁa %aﬁenglrsuaf_
expansi on, e o] - : under goes pl astic
def or mati on. Tﬁ%B%§%3§dgé#gQ%%Q%Fg§n4gg é%?”%heﬂcg% étéF'401 I's thereafter

deflated to facilitate rempval of-the catheter 401 fromthe body |unen
501, as shown in Fig. 4C The stent remains in place in an expanded

confi'guration as shown ifhé&i gredént invention is further described with

10 reference to the following non-limiting examples.

Example 1

Using known techniques, a patterned tube stent is

‘made from nitinol having an approximate composition of 51

15 ' atomic percent nickel, balance titanium. The thickness of

the stent struts is approximately 100 microns. The stent

haé a free diameter of about S milliﬁeters. The stent is

- electroplated with gold using conventional techniques to a

thickness of approximately 100 microns. The stent is

20 " thereafter deformed at room temperature, while the'nitinoi

is in an austenitic phase, to a diameter of approximately

1 millimekeru The gold coating holds the stent to a
diameter of aéproximately 1 millimeter.

The coated stent is crimped onto the éxpandable

25 portion of a conventional balloon catheter. Uéing known

techniques, the balloon catheter is delivered to a target

location within a bod? lumen having a diameter of

approximately 5 millimeters.

This Shéet Has Been eﬂ - 13 -

[ -



The present invention is further described with reference to the follow ng
non-limting exanpl es. Exanple 1 Usi ng known t echni ques, a
patterned tube stent is nmade fromnitinol having an approxi mate

conmposi tion of 51 atomc percent nickel, balance titanium The thickness
of the stent struts is approximately 100 mcrons. The stent has a free

di aneter of about 5 millygBhersne Thtettentid Spoghiesbhenl ated wid h walghe
usi ng convent.i onal techniques to a thickness of approxi mately 100 m crons.

The stent is ibeiepdn erekieliIMbmicathetelreipeerpin@ed | £ dinatidr o
Is in an austenitic phase to a dianeter of approximately 1 mllineter.

The gol d coat i bgriieess dbrruitst 8nttd 0 abouti asetmeil bimetppraoxi nebetring such
mllimeter. - The coated stent is crinped onto the expandabl e
portion of a cexyamsiamaltlvaldtomt dat HéitkewiseUsixppidedvto weckismprer ahe
bal | oon catheter is delivered to a target location within a body | unen
havi ng a5 di ancbetwedn abpubxdntoehbostnf| middimesers and the gold jayer
Wen the stent is_positioned_ to the target  |ocation, the balloon
catheter is exparBtastécallyadefermed bBEt iﬁéé‘ﬁl&ﬁo&ts oy &né'-ﬁ‘(‘}l‘}t apating.

mllinmeters. During_such expansioq, Is.likew se panded t
di amet er of b%‘i‘%ve??r%rﬁ&ﬂt L tﬁﬁu{*s 3%2'15&' sd%‘%]ﬁatﬁfi é)
pl astically deforne

catheter is t %f&% %8?[1?& iaagﬁagr H%C%%‘C’%ngogt sBdnt Ipleplﬁcleo%% the

target location. The deployed stent has high strength due

10 to its austenitic 'phase' and the additional streng;h
. imparted from the plastically deformed gold coéting layer.

Iﬁ addition, the deployed stent has excellent resistance to

recoil and collapse thle_maintaining_resiliency in the

longitudinal direction (i.e., reboundability).

15
Example 2
Using known techniques, a patterned tube stent is
"made from nitinol having an approximate composition of 51
atomic percent nickel, balance titaniﬁm. The thickness of
20 the stent struts is approximately 100 microns. The stent
_has a free diameter of about 5 millimeters.
The stent is cooled in ice water to place the
nitinol in a martensitic phase and deformed while cold to
a aiameter of approximately 1 millimeter. A polyurethane
25 tube, having a diameter Qf.approximately 1.5 millimeters
and a thickness.of approximately iSO microns, is placed
.ovér the stent. Both the stent and the polyurethane tube

have a length of about 1.5 centimeters. The polyurethane

-_
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fromthe body, |eaving the expanded stent in place at the target |ocation.
The depl oyed stent has high strength due to its austenitic phase and
the additional strength inparted fromthe plastically defornmed gold
coating layer. 1In addition, the deployed stent has excellent resistance to
recoil and coll apse while maintaining resiliency in the |ongitudinal
direction (i.etubd choVagdalitd t ¥tent thXagpIEiameter of apfirdindTy 1
techni ques, a patterned tube stent is nade fromnitinol having an
appr oxi mat e comiddiimeeraf 51 -atom c percent nickel, balance titanium The
t hi ckness of the stent struts is approximately 100 microns. The stent has
a free dianeter of about Thenicovemretiessent is crimp@&eontenthesexpahnddbila
ice water to place the nitinol in a nmartensitic phase and deforned while
cold to a di afpersdosf @ﬁapaogbmeetyomam beilderar caghedigrur et Uahed kuppen
having a diameter of approximtely 1.5 mllineters and a thickness of
approxi nét el y ESChRiauess, the haddeen sathetar sierdel %Kﬁ?ﬁ@hﬁos?eﬁﬁraﬁﬂ

t he polyurethaqe t uhe have | engt h c{ about 1.5 centlnetera

pol yur et hane ocation w1th1n a body ' lumen Hiylngtu%e 6?B§t?ﬁe fent

to a dianeter of %o rOX|ngteI mllineter. The covered stent
_i's crinped ont RXAIRER XbPeml&&FPF5ﬁr5f ‘a conventional balloon-catheter.

Usi ng known techniques, 4he b@hgoogtg3£he£§w ﬂé%f%idﬁéﬁ‘“i _tﬁetaE9§§et

location, the balloon catheter is expanded to a diameter of

10 between about 3 to about 5 millimeters. During such
expansion, both the stent and the polyurethané tube are
likewise expanded to a diameter of between about 3 to about
5 millimeters.. The balloon catheter is thereafter deflated.
and removed from the body, leaving the expanded stent and.

15 =~ the polyurethane tube in place at the target location. The
deployed stent has high.strength due to its austenitic
phase and the additiqnal ‘strength imparted from the

- plastically deformed gold coating layer. In addition, the
deployed steﬁt has excellent resistance to recoil and

20 collapse while maintaining resiiiency in the longitudinal

direction (i.e., reboundability).

The present invention provides stents of improved
strength that are isothermally deployed in the bédy without
the need for restraining' devices. - When deployed in
accordance with the present invention, tﬁé stents provide
sufficient strength to resist recoil ahd collapée'while

maintaining resiliency in the longitudinal direction. It
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location within a "body | unen having a di amet er . of approximately 5

mllinmeters. . When the stent is positioned to the target

l ocation, the balloon catheter is expanded to a dianeter of between about
3 to about 5 millineters. During such expansion, both the stent and the
pol yur et hane tube are " |ikew se expanded to a di aneter of between about 3

to about 5 nilgiIetss sobdisudatd ahosmidici Eled sin htheaitter hefimg erkgant
renoved fromthe body, |eaving the expanded stent and the pol yurethane
tube in place atottleis aiigetldsnad, whatTheheteyhoiationenonhalisi ipventiamt h
due to its austenitic phase and the additional strength inparted fromthe
pl astical | y defleyend gthdseoaspenificakly | axguniliféad there dBay oped madent
has excellent resistance to recoil and collapse while maintaining
resiliency in t$uchovgriagions afienedidwaYYY .. eto P@bGGﬁé&SFFﬁgyFs coming
The present invention prOV|des stents of inprqved s&reng 3 t, are h

i sot hermal Iy dé‘b’r@?ﬁ‘é’ﬁ liﬁti'fﬁPRﬁ)d%ﬁ Whigodnivenkdonead 118 tPRast? ?Wn‘@’ the
devi ces. P dep| o accordance with the present invention, the
stents provide %&ﬁ?Y%?% ?lé%m%ngth to resist recoil and collapse mhlle

mai ntaining resiliency in the longitudinal direction. It

- 16- w Il be obvious to those skilled in the art, having regard to
this disclosure, that other variations on this i nvent i on beyond t hose
specifically exenplified here nmay be made.
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Such variqLLgﬂs.aLe-h0mEV€T” to be considered as com ng Wi t hin fhe scope

of this invention “ solely by the follow ng clains.
-17- m‘\m @“’ &\“\\“ stent for deploying within a body |unen, said

st ent a stent body conprising an elastlc
mat eri al, sai*d st ent body bei ng characteri zed by a free cylindrical
shape havi ng awkr egadlingneter; and a covering on said stent body,
wherein said covering substantially prevents said stent body from
expandi ng towards said free diameter when said stent body is pl aced
into a dianeter smaller than said free . diameter. 2. The_stent of -
cl ai m 1, inher eltn saAdstenst for ndeploping swithin m thody  lumers, said sfemt of
claim2, wherein said nitinol is in a substantially austenitic phase
when depRoyed in safgmprisingedy. 4. The stent of claiml, wherein
said stent is a .. ) . )
3 a stent body comprising an elastic material, said
4 stent body being characterized by a free cylindrical
5 shape having a free diameter; and
6 a coverind on said stent body, wherein said
7 . covering substantially prevents said stent body from
8 expanding towards said free diameter when said stent
9 : - body is placed into a diameter smaller than said free
10 - diameter.
1 2. The stent of claim 1, wherein said elastic material is
2 nitinol.
1 3. The stent of claim 2, wherein said nitinol is in a
2 : - substantially austenitic phase when deployed in said
3 bedy.
1 4. The stent of claim 1, wherein said stent is . a
2 patterned tube stent.
1 5. The stent of claim'l, wherein said covering is a metal
2 coating.
i



patterne The stent of claim1, wherein said covering is
a met al “ & HI"" K _ . - 18- 6. The

tent of the t hi ckness of said nmetal coating is
apprOX|nater equal to the t hi ckness of said stent body. 7. The
stent of claim®6, wherein the thickness of said stent body is about
100 mcrpns. 6.8. THéesseAdt off «dadinn®, whereim shedthdckhessalingaid
conprises a netal selected fromthe group consisting . of gold,
pl ati nun2 pal | adi unmetahtabatmnginis agpyoximatelyt leepedf .to the thilmknstssnt
of claimb5, wherein said netal coating is el ectropl ated onto said
stent. 3 10. The of esnidfsteént np&dywherein said netal coating is '
radi opaque. 11. The stent of claim1l, wherein said covering conprises
a tube around said stent. 12. The stent of claim1l, wherein said tube

conprises a . ' .
' w 1 The stent of claim 6, wherein the thickness of said

2 - stent body is about 100 microns.
1 8. The stent of &laim 5, wherein said metal coating
2 . comprises a metal selected from the group consisting
3 of gold, platinum, palladium, tantalum, and alloys
4 -thereof.
1 9. The stent of claim 5, wherein said metal coating is
2 electroplated onto said stent.
1 10. The stent of claim S, wherein said metal coating is
2 radiopaque.
1 11. The stent of claim 1, wherein said covering comprises
2 a tube around said stent.
1  12. The stent of claim 11, wherein said tube comprises a
2 polymeric material.
1l | 13. The stent of claim 12, wherein said polymeric material
2 is polyurethane.

-_
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gg![g??;““‘m mr ‘M‘MUI ?ha-rl;ge stent of claim 12, wherein said p?l yrlrgfl c

14. The*stént" of* cI®aim 11, wherein the | engt h of said tube S
substantially the I ength of said stent. 15. The stent of claim 11,
wherein the length of said tube is less than the Iength of said :
stent. 1 16. 1he street s@entl sENtilaimhel £iwhéwe th aheelengtboBEr sagd tube
multiple rings around said stent. 17. A method for deploying a stent .
w thin a2body |unenis substantisfilyodheotehgtineft lsaist ependf.:
providing a stent conprising a stent body conprising an elastic
materi al, said stent body bei ng characterized by a free
cyllndrlcal shape having a free dianeter;
def or ni nd sai d1St.enThigogpent af d¢baimekl, wherein thealleagthhaf said tube
di aneter; coverlng said stent with a covering while
said stedt body is 46 3ace &bametbe dfBOrE ofhgaid stent. ga5id free
di aneter, said covering substantially = preventing said stent body
fron1expanding t owar ds ' said free dianeter;
1 16. The stent of claim 1, whexein-said covering comprises
2 : multiple rings around said stent.
1 17. A method for deploying a stent within a body lumen,
2 - said metﬁod comprising the steps of:
3 providing a stent comprising a stent body
4 comprising an elastic material, said stent body
5 being characterized by a free cylindrical shape
6 having a free diameter;
7 deforming said stent body to a diameter
8 smaller than said free diameter;
9 . covering said stent with a covering while
10 said stent body is at said diameter smallexr than
11 said free diameter, said covering substantiélly
12 preventing said stent body from expanding towards
13 said free diameter;
14 inserting said stent into the body-lumen;
15 o and
16 - mechanically expanding said stent.
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i nserti ' gt © the body | unen; and . o
rrecha‘n!‘_mqml ﬂmmlmsal d stent. - 20- ' . 18. The net hod
, el

of clai eln sald step of covering said stent
conprises the step of electroplating a netal coating onto said
stent. ~19. The nethod of claim 17, wherein said step of covering
sai d stefit conpgi sephé NreCh&P ¥ AW NF,2 UME said step of dHREIRGE'
said stent. 20. The method of claim17, wherein said step of
covering . saigaigtedtenéof éSetHd esebgp o eiééti?@?l@{:ih@ &
rings around said stent. 1. The nethod of claim17, turther
conprising the stemefal coating ontdsdid ngtemt d stent onto a bal | oon
catheter prior to the step of inserting said stent into the
body. _ 22. The method of claim 21, wherein said step of
mechani cal | y expandi ng said stent conprises the step _ of
inflating sai dd®al IThen.method of claim 17, wherein said step of covering
2 ' said stent comprises the step of placing a polymer
3 tube over said stent. .
1 1 20. - The method of claim 17, wherein said step of covering
2 said stent comprises the step of placing muitiple
3 _ "rings around said stent.
1 21. The method of claim 17, further comprising the step of
2 mouhting said stent onto a balloon catheter prior to
3 the step of inserting said sﬁent into the body.
1 22. The wmethod of <claim 21, wherein said step of
2 T mechanically'expanding said stent comprises the step
3 of inflating said balloon.
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