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The present invention relates to an expandable intralumnal grafts
("stents") for use within a body passageway or duct which are partiidujsqrig

suseful for repairing blood vessels narrowed or occluded by disease. The
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whi ch include expandabl e stents have been proposed or devel oped for use in
associ ation with angi opl asty treat ments and ot her nedical procedures. The
endopr ost hesi s BEY WHEiRgously 15 routed to a treatment site and
the stent is e?@ ) FBINT Al [ or restore the patency of a body
passageway such as a blood vessel or bile duct. A stent is typically
cylindrical in shape conprising an expandable open frame. The stent wi |
typical ly expand ei {Iherprésgnt UB'GMOF(Eéat%WWb&‘t E‘rﬁﬁ&'-)mﬁtal estsetﬁd)
upon exertion_of an outwardly, directed radial ce on an | sur, of
the scent 20 fora hse By o TGN PREPHET Y ooraaltcﬁ 0\;]16 ‘rhna’felx TR 86r
endovascul ar ?%B l&'a vedtdls A b@@&i oY &ReRided %Srt@il’séésQr Tﬁ@‘ phesk® invention
mai ntain or res ore e patency of the passageway have been deployed

per cut aneousl y rélatesieténTfiutther e systamsforelelisarinpssuchistangsd Wit h sur gi cal
exposure of 25 the treatment site during coronary artery bypass.

Per cut aneous deploynent is initiated by an incision into the vascul ar

syst em of the I [ e f enoral artery. A tubul ar or
sheat h port onmgﬁ@d{é?cﬁ?a s et-t t hrough the incision and
extends into the artery. The introducer has a central |unen which provides
a passageway thrOUghrlirﬂﬂlsF@BbFsttrés@ kis Ser@tilfés AVRIER Mind¥adlé ekpirlableestdfts have
interior of the artery. An outwardly tapered hub portion of the introducer
remai ns out si de bdre ppapiosethbr slebddped forpusevianassodisiden Wﬂinalllaaklhﬁg tmtmgmst he
artery along the outside of the sheath. The, i ntroducer lit 3

val ve to bl ock and s8berf medicaly prasedyrge y‘?é’r“wftrﬂf‘lgﬁﬁﬁ L aih %t’?cP& w“sy

passagevay., A d'rgttxt% to a treatment site and the stent is expanded to maintain or restore the

patency of a body passageway such as a blood vessel or bile duct. A stent is
typically cylindrical in shape comprising an expandable open frame. The stent
will typically expand either by itself (seif-expanding stents) or will expand upon
exertion of an outwardly directed radial force on an inner surface of the stent

20 frame by a balloon catheter or the like.

Stents for endovascular implantation into a blood vessel, artery or the like
to maintain or restore the patency of the passageway have been deployed
percutaneously to minimize the invasiveness associated with surgical exposure of

25 the treatment site during coronary artery bypass. Percutaneous deployment is
initiated by an incision into the vascular system of the patient, typically into the
femoral artery. A tubular or sheath portion of an introducer is inserted through
the incision and extends into the artery. The introducer has a central lumen
which provides a passageway through the patient's skin and artery wall into the

30 interior of the artery. An outwardly tapered hub portion of the introducer
remains outside the patient'o body to prevent blood from leaking out of the
artery along the outside of the sheath. The introducer lumen includes a valve to
block blood flow out of the artery through the introducer passageway. A distal
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. -1 11 JAN 2005 end of a guide wire is passed through the introducer
“.passageway into the patient's vasculature. The guide wire is threaded

t hrough the vasculature until the inserted distal end extends jusfl Th&NoXith
. the treatnment site. The proximal end of the guide wire extends outside the
Y.introducer. 5 For endovascul ar depl oyment, a stent, in an unexpanded or
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its entire | eng 'S 10 end of the balloon catheter is threaded
ont o the proxi NBle iRQdtedfdidtilcenguéxtendsijost. beydimb thei teeatinertrmteof The preximabend i s
inserted into the introducer |unmen and the catheter is pushed along the
gui de wire untiof theguidecwire estearsguisidle the BYOMCRT site. At the treatnent
site, the balloon is inflated causing the stent to radially expand and
assune an ekpanded configuration. Wien the stent is used to reinforce a 15

portion of the bl oo?r;g}z:q%ﬁg,ji WH),CIEB{@“%EQ stent, EpnP an dRex patidedt Biatondtricedt er
y 0

di ameter is approxi %l arger than the inner dianmeter of the
bl 0ood vessel at céhfguritest, 1eotingjet contefaf deflatedebajloon portion af ai ballaohesatheser.f i t
between the stent and the blood vessel that inhibits, mgratio fa%iule

stent. The bal | ba bajlooneportivadisapermaly BEPPHEnNNaLt i i°§'dV\PFH8'F %PPom

he patient's body. The 20 gujde wire js: sjn gl
(he pati ent s bad., T 20 GULLE, 4 LS bl bAald RRNGH K ke idd
| s given [ foU Seo3k 8 batiob Tafifike ibithddofia WEProAmAURITOL heguiddHire.

whi ch is hereby I ncorpora rein by 25 reference. Such stents are often
referred to as bkl gienl expasfdaiel eathétentis insefegiictal the inteoducemiumen randethier om

The vl | of t he cavieler s Tibed AlsE (e guerire un G e St apaphet B1S ugpiaet st
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di aneter, and assume an expanded configuration. When the stent is used to reinforce a
15 portion of the blood vessel wall, the stent is expanded such that its outer
diameter is approximately 10% to 20% larger than the inner diameter of the
bload vessel at the treatment site, effectively cauéing an interference fit between
the stent and the blood vessel that inhibits migration of the stent. The balloon is
deflated and the balloon catheter is withdrawn from the patient's body. The

20 guide wire is similarly removed. Finally, the introducer is removed from the

artery.

An example of a commonly used stent is given in U.S. Patent 4,733,665

filed by Palmaz on November 7, 1985, which is hereby incorporated herein by

35 reference. Such stents are often referred to as balloon expandable stents.
Typically the stent is made from a solid tube of stainless steel. Thereafter, a series

of cuts are made in the wall of the stent. The stent has a first smaller diameter
which permits the stent to be delivered through the human vasculature by being
crimped onto a balloon catheter. The stent also has a second, expanded diameter,

30 upon the application, by the balloon catheter, from the interior of the tubular

shaped member of a radially, outwardly extending.



~ 30 upon the application, by the balloon catheter, fromthe interior of the
*tubul ar shaped nenber of a radially, outwardly extending. 1 1 JAN 2006 AN 2005
However, such "ball oon expandabl e" stents are often inpractical for use in
sonme vessels such as superficial arteries, like the carotid artery. The,

“=carotid artery is easily accessible fromthe exterior of the hunan body,
and is often visibl Howgven, cotti ieplloon@xpandablek steatsprreiofien impraetirak forauseoidn

dabl t ent de f 5 stainl t eel the .Iik d in thei
carotid art er ySOMGHSHE SEREWPRGA spenet Jike hefaipyd afiebg ThE.Sret aeigry
activity. A sulldgypatedQbRSBhRELRMd M 1HE'thRfth bod) Gy 8 Witkr?Vistile by
falling, could cau e 2tent to co apse, resulting“in injury to the

patient. In or@dekingOatdmeéeidck! hias patsent fhaedngaan Balgprs tepindablev stele aadpr fepms ed
for use in such vessels. Self expanding stents act |ike springs and wl|

recover to % heitainles9 steepandbel like, plastdine dbeir satotiguartary omigittbe suwepdble to

crushed. One type of self-expanding stent is disclosed in U S Patent.
o Bo5 771, WA yw, RNy iy ALkt UGN s iFed g, B atients

t ubul ar body w P ) | § | rd : |
novenent of e\rll\ﬁaésc Iﬂbgu %hh%"qgg%;ﬂ{r%r&rsgﬂda a?%Ehtg gtetgg@c%gﬁg% ﬂg%gh\ﬁ/\ﬁ?@ﬁﬁ:hi 8 e
conposed of a pliéng! It Brdek 16 Peivehci, Isyifekpardingbstents hawe been Eﬂsbcsé@w gse
thread el enent's defining a radially self-expanding helix. This type of
scent i s knownini suchheessals. Belfaexpandingedends aeft likeasprings ansl sdlj rigaayerdto their
herei n. Pl acenment Sf such stents in a.bo&}/ \rﬁ%ssel an be achieved by a

devi ce whith ®epieder upplapted configuration alies bENg FEHEd: he stent at its
distal end, and an 20 inner piston which pushes the stent forward once it
is in position. OQher types of self-expanding stents use alloys such as
Nitinol (N -Ti allophe tpht &f seffwkpafding stennts Wisehued rin SUSr Pheat i4G665,771,
characteristics in nedicCal devices which are designed to be inserted into
a patient's bowhichThent Hapea madislly 28l @xiallycflexible, i elastig |tubwian cbosdy, iwitls a o
be deforned to facilitate their inserti into a _,body lu oL _cavit nd
then be heat edpﬁﬁaftﬁfrﬁmf’ﬂéh%ﬁﬁr gt fsh‘é&mg%e“rﬂ%& agial PQ%WEF%F §9¢4 8? G %?d?yal
shape. Supgy el ftldve ENEICATURE Bid GhicNis! dnRishiPbf RARUrARY YfdinkiiviabdIBrigld @
metal to bé defornmed and restrained in the deformed condition to facilitate
the insertionbutf fiexiblenmui elabticlthreak eleowentsi defining heradislly s¢lfrespanding ihelix: s
body, with This type of stent is known in the art as a "braided stent” and is so designated
herein. Placement of such stents in a body vessel can be achieved by a device
which comprise an outer catheter for holding the stent at its distal end, and an

20 inner piston which pushes the stent forward once it is in position.

Other types of self-expanding stents use alloys such as Nitinol (Ni-Ti alloy)
which have shape memory and/or superelastic characteristics in medical devices
which are designed to be inserted into a patient's body. The shape memory

25  characteristics allow the devices to be deformed to facilitate their insertion into a
body lumen or cavity and then be heated within the body so that the device returns
to its original shape. Superelastic characteristics on the other hand generally allow
the metal to be deformed and restrained in the deformed condition to facilitate the
insertion of the medical device containing the metal into a patient's body, with

30 such deformation causing the phase transformation. Once within the body lumen

the restraint on the superelastic member can be removed, thereby reducing the



30 such deformation causing the phase transformation. Once within the body
lumen the restraint on the superelastic nmenber can be renoved, thereby
‘reducing the 3 1 1 JAN 2005 stress therein so that the superel astid InbbdB
can return to its original un- defornmed shape by the transformati on back
to the original phase. Alloys having shape nenory/superelastic .
" characteri sti stsesgetherein| so heyethat supsralastist MeqBepfaB eECIUMh & disppaigaralapa- o
martensite phase, which has a relatively,| tensi.le strength and which is
{Grration ety AL e

stabl e at rel S€iOUBEY SPARF RYcthpdregsigraauo WePeift B'%Bhase, which has a

relatively high tensile strength and which is stable at tenperatures
hi gher than the martensite phase. 10 Wen stress is applied to a specinen

of a metal such as AMidysnairgx{hapé memioryfsupercisis characteristicst genesillyy havt at
tenperature above whi ch the austenite is stable (i.e. the tenperature at
whi ch the $r ahsfotwmphases.oTheser preses are pmagensite phase, vaich das agelatively low

conplete), the specinen deforns elastically untjl it reaches a articul ar
stress | evel \Wfi‘éﬁ% strereth ané ywhidels %Fb@éé‘vﬁpysflofvegcg‘ﬂemiﬁ?éd%&Eé‘“i’ﬁ"’m

t f ti f h teni t ' :
phase 1 ans Bpe | WD, BHE G Befy@UZRES) rslle SRAEATANUT AR Bs, ARl

in strain but ter%érﬁtukéstﬁihl@er%mﬂmem@ﬁn@pﬁds@g increases in stress. The
strain increases while the stress remains essentially constant until the

transformation of the austenite phase to the martensite phase is conplete.
Thereafter, further_jncrease in stress are 20 C to se furt.
def or mati k. The B Stress ds appligd 10,3 WHB‘F%PES ﬁéﬁ@é@‘cﬁ Wﬂ?ﬁo%ﬁ‘i@ﬁé
i cati ¢ i ' > gl :
app: ! carion o H&@&'a&d&%ﬁ&.?ﬁ*gﬁﬁgcg dﬂg% L%;ﬂgagmré%bwvbmcwtﬁ@ auBBhIB S Ntable

residual defor ron. | peci nen i s renoved before any

per manent def ¢f FBhONemperaling NCHHIchethe trafsfoBnitimsiof i masewesiterphassi kd the
el astically recover and transform back to the austenite phase. The

reduction in ststesite phast iscenuspeleh thecipeeisen deformaclastigally §N1’e§'s_1'ffaét!%§cﬁi on
st oni te phad@iioulis Seredeviioyde s Aoy AR putdefRRs°f Fesfiucel Prde
fﬁgsgggg e&?;ﬂe SHESARLbAR! from | BE SusRafle tPhase @ h@tharfdnsRe pHagy e A sathenphal
transformation proceeds, the alloy undergoes significant increases in strain but
with little or no corresponding increases in stress. The strain increases while the
stress remains essentially constant until the transformation of the austenite phase to
the martensite phase is complete. Thereafter, further increase in stress are
20 necessary to cause further deformation. The martensitic metal first deforms
elastically upon the application of additional stress and then plastically with |

permanent residual deformation.

If the load on the specimen is removed before any permanent deformation

25 has occurred, the martensitic specimen will elastically recover and transform back
to the austenite phase. The reduction in stress first causes a decrease in strain. As
stress reduction reaches the level at which the martensite phase transforms back

int;) the austenite phase, the stress level in the specimen will remain essentially
constant (but substantiaily less than the constant stress level at which the austenite

30  transforms to the martensite) until the transformation back to the austenite phase is
complete, i.e. there is significant recovery in strain with only negligible

corresponding stress reduction. After the transformation back to austenite is



- 30 transfornms to the martensite) until the transformation back to the
austenite phase is conplete, i.e. there is significant recovery. |n]f5 Eﬁzdﬂ
with only negligible corresponding stress reduction. After the 5
transformation back to austenite is I 1 JAN 2005 conpl et e, further stress

c.red ct'onreslts'neat'c strain.red t Thi s abi | t ' .
si gﬁi f : cant s'tj F‘émH fJPBﬁ%flt e i:“c‘)‘ﬂfg‘t rglﬁ té‘?‘?%%%’clffmw ‘!tcﬂlgc i n?clﬂhtyofo
(oad | and 10 T SR Sfeni QM S38n %R LB WBnlBRs hg@icapﬂﬁ R %oddP
commonly referr supere ast|C| y or pseu oe asti ci thrs

property of thendeé @edovkr ﬁdﬁhmehdéfahﬁamnt uptsiethe removaipofi i 1oadi isgcdmlhenwt
sel f-expandi ng stens. The prior art nakes reference to the use of netal

al | oys havi ng sefpreditags supecslastiaity or |pseudoslastmxtyne1d|18:ﬁ113 E&Dﬁﬁﬁslfvﬂhﬁdhataﬂel
i ntended to be |nserted or otherwise used within a nt's bod See for

exanpl e, U.5. phich fgkeyit bﬁB"’@ﬂBWﬁ“gj‘géH?F eptself; a“ g step

(Sakanmoto et al. |

sel f - expandi ng ST%%% ’Qﬁg‘l’s“%ﬁr@@‘e"'ﬂﬂ%"\ﬁ?. Cu%i{i}y@@vm ﬂ%ﬂela‘ﬁﬁ cﬂﬂ‘gﬁ:tle(r)lrsu%‘sr%n
sel f - expandi Ng nfddfial dd0lcey QIbicks ¥4sd eMlendedSEOBE inbdited. &r otadrediNe dscdSWithim d

I ssued to G anturco on April 8, 1986. This reference discloses a delivery

appar at us whi cpatient's bodonSbo\folstmtpk VUikePat. M. Heb&Y,I057I(tervis) anddd§. i Rat.
inserted into a bod e and navigated therethrough so that its distal
end is adj acemNQ-He F"@\i(saé‘?f“@o#t?é stent is then conpressed to a snaller
di anet er d | oaded into the sheath at the sheath's proximl end. A
cylindrical"flat end pusher, having a dianeter al nost equal to the inside

di aneter of the sheabdiigning HelBRIY Syhtdni fortdutivelirgdif-eefuntihg fenstivstprovée
pusher is then used to push the stent 20 fromthe proximal end of the

sheath to the difficalt. ddnt eXampheofh priohart Splf€xpanding gaat deliveny systam gy shawn

end of the sheat e sh ck, while,t The
stationary, théf g‘lﬁ gﬁﬁags%ati@ Et’%‘H §mé§'f)r§ﬂ(§’"n'apﬁtlf Y‘?’#’e m\;% SOEY .
However, del i V%'idcgtﬁest Qede‘{’ﬁzﬁﬂ‘? G;S pAFRHO Whidheu L8t h@udmaéehhohkéfhecﬂné:@et eThean
25 cause many problens nc ng possi bl e damage to a vessel or the stent
during its 151 aghtath lin imered iino,2 bady sesséltand olvigaiod titeretbralighi sgnthat pissdistal

havi ng enough flexibility to navjgate througﬂ]1 t he catheter, bu aldso
enough stiff neggdtxg)a@ggqpttllppetzggeémt@utﬂgfstent 1§ then compres to a smaller diameter

and loaded into the sheath at the sheath’s proximal end. A cylindrical flat end
pusher, having a diameter almost equal to the inside diameter of the sheath is
inserted into the sheath behind the stent. The pusher is then used to push the stent
20 from the proximal end of the sheath to the distal end of the sheath. Once the stent
is at the distal end of the sheath, the sheath is pulled back, while the pusher remain

stationary, thereby exposing the stent and expanding it within the vessel.

However, delivering the stent through the entire length of the catheter can

25 cause many problems, including possible damage to a vessel or the stent during its
travel. In addition, it is often difficult to design a pusher having enough flexibility

to navigate through the catheter, but also enough stiffness to push the stent out of

the catheter. Therefore, it was discovered that pre-loading the stent into the distal

and of the catheter, and then delivering the catheter through the vessel to the target

30  site may be a better approach. In order to ensure proper placement of the stent
within catheter, it is often preferred that the stent be pre-loaded at the

manufacturing site. Except this in itself has posed some problems. Because the



the catheter. Therefore, it was discovered that pre-loading the stent into
-the distal and of the catheter, and then delivering the catheter through
“the vessel to the target 30 site nmay be a better approach. |n ordenq 1t g 2005
ensure proper placenent of the stent wthin catheter, it is often
_.preferred that the stent be pre- Ioaded at the mnufacturing site. Except

exerts a i gni CPOR SorLa AT Eret SarE oo BE T RabSRine wAf MBS ¢ HiBm
expandi ng, the exb&ifingToie L@ hey RRGORELICBRRIGRIEIME Nithid NRe | Gl witldf @k

the catheter. en this happens, the catheter has difficulty siiding over
the stem duri rgthdteri vd¥hen Ths hiappansattheoratbeter rhaSLdlfﬁqultyt slidisg eover the andtg

stuck inside the . theter, .or. cquld danage.the ste ur.i ng deljvery.
Anot her exanpl élué‘ingafic Ve Ahis §€P¥'0%>Fﬁ%ﬁ6$‘-&'g‘%f ite‘Hgf‘Wgﬂpg jdg’ the

given in U3 ek 611' zo gﬁgéagf&gaﬁgwg?gmkldgﬁ%}yet al. on March 22, 1988.

This paten cl'oses a avi ng“a sel f-expandi ng stent
pre-Ioadedint0|0|ts distal end. The stent is first placed within a

fl exi bl e hose and conpressed before it is |oaded into the catheter. Wen
the stent is at the Amithareeyarspieeoft hepricrathesedf-expaddingsstestr deliwerigdsyseem ciser
the stent so that it can expand wthin the vessel. However, vmthdravm_lrgr_gJg

the flexible h(ﬂé%eﬂo‘@eu St H’é‘@t‘ dnt326L¥2 isgpedp Nalisten ety P Mpgrh 2% 98842

to the stent.

delivery syste éeﬁ‘ﬂd?%ﬁ:@% ébl _n it ‘."tgfﬁ% %%s%ﬁ'g’tpf%&@su@gp%o%?ds&%oet
al. on Febrlngar VitsldistaP@Ad. ThHe G.si‘ent Ss faseplaced GdtHiPraafletibie hosd ahd dodh

Whil e using such a device, it is essential for the stent delivery V|ce

to be able to ﬁuﬁorgatesﬁmwghtotmetmeao Whee 8ies stefileisi s theadeliyerp ieuthey
depl oyed devi ces (scent The del jvery system nust follow a guide wre

with out over pSREE sGi a6 WiFhdrRwnQyer (bgistepbse dhat lt eﬁﬁe""ij’&ﬂ@éw[h@ WRen
entering a new J?a@&:i‘ ‘éﬂtlé)\be& edﬁt&ﬁﬁuﬁﬁ fthe HeRivfe ROQUGER %Q@é}ﬂ duithg e aft}aﬁtsloht

is angled with respe devi ce proxi mal thereto.

the gui dewire ephrRNdso tdusedgmagdtr gibsst@h end of the delivery device, if the
distal 25 end of the delivery device is stiff, it will not bend with the
gui dewi re alid may

An example of a more preferred self-expanding stent delivery system can
be found in U.S. Patent 6,019,778 issued to Wilson et al. on February 1, 2000,
which is hereby incorporated herein by reference. While using such a device, it is
essential for the stent delivery device to be able to navigate through tortuous
20  vessels, lesions and previously deployed devices (stents). The delivery system
must foliow a guide wire with out overpowering the wire in the tortuous vessels.
The guidewire when entering a new path will needs to be flexible enough to bend
such that it is angled with respect to the delivery device proximal thereto. Because
the guidewire extends through the distal end of the delivery device, if the distal
25 end of the delivery device is stiff, it will not bend with the guidewire and may
prolapse the wire causing the guidewire to move its position to align itself with the
distal end of the delivery device. This could cause difficulty in navigating the
delivery system, and may also cause any debris dislodged during the procedure to

flow upstream and cause a stroke.

30



. prolapse the wire causing the guidewre to nove its position to align
Jtself with the distal end of the delivery device. This could causeqi jan 3005
difficulty in navigating the delivery system and nay al so cause any
debris di sl odged during the procedure to flow upstream and cause a stroke.
-.30 -6 1 1 JAN 2005 Therefore, there has been a need for a self-expandi ng
stent delivery systEmrefoné,cthetechasdreenaviegdfer 2 splf-aeppndpigssignedelivery sysemor e

accurately deploy the stent wthin the target .area. The present jnvention
provi des. such WhiBINeYer JaviEAse seTiesRRs BRI rn iROFENdseuRtqly deplly, tg sient
with the present,Jnyentign h i OV L ViGhYa d Yisefor a
sel f - expandi ngwglfué'%? Pafﬁé aéﬁ&p'ar%?}? géésﬁgg&g%rqgﬂt@?ﬁgh%gt h %o?lm n i!gnée.

el ongat ed tubul ar nmenber having distal and proximl ends and an inside and
14 outside dianeter. The apparatus al so includes an inner shaft |ocated

coaxially sw t$UUMNARY E i nner shaft has a distal end, a

proxi mal end and a |ongitudinal axis extending therebetween. At |east a
portion of the inner shaft is mla]deilefrom a flexible coiled magtg)&r. Tne
shaft preferably i nkl ageydances: withatheapresgnt Wxentan, these. 1S DIBVIRd & dslivery,
to the distal g | S i , 4 Batelr BRbAH T8riin

sel f - expandi ngaprsbgézg‘tls fogga%gedabagf]?#ﬁﬁéf% ;)[E"?EP S lggt ﬁg ﬁlrl\/\/nerei n the chrﬁn

mekes frictiongbngdsd agbuldy tienite Kavisy distlairtd prokimbak eatinfandi an disipe sand

coaxially within a lumen of the stent. During deploynent of the stent, .{he
stent makis coutsidetdimmeter.t hEhe apparabs B gm?g@gm nneenshaft immlm

foregoi ng and ot her aspects of t present .i nvent.i wll best b

appreci ated wi Wﬂhﬁbﬂ'&r%%sh‘?@“’c-hg%ﬂe‘f‘ﬁ?rl g'@ﬁd]g’sscar Fbﬁ]owdofa PW&'WH@EM A8f 4 n

conjunction wih th C ' ] Welegdt N Pg@oﬁi&u ihnkS siaft is

simplified el ef?é'lgftgﬁaﬁ W@v@*‘afggs@éﬁp&%ﬁ [ll'ver-yeggppa atus magg i n

accordance W t i b ¢rop{ @ TRRIbIE BYRAE in@fber. The shaft preferably includes a stop attached
thereto, the stop being proximal to the distal end of the sheath. Lastly, the

15 apparatus includes a self-expanding stent located within the outer sheath, wherein

the stent makes frictional contact with the outer sheath and the shaft is disposed
coaxially within a lumen of the stent. During deployment of the stent, the stent

makes contact with the stop.

20  BRIEF DESCRIPTION OF DRAWINGS

The foregoing and other aspects of the present invention will best be
appreciated with reference to the detailed description of the invention in

conjunction with the accompanying drawings, wherein:

Figure 1 is a simplified elevational view of a stent delivery apparatus made

in accordance with the present invention.

Figure 2 is a view similar to that of Figure 1 but showing an enlarged view
30  of the distal end of the apparatus having a section cut away to show the stent

loaded therein.



- Figure 2 is aviewsimlar to that of Figure 1 but show ng an enl arged vi ew
‘30 of the distal end of the apparatus having a section cut away to ﬁgﬁ;ﬁ?ﬁ(ﬁe
stent |oaded therein. 1 1 JAN 2005 Figure 3 is a sinplified el evagi I
~view of the distal end of the inner shaft nade in accordance with the
““present invention. Figure 4 is a. cross-sectjonal view of é{ﬁure 3 taken

al ong |ines 4-4. 5 FEigyi éds 8 simplifugshelgvatiosabuiew ¢f) the distal endeef tigannes shadt of
t he apparatus of .t he resent .inyention .se tially show ng the depl oynent
of the self exBantitharBiaRe Wi iF Rrospll GIR bre. (o Figure 1016 a
sinplified el evational view of a shaft for a stent delivery apparatus nade
I n accordance with the present invention. DETAILED D RIM OF E | NVENTI ON
15 Referring now t oFiguee Biigacessswhaiomahviewke!f figure 3ahken dldhg dines 4l sane

el ement throughout the views, there is shown in figures 1 and 2 a

sel f-expandi ng stent delivery apparatus 1 nmade in accordance with the

AP on. o . ‘ Cal bes.
Bhe Thner tube 1o cEXES § Mtough SRR peta crorhsecaRfal e o 1t dprdrartt F Bie
heath 40. A - 'E@é?ﬁii'n I S: i LR h,
\?\hg?ei n the si@lr?%erﬁrg es Iﬁ%ggl?eg]ﬁgl?gg%‘?g‘ tq hém(at%ﬁb? ﬁlgm gﬂ?%r%ﬁg%%gnﬁggﬁ%

shaft is di spog@iflircevasdiiatumd, thin a unmen of the stem Shaft 10 has

proxi mal and distal ends 12 and 14 respectively. The proximl end 12 of
the shaft has a Luer guidewire hub 5 attached thereto. As seen 25 best from

figure 10, proximl _end is pref blly a ground stainless steel .
hypot ube. th one engb?ciﬁrf'rilel ‘,s?ﬁ’é"mﬁlﬁgt?}%‘éatﬁogalsf”ﬁiwnptésaﬁtezqr a e feliyeryy 4o
i nch outside gélﬁgﬁ s [ Hev4s qmp 3 idapers to a . 036 inch
out si de di aneter a??hagéglﬁé?cgf end. @Q?’ﬁ%e e&glerghg?er of the hypotube is
.032 inch throughout its length. The tapered outside dianeter is to
gradual Iy change the 30 stiffness of the hypo tube along its length. This
change in t he BEIAILED DESCGRI REANVENTION i gid proximal end or
handl e end that is needed during stent

15 Referring now to the figures wherein like numerals indicate the same
element throughout the views, there is shown in figures 1 and 2 a self-expanding
stent delivery apparatus 1 made in accordance with the present invention.
Apparatus 1 éomprises inner and outer coaxial tubes. The inner tube is called the
shaft 10 and the outer tube is called the sheath 40. A self-expanding stent 50 is

20  located within the outer sheath, wherein the stent makes frictional contact with the

outer sheath and the shaft is disposed coaxially within a lumen of the stent.

Shaft 10 has proximal and distal ends 12 and 14 respectively. The

proximal end 12 of the shaft has a Luer guidewire hub 5 attached thereto. As seen

25 best from figure 10, proximal end 12 is preferably a ground stainless steel
hypotube. In one embodiment, the hypotube is stainless steel and has a .042 inch
outside diameter at its proximal end and then tapers to a .036 inch outside
diameter at its distal end. The inside diameter of the hypotube is .032 inch
throughout its length. The tapered outside diameter is to gradually change the

30  stiffness of the hypo tube along its length. This change ih the hypotube stiffness
allows for a more rigid proximal end or handle end that is needed during stent
deployment. If the proximal end is not stiff enough the hypotube section

extending beyond the valve could buckle as the deployment forces are transmitted.
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- deploynent. If the proxinmal end is not stiff enough the hypotube section

" -extendi ng beyond the val ve coul d buckle as the deploynent forces are
transmtted. 8 1 1 JAN 2005 The distal end of the hypotube is norg F AN e
.allowing for better track-ability in tortuous vessels. The distal end of

“-the hypo also needs to be flexible to mnimze the transition between the

hypo and the crtd deatthdnf tie Kgponibd isbmotelexibieedlowing) faraieter deickidbilbty! inw,
shaft 10 has a body portion 16, wherein at least a portiagn of 16 is_nmde

froma flexibltertseuy esselpniihe distal endoak theghxporajsarieads t9 Re flexiilate daiimizs,
closed coil spring. .Shatt 10 al sp includes . stal portion 18, distal to
body 16, whi CH}‘F FIEPEPQBY?“%%&WM&EC g%eg‘:ﬁrf‘on of high density

pol yet hyl ene and nylon. The two portions 16 and 18 are joined to together
by any nunber of neans known to those of ordinary skill in the art

i ncludi ng heat fusi g widiedéseeibed idlighentercdeil dalowqoshdfitnl has aetskiynpoaion
attachnment. As best seen fromFigure 3, the distal paortion 14 of the shaft

10 has a di st al6, whereimatlgastta poition ohd ds snade) sem) a flegible ceiled memberel T.r om
any nunber of materials kn in the art includin ol yarg dg, | yur et hane,
pol ytetrafl uor@@l"ﬁﬁl@ﬁéf““&ﬁgﬁcﬁo?wrﬁﬁegr?é 93‘?? Sﬁﬁr? nﬂ%/rl g"ﬁa&@@%?“@?&‘&l e

| ayer structures:. ISt bl i b Rdrai i ey SEcdbxRIGR
IS substanti aI%eélspl;gsggﬁef%g%'ﬂgoﬁggﬁ%di@ﬁgg g’)r% of ttﬁg s%gaff%ﬁ40cc\5/\ahi chfoi?.s

i mredi atel y adjfagightdenbiey pblyethllenedingt mflohi pTeapes pottiona 162and rill arerjoined
dianmeter fromits proximal end 34 to its distal end 36, wherein the distal
end 36 of ithe logethar byi gnyhaumberioffagans knawn &9 thosgnok REdinanye skilli Hndhe Aot

the sheath. The deliver evi ce | i des _aver uide,w re 3 (sho i.n
figure 1) duriigluding rhfé‘?/gg'ﬂ"sn adheivs S’Pﬂﬁf‘gdeﬁ"g‘wgnpgﬁ“f'& s Hrelighidat
herei n, gui de"\ﬂtfa%hﬁ)%ﬂt also refer to simlar guiding devices which have a
di stal protection apparatus incorporated herein. One preferred distal
protection device is disclosed in published PCT Application 98/ 33443,

having an international filing date of February 3, 1998, which is hereb
i ncor porat ed her ei nABpesteeen EiarFignse d; thedistabperbignd4 qfithe haft 10 has a distal

5  tip 20 attached thereto. Distal tip 20 can be made from any number of materials
known in the art including polyamide, polyurcthane, polytetrafluoroethylene, and
polyethylene including multi-layer or single layer structures. The distal tip 20 has
a proximal end 34 whose diameter is subétantially the same as the outer diameter
of the sheath 40 which is immediately adjacent thereto. The distal tip tapers to a

20 smaller diameter frdm its proximal end 34 to its distal end 36, wherein the distal
end 36 of the distal tip has a diameter smaller than the inner diameter of the
sheath.

"The delivery device 1 glides over a guide wire 3 (shown in figure 1) during

25 navigation to the stent deployment site. As used herein, guidewire can aiso refer
to similar guiding devices which have a distal protection apparatus incorporated
herein. One preferred distal protection device is disclosed in published PCT
Application 98/33443, having an international filing date of February 3, 1998,
which is hereby incorporated herein by reference. As discussed above, if the

30 distal tip 20 is too stiff it will overpower the guide wire path and push the guide
wire against the lumen wall and in some very tortuous setting the delivery device

could prolapse the wire. Overpowering of the wire and pushing of the device



. 30 distal tip 20 is too stiff it wll overpower the guide wire path and
.push the guide wre against the lunen wall and in sone very tortuous

setting the delivery device could prolapse the wire. OverpowerihyJa 2bhe
wire and pushing of the device 1 1 JAN 2005 against the lumen wall can

-« prevent the device fromreaching the target area because the guide wire

Wi Il no | ongerghfsdithethmed wilP cdfVpreoentAthrodericd mmiereaching i the advgaicartaand
pushed agai nst "the lumen wall debris fromthe | esion can be dislodged and
travel upstredecasmesheguitermpiré sallinonionges bit diregtingabe devicenehliso astibe devicst o

tip is designed wth tremely flexible |eading ed dual

rons: ton Lo is advancetl wid prEgREATSY (haramen owuhdeBES Hefth e o0 Fin, be

de of f mterials, ingludi ; : L il d t

Changed by oringapedand e oBiBearh BapgiFk PornBlcAuBh; B8 il SessePmens, | rear

di ameter, wher gy ?ileﬁ ; Rviilﬁahhéilft@ﬁél%aﬂeﬂiﬁla ading| edyed andngl gradual
e

thickest at its proxim . That 1s, to the cross-sectional dianeter and
wal |t hi cknessraifsitidnetota Jess fiexiblagpestiars. Toe tiposas tierholiomeansk ean beamade raf @nyon.

This gives the distal _end of the tip the ability (o be. directed, by t.h

gui dewi re pri cumbgert RE Malegals, dnelpdingr 44R4 "ﬁ’lﬂ“c kei‘ts \Aﬁ?’ﬁ‘b’g‘bf c‘f?ﬂeggm}/gﬁdegé'

fl exi ble portion the ti vVel,~ [ gé'nﬁ'i%'r ; - LN he
.Wire is when Qrﬁé"aggvf'bcéem eﬁ}co{hl'@%\@g{ io? 19 Flsteggcssg I ct g@e?‘%’%&éi ?ggﬁgng\déf

the device 15jihmstepad @hndsPhi RYVdREaltén@, whd & thitiesgat tepioxémblierd) ZLhabds, a
dianeter that 1s matched to hug the recomended size guide wire so that

there is aosl itybterbssisettionahbiaeetergawewall thicknese af theclip)INCIRAET 85 30w ARPYEHE
guidewire lunen 22 of tip 20. The_tip.then has 20 rounded sect,i. 6

between its di ®eapropunalj digectiongndhiy §“G§o‘>@?n&F""€8P$iQ§néﬁi4t.‘p'I‘ﬁf’sab‘ﬁgﬁ S‘% be
prevent the sheath f.rom slippi di staliyl v; i hidRer 34 thilamady
exposi ng the s%lﬂ?}gggé&é%y#w?’%j@%reg ﬂ.@tlg)’%eﬁecﬁz\[/rg%tgglafld V\/nli chr coul d cause
damage ther et QessTfiixSolk [POHE Df tHE PVt pOWeFiHE D bidewire. AGvétpowering the
encounters resistance it doés not allowthe outer sheath tog ride over it
exposi ng the owirerisskieen thesdpvicee(ds touits siafgress) distatesqtheirestion ofsthedevice
contacts the rounded _section of the tip and thus transmts the forces

appl i ed t ol% heinstead of fllawigg e Witgas a proximal Iy tapered section 35 which
hel ps guide the tip through the depl oyed stent w thout providing

The guidewire lumen 22 has a diameter that is matched to hug the
recommended size guide wire so that there is a slight frictional engagement
between the guidewire 3 and the guidewire lumen 22 of tip 20. The tip then has a

50 rounded section 26 between its distal portion 36 and its proximal portion 24. This
helps prevent the sheath 40 from slipping distally over the tip 20, and thereby
exposing the squared edges of the sheath to the vessel, which could cause damage
thereto. This imprc;ves the devices “pushability”. As the tip encounters resistance
it does not allow the outer sheath to ride over it exposing the outer sheath square

25 cut edge. Instead the outer sheath contacts the rounded section of the tip and thus
transmits the forces applied to the tip. The tip also has a proximally tapered
section 35 which helps guide the tip through the deployéd stent without providing
a sharp edge that could grab or hang up on a stent strut end or other irregularity in
the lumen inner diameter.

30

Attached to distal portion 18 of shaft 10 is a stop 22 which is proximai to
the distal tip 20 and stent 50. Stop 22 can be made from any number of materials
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- a sharp edge that could grab or hang up on a stent strut end or other
“irregularity in the lunen inner dianmeter. 30 Attached to distal porti| plq%s
of shaft 10 is a stop 22 which is proximal to the distal tip 20 a él“éﬁg

...50. Stop 22 can be made from any nunber of materials 10 1 1 JAN 2005 known

tin the art, i pRbwRiNthesidi MERIMpSiEAless aBel, afd ¢vevenmmor: preédrelgbinydertisben
from a highly radi o-opaque material such as platinum golds tantalum or
radi o- opaque aftiighigdaghotopague mivaria tsoph aaplatioun, tzathe@ntabimhar radio-gpaque

mechani cal or adhesive bonding, or by any other s known, tp those.
Ski | Ted in t hélied tpolymer: othBISjop eaebe aaciiedrigrshaft 1l By mechadicabop adBasivg

to make sufficient confact with the l,0ad f o ] |
frictional co P%‘@f‘g’«/\?‘f Y 2A% OSRFE Jpealls H%}@Sl“g\% f‘/}nﬂﬁ% ﬁ{e{h}ég%l g&ﬁée%g}ydt%?
herein, stop g J:rpéf%%gp iﬁ"i%ﬁ'} éafoughﬁmna% sUBiMMicBntabEwitkthé 104ded stent
posi tion during depl oynment, by %)reve ting the stent frommgrating

proxi mal Iy wisphiyithbie nidkérgs FridGorehlir dongact ewitlacthe oouterf sheash sHbat A avillsbent
depl oynent. The to radi o-opaque stop 22 also aides in positionjng the stent
within the taegplaireddaten hetrin; MgpEZphelpimttit PUAR hihe 3HeRleQ Blaintain fig relative

descri bed below., A stent hedq 24 is defined.as . bej i QN .

shaft bet ween POBEON {HULNg H?Fﬂﬂyrﬂﬁmar?d P'f?gech'%ptr%zh?'?ﬁ 5@% "ﬁg.i ! |%ep§{xé§1’?ﬂged
24 and the stent,pQnar 4008 tibRtoft the shesthi R sednt Shepidyrdént. The
conpri sing thg'ﬂg}lgﬂpégg 4®i gaﬁlgécgt ed within the | unen o_fsm?t eynt 50. The
stent bed 134 rakesopayié SRp ZDnlwCcided ih pesitioting(the e withiof thehtarggsalesion
whi ch exists between the inner shaft 10 and the outer sheath 40. As the
stent is subj aturieg deploysepbwathin agessel, @26 ds desstibe POWhase transformation

it attenpts to recover to its programmed shape by noving outwardly in a
radial 20 direction within the sheath. The outer sheath 40 constrains the

stent as wi |l be e&ﬂ;{@érbt%q i@ﬁ@ﬁ;ﬁﬁé@h@bei}?’%%@d pbichnef dieskialft etverh thee
cne (0}

| oaded stent 50 atta the 1 nner sha 10 1s a radi o-opaque marker 74
whi ch can be raistal ap 200 aid thestopi22 (gure @at The pleat ibedd4 aod dhe steat Huage

£ e Sackxtat s i the portion of stk 18 Zompking e SeRFed 24 §fRcked A fhin!
the lumen of stent 50. The stent bed 24 makes minimal contact with stent 50
because of the space which exists between the inner shaft 10 and the outer sheath
40. As the stent is subjected to temperatures at the austenite phase transformation
it attempts to recover to its programmed shape by moving outwardly in a radial
20  direction within the sheath. The outer sheath 40 constrains the stent as will be
explained later herein. Distal to the distal end of the loaded stent 50 attached to
the inner shaft 10 is a radio-opagque marker 74 which can be madg of platinum,
iridium coated platinum, gold, tantalum, stainless steel, radiopaque filled polymer

or any other suitable material known in the art.

As seen from figures 2, 3 and 10 the body portion 16 of shaft 10 is made
from a flexible coiled member 17, similar to a closed coil or compressed spring.
During deployment of the sient 50, the transmission of compression forces from
the stop 22 to the hub 5 are important factors in deployment accuracy. The more

30 compressive the construction of the inner member is the less accurate the
deployment becomes, because the compression of the inner member is not taken

into account when visualizing the stent under fluoroscopic imaging. However, a
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.25 As seen fromfigures 2, 3 and 10 the body portion 16 of shaft 10 is nade
-froma flexible coiled nenber 17, simlar to a closed coil or corrp'(¢sjgﬁcm5
spring. During deploynment of the stent 50, the transm ssion of conpression
forces from the stop 22 to the hub 5 are inportant factors in depl oynent
-accuracy. The nore 30 conpressive the construction of the inner nenber is

the I ess accurgef Ebfipredivé QUARNIsURBE ORBMs REC Neudilitye Wi ¥861d0 Fediicet R
i nner nenber is not taken i nto account when visualizing the stent under

f | uor oscopi c i rabilitygpf tHewapparatusatd navigdthl thaNgh| lestyoes Npsselss iAy sobpdfassembly

usual | y neans Iess flexi whi ch woul d reduce the jJity of the .
appar a%/us to naAROYt 90%%@6@#@’0@3%0@?5%@3@sco'ﬂprgﬁﬁ‘?'bd 3@‘3}#‘9 SYSIGR WS

both flexibilit %V%ﬂﬂéemﬁl@nes %ﬁeﬁ%ﬁ@%ﬁﬁé}nme%‘ép & hforS ¥ oM rdl‘éssmﬂ and

navi gating t hrolg nner nenber 1s not in conpression and

5 theref or e st heheRFdreithe Lo gs Fiee 6 Bendvwith theadelibiyvedtl. PAS lyou ARplIUthEesERY

the stent you apply tension to the outer nenber as you retract the outer
nmenber over t heyoueapply sersidnewd tieemtier Bemberses ybie retranttthe outas| hempemoviémthei t
is in contact with the outer_nenber and the fPrces are_transferred alon

the stent and tescaplated,stest. Berausq Wheostepe it ssil-expandinge & is; 10 coptagtwithy,
ronber bl 10 Uit SOMRCESA I, Ay 9 DR PR e 0 0 e

ere ' the conpressive“force

from one coil r‘iﬁﬁ&eﬁxchfbc} h?hl@%iults-ﬂhethéﬂde?dnéfﬁmqielﬂg uhdért BRnplesivel dGzes
covering 19 that fits over the nber to hel p resi st buckllng of the coil

in both bendi ngWhed thisripppers the cl&edmdds (ndrgapcoatweemdhe coikmemmbers)d transfers
pol ymer tube and is preferably a soft nateri aI that can elongate slightly
to accomodat e nbéﬁamge%mtfﬁ@ecfmm ong ¢pil ARFIRLEIIP E MGKE the coil nmenmbers to
ri de over each other. Cover 19 can be made from any nunber of suitable
mat eri al s including coextrusions of Nylon and high density polyethyl ene,

pol yur et hane, pol yamrge coild® éibdral7 yernat ikliRee a edveringh€9 2Ratefits’ ¥éOthd S
al so attached to the stop 22. Coil 17 can be nmade of any nunber of

mat éri al s knownmembbheo ahelp i nesistubiscldingt af the weilsiredoth Yepding| and jcgmpressive
F ﬁ: é/rl:”e[ns/ 01150 ?grx]ge gsnbf%del crgairg;[mg ?sozlul g:(cjtru eHb po'iymer fu%e amcclj s fp;e ra%ly soft'nqgtgnal
that can elongate slightly to accommodate bending of the coil, but does not allow

the coil members to ride over each other. Cover 19 can be made from any

number of suitable materials including coextrusions of Nylon and high density

polyethylene, polyurethane, polyamide, polytetrafluoroethylene, etc. The

20  extrusion is also attached to the stop 22. Coil 17 can be made of any number of

materials known in the art including stainless steel, Nitinol, rigid polymers. In

one embodiment, coiled member 17 is made from a .003 inch thick by .010 inch

wide stainless steel ribbon wire (flat wire).

25 Sheath 40 is preferably a polymeric catheter and has a proximal end 42
terminating at a Luer hub 52 (figure 1). Sheath 40 also has a distal end 45 which
terminates at the proximal end 34 of distal tip 20 of the shaft 10, when the stent 50
is in un-deployed position as shown in figure 2 . The distal end 45 of sheath 40
includes a radio-opaque marker band 46 disposed along its outer surface (figure 1

30 and 3). As will be explained below, the stent is fully deployed when the marker
band 46 is proximal to radio-opaque stop 22, thus indicating to the physician that
it is now safe to remove the apparatus 1 from the body.
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- W de stainless steel ribbon wire (flat wire). 25 Sheath 40 is preferably a
-pol yneric catheter and has a proximal end 42 termnating at a Lu ﬂﬁH?UU@Z
(figure 1). Sheath 40 also has a distal end 45 which term nates

proxi mal end 34 of distal tip 20 of the shaft 10, when the stent 50 is in
-un- depl oyed position as shown _in figure 2 . The_ di stalhggd 5 of sheath 40

i ncl udes a radi o- opA§uistaigd ke Figaad, A distaherddd 8f shigt 18¢HIEss A pplagged
(figure 1 30 and..

3) .. ,As-w || be explain ot h-S f
depl oyed when %eﬁﬂoﬁ)‘rétﬁk_e?maﬁgaeﬁldseﬁ%‘)_ éap'}agj?l%% ?ryxg)derg@l §§t§{p&§q%'§m§tg5%o% tl%ehus
indicating to i“ngﬁ PN bisfie Ulddfetert tofl theNitatabfoxiMal @VéEsM A42PPBRIAFEY |
fromthe body. f JAN 2005 As detailed in Figure 2, the distal end 45 of

sheat h 40 i ncl gedeisn @4 ks he pre-seied arend 50, Bl stop@d andcthiecstert belda®A.| aFlger
i nsi de and outside dianmeters than the inside and outside dianeters of the
sheat h proxi meduten skeath #0riapers pEMimelp@t thespraxbraliend, ef seatiqnnéd to & sHaley

stent 50, the stop,.22 and_the.,scent bed 24. The 5 out 4

proxi mal ly at fiffe %?B%FhaTﬁ'énﬂ"'s&ﬁ“ éseg{:&gnég‘fgnpgd an s%éﬁnedﬁﬂf Zﬁtﬂzse‘ &éﬁﬁi‘
This design is t i ' ggmg_h'n ARith Zaké iRQrhStatédP -
09/ 243, 750 fi Ise onﬁi‘fe r%g?i;ggfjﬁl%ggcgf)l:v\hi ch ig’slljag?’ebymihncorgg%tled hert%’i)n

by reference. Kareinply réferehee. dheaprdgdar advahtage tthahis ableiceduntionrintthe sgdezef of

the outer dianmeter of sheath 40 proxinmal to enl argqid ection 44 results in
an i o i ncreasethenontse didreeters of sheath b preximal; do j&p 5‘“@@9@%‘ aFsguithdn an

gui ding catheter or .spheath that the Liver ' ' .

Usi ng f I uoloscBigiFast anle&imeﬁgvﬁqdﬁgidgﬁyéxdq%mgég %r?d ﬂ?«aaf‘ﬁarn 32‘{"‘ ?rié?{i’eor
within the ves one JBfvalt Bévicdlgp! AuERNth@hghhe GHAB! flubdbstopyEC ithé'd
a radi opague soO U%hl gﬁ&t H?oggﬁvﬁe gvtj?aéii ngﬁ cat het e% or shegth Wi tﬁ%}ﬁe

del i very devi cphysigihmeadl vidw lahrimape of theltangpt csite hweitten .thd YeBel,abafore and after
cl earance between the outer sheath 40, and the qui di nﬂqﬁcat het er

i ncreased by tdgRipYmEntopl Hedsientn Yt iectng & radiongre o _onh@rg%'ﬂﬁﬂ guiding
DrOFTL L0 SR o el SOB] W BB OB SN VT gl Kkl
40 provi degs hi ghefusk The eleafihce HatwEenOthe! @stio BReatte 40| uind, theogdidingf cathetends
after depl oynent of the stent. 20 .
increased by tapering or reducing the outer diameter of the sheath’ proximal to
section 44, higher injection rates are achieved, resulting in better images of the
target site for the physician. The tapering of sheath 40 provides higher injection
rates of radiopaque fluid, both before and after deployment of the stent.
20
Often self-expanding delivery systems had problems with the stent
becoming embedded within the sheath or catheter in which it is disposed. Sheath
40 preferably comprises an outer polymer layer, preferably nylon,‘and an inner
polymer layer, preferably polytetrafiuoroethylene. Other suitable polymers for the
25 inner and outer layers include any suitable material known to those skilled in the
art including polyethylene, or polyamide, respectively. Preferably, positioned
between outer and inner layers respectively, is a wire reinforcing layer which is
preferably a braided wire hlade from stainless steel. An example of a self
expanding stent delivery device having this type of sheath design can be found in
30  the hereinbefore incorporated U.S. Patent 6,019,778 issued to Wilson et al. on
February 1, 2000. The use of braiding reinforcing layers in other types of medical
devices can be found in U.S. patents 3,585,707 issued to Stevens on June 22,
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-~ Often . self-expanding delivery systens had problens with the stent
-becom ng enbedded within the sheath or catheter in which it is di?P%F%OS
Sheath 40 preferably conprises an outer polyner |ayer, preferably nylon
and an inner polymer |ayer, preferably polytetrafluoroethylene. O her

-.suitable poly t 25 l,nne ut.er. | [.nel a |
mat eri al knomqg?g %%géd@kﬁﬁeggg i gas?“nlgt 8a t opng%g%ﬁ?\égrn%o%h@fdeﬁ?gﬁﬁb?
pol yam de, resResd to/ Soltesz bR iCRiGR V19, PEBB! | PREAnclRSbHATa Githiar w?x@d'nit@ "Nheé
| ayers respectively, is a wire reinforcing layer which is preferaia y a
brai ded wire opaete sheatimeshaniced sterst 5 deplloyndent dyerelpiag od peeveat the stama§0lifrogn
st ent deIiverg devi ce having this type of sheath design can be found in 30
t he her ei nbef BEOMIAR P HR intg sheath 40y paontostentgleployments o Wi son et al .
on Febr uary 1, 2000. The use of braiding reinforcing |layers in other types
of nmedical” devices can be found in U S. patents 3,585,707 issued to

S J 22 i J 7 0 | ; Jid | .
Ohe\éggfeﬁgerugfa 195%“%% gnggg%{%% allesgt&ggst{]oz%oqe??sjgﬁo%)c@gggé ld%gﬁﬁlf@g?)

The i ncl usi onpefitien brEtisl isrheepdsition the etend i BIr whére thichapabatas dsissinsditeddhto
depl oyment by hel ping to prevent the stent 50 from becom ng too inbedded
i nt o sheat h 4the yascwlture and is distad wind\isrpavigatsd o guakest sitean§tent SHowy disposed ent

50 as being in_it ul | n; | oye Siti hi S .0 Sat S| ti 0 h
stent 1s i vAEHRHE st 26 8ad Ethe, RER iRy, of b B0, Fo SRln SRR0 OF
di stal endgi sz 16ds Uit thahd st @ 455bEMe Stkatts 40! SPRE Qfbat FOCLNH hhe
stent bed 24 and at the distal end 45 of sheath 40. The distal tip 20 of to
the shaft 10 cemgrestal state bide noikes dticeorchl £ontatt Mith tieefiner AQrfaceet8s bérthe 50
is in a conpressed state and makes frictional contact with the inner
surface 48 of shedth 4Qheat h 40. \Wien being inserted into a patient, sheath 40
and shaft 10 are |locked 15 together at their proximal ends by a Tuohy
Borst valve 60. This prevents any sliding novenent between the shaft and

sheath whi ch coul d we&llbkinNirdeéd® iMb Ud DatiélRPsAYATRNA0 Qnd Péialii 2D slePidkagnt
of the stent. Wen the stent 50 reaches’its target site and is ready for
depl oynmentls t hegetheolar tBeir froxiaial end® bysa dwohyBarst vélae 60. This prevents any
sliding movement between the shaft and sheath which could result in a premature
deployment or partial deployment of the stent. When the stent 50 reaches its
target site and is ready for deployment, the Tuohy Borst valve 60 is opened so that
the sheath 40 and shaft 10 are no longer locked together,
20
The method under which apparatus 1 deploys stent 50 can best be de#:ribed
by referring to figures 5-9. In figure 8, the apparatus ! has been inserted into a
vessel 80 so that so that the stent bed 24 is at a target diseased site. Once the
physician determines that the distal marker 74 and proximal marker/stop 22 on
25  shaft 10 indicating the ends of stent 50 are sufficiently placed about the target
disease site, the physician would open Tuohy Borst valve 60. The physician
would then grasp the proximal end 12 or proximal hub 3 of shaft 10 so as to hold
shaft 10 in a fixed position. Thereafter, the physician would grasp the Tuohy
valve 60 attached proximally to outer sheath 40 and slide it proximal, relative to
30  the shaft 10 as shown in Figures 6 and 7. Stop 22 prevents the stent 50 from
sliding back with sheath 40, so that as the sheath 40 is moved back, the stent 50 is

effectively “pushed” out of the distal end 45, or held in position relative to the
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. the sheath 40 and shaft 10 are no | onger | ocked together. 20 The net hod
-under which apparatus 1 depl oys stent 50 can best be descri bed y1
referring to figures 5-9. In figure 8, the apparatus 1 has been ins%h{@(‘}s

into a vessel 80 so that so that the stent bed 24 is at a target diseased

2 WS SRR s IF £1500) Bl plhr

mar ker / st op I ndi cat’l e ends re

suf ficientlynphiaces tAd PotertilP fortaating EnfRdis ¥ithi the, dishisedesieti 801 VOihd
open Tuohy Borst valve 60. The physician would then grasp the proxi mal end

12 or proxi mdeployineft @f coinplete Mhegio thes radioiophque baed 14610n theasheathedtO is
position. Thereafter, the physici woul| d grasp thg oh%/ val vg 60
attached proRramamal/to adisneRaqus §oRt 44, A9 BN 49 FiuTe gﬂﬁ’x DRaratus & capinpw ¢ o

30 the shaft 10 .as sho in Ei S and 7. . brevents the stent 50
from slidi nBeB‘Q@\QW?W}gH@iftﬁ%ﬁa@@r JFZJEO%@EC é@gg{'h 40 is noved back,
the scent 50 is effectively "pushed" out of the distal end 45, or held in
position relative to the 1 1 JAN 2005 target site. Stent 50 should be

depl oyed in a di stRigureo 2pamix9 show di prefdrreainernbodimient of aestanit SO0pwhisht ¢aml bé or

creating enboli wth the diseased vessel 80. Stent , depl oynent is conplete
when the radusedowiththe peasentaBveniionh eStencl i showindn lﬁerF’Féﬂd cpEpressethaque

stop 22, as sh in_ Figur .. _Lhe araj us Can : | (}Hm/n

t hrough st enls‘a%(%m‘éqamr é'rrﬁvgﬂ’?% ml['ﬁip “68?%@&‘%“%?‘31}9 %&%&rﬁg PS‘%‘%ow 2
pref erredqenbog wh @9 INiRRo Mokt sraferiifly, ste@ds0Nstade froR &6 816

i nventiog(.) g‘ggﬁrE@gﬁc‘ ésliogﬁsovm I N li t% un- ex andedycorrpressed state, bef%re
it is depl oyedmpkiRingi fomeatbut J0e5% @S used [herdie sk ypareatages oefea thOatomic
superelastic alloy such as Nitinol. Mst prefera%aé stent_50 i s nade from

|
an alloy comperdeniages)f Mintoaahawt 68%, Bl pad mesk refesablnabout <3 % b o¥iith Jhe

refer to atom c . percentaggs) N 4o-ahqut 609 . S, :pr. . bout
55 % Ni, wt ﬁelpﬁ'é'acrr 8%%8@99# t rgfeé’]%lgyt |.3/t% rlesfsg]regbtﬁgt, ﬁtlﬁgﬁé%?ﬁ%igsﬁsuch |
that it is syaayebmpbiatura! an@?ﬁyfe%'(@%h@wrﬁf iANHe Faffec Fobl bbas2en Aftoi n
the range fromabouf 21 Cto 15 about 37 C. The superel astic design of the
stent makes iaboutr A%h G.ecBhe sapdrelastivhidesign &f e stend smakeshbverusi raconerabled as
a stent or frane for any nunber of

which, as disciissed above, can be used as a stent or frame for any number of

vascular devices for different applications.

Stent 50 is a tubular member having front and back open ends a
20 longitudinal axis extending there between. The tubular member has a first smalier
diameter, figure 2, for insertion into a patient and navigation through the vessels,
and a second larger diameter for depioyment into the target area of a vessel. The
tubular member is made from a plurality of adjacent hoops 152 extending between
the front and back ends. The hoops 152 include a plurality of longitudinal struts
25 160 and a plurality of loops 162 connecting adjacent struts, wherein adjacent struts
are connected at opposite ends so as to form an § or Z shape pattern. Stent 50
further includes a plurality of curved bridges 170 which connect adjacent hoops
152. Bridges 170 connect adjacent struts together at bridge to loop connection
points which are offset from the center of a loop.
30
The above described geometry helps to better distribute strain throughout

the stent, prevents metal to metal contact when the stent is bent, and minimizes the
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- vascul ar devices for different applications. Stent 50 is a tubul ar ﬂgg&ﬁr
~having front and back open ends a 20 |longitudinal axis extending t 2005
bet ween. The tubul ar nmenber has a first smaller dianeter, figure 2, for

insertion into a patient and navigation through the vessels, and a second

b ar  renbaPep n8isfieBL R He feihules, Rulst s Bluifissy o YA€ Sinpet i ang
bet ween the fnpatorand d%gagh SEE - serlibe 1@@3&0@%&%&&“&% faibty

| ongi tudi nal struts 25 and a plura ps 162 ‘connecting a Jegcent
struts, wher eletermifiagetite storkihg prperties nael tfadigwt 1idp pproperieends the sent.o
forman S or Z shape pattern. Stent 50 further includes a plurality of

curved bri dgd¥eferdlyneach keopmastbeappanchto Bopsmomsstrutyy | Brgéerally othe ostensct
dj t stryts .t t t brid to, | ti \ i nts.which
of oot 1 r o e acaHp el Pyrer PhEHS o5 hord B 508 1o WioBR athieh i Bl ¢ o

of f set f_r m t aJlg _"Ef
better distr 'tﬁﬁ{e 80¢! "I%Fleﬁégﬁ QAR is pla8sutbLH itﬁlgbﬁn\s?é%*séd SRtedparhfel B! @

contact when t stent is bent, and mnimzes t 1 JAN 20 openi ng si ze
bet ween t he flemgitudirsml axisrofithe stemtops and bri dges. The nunber of and nature
of the design of the struts, | oops and bridges are inportant factors when
determ ning the working properties and fatigue life properties of the
stent. Preferably, ach hoop .has between 24 to .36 or .nor truts.
Preferably the stel%g'yw s%a HE 51° W'r'mo?uaﬂ'r?ﬁpgnﬁ%?eﬁhﬁﬁﬁue?%“% r e
length (i)g | ngdhesoiled %Huét%rﬂrg}%éhﬁ § Wit 8Rithlie &Pk afi‘éasaoFttﬁé'tst#:ﬁ
nmeasured in its conpressed state pafallel to the longitudinal axis of the
stent. .In trwhiolyateoless susoepiblet tocfaitavei tharmothersai Roeemmnplenomevitlyiefabhd bire@s,
the to stent utilizes structural geonetry's which distribute strain to
areas of the ofttBatstanlile Rhayinsidecmdivs @fc thet ¢amnecting degpsur dhe reoanesting: toopsor

exanpl e, one vul nerahl r o%ith nt I e_jnsi radius,of t
connecting | d‘é’é%&irﬁ‘g ’ﬁ%ﬁn“geg‘%‘ﬂ? oppogp@f ﬁﬁns(&%!ﬁg[t(?ah?l rm@? lﬂ@‘ﬁ%fﬂ@f’ﬁ(ﬂ{h@fe al |
the stent feabsy QouldThGrmdlyitéeht asaliwitRthd Righedt Q81 WP Utrdinn6H tR! dtdntbeThize
area with the highest |evel of strain on the stent. This 15 area is al so
critical lisn tamed 1§ alsp cruwalalnl that ieissmabllpshe sodiles mdiushen the sient. Btress
concentrations are generally controlled or minimized by maintaining the largest
radii possible. Similarly, we want to minimize local strain conceatrations on the
bridge and bridge to loop connection points. One way to accomplish this is to
utilize the largest possible radii while maintaining feature widths which are
20  consistent with applied forces. Another consideration is to minimize the maximum

open area of the stent. Efficient utilization of the original tube from which the

stent is cut increases stent strength and it’s ability to trap embolic material.

Although particular embodiments of the present invention have been shown

25 and described, modification may be made to the device and/or method without
departing from. the spirit and scope of the present invention. The terms used in
describing the invention are used in their descriptive sense and not as terms of

limitations.
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- concentrations are generally controlled or mnimzed by maintaining the
“largest radii possible. Simlarly, we want to mnim ze |ocal strain
concentrations on the bridge and bridge to | oop connection poi ntis]. JAANESay
to acconmplish this is to wutilize the largest possible radii while .
" mai ntaining f i-dt ieh are 20 consistent with applied forces.
Anot her consi m'fmmﬁﬂllﬁr m ze the maxi mum open area of the stent.
Efficient utilization of the original tube fromwhich the stent is cut
i ncreases stent strength and it's ability to trap enbolic material.
Al 't hough partiicul ara eetieetyappisitaf for Aaelfreapamnting stent) isaidrpparatuHe@npsikiapn
25 and described, nodification nay be made to the device and/or nethod
wi t hout departing fromthe spirit and scope of the present invention. The
terns used_in describing the invention are used in their descriptiye sense
and not asS3terns of? | nﬁl QuIEg el GOmpIFIRG, 8&%“%6‘&@%?‘@?‘ \1“?‘%8
del i very apparatus for : faf R&F‘lﬂ%tﬁcﬁm’ sai d apparatus conprising: 5
a. an outer sheath conp??lglﬁjng aE el ongat ed tubul ar menber having di stal
and proxi mal ends; and 10 b. an inner shaft |ocated coaxially within said
outer sheath, said shaft having a distal end, a &rﬁoxi_ mal end and a
| ongi tudi nal axis ®Bxtenai inper 1sbafe hegaipseppaxiadly withinesaid puter sheathe said shaft
partially conprising a flexible.,.cojled nmenber. capable of stret.chi.ng and
conpressing al ong sai d I%"é’i'gt Lﬂjiq*é'f’j gfsf'gs.a froﬂ%ﬁdgﬁ]‘# vg‘rdy aaﬁB%'%fdd's‘%oiﬂls
claim1, wgerein said Coéfﬂt@ﬂjiﬁfm?ﬁércﬂ;éwaaﬁe said [rinem Shaft Nlaes east e?iartiﬁ}fy
The delivery apparatus of claim1l, wherein said coiled nenber is nade rom
a nickel -titani um al |l oy. caifipdsing he fthalible ecojled ppemiver scapable| af mtietaking eind
said outer sheath conprises an_, outer polyneri¢ layer, and inner polyneric

layer, and a wire reinfof@mprgssinggone saidleagitudisdl aXiner and outer | ayers,
said reinforcing | ayer being nore

2. The delivery apparatus of claim 1, wherein said coiled member is made
15 from stainless steel.
3. The delivery apparatus of claim 1, wherein said coiled member is made

from a nickel-titanium alloy.

20 4 The delivery apparatus of claim 1 wherein said outer sheath comprises an
outer polymeric layer, and inner polymeric layer, and a wire reinforcing
layer between said inner and outer layers, said reinforcing layer being more

rigid than said inner and outer layers.
25 5. The delivery apparatus of claim 1, wherein said distal end of said shaft
extends distal to said distal end of said sheath, and said proximal end of

said shaft extends proximal to said proximal end of said sheath,

6. The apparatus of claim 1 wherein said sheath has an increasing durometer

30 along its length from its distal end to its proximal end.
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. rigid than said inner and outer layers. 25 5. The delivery apparatus of

. claim1, wherein said distal end of said shaft extends distal to}$ag 2005
di stal end of said sheath, and said proxinmal end of said shaft extends
proximal to said proximal end of said sheath. 6. The apparatus of claiml
wherein said sheath has an increasing duroneter 30 along its length from
its distal end to i delpveox apmiratesdor d self-S¥iandipg@5tent, saidiapparatug COPIMIKNELS
for a self-expanding stent, said apparatus conprising: a. an outer sheath
conprising an el ongated tubular nenber having distal and proximl ends and

i nsi d d outside di ter;,5 b. | Ll .
W thin said outer Sneat it Sy st icoMbrliiighn Wb BT FRANG Wige

and a | ongi tudinal axis ¢@l#AGirBfinid) hePaidEPiside and duties diidiér;at | east
partially conprising a flexibl'e coiled nenber capable of stretching and io

conpressing along said |ongitudinal axis, said shaft further including a
stop attached thereto, said stop being proximal to said distal end o aid
sheath; and c. a séif- exanamaemshaét located seaxialdy withen ﬁmgﬁlﬂebﬁiﬂ‘@h:s??éﬁtsg?ﬁ

said stent is mating frictional,.cqntact wth.saj u h hd, shaft
di sposed coaxial |y vmgt hifRving &nﬂﬁ?‘ﬂf cadi & Hoexﬁ?'?j \?%‘gr éﬁé éa?@%?"gﬁ?‘ﬂ rraa%gs
contact with said stop cgﬂénrag]gde EBHEB;FEenPf sfidi dngdrendhaftS. atlhieade! patial

al

apparatus of claim7, wherein-s coi l ed nmenber is made 20 from stai n?,ess
steel . 9. The delivery apprising aoflexiblé roiled whembdrn capabde cofi sdtchingoandi s

made froma nickel-titaniumalloy. 25 1Q, The, delivery appatatus, of. ¢l aim
7 whereinleai d outer shecompressing i aeag apad olﬂ“&%tug‘ﬂﬁ&r@a?'c &é@e?‘,‘ﬁ-ﬁn&‘i er
polyneric layer, and a wre reinforci bej. i i ter
| ayers, said reinforci ng"FHJIE 89 ga‘p?%P%‘J ﬁ?é?épdg%ﬁﬁgbsg’% %ﬁgﬁygﬁyer

layers. distal end of said sheath; and
c. a self-expanding stent located within said outer sheath, said stent
15 making frictional contact with said outer sheath, said shaft disposed

coaxially within a lumen of said stent, whereby said stent makes

contact with said stop during deployment of said stent.

8. The delivery apparatus of claim 7, wherein said coiled member is made

20 from stainless steel.

9. The delivery apparatus of claim 7, wherein said coiled member is made

from a nickel-titanium alloy.

25 10.  The delivery apparatus of claim 7 wherein said outer sheath comprises an
outer polymeric layer, and inner polymeric layer, and a wire reinforcing
layer between said inner and outer layers, said reinforcing layer being more

rigid than said inner and outer layers.
30 11. The delivery apparatus of claim 7, wherein said distal end of said shaft

extends distal to said distal end of said sheath, and said proximal end of

said shaft extends proximal to said proximal end of said sheath.
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. shaft extends distal to said distal end of said sheath, and said proxinal

, end of said shaft extends proxinal to said proxinal end of said $heptN2005
-t8 11 JAN 2005 12. The apparatus of claim7 wherein said stop nakes

substantially no frictional contact with said outer sheath. 13. The

.- apparatus of claim7 wherein said stent is made froma superelastic 5

ni ckel -titani um al I'the apﬁarat[iseoﬁpq:lammt’iusvvbercm il Blophanakes substantialiyt no

further includes a djstal sai d, di stal p has a proximal end having
an outer dianeter vmeeﬁnal§on§9twe§§mdt%?r Sﬁ'ﬁa@uter di amet er of said sheat h.
to 15. The apparatus of claim 14 wherein said distal tip is radi opaque. 16.
The apparatus of claim7 wherein said stop is radi o-opaque. 15 17. The
apparatus of ghai m ié'\’ﬁfﬁa‘l?ﬁ € 1€ AdeOfrdk anRipefeladicong
its length fromltsrI7 | st'a tggﬁ tcgmﬂ]ga%ﬁ%rg?ﬁré@@es#h 18. A delivery
apparatus fkor a seldickipaadumaloyt en sai d apparatus conprising: 20 a. an
outer sheath conprising an el ongat ed tubul ar member having distal and
proxi mal ends and an insi de and outside dianeter; b. an inner shaft |ocated

coaxially within s outer shea sha [ e

proxi mal end afd a RW?}Q‘? 35”%5 WHER e%%? ﬁgﬁ;{ﬁgg‘é e \@%af]éls Sgl Elalahn%er
shaft at |east pa”da?dhﬁémﬁa Eh raﬁn?a]%@aamhg aﬁmuhedﬂxmateerwmapebxha leés
stretching and conpressing a said longitudinal axis, said coiled
menber having a thuhanhﬁ)oeterdinmteﬂgfmdahmdxterl or thereof, and 30 c. a
sel f-expandi ng stent |located within said outer sheath, said stent making

frictionallocontact with said outer sheath, said shaft disposed 19 1 1 JAN

2005 15.  The apparatus of claim 14 wherein said distal tip is radiopaque.

16.  The apparatus of claim 7 wherein said stop is radio-opaque.

15 17.  The apparatus of claim 7 wherein said sheath has an increasing durometer

along its length from its distal end to its proximal end.

18. A delivery apparatus for a self-expanding Stent, Said apparatus comprising:
20 a. an outer sheath comprising an elongated tubular member having

distal and proximal ends and an inside and outside diameter;

b. an inner shaft located coaxially within said outer sheath, said shaft

having a distal end, a proximal end and a longitudinal axis

25 extending therebetween, said inner shaft at least partiaily
comprising a flexible coiled member capable of stretching and

compressing along said longitudinal axis, said coiled member

having a thin layer covering on an exterior thereof; and

30 c. a self-expanding stent located within said outer sheath, said stent
making frictional contact with said outer sheath, said shaft disposed
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- coaxially within a lumen of said stent, whereby said stent nakes contact
Wi th said stop during deploynent of said stent. 19. The delivery agﬁ)arat 'DJU%
of claim 18, wherein said coiled nenber is made 5 from stainless el 2
20. The delivery apparatus of claim 18, wherein said thin |ayer covering is
a polymer. io 21. The delivery apparatus of claim 18 wherein said outer
sheath conprises an out ecapially withie 4 dyreen ofsaid; serts Whershiesaid stegte makgpd
awre reinforcing |ayer betwee s%itd iHner gnlﬁ outlﬁr | & el S sai d
reinforcing layer being rfigPEct Y’?tgisﬁ’ som during depigupent of sad MY v ers. 15
22. The delivery apparatus of claim 18, wherein said distal end of said
shaft extends distal to said distal end of said sheath, and said proxi mal

end of said shgft eprecdlivery appardhs 06 ciindl$r ekérell sad ¢oiled swermbeahisainade
23. The apparatus of claim I8 wherein said stent is nmade from a

superel astig 20 ni dkoh-stainlessisteel.al | oy. 24. The apparatus of claim 18
wherein said shaft further includes a distal tip, said distal tip has a
proxi mal end having an outer dianmeter which is not less than an outer

di aneter of sai,d sh h . At ' . | o lgE
sheat h has an ibﬂt:reg@{cngdﬁgpéggqa}e‘lrlﬁs g’?%ﬁli F@' g%’%&'ﬁ% glrlﬁw?tt%gad?gta ehsdato
Its proxinmal end. polymer.

10 21.  The delivery apparatus of claim 18 wherein said outer sheath comprises an
outer polymeric layer, and inner polymeric layer, and a wire reinforcing
layer between said inner and outer layers, said reinforcing layer being more

rigid than said inner and outer layers.

15 22. The delivery apparatus of claim 18, wherein said distal end of said shaft
extends distal to said distal end of said sheath, and said proximal end of
said shaft extends proximal to said proximal end of said sheath.

23.  The apparatus of claim 18 wherein said stent is made from a superelastic
20 nickel-titantum alloy.

24,  The apparatus of claim 18 wherein said shaft further includes a distal tip,
said distal tip has a proximal end having an outer diameter which is not less
than an outer diameter of said sheath.

25
25.  The apparatus of claim 7 wherein said sheath has an increasing durometer

along its length from its distal end to its proximal end.
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