‘11 JAN 2005 A DELI VERY APPARATUS FOR A SELF- EXPANDI NG STENT FI ELD OF THE

| NVENTI ON 5 The present invention relates to an expandabl e intralumrmajAN2005
grafts ("stents") for use within a body passageway or duct which are
particularly useful for repairing blood vessels narrowed or occluded by

di sease. The present invention relates even further to systens for
.delivering such stents. 10 BACKGROUND Vari ous endoprosthesis assenblies

whi ch include expandabl e stents have been__pr e r Qued. for use in
associ ation with adgDEHIYERY APPARATUS EQR &)3%&%-%6@%[%% res. The
endoprost hesis assenbly is percutaneously routed to a 15 treatnent site and
the stent is expanded to maintain or restore the patency of a body
passageway s YRES or bile duct. A stent is typically
cylindrical FELD PIHEMY | %%n expandabl e open frane. The stent w ||
typically expand either by itself (self-expanding stents) or wll expand

upon exertion of an outwardly "directed radial force t?'le an i nne sgrface) of
the stentsframe bffhe presenbinveptiomaelatesdp amgxpandable dptralumingl grafys (“stents

endovascul ar inplantation nto a bl ood vessel. t ' ‘s

mai ntain or forsyss Withia B‘é‘iyeﬂwagff”atyh@' %%SS@B%\%? ﬁi‘a)\égﬁ%ggn%cdéé%ﬁrye &
per cut aneous LJjl Bl i gﬂw Sead38 S Oie?pRbenitd inbertivhOtelates even
exposur e of %’O%lﬁveeqﬁﬂegthﬁg‘r‘{%&]grtdew uri %zedcioronary air)tery bypass.

Per cut aneous figkétid @ 8psiéms for deliivering ewthbyeras1 i nci sion into the vascul ar
system of the patient, typically into the fenoral artery. A tubular or
sheath portion of an introducer is inserted through the incision and
extends into_th 5E | as a central lumen which provides
a passagdfhay SAcamEleayyamm nd artery wall into the interior

of 30 the artery. An outwardly tapered hub portion of the introducer
remai ns outsi de the -

Various endoprosthesis assemblies which include expandable stents have been

proposed or developed for use in association with angioplasty treatments and other
medical procedures. The endoprosthesis assembly is percutaneously routed to a
15 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 (self-expanding stents) or will expand upon exertion of an outwardly
directed radial force on an inner surface of the stent frame by a balloon catheter or

20 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
percutaneousty 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 interior of

30  the artery. An outwardly tapered hub portion of the introducer remains outside the



‘1 1 JAN 2005 patient's body to prevent blood from|eaking out of the artery
al ong the outside of the sheath. The introducer |umen includes a vakvgaythms
bl ock bl ood flow out of the artery through the introducer passageway. X
distal end of a guide wire is passed through the introducer passageway
into the patient's vasculature. The guide wire is 5 threaded through the
vascul ature until the inserted distal end extends just beyond the

treatnment site. The proximal end of the Puiﬂe W re extends outside the

i ntroducer. FoRUSHPORAAYCS Rieve Hiegdam leakiag aut of ithe arteryralong, Hir-gutside of

constricted nfj aur athon, . | [ d.o flat MY ye! or t.i of a
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its entire IengtﬁﬂI Theé}gi stal end g‘% tge %al | oon cat heterg“i s threaded onto
t he proxi mal dcirdugh thehmtrpduckr passagewdyéntolithd patientld vasduldthee. (Rhichatide wire is
Inserted into the introducer |unen and the catheter is pushed_along the

gui de wi r & unthreadegddthequghithe xascHlature patii thedpsestef distalend gxtands just dgyond the

site, the 15 bhal]oon is infl ate i t he, st ent lally e nd. and
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portion of the blood vessel wall, the stent is expanded such that its
outer diameter is approxinmately 10%to 20% Il arger than the inner dianeter
of the bl ood vessdforatnddvasdularatieployment; ea stexitf éntany aingxpanded ngr aonstricted
interference fit_between the scent and_the bl ood vessel that 20 inhibits

migration of cpefigyraken, iyrEmpsd ogima deflated palican parton pE ahallpen gathatehetldie | s

wi t hdrawn from £ he ient' . ' ] LS. eS| i e

Final 1y, 10 no Seip bR 1 oSmBAlY isdeBa B € ol &l or3hE balihor cABRY e
commonl y used c56eRt Hag PickRall inténSexBAdIBR it edBrd RABH. | TRE distd Bid R ez
on Novenber 7, 1995, which is hereby incofporated herein by reference. Such
stents are of behosretahetedisthreadedoartb o prexaaddaldiof the puide . wite: pTheldisfaltdnd
stent is made froma solid tube of stain|ess steel. Ther&after, eries

of cuts are mefidhe eatheter isvpsertegantorpe dnteqducerripged agd the, gathgter i pyshesalang:
diameter whi clyp E{uﬁl: Cird O5titSthé Yent Yefifies the treatment site. At the treatment site, the

15 balioon is inflated causing the stent to radially expand and assume an expanded
configuration. When the stent is used to reinforce a 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 blood vessel at the treatment site,
effectively causing an interference fit between the stent and the blood vessel that

20 inhibits migration of the stent. The balloon is deflated and the balloon catheter is
withdrawn from the patient’s body. The 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

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

30 The stent also has a second, expanded diameter, upon the application, by the balloon



del i vered through the human vascul ature by being crinped onto a ball oon
catheter. 30 The stent also has a second, expanded di aneter, upon th?TJAN 005
~application, by the balloon -2 1 1 JAN 2005 cat heter, fromthe interiof #
t he tubul ar shaped nenber of a radially, outwardly extendi ng. However,
such "bal | oon expandabl e" stents are often inpractical for use in 5 sone
vessel s such as superficial arteries, |like the carotid artery. The carotid
artery is easily accessible fromthe exterior of the human body, and is

of ten vi si bl eathetérodam ghe dntegpe of rthe kubylam shaped tmemaberngf 2 mdialdynoutwardly
expandabl e stent made from stainless steel or the like, placed in their
carotid arteF?‘Wde% be susceptible to sever injury through day to day
activity. A sufficient force placed on the patients neck, such as by
falling, to could cause the stent to collapse, resulting ininjury to the

patient. In order Howpverygtéh “bilichn &xahdabi@asdhndaret«fnsitpractibdefor use in
proposed for use in such vessels. Self expanding stents act |ike springs
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novenent of en ve to ea and ich is conposed

of a plurali tor thé hlka;ipmauai thynrrdagmtﬂ frudry frhight bé euszeptibleltastver injurgatirough
elements defining a radially self-expanding helix. This ty Ee of stent is 20
known in the @mtoai@y acum)m desnfBeient Toremplaced erbtheapatigntanegk nach as by falling,

b o corldri <Pucarit BF' dentlo Pall i SRBRe f BUvRSo TR AR, (HSHufEie e
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25 Qther types 6 andl ng stent se alloys such as Nitinol (N -Ti

al l oy) whi cmdsras/ectslﬂaqoq)mmxd willfezovearupetheir asdpandedhar aplentedt candiguration
medi cal devices whjch
after being crushed.

15 One type of self-expanding stent is disclosed in U.S. Patent 4,665,771, which
stent has a radially and axially flexible, elastic tubular body with a predetermined
diameter that is variable under axial movement of ends of the body relative to each
other and which is composed of a plurality of individually rigid but flexible and
elastic thread elements defining a radially self-expanding helix. This type of stent is

20 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 inner piston which pushes the stent

forward once it is in position.

25 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 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 retumns to its original

30  shape. Superelastic characteristics on the other hand generally allow the metal to be



are designed to be inserted into a patient's body. The shape nenory
characteristics allow the devices to be defornmed to facilitate their
insertion into 'a body lumen or cavity and then be heated within thé 1bJ)QJ'WOUS
so that the device returns to its original 30 shape. Superelastic )
~characteristics on the other hand generally allow the netal to be 3 1 1 JAN
2005 deforned and restrained in the defornmed condition to facilitate the

i nsertion of ,the pedical devjce.co L ni patient'

body. i t b srmed aereed, LR B BB ool Th Tpchhe f MR oF s
the body | UNRRAIAE defiRt '@hniiinifE thd'GnetBLRRGCA Patiéh'sTBHNET withNsiRA HEBPYEGon
thereby reducing the stress therein so that the 5 supérel astic nenber can
return to itesawsinggthegphase trasformaibns hdreebyithihehe thodp damenethe qasttdnton dhe he
original phase. Alloys having shape nenory/ superelastic characteristics
general |y hasupesglasticamembes,gan, e sergoverh; dbereby seducing thestrpss tharein; so fhahdbe
which has_a relatively lLow tensile 1o strength and which is stable at

rel ati veI§/ I Bwefeé?ﬁv%r a'f‘fﬂ"g%r, “Ha fSW’%ui? eﬁ?t é’“ﬁﬁ‘ége}‘“*\%ﬁ%f&'}?dha@a Ey the
relatively h&gﬁkféﬁﬁﬁdnqngkrt@ﬂg;&i?ﬁg pMakch is stable at tenperatures higher
than the martensite phase. Wien stress 1s applied to a specinmen of a netal

such as Nitinol exhibiting 15 superelastic characteristics at a
t enperature above which the austenite is stable (i.e. the tenperature at

whi ch the transf oS HAVIBE shaperBeRPTAsYpsEdastc Sharetepsiesgfnerllyhbave atileast

conplete), t i f ' e . rtjcul
ctress | vel Mo RBRESY e 5 ol 2yt pHal iy hEOS 1EByDeR ol ki
transfor @t i gRedghipAhl WehiclR S s@Blel f RIARRIY Row Remp@aiueisidnd aDasfenitd phile,
phase transfornmati on proceeds, the 20 al I'oy undergoes significant increases
i n strain butvhwht lrasl a tetldterebr high tenmilecseogili ang whink nestable dtriemperatges Nigher
strain increases while the stress remains essentially constant until the

t r ansf or mat i BHAndhe MAEEAIIERIRSE-e phase to the martensite phase is conplete.
Thereafter, further increase in stress are necessary to cause further

def ormati on. The

When stress is applied to a specimen of a metal such as Nitinoi exhibiting
15 superelastic characteristics at a temperature above which the austenite is stable (i.e.
the temperature at which the transformation of martensite phase to the austenite phase
is complete), the specimen deforms elastically until it reaches a particular stress level
where the alloy then undergoes a stress-induced phase transformation from the
austenite phase to the martensite phase. As the phase transformation proceeds, the
20 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, fusther increase in stress are necessary to cause further deformation. The
martensitic metal first deforms elastically upon the application of additional stress and

25  then plastically with permanent residual deformation.

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

30 reduction reaches the level at which the martensite phase transforms back into the



‘martensitic nmetal first deforns elastically upon the application of

additional stress and 25 then plastically with permanent residual 17 JAN 2005
deformation. |If the | oad on the specinmen is renoved before any permanent

- deformation 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 30 reduction reaches the |evel
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the austenite transforns to the martensite) until the transformation back

to the austmaftérsitehantl ihe tramsformbtion back tot the restenite pliagaiif cemplete; dceovherg i n
strain wth only _negligible corresponding stress reduction. 5 After the
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results _in,elastic strain reduction. Thi.s RPENRY ' L onLfi
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15 Designing delivery systems for delivering self-expanding stents has proven

difficult. One example of 2 prior art self-expanding stent delivery system is shown in

U.S. Patent 4,580,568 [ issued to Gianturco on April 8, 1986. This reference

discloses a delivery apparatus which uses a hollow sheath, like a catheter. The sheath

is inserted into a body vessel and navigated therethrough so that its distal end is

20  adjacent the target site. The stent is then compressed 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 from the proximal end of

the sheath to the distal end of the sheath. Once the stent is at the distal end of the

25  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
cause many problems, including possible damage to a vessel or the stent during its

30 travel. In addition, it is often difficult to design a pusher having enough flexibility to



into the sheath at the sheath's proximal end. A cylindrical flat end

pusher, having a dianmeter alnost equal to the inside dianeter of thel ] jaAN 2005
sheath is inserted into the sheath behind the stent. The pusher is then

used to push the stent fromthe proximal end of the sheath to the distal

end of the sheath. Once the stemis at the distal end of the 25 sheath, the
sheath is pulled back, while the pusher remain stationary, thereby

exposi ng the_stent,.and,e i | i 1 hi : ) [ Lng
tho stent tAPDBER PROERrIERAdeRR, e isd SnBubLFu/FES o pysR A Shont 351 o St
probl ens, i eﬁxheét,nqm&?&e? liewSPIRES k@ Mavpreaehding thd Qe iRl tHeldikao ahd of 30
travel. In addition, it 1s often difficult to design a pusher havi ng enough
f1 exi bi | ity tieocatfetdr, and Ahe2 0€lbveniay ithatathétar tugiptt the \eatehéo ¢he taoget silesmay
enough stiffness to push the scent out of the <catheter. Therefore, it was
di scover ed bpatbegerappraastngln ordes tocensuserprgperlagamani of thegstest witha caghetes; er |

dth del.i. | t { t t ' :
e bet  er I grERARcrere BatIhe st hOHFIol e A 156 Fankfichiping, &Kep it Bnis™
wi thin cat hg{ gelf Ray Podea sBfeSptobleafser Baduid e daftRtcitcarits hesigpifichmafdect ok

the manufacturing site. Except this in itself has posed some problens.
Because t he tieasehie¢xpanding rstent avhsthgkeps dtafiomfexparding, thelstens ey teng 4o depeme

stent which _keeps it. from expandin t he ,stent end to becone, i nmhedded
o thi e i ReRedy thiphg Fee AR ARSI HVRCh NS IePoRsh A SRheteEhof s
difficulty stidi . t ' . i v it ' '

result in tﬁéﬁﬁg?@kﬂf‘ﬁa@é thgggf% ﬁg{tscﬂ'ué‘ Erkl%rl]lg?#é ?h%aé sét-autg %‘Z‘% 2‘# ll%struhggulﬁgr&&%r%age
the stenp dyeidiRingShickah¥ide MRQlliftere¥AEHUIE dainage Bid Réntdiking&deliverypandi ng
stent delivery syStemis given in U'S. Patent 4,732,152 issued to Wallsten

et al. on March 22, 1988. This patent discloses a probe or catheter having

Fitot plabed wi CHVIOBETEKaPlS o T Buer dn e ESHEFELR BB e DY 5 Eiyaldo
nto the cai! YaenlVieiss 19 SO 16 Waiadd'8r 4! oif Mrdrch! 37 1988, CaLHE tker N d

hose are wi t'hdrawn over stent so t It can expand wthin the‘vessel.
However, discloses a probe or catheter having a self-expanding stent pre-loaded into its distal

15 end. The stent is first placed within a flexible hose and compressed before it is
loaded into the catheter. When the stent is at the delivery site the catheter and hose
are withdrawn over the stent so that it can expand within the vessel. However,
withdrawing the flexible hose over the stent during expansion could also cause
damage to the stent.

20

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 vessels, lesions and

25  previously deployed devices (stents). The delivery system must follow 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 end of the delivery device is stiff, it will

30 not bend with the guidewire and may prolapse the wire causing the guidewire to move



w t hdrawi ng the flexible hose over the stent during expansion could al so
cause damage to the stent. 20 An exanple of a nore preferred 11 JAN 2005
sel f -expandi ng stent delivery systemcan be found in U S. Patent 6,019,778

i ssued to Wlson et al. on February 1, 2000, which is hereby incorporated
~herein by reference. Wiile using such a device, it is essential for the
stent delivery device to be able to navigate through tortuous vessels,

I esi ons and 51?5 gﬁésﬁ%&%ﬁbﬁ%ﬂgn&ﬁ%&k@éﬁﬁ] theYisGe end ﬁf'ﬁ@tie)éivey'ﬁe\g@é.i ﬁfsycoi%ﬁtcﬁﬁ@e

nmust foll ow out overpowering t wre in the tortuous

vessel s. The @ificigtyl inenadiRinghe deligry dyaem, ard fayidito case any debis idigudgdde
enough to bend such that It Is angled wth respect to the delivery device
proxi mal t herduring tBe paesedurehto fipw dpsiream and emssastiekigh the distal end of
the delivery device, if the distal end of the delivery device is stiff, it
will 30 not bend with the guidewire and may prol apse the wire causing the

guidewire ¢ o0 nove N ' ! 0 | hige !
di stal end of the ’g]é |t\-/oe}féyu%g%?%ge%&mlgzd%%ﬁpatac%ﬁée%?@?i géurrt&élﬂr?hh%ystem
navi gating t hghidR! betr navigates Briudng paesagel s, Ghdsmot icelahielys déploly omigestent
during the procedure to flow upstream and cause a stroke. 5 Therefore,

t here has beewithinrthe targefrarea.s #hé peospetridivenyiostprovidefesichar eliypst demicanhi ch
better navigate tortuous passageways, and nore accurately deploy the stent
within the target area. The present invention provides such a delivery

devi ce. SUNN@@AWQW@!I‘LQ&E&IQN accordance with the present
I nvention, there 1s provided a delivery apparatus for a self-expandi ng
stent. Th® apparatus has an outer sheath form ng an el ongated tubul ar
menber having di stk ascsrdamcexiwit thederesond mwentios, dthesandis optovidbd adidelieer .
The apparatus al so includes an inner shaft |ocated coaxially w thin the
apparatus for a self-expanding stent. The apparatus has an outer sheath forming an
elongated tubular member having distal and proximal ends and an inside and outside
diameter. The apparatus also includes an inner shaft located coaxially within the
15 outer sheath. The inner shaft has a distal end, a proximal end and a longitudinat axis
extending therebetween. At least a portion of the inner shaft is made from a flexible
coiled member. The shaft preferably includes a stop attached thereto, the stop being
proximal to the distal end of the sheath. Lastly, the apparatus includes a self-
expanding stent located within the outer sheath, wherein the stent makes fnctional
20 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.

BRIEF DESCRIPT] EF DRAWIN

25 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

30  accordance with the present invention.



15 outer sheath. The inner shaft has a distal end, a proxinmal end and a

| ongi tudi nal axis extending therebetween. At |east a portion of the inner
shaft is nmade froma flexible coiled menber. The shaft preferably Hrcladmg
a stop attached thereto, the stop being proximal to the distal end of the
sheat h. Lastly, the apparatus includes a self- expanding stent |ocated

Wi thin the outer sheath, wherein the stent nmakes frictional 20 contact with

the out heath and _shaft i.s.di d i ally withi | f
Stent . Duri g dep DEHE i eiesiilan S BRhEr AR T na stbiiidufenigfEe Ve ot
stop. BRI EF [ESERT TaddNoOthe DEEPANGS having hesdeibh 3Rt RGanid ﬁd%@&hé‘%&ﬁﬁtléa&ﬂ

the present invention wll best be appreciated with reference to the
det ai | ed desdhemin.on of the invention in conjunction wth the acconpanying
drawi ngs, wherein: Figure 1 is a sinplified elevational view of a stent

delivery apparatus made in 30 accordance with the present invention. -7 1

1 JAN 2005 Figure i S a.view sj.pi to that of .Fi re ,1 but i

enl arged Vi ewgof %ﬁ}émd?ﬁ ﬁlsué]ﬁhﬁ%‘# aei"ﬁ’é‘?%‘&gg’ﬂ%"?l% "hggllrl% %"#85??%%‘?"8t5%§%y
to show t he gﬁﬁi&tipla‘ééﬂ-@%?cet\bﬁﬁﬂi resentifdidh€or | S a si nplified e! evat i onal
view of the distal end of the innmer shaft made in accordance with the

present invention. Figure 4 is a cross-sectional view of figure 3 taken
along lines 4-4. 10 Figures 5 thrqugh 9 are partjal cross-sectional views
of the apparatus Ofiguiet 157 @osniectatd e et Sgutreh takan pionglings fgd he

depl oynment of the self expanding stent wthin the vasculature. Figure 10
is asinplified elevational view of a shaft for a stent delivery 15

appar at usignade i n ReaREdARGEudM Oark AR e¥6RtsebiivRMviaws ok abfdRatus of the
DESCRI PTI ON OF THE T'NVENTI ON
present invention sequentially showing the deployment of the self expanding stent

within the vasculature.

Figure 10 is a simplified elevational view of a shaft for a stent delivery

15  apparatus made in accordance with the present invention.

DETAILED D RIPTION OF INVE N

Referring now to the figures wherein like numerals indicate the same element

20 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 comprises
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 located within the outer sheath,
wherein the stent makes frictional contact with the outer sheath and the shaft is

25  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 best from
figure 10, proximal end 12 is preferably a ground stainless steel hypotube. In one

30 embodiment, the hypotube is stainless steel and has a .042 inch outside diameter at its



Referring nowto the figures wherein |ike nunerals indicate the sanme

el ement 2a throughout the views, there is shown in figures 1 and 2 a1 jaN 2005
sel f-expanding stent delivery apparatus 1 nmade in accordance with the

present invention. Apparatus 1 conprises inner and outer coaxial tubes.

The inner tube is called the shaft 10 and the outer tube 1is called the
sheath 40. A self-expanding stent 50 is |ocated within the outer sheath,
wherein the scent nmakes frictional contact with the outer sheath and the

shaft is 25 PRosisealndcaulihan ypess thian 046 ingheputsidedigmetee at its clistak endy 1Eke

Phe shai t “nasinaok glariaerofafe AdParife &°DBE ShontBroupnplCinPleRbtn T Bkeed ppfige

figure 10, praggne&k lffl&si aa%um BhAfoRN AL sHfReQrFURE 'tﬁﬁ@iﬁagtlﬁseiegg@pl ncgse-

In one 30 enbodi nent, e hypot ub& i's stainless st and
out si de di amaghangaéin 'ttteshyp%tzibl- stifile)owy foti areiore nigidpebimaheidpe Mandle énd
.036 inch outside dianeter at its distal end. The inside dianeter of the

hypot ube i5s .tapisj sreded dpBog lsisat dcmlgyméwgt i thvmromwrf@d iéut@is(niéf eapughe ther

is to gradual|l han t he sti.ffness tub an | engt

This. change Mpofite Rondt ExEhdne BEFGRE ng PHuE ¥PRe dRRis"e Pt hiplar BB firces.q
or handl e endye taAghitted. n?ﬁ@%rﬂternun@f &E%o%@'19Bfﬁ@‘6tﬂeﬂlﬁletdl'l%»ﬁﬂ€>fbfr%&t&nd
is not stiff enough the hypotube section“extendi ng beyond the valve coul

buckl e as t hetratipdbolityeint toftoouseeesseds.e Theatistal ¢rdeof thehypdi dsmhesisdodfe flexible
hypotube is nore, flexible allow ng for better ability in tortuous
vessel s. The @iBinynizethe BansiRn bgiwsem thehypesad th%cglgsgqng;g, ble to mninmze
t he tranSftlon bet ween the hypo and the coil section. 10 As will be

descri bedY% n greater detail below, shaft 10 has a body portion 16, wherein

at least a porti ons@hwifithel destBSHR fof SrBakr el RiIGw C hdre g0 MasaSsody” pottiKi g
very much |like a conpressed or closéed coil spring. Shaft 10 al so |ncI udes a
di stal portiwhergis, atdiesst @l partiobadyl 618, madis €lom 8 flaxitile colied memlzerf F'Hntoaking

coextrusion of high
very rr?uch like a compressed or closed coil spring. Shaft 10 also includes a distal

portion 18, distal to body 16, which is preferably made from a coextrusion of high
15 density polyethylene and nylon. The two portions 16 and 18 are joined together by
any number of means known to those of ordinary skill in the art including heat fusing,

adhesive bonding, chemical bonding or mechanical attachment.

As best seen from Figure 3, the distal portion 14 of the shaft 10 has a distal tip

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

25  diameter from 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
navigation to the stent deployment site. As used herein, guidewire can also refer 0

30 similar guiding devices which have a distal protection apparatus incorporated herein.




15 density polyethylene and nylon. The two portions 16 and 18 are joi ned
together by any nunber of nmeans known to those of ordinary skill in the

art including heat fusing, adhesive bonding, chenical bonding or 171 JAN 2005
mechani cal attachment. As best seen from Figure 3, the distal portion 14 of
the shaft 10 has a distal tip 20 20 attached thereto. Distal tip 20 can be
made from any nunber of materials known in the art including pol yam de,

pol yur et hane, pol ytetrafl uoroethyl ene, and polyethylene including

mul ti-1ayer oiOnei prferrédydestals praectionedevidhes disioaed tin ppudlisheds RCT pApplication
end 34 whose dianeter is substantially the sanme_as the quter dianeter of

the sheath 498(i¥44d, ihgvmwmn&treatgpnalvj filing flatg pEkebpiaryrde 18P8; which ps hegsbys

to a smaller 25 dianeter f.romits proxi ngl end, 34 to. dts . distal-end 36.....
wherein the. iSOt eetif BY, hlstedied AL ise fORLBOL Tt hE ol i a P top ey e
the inner dia : ' i i el gWhfe
wre 3 (shom%ﬂeéﬁe%%&??é}ﬁﬁehnglrxgﬁ ggéti ;ﬁguﬁlytt%egwgesvgiéﬂtaggggtl g%%ﬁns#?g.
As used hesei andgini demereeryg aortabso seeingr theo d8livesy nddvine gauldi poplajeei thes wire.

whi ch have a distal protection apparatus, i ncorporated herein. -9 11 JAN
2005 One pr ef &MveRPWRIHIE P! thevaes 2pf RIshingeof shegdevire against, ths, bumemn valbean

Application 98/ 33443, , havi an hnternatl L -Fe

hopLicat! on | SRR o RE Mo ke PR R8n B B0 Y e (BRI B o
above, if the ydififedling ke dllideS ARS a%tthé Uelite idhdvian@aeArONBhed RBaiALY BE 1WineR
path and push the guide wire against the lumen wall 5 and in sonme very
tortuous settiwgll tdebridelfioner theddesiore camulte: pdisibdgesle anlle tmivele. ups@eamp waasingg
of the wire and pushing of the device against the |upen wall can prevent

the devi cd0f r Gemplisaiansgordistak ¥esgel lumeas. pEbs distl tipeisydnstaned; Wikh 37 extrgmely
| onger be dirgectin h Lce. . [ .S d d.
Longer e, R 5 58 R Bkl PG g aRERS g
upst r eam causipgflowOasd® ¥rh | beA a8 Soft ghydinGindkr \OE SAferihldMMdudinB e40iD Siyon t i Pts
is designed with an extrenely flexible |eading edge and a gradual )
transition to flexiteSty tanexhaniged py giratwallyHacrepging ghe hickness of its cross-sectional
diameter, whereby the diameter is thinnest at its distal end, and is thickest at its
15 proximal end. That is, the cross-sectional diameter and wall thickness of the tip
increases as you move in the proximal direction. This gives the distal end of the tip
the ability to be directed by the guidcwirer prior to the larger diameter and thicker wall
thickness (less flexible portion) of the tip over-powering the guidewire. Over-
powering the wire is when the device (due to its stiffness) dictates the direction of the

20  device instead of following the wire.

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 rounded section 26 between

25  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 improves the devices
“pushability”. As the tip encounters resistance it does not allow the outer sheath to

ride over it exposing the outer sheath square cut edge. Instead the outer sheath

30 contacts the rounded section of the tip and thus transmits the forces applied to the tip.
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‘hol l ow and can be made of any nunber of materials, including 40D nylon. Its
flexibility can changed by gradually increasing the thickness of its
cross-sectional dianmeter, whereby the dianmeter is thinnest at its i AN {005
end, and is thickest at its 15 proxinmal end. That is, the cross-sectional

di anmeter and wall thickness of the tip increases as you nove in the

proxi mal direction. This gives the distal end of the tip the ability to be

Ty Spred DY e g6 ol & dRoKifally Qadehly LREOR S AURER hElps el e AR the

t hi ckness (less flexible rtion e tip over-powering t

Over - power i rigpidyed wtene withouh providiag deshageedgtumat oould grab iof ﬂlﬂ.ﬁ@il? 61 atséms
the direction of the 20 device instead of followng the wire. The

gui dewi re | urstrt ond prethgr gregwlaridy in thetlumen denesideametsr-hug t he r ecommended
size guide wire so that there is a slight frictional engagenent between the
guidewnre 3 and the guidewire lunmen 22 of tip 20. The tip then has a

rounded sgction 264 w%@d?s%litﬁie&{sﬁge g&rﬁ’.ﬁ%ﬁﬁ?&%@f@ﬂ&a@ g{@& to the

portion 24. This hel ps prevent rom sl i ppl al 'y over

the tip 20, atiwalttipe2@hyd stepoSP.nGtdgh2?2 sarube athde dgas any nubber 8N aitdridlo khbwn
vessel, which could cause damage thereto. This inproves the devices
"pushabi | i ty'n tlﬂ%aﬂh@duqsn&ﬁ@uﬁwéml,rm isteyae anofie prefesablytmadel fFam adighlyer

sheath to ride over it _expasing the outer sheath square cut .edge. |nstead
Shet ot or shaddn Rty raste s 18P i, R of g fee " RLIEE
transmts th STRP&bLY [ T, 4 h a
proximally t pf@reﬁgé(;lr?sect?g%%%%wvﬁ%%tﬁlc{]]g‘?agﬁgg?ﬁé @%#@?&%&gﬁettﬁlga&g’%
depl oyed 18t embly anytdthert meanskndwngoahssdeaskilleddgahé¢ hat Peefaratlygrthd diwmdiengf stepon

a stent strut end or other irregularity in the |unen inner dianeter. 5
Attached to d&2dfaargpspengintormakss suffigieat coptact wathsthg goaded\ggng (50; withewxmaldngt o

the distal ti.p.20,an tent .50 . St 2,.can be..nmpde from unber  of
mat eri al s kngﬂlﬁuoqaﬁ%?%qg&a‘?% ﬂ?en%tftﬁrq%%s‘%de:ii sevé“slfr_@? Sé?l?mgﬂgﬂfy'%ﬂ%vgh SR 82
preferably mpdpsfio0rp@shhi Gl sent’ GdhRiRBACHE rBRtiE | positorChurde RkployRtieht, by
gold, tantalum or radi o-opaque filled
preventing the stent from migrating proximally within the sheath 40 during retraction
15  of the sheath for stent deployment. The radic-opaque stop 22 also aides in positioning
the stent within the target lesion during deployment within a vessel, as is described

below.

A stent bed 24 is defined as being that portion of the shaft between the distal

20  tip 20 and the stop 22 (figure 2). The stent bed 24 and the stent 50 are coaxial so that
the portion of shaft 18 comprising the stent bed 24 is located within 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

25  programmed shape by moving outwardly in a radial 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 S50 attached to the inner shaft 10 i1s a radio-opaque
marker 74 which can be made of platinum, iridium coated platinum, gold, tantalum,
stainless steel, radiopaque filled polymer or any other suitable matenal known in the

3¢ art.
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.polymer. The stop can be attached to shaft 10 by mechani cal or adhesive
bondi ng, or 1o by any other neans known to those skilled in the art.
Preferably, the diameter of stop 22 is |arge enough to make suffj Cijgng00s
contact with the | oaded scent 50 without making frictional contact with
the outer sheath 40. As will be explained |later herein, stop 22 helps to
"push” the stent or maintain its relative position during deploynent, b

y
preventing the stept from m ' ' L 1N L1g
retraction 15 of t %s%cr?et‘zﬁuﬂ %’?égs?’%%%g%@y%#wg@ 1??&%@32233‘%{&%&@2
al so ai des i pegibld &lcddmembBer $7 esitnilat tdhartléded dodr @etormpresed shingNdDuring
depl oyment within a vessel, as is described below A stent bed 24 is
defined as beaieptpyniemt ofehe stent 50, theerasmissiopeefwesampresseond ferces fropothei gop @2
and the stop 22 (figure 2). The stent bed 24 and the stent 50 are coaxiaH
so that the porthe bub rarg Haperian facsers in deplgYMER! ACCURCY h dd1e ROTECOMRRIESYE the

wthin the [unen of.stept, 50. The sten d, 24 1LNi %%;I.E h
stent 50 Becﬁ?gé%ﬁnq“hgps%%clgn%Fbehmsnchllg_s{?'g lgg ﬁe@@ﬁg%gﬂ E:lnrclln © y@%ﬁ#t ng'r'l’d
the outer sheglh,d0heARompresSibRNGS itRe SHAWre flentbel Ois heMMBAled! UiteSactouatGvhen
austenite phase transformation it attenpts to recover to its 25 programed
shape by novivignatizingathellstent mnden figbrabcopia mndgingy \Hawdver,t & dess lvonpitessiveeshaft
outer sheath 40 constrains the stent as wl| be explained | r herein.
Distal to thesughlymgans Jgssoflexigity o oy ’%‘%t‘i‘%&?@&ytgﬂt appafafus to
shaft 10 is a_radio- e [ a t4 .

I ridium coat e‘ba"g&é‘f itﬁl&?rjghlgtgrtg,gﬁ{(%ef%ﬁuvn? &antegi %sg@ts)%gggﬁg t?Ba[Ei %%g%‘éy and

filled pojoynefesidtanéd!Yo @bMPresSidh!t aWien e evybein ksnmavigatingt theoudD ty tuteridsl thel
JAN 2005 As seen fromfigures 2, 3 and 10 the body portion 16 of shaft 10

i s made frominaef mexibet és aoi iredompression 37d thémfdrarthe eod il foesetd bend with the
conpressed spring. Durin depl qynent of the siyent 50, ':*Ee transm ssi on of
conpr essi on f4HVES Pathm Ahrow fieploy she signt yoy apRly tension tp the PHigh Mamber Assyqu,

depl oyment aceuraChe. bfr MEALECBVELCHR Yicapfiflated stent. Because the stent is self-

expanding it is in contact with the outer member and the forces are transferred along
15  the stent and to the stop of the inner member. This results in the inner member being
under compressive forces. When this happens the closed coil, (no gaps between the

coil members) transfers the compressive force from one coil member to the next.

The coiled member 17 further includes a covering 19 that fits over the member

20 to help resist buckling of the coil in both bending and compressive modes. The

covering is an extruded polymer tube and is preferably a soft material 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,

25  polyurethane, polyamide, polytetrafluoroethylene, etc. The 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).

30
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5 construction of the inner nenber is the | ess accurate the depl oynent
beconmes, Dbecause the conpression of the inner nenber is not taken into
account when visualizing the stent under fluoroscopic inmaging. HowbVedN 2405
| ess conpressive shaft wusually nmeans less flexibility, which would reduce
the ability of the apparatus to navigate through tortuous vessels. A
coiled assenbly allows both flexibility and to resistance to conpression.
When the systemis navigating through the arteries the inner nenber is not

i n conpressi on andSheady 80 ds eprefrsalilyi 2 polymerie cahelss nandabah a peoxiged jangr ¢2
th. As depl oy the st | ' h teg  nenb )
Petract the derbpatRgper Jogbmubre BRfuE or nonedth, 1 s e Slindl fu a5 fpief

e ding it ey .
Cranst or od A aminbied 3 (8 frGHnEE bndiBl of difal U 20 oF RENRRMCIY, A GBTRAY S0 R

resul ts in thgunndeployed positionas sigown il Agure AP The disal endrdSest shéhthd0 rictudes
happens the closed coil, (no gaps between the coil nenbers) transfers the
conpr essi ye facad-opagne araskerdrand idnidisposed along e uter yudacsoifigyce heanded). 1As

further includgs, a coveri 19 that fjts er, the er.. 20 to help resi st
buckl i ng of R0 b exkPlamet SR o (R ﬁlj“"&hijf@x"nﬂf’@%?‘@%dﬁ'&. mﬁ@f?'w@r t‘ﬁg’si s
an extruded A . ' f ; ST a1 ;

el ongate sli @ﬁ{)%ﬁ (t)cB g?@ﬁ%&%é%g%gitﬁlg %ﬁ? &?ﬁ'gé E:OOP:F, ]ﬁfg}gtﬁﬁa&@gi Hgt@ q’gl“f (s)aVSC
the coil nendeemototheiapparatart famhthebbdy.. Cover 19 can be made from any

nunber of suitable materials including coextrusions of Nylon and high
density pol yet hyl ene, 25 pol yurethane, pol yam de, polytetrafluoroethyl ene,

any nunbd of mat b APGIRE R 2 and Aideliend £ of Sheai4) HEws Al ellEfbea”
2008 | neh R R K" Byl AR B 10 hEP Mirgert Ml EpAr ThRide HridecgPin’ b2

Wi ss steel ribbon wire

wire). 30 -13nside dAdNodf3fife diameters of the sheath proximal to section 44. Enlarged section
44 houses the pre-loaded stent 50, the stop 22 and the stent bed 24. The outer sheath

40 tapers proximally at the proximal end of section 44 10 a smaller size diameter,

15 This design is better described in co-pending U.S. Application Serial No. 09/243,750
filed on February 3, 1999, which is hereby incorporated herein by reference, One
particular advantage to this the reduction in the size of the outer diameter of sheath 40
proximal to enlarged section 44 results in an increase in the clearance between the
delivery device 1 and the guiding catheter or sheath that the delivery device is placed

20 through. Using fluoroscopy, the physician will view an image of the target site
within the vessel, before and after deployment of the stent, by injecting a radiopaque
solution through the guiding catheter or sheath with the delivery device 1 placed
within the guiding catheter. Because the clearance between the outer sheath 40,_ and

the guiding catheter is increased by tapering or reducing the outer diameter of the

25  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.

Often self-expanding delivery systems had problems with the stent becoming
30  embedded within the sheath or catheter in which it is disposed. Sheath 40 preferably

- 13-



Sheath 40 is preferably a polyneric catheter and has a proxi mal end 42
termnating at a Luer hub 52 (figure 1). Sheath 40 also has a distal end 45
which termnates at the proxinmal end 34 of distal tip 20 of the PP?&& %?,
when the stent 50 is in un-deployed position as shown in figure 2. %

di stal end 45 of sheath 40 includes 5 a radi o-opaque marker band 46

di sposed along its outer surface (figure 1 and 3). As w Il be explained
bel ow, the stent is fully deployed when the marker band 46 is proximal to
radi 0- opaque SQMPrIE3, an Ruter i pediyroen laygr.t preférablyhpwlon and tamatinrier padymenylaydire

to renove the a t 1 fromthe, bod 10 As detajled i Fi re 2, the
st o erd 4ePBrbahE iy el itottzienen QR SURPIE Dokt an thaliner giad Outer
ti 44 h insi i i , i nsi de. i
Sorsl Qo o amalaybR” Beludel2ig Suftile WABHEC KbATTLC e MMidd In A0SR hing
44 houses thepcmgemymd,edr polyainide) redpeetivdlpp Préferibly! posifiered bowéer butdingénd

outer sheath 40 tapers proxinally at the proximl end of section 44 to a
smal | er siZe inandaysrs respectively, desd ynrei eeinfording lajes ovhibeds i prefecabdy rad bragded

U S licati Serial No. 09/243,750 filed Feb y 3, 1999, which i
her e bi\p P n l: g?p%’?rgt@‘g‘{aln@?@i saiplesy %‘?"ﬁr e’gﬁ §.’“_“IE‘B§ Of%QFqle{H%gay"&oR}%fﬁtdfg‘gfﬂoé?cﬂF% >
the reducti Onh:id?n%?ﬁ? gﬁspﬁﬁfoiheﬁtﬂede‘af&le&n%eaﬁmriﬂ?ﬂe hefasdd m&v@én@n‘e}‘g'

enl arged section S 1n an I'ncrease 1 n the clearance be

del i very devi Psiedt 6/0d9 778 iguueditd gVilgnhert A of'Feblgaty N, 12000. t Mhe ARk iofBirdiding
device is placed 20 through. Using fluoroscopy, the physician will view an
i mage of the rearfgedingilaysrs v tothes types of sraslical sisvises camdeafound iebl.Sy rmatantef
the stent, by.iRj i.n r adi opaqu sqlut I .t he quidi ng catheter
or sheat it roencaret sy Sehe an Jupf 2eedd7hi $ 5 0FRds e 8 igetlle rEabron
Because the c b e . t el
catheter is i% re@g‘g?b?b?g’pgﬂ %2%E%d%§?%dgtﬁgwgﬁbgr c%pg)ﬁgﬁegr? o] 3t'heT5%
sheat h pr oxi ninclusibnsef tai braidt4virdiiighethei GREE sheth reahiscedr teCH) aieplbyment by
resulting in better inmages of the target site for the physician. The
tapering of shelping te@Prpyesyithfesien Ith&om begoming dep iabesdsed fintoagheaadepnionial,
both before apd .after deploynent of the stent. Oten self-expanding
e

delivery syst y[r)r}o |l ens with the stent beconi ng
15

Figures 1 and 2 show the stent 50 as being in its fully un-deployed position.

This is the position the stent is in when the apparatus 1 is inserted into the vasculature

and its distal end is navigated to a target site. Stent 50 is disposed around the stent

bed 24 and at the distal end 45 of sheath 40. The distal tip 20 of the shaft 10 is distal

20  to the distal end 45 of the sheath 40. The stent 50 is in a compressed state and makes

frictional contact with the inner surface 48 of the sheath 40,

When being inserted into a patient, sheath 40 and shaft 10 are locked together

at their proximal ends by a Tuohy Borst valve 60. This prevents any sliding

25 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.

- 14 -



30 enbedded wthin the sheath or catheter in which it is disposed. Sheath

© 40 preferably - 13 11 JAN 2005 conpri ses an outer polyner |ayer,
preferably nylon, and an inner polyner layer, preferably 11 JAN 2005
pol ytetrafl uoroet hyl ene. Qther suitable polyners for the inner and outer

| ayers include any suitable material known to those skilled in the art

I ncl udi ng polyethylene, or polyam de, respectively. Preferably, positioned
bet ween outer and 5 inner |ayers respectively, is a wire reinforcing | ayer
whi ch is preferabThe aetivoal uraldr wiicheappacieust i depleysastentaXscasy ast be dp ¥

Gesian_ can beRTBREdC HEurstc Mol EurSiio 8¢ APRASID Jesdets wibtipdin A st t; g
i ssued to WIsqgn.et al LUAr 0 br gy.di s
rei nforcing %Oaﬁw S0 ﬁ'a5ttﬁ£r8é§§€g§ %‘f %srrélgi(gca gegﬁf%g? gi;tl% bgjn?%t?ﬁgi th?{sﬁlaél.

patents |10 3y58%miAly thatsueddisal Sherkens74oand Uprexiddal ridander/stof) 22, @2 shafe UK
to Castillo et al. on Septenber 3, 1991, and 5,254,107 issued to Soltesz
on Cctober liadich@O theTerals afrstant S0 ame uffigiepEyipiaogd aboutnthe tasgst disedse sitgedhs

enhances stent 50 depl oynment el ping to.prevent t.he stent from
beconi ng t odPhfHSERIY @Uffﬁpae% ﬂgéli%}hﬂéﬁ 'ﬂ?"(eo?’pt oﬁ{%tpbﬁlc@gp‘l"g@ﬂeﬁgp gfasp the
Figures 1 and 2. showd 18 Git Gidkimefl R BSAMehdiN 10t Atd Yok sEAP1OVRAa fixed
position. TRAIS 'S the position the stent IS in when the apparatus 1 is
inserted i ntgosﬁm.vasmweaftw,etheapﬁys'imn dweildl genp ie Mavhyavalde t@) attaahgbt

site. Stent 50 is disposed around the stent bed 24 and at the_ distal end
45 of sheat hpeb@imalhetaipetensheathyd@andslidn s prpsimal, relatvedosthg shaf 10as shown

Cohea TH or RORGRIGd AL NP2 e GTHOE ser paTeo s e R IREE sl S0 TRE
bei ng insertgd hgtttgenghs&g@ U§HL moves B Hhedicht Stafsterfdivdly +pskest baoer figs

at their proXina a Tuohy Borst valve 60. This prevents any sliding
25 noverent bgtalvesd 43)eosheld inapdsitveatlativhito the aatget rsesul Stent 30 ;sheuldt be e

depl oynent _ o o _ _
deployed in a distal to proximal direction to minimize the potential for creating
emboli with the diseased vessel 80. Stent deployment is complete when the radio-
15 opaque band 46 on the sheath 40 is proximal to radio-opaque stop 22, as shown in
Figure 8. The apparatus 1 can now be withdrawn through stent 50 and removed from

the patient.

Figures 2 and 9 show a preferred embodiment of a stent 50 which can be used

20  with the present invention. Stent 50 is shown in its un-expanded compressed state,
pefore it is deployed, in figure 2. Stent SO is preferably made from a superelastic
alloy such as Nitinol. Most preferably, stent 50 is made from an alloy comprising
from about 50.5% (as used herein these percentages refer to atomic percentages) Ni

to about 60% Ni, and most preferably about 55% Ni, with the remainder of the alloy

25 Ti. Preferably, the stent is such that it is superelastic at body temperature, and
preferably has an Af in the range from about 21° C to about 37° C. The superelastic
design of the stent makes it crush recoverable which, as discussed above, can be used

as a stent or frame for any number of vascular devices for different applications.
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.or partial deploynent of the stent. Wen the stent 50 reaches its target
site and is ready for deploynent, the Tuohy Borst valve 60 is opeqqd %QQ
that the sheath 40 and shaft 10 are no | onger | ocked together. 11 JAM g%

- The nmet hod under which apparatus 1 depl oys stent 50 can best be descri bed
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
di seased site. Once the physician determ nes that the distal narker, 74 and
proxi mal mar ker / st9pnt230 Brd Sibafar member baying, {roat ant dagh, geem endy a dengitndinad

sufficiently placed abo t he target.gdi sease si t LGl

open Tuohy B&?Et e{(/tgp@gg é@i‘?’%ﬁ%‘”ﬁﬁ‘gsiﬁ%i‘?‘w@%ﬁ ?ﬁeﬁiﬁgﬁ H&?a%@% 5&%%%0\9%% Tand
12 or proxi mﬂglﬁ’?‘@, ForOfnsériiah tintd G pAieAb atPnd\abation dtdughOthe Vedseld, edd a second
position. Thereafter, the physician would grasp the Tuohy valve 60 attached
proxi mal |y t darget diansiterafoh déplogmensinitaléhei target axéanefl 2 vesseht iThe tulpulah enesiaert
10 as shown 1o in Figures 6 and 7. Stop 22 prevents the stent 50 from

sl i di ng b&ck iwmadeSrama-plulitgef adjpeant ggonSh L axigpding etweenine from @rd hack
tent 50 is effectively "pushed".out of..the  distal 4 i
SLent, 50 12, ShhEC o B87 e ¥ b R P G Sy o
distal to prqyhse 6zdédnﬁ§édngrhd§&eﬁé il 2eheréif adpicemt dtalts ARrconnedted Bfoppasie! |

w th the diseased vessel 8 t ent depl oynment is cocr}pl ete when the radio 15
opaque band 4fdesotakdo hemah $40r iZsshape patiern. t Stenh d0 Jugperinsluses 3 plnraligy of

ZES“?eirSveS ' Rived brdges AP OREH Eogsch adiaoankdoopSASey OB bIG PRt 8RR
s _ adpe PEES & .
Chown 1 1 01 o ELERRRRER FidkE 0 108 HLubH Bo PRRIRh LB VAL Blm ReRehier bf 2

2. Stent 50 is|ogpeferably made froma superelastic alloy such as Nitinol.
Most preferably, stent 50 is made froman all oy conprising from about
50.5% (as used herein these percentages refer to atom c percentages) Ni to

2Ppuy BO% N, and fRote e destiibita pebhiaty felpe I vedtdr!distidfee’ G WogRbur e
stent, prevents metal to metal contact when the stent is bent, and minimizes the
15 opening size between the features, struts, loops and bridges. The number of and
nature of the design of the struts, loops and bridges are important factors when
determining the working properties and fatigue life properties of the stent.
Preferably, each hoop has between 24 to 36 or more struts. Preferably the stent has a
ratio of number of struts per hoop to strut length (in inches) which is greater than
20 200. The leﬁgth of a strut is measured in its compressed state parallel to the

tongitudinal axis of the stent.

In trying to minimize the maximum strain experienced by features, the stent

utilizes structural geometry’s which distribute strain to areas of the stent which are

25 less susceptible to failure than others. For example, one vulnerable area of the stent
is the inside radius of the connecting loops. The connecting loops undergo the most
deformation of all the stent features. The inside radius of the loop would normaliy be

the area with the highest level of strain on the stent. This area is also critical in that it

is usually the smallest radius on the stent. Stress concentrations are generally

30  controlled or minimized by maintaining the largest radii possible. Similarly, we want
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25 Ti. Preferably, the stent is such that it is superelastic at body
tenperature, and preferably has an Af in the range from about 21 C1thAN2m5
about 37 C. The superelastic design of the stent makes it crush
recoverabl e which, as discussed above, can be used as a stent or frane for
any nunber of vascul ar devices for different applications. 1 1 JAN 2005
Stent 50 is a tubular nenber having front and back open ends a | ongitudinal
axi s extendi ng there between. The tubul ar nmenber has a first snaller

di ameter, ftogmiramize fasal Braiaraonesntiations an phe ibedee a7d brdeeytor logr camnseRmn

t he vessels, and a_second. | arger,.di anet.er, faor,. depl.o L DL .

area of a veRHBlS. Gffc WaYhin &Fﬂﬂ%ltﬁg‘r S t?ra'fféhzgrg-'ﬁ\ gﬁg%hr%(# |EltB %/é 0 dlgﬁf%g%nt
hoops 152 ext endi. b n,t f d.bagdtent® ) Res 152Ahaakpde
a pIuraIity'B?ﬁﬁ%ﬁgﬁtﬁ wﬁglw@?§%f£9@%0%§n8 a pfﬁrgﬁﬁt35§§xhﬁgops 162
connecti ng agjrdfdepitiontit & Einintigs dermaximaaeopensirea b$ tiar serdonBffciad wifization
opposite ends so as to forman S or Z shape pattern. Stent 50 further,..

i ncl udes s pbfutheldriginad ftubecfromewhishi thg stent BEULARGERASES HERYE Strengiin and, it 18Ry
152. Bridges 170 conpnect adj acent 1o struts together at bridge to | oop
connection d@ﬂﬁﬁéemﬁ?%%“ﬁF%ggffset fromthe center of a |oop. The above
descri bed geonetry helps to better distribute strain throughout the stent,
prevents netal to netal contact when the stent is bent, and m ninizes the
15 openi ng size bafitheegh tparicuat emissiiments utfsthel pregent dnderitiondiays. berine shayer
of and nature of the des&gn of the struts, |oops and bria es_are iqpq{t?nt
factors whenandialeseritied ngodifisatyasy KhaYq bpr Bpds 1P cWieafiey1$e,@n method withou

properties of the stent.. Preferapl e h a - wee 4 :
more strif s. deRaERRg AWy 'Pﬁespg}[_e?ﬂ ﬁ% a&cp}ft Bge%%'ﬂ %ﬁnﬁ%&eoﬁ& r%&gggg foop
to strut | engiibidy WCRRRhGUNISE Usta GhCRbR' dERAPIIO 2R aldndicagiirmtl of
strut is neasured I"n 1ts conpressed state parallel to the |ongitudinal
axis of the ghf@tiond.n trying to mnimze the nmaxi num strain experienced by

features, the stent utilizes structural geonetry's which distribute strain
to areas of the stent which are
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25 | ess susceptible to failure than others. For exanple, one vulnerable
‘area of the stent is the inside radius of the connecting |oops. The

. connecting | oops undergo the nost deformation of all the stent fe?ﬁ%fﬁ?
The inside radius of the |loop would norrmally be the area with the hié Q@
| evel of strain on the stent. This area is also critical in that it is’
usual ly the smallest radius on the stent. Stress concentrations are
generally 30 controlled or mnimzed by maintaining the | argest radi
possi bl e. Si nWEATVS QleAIMED IS:16 1 1 JAN 2005 to minimize local strain
concentrations on the bridge and bridge to | oop connection points. One way
to acconplish this is to utilize the largest possible radii while

mai nt ai ni ng featur | | nsil ' : i f T
Anot her consF‘dera i#r%g%gﬁ%%q% %?eémbﬁﬁm%%%%ﬂsf&{@%?%m.
Efficient utilization 5 of the original tube fromwhich the stent is cut
increases stent strength and it's ability to trap enbolic material. .

Al t hough parti cul aa. embenlioutentsbeath comprisingsamelongaiech tybiarhacmbere bavigg glistal
and described, nodificatipon may be made to the device and/or nethod w thout
to departing fromthe sp¥ Pfo"é‘ﬁﬁll &dsp@ndt the present invention. The terms
used in describing the invention are used in their descriptive sense and
not as ternms of Ilimtations. 1 1 JAN 2005 WHAT IS CLAIMED IS: 1. A
delivery apparat uspfor an Sifhdr- shapalstated cdaciully withth azipgaowten sheatimpsaidi shaft 5
a. an outer sheath conprising an el ongated tubul ar menper having .distal.,
and proxi mal ends; and having aadistahged, & pseximabead éﬁd(?o]é’k‘g%q?‘? RicFtending

e oy onnal el b, Tl AR inQuBRG 8at %P #proximal
end attached to said distal end of said shaft and a distal end extending
therefrom, said distal tip having increasing flexibility from its proximal

end to its distal end.

1s 2. The delivery apparatus of claim ! wherein said shaft further includes a lumen

extending from said distal end of said distal tip to said proximal end of said

shaft.
3. The delivery apparatus of claim 1, wherein said shaft has a proximal section
20 made from a tube of stainless steel, a body section made from a coiled

member, and a distal section made from a polymer.

4, The delivery apparatus of claim 1 wherein said distal tip is hollow, and
wherein its thickness increases from its distal end to its proximal end.

25

5. The apparatus of claim 4 wherein distal tip is made from a polymer.

6. The delivery apparatus of claim 1 wherein said outer sheath comprises an outer

polymeric layer, and inner polymeric layer, and a wire reinforcing layer



t herebet ween, said shaft further including a distal tip having a proxinal
end attached to said distal end of said shaft and a distal end extendings
therefrom said distal tip having increasing flexibility fromits proxima
end to its distal end. 15 2. The delivery apparatus of claiml wherein said
shaft further includes a lunmen extending fromsaid distal end of said
distal tip to said proximal end of said shaft. 3. The delivery apparatus
of claim1, wherein said shaft has a proximal section 20 nade froma tube
of stainless steelbetweehouid swer japd quietelayersmsaid cisinfewingriayee beingnmoze digid al
section made from l%H_gol_ mer. 4, The delivery apparatus of claim1l wherein
said distal tip i $h¥Hbtagipner2ng OWEEIAYEN- it s t hi ckness i ncreases fromits
distal end to its proxinmal end. 25 5. The apparatus of claim4 wherein
distal tip is made froma polymer. 6_ The delivery apparatus of claim1
wher ei n sai d7out eITHehmREVeryGpparansast Adino Ul @hereosaydrdistal ehd e said ashdfti exesds
polyneric layer, and a wire reinforcing layer - 18 11 JAN 2005 between

sai d i nnes and outdéttall tpysaid digtali end ef spidr dicaly, [aad esaid proxdmab ead rofgsadd shafin
said inner and outer layers. 7. The deliver ppar at of claim1, wherein
sai d distal end oF*?&Fa\é%&Piﬂ ‘Bx"ﬂéﬁﬂ?*l% (ﬁ"étoglsggcf‘%g%ﬁd distal end of said
sheath, and said proximal end of said shaft extends proximal to said

proxi mal end of said sheath. 8. A delivery apparatus for a self-expanding

stent, said gppar & deliceyappaatng forld sélf-egpandingesters Nedd hpparawms icompyising:
el ongat ed tubul ar nmenber having distal and proxi mal ends and an inside and
out si de dianeter; 15

10 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 extending

15 therebetween, said shaft further including a distal tip having a proximal
end attached to said distal end of said shaft and a distal end extending

therefrom, said distal tip having increasing flexibility from its proximal

end to its distal end, said shaft further including a stop attached thereto,

said stop being proximal to said distal end of said sheath; and

20
C.. a self-expanding stent located within said outer sheath, said stent
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.
25

9. The delivery apparatus of claim 8 wherein said shaft further includes a lumen

extending from said distal end of said distal tip to said proximal end of said

shaft.
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20 b. an inner shaft |located coaxially within said outer sheath, said shaft
having a distal end, a proximal end and a |ongitudinal axis extendirg ja 2005
t her ebet ween, said shaft-further including a distal tip having a proximﬂ
end attached to said distal end of said shaft and a distal end extending
therefrom said distal tip having increasing flexibility fromits proxi mal
end to its distal end, said shaft further including a stop attached
thereto, said St%ﬁ bei ng proximal to said distal end of said sheath; and

g

C., a self-ekpandThg delivery appagtedoiriaim B, syhercigusaid shafbhaha praximaliseption
maki ng frictional contact w sad d_out er eat Ld: shaf t, disposed .
coaxially within g'al%ﬁné'ﬂmofl @’Ef’aoaﬁsMﬁsgvﬁ%?e%yggdige‘gf%n?&a#gkgz% c?og’f’g%q
with said stop dupidyched ROy BRBY s&tionahstieStr&Mta pddymEr. The delivery
apparatus of claim8 wherein said shaft further inhcludes a |unen extending
fromsaid distal end of said distal tip to said proximl end of said

shaft. 11 JAN 2005 10. The delivery ap‘t;?r atus of claim@8, wherein said
shaft has’ a ptoxi FlE delivenoapparas ofr sleim 8 uwbergin 8a1d; diptak Jips ae dolloy, hars,

section nade froma coil.ed. . nber . and.a dist.al, secti.on nmade .fram a
polyner. 5 It. Th?ﬁ@éq‘f‘\}[é cknis Iergses o Iy (ﬁffa‘él Wﬁfeiltpé?‘rprgﬁrﬂﬂaein tal tipis
holl ow, and wherein its thickness increases fromits distal end to its
proxi mal end. 12. The apparatus of claim 11 wherein distal tip is nmade from
a pol yner. 102.13. Thhappahaiusaf lappldr ehereinodistal Gp s Baddrénoei o pelimkrout er

sheath conprises an outer polyneric |layer, and inner polyneric |layer, and
awre reinforcing layer between said inner and outer |ayers, said

reinfor Clld1 9 Ilgyer ’I%gid%ﬂvgr?ra%p&jagjsdof s SAkfid Y18 burPdhith %mbﬁ)i@sr& 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 14.  The delivery apparatus of claim 8, 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.

15. 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

25 having a distal end, a proximal end and a longitudinal axis extending
therebetween, said shaft having a proximal section made from a tube of

stainless steel, a body section made from a coiled member, and a distal

section made from a polymer, said shaft having increasing flexibility

from its proximal end to its distal end, said shaft further including a

30 distal tip having a proximal end attached to said distal end of said shaft
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15 14. The delivery apparatus of claim8, wherein said distal end of said
shaft extends distal to said distal end of said sheath, and said pr,oxi mal
end of said shaft extends proxinmal to said proximal end of said she t 4AN 2005
15. A delivery apparatus for a self-expanding stent, said apparatus
conprising: 20 a. an outer sheath conprising an el ongated tubul ar nenber
havi ng distal and proximal ends and an inside and outside dianeter; b. an
i nner shaft |ocated coaxially within said outer sheath, said shaff 25,
having a distal end, aafsraxistallendnextending theselgomugridagdistalk Hp having,MicEpsing
t her ebet ween, said shaft .havi a .proxi mal, sectia fr.om

stainl ess steel, a bod e’gg@ﬂ E?P'?rd e PFOX Y, o it?e’gs %%geelnfj’ asﬁlgl gﬁﬁgfsfﬁéﬁher

section made froma pOﬂn}ggl:ag a;fe{gﬁ 3§:Hai°eh O[H@r%idlgaid”s%;?sﬁhgq;r&iﬁiﬁk ko hdiaxgus&r om

its proximal end to itsS sai d shaft further Tncluding a 3

distal tip having a prend ofdaidstbati;taadhed to said distal end of said shaft
-20 11 JAN 2005 and a distal end extending therefrom said distal tip
having idcreasing flexibility fromits proximal end to its distal end,

roxi Al 10 sai d i st af SUPBROE; et laana iy o goR) pRRE Ral Hhen:
stent located wthin spihgUfRbiotheasdiact SBith] SIceBhter TKAND shid sidfoBAposed
contact with said out eﬁagqugat ,osﬁg!i g&rse%caft di sposegr coax?al ly withi rllx)a

| umen of said stent, whgixgly ®dihth s& dnhenadfesaid caieitacvhereb) ad dtentomakes
during deploynent of said stent. 10 16. The delivery apgarat us of claiml

wherei n sai d shaft furconssctiwith sidstop dugiegdeployment Of said stent.
10
16.  The delivery apparatus of claim 1 wherein said shaft further inctudes a lumen
extending from said distal end of said distal tip to said proximal end of said
shaft.

15 17. The delivery apparatus of claim 1, wherein said shaft has a proximal section
made from a tube of stainless steel, a body section made from a coiled
member, and a distal section made from a polymer.

18.  The delivery apparatus of claim 1 wherein said distal tip is hollow, and

20 wherein its thickness increases from its distal end to its proximal end.

19.  The apparatus of claim 4 wherein distal tip is made from a polymer.
20.  The delivery apparatus of claim 1 wherein said outer sheath comprises an outer

25 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.



extending fromsaid distal end of said distal tip to said proximl end of
said shaft. 15 17. The delivery apparatus of claim1l, wherein said shaft
has a proxi mal section nade froma tube of stainless steel, a body1 F?@%'Z[fﬂ?
.made froma coiled nenber, and a distal section nmade froma pol ymer. .

- The delivery apparatus of claim1l wherein said distal tip is hollow and

20 wherein its thickness increases fromits distal end to its proxinmal end.
19. The apparatus of claim4 wherein distal tip is nade froma_ polyner. 20.
The del i very 2dpparBhesdeliery kpparatus efielaimn d, sdiecein gaid disialeendrof shafeextemds

O O 20 Yo g Bkl ARG Tor S TR, hEl it ¥ e, s gt
| ayer bei ng nore ré’?%";ﬁsé’}'ggﬂ‘é??nd %iamimgpg]&)gf&&, kasgrs- 1 1 JAN 2005 21.

The delivery appara rein sard distal "'end of said shaft
extends distal to said distal end of said sheath, and said proximal end of
said shaft extends proxinmal to said proximal end of said sheath.
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