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MULTILAYERED METAL STENT ‘/

FIELD OF THE INVENTION

The present invention relates to stents for
5 deploying within body lumens, and more particularly, to

optimizing the radiopacity of such stents.

BACKGROUND

Stents are tubular structures that are implanted

10 - inside bodily conduits, blood vessels or other body lumens
to widen and/or to help keep such lumens open. Typically,
stents are delivered into the body while in a compressed
configuration, and are thereafter expanded to a final
diameter once positioned at a target location within the

15 lumen. Stents are often used following or substituting for
balloon angioplasty to repair stenosis and to prevent
future restenosis and, more generally, may be used in
repairing any of a number of tubular body conduits such as

those in the vascular, biliary, genitourinary,

20 ' gast.rointest'inal, respiratory and other systems. f‘.xemplary

patents in the field of stents formed of wire, for example,
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r epai Toweranyt 50 33#ke Savinbetaalbad\p.Adfid12 tecFontaine;

4,886,062 and 4,969,458 to Wiktor; and 4,856,516 to
Hillstead; each of which is incorporated herein by
reference. Stents formed of cut stock metal, for example,
are described in U.S. Patent Nos. 4,733,665 to Palméz;
4,762,128 to Rosenbluth; 5,102,417 to Palmaz and Schatz;
5,195,984 to Schatz; WO 91 FR013820 to Meadox; and WO 96
03092 to Medinol, each of which is incorporated herein by
reference. Bifurcating stents are described in U.S. Patent
No. 4,994,071 to MacGregor, and commonly-assigned U.S.
Patent Application Serial No. 08/642,297, filed May 3,
1996, each of which is incorporated herein by reference.
For stents to be effective, it is essential that
they be accurately positioned at a target location within
a desired body lumen. This is especially true where, for
example, multiple stenting is required with overlapping
stents to cover excessively long regions or bifurcating
vessels. In these and other cases, it is often necessary
to visually observe the stent both during placement in the
body and after expansion of the stent. Various approaches
have been attemptgd to achieve such visualization. For
exam?le, stents-have been made ffom radiopaque (i.e., not
allowing the passage of x-rays, gamma rays, 6r other forms
of radiant energy) metals, such as tantalum and platinum,
to facilitate fluoroscopic techniques. One of the
potential problems with such stents, howéver, is that a

useful balance of radiopacity and stent strength is
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order to form such a stent of adequate strength, it is
often necessary to increase stent dimensions such that the
stent becomes overly radiopaque. Consequently, fluoroscopy
of such a stent after deployment can hide the angiographic
details of the vessel in which it is implanted, thus making
it difficult to assess problems such as tissue.prolapse and
hyperplasia.

Another technique that has been used to achieve
the visualization of stents is the joining of radiopaque
markers to stents at predetermined locations. The joining
of the stent and marker materials (e.g.,. stainless steei
and gold, respectively), however, can create a junction
potential or turbulence in blood and thus promote
thrombotic events, such as clottiﬁg. Consequently, the
size of the markers is minimized to avoid this problem,
with the adverse effect of greatly decreasing fluoroscopic
visibility and renderihg such visibility orientation-
sensitive. '

Yet another technique that has been used to .
achieve the visualization of stents is to simply increase
the thickness of such stents to thereby increase
radiopacity. Overly thick stent struts, however,
effectively create an ‘obstruction to blood flow. In
addition, design limitations fof stents ﬁaving thick strufs
often result in large gaps between these struts, thus
deéreasing the support of a surrounding lumen.

Furthermore, overly thick stent struts could adversely
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Schatz; 5,195,984 to Schatz; WO 91 FR013820 to Meadox; and WD 96 03092 to
Medi nol , each of which is incorporated herein by reference. Bifurcating
stents are descri Effect BtenttafexibiNoityl, 994, 071 to MacG egor, and
comonl y-assigned U.S. Patent Application Serial No. 08/642,297, filed My
3, 1996, each of which is iThexeor dsed i mbyneefler . the incremged

stents to be effective it is essential that - they be accurately positioned
at a target |ocati ity of stents without sacrificing stent mechanical

properties or performance. The coating of stents with
5 | radiopaque materials is described in U.S. Patent No.
5,607,442 to Fishell et al. Acdording to this patent, the
disclosed radiopaque coatiné is much thicker on
longitudinal stent members when compared with radial stent
members such that only the longitudinal stent members are

10 visible during fluoroscopy.

SUMMARY OF THE INVENTION
| The present ' invention - provides stents of
optimized radiopacity and mechanical properties.

15 In one embodiment, the present invention includes
a stent comprising a tubular member which comprises struts
of a first material, and a first coating on the tubular
member. The first coating substantialiy covers the tubular
member and is substantially uniform in thickness. The

20 first coating comprises a second material that is more
radiopaque than the first material comprising the struts.

In another embodiment of the present invention,
the stent further comprises a second coating disposea '
between the tubular member and the first coating, wherein

25 the second coating covers only a portion of the tubular
member. When the stent is observed with fluoroscopy, the
portion where the second coating exists appears dérker than

where only the first coating exists.
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@ desired body lunen. This is especially true where, for exanple, nultiple
stenting is required wi t h-"6ver |l apping stents to cover excessively |ong
regions or bifurcating v@&Sels. In these and other cases, it is often
necessary to visually observe the stent both during placenent in the body
and after expansion of the stent. Various approaches have been attenpted
to achi eve such visual i zat iTyh. yefor anothepl e embodimentavofeecthendpresent

radi opaque (i.e., not allowi ng the passage of x-rays, ganma rays, or other
forms of radi anummrmc)n methes,stemth ds tancoavedandifpuataved) sttemt for
facilitate fluoroscopic technlques One of the

positioning in a body lumen that is bifurcated into a trunk
lumen and a branch lumen. The stent has trunk and branch

5 legs for positiohing in trunk and branch lumens,
respectively. In this embodiment, the stent is coated with
multiple layers of radidpaque materials such when the stent
. is observed with flubroscqpy, the branch leg appears darker
than the trunk leg.

10

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A illustrates a coated patterned stent, in
accordance with an embodiment of the present invéntion.

Fig. 1B is.a cross-sectional view of a typical

15 strut from the stent of Fig. 1A.
| Fig. 2A illustrates a preferred stent
configuration in an embOdimént of the present invention.
| Fig. 2B illustrates a most preferred
configuration for a single stent cell, in accordance with
20 an embodiment of the present invention.

FPig. 3A illustrates a patterned stent hav1ng
multlple coatings thereon, in accordance with an embodiment
of the present invention.

Fig. 3B is a cross-sectional view of a typical

25 strut from the stent of Fig; 3A, at a location where two
coatings have been applied to the stent.

Fig. 3C is a cross-sectional view of a typical

strut from the stent of Fig. 3A, at a location where only
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Fig. 4A illustrates a first coated bifurcated
stent, in accordance with an embodiment of the present
invention.

_ Figs. 4B-4C illustrate a second coated bifurcated
stent, in accordance with an embodiment of the-preseht

invention.

DETAILED DESCRIPTION

The present invention provides optimal
radiopacity of stents without sacrificing mechanical
properties or performance. A stent according to the
present invention is made from a base material having
desired mechanical properties (e.g., strength) and coated
with a material to provide optimal, radiopacity to the
stent. The radiopacity of the stents of the present
injénﬁion_ is optimized in the sense that, during
fluoroscopic procedures, the stents are entirely visible
but are not so radiopaque that angiographic details are
masked. The present invention thus provides for stents
that have both the desired mechanical properties of the
base material and the desired radiopacity of the coating
material. The stents of the present invention have the
additional benefit of being _manufactured according to
sipple and reproducible techniques.

In one embodiment of the present invention, stent

100 is a_tubular member 101 comprising struts 110 as shown

~in Figs. 1A-1B. The term “étrut”, as used herein, is
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details of the vessel in which it is inplanted, thus making it difficult
t:0 assess problens such as tissue prolapse and hyperpl asia.

Anot her technique that has™been used to achieve the visualization of
stents is the joining of radiopaque nmarkers to stents at predeterm ned

| ocations. The joinin of the stent and marker materials (e.g., stainless
steel and gol d, Adstppdedvtoymeahoamyestruaturatamemberupft&onatent: cauchl as

or turbulence in blood and thus pronmote thronmbotic events, such as )
clotting. Conseq8Bit¥r3diake lengitudinal, nex kether smembers /pade ofxomi wire,

this problem wth the- -adverse effect of,greatlg decreasi ng fl uproscopjc
cut stock, or other materials. truts 110 comprise a first

maqérial that is selected for its mechanical properties

5 Suéh as, for example, the ability to be delivered into the

body while in a compressed configuration, the "ability to

expand or be expanded once positioned to a target location,

the ability to resist recoil, and the ability to hold open

a2 body lumen during the stent lifetime. -Typlcal exemplary

10 materials for struts 110 include stainless steel and

nitinol. Stent 100 further comprises a first coating 102

of a second material that is selected for its radiopacity.

Coating 102 covers the entire tubular member 101 with the

result that intersections of the first and second materials

15 - are not exposed to the exterior of the stent. By not

exposing intersections of the first and second materials to

the exterior of the stent, the risks of creating a junction

potential in the 'bloéd and causing. the electrolytic

corrosion of the stent are precluded. Fig. 1B.shows a

20 cross-sectional view of coating 102 on a typical strut 110

of stent 100. Although Fig. 1B shows both the strut 110

and coating 102 to be substantially séuare in cross-

sectional shape, the actual cross-sectional shape of either

or both of these elements is any desired or suitable shape,

25 éuch as circular, oval-shaped, rectangular, or any of a
number of irregular shapes. |

Coating 102 is applied to tubular member 101

according to any suitable technique such as, for example,
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Visibility and rendering such visibility orientation- _sensitive.

Yet anot her technique that'Has been used to achieve tdje visualization of
stents is to sinply increas€ the thickness of such stents to thereby

i ncrease radiopacity. Overly thick stent struts, however,
effectively create _an obstruction to blood flow In addition, design
limtations for sedectroplatdnghi clelrgtraless : cplating: | Aonar heagmpsaided

between these struts, thus decreasing the support, of a
surrounding | unBgpPositioRer nBhYSicRd | yapRrckdePefitien,t schemical vapor

| .
adversely ‘deposition, electron beam evaporation, hot-dipping or any

other suitable sputtering or evaporation process. Coating
5 102 comprises any suitable radiopaque material such és, fo:
example, ggld, platinum, silver and tantalum.

The thickness of coating 102 is an important
aspect of the present invention. A coating that is too
thick will result in a stent that is overly radiopaque, and

10 angiographic details will consequently be masked during
subsequent fluoroscopy. In addition, stent rigidity often
increases with coating thickness, thus makihg it difficult
to expand the stent for piacement in a body lumen if the
coating is too thick. On the other hand, a radiopaque

15 coating that is too thin will not be adequately visible
duriné fluoroscopy. Depending on the material and
configuration of the tubular member 101, and the material
of the coating 102, the thickness of coating 102 is
optimized to provide the optimum balance between

20 radiopacity and strength. In general, however, it is
preferred that coating 102 be approximately 1-20%, and more
preferably approximately 5-15%, of the underlving strut
thickness. 'in all embodiments of the present invention,
coating 102 is applied to the entire stent such that it is

25 wholly visible during £fluoroscopy. Accordingly, any

- suboptimal expansion at any position along the stent is
visible and any deviations from perfect circular expansion

can be noticed.
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-4- " affect stent flexibility. There is thus a need for

tshe. i ncreased

radlopaC|ty of stents without sacrificing stent mechani cal

properties or perfornance. ~"The coating of stents with radi opaque
materials is described in U S. Patent No. 5,607,442 to Fishell et al.
According to this patent, "the disclosed radlopaque coating is much

- thicker on
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The stents of the present invention are of any
suitable configuration, although the patterned
cohfigurations as described in WO 96 03092 and commonly-
assigned, allowed U.S. Patent Application Serial No.
08/457,354, filed May 31, 1995 and incorporated herein by

reference, are preferred for all embodiments of the present

‘invention. As an example of such a Configuration (a close-

up of which is ghown in Figs. 2A and 2B), stent 100 is a
tube having sides that are formed into a plurality of two
orthogonal_meander patterns intertwined with each other.
The term “meander pattern” is used herein to describe a
periodic pattern about a center line and “‘orthogonal meander
pa;terns” are 'patterns having center 1lines that are
orthogonal to each other. ' .

As shown in Fig. 2A, stent 100 optionally
includes two meander patterns 11 and 12. Meander pattern
11 is a vertical sinusoid having a vertical center line 9.
Méander pattern 11 has two loops 14 and 16 per period
wherein loops 14 open to the right while loops 16 open to
the left. Loops 14 and 16 share common members 15 and 17,
where member 15 connects from one loop 14 to-its following
loop 16 and member 17 connects from one loop 16 to its
following loop 14. Meander pattern 12 is a horizontal
pattern having a horizontal center line 13. Meander
pattern 12 also has loops, labeled 18 and 20, which may be
oriented in the same or opposite directions.. The stent
configuration éhown in Fig. 2A, with orthogonal meander

patterns 11 and 12, provides for a high degree of stent
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| ongi tudi nal stent menbers when conpared with radial stent menbers such
t:hat only the |ongitudinal Stent nenbers are visible during fluoroscopy.
SUMMARY OF THE | NVENTION The present inveffion provides
stents of optimzed radiopacity and nechani cal properties. In

one enbodi nent,

the present invention includes a stent conprising a

t ubul ar nenber whfbéxilmiditydo sfacikitatie eipandaiont gréetalresulkts inrathigh
coating on the tubular menber. The first coating substantially covers the
tubul ar nenber degreesofstigidilly omcé othei stentckiesexpanded. Fig. 2B
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illustrates a detailed view of a single cell of the most
preferred stent configuration of the present invention.

In another embodiment of the invention as shown
in Figs. 3A - 3C, stent 200 includes a second coating 202
applied between the struts 110 of stent 200 and first
coating 102. . In distinction to first coating 102, however,
second coating 202 covers only a portion or multiple
portions of stent 200 so that isolated regions of stent 200
are most visible during fluoroscopy. For example, second
coating 202 is applied to one or both of the proximate 111
and distal 112 ends of stent 100, as shown in Fig. 3A. As
in the.embodiment shown in Figs. 1A-1B, however, first
coating 102 covers the entire stent 200 shown in Figs. 3A-
3C. Figs. 3B and 3C show cross-sectional views of struts
110 of stent 100 where second coating 202 has and has not
been applied, respectively. Such isolated marking is
useful for the accurate positioning of the ends of stents,
such as, for example, in the case of multiple stenting
wherein the overlapping _length is important, or, for
example, in the case of ostial stenting wherein the
position of the stent end relative to the ostium is
important.

Second coating 202 comprises a suitable
radiopaque material such as gold, platinum, eilver and
tantalum, and may be the same or different material as

first coating 102. Second coating 202 is applied to stent
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first coating conprises a second material that'is nmore _radi opaque than the

f.irst materi al

conprising the struts. I n anqt her enbodi ment of

the present invention, the~Stent further conprises a second coating

di sposed between the tubular nmenber and the first coating, wherein the
second coating covers only a portion of the tubular mnenber. Wen the stent
i s observed with f200rinscany suitableriechnigque c such s dhvas degaribed for

~appears darker than where onlz the first coating exists.
o
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the application of first coating 102. Second coating 202
is applied only to a portion or multiple portions of
tubular member 101, for example, by maskiﬁg during the
application of second coating.202 or by isolated etching
after second coating 202 is applied. It is to be
appreciated that'although coating 202 is herein described
to be a “second” coatihg, it is applied to stent 200 before
the application of first coating 102.

| When used, second coating 202 has a éhickness
that will result in.increased radiopacity at the portion(s)
where second coating 202 exists when compared with the.
portion(s) where second coating 202 does not exist.
Because second coating 202 is applied to only a portion or
multiple portions of stent 200, it can be thickly applied
without significantly affecting the resistance of stent 200
to expand or affecting the visibility of arterial details
during fluoroscopy. Like first coating 102, the.thickness
of second coating 202.is optimized to provide a desired
balance between stent radiopacity and other properties. 1In
general, however, second coating 202 is typically as thick
or thicker than first coating 102. When both first and
second coatings 102, 202 are applied, it is generally
preferred that the thickness of first and second coatings
102, 202 are about 1-5% and 5-15%, respectively, of the
underlying stent strut thickness. Furthermore, the
combined thickness of first and second'coatings 102, 202

typically does not exceed 25% of the underlying stent strut
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Ih ‘yet another enbodinent of the present invention, the stent is a
goated bifurcated. stent for ".positioning in a body lungn that is bifurcated
into a trunk lunen and a Branch lunen. The stent has trunk and branch

| egs for positioning in trunk and branch |unens, respectively. 1In this
enbodi ment, the stent is coated with nultiple |ayers of radi opaque
material s such whenitkReS§ENtAsi &n ODFRusErfativé ékample s opecondecbating 262

appears darker than the trunk I|.eg.
is applied to a thickness of about 10 microns onto a stent
having 100 micron diameter struts. First coating 102 is
then applied to a thickness of about 1 micron.

5 : In another embodiment of the present invention,
stent 300 is a bifurcated stent as shown in Fig. 4A. Stent
300 comprises a.tubular member 301 that is bifurcated into
tubular trunk and branch legs 310, 311 for positioning in
trunk and branch lumens of a bifurcated lumen,
10 respectively.-_ In this-embpdiment, the entire stent is
coated with first coating 102 as described for the
embodiments shown in Figs. 1 and 3. Branch leg 311,
however, includes second coating 202 disposed between
tubular member 301 and first coating 102 such that when
15 stent 300 is observed with fluoroscopy, branch leg 311
appears darker than the trunk leg 310. The cross-sectional
views of the struts of stent 300 thus appear as shown in,
Figs. 3B and 3C for branch and trunk legs 311, 310,
respectively. Such a configuration is useful for aligning

20 and inserting branch leg 311 into a branch lumen.
Alternatively, branch leg 311 may be selectively
inserted into branch aperture 312 of tubular member 301 so
that tubular member 301 and trunk leg 310 are separately
delivered into a bifurcated lumen. In this caée, tubular
25 member 301 is provided with a branch aperture 312 as shown
in Fig. 4B. When tubular member 301 is delivered to a
bifufcated lumen, branch aperture 312 is aligned with the

corresponding branch lumen. Tubular member portion 301 of

- 12 - This Sheet Has Been Re|placed
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BRI EF DESCRI PTI ON OF THE DRAW NGS | Fig. 1Aillustrates a coated

patterned stent,

in accordangce with an enbodi ment of the present

i nventi on. Fig. 1B Ts a cross-sectional view of a typi cal strut
fromthe stent of Fig. 1A : Fig. 2A  illustrates a

preferred configuration in an enbodi nent of the present invention.
Fig. 2B illusstents300:is thereaftexiexpanded &id igpoune dits @osaitionin
stent cell, in accordance with_ an enbodi ment_of the present invention.

Fig. 3A illustrattBealpmenctoedesitrpated, mpd branch leg 311 is delivered

10

15

20

through branch aperture 312 so that part of branch leg 311
is positioned into the branch lumen. Branch leg 311 is
thereafter expanded as shdwn in Fig. 4C in an amount |
sufficient for its extermal surface to engage the portion
of the tubular member 301 defining the branch aperture 312
and secure the branch leg 311 in the branch lumen and
tubular member portion 301. In this embodiment of the
invention, a .region 313 surrounding branch aperture 312
includes both first and second coatings 102, 202 such that
region 313 is most visiple during fluoroscopy. In other
words, the.cross-section.al view of the struts 110 of stent.
300 appear as shown in Fig. 3B for region 313, and as shown
in Fig. 3C elsewhere. Such a configuration is useful for
aligning branch aperture 312 with a branch lumen so that
branch leg 310 is thereafter easi.ly inserted into the
branch lumen. |
The present invention provides stents having
optimal radiopacity without sacrificing stent properties or
performance ; 'i‘hose with skill in the art may recognize
various modifications to the embodiments of the invéntion
described and illustrated herein. Such modifications are
meant to be covered by the spirit and scope of the appended

claims.
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iznventi on.

nﬂlfiple coatings thereon, in_accordance with an enbodi r nt
Fig. 3B is a cross-sectional vi eWWE['lE”ﬂ ﬂ! Euﬂﬁmut
fromthe stent of Fig. 3A, af™a l|ocation where two coat ¢ M

applied to the stent.
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Fig. 3Cis a cross-sectional view of a

strut fromthe stent of Fig. 3A at a location where only
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A stent for deploying within a body luﬁen, said stent
comprising:

a tubular member comprising struts which
comprise a first material, said tubular member
having a proximal end and a distal end and a
longitudinal bore therethrough; and |

a first coating on said tubular member, said
first coating substantially covering said tubular
member ' and being substantially uniform in
thickness, said first coating comprising a secénd
material;

wherein said second material is more

radiopaque than said first material.

The. stent of claim 1, wherein the thickness of said
first coating is approximately 1-20 percent of the

thickness of an underlying strut.
The stent of claim 2, wherein the thickness of the
first coating is approximatelyls-ls percent of the

thickness of an underlying strut.

The stent of claim 1, wherein said first coating is

approximately 0.5-20 microns in thickness.

The stent of  claim 1, wherein said first material is

- 14 - This Sheet Has Been Re’ilaced




ohe ‘coating has been applied to the stent. _ Fgg
fi rst coated.bifurcated stent in accordance with an e I! l
present |nvqntion. €0 aoa

bi f ur cat ed
i nventi on.

provi des 2pti nal

properties
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10.

11.

Flgs 4B-4C illustrate a se

in accordance with an enbodi nent of the present

DETAILED DESCRI PTI ON The present I nvention

r adedbeated yfrom sthetgroup heons ssteing i airutaﬁnIE§&Cﬁteel
or performance. A stent according to the

and nitlnol.

The stent of claim 1, wherein said second material is
selected from the group consisting of gold, platinum,

silver and tantalum.

The stent of claim 1, further comprising a second

coating disposed between said tubular member and said

first coating, said second coating covering only a

portion of said-tubular member.

The stent of claim 7, wherein said second coating is

located at said proximal or said distal end of said

tubular member.

The stent of claim 7, wherein when the stent is
observed with fluoroscopy, said stent appears darker
at the portion where said second coating exists than

where said second coating does not exist.

The stent of claim 7, wherein the thickness of said
second coating is approximately 1-20 percent of the

thickness of an underlying strut.

The stent of claim 10, wherein the thickness of the
second coating is approximately 5-15 percent of the

thickness of an underlying strut.
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pfesent invention is made froma base material having d

properties (e.g., strength) and coated with a materi al ﬁ“l“ﬂ“NﬁﬂﬂﬂtlﬂMl
radi opacity to the stent. The radi opacity of the stents+*ofc¢the preSent
invention is optimzed in the sense that, during fluoroscopic
procedures, the stents are entirely visible but are not so radi opaque that
angi ographic details are nasked. The present invention thus provides for
stents that have both the desired nmechanical properties of the base

materi al and t he desi r &he aatemtacof ycbdimhe, ceherein saidr sebond Thatingntis
of the present invention have the

2

approximately 0.5-20 microns in thickness.

The stent of claim 12, wherein said second coating is

approximately 5-15 microns in thickness.

The stent of claim 12, wherein said first coating is

approximately 1 micron in thicknéss.

The stent of claim 7, wherein said second coating
comprises a material selected from the group

consisting of gold, platinum, silver and tantalum.

The stent of claim 1, wherein said tubular member is
bifurcated into a. trunk leg and a branch leg for
positioning in respective trunk and branch lumens of

a bifurcated lumen.

. - The stent of claim 16, further comprising a second

coating between said tubular member and said first
coating, said second coating covering only said branch -

leg.

The stent of claim 16, wherein:
said tubular member includes a branch
aperture;

said branch leg may be selectively disposed
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addi'ti onal benefit of bei ng nmanufactured according to I n“
- neproduci bl e technlques I n one enbodi nent of, III E mm “"I"““
invention, stent 100 is a t¥BuIar menber 101 conpr|5|hg gtratst110 & *

shown in Figs. 1A-1B. The term "strut", as used herein, is

-7- I ntended to nean any structural nenber of a stent, such as any

radial, |on@itudinal, or ot Withignhisaid tradbularomenbes,; and
6 a region of said tubular member adjacent to
7 said branch aperture includes a second coating
8 between said tubular member and said first
9 coating. |

- 17 - ‘This Sheet Has Been Reri
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cut stock, or other materials. Struts 110 conprise a first material that
i.s selected for its mechanical .properties such as, for exanmpl e, the o
~ability to be delivered into Yhe body while in a conpressed configuration
the ability to expand or be expanded once positioned to a target |ocation
the ability to resist recoil, and the ability to hold open a body |unen

during the stent lifetine. Typical exenpl RBEIRAQIrials for ;truts 110
i ncl ude stainless steel_and nitinal. Stent 100 further conprises a first

coating 102 of aSRatRd nEtents don incxeasedd radippacibi.opaci Ip. one

Coating 102 coversé“h)he entire tubular nmenmber 101 with the

odiment, the present invention includes a stent in the
form of a tubular member comprising struts of a first
material, and a first coating on the tubular member. The
first coating substantially covers the tubular member and
is substantially uniform in thickneés. The first coating
comprises a second material that is more radiopaque than
the first material. In another embodiment, the stent
further comprises a second coating between the tubular
member and the first coating, wherein the second coating
covers only a po'rtion of the tubular member. In yet

another embodiment, the stent is a coated bifurcated stent

for positioning in a bifurcated body lumen.

DCl1-146050
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result that intersections of the first and second materials are not

- exposed to the exterior of the stent. By not -exposing intersections of
the first and sécond materials to the exterior of the stent, the risks of
creating.a junction potential in the blood and causing the electrolytic
corrosion of the stent are precluded. Fig. 1B shows a cross-sectional
view of coating 102 on a typical strut 110 of stent 100. Although Fig. 1B
shows both the strut 110 and coating 102 to be substantially square in -
cross- sectional shape, the actual cross-sectional shape of either or
both of . these elenents is any desired or suitable shape, such as circular,
oval -shaped, rectangular, or any of a

Fig. 1B

This Sheet Has Been Reﬁlaced




rmunber of irregul ar shapes. Coating 102 is applied to tubul ar
prenber 101 according to any suitable technique such as, for exanple,
el ectroplating,” electroless plating, ion beam aided deposition,

physical vapor deposition, chenmical vapor deposition, electron beam
evaporation, hot-dipping or any

DETAIL ¢
SCALE 50:1%

0.1 .04

Fig. 2B
This Sheet Has Been Replaced
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ot her suitable sputtering or evaporation process. Coating 102 conprises
any suitable radi opaque material such as, for -exanple, gold, platinum
silver and tantal um The thickness of coating 102 is an _

i nportant aspect of the present invention. A coating that is too thick
will result in a stent that is overly radi opague, and angi ographic details
w Il consequently be masked during subsequent fluoroscopy. In addition,

" stent rigidity often increases with coating thickness, thus making it
difficult to expand th20@tent for placenent in a body lumen if the

coating is too thick. On XY he ot her hand, a radi opaque coating that is
too thin will not be adequately visible

111 ' 112

Fig. 32

Fig. 3B Fig. 3C
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during fl-uoroscopy. Depending on the material and configuration of
tshe tubul ar nmenber 101, and the naterial of the coating 102, the

t hi ckness of coating 102 is optinmzed to provide the optinmm balance
bet ween ' radi opacity and strength. In general, however, it is

preferred that coating 102 be approximately 1-20% and nore preferably
approxi mately 5-15% of the underlying strut thickness. |In al

enbodi nents of the present invention, coating 102 is applied to the entire
stent such that it is wholly visible during fluoroscopy. Accordi ngly,
any suboptinmal expansion at any position along the stent is

300

311
: SR 310

N\

%
X K

Fig. 4A
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visi bl e and any deviations from perfect circul ar expansion can.be noticed.
¥ 9-- - The stents of the present invention are of any suitable
configuration, al though  the patterned configurations as described
in WD 96 03092 and commonl y- assigned, allowed U. S. Patent Application
Serial No. " 08/457,354, filed May 31, 1995 and incorporated herein by

20 e .
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r ef er ence,

are preferred for all enbodinents of e _present invention.

As

ap exanpl e of such a configuration (a close- up of REPLACEMENTS T

2A and 2B), stent 100 i's a tube having sides tfatha&ﬁbﬁémE eﬁ
plurality of two orthogonal meander patterns ift leﬂ(ﬁi W P‘?’?@fi
The term "neander pattern" is used hereinlto de<ﬁg?mgwy, | %EﬁP%?ﬂ

about a center line and "orthogonal meander pal t of Afstra
center lines that are orthogonal to each ot her
2A, stent 100 optionally includes two nmeander ab qﬁpa 11 and 12. ﬁHHQW%y

pattern

F RECEIPT

=S 6aﬁ° preed g...

MULTILAYERED METAL STENT

EIELD OF THE INVENTION

The present invention relates to stents for -

deploying within body lumens, and more particularly, to

optimizing the radiopacity of such stents.

BACKGROUND

Stents are tubular structures that are implanted
inside bodily conduits, blood vessels or other body lumens
to widen and/or to help keep such lumens open. Typically,

stents are delivered into the body while in a compressed

configuration, and are thereafter expanded to a £final

diameter once positioned at a target location within the
lumen. Stents are often used following or substituting for
ba;loon angioplasty to repair stenosis and to prevent
future restenosis and, more generally, may be used in
repairing any of a number of tubular body conduits such as
those in the vascular, biliary, genitoufinary,
gastrointestinal, respiratory and other systemé. Exémplary

patents in the field of stents formed of wire, for example,




11 is a vertical sinusoid having a vertical center lin
11 has two | oops 14 and 16 per period wherein |oops 1
while | oops 16 open to™ the left. Loops 14 and 16 shar 0 n nenber s {15
and 17, where nenber 15 connects fromone |oop 14 to ilts| f 3K NGVn§98I doy
16 and nenber 17 connects from one | oop~26 to its folljowing loop 14,

Meander pattern 12 is a horizontal pattern having a hgrizontal center i

REPLACEMENT SRERT

13. Meander - pattern 12 also has | oops, |abeled 18 a -
ori ented i nihbkudert. Sr Ratmnt tNosli rflihR90 tihPighuk: Sl RAREDN

rn

ne

shown in Fig. 2A, with orthogonal neander _patterns 11 and 12, provides for

a hi gh degr®ewet;s#eA50,227 to Savin et al.; 5,314,472 to Fontaine;
4,886,062 .and 4,969,458 to Wiktor; and 4,856,516 to
Hillstead; each of which is incorporated herein by
reference. Stents formed of cut stock metal, fsr example,
are described in U.S. Patent Nos. 4,733,665 to Palmaz;
4,762,128 to Rosenbluth; 5,102,417 to Palmaz and Schatz;
5,195;984 to Schatz; WO 91 FR013820 to Meadox; and WO 96
03092 to Medinol, each of which is incorporated herein by
reference. Bifurcating stents are described in U.S. Patent
No. 4,994,071 to MacGregor, and commonly-assigned U.S.
Patent Application Serial No. 08/642,297, filed May 3,
1996, each 6f which is incorporated herein by reference.

For stents to be effective; it is essential that
they bs accurately.positioned at a target location within
a desired body lumen. This is especially true where, for
example, multiple stenting is required with overlapping
stents to cover excessively long regions or bifurcating
vessels. In these and other cases, it is often necessary
to visually observe the stent both during placement in the
bsdy and after expansion of the .stent. Various approaches
have been attempted to achieve such visualization. For
example, stents have been made ffom radiopaque (i.e., not
allowing the passage of x-rays, gamma rays, 6r other forms
of radiant energy) métals,;such as_ﬁantalum and platinum,
to facilitate fluoroscopic techniques. One ©of the
potential problems with such stents, however, is that a

useful balance 6f radiopacity and .stent strength is



erX| bility to facilitate expansion, yet results in a hlg—REplg EMENT S E£T

rigidity once the stent is expanded. Fig. 2B i |l ustratle
of a single cell of the nost preferred stent conflguratlor of the prese t
i nventi on. In another embodi ment of the inventfi dn 42 N@V\I898 i

Figs. 3A - 3C, stent 200 includes a secordl-coating 202

. difficult, if not impossible, to achieve. For example, in
order to form such a stent of adequate strength, it is
often necessary to increase stent dimensions such that the
stent becomes overly radiopaque. Conseéuently, fluoroscopy
of such a stent after deployment can hidé the angiographic
details of the vessel in which it is implanted, thus making
it difficult to assess problems sdch as tissue prolapse and
hyperplasia. .

 Another technique that has been used to achieve

the v1suallzatlon of stents is the joining of radiopaque
markers to stents at predetermined locations. The joining
of the stent and marker matérials (e.qg., stainless steel
and gold, zrespectively), however, can create é junction
potential or turbulence in blood and thus promote
thrombotic events, such as clotting.' _Consegquently, the
size of the markers is minimized to avoid this problem,
with the adverse effect of greatly decreasing fluoroscopic
| visibility and rendering such wvisibility orientation-
sensitive. |
Yet another technique that has been used to

achieve the visualization of stents is'to simply increase
the thickness of such stents to thereby increase
radiopacity. Overly thick stent struts, however,
effectively create an obstruction to blood flow. In
addition,- design limitations for stents having thick struts
often result in large gaps Betwéen these struts, thus
decreasing the support of a surrounding lumen.

Furthermore, overly thick stent struts could adversely



appl i ed between the struts 110 of stent 200 and first coating 102. In

distinction to first coating 102, however, second coati L
a portion or nmultiple portions of stent 200 so that .soﬁﬁéﬁmﬁfﬁﬁémﬂ

y

stent 200 are nost visible during fluoroscopy. For exanpgl g, second
coating 202 is applied to one or both of~4+he proximate 131| apgd qOWi1998 11
ends of stent 100, as shown in Fig. 3A As in the enbddijnent shown in

| 2

Figs. 1A-1B, however, first coating 102 covers the entirje ‘stemt—200Stov

in Figs. 3A affectFistent3Elmdldlittyaw cross-sectional vijews of struts

114

of stent 100 where second coating 202 has and has not been appli ed,
respectively. Such |9mh§n§inask|ﬁQMSs a need for the increased

propertles or performance. ‘The coating of stents with
radiopaque materials is described in U.S. Patent No.
5,607,442 to Fishell et al. According to this patent, the
disclosed radiopaque coating is wmuch thicker on
longitudinal stent members when compared with radial stent
membexrs such that only the longitudinal stent members are

v151ble during fluoroscopy

SUMMARY OF THE INVENTION

The present invention provides stents of
optimized radlopac1ty and mechanical properties.

In one embodiment, the present invention includes
a stent comprising a tubﬁlar member which comprises struts
of a first material, and a first coating on the tubular
member. The first coating substantialiy covers the tubular
member and is substantially uniform in thickness. The
first eoating comprises a second material that is more
radiopaque than the first material comprising the struts.

In another embodiment of the present invention,
the stent further comprises a second coating disposed
between the tubular member and the first coating, wherein
the second coating covers only a portion of the tubular
member. When the stent is observed with fluoroscopy, the
portion where the second coating exists appears darker than

‘where only the first coating exists.



useful for the accurate positioning of the ends of stents,

exanple, in the case of nultiple stenting wherein the over
isYinportant, or, for exanple, in the case of ostial stent
position of the stent end relative to the ostiumis inpo

EA@EMTOSHEET

ng wherein the
rthntl2 NOV 998 |-

mj eri al such as

Second coating 202 conpri ses a suit@ble radi opaque

gold, platinum silver and tantalum and nay be the sane of diTTerent

mat eri al as

first coating 102. Second coating 202 is appli¢d to-stent

In yet another embodiment of the present
invention, the stent is a coated bifurcated stent for
positioning in a bbdy lumen that is bifuréated'into a tfunk
lumen and a branch lumen. The stent has trunk and branch
legs for ©positioning in trunk and branch lumens,
respectively. In this embodiment, the stent is coated with
multiplé layers of radiopaque materials such when_the stent
is observed with fluoroscopy, the branch leg appears darker

than the trunk leg.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A illustrates a coated patterned stent, in
accordance with an embodiment of the present invention.

Fig..lB is a cross-sectional view of a typical
strut from the stent of Fig.'lA.

Fig. 2A illustrates a preferred stent
configuration in an embodiment of the present invention.

Fig. 2B illustrates a most preferred
configuration for a single stent cell, in accordance with
an emboaimenﬁ of the present invention.

Fig. 3A illustrates a patterned stent having
multiple.coatings thereon, in accordance with an embodiment
of the present invention.

Fig. 3B is a cross-sectional view of a typical
strut from the stent of Fig. 3A, at a location where two
coatiﬂgs have been applied to the stent.

Fig. 3C is a cross-sectiocnal view of a typical

strut from the stent of Fig. 3A, at a location where only



-11- 200 by any suitable technique, such as those descri bed for. the

application of first coating 102. Second coating 202 is ap

maski ng during the application of second coating 202 or by

etching after second coating 202 is-6applied. It
appreci ated that although coating 202 is herein described
coating, it is applied to stent 200 before

P PN BN, P~ W~
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portion or nultiple portions of tubular nenber 101, for exdmBEBLA ENT SHEET

| §olrat ed

bl 2NQY, 1008,
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one coating has been applied to the stent.

Fig. 4A illustrates a first coated bifurcated
stént.,' in accordance with an embodiment of the present
invention. | _ |

Figs. 4B-4C illustrate a second coated bifurcated
stent, in accordance with an embodiment of the present

invention.

DETAILED DESCRIPTION
. The present invention providés optimal
ra_diopacity of stents without sacrificing mechanical
properties or performance. A stent accoxrding to the
present invention is made from a base material having
desired mechanical properties (e.g., strength) and coated
with a material to provide optimal, radiopacity to the
stent. The radiopacity of the stents of the present
invention is optimized in the sense that, during
fluoroscopic procedures, the stents are entirely visible
but are not so radiopaque that angiographic details are
masked. The present inventidn thus provides for stents
that have both the desired mechanical properties of the
base material and the desired radiopacity of the coating
material. The stents of the present invention have the
additional benefit of being manufactured according to
simple and reproducible techniques.
In one embédiment of the present invention, stent
100 is a tubular member 101 comprising struts 110 as shown

in Figs. 1A-1B. The term “strut”, as used herein, is
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the application of first coating 102. When used)
202 has a thickness that will résult in increased radiopgcit

portion(s) where second coating 202 exists when conpared}wijth the
portion(s) where second coati-ng 202 does not exist. Becays sezqqqugqgi

202 is applied to only a portion or nmultiple portions of sgent 200, cf

be thickly applied without significantly affecting the r

200 to expand or affecting the visibility of arterial details during

LLOneT Ry dpleéhasty 86 §83h. Ay’ BErubbfi-hl' GERBER of 2°BERHE, CBRLA"HsO7
any radial, 1ongztud1na1, or other members made from wire,
cut stock, or other materials. Struts 110 comprise a first

-“;aterial that is selected'fér its mechanical properties

such as, for example, the ability to be delivered into the

body while in a compressed configuration, the ability to
expand or be expanded_once_positioned to a target location,
the ability to resist recoil, and the ability to hold open
a'body lumen during the stent lifetime. Typaical exeﬁplary
materials for struts 110 include stainless steel and

nitinol. Stent 100 further comprises a first coating 102

of a second material that is selected for its radiopacity.

Coating 102 covers the entire tubular member 101 with the

result that intersections of the first and second materials

are not exposed to the exterior of the stent. By not .

exposing intersections of the first and second materials to

the exterior of the stent, the risks of creating a junction
potential in the blood and causing the electrolytic

corrosion of the stent are precluded. Fig. 1B shows a

cross-sectional view of coating 102 on a typical strut 110

of stent 100. Although Fig. 1B shows both the strut 110

and coating 102 to be substantially square in cross-

sectional shape, the actual-cross-sectional shape of either
or both of these elements is any'desired or suitable shape,

such as circular, oval?shaped, rectahgular, or any of a

number of irregular shapes. |

Coating 102 is applied to tubular member 101

according to any suitable technique such as, for example,



bal ance between stent radiopacity and other properties. In
"~ however, second coating 202 is typically as thick or thig
coating 102. Wen both first and second coatings 102, 2(
is generally preferred that the thickness of first and s§g
102, 202 are about 1-5% and 5-15% respedtively, of the
strut thickness. Furthernore, the conbined thickness

second coatings 102, 202 typically does not exceed 25% 0
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2 jare applied, it
cqndy 2080V 998
nderlying sten
of Trrst and
the underlying

stent strut

electroplating, electroless platihg, ion beam aided
deposition, physical vapor deposition, chemical vapor
deposition, electron beam evaporation, hot-dipping or any
other suitable sputtering or evaporation proéess. Coating
102 comﬁrises any suitable radiopaque material such as, for
example, gold, platinum, silver and tantalum.

The thickness of coatin§ 102 is an important
aspect of the present invention. A.cbating that is too
thick will result in a stent that is overly radiopaque, and
angiographic details will consequently be masked during
subsequent fluoroscopy. In addition, stent rigidity often
increases with coating thickness, thus making it difficult
to expand the stent for placement in a body lumen if the
coating is too thick. On the other hand, a radiopaque
coating that is too thin will not be adequately visible
during fluoroscopy. Depending on the material and

configuration of the tubular member 101, and the material

of the coating. 102, the thickness of coating 102 is.

optimized to provide the optimum - balance between
radiopacity and strength. In general, however, it is
preferred that coating 102 be aﬁproximately 1-20%, and more
preferabiy approximately 5-15%, of the underlying strut
thickness. 1In all embodiments of the present  invention,
coating 102 is applied to the entire stent such that it 'is
wholly wvisible during £fluoroscopy. Accordingly, any
suboptimal expansion at any position along the stent is
visible and any dgviations'from perfect ciféular.expansion

can be noticed.



-12- thi ckness. As an illustrative exanpl e, second coatifn X -
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applied to a thickness of about 10 mcrons onto a stent Hha
dianmeter struts. First coating 102 is then applied to a thi
1 mcron. I n anot her enbodi nent of the present ifn
300 is a bifurcated stent as shown in Fig2-4A Stent 300jc

]

ckness of aboyt

en12AN0V 1998n

rises a

tubul ar nmenber 301 -that is bifurcated into tubular trunk|and branch I egs

310, 311 for positioning in trunk and branch |unens

a_hifurcated

| unen,

The stents of the present invention are of any

suitable  configuration, - although the patterned

configurations as described in WO 96 03092 and commonly-

agssigned, allowed U.S. Patent Applicgtion Serial No.
08/457,354, filed May 31, 1995 and incorporated herein by
reference, are preferred for all embodiments of the present
invention. As an example of such a configuration (a close-
up of which is shown in Figs. 2A and 2B), stent 100 is a
tube having sideg that afe formed intq a plurality of two
orthogonal meander patterns intertwined with each other.
The term “meander pattern” is used herein to describe a
periodic pattern about a center line and “orthogonal meander
patterns” are patterns having centef lines that are
orthogonal to each other.

As shown in Fig. 2A, stent 100 optionally
includes two meander patterns 11 and 12. Meaqder pattern

11 is a vertical sinusoid having a vertical center line 9.

Meander pattern 11 has two loops 14 and 16 per period

wherein loops 14 open to the right while loops 16 open to
the left. Loops 14 and 16 share common members 15 and 17,
where member 15 connects froﬁ oné loop 14 to its following
loop 16 and member 17 connects from one loop 16 to its
following loop 14. Meandér pattern 12 is a horizontal
pattern having a horizontal center 1line 13. Meander
pattern 12 alsc has loops, labeled 18 and 20, which may be
oriented in the same or opposite.directions. The stent
configuration shown in Fig. 2A, with orthogonal meander

patterns 11 and 12, provides for a high degree of stent
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respectively. In this enbodinent, the entire stent is =t
coating 102 as described for the enbodiments shown in Fi gﬁEPL&CEzMﬁNhSH T
Branch | eg 311, however, includes second coating 202 dISp Sed befween

t ubul ar nenber 301 and flrst coating 102 such that when enq ﬂ 'ﬁWB
observed with fluoroscopy, branch |eg 3110 -appears darker| th the trunk
| eg 310. The cross-sectional views of the struts of sten aee—khus appear
as shown in Figs. 3B and 3C for branch and trunk | egs 31, 310, -

espects el ebuele ALARN L 9UAgk) i eSlie g, HEMIBATT R,

may be sel ectyyslde of rigidity once the stent is expanded. Fig. 2B

—+

illustrates a detailed view of a single cell of the most
preferred stent configuration‘of the present invention.

In another embodiment of the invention as shown
in Figs. 3A - 3C, stent 200 includes a second coating 202
applied between the étruté 110 of stent 200 and first
cdating 102, In distinctién to first cgating 102, however,
second coating 202 covers only a portion or multiple
portions - of stent 200 so that isclated regions of stent 200
are most visible during fluoroséopy. For example, second
coating 202 is applied to one or both of the proximate 111
and distal 112 ends of stent 100, as shown in Fig. 3A. As
in the embodiment shown in Figs. 1A-1B, however, first
coating 102 covers the entire stent 200 shown in Figs. 3A-
3C. Figs. 3B and 3C show cross-sectional views of struts
110 of stent 100 where second coating 202 has and has not
been applied, respectively. Such isolated marking is
useful for the accﬁrate positioﬁing of the ends of stents,
such as, for example, in the case of multiple stenting
wherein the overlapping length is important, or, for
example, in the ‘case of ostial stenting wherein the
position of the stent .end relative to the ostium is
important. |

Second coating 202 comprises a suitable
radiopaque material such as gold, platinum, silver and
_tantalum, and niay be the sam¢ or different matefial as

first coating 102. Second coating 202 is applied to stent



i nserted into branch aperture 312 of tubul ar nmenber 301 so
menber 301 and trunk |l eg 310 are separately delivered into
|l unen. In this case, tubular nenber 301 is provided with a
312 as showmn in Fig. 4B. \Wen tubular nenber 301 is deliv
bi furcated | unmen, branch aperture 312 islﬁrigned with the

REELACEHENT, GHEET

bl anch apertur

red t2DNGV 1998
of r espondi ng

branch | unmen. Tubul ar nenber portion 301 of
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200 by any suitable technique, such as those described for
the application of fir;E“coating 102. Sécond coating 202
is applied only to a portion or multiple portions of
tubular member 101, for example, by masking during the
application of second coating 202 or by isolated etching
after second coating 202 is applied. It is to be
appreciated that although coating 202 is herein described
to be a “second” coating, it- is applied to stent 200 before
the application of first coating 102.

When used, second coating 202 has a thickness
that will result in increased'radiopacity at the portion(s)
where second coating 202 exists when compared with the
portion(s) where second coating 202 does not exiét.
Because second coating 202 is applied to only a portion or
ﬁultiple portions of stent 200, it can be thickly applied
without significantly affecting the resistance of Stent 200
to expand or affecting the visibility of arterial details
during fluo:oscopy. Like first coating 102, the thickness
of second.coating 202 is optimized to provide a desired
balance between stent radiopacity and other properties. In
general, however, second coating 202 is typically as thick
or thickér than first coating 102. -When both first and
second coatings 102, 202 are abplied, it is generally
preferred that the thickness of first and second coatings
102, 202 are about 1-5% and 5-15%, respectively, of the
underl&ing ‘stent strut thicknesé. Furthermore, the
combined thickness of.first and second coatings 102, 202

typically does not exceed 25% of the underlying stent strut



stent 300 is thereafter expanded to secure its position in h%EﬁLIIJ\%MEmL %QEET
treated, and branch leg 311 is delivered through branch apegtyre 312 so
t-hat part of branch leg 311 is positioned into the branch | n.12 NGV 4998
leg 311 is thereafter expanded as shown in Fig. 4C in an ampuht '
sufficient for its external surface to -lgage the portion of tThe tubular
menber 301 defining the branch aperture 312 and secure the lranch |eg 311
LE the branch lumen and tubular nmenber portion 301. |In this enbodiment of
e inventi : I ONa 313°S JIraTaly r er ' ' bot h
Eishobf; oA dn Y QHEEARIvE QM TOF! hetbnd icoat tug 1303

first and se atings 1 such t
is applied to a thickness of about 10 microns onto a stent

having 100 micron diameter struts. First coating 102 is
then applied to a thickness of about 1 micron.

In another embodiment of the present in#ention,
stent 300 is a bifurcated stent as shown in Fig. 4A. Stent
300 comprises a.tubular member 301 that is bifurcated into
tubular tiunk and.branch legs 310, 511 for positioning in
trunk and branch lumens of a Dbifurcated lumen,
respectively. In this embodiment, the entire stent is
coated with first coating 102 as described for the
embodiments shown in Figs. 1 and 3. Branch leg 311,
however, includes second coating 202 disposed between
tubular member 301 and first coating 102 such that when
stent 300 is observed with fluoroscopy, branch leg 311
appears darker than the trunk leg 310. The cross-sectional
views of the struts of stent 300 thus appear as shown in,
Figs. 3B and 3C for branch and .ﬁrunk legs 311, 310,
respectively. Such a configuration is useful for aligning
and inserting branch leg 311 into a branch lumen.

Alternativély, branch leg 311 may be selectively
inserted into branch aperture 312 of tubular member 301 so
that tubular member 301 and trunk leg 310 are separately'
delivered into a bifurcated lumen. In this caée, tubular
member 301 is provided with a branch aperture 312 as shown
in Fig. 4B. When tubular member 301 is delivered to a
bifurcated lumen, branch aperture 312 is aligned with the

corresponding branch lumen. Tubular member poftion 301 of




region 313 is nost visible during fluoroscopy. In other wo IT
cross-sectional view of the struts 110 of stent 300 appear aﬁEE&@NEM SHEET
Fi'g. 3B for region 313, and as showmn in Fig. 3C el sewhere. {Sych a
configuration is useful for -aligning branch aperture 312 wiftf a1@r¥0¥H998
| umen so that branch leg 310 is thereaftldr easily inserted{into the
branch | unen. The present invention provides stent{s havi ng

optimal radiopacity wthout sacrificing stent properties or Lperformance
Those wi th skitént 1364194 EhdFeaftand Wipihded ie Wednd iR ipolit ich the

enbodi nents of the invention '
the lumen to be treated, and branch leg 311 is delivered
through branch aperture 312 so that part of branch leg 311
 is positioned into the branch lumen. Branch leg 311 is
thereafter expanded: és. shéwn in Fig. 4C in an ambunt
sufficient for its externmal surface to engage the portion
of the tubular member 301 defining the branch aperture 312
and secure the branch leg 311 in the branch lumen and
tubular member portion 301. In this embodiment of the
invention, a region 313 surrounding branch aperture 312
includes both first and second coatings 102, 202 such that
region 313 is most visiple during fluoroscopy. In other
words, the cross;sectional view of the struts 110 of stent.
300 appear as shown in Fig. 3B for region 313, and as shown
in Fig. 3C elsewhere. Such a configuration is useful for
aligning branch aperture 312 with a branch lumen so that
branch leg 310 is thereafter easiiy inserted into the
branch lumen.
The present invention provides stents having
- optimal radiopacity without sacrificing stent properties or
performance. Those with skill in the art may recognize
various modifications to the embodiments of the invention
described and illustrated herein. Such modifications are

meant to be covered by the spirit and scope of the appended

claims.



descri bed and il

ustrated herein. Such nodifications.are neg

covered by the spirit and scope of the appended clai ns.

-T4- What is
| umen, said stent

Qo be
clained is: 1. A stent for deploying wt hlljlluicltlm;“l,!l"ll!" I!II

conpri si ng: : ————a—t-tB-a——ie{rber

conprising struts which conpri sd4a|f REBLACEMENT i SHEETshi'd t ubul ar

menber having a proxinmal end and ajfdijstal end and

1.
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A stent for deploying within a body lumen, said stent
comprising:

a tubul#r member comprising struts'which
comprise a first material, said tubular member
having a proximal end and a distal end and a
;ongitudinai bore therethrough; and

a first coating on said tubular member, said
first coating substantially.cc§§ring said tubular

. member and being substan;ially uniform in
thickness, said first coating comprising a second
material;

| wherein said second material is more

fadiopaque'than said first material.

The stent of ciaim 1, wherein the thickness of said
first coating is approximately 1-20 percent of the

thickness of an underlying strut.

The stent of claim 2, wherein the thickness of the
first coating is approximately 5-15 percent of the

thickness of an underlying strut.

The stent of claim 1, wherein said first coating is

approximately 0.5-20 microns in thickness.

The stent of  claim 1, wherein said first material is



| ongi t udi nal bore therethrough; and ' a first coatin ﬂ on said

t ubul ar nmenber, said first coating substantially cove HI mm "I""Ill" I"I
t ubul ar menber and bei ng substantially uniformin

t hi ckness, said first coating conprising a second rrat eri al

wherein said second material is nore =15~ adi opaque than said fi rst

mat eri al . 2. The stent of claim 1, wherein the t hi ckness of said

first coating is apgrom mately 1-20 percent of g i ckness of a
under|ying strut.se §°te¢h§r€?eﬁ¥eo$r%‘llﬁl?ﬁ‘231%rb9%lﬂftﬁ a%ﬁiﬁﬁﬁ@ eﬁi t he

first coating is gggroil ily 5-15 percent- of t he t hi ckness of an
under|ying strut. nit3pelsient of claim 1, wherein said first coating is
approximately 0.5-20 m crons in thickness.

6. The stent of claim 1, wherein said second material is
selected from the group consisting of gold, platinum, |

silver and tantalum.

7. The stent of claim 1, further comprising a second
coating disposed between said tubular member and said
first coating, said second coating covering only a

portion of said tubular member.

8. The stent of clai'm 7, wherein said second coating is
located at said proximal or said distal end of said

tubular member.

9. The stent of claim 7, wherein when the stent is
observed with fluoroscopy, said stent appears darker
at the portion where said second coating exists than

where said second coating does not exist.

10. The stent of claim 7, wherein the thickness of said
second coating is approx:.mately 1-20 percent of the

thickness of an underlyn.ng strut.

11. The stent of claim 10, wherein the thickness of the

second coating is approximately 5-15 percent of the

thickness of an underlying strut. REPLACEMENT SHEET

12 NOV 1998




5. The stent of claim1l, wherein said first materi al

i's f
sel ected fromthe group consisting of stainless steel :aH uulnnluun
6. The stent of claim1l, wherein said second material is | ' e I
fromthe group consisting of gold, platiggnl silver and tantal um

12.

i13.

14.

15.

le6.

17.

is.

The stent of claim 7, wherein said second coating is

approximatg}y 0.5;20 microns in thickness. ..

The stent of claim 12, wherein said second coating is

approximately 5-15 microns in thickness.

The stent of claim 12, wherein said first coating is

apprbximately 1 micron in thickness.

The stent of claim 7, wherein said second coating
comprises a material selected from the group

consisting of gold, platinum, silver and tantalum.

The stent of claim 1, wherein said tubular member is
bifurcated into a. trunk leg and a branch leg for
positioning in respective trunk and branch lumens of

a bifurcated lumen.

The stent of claim 16, further comprising a second
coating between said tubular member and said first
coating, said second coating covering only said branch

leg.

The stent of claim 16, wherein:

- said tubular membér includes a branch

12 NOV 1998

REPLACEMENT SHEET aperture;

said branch lég may be selectively disposed




7. The stent of claim11, further conprising a second coat.i [
bet ween sai d tubul ar nenber and said first coating, sai cﬁﬁﬂiﬁ JEﬁ'Tlili I“I
* *C M N *

coating covering only a portion of said tubular nenber.

stent of claim7,~-wherein said second coating is | ocated at said

proxi mal or said distal end of said -Wabul ar nenber. ~ 9. The stent of
claim?7, wherein when the stent is observed with fluoroscopy, said
stent appears darker at the portion where .said second coating exists

t han '

within -said tubular member; and

. a region of said tubular member adjacent to
said branch aperture includes a second coating
between said tubular member and said first

coating.

REPLACEMENT SHEET
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where said second coating does not exist. 10. The stent of claim?7,

wherein the thickness of said second coating is approximtely 1-20
percent of the ' t hi ckness of an underlying strut. 11. The stent of
clai m 10, wherein the thickness of the second coating is apprOX| mat el y
5-15 percent of the t hi ckness of anl8mder!ying strut.

MULTILAYERED METAL STENT
ABSTRACT
Coated stents for increased radiopacity. In one
embodiment, the present invention includes a stent in the
form of a tubular member comprising struts of a first
material, and a- f:'.;:st coating on the tubular member. _ The
first coating substantially covers the tubular member and
is substantially uniform in thickness. The first coating
comprises a second mat-erial thﬁt is mdre radiopaque than
the first material. In another embodiment, the stent
further comprises a second cbating between the tubular
member and the first coating, wherein the second coating
covers only a portion of the tubular member. In yet'
another embodiment, the stent is a coated bifurcated stent

for positioning in a bifurcated body lumen.

Figures 1A and 1B
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12. The stent of claim7, wherein said second coating is

approxi mately 0.5-20 microns in thickness. :. | 13. The stent of
claim 12, wherein said second coating is approxi mately 5-15
m crons in thickness. - 14. The stent of claim 12, wherein said
first coating is approxinéyely 1 mcron in thickness.

15. The stent of claim?7, wherein said second coating
conprises a material selected fromthe group :

. Fig. 1A

ET




consisting of gold, platinum silver and tantalum 16. The

stent of claim1, wherein said tubular nenber is bi furcated
into a trunk | eg and a branch | eg for positioning in

" respective trunk and branch | unens of a bifurcated | unen.
17. The stent of claim 16, further conprﬁ§ing a second
coating between said tubular nenber and said first coati ng,
sai d second coating covering only said branch ; | eg.

18. The stent of claim 16, wherein:

E. . .
; OETAIL ¢
; SCALE 50:1%
REPLACEMENT SHEET
Fig. 2B
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sai d tubul ar nmenber includes a branch aperture;

said branch |l eg may be selectively di sposed

-17- Wi t hi n-sai d tubul ar nenber; and a region of said tubular nenber
adj acent to said branch aperture includgs a second coating

DOSOABEGONGO

.
ORS¢
asene.

Fig. 3A

110 102

Fig. 3B S Fig. 3C
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bet ween said tubul ar nenber and said first coating.

300

311
310

301

Fig. 4a
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/'/ﬂ SEARCH REPORT [Application No. 98032832

TEXT OF THE ABSTRACT

MULTILAYERED METAL STENT

Coated stents for increased radiopacity. In one embodiment, the present invention includes a
stent (100) in the form of a tubular member (101) comprising struts (110) of a first material,
and a first coating (102) on the tubular member (101). The first coating (102) substantially
covers the tubular member (101) and is substantially uniform in thickness. The first coating
(102) comprises a second material that is more radiopaque than the first material. In another
embodiment, the stent further comprises a second coating between the tubular member and the
first coating, wherein the second coating covers only a portion of the tubular member. In yet
another embodiment, the stent is a coated bifurcated stent for positioning in a bifurcated body
lumen.

Figures 1A and 1B.

T :

RE_PLACEMENT S‘.r‘..E~ .

i

FSG005 960628 SG-Abstract



