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(57) Abstract: A stent is formed from a wire (508) having an outer member (522) and a radiopaque core member (526) disposed
within a portion of the outer member, and an annular lumen between the radiopaque core member and the outer member. A sub -
stance (512) is disposed in the annular lumen to be eluted through at least one opening (504) disposed through the outer member. A
plurality of radiopaque core members are disposed within portions of the outer member and are separated by lumens defined by the
inner surface ot the outer member. The lumens and annular lumens are in fluid communication with each other. In a method for mak-
ing the stent, a composite wire including an outer member, an intermediate member, and a core member is shaped into a stent pattern
and processed to remove the intermediate member and portions of the radiopaque core member, without damaging the outer mem-

ber.
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HOLLOW DRUG-FILLED STENT AND METHOD OF FORMING HOLLOW DRUG-
FILLED STENT

FIELD OF THE INVENTION
10601] The present invention relates hollow drug-filled stents and methods of
forming hollow-drug-filled stents, and in particular, hollow-drug filled stents with
improved radiopacity.

BACKGROUND OF THE INVENTION
80021 Drug-eluting implantable medical devices such as stents have become
popular in recent times for their ability fo perform their primary function {such as
structural support} and their ability to medically treat the area in which they are
implanted.
(00031 For example, drug-eluting stenis have been used o prevent restenosis in
coronary  arteries. Drug-eluting  stents  may administer Dbiologically or
pharmacologically active substances such as anti-inflammatory compounds that block
local invasion/activation of monocyies, thus preventing the secretion of growth factors
that may trigger VSMC proliferation and migration.  Other potentially anti-restenctic
compounds include anti-proliferative agents, such as chemotherapeutics, which
include rapamycin and paciitaxgl.  Other classes of drugs such as anti-thrombotics,
anti-oxidants, platelet aggregation inhibitors and cytostalic agents have also been
suggested for anti-restenctic use.
[8004] Drug-eluting medical devices may be coated with a polymeric material
which, in turn, is impregnated with a biologically or pharmacologically active substance
or 8 combination of biclogically or pharmacologically active substances. Once the
medical device is implanted al a {arget location, the biologically or pharmacologically
aclive substance is released from the polymer for treatment of the local tissues. The
biologically or pharmacologically active substance is released by a process of diffusion
through the polymer laver for biostable polymers, and/or as the polymer material
degrades for biocdegradable polymers.
160665]  Controlling the rate of elution of a biologically or pharmacologically aclive
substance from the impregnated polymeric malerial is generally based on the
properties of the polymer material. However, at the conclusion of the elution process,

the remaining polymer material in some instances has been linked {0 an adverse
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reaction with the vessel, possibly causing a small but dangerous clot [o form. Further,
drug impregnated polymer coatings on exposed surfaces of medical devices may flake
off or otherwise be damaged during delivery, thereby preventing the biclogically or
pharmacologically active substance from reaching the target site.  Still turther, drug
impregnated polymer coatings are limited in the quantity of the biologically or
pharmacoiogically active substance to be delivered by the amount of a drug that the
polymer coating can carry and the size of the medical devices. Controlling the rate of
efution using polymer coatings is also difficult.

[0008] Accordingly, stents with hollow, drug-filled struciural members have also
been contemplated. For example, U.5. Patent No. 6,071,305 {o Brown et al. generally
discloses a stent formed of an elongated member in a spiral tube configuration. The
glongated member includes a groove thal can be filled with an active agent. Further,
U.S. Application Publication No. 2011/0008405 to Birdsall ef al. and U.S. Application
Publication No. 2011/0070358 to Mauch ef al, each of which is incorporaled by
reference herein in its entirety, describe methods of forming stents with hollow-drug-
filled structural members from composite wires. However, preferred structural
members for stents, such as nickel-titanium alloys {("nitinol”) and alloys of cobal,
nickel, chromium and molybdenum ("MP35N", "MP20N"} are relatively radiolucent.
Thus, there is a need for g sient with holiow-drug filled structural members with
improved radiopacity.

SUMMARY OF INVENTION

{00077  Embodiments hereof relate {o a stent formed from a wire shaped into a stent
pattern. The wire includes an oufer member having an outer member culer surface
and an outer member inner surface and a radiopague member lining at least a portion
of the outer member inner surface. A lumaean is defined by the outer member inner
surface or the radiopaque member inner surface. A biologically or pharmacoiogically
active substance disposed in the lumen. At least one opening disposed through the
outer member to the lumen or through the ouler member and the radiopague member
to the lumen such that the biologically or pharmacologically active substance may be
eluted from the stent. In one embodiment, the stent pattern may include a series of

struts connected by crowns, and the radiopague member may line the outer member
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inner surface only in the crowns of the stent.  In another embodiment, the radiopaque
member is substantially continuous along the length of the stent.

108081 LEmbodiments hereof also relate 1o a method of forming such a slent. A
composite wire including an outer member, 8 radiopagque intermediate member, and a
core member is shaped inio a stent pattern. The composite wire is processed such
that the core member is removed without adversely affecting the outer member,
thereby leaving an outer member, the radiopaque intermediate member lining at least
a portion of an inner surface of the outer member, and a lumen defined by a space
formerly occupied by the core member. The process for removing that core member
may also remove portions of the radiopague intermediate member. Openings are
formed through at least the outer member such that the openings extend o the lumen.
Al least a portion of the lumen is filled with a biologicaily or pharmacologically active
substance. In one embodiment, the composite wire is shaped info a waveform
including struts and crowns, and the process for removing the core member also
removes portions of the radiopague intermediate member from the struts of the
waveform, thereby leaving the radiopague intermediate member in the crowns of the
waveform. In another embodiment, the process for removing the core member does
not adversely affect the radiopague intermediate member, thereby leaving the
radiopague intermediate member substantially continuous along the length of the wire
{the radiopague intermediale member may be removed at locations of openings, for
example, and still be substantially continuous).

1080917 Embodiments hereof also relate 1o a stent including a wire formed info a
stent pattern.  The wire includes an outer member, a radiopague core member
disposed within at least a portion of the outer member, wherein an outer dimension of
the radiopague core member is smalier than an inner dimension of the outer member
such that an annular lumen is defined between an outer surface of the radiopague
core member and an inner surface of the outer member. A biologically or
pharmacoiogically active substance disposed in the annular lumen, and at least one
opening disposed through the outer member. In one embodiment, a plurality of
radiopaque core members are disposed within portions of the outer member and are
separated by lumens defined by the inner surface of the cuter member. The lumens
and annular lumens between an outer surface of the radiopague core member and the

inner surface of the outer member are in fluid communication with each other.
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(80101 Embodiments hereof also relate 10 a method of making such a stent. A
composite wire is shaped into a stent patiern. The composite wire includes an outer
member, an intermediate member, and a radiopaque core member. The composile
wire is processed such that the core member is removed from portions of the
composite wirg without adversely affecting the outer member. The composite wire is
also processed such that the intermediate member is removed, thereby leaving the
outer member and lumens defined by an outer member inner surface in portions
where the radiopaque core member is removed, and the outer member, radiopague
core meamber, and annular lumens defined between a radiopagque core member outer
surface and the outer member in surface in areas where the radiopaque core member
is not removed. A biologically or pharmacologically active substance is deposited in
the lumens and annular lumens. Openings are provided through the outer member
such that the biologically or pharmacologically active substance can be eluted from the
fumens. The steps of processing the composile wire (o remove portions of the
radiopagque core member and processing the composite wire o remove the
intermediale member can be separate steps, or can be combinad where the process
removes the infermediate member at a faster rate than the radiopague core member.

BRIEF DESCRIPTION OF DRAWINGS
60111 The foregoing and other features and advantages of the invention will be
apparent from the following description of the invention as ilustrated in the
accompanying drawings. The accompanying drawings, which are incorporated herein
and form a part of the specification, further serve o explain the principles of the
invention and o enable a person skilled in the pertinent art {0 make and use the
nvention. The drawings are not 1o scaie.
00121 FiG. 1 is a schematic illustration of an exemplary stent in accordance with
an embodiment hereof,
{00131 FIG. 2 is a cross-sectional view taken along line 2-2 of FIG. 1.
[6014] FIG. 3 is flow chart illustrating an embodiment of a2 method of forming a
hollow wire stent including a radiopaque intermediate member disposed on an inner
surface of a hollow outer member and a biologically or pharmacologically active
subsiance disposed within a lumen of the hollow wire.
[0815] FIG. 4 is a schematic illustration of a composite wire including an outer

member, an intermediate member, and a core member.
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0016} FIGS. 57 are cross-sectional views of the composite wire of FIG. 4 at
various stages of the method of FIG. 3.

08171 FIG. 8 is a schematic illustration of an exemplary stent in accordance with
an embodiment hereof.

[0018] FIG. 9is a cross-sectional view taken along line 8-8 of FIG. 8,

[0019] FiG. 10 is a cross-sectional view taken along line 10-10 of FIG. 8.

106207 FIG. 11 is a iongitudinal cross-section of a portion of the stent of FIG. 8.
(00211 FIG. 12 is flow chart fllustrating an embodiment of a method of forming a
hollow wire stent including a radiopague intermediate member disposed on an inner
surface of 2 hollow outer member at the crowns of the stent and a biologically or
pharmacologically active substance disposed within a lumen of the hollow wire,

08221 FIGS. 13-18 are cross-sectional and longitudinal cross-sectional views of
the composite wire at various stages of the method of FIG. 12.

(00231 FIG. 19 is a schematic fllustration of an exemplary stent in accordance with
an embodiment hereof.

10624] FIG. 20 is a cross-sectional view taken along line 20-20 of FIG, 18,

[0025] FIG. 21 is a cross-sectional view taken along line 21-21 of FIG. 18,

[0028] FIG. 22 is a partial longitudinal cross-section of a portion of the stent of FIG.
19.

100277 FIG. 23 is flow chart illustrating an embodiment of a method of forming a
hollow wire stent including a radiopague core member disposed at the crowns of the
stent with a lumen between the core member and the outer member and a biologically
or pharmacolegically active substance disposed within the lumen of the outer member
at the struts and in the lumen between the core member and the cuter member at the
CrOWNS.

(0028 FIGS. 24-33 are cross-sectional and partial longitudinal cross-sectional

views of the composite wire al various stages of the method of FIG. 23.

DETAILED DESCRIPTION OF THE INVENTION
180281 Specific embodiments of the present invention are now described with
reference o the figures, where like reference numbers indicate identical or functionally
similar elements.
(603087 An embodiment of a stent 100 disclosed herein is shown in FIGS. 1-2. In
particular, stent 100 is formed from a holiow wire 102, wherein the hollow wire 102 is
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formed of a hollow culer member 122 and a holiow intermediate member 124 that
lines the inner surface 121 of outer member 122, with a lumen 103 formed within the
outer and inlermediate members 122, 124, The lerm “wire” as used herein means an
elongated element or filament or group of elongated elements or filaments and is not
firnited to a particular cross-sactionsl shape or material, unless so specified. In the
embodiment shown in FIG. 1, hollow wire 102 is formed into a series of generally
sinusoidal waveforms including generally straight segments or struts 108 joined by
bent segments or crowns 108 and the waveform is helically wound to form a generally
tubular stent 100. In the embodiment shown in FIG. 1, selected crowns 108 of
longitudinaily adjacent sinusoids may be joined by, for example, fusion points 110.
The invention hereof is not limited 1o the patlern shown in FIG. 1. Wire 102 of stent
100 can be formed into any patiern suitable for use as a stenl. For example, and not
by way of limitation, wire 102 of stent 100 can be formed into patierns disclosed in
U8, Patent No. 4,800,882 o Gianturco, U.S. Palent No. 4,886,062 to Wiktor, U.S.
Patent No. 5,133,732 {o Wiktor, U.S. Patent No. 5,782,903 to Wiktor, U 5. Patent No.
6,136,023 to Boyie, and U.5. Patent No. 5,018,080 to Pinchuk, each of which is
incorporated by reference herein in its entirety. Further, instead of a single length of
wire formed into a stent patlern, a plurality of wires may be formed into a two-
dimensional waveform and wrapped inio individual cylindrical elements. The
cylindrical elements may then be aligned along a common longitudinal axis and joined
to form the stent.

60311 As shown in FIG. 2, hollow wire 102 of stent 100 includes a holiow
radiopagque intermediate member 124 that has an ouler diameter that is approximately
agual to the inner diameter of hollow cuter member 122. By "approximately equal” it is
meant that the outer surface of intermeadiate mamber 124 is in contact with the inner
surface of outer member 122, Lumen 103 is formed from the hollow portion of
radiopaque intermediate member 124 and the hollow portion of ouler member 122 that
is not occupied by radiopague intermediate member 124. Radiopaque intermediale
member 124 allows stent 100 to be visible under X-ray or fluoroscopic imaging
equipment when outer member 122, described below, is made of a material that has a
radiopacity such that it has poor visibility or is difficult to visualize under X-ray or
fluoroscopic imaging equipment. Thus, radiopagque intermediate member 124 is more
radiopague than outer member 122. The term “radiopagque” refers o the ability of a
substance 1o absorb X-rays. Few substances will transmit 100% of X-rays and few

-6 -
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substances will absorb 100% of X-rays. For the purposes of this disclosure,
radiopague will refer to those substances or materials which have suitable visibility for
stent procedures when being imaged by an X-ray imaging device such as but not
limited to a fluoroscope.

(60321 Lumen 103 allows for a biologically or pharmacologically active substance
112 to be deposited therewithin. Although holiow wire 102 is shown as generally
having a circular cross-section, hollow wire 102 may be generally elliptical or
rectangular in cross-section. Hollow wire 102 further includes cuts or openings 104
dispersed along its length 1o provide access to lumen 103 to permit biologically or
pharmacologically active substance 112 o be released from iumen 103. Openings
104 may be disposed only on struts 106 of stent 100, only on crowns 108 of stent 100,
or both struts 106 and crowns 108. Openings 104 may be sized and shaped as
desirad o control the elution rate of biologically or pharmacologically active substance
112 from stent 100, Larger sized openings 104 generally permit a faster elution rate
and smaller sized openings 104 generally provide a slower elution rate. Further, the
size and/or quantity of openings 104 may be varied along stent 100 in order to vary
the gquantity and/or rate of biciogically or pharmacologically active substance 112
being eluted from stent 100 at different portions of stent 100, Openings 104 may be,
for example and not by way of limitation, 5-30 ym in diameter. Openings 104 may be
provided on an outwardly facing or abluminal surface 116 of sient 100, as shown in
FIG. 1, or on the inwardly facing or luminal surface 118 of stent 100, or may be
provided anywhere along the circumference of wire 102, Openings 104 may have 8
constant diameter through the depth or have a tapered or conical shape.

1006331 Ends 114 of wire 102 may be closed. Ends 114 may be closed by crimping
axcess material of wire 102 1o close lumen 103, Ends 114 may also be closed by not
removing intermediate member 124 and core member 126, described in more detail
below, from the ends 114, Closing ends 114 prevents biologically or
pharmacologically active substance 112 from prematurely releasing from ends 114.
However, closing ends 114 is not required as substance 112 may be dried, provided
within a polymer matrix, enclosed within a liner {(not shown), or otherwise protected
from premature release from ends 114. Further, ends 114 may be welded, crimped or
otherwise connecied o other portions of wire 102 such that the ends 114 are not free
ends. Ends 114 may alternatively be provided as free ends.
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[0034] FIGS. 3-7 show a method for forming a hollow wire stent in accordance with
an embodiment hereof. As shown in FIG. 3, step 200 is to utilize a composite wire
120 having an outer member 122, a radiopaque intermediate member 124, and a core
member 126, as shown schematically in FIG. 4. Quter member 122 and radiopague
intermediate member 124 become hollow wire 102 of stent 100 described above after
processing described below. Composite wire 120 may be formed by any method
known in the art, for example and not by way of limitation, a co-drawing process,
extrusion, cladding, or any other suitable method. Composite wire 120 may be formed
by methods of forming composite wires known to those skilled in the art. Examples of
composite wires and methods of forming composite wires can be found in U.S. Patent
No. 5,630,840 to Mayer, U.5. Patent No. 6,248,180 to Stinson, U.S. Patent No.
6,407,700 to Heath, and U.S. Patent No. 7,101,392 o Heath, each of which is
incorporated by reference herein in its entirety.

[8035] Outer member 122 may be any material that is suilable to be used as a
stent, provided that it survives the process of removing core member 126, as
described in more detail below. For example and not by way of limitation, outer
member 122 may be a stainless steel, cobalt- chromium alloys, nickel titanium alloys
such as Nitinol, magnesium, or combinations thereof. The term “cobali-chromium”
alloys as used herein includes alloys with coball and chromium. Generally, materials
such as, but not limited to, cobalt-nickel-chromium alloys ("MP35N" and "MP20N") and
chromium-nickel-tungsten-cobait alloys ("L805") and cobalt-chromium-nickel-
molybdenum alloys ("ELGILOY") are the types of materials included in the term
“‘cobalt-chromium alloys”™ as used herein. The requirements for the material of outer
member 122 are that it be biocompaltible, sufficiently resilient to be used as a stent,
and that it survives the process for eliminating core member 126, as discussed in
more detail below.

[0038] Intermediate member 124 is a radiopague material. Further, intermediate
member 124 is a material that survives the process of eliminating core member 126,
as described in detail below. Accordingly, intermediate member 124 is more
radiopaque that ouler member 122 and survives the process of eliminating core
member 126. Thus, selection of intermediate member 124 depends on the material of
core member 126 and the process selected for removing core member 126, Core
member 1206 is a sacrificial material that is removed without damaging intermediate

member 124 or cuter member 122, In a non-limiting example, ocuter member 122 is
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made of MP35N, intermediate member 124 is made of platinum-iridium alioy such as
Pi10Ir or PI201r, and core member 126 is made of tantalum, and the process to
remove corg member 126 is exposing core member 126 (o xenon difluoride gas
{(XeF:} gas at low pressure {1-6 Torr) and relatively high temperature {approximately
150° C). PGl is a platinum-iridium alloy containing about 80% platinum by weight
and about 10% iridium by weight. Similarly, Pi20ir is a platinum-iridium alloy
containing about 80% platinum by weight and about 20% iridium by weight. Other
gxamples of material combinations of outer member 122, inlermediate member 124,
core member 126, and the removal method are provided below in chart form.

180377 A cross-section of composite wire 120 is shown in FIG. 5. Outer member
122 may have an outer diameter D1 in the range of 0.0017 inch to 0.016 inch and wall
thickness T in the range of 0.0005 to 0.0025 inch, depending on the application, for
gxample, in what lumen or organ and for what purpose the stent is to be utilized.
intermediate member 124 may have an inner diameter of about 0.0005 to 0.006 inch
and a thickness in the range of about 0.0001 to about 0.0025 inch. Core member 120
may have a diameter of about 0.0005 to about §.006 inch. In one non-limiting
example, core member 126 has a diameter of 001 inch, intermediate member 124
has a wall thickness of 0005 inch, and ouler member 122 has a wall thickness of
00075 inch, resulting in an outer diameter D1 of core wire 120 0035 inch. The values
listed above are merely examplas and other diameters and thicknesses may be used
depending on, for example, the materials used, the desired stent shape, and the
purpose or location of the stent. Further, although the dimensions listed are described
as diameters, other shapes of wire may be utilized and the values listed above can be
converted to outer and inner dimensions.

[0638] Referring back to FIG. 3, step 210 is to shape the composite wire 120 info
the stent pattern. As discussed above, the sient paitern can be the pattern shown in
FIG. 1 or any other suitable pattern formed from a wire. Further, although the order of
all the steps is not critical, step 210 should be done prior {0 removing core member
126, as explained in more detail below. However, the siep of shaping the composite
member 120 into the stent patltern does not have to include shaping composite
member 120 into the final stent patlern. For example, the step 210 of shaping the
composite member 120 into a stent pattern may include only forming the struts 106
and crowns 108 in composite wire 120. Shaping composite wire 120 into the stent
pattern while core member 126 and intermediate member 124 are disposed within

-0
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outer member 122 helps prevent kinking or other deformations from occurring in outer
member 122. Shaping the composite wire 120 inlo the stent pattern shown in FIG. 1
generally includes the steps of forming composite wire 120 into a two dimensional
waveform patiern followed by wrapping the pattern around a mandrel, as known {0
those skilled in the arl. The end result is a helical stent pattern formed onto a mandrel.
Selected crowns 108 of the helical pattern may then be fused together and the stent
may be removed from the mandrel.  Step 210 of shaping compaosite wire 120 info the
sient pallern can be performed with technigues known (o those skilled in the art. For
egxample, and not by way of limitation, forming the composite wire 120 into a two
dimensional waveform can be achieved using technigues described in U.S.
Application Publication Nos. 2010/0269850 to Hoff ¢f al. and 2011/8070358 o Mauch
et af., and co-pending U.S. Application Serial Nos. 13/191,134 and 13/180,775, Tiled
July 26, 2011, each of which is incorporated in its entirety by reference herein. Other
technigues known o those skilled in the art could also be used.

00391 Step 220 shown in FIG. 3 is to provide openings 104 through outer member
122 and intermediate member 124, Openings 104 may be laser cut, drilled, eiched, or
otherwise provided through outer member 122 and inlermediate member 124, Step
220 need not be performed after step 210, nor before step 230, although it is preferred
to be before step 230, as explained in more detail below. I step 220 is performed
after step 210, & cross-saction of composite wire 120 will include outer member 122,
intermediate member 124, core member 126, and an opening 104, as shown in FIG.
8.

(00401 Step 230 is to remove core member 126 from lumen 103 of outer mamber
122 and intermediate member 124 without adversely affecting outer member 122 or
intermediate member 124, such as by chemical etching. Step 230 can be performed
by any suitable process for removing core member 126 while preserving outer
member 122 and infermediate member 124, In particular, exposing composite wire
120 formed from a ouler member 122 of MP35N, an infermediate member 124 of a
platinum-iridium alloy (such as PT10r or P120Ir}, and a core member 126 of tantalum
to xenon diffuoride {(Xek;} gas at low pressure {(1-6 Torr} and relatively high
temperature {(approximately 150°¢ C) causes the xenon difiucride (Xek;) gas o react
with the tantaium core member 126 o form Taks and Xe gases, which can be
axhausted from lumen 103. Xenon difluoride (Xek;) gas reacts similarly with a core

member 126 made from tungsten, molybdenum, niobium, rhenium, carbon,
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germanium, and silicon. However, xenon difluoride (XeF;) gas does not react with an
outer member 102 formed of MP35N or an intermediate member 124 formed of
platinum-iridium alloys such as P20 and PU10Ir described above. Accordingly, after
step 230 is completed, ouler member 122 and intermediate member 124 remain, and
core member 126 has been removed, leaving the cross-sectional structure shown in
FIG. 7. As noted above, openings 104 do not need 1o be formed prior 1o the step of
removing core member 126 as long as there is a way 10 expose core member 126 (o
the etchant. For example, ends 114 of the wire may be open or temporary porls may
for formed through outer member 122 and intermediate member 124 to expose core
member 126 to the eichant.

0041}

MP35N, an intermediate member 124 made from a platinum iridium alloy, a core

Aithough a particular embodiment of an outer member 122 made from

member 126 made from tantalum, and a xenon difluoride etchant has been described,
those skilled in the art would recognize other combinations of materials and etchants
that could be utilized. For example, and not by way of limitation, the combination of
materials and etchants described in the chart below may be utilized.

Eichant intermediate Core Member

Member

Outer Member

Cobalt-chromium Tantalum, ungsten,

Xenon-difluoride

alloys (MP35N,
MP20N, LB05,
ELGILOY)

Pi20ir, Pt10Ir

molybdenum,
niohium, rhenium,
carbon, germanium,
silicon, Ta-2.5W

Nitric Acid, sulfuric
acid

Cobalt-chromium
alloys {(MP35N,
MP20N, LB05,
ELGILOY)
Nitinol, Titanium,
Titanium alloys

Tantalum, Ta-2.5W

Copper

Nitric Acid

Cobalt-chromium
alloys(MP35N,
MP20N, L8605,
ELGILOY)
Nitinol, Titanium,
Tianium alloys

Tantalum, Ta-2.5W

Silver

Water, salt waler

Cobalt-chromium

Pt200r, Pt10lr,

Zinc, Magnesium
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alloys(MF35N, Tantalum, Ta-2.5W
MP20N, L805,
ELGILOY),
stainless steal,
Nitinol, Titanium,
Titanium alloys

Cobsalt-chromium
alloys{MP35N,

Heat (separation MP20N, LE0S, P1201r, PHOIT,

via melt or _ Zinc, Magnesium
sublimation) ELGELOY), Tantalum, Ta-2.5W

stainless stael,

{others?)

Cobalt-chromium
Xenon difluoride alloys(MP35N,
Dilute HF MP20N, LB05,
ELGILOY

Titanium, Titanium

PE20ir, PU10Ir
atloys

Further, other materials and methods for removing core members may used, as
described, for example, in U.S. Application Publication no. 2011/0008405 to Birdsall ef
al. and U.S. Application Publication No. 2011/0070358 o Mauch ef af., each of which
is incorporated by reference herein in its entirety.

(00421  After core member 126 has been removed, biclogically or pharmacologically
active substance 112 may be injected into lumen 103 of outer member 122 and
intermediale member 124, as shown in step 240 of FIG. 3. This produces a hollow
wire 102 with outer member 122, radiopaque intermediate member 124 lining an
inside surface 121 of outer member 122, biologically or pharmacologically active
substance 112 filling lumen 103, and openings 104 through which biologically or
pharmacologically active substance 112 may be eluted, as shown in FIG. 2. Filling
lumen 103 with a biologically or pharmacologically active substance may be
accomplished by any means known to those skilled in the art. For example, and not
by way of limitation, methods for filling lumens of hollow wires described in UG,
Application Publication No. 2011/0070357 to Mitchell et al., which is incorporated by
reference herein in its entirety; and co-pending U.S. Application Serial Nos.
12/884,362; 12/884,451; 12/884,501; 12/884,578; 12/884,59¢ each filed on September
17, 2010, and each of which is incorporated by reference herein in its entirety.

10643] The biologically or pharmacologically active subsiance 112 may include, but
iz not fimited to, the substances listed in paragraph [0080] of this specification.

10044] FIGS 8-18 show an embodiment of a stent 300 and a method of making
stent 300. In particular, stent 300 is formed from a hollow wire 302, wherein the
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hollow wire 302 is formed generally a hollow outer member with a lumen formed within
the outer member. The term “wire” as used herein means an elongated element or
filament or group of elongated elements or filaments and is not limited to a particular
cross-sectional shape or material, unless so specified.

(60451 In the embodiment shown in FIG. 8, hollow wire 302 is formed into a series
of generally sinusoidal waveforms including generally straight segments or struts 308
joined by bent segments or crowns 308 and the waveform is helically wound o form a
generally tubuiar stent 300. In the embodiment shown in FIG. 8, selected crowns 308
of longitudinally adiacent sinuscids may be joined by, for example, fusion points 310,
The invention hereof is not limited to the pattern shown in FIG. 8. Wire 302 of stent
300 can be formed into any pattern suitable for use as a stent. For example, and not
by way of limitation, wire 302 of stent 300 can be formed inte patlerns disclosed in
U.S. Patent No. 4,800,882 to Gianturco, U.5. Patent No. 4,886,062 to Wiklor, U.S.
Patent No. 5,133,732 (o Wiktor, U.S. Patent No. 5,782,903 to Wiktor, U.S. Patent No.
6,136,023 to Bovie, and U.&S. Patent No. 5,019,080 to Pinchuk, each of which is
incorporated by reference herein in its entirely. Further, instead of a single length of
wire formed into a steni pattern, a plurality of wires may be formed into a two-
dimensional waveform and wrapped into individual cylindrical elements. The
cylindrical elements may then be aligned along a common longifudinal axis and joined
to form the stent.

[0048] As shown in FIGS. 8-11, hollow wire 302 of stent 300 includes different
configurations for the struts 306 and the crowns 308. In particular, FIG. 8 shows a
cross-section of wire 302 at struts 306, As can be seen in FIG. 8, wire 302 af struts
306 is formed from an outer member 322 with a lumen 303 filled with a biologically or
pharmacologically active substance 312, Similarly, as shown in FIG. 10, wire 302 at
crowns 308 is formed of a holiow outer member 322, a holiow radiopaque intermediate
member 324 lining the inside surface 321 of outer member 322, and lumen 303 filled
with biclogically or pharmacologically active substance 312, FIG. 11 shows a
longitudinal cross-section showing a portion of stent 300 including a strut 306, a crown
308, and a second strut 306. As shown in FIG. 11, radiopaque intermediate member
324 lines an inner surface of outer member 322 in the region of the crowns 308. The
length of radiopagque intermediate member 324 may be varied such that radiopagque
intermediate member 324 extends along the inner surface of outer member 322 for the
entire crown 308, a portion of crown 308, or ail of crown 308 and a portion of struls
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308, as described in more delail below. Radiopaque intermeadiate member 324 should
axtend along crown 308 for at least a sufficient length such the radiopague
intermediate member is visible under fluoroscopic equipment. Every crown 308 of
stent 300 may include radiopague intermediate member 324 of only some crowns 308
may include radiopagque intermediate member 324, Some options of how {0 select
whether or not some crowns 308 include or do not include radiopague inlermediate
member will be described below when describing the method of forming stent 300,
Hollow radiopague intermediate member 324 has an outer diameter that is
approximately equal o the inner diameter of hollow outer member 322. By
“‘approximately equal” it is meant thal the outer surface of inlermediate member 324 is
in contact with the inner surface 321 of outer member 322. Radiopague intermediate
member 324 allows crowns 308 of stent 300 to be visible under X-ray or fluoroscopic
imaging egquipment when outer member 322, described below, is made of a material
that has a radiopacity such that it has poor visibility or is difficult to visualize under X-
ray or flucroscopic imaging equipment. Thus, radiopague intermediate member 324 is
mare radiopague than outer member 322, The term “radiopague” refers {o the ability
of a substance to absorb X-rays. Few substances will transmit 100% of X-rays and few
substances will absorb 100% of X-rays. For the purposes of this disclosure,
radiopagque will refer to those substances or materials which have suilable visibility for
stent procedures when being imaged by an X-ray imaging device such as but not
limited to a fluoroscope.

160477  Lumen 303 sllows for a biologically or pharmacologically active substance
312 to be deposited therewithin, Although hollow wire 302 is shown as generally
having a circular cross-section, hollow wire 302 may be generally elliptical or
rectangular in cross-section. Hollow wire 302 further includes cuts or openings 304
dispersed along its length to provide access o lumen 303 to permit biclogically or
pharmacologicaily active substance 312 1o be released from lumen 303. Openings
304 may be disposed only on struts 306 of stent 300, only on crowns 308 of stent 300,
or both struts 306 and crowns 308. Openings 304 may be sized and shaped as
desired to conirol the elution rate of biologically or pharmacologicaily active substance
312 from stent 300. Larger sized openings 304 generally permit a faster elution rate
and smaller sized openings 304 generailly provide a slower elution rate. Further, the
size and/or quantity of openings 304 may be varied along stent 300 in order to vary
the quantity and/or rate of biologically or pharmacologically active substance 312
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being eluted from stent 300 at different portions of slent 300, Openings 304 may be,
for exampie and not by way of limitation, 5-30 ym in diameter. Openings 304 may be
provided on an outwardly facing or abluminal surface 318 of stent 100, as shown in
FIG. 8, or on the inwardly facing or luminal surface 318 of stent 300, or may be
provided anywhere along the circumference of wire 302. GOpenings 304 may have a
constant diameter through the depth or have a tapered or conical shape.

[0648] Ends 314 of wire 302 may be closed. Ends 314 may be closed by crimping
excess material of wire 302 to close lumen 303. Ends 314 may aiso be closed by not
removing intermediate mamber 324 and core member 326, described in more detail
below, from the ends 314, Closing ends 314 prevents biologicaily or
pharmacologically active substance 312 from prematurely releasing from ends 314.
However, closing ends 314 is not required as substance 312 may be dried, provided
within a polymer matrix, enclosed within a liner {not shown}, or otherwise protectad
from premature release from ends 314. Further, ends 314 may be welded, crimped or
otherwise connected to other portions of wire 302 such that the ends 314 are not free
ends. Ends 314 may alternatively be provided as free ends.

00481 FIGS. 12-18 show a method for forming a hollow wire stent in accordance
with an embodiment hereof. As shown in FIG. 12, step 400 is to utilize a composite
wire 320 having an outer member 322, a radiopague intermediate member 324, and a
core mamber 326. Such a composite member 320 may be the same as composite
member 120 shown in FIG. 4, simply replacing reference numerals 120, 122, 124, and
126 with reference numerals 320, 322, 324, and 326. Thus, FIG. 4 is not repeated
here. A cross-section of such a composite mamber 320 is shown in FIG. 13 and &
longitudinal cross-section of a portion of core wire 320 is shown in FIG. 14.

Composite wire 320 may be formed by any method known in the art, for example and
not by way of limitation, a co-drawing process, exirusion, cladding, or any other
suitable method. Composite wire 320 may be formed by methods of forming
composite wires known to those skilied in the art. Examples of composite wires and
methods of forming composite wires can be found in U.S. Patent No. 5,630,840 to
Maver, U.S. Patent No. 6,248,190 to Stinson, U.S. Patent No. 6,497,708 to Heath, and
U.S. Patent No. 7,101,382 to Heath, each of which is incorporated by reference herein
i its entirety.

106501 Outer member 322 may be any material that is suitable to be used as a
stent, provided that it survives the process of remaoving core member 326, as
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described in more detall below. For example and not by way of limitation, ouler
member 322 may be a stainless steel, cobalt- chromium slloys, nickel-titanium alloys
such as Nilinol, magnesium, or combinations thereof. The term “cobalt-chromium”
alloys as used herein includes alloys with cobalt and chromium. Generally, materials
such as, but not limited to, cobalt-nickel-chromium alloys ("MP35N" and "MP20N"™) and
chromium-nickel-iungsten-cobait alloys ("L.6805") and cobalt-chromium-nickel-
molybdenum alloys ("ELGH.OY™) are the types of materials included in the term
‘cobali-chromium alloys” as used herein. The requirements for the material of outer
member 322 are that it be biccompatible, sufficiently resilient to be used as a stent,
and that it survives the process for eliminatling core member 326, as discussed in
more detail below.

[0851] Intermediate member 324 is a radiopagque material. Further, intermediate
member 324 is a material that is etched more slowly than core member 326 when
exposead {o the selected etchant, as described in more detail below. Accordingly,
intermediate member 324 is more radiopague that cuter member 322 and is etched
mare slowly than core member 326 during the process of eliminating core member
326. Thus, selection of the material for intermediate member 324 depends on the
material of core member 326 and the process selected for removing core member
326. Core member 326 is a sacrificial material that is removed without damaging
outer member 322 and without completely removing intermediate member 324, Ina
non-limiting example, outer member 322 is made of MP35N, intermediate member
324 is made of tantalum, core member 326 is made of molybdenum, and the etching
process o remove core member 320 is exposing core member 326 (o xenon difluoride
gas {XekF;} gas at low pressure {1-6 Torr) and relatively high temperature
{approximately 150° C}. Other examples of material combinations of outer member
322, intermediale member 324, core member 326, and the removal method are
provided below in chart form.

180521 A cross-section of composite wire 320 is shown in FIG. 13, Quter member
322 may have an outer diameter D1 in the range of 0.0017 inch to 0.016 inch and wall
thickness T in the range of 0.0005 {o 0.0025 inch, depending on the application, for
gxample, in what lumen or organ and for what purpose the stent is to be utilized.
intermediate member 124 may have an inner diameter of about 0.0005 to 0.006 inch
and a thickness of in the range of about 0.0001 to about 0.0025 inch. Core member
126 may have a diameter of about 0.0005 to about 0.006 inch. In one non-limiting
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example, core member 320 has a diameter of .001 inch, intermediate member 324
has a wall thickness of .0005 inch, and outer member 322 has a wall thickness of
L0075 inch, resulling in an outer diameter B1 of core wire 320 .0035 inch. The values
listed above are merely examples and other diameters and thicknesses may be used
depending on, for example, the materials used, the desired stent shape, and the
purpose or location of the stent. Further, although the dimensions listed are described
as diametears, other shapes of wire may be utilized and the values listed above can be
converted to outer and inner dimensions.

[0053] Referring back to FIG. 12, step 410 is to shape the composite wire 320 info
the stent pattern. As discussed above, the stent pattern can be the pattern shown in
FIG. 8 or any other suitable pattern formed from a wire. Further, although the order of
all the steps is not critical, step 410 should be done prior o removing core member
326, as explained in more detail below. However, the step of shaping the composite
member 320 into the stent pattern does not have (o include shaping composite
member 320 into the final stent pattern. For example, and not by way of limitation, the
step 410 of shaping the composite mambaer 320 into 2 stent pattern may include only
forming a wavetorm of struts 306 and crowns 308 in composite wire 320, with the step
of helically wrapping the waveform into the final stent patiermn occurring after the core
member 326 has been removed. Shaping composite wire 320 inlo the stent pattern
while core member 326 and intermediate member 324 are disposed within outer
member 322 helps prevent kinking or other deformations from occurring in outer
member 322 or intermediale member 324. Shaping the composite wire 320 into the
stent pattern shown in FIG. 8 generally includes the steps of forming composite wire
320 into a two dimensional waveform pattern followed by wrapping the pattern around
a mandrel, as known o those skilled in the art. The end result is a helical stent pattern
formed onio a mandrel. Selected crowns 308 of the helical patiern may then be fused
together and the stent may be removed from the mandrel.  Step 410 of shaping
composite wire 320 into the stent patlemn can be performed with techniques known (o
those skilled in the art. For example, and not by way of limitation, forming the
composite wire 320 into a two dimensional waveform can be achieved using
technigues described in LS. Application Publication Nos. 2010/0268850 to Hoff ef al.
and 2011/0070358 to Mauch ef a/., and co-pending U.S. Application Serial Nos.
13/191,134 and 13/190,775, filed July 28, 2011, each of which is incorporated in ifs
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entirely by reference herein. Other techniques known (o those skilled in the art could
also be used.

108541  Step 420 shown in FIG. 12 is o provide openings 304 through outer
member 322 and infermediate member 324. Openings 304 may be laser cul, drilled,
giched, or otherwise provided through outer member 322 and intermediate member
324. Openings 304 may also be drilled partially or completely through core member
326 1o provide beller access o core member 326 by the eichant if openings 304 are
provided prior (o the step of removing core member 326, as described in more detail
below. Slep 420 need not be performed after step 410, nor before step 430, although
it is preferred {0 be before step 430, as explained in more detail below. W siep 420 is
performed after step 410, a cross-section of composite wire 320 will include outer
member 322, intermediate member 324, core member 326, and an opening 304, as
shown in FIG. 15, Further, 8 longitudinal cross-section of core wire 320 with opening
304 is shown in FIG. 16.

(00557 Step 430 is to remove core member 326 and portions of intermediate
member 324 from within outer member 322 without adversely affecting outer mambaer
322, such as by chemical etching. Step 430 can be performed by any suitable
process for removing core member 326 and removing portions of intermediate
member 324, while preserving portions of infermediate member 324 and preserving
outer member 322, In parlicular, in the example provided where radiopague
intermediate member 324 remains in the crowns 308 of stent 300, openings 304 may
be provided through outer member 322 and intermediate member 324. In such an
embodiment, the openings 304 may be provided only in the portions of composile wire
320 which will become the struts 306. The compuosite wire 320 is then exposed {6 an
etchant {illustrated schematically by arrows 340 in FIG. 17) that removes core member
326 at a faster rate than the eichant removes intermediate member 324, as aiso
Hustrated schematically in FIG 17. Core wire 320 is exposed o the eichant for
sufficient time to completely eliminate core member 3206 from struts 306 and crowns
308, although core member 326 may remain at ends 314, as described above.
Because infermediate member 324 is removed at a slower rate than core member
326, intermediate member 324 is not removed from areas remote from the exposure
point, openings 304 in this example, because the eichant does not have sufficient
axposure time o eich these areas of intermediate member 324, In particular,
exposing composite wire 320 formed from a cuter member 322 of MP 35N, an
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intermediate member 324 of tantalum, and a core member 326 of molybdenum o
xenon difluoride (Xek») gas at low pressure (1-6 Torr) and relatively high temperature
{approximately 150° C) causes the xenon difluoride (XefF,) to react with the
molybdenum core member 326 at 8 faster rate than the tantalum intermediate member
324. By locating the openings 304 at mid-points of struts 306 and timing the exposure
properly, core member 326 may be removed from the struts 306 and crowns 308, and
intermediate member 324 may be removed from the struis 306, but not the crowns
308. I il is desired that the biologically or pharmacologically active substance 312 be
eluted from the crowns 308 as well as the struts 308, openings 304 can be added (o
crowns 308 after removal of core member 326. Further, by varying the thickness of
the different layers, exposure conditions, and other variables known 1o those skilled in
the arl, the amount and location of intermediate member 324 thal remains can be
controlied. i it is desired that only some of the crowns 308 include radiopaque
intermediate member 324 and other crowns 308 do not include radiopaque
intermediate member, openings 304 can be provided at the crowns 308 where it is
desired that the intermediate mamber 324 be removed prior 1o exposure o the
gtchant. Thus, during removal of the core member 326, intermediate member 324 will
also be removed. Intermediate member 324 may be maintained, for example and not
by way of limitation, in every other crown, in crowns of every other winding, in crowns
only at opposite ends of the stent, or other combinations desired by those of ordinary
skill in the art.

100656]  Although a particular embodiment of an cuter member 322 made from
MP3EN, an intermediate member 324 made from tantalum, a core member 326 made
from molybdenum, and a xenon diffuoride eichant has been described, those skilled in
the art would recognize other combinations of materials and etchants that could he
utilized. For example, and not by way of limitation, the combination of materials and

gichants described in the chart below may be utilized.

Efchant QOuter Member intermediate Core Member
Member
rhenium,
e = , molybdenum,
Xenon-difluoride MP35N tantalum tungsten, and alloys
thereof.

- 19 -




WO 2013/154666 PCT/US2013/025688

Further, other materials and methads for removing core members may used, as
described, for example, in U.S. Application Publication no. 2011/0008405 to Birdsall ef
al. and U.8. Application Publication No. 2011/0070358 to Mauch ef al., each of which
is incorporated by reference herein in ifs entirety.

[00571  Accordingly, after step 430 is completed, outer member 322 remains,
intermediate member 324 has been removed from struts 306 bul remains ai crowns
308, core member 326 has been removed, and lumen 303 is formed in the interior of
outer member 322 and intermediate member 324 where core member 326 and
intermediate member 324 have been removed. This structure shown in partial
longitudinal cross-section in FiG. 18. As noted above, openings 304 do not need to be
formed prior 1o the step of removing core member 326 and partiaily removing
intermediate member 324 as iong as there is a way o expose core member 326 and
intermediate member 324 to the etchant. For example, and not by way of limitation,
temporary ports may for formed through outer member 322 and intermediate member
324 to expose core member 326 and intermediate member 324 1o the eichant,

{00581  After core mamber 326 has been removed and inlermediate member 324
has been partially removed, biclogically or pharmacologically active substance 312
may be injected into lumen 303, as shown in step 440 of FIG. 12, This produces a
hollow wire 302 with outer member 322, radiopagque intermediate member 324 lining
an inside surface of outer member 322 at the crowns 308, biclogically or
pharmacologically active substance 312 filling lumen 303, and openings 304 through
which hiologically or pharmacologically active substance 312 may be eluted, as shown
i FIGS. 8-11. Filling lumen 303 with a biciogically or pharmacologically active
substance may be accomplished by any means known 1o those skilled in the art. For
example, and not by way of limitation, mathods for filling lumens of hollow wires
described in LS. Application Publication No. 2011/0070357 to Mitcheli et al., which is
incorporated by reference herein in its entirety; and co-pending U.S. Application Serial
Nos. 12/884,362; 12/884 451, 12/884,501; 12/884 578; 12/884,596 each filed on
September 17, 2010, and each of which is incorporated by reference hergin in its
entirety.

106591 The biologically or pharmacologically active substance 312 may include, but
is not limited to, the subsiances listed in paragraph [0080] of this specification.

{06601 FIGS 19-33 show an embodiment of a stent 500 and a method of making
sient 500, In particular, stent 500 is formed from a hollow wire 502, wherein the
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hollow wire 502 is formed generally a hollow outer member with a lumen formed within
the outer member. The term “wire” as used herein means an elongated element or
filament or group of elongated elements or filaments and is not limited to a particular
cross-sectional shape or material, unless so specified.

6061}  In the embodiment shown in FIG. 18, hollow wire 502 is formed into a series
of generally sinusoidal waveforms including generally straight segments or struts 508
joined by bent segments or crowns 508 and the waveform is helically wound o form a
generally tubular stent 500. In the embodiment shown in FIG. 19, selected crowns
508 of longitudinally adjacent sinusoids may be joined by, for example, fusion points
510. The invention hereof is not limited {o the pattern shown in FIG. 19, Wire 502 of
stent 500 can be formed into any pattern suitable for use as a stent. For example, and
not by way of limitation, wire B02 of stent 500 can be formed into patterns disciosed in
U.S. Patent No. 4,800,882 to Gianturco, U.5. Patent No. 4,886,062 to Wiklor, U.S.
Patent No. 5,133,732 {o Wiktor, U.S. Patent No. 5,782,903 to Wiktor, UG, Patent No.
6,136,023 to Bovie, and U.&S. Patent No. 5,019,080 to Pinchuk, each of which is
incorporated by reference herein in its entirety. Further, instead of a single length of
wire formed info a stent pattemn, a plurality of wires may be formed into a two-
dimensional waveform and wrapped into individual cylindrical elements. The
cylindrical elements may then be aligned along a common longitudinal axis and joined
to form the stent.

[0062] As shown in FIGS. 20-22, hollow wire 502 of stent 500 includes different
configurations for the struts 506 and the crowns 508. In particular, FIG. 20 shows a
cross-section of wire 502 at struts 506, As can be seen in FIG. 20, wire 302 at sfruts
506 is formed from an outer member 522 with a lumen 503 filled with a biologically or
pharmacologically active substance 512, Similarly, as shown in FIG. 21, wire 502 at
crowns 508 is formed of a hollow outer member 522 having an inner diameter or inner
dimension defined by an inner surface 521 of the outer member 522, a radiopague
core member 524 having an outer diameter or outer dimension smaller than the inner
diameter/dimeansion of the cuter member, and an annular lumen 503 disposed
between an outer surface of radiopague core member 526 and an inner surface of
outer member 522, Lumen 503 is also filled with biologically or pharmacologically
active substance 512, Lumens 503, 503 are in fluid communication with each other
such that there is a continuous lumen from strut {o adjacent crown to adjacent strut, as

shown in the longitudinal cross-section of a portion of stent 500 shown in FIG. 22.
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FIG. 22 shows a longitudinal cross-section showing a portion of stent 500 including a
strut 506, a crown 508, and a second strut 506", wherein a first end of crown 508 is
attached to an end of strut 506 and a second end of crown 508 is attached to an end
second strut 506°. In the embodiment shown, the attachment described is not an
attachment of separate paris because wire 502 is continuous. However, stent 500 is
not limited o a continuous wire stent. For example, and not by way of limitation, wires
could be placed end o end, altached together, and then formed into stent 500 as
described below. As shown in FIG. 22, radiopague core member 526 is disposed
within the interior of outer member 522 in the region of the crowns 508, The length of
radiopagque core member 526 may be varied such that radiopaque core member 526
axtends within outer member 522 for the entire crown 508, a portion of crown 508, or
all of crown 508 and a portion of struts 506 adjoining crown 508, as described in more
detail below. Radiopague core member 526 should extend along crown 508 for at
least a sufficient length such the radiopagque core member 526 is visible under
fiuoroscopic equipment. Every crown 508 of stent 500 may include radiopaque core
member 526 or only some crowns 508 may include radiopague intermediate member
526. Some options of how to select whether or not some crowns 508 include or do not
include radiopague intermediate member will be described below when describing the
method of forming stent 500. Radiopague core member 526 allows crowns 508 of
stent 500 to be visible under X-ray or flucroscopic imaging equipment when outer
member 522, described below, is made of a material that has a radiopacity such that it
has poor visibility or is difficult fo visualize under X-ray or flugroscopic imaging
gquipment. Thus, radiopague core member 526 is more radiopaque than cuter
member 522. The term “radiopaque’ refers o the ability of a substance to absorb X-
rays. Few substances will transmit 100% of X-rays and few substances will absorb
100% of X-rays. For the purposes of this disclosure, radiopague will refer {0 those
substances or materials which have suitable visibility for stent procedures when being
imaged by an X-ray imaging device such as but not limited to a fluoroscope.

106631 Lumens 503, 503" allow for a biclogically or pharmacologically active
substance 512 to be deposited therewithin, Although hollow wire 502 is shown as
generally having a circular cross-section, hollow wire 502 may be generally elliptical or
rectangular in cross-section. Hollow wire 5302 further includes cuts or openings 504
dispersed along its length to provide access to lumen 503 to permit biclogically or
pharmacologically aclive substance 512 © be released from lumen 503, 503",
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Openings 504 may be disposed only on struts 506 of stent 500, only on crowns 508 of
stent 500, or both struts 506 and crowns 508. Openings 504 may be sized and
shaped as desired {0 control the elution rate of biologically or pharmacologically aclive
substance 512 from stent 500. Larger sized openings 504 generally permit a faster
elution rate and smaller sized openings 504 generally provide a slower elution rate.
Further, the size and/or quantity of openings 504 may be varied along stent 500 in
order to vary the quantity and/or rate of biologically or pharmacologically active
substance 512 being eluted from stent 500 at different portions of stent 500.
Openings 504 may be, for example and not by way of limitation, 5-30 um in diameter.
Openings 504 may be provided on an outwardly facing or abluminal surface 516 of
stent 500, as shown in FIG. 19, or on the inwardly facing or luminal surface 518 of
stent 500, or may be provided anywhere along the circumference of wire 502.
Openings 504 may have a constant diameter through the depth or have a tapered or
conical shape.

(60641 Ends 514 of wire 502 may be closed. Ends 514 may be closed by crimping
axcess material of wire 502 1o close lumen 503. Ends 514 may also be closed by not
removing intermediate member 524 and core member 526, described in more detail
below, from the ends 514, Closing ends 514 prevents biologically or
pharmacologically active substance 512 from prematurely releasing from ends 514,
However, closing ends 514 is not required as substance 512 may be dried, provided
within a polymer matrix, enclosed within a liner (not shown), or otherwise protected
from premature release from ends 514. Further, ends 514 may be welded, crimped or
otherwise connecied o other portions of wire 502 such that the ends 514 are not free
ends. Ends 514 may alternatively be provided as free ends.

10665] FIGS. 23-33 show a method for forming a hollow wire stent in accordance
with an embodiment hereof. As shown in FIG. 23, step 600 is to utilize a composite
wire 520 having an outer member 522, an intermeadiate member 524, and a
radiopagque core member 526. Such a composiie member 520 may be the same as
composite member 120 shown in FIG. 4, simply replacing reference numerals 120,
122, 124, and 126 with reference numerals 520, 522, 524, and 526. Thus, FiG. 4 is
not repeated here. A cross-saction of such a composite member 520 is shown in FiG.
24, Composite wire 520 may be formed by any method known in the art, for example
and not by way of limitation, a co-drawing process, exirusion, cladding, or any other
suifable method. Compaosite wire 520 may be formed by methods of forming
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composite wires known {o those skilled in the art. Examples of composite wires and
methods of forming composite wires can be found in U.S. Patent No. 5,630,840 to
Mayer, U.S. Patent No. 6,248,180 to Stinson, U.S. Patent No. 6,497,708 to Heath, and
U.S. Patent No. 7,101,382 to Heath, each of which is incorporated by reference herein
in its entirety.

00661 Outer member 522 may be any material that is suilable to be used as a
stent, provided that it survives the process of removing intermediate member 524 and
portions of core member 528, as described in more detail below. For example and not
by way of limitation, outer membaer 522 may be a stainless steel, cobalt- chromium
alloys, nickel-titanium alloys such as Nitinol, magnesium, or combinations thereof. The
term “cobalt-chromium” alioys as used herein includes alloys with cobalt and
chromium. Generally, materials such as, but not limited to, cobait-nickel-chromium
alloys ("MP35N" and "MP20N") and chromium-nickel-tungsten-cobait alloys ("LB0S”)
and cobalt-chromium-nickel-maolybdenum alloys ("ELGILOY") are the types of
materials included in the term “cobalt-chromium ailoys” as used herein. The
reguirements for the material of outer member 522 are that it be biccompatible,
sufficiently resilient to be used as a stent, and that it survives the process for
gliminating intermediate member 524 and portions of core member 528, as discussed
in more detail below.

10667] Intermediate member 524 is a sacrificial material that is removed by a
process that does not affect outer member 522 or core member 526, Intermediale
member 524 has an outer diameter that is approximately equal 1o the inner diameter
of holiow outer member 522. By “approximately equal” it is meant that the outer
surface of intermediate member 524 is in contact with the inner surface of outer
member 522. Core member 526 is a radiopague material that is partially removed
without damaging cuter member 522. Core member 526 is more radiopague than
outer member 522. The selection of materials for outer member 522, intermediate
member 524, and radiopague core member 526 depends on the processes selected
for partiaily removing the core member 526 and removing the intermediate meamber
524, as will be described in more detail below.

[6068] A cross-section of composite wire 520 is shown in FIG. 24, Outer member
522 may have an outer diameter D1 in the range of 0.0017 inch to 0.0186 inch and wall
thickness T in the range of 0.0005 {o 0.0025 inch, depending on the application, for

example, in whal lumen or organ and for what purpoese the stent is {0 be utilized.
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intermediate member 124 may have an inner diameter of about 0.0005 to 0.006 inch
and a thickness of in the range of about 0.0001 to about 0.0025 inch. Core member
126 may have a diameter of about 0.0005 to about 0.0086 inch. In one non-limiting
gxample, core member 526 has a diameter of .001 inch, intermediate member 524
has a wall thickness of .0005 inch, and ouler member 522 has a wall thickness of
00075 inch, resulting in an outer diameter D1 of core wire 520 0035 inch. The values
listed above are merely examples and other diameters and thicknesses may be used
depending on, for example, the materials used, the desired stent shape, and the
purpose or location of the stent. Further, although the composite wire has been
shown and described as generally circular and dimensions have been referred to as
inner and outer diameters, composite wire need not be circular and the inner and outer
diameters may be referred (o as inner and outer dimensions.

10069] Referring back to FIG. 23, step 610 is to shape the composite wire 520 info
the sient pattern. As discussed above, the stent pattern can be the pattern shown in
FIG. 19 or any other suitable patiemn formed from a wire. Further, although the order
of all the steps is not critical, step 610 should be done prior 1o removing core member
526, as explained in more detall below. However, the step of shaping the composite
member 520 into the stent pattern does not have (o include shaping compuosite
member 520 into the final stent pattern. For example, and not by way of limitation, the
step 610 of shaping the composite mambaer 520 into 2 stent pattern may include only
forming a waveform of struts 506 and crowns 508 in composite wire 520, with the step
of helically wrapping the waveform into the final stent patiern occurring after the core
member 526 has been partially removed. Shaping composite wire 520 into the stent
pattern while core member 526 and intermediate member 524 are disposed within
outer mamber 522 helps prevent kinking or other deformations from occurring in outer
member 522. Shaping the composite wire 520 into the stent patiern shown in FIG. 19
generally includes the steps of forming composite wire 520 info a two dimensional
waveform patiern followed by wrapping the pattern arcund a mandrel, as known {o
those skilled in the art. The end resull is a helical stent patiern formed onto a mandrel.
Selected crowns 508 of the helical pattern may then be fused together and the stent
may be removed from the mandrel. Slep 610 of shaping composite wire 520 into the
stent pattern can be performed with technigues known 1o those skilled in the art. For
axample, and not by way of limitation, forming the composite wire 520 into a two

dimensional waveform can be achieved using techniques described in U.S.
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Application Publication Nos. 2010/0269850 to Hoff ef /. and 2011/0070358 to Mauch
ef al., and co-pending U.S. Application Serial Nos. 13/191,134 and 13/180,775, filed
July 26, 2011, each of which is incorporated in ils entirety by reference herein. Other
techniques known to those skilled in the art could also be used.

[00701 Step 820 shown in FIG. 23 is to provide openings 504 through outer
member 522 and inlermediate member 524. Openings 504 may be laser cut, drilled,
atched, or otherwise provided through outer member 522 and intermediate member
524. Openings 504 may aiso be drilled partially or completely through core member
528 to provide better access to core member 526 by the etchant if openings 504 are
provided prior to the step of partially removing core member 526, as described in more
detail below. Step 620 need not be performed after step 610, nor before step 630,
although it is preferred o be before step 630, as explained in more detail below.
Further, openings 504 are preferably formed only in the strut regions 508 of stent 500
prior to step 630 such that core member 528 is not removed from crowns 508 during
step 630. Hsiep 620 is performed after step 610, a cross-section of composite wire
520 at the locations of openings 504 at struts 506 will include outer member 522,
intermediale member 524, core member 526, and an opening 504, as shown in FIG.
25, Further, a cross-section after step 620 at crowns 508 will include outer member
522, intermediate member 524, and core member 526, without openings 504, as
shown in FIG. 26.

[0871]  Step 630 is to partially remove core member 528 from within outer member
522 without adversely affecting outer member 522, such as by chemical etching. Step
830 can be performed by any suitable process for partially removing core member 526
while preserving outer member 522. In particular, in an example where outer member
522 is made from MP35N, intermediate member 524 i3 magnesium, zing, copper,
silver, and radiopague core member 526 is made from tantalum, core member 526
may be partially removed by exposing core wire 520 to xenon difiuoride (XeF,) gas at
low pressure {1-6 Torr) and relatively high temperature (approximately 150° C},
causing the xenon diffuonide (Xek;) to react with the tantalum core member 526 to
form Taks and Xe gases, which can be exhausted from lumen 503. By locating the
openings 504 at mid-points of struts 506 and timing the exposure properly, core
member 526 may be removed from the struts 506, but not from crowns 508, as
axplained, for example, in U.S. Patent Application No. 12/884,343 filed September 17,
2010, FIG. 27 shows schematically a portion of a strut 506 being exposed 1o xenon
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diftuoride (XekF2) gas {(shown schematically as arrows 540} to etch away core member
526. Upon completion of step 630, & cross-section of core wire 520 at an opening 504
through a strut region 506 of stent 500 is shown in FIG. 28, showing ouler member
522, intermediate member 524, lumen 503, and opening 504. After step 630 a similar
cross-section shown in FIG. 29 taken through a crown region 508 still includes outer
member 522, intermediale member 524, and core member 526. FIG. 30 shows a
longitudinal cross-section through a portion of shaped core wire 520 including a strut
500, crown 508, and a second strut 506" after step 630. As can be seen in FIG. 30,
the strut regions 506 include outer member 522 and intermediate member 524, while
the crown region 508 includes outer member 522, intermediate member 524, and core
member 526.

[0872] Referring back to FIG. 23, step 640 is to remove intermediate member 526
without damaging outer member 522 or the remaining portion of core member 526,
For example, and not by way of limitation, intermediate member 524 may be removed
by a wet efching process, such as nitric acid. In the example provided above, where
outer member 522 is made from MP3SN, intermediate member 524 is made from
copper, , and core member 526 is made from tantalum, a selective wel eich of nitric
acid can be used 0 remove intermediate member 524, Upon completion of step 840,
a cross-section of core wire 520 at an opening 504 through a strut region 506 of stent
500 is shown in FIG. 31, showing that intermediate member 524 has been removed,
thus leaving outer member 522, lumen 503, and opening 504. After step 640 a similar
cross-section shown in FIG. 32 taken through a crown region 508 also shows
intermediate member 524 remaoved, leaving outer member 522, core member 526,
and annular iumen 503 disposed between core member 526 and outer member 522.
FIG. 33 shows a longitudinal cross-section through a portion of shaped core wire 520
including a strut 506, crown 508, and a second sirut 506° after step 640. As can be
seen in FIG. 33, the strut regions 506, 506" include outer member 522 and lumean 503,
while the crown region 508 includes outer member 522, core member 526, and
annular lumen 503 disposed beatween an outer surface of core member 526 and an
inner surface of cuter member 522. As alsc can be seen in FIG. 33, lumen 503 and
annular lumen 503 are in fluid communication with each other.

(80731  Although a particular embodiment of an outer member 522 made from

MP 35N, an intermediate member 524 made from copper, a radiopaque core member
526 made from tantalum, xenon difiuoride as the elchant to partially remove
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radiopaque core member 526, and a wel etch of nitric acid to elch remove

intermediate member 524 has been described, those skilled in the arf would recognize

other combinations of malerials and etchants that could be ulilized. For example, and

not by way of imitation, the combination of materials and eichants described in the

chart below may be utilized.

Cuter intermediate Entia:;;’}es;?te Core Core Member
Member Member Etchant Member Eichant
cobalt-
chromium Hydrochloric
alloys . acid, most
(MP35N, Magnesium acids, salt
MPZON, LB05, water solution
ELGILOY)
Cobalt-
chromium
alloys Zinc Hydrochloric,
{(MP35N, Nitric acid Tantalum,
MPZ0N, L0S, tungsten,
ELGILOY) rmolybdenum, . .
o xenon-difiuoride
Cohalt- niohium,
chromium rhenium, Ta-
?F‘ij?%y%?\i, Copper, silver Nitric acid 2.5W
MPZ20ON, LB05,
ELGILOY)
Cobalt-
chromium Potassium
allows Gold friiodide,
{(MP35N, cyanide
MFPZ0N, LB0S5, solutions
ELGILOY)
cobalt- Tantalum, Gold
chromium tungsten, .
molybdenum, Potassium
alloys 2 Xenon- RO .
; niobium, s triicdide, cyanide
(MP35N, rhenium, carbon difluoride solutions
MPZ0ON, LB05, germani;}m ’
ELGILOY) | Giicon Ta-2.5W

Further, other materials and methods for removing core members may used, as
described, for example, in U.S. Application Publication no. 2011/0008405 to Birdsall ef
al. and U.S. Application Publication No. 201 1/0070358 to Mauch ef af., each of which

is incorporated by reference herein in its entirety.
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[0074] Accordingly, after step 640 is completed, outer member 522 remains,
intermediate member 524 has been removed, and core member has been removed
from struts 500 but remains al crowns 508, leaving the siructure shown in partial
longitudinal cross-section in FiG. 33. As noted above, openings 504 do not need to be
formed prior o the step of partially removing core member 526 and removing
intermediate member 524 as iong as there is a way {0 expose core member 526 and
intermediate member 524 {o the eichants. For example, and not by way of limitation,
temporary ports may be formed through outer member 522 and intermediate member
524 1o expose them 1o the efchants. Further, although it is explained above that in
step 630 of partially removing core member 526 openings 504 are disposed only in
strut regions 506, this does not mean that openings cannot be formed in crowns 508
if it is desired that the biologically or pharmacologically active substance 512 be eluted
from the crowns 508 as well as the struts 506, openings 504 can be added o crowns
508 after partial removal of core member 526, or openings 504 can be formed prior o
partial removal of core member 526 and the openings 504 can be masked off during
axposure 1o the elchant so as not 1o remove core member 526 from the crowns 508,
Further, although it has been disclosed thal radiopague core member 526 is removed
from strut regions 506 and remains in crown regions 508, core member 526 does not
need o remain at every crown 508. For example, and not by way of limitation, core
member may remain only in every other crown, in ong crown per winding, in all crowns
for every other winding, in crowns at each end or only one end of the stent, or other
combinations desired by those skilled in the art based upon the feachings of this
disclosure. Some such methods and combinations are explained in U.8S. Application
No. 12/884 343 filed September 17, 2010, which is incorporated by reference herein in
its entirety.

[0075]  After core member 526 has been partially removed and intermediate
member 524 has been removead, biclogically or pharmacoiogically active substance
512 may be injected into lumen 503, 503, as shown in step 650 of FiG. 23. This
produces a hollow wire 502 with cuter member 522, radiopaque core member 526 at
crowns 508, biologically or pharmacologically active substance 512 filling lumen 503 in
struts 506 and lumen 5037 at crowns 508, and openings 504 through which biologically
or pharmacologically aclive substance 512 may be eluted, as shown in FIGS. 20-22.
Fiiling lumen 503, 503 with a biologically or pharmacologically active substance may
be accomplished by any means known o those skiiled in the art. For example, and
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not by way of limitation, methods for filling lumens of hollow wires described in U.S.
Application Publication No. 2011/0070357 o Mitchell et al., which is incorporated by
reference herein in its entirety; and co-pending U 8. Application Serial Nos.
12/884,362; 12/884,451; 12/884 501, 12/884,578; 12/884,506 each filed on September
17, 2010, and each of which is incorporated by reference herein in its entirety.

80761 The biclogically or pharmacologically active substance 512 may include, but
is not fimited to, the substances listed in paragraph [0080] of this specification.

{60771 Those of ordinary skill in the art would recognize that the methods described
with respect FIGS. 12 and 23 o make the stents shown and described with respecito
FIGS. 8-11 and 18-22, respectively, may be reversed/modified such that the method of
FIG. 12 can produce the stent of FIGS. 18-22 and the method of FIG. 23 can produce
the stent of FIGS. 8-11. For example, relying on the method of FIG. 12, the
intermediate member may be selected 1o stch faster than a radiopaque core member.
Thus, when exposed (o an eichant, such as xenon diftuoride, the exposure can be
timed such that the intermediate member is completely removed and the radiopague
core member is removed from the struts, but not the crowns. After filling the lumen
with a biclogically or pharmacologically active substance, the method results in the
stent shown and described with respect to FIGS. 18-22. Similarly, the method
described with respect to FIG. 23 can be used to produce the stent described with
respect o FIGS. 8-11. In particular, a dry elch such as xenon difluoride gas can be
used o remove the core member, and a wet etch can subsequently be used to
remove radiopague intermediate member from the strut regions and not remove
radiopaque intermediate member from the crown regions. After filling the lumen with a
biologically or pharmacologically active substance, the method results in the stent
shown and described with respect to FIGS. 8-11. Those skilled in the art would be
capable of making the necessary adjustments in the methods, such as bul not limited
to materials used and timing of the steps, 1o produce the desired stent.

86781 The biologically or pharmacologically active substance 112, 312, 512 may
include, but are not limited to, bivlogoicantineoplastic, antimitotic, antiinflammatory,
antiplatelet, anticoagulani, antifibrin, antithrombin, antiproliferative, antibiotic,
antioxidant, and antiallergic substances as well as combinations thereof. Examples of
such antineoplastics and/or antimitotics include paclitaxel {g.g., TAXOL® by Bristol-
Myers Squibb Co., Stamford, Conn.}, docetaxel (e.g., Taxotera® from Aventis 5. A,

Frankfurt, Germany}, methotrexate, azathiopring, vincristine, vinblastine, fluorouracil,
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doxorubicin hydrochioride {e.g., Adriamycin® from Pharmacia & Upjohn, Peapack
N.d.}, and mitomyein {e.g., Mutamycin® from Bristol-Myers Squibb Co., Stamford,
Conn.). Examples of such antiplatelets, anticoagulants, antifibrin, and antithrombins
include sodium heparin, low molecular weight heparins, heparinoids, hirudin,
argatroban, forskolin, vapiprost, prostacyclin and prostacyclin analogues, dextran, DB-
phe-pro-arg-chloromethyiketone (synthetic antithrombin), dipyridamole, glycoprotein
Ho/lila platelet mambrane receplor antagonist antibody, recombinant hirudin, and
thrombin inhibitors such as Angiomax™ {(Biogen, inc., Cambridge, Mass.). Examples
of such cytostalic or antiproliferative agents include ABT-578 (a synthetic analog of
rapamycing, rapamycin {(sirolimus), zotarolimus, everolimus, angiopeptin, angiotensin
converting enzyme inhibitors such as captopril {e.g., Capoten® and Capozide® from
Bristol-Myers Squibb Co., Stamiord, Conn.}, cilazapril or lisinopril (e.g., Prinivil® and
Prinzide® from Merck & Co., Inc., Whitehouse Station, N J.), calcium channel blockers
(such as nifedipine}, colchicing, fibrobiast growth factor (FGF) antagonists, fish oil
{omega 3-fatty acid), histamine antagonists, lovastatin {an inhibitor of HMG-CoA
reductase, a cholesterol lowering drug, brand name Mevacor® from Merck & Co,, Inc.,
Whitehouse Station, N.J.}, monoclonal antibodies (such as those specific for Platelet-
Derived Growth Factor (PDGF) receplors), nitroprusside, phosphodiesterase
inhibitors, prostaglandin inhibitors, suramin, serotonin biockers, steroids, thioprotease
inhibitors, triazoiopyrimidine {a PDGF antagonist), and nitric oxide. An example of an
antiallergic agent is permirolast potassium. Other biciogically or pharmacologically
active substances or agents that may be used include nitric oxide, alpha-interferon,
genetically engineered epithelial cells, and dexamethasone. In other examples, the
biologically or pharmacologically active substance is a radigactive isotope for
implantable device usage in radictherapeutic procedures. Examples of radivactive
isotopes include, but are not limited to, phosphorus (P*), palladium (Pd'®), cesium
(Cs™N, Iridium (1'%%) and lodine (1'%%). While the preventative and treatment properties
of the foregoing biologically or pharmacologically active substances are well-known to
those of ordinary skill in the art, the biclogicaily or pharmacologicaily active
substances are provided by way of exampie and are not meant to be limiting. Other
biologically or pharmacologically active substances are equally applicable for use with
the disclosed methods and compositions.

106791  Further, a carrier may be used with the biologically or pharmacologically

active subsiance. Examples of suitable carriers include, but are not limited to, ethanol,
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acetone, tetrahydrofuran, dymethyisulfoxide, a combination thereof, or other suitable
carriers known 1o those skilled in the art. Still further, a surfactant may be formulated
with the biclogically or pharmacologically aclive substance and the solvent to aid
elution of the biologically or pharmacologically active substance.

(00807 Stents 100, 300, 500 may be used conventionally in blood vessels of the
body to support such a vessel after an angioplasty procedure. I is known that certain
biologically or pharmacologically active substances eluted from stents may prevent
restenosis or other complications associated with angioplasty or stents. Slents 100,
300, 500 may allernatively be used in other organs or tissues of the body for delivery
of biologically or pharmacologically active substance o treat tumors, inflammation,
nervous conditions, or other conditions that would be apparent to those skilled in the
art.

60817  While various embodiments of the present invention have begen described
above, it should be understond that they have been presented by way of Hiustration
and example only, and not limitation. 1t will be apparent io persons skilled in the
relevant art that various changes in form and detail can be made therein without
departing from the spirit and scope of the invention. Thus, the breadth and scope of
the present invention should not be limited by any of the above-described exemplary
embodiments, but should be defined only in accordance with the appended claims and
their equivaients. it will also be understood that gach feature of each embuodiment
discussed herein, and of each reference cited herein, can be used in combination with
the features of any other embodiment. Furthermore, there is no intention 1o be bound
by any expressed or implied theory presented in the preceding technical field,
background, brief summary or the detailed description. All patents and publications

discussed herein arg incorporated by reference herein in their entirety.



WO 2013/154666 PCT/US2013/025688

CLAIMS
What is claimed is:

1. A steni comprising:
a wire formed into stent pattern, wherein the wire includes,

an outer member having an outer member outer surface and an
outer member inner surface, the outer member inner surface
defining an cuter member inner dimension,

a radiopague core member disposed within at least a portion of
the outer member, the radiopague core member having a
radiopague core member outer surface defining a radiopaque
core member ouler dimension, wherein the radiopague core
member outer dimension is smaller than the outer member
nner dimension,

an annular lumen defined between the outer member inner
surface and the radiopagque core member outer surface,

a biciogically or pharmaceiogically aclive substance disposed in
the annular lumen, and

at least one opening disposed through the outer member.

2. The stent of claim 1, wherein the radiopague core member comprises a
plurality of radiopague core members separated by lumens defined by the outer
member inner surface, and wherein the lumens arg in fluid communication with the

annular lumens defined belween the radiopaque core members and outer member.

3. The sient of claim 2, wherein the stent pattern comprises a waveform of

struts connected by crowns helically wrapped into a tube.

4. The stent of claim 3, wherein the plurality of radiopague core members are

disposed only in the crowns of the waveform.

5. The stent of claim 3, wherein the plurality of radiopagque core members are

disposed in the crowns and portions of the struts of the waveform.



WO 2013/154666 PCT/US2013/025688

6. The stent of claim 1, wherein the outer member is formed from a maierial
selected from the group consisting of stainless steel, nickel-titanium alloys, and coball-

chromium alloys.

7. The stent of claim 1, wherein the radiopague core member is formed from a
material selected from the group consisting of tantalum, tungsten, molybdenum,

nibium, rhenium, and tantalum-tungsten alloys..

8. The stent of claim 1, wherein the biologically or pharmacologically active
substance is selected from the group consisting of antineoplastic, antimilolic,
antiinflammatory, antiplatelet, anticoagulant, anti fibrin, antithrombin, antiproliferative,

antibiotic, antioxidant, and antiallergic substances as well as combinations thereof.

9. A method of forming a stent comprising the steps of:

shaping a composite wire into a stent pattern, wherein the composite wire
comprises an outer membaer, an intermeadiate membaer, and a radiopaqgque core
member, wherein the intermediate member is disposed between the outer member
and the core mamber;

processing the composite wire such that the core member is removed from
portions of the core wire without adversely affecting the outer member;

processing the composite wire such thal the intermediale member is removed,
thereby leaving the outer member and lumens defined by an outer member inner
surface in portions where the radiopagque core member is removed, and the outer
member, radiopaque core member, and annular lumens defined between a
radiopague core member outer surface and the oculer member in surface in areas
where the radiopague core member is not removed;

filling at least a portion of the lumens and the annular lumens with a biclogically
or pharmacologically aclive substance; and

providing openings through the outer member.

10. The method of claim 8, wherein the step of processing the composite wire
such that portions of the radiopagque core member are removed comprises a dry eteh
and is performed before the step of processing the composite wire such that the

intermediate member is removed which comprises a wet efch.
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11. The method of claim @, wherein the step of processing the composite wire
such that portions of the radiopague core member and the step of processing the
composite wire such that intermediate member is removed are performed
simultaneocusly by a process that removes the intermediate member at & rate faster
than the process removes the radiopague core member,

12. The method of claim 8, wherein the step of shaping the composite wire into
a stent form includes shaping the compuosiie wire into a waveiorm including struts
connected by crowns, and wherein the step of processing the composite wire o
ramove portions of the radiopague core member comprises removing the radiopaque

core membaer from only the struts of the waveform.

13. The method of claim 8, wherein the step of shaping the composite wire into
a stent form includes shaping the composiie wire into a waveform including struts
connected by crowns, and wherein the step of processing the composite wire 1o
remove portions of the radiopaque core member comprises removing the radiopague
core member from the struis of the waveform and portions of the crowns of the

waveform.

14. The method of claim 8, wherein the biologically or pharmacologically aclive
substance is selected from the group consisting of antingoplastic, antimitotic,
antiinflammatory, antiplatelet, anticoagulant, anti fibrin, antithrombin, antiproliferative,

antibiotic, antioxidant, and antiallergic substances as well as combinations thereof.

15. The method of claim 8, wherein the step of providing openings through the
outer member comprises laser drilling openings through the outer membaer and the

intermediate member.

16. The method of claim 8, wherein the step of providing openings through the
outer member occurs before the step of processing the composite wire to remove
portions of the core member.
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17. The method of claim 9, wherein the outer member comprises a cobait-
chromium alloy, the intermediate member comprises a material selected from the
group consisting of magnesium, zinc, copper, silver, and gold, the radiopaque core
member is selected from the group consisting of tantalum, tungsten, molybdenum,
nibium, rhenium, and tantalum-tungsten alioys, the step of removing portions of the
radiopague core member comprises exposing the core member (o xenon-difluoride,

and the step of removing the intermediate member comprises a selactive wel elch.

18. The method of ¢claim 17, wherein the intermediate member comprises
magnesium, and the selective wet etch selected from the group consisting of

hydrochioric acid, acids that efch magnesium, and salt water solution.

19. The method of claim 17, wherein the intermediate member comprises zing,
and the selective wel elch comprises hydrochioric or nitric acid

2. The method of claim 17, wherein the intermediate member comprises
copper or silver, and the selective wet etch comprises nitric acid.

21. The method of claim 17, wherein the intermediate member comprises gold,
and the selective wet etch comprises potassium triiodide or cyanide solutions.

22. The method of claim 8, wherein the outer member comprises a cobalt-
chromium alloy, the intermediate member comprises a material selected from the
group consisting of tantalum, tungsten, molybdenum, niobium, rhenium, carbon,
germanium, siticon, and tantalum-tungsten alloys, the radiopaque core member
comprises gold, the step of removing portions of the radiopague core member
comprises exposing the core member (o potassium triiodide or cyanide solutions, and
the step of removing the inlermediate member comprises exposing the intermediate

member o xenon-difluoride.



WO 2013/154666 PCT/US2013/025688

102




WO 2013/154666 PCT/US2013/025688

/14

Utilize composite wire with an outer member, a
radiopaque intermediate member, and a core
member

. 200

y

Shape composife wire into stent pattern

>~ 210

y

Provide openings through wall of outer
member

N 220

4

Process shaped composite wire to remove core
member without adversely affecting outer
member or intermediate member

230

y

Fill lumen of outer/intermediate member where
core member was removed with biologically or
pharmacologically active substance

T~ 240

FIG. 3

FIG. 4



PCT/US2013/025688

WO 2013/154666

=
&

e ey

PO p—
~

A
3

i

.Q
\R«
&
Lo
ot




WO 2013/154666 PCT/US2013/025688

/14

R

<y i \,e’
30 e

FIG. 8

FIG. 8 FiG, 10



WO 2013/154666 PCT/US2013/025688

5/14

304 322

.gff{ff’f7///fz17??

304

LTI T

322 // /
FIG. 11

312 306°



WO 2013/154666 PCT/US2013/025688

Utilize a composite wire with an outer member,
a radiopaque intermediate member, and a core
member

y

Shape composite wire mto stent pattern

>~ 410

y

Provide openings through wall of outer
member

N 420

y

Process shaped composite wire to remove the
core member while maintaining the
intermediate member in portions of the shaped
wire, such as the crowns, and without adversely
affecting the outer member

4 430

A

Fill lumen of outer/intermediate member where
core/intermediate member was removed with
biologically or pharmacologically active

T~ 440
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Utilize a composite wire with an outer member,
an intermediate member, and a radiopaque core
member

N~ 600

A

Shape composite wire into stent pattern

L — 610

4

Provide openings through wall of outer member
and ntermediate member

620

Process shaped composite wire to remove the
core member from struts while maintaining the
radiopaque core in crowns without adversely
affecting the outer member or the intermediate
member

— 630

Process shaped composite wire to remove the
intermediate member without adversely affecting
the outer member or the remaining portion of the
core member

640

A\

Fill lumen of outer member where both the core
and mtermediate members were removed (struts)
and the lumen between the inner member and
core member where only the intermediate was
removed {crowns) with biologically or
pharmacologically active substance

650
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