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METHOD OF FORMING A NITINOL STENT

FIELD OF THE INVENTION
[6001] The present invention relates o methods of making stents, and in

particular, to methods of making stents from nitinol wires.

BACKGROUND OF THE INVENTION

{06021 Drug-eluting implantable medical devices have become popular in
recent times for their ability to perform their primary function {such as siructural
support} and their ability to medically treat the area in which they are implanted.
Further, stents made from shape memory malerials, particularly nitinol, have
become popular.

[B003] Stents formed from nitinol include many characteristics desirable in an
gffective stent. Nitinol s a nickeltitanium alloy generally containing
approximately 55-56% nickel and 44-45% titanium. Nitinol was developed by the
Naval Ordinance Laboratory and receives its name from its component parts and
the Naval Ordinance Laboratory (Nickel/Titanium/Naval Ordinance Laboratory).
Specifically, stents formed from nitinol, with or without special coatings, have
been found o be chemically and biologically inert and to inhibit thrombus
formation. Nitinol, under certain conditions, is also superelasiic, which allows itio
withstand extensive deformation and still resume its original shape. Furthermore,
nitinol possesses shape memory, i.e., the metal “remembers” a specific shape
fixed during a particular heat treatment and can resort {o that shape under proper
conditions.

{00041 The superelasticity of nitinol and its shape memory characteristics
makes it possible to fabricate a stent having the desired shape and dimensions.
Once formed, the stent can be temporarily deformed into a much narrower shape
for insertion into the body. Once in place, the stent can be made {0 resume its
desired shape and dimensions. Certain alloys of nickel and titanium can be made
which are plastic al temperatures below about 30°C and are elastic at body
temperatures above 35°C. Such alioys are widely used for the production of
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stents for medical use since these nitino! stents are able 1o resume their desired shape
at normal body temperature without the need to artificially heat the stent

108051 Vhile using nitinol for stents is desirable, nitinol material presenis some
difficulties in the formation of the stent itself. Nitinol materials in either the cold worked
or heat-treated state can be easily sheared or stamped, but they are difficult to form o
an accurate geomeiry, whether by forming wire shapes or die pressing. Thus, many
nitinol stents are formed from a nitinol ibe that is laser cut o the shape of a stent,
sometimes also known as a twbular slotted stent. However, many stents are formed
by manipulating a wire into a desired stent shape. When forming such a stent from a
nitinol wire, complicated or specific design fixtures are required to hold the nitinol wire
in the desired pattern throughout the heat setling, or heat treatment, process cycle.
Typical process sieps when forming a nitinol wire {0 be used as a sient include:
conforming the nitingl wire o the geometry of the fixture; placing the nitinol wire and
fixture into a “furmnace” or other heating device for a sel temperature and duralion;
removing the nitinol wire and fixture from the heating device and quenching (flash
cooling); and removing the nitinol wire from the fixture. Custorm fidures may be
required for each particular stent design. |t is also often difficult 1o generaie a cost
effective fixture for simple and complicated stent pafterns.  Simpler wire forming
methods available for sients made from other materials, where controlied plastic
deformation of the wire into the desired shape sllows for the wire o hold its shape
through further processing, are generally not available for use with nitinol wires. For
example, and not by way of limitation, methods and devices for creating waveforms in
a wirg described in U.S. Application Publication Nos. 2010/0269950 to Hoff ef al. and
2011/0070358 to Mauch ef al, and co-pending U.S. Application Serial Nos.
13/191,134 and 13/190,775, filed July 26, 2011, may not effectively be used to form
nitinol wire stenis.

[0008] Thus, there is a need for an improved method for forming a stent from a
nitinol wire, and in particular, and improved method of forming a stent with a hollow

nitinol wire.
SUMMARY OF INVENTION

{06071 Embodiments hereof relate 1o a method of forming a nitinol hollow wire stent.

A composile wire including a core member, an intermediate nitinol member, and an

P
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outer member is shaped into a stent patiemn. The outer member of the composite wire
holds the intermediate nitinol member in the stent patlern until 8 heat reatment step is
applied. The composite wire is heat treated (o set the stent paltern into the
intermediate nitinol member of the composite wire. The composite wire is then
processed such that the outer member is removed from around the intermediate
member without adversely affecting the intermediate member, such as by chemical
etching. Openings may be provided through the intermediate member {0 a lumen of
the intermediate member, or o the core member of the composite wire. The
composite wire may also be processed o remove the core member from the lumen of
the intermediate member without adversely affecting the intermediate member, and
the lumen may be filled with a biologically or pharmacologically active substance.

{08081 LEmbodiments hereof also relate to a method of forming a stent with a solid
nitinol wire. A composite wire including a solid nitinol inner member and an ouler
member is shaped into a stent pattern. The outer member of the composite wire holds
the inner nitingl member in the stent pattern until the heat treatment step is completed.
The composite wire is heat treated 0 set the nitinol inner member in the stent pattern.
The composite wire is then processed such that the outer member is removed from
around the inner member without adversely affecting the intermediate member, such

as by chemical eiching, thus leaving the solid niling! inner member in the stent pattern.

BRIEF DESCRIPTION OF DRAWINGS
06081 The foregoing and other features and advantages of the invention will be
apparent from the following description of the invention as illusirated 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 o make and use the
invention. The drawings are not 1o scale.
{00101 FIG. 1 is a schematic illustration of an exemplary stent in accordance with
an embodiment hereof.
[0011] FIG. 2 is a cross-sectional view taken along line 2-2 of FIG. 1.
10612] FIG. 3 is a longitudinal cross-section of an end of the wire of the stent of
FIG. 1.
100131 FIG. 4 is a schematic illustration of a composite wire including a core

member, an intermeadiate member, and an outer member.
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0014} FIGS. 5-8 are cross-sectional views of the composite wire of FIG. 4 at
various stages of an embodiment of a method of forming a hollow nitinol wire stent.
001517 FIG. 10 is flow chart illustrating an embodiment of a method of forming a
hollow Nitinol wire stent.

[0018] FIG. 11 is a schematic lllustration of an exemplary stent in accordance with
an embodiment hereof.

100617] FIG. 12 is a cross-sectional view taken along line 12-12 of FIG, 11,

[0018] FIG. 13 is a schematic #lustration of a composite wire including a nitinol core
member and an outer mamber.

180181 FIG. 14 is a cross-sectional view of the composite wire of FIG. 13.

100281 FIG. 15 is flow chart illustrating an embodiment of a method of forming a
nitinol wire stent.

[6021] FIG. 16 is a schematic illustration of a stent in accordance with an
embodiment hereof.

00221 FiG. 17 is a cross-section view taken along line 17-17 of FIG. 16.

106231 FIG. 18 is a schematic illustration of a composite within including a core
member and a nitinol outer member.

(00241 FIG. 19 is a fiow chart dlustrating steps in an embodiment of a method of
forming & hollow nitinol wire stent.

[0025] FIGS. 20-23 are cross-sectional views of a composite wire of FIG. 18 at

various stages of the method of FIG. 18,

DETAILED DESCRIPTION OF THE INVENTION
[6026]  Specific embodiments of the present invention are now described with
reference to the figures, where like reference numbers indicate identical or funclionally
similar elements.
00277 An embodiment of a stent 100 disclosed herein is shown in FIGS. 1-3. In
particuiar, stent 100 is formed from a hollow wire 102, in particular, a holiow nitinol
wire 102, The term “wire” as used herein means an elongated element or filament or
group of elongated elements or filaments and is not limited to g particular cross-
sectional shape or material, unless so specified. in the embodimeant shown in FIG. 1,
hollow wire 102 is formed info a series of generally sinuscidal waveforms including
generally straight segments or struts 106 joined by bent segments or crowns 108. The
wire with the waveforms formed therein is helically wrapped {o form a tube, as shown

-4
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it FIG. 1. In the embodiment shown in FIG. 1, selected crowns 108 of longitudinally
adjacent sinusoids may be joined by, for example, fusion points 110. The invention
hereof is not limited {0 the patlern shown in FIG. 1. Wire 102 of stent 100 can be
formed into any pattern suitable for use as a stent. For example, and not by way of
firnitation, wire 102 of stent 100 can be formed info patterns disclosed in LS. Patent
No. 4,800,882 to Gianturco, U.S. Patent No. 4,886,062 to Wikior, U.S. Patent No.
5,133,732 to Wikior, U.5. Patent No. 5,782,803 to Wiklor, U.S. Patent No. 6,136,023
to Bovie, and U.8. Patent No. 5,019,080 {o Pinchuk, each of which is incorporated by
reference herein in its entirety. Further, instead of a single length of wire formed into a
stent 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 iongitudinal axis and joined to form the stent.

10028]  As shown in FIG. 2, holiow wire 102 of stent 100 allows for a biologically or
pharmacologically active substance 112 to be deposited within the iumen 103 of
hollow wire 102, Although hollow wire 102 is shown as generally having a circular
cross-section, holiow wire 102 may be generally elliptical or rectangular in ¢ross-
section. Hollow wire 102 further includes cuts or openings 104 dispersed along ils
length to permit biclogically or pharmacologically active substance 112 o be released
from lumen 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 desired to control the elution rate of biologically or
pharmacologically active substance 112 from stent 100. Larger sized openings 104
generally permil a faster elution rate and smailer 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 quantity and/or rate of biologically 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 um in diameter. Openings 104 may be provided only on an outwardly facing or
abluminal surface 116 of stent 100, as shown in FiG. 2, only on the inwardly facing or
tuminal surface 118 of stent 100, both surfaces, or may be provided anywhere along
the circumference of wire 102. Openings 104 may have a constant diameter through
the depth or have a tapered or conical shape.

100291 Ends 114 of wire 102 may be closed, as shown in FIG. 3. Ends 114 may be
closed by crimping excess material of wire 102 to close lumen 103, Closing ends 114

. 5.
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prevents drug 112 from prematurely releasing from ends 114, However, closing ends
114 is not required as drug 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 he weided, crimped or otherwise connected o
other portions of wire 102 such that the ends 114 are not free ends. Ends 114 may
alternatively be provided as free ends. Further, ends 114 may be sealed by not
removing the core member 120 from the ends of the wire, as shown in FIG. 3.

(00301 FIGS. 4-10 show a method for forming a hollow wire stent in accordance
with an embaodiment hereof. As shown in FIG. 10, step 200 is to ulilize a wire having
an ouier member, an intermediate member, and a central core member. These types
of wire are sometimes referred to as core wires, tri-layer wires, or composite wires.
Composite wire 170 hereof is formed of an outer member 130, an intermediate
member 102 disposed within a lumen 132 of outer member 130, and an inner or core
member 120 disposed within a lumen 103 of intermediate member 102, as shown
schematically in FIG. 4. Intermediate member 102 becomes hollow wire 102 of stent
100, and thus has been labeled with the same reference number. Composite wire 170
may be formed by any method known in the art, for example and not by way of
limitation, a drawn filled tubing process, exirusion, cladding, material deposition, or
any other suitable method. 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.
6,248,100 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 heregin in its entirety.
(00311 Intermediate member 102 in this embodiment is formed from nitingl,
intermediate member 102, as explained in more detail below, is the surviving material
that will become hollow wire 102 of stent 100, Quter member 130 is formed from a
material that is more plastically deformabile than the nitinol material of intermediate
member 102, and is sufficiently stiff to hold intermediate member 102 in the stent
pattern until the heat treatment step, as described below. Further, the malerial used
for outer member 130 must be able {0 be removed by a process that does not damage
intermediate member 102. Similarly, core member 120 is made of a sacrificial
material that can be removed by a process that does not damage the nitinol material
of intermediate member 102. Core member 120 may be the same material as outer
member 130, or may be a different material. In one non-limiting embodiment core

member 120 and outer maember 130 are made from tantalum. Examples of other
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materials for core member 120 and outer member 130 include, but are not limited {o,
tungsten (W), molybdenum (Mo}, niobium (Nbj}, rhenium (Re}, carbon {C}, germanium
(Ge), silicon (81} and alloys thereof.

160327 A cross-section of composite wire 170 is shown in FIG. 5. Intermediate
member 102 may have an outer diameter D2 in the range of 0.0025 inch o 8.010 inch
and wall thickness T2 in the range of 0.0005 inch or larger, depending on the
application, for example, in what lumen or organ and for what purpose the stentis o
be utilized. Accordingly, core member 120 may have an outer diameter D1 of 0005
inch to 0085 inch. Outer member 130 may have a thicknass T3 in the range of L0001
inch or larger, depending on the material used for each member of composife wire
170. in one particular non-limiting example, core member 120 is made from taniaium
and has an outer diameter D1 of .0020, intermediate member 102 is made from nitino!
and has a thickness T2 of .0025 and an outer diameter D2 of .0070, and outer
member 130 is made from fantalum and has a thickness T3 of .0005 and an outer
diameter D3 of .0080. 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.

[00331 Referring to FIG. 10, step 210 is to shape the composite wire 170 into the
stent pattern. As discussed above, the stent pattern can be the paitern shown in FIG.
1 or any other suitable pattern formed from a wire. Further, although the order of ali
the steps is not critical, step 210 must be done prior 1o removing outer member 130,
as explained in more detaill below. However, the step of shaping the composite
member 170 into the stent pattern does not have (o include shaping composite
member 170 into the final stent pattern. For example, the step 210 of shaping the
composite member 170 into a stent pattern may include only forming the struts 106
and crowns 108 in composite wire 170, prior to the heat treating step described below.
Shaping composite wire 170 into the stent patiern while outer member 130 is disposed
around nitinol intermediate member 102 and core member 120 is disposed within
intermediate member 102 aliows for outer member 130 and core membaer 120 to
‘hold” nitinol iIntermediate member 102 in the stent pattern. As expiained above,
nitinol members generally must be held in the desired stent patiern using complicated,
custom designed fixtures or jigs prior (o the heat treating step. Utilizing outer member
130 and core member 120 eliminates the need for such complicated, custom designed
fixtures or jigs. This holding funclion may be primarily accomplished by outer member

27 -
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130. Thus, the step 210 of shaping composite wire 170 into the stent pattern can be
performed with the same techniques used o shape conventional stents made from
stainless steel, MP35N, or other known materials. For example, and not by way of
limitation, shaping the composite wire 170 into the sient pattern shown in FIG. 1
generally includes the steps of forming composite wire 170 info a two dimensional
sinusoid pattern followed by wrapping the pattern around a mandrel, as known to
those skilled in the art. Forming the composite wire 170 into a two dimensional
waveform can be achieved, for example, using technigues described in US.
Application Publication Nos. 2010/0260850 to Hoff ef a/. and 2011/0070358 to Mauch
et 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 its entirety by reference herein. Other
technigues known to those skilied in the art could also be used.

60347  Step 220 shown in FIG. 10 is to heat treat the composite wire 170 while in
the shaped sieni patlern. Heat freating the composite wire “sets” the nitinol
intermediate member 102 in the stent pattern such that nitinol intermediate member
102 “remembers” the stent pattern. Accordingly, when stent 100 with intermediate
member 102 as the hollow wire thereof is manipulated inlo a radially compressed
configuration for insertion into a body lumen, such as by a sieeve, the stent 100 will
return to the stent configuration of FIG. 1 upon release from the sleeve, thereby
deploying into the radially expanded configuration at the treatment site, as known {0
those skilled in the art. The heat ireatment step 220 may be performed, for example,
in a furnace or similar heating equipment. The conditions for heat treatment step 220
are known to those skilled in the art. For example, and not by way of limitation,
composite wire 170 may be placed in a fumace at 400°C - 500°C for 15 minutes.
Appropriate temperatures and durations for the heat treatment step are known to
those skilled in the art.

[860358] When the heat treatment step 220 is compleled, the compaosiie wire 170
may be removed from the furnace and any fixiure to which it was atiached, for
axample, a mandrel. Step 230 is to process the compuosite wire such that ocuter
member 130 is removed without adversely affecting the intermediate member, such as
by chemical etching. Step 230 can be performed by any suitable process for removing
outer member 130 while preserving inlermediate member 102. In particular,
subjecting composite wire 170 to xenon difluoride (Xek;,) gas at low pressure (1-6
Torr) and relatively high temperalure {(approximately 150° C) causes the xenon
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diftuoride (XekF2) gas o react with a tantalum (Ta) outer member 103 to form Taks and
Xe gases. Xenon difluoride {(XekFy) gas reacts similarly with an cuter member 130
made from tungsten, molybdenum, niobium, rhenium, carbon, germanium, and silicon.
Other methods for removing outer member 130 may used, as described, for example,
in U.S. Application Publication no. 2011/0008405 to Birdsall ef al. and U.8. Application
Publication No. 201 1/0070358 to Mauch ef al., wherein methods of removing core
members are described, each published application incorporated by reference herein
in its entirety. Such methods and materials, where appropriate, can be equally applied
for removal of outer member 130, As examples, but not by way of limitation, mathods
such as wet chemical dissolution, solubilization, sublimation, and melting may be used
with appropriate outer member/core member combinations.

[60368] Upon completion of step 230 to etch outer member 130, intermediate
member 102 and core member 120 remain in the shaps of stent 100. A cross-section
of composite member 170 includes inlermediate member 102 and core member 120,
as shown in FIG. 6. Further processing steps to finish, polish, and sterilize stent 100
may take place at this time, leaving a stent with a nitinol intermediate member 102 and
a core member 120. In such a sifuation, core member 120 may be selected io
improve a characteristic of nitinol intermediate member 102. For example, and not by
way of limitation, core member 120 may be formed from a radiopaque material {o
improve radiopacity of the stent. For example, and not by way of limitation, core
member 120 may be formed of tantalum or platinum, which are considered a
radiopague material, in order to improve the radiopacity of relatively radiolucent nitinol
intermediate member 102,

{06371 However, in order to provide a stent 100 with a hollow wire 102, as
described above with respect to FIGS. 1-3, further processing is required. In
particuiar, step 240 is to provide openings 104 in intermediate member 102 through (o
lurnen 103 of intermediate member 102, Openings 104 may be laser cut, drilled,
etched, or otherwise provided in intermediate member 102. Step 240 need not be
performed after step 230, nor before step 250, although it is preferred to be before
siep 250, as explained in more detall below. If step 240 is performed after step 230, a
cross-section of composite wire 170 will include intermediate member 102, core
member 120, and an opening 104, as shown in FIG. 7. It shouid also be noted that
step 240 of forming an opening 104 through intermediate member 102 can be
performed prior to step 230 of chemically etching away outer member 130, Insuch a

.
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sifuation, the opening 104 may extend through outer member 130 and intermediate
member 102 through to lumen 103 of intermediate member 102, Thus, the step 230
of chemically elching away outer member 130 will be combined with the step 250 of
chemically etching away core member 120, described below. In such a situation, it is
preferable that the material of outer membaer 130 and core member 120 may both be
etched by the same eichant, such as, but not limited to, xenon difluoride.

[0038] Step 250 is to process composite wire 170 such that core member 120 is
removed from the lumen 103 of intermediate member 102 without adversely affecting
intermediate member 102, such as by chemical etching. Step 250 can be performed
by any suitable process for removing core member 120 while preserving intermediate
member 102. In particular, subjecting composite wire 170 to xenon difiuoride {(XekF2)
gas at low pressure (1-6 Torr) and relatively high temperature (approximately 150° G}
causes the xenon difluoride {(Xel,) gas to react with a tantalum (Ta) core member 120
to form TaFs and Xe gases, which can be exhausted from lumen 103, Xenon
diftuoride {XekFy) gas reacts similarly with a core member 120 made from tungsten,
maiybdenum, niobium, rhenium, carbon, germanium, and silicon. Howeaver, xenon
diftuoride {(XeF:) gas does not react with an inlermediate member formed of nitinol.
Other methods for remaoving core member 120 may used, as described, for example,
in U.5. Application Publication no. 2011/0008405 to Birdsall f al. and U.S. Application
Publication No. 2011/0070358 to Mauch ef &/, each published application
incorporated by reference herein in its entirety. As examples, but not by way of
limitation, methods such as wet chemical dissolution, solubilization, sublimation, and
melting may be used with appropriate inlermediate member/core member
combinations. Accordingly, after step 250 is completed, intermediate member 102
remains and core member 120 has been removed, leaving the structure shown in FIG.
8. As noted above, openings 104 do not need to be formed prior to the sitep of
removing core member 120 as long as there is a way o expose core member 120 o
the etchant. For example, ends 114 of the wire may be open or temporary ports may
for formed through intermediate member 102 to expose core member 120 to the
gtchant.

10038]  After core member 120 has been removed, biologicailly or pharmacologically
active substance 112 may be infroduced into lumen 103 of intermediate member 102,
as shown in step 260 of FIG. 10. This produces a hollow wire or intermediate member
102 with biclogically or pharmacoiogically active substance 112 disposed in lumen 103

- 13-
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thereof, and openings 104 through which biologically or pharmacologically active
substance 112 may be eluted, as shown in FIGS. 2 and 9. Filling lumen 102 with a
biologically or pharmacologically active substance may be accomplished by any
means known o those skilled in the art. For exampie, and not by way of limitation,
methods for filling lumens of hollow wires described in U.S. Application Publication No.
2011/0070357 1o Mitchell et al., each of which 18 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 sach of
which is incorporated by reference herein in its entirety.

00401 The biologically or pharmacologically active substance 112 may include, but
is not limited to, antineoplastic, antimitotic, antiinflammatory, antipiatelet,
anticoagulant, antifibrin, antithrombin, antiproliferative, antibiotic, antioxidant, and
antiallergic substances as well ag combinations thereof, Examples of such
antineoplastics and/or antimitotics include paclitaxel {e.g., TAXOL® by Brislol-Myers
Squibb Co., Starmford, Connly, docetaxel {e.g., Taxotere® from Aventis 8. A,
Frankfurt, Germany}, methotrexate, azathioprine, vincristing, vinblasting, fluorouracil,
doxorubicin hydrochloride {e.g., Adriamycin® from Pharmacia & Upiochn, Peapack
N.J.}, and mitomycin {e.g., Mutamycin® from Bristol-Myers Squibb Co., Stamiord,
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, dexiran, D-
phe-pro-arg-chioromethylketone (synthetic antithrombin)}, dipyridamole, glvcoprotein
Hib/llla platelel membrane receptor antagonist antibody, recombinant hirudin, and
thrombin inhibitors such as Angiomax™ (Biogen, inc., Cambridge, Mass.). Examples
of such cytostatic or antiproliferative agents include ABT-578 {8 synthelic analog of
rapamycing, rapamycin {sirolimus), zotarolimus, everclimus, angiopeptin, angiotensin
converiing enzyme inhibitors such as captopril (e.g., Capoten® and Capozide® from
Bristol-Myers Squibb Co., Stamford, Conn.}, cilazapril or lisinopril {e.g., Prinivil® and
Prinzide® from Merck & Co., Inc., Whitehouse Station, N.l.), calcium channel blockers
{such as nifedipine}, colchicine, fibroblast growth factor (FGF) antagonists, fish oil
{omega 3-fatly acid), histamine antagonists, lovastatin {(an inhibitor of HMG-CoA
reduciase, a cholesterol lowering drug, brand name Mevacor® from Merck & Co,, Inc.,
Whitehouse Station, N.J.), monocional antibodies (such as those specific for Platelet-
Derived Growth Factor (PDGF) receptors), nitroprusside, phosphadiesterase
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inhibitors, prostaglandin inhibitors, suramin, serotonin biockers, steroids, thioprotease
inhibitors, triazolopyrimidine (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 engineerad epithelial cells, and dexamethasone. In other examples, the
biolagically or pharmacologically active substance is a radigactive isotope Tor
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 biclogically or pharmacologicaily active
substances are provided by way of exampie and are not meant {o be limiting. Cther
biologically or pharmacologically active substances are equally applicable for use with
the disclosed methods and compositions.

{80411  Further, 3 carrier may be used with the biologically or pharmacologically
active subsiance. Examples of suilable carriers include, but are not limited to, urea,
gthanol, aceione, tetrahydrofuran, dymethylsulfoxide, a combination thereof, or other
suitable carriers known to those skilled in the art. Still further, a surfactant may be
formulated with the biologically or pharmacologically active substance and the solvent
to aid elution of the biclogically or pharmacologically active substance.

084217  Stent 100 may be used conventionally in blood vessels of the body to
support such a vessel after an angioplasty procedure. R is known that certain
biolagically or pharmacoiogically active substances eluted from stents may prevent
restenosis or other complications associated with angioplasty or stents. Stent 100
may alternatively be used in other organs or tissues of the body for delivery of
biologically or pharmacologically active substance to treat tumors, inflammation,
nervous conditions, or other conditions that would be apparent to those skilled in the
art.

{00431 FIGS. 11-15 show an embodiment of a stent 300 formed using a solid nitinol
wire 302. In particular, stent 300 is formed from a solid wire 302, as shown in FIG. 12,
in the embodiment shown in FIG. 11, stent 300 is formed into a series of generally
sinuscidal waves including generaily siraight segments or struts 306 joined by bent
segments or crowns 308. The generally sinusoidal pattern is formed into a tube, as
shown in FIG. 11. In the embodiment shown in FIG. 11, selected crowns 308 of
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longitudinaily adjacent sinuscids may be joined by, for example, fusion peints 310.
The invention hereof is not limited 1o the patiern shown in FIG. 11, Wire 302 of stent
300 can be formed into any patlern suitable for use as a stent. For example, and not
by way of limitation, wire 302 can be formed into patterns disclosed in U.S. Patent No.
4,800,082 to Gianturco, LS. Patent No. 4,886,062 to Wiktor, U.S. Patent No.
5,133,732 to Wiktor, U.S. Patent No. 5,782 803 to Wikior, U.S. Patent No. 6,136,023
o Boyle, and U.S. Patent No. 5,019,080 {o Pinchuk, each of which is incorporated by
reference herein in ifs entirety.

[0044] Ends 314 of wire 302 may be free ends, as shown in FIG. 11, or may be
fused, crimped, or otherwise connected o other portions of wire 302, as known to
those skilled in the art. Stent 300 may be coated with a biologically or
pharmacologically active substance (not shown} or may be a bare steni. A coating
may be disposed on a luminal surface 316, and abluminal surface 118, or both.

[0045] As explained above, forming sients from nitinel wire is often difficult due to
complicated custom fixtures or jigs required to hold the nitinol wire in place during the
heat reatment or heat setting process. In the method described herein with respect 1o
FIGS. 11-15, the need for such complicaled custom fixtures or jigs is alleviated. In
particuiar, as shown in FIG. 15, step 400 is to ulilize a wire with an culer member and
a central core member. These types of wire are sometimes referred o as core wires
or composite wires. Composite wire 370 hereof is formed of an outer member 320
and an inner or core member 302 disposed within a lumen 303 of outer member 320,
as shown schematically in FIG. 13 and in cross-section in FIG. 14. Core member 302
becomes wire 302 of stent 300, and thus has been labeled with the same reference
number. Composite wire 370 may be formed by any meathod known in the art, for
axample and not by way of imitation, a drawn filled tubing process, extruding the outer
member over the inner member, or any other suitable method. Examples of core
wires and methods of forming core wires ¢an 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. 6,497,709 to Heath, and
U.S. Patent No. 7,101,392 1o Heath, each of which is incorporated by reference herein
in its entirety.

10046] Core member 302 is a nitinol material. Details regarding nitinol are provided
above. Core member 302, as explained in more detail below, is the surviving material
that will become wire 302. Outer member 320 may be a material that is more
plastically deformable than nitingl and is sufficiently sliff to support core member 302

-13 .



WO 2013/126197 PCT/US2013/024047

when composite wire 370 is deformed such that core member 302 does not revert
back o its non-deformed shape. In particular, outer member 320 is formed from a
material and of a selected thickness such that after composite wire 370 is bent into the
stent pattern, as explained in more detail below, cuter member 320 can “hold” core
member 302 in the stent pattern without resort to complicated custom fixiures or jigs.
Further, outer member 320 is made of a sacrificial material that can be removed by a
process that does not damage the material of core member 302, Examples of
materials for outer member 302 include, bul are not limited o, tantalum {Ta), tungsten
(W}, maolybdenum (Mo}, nicbium {Nb), rhenium {Re), carbon (C), germanium {Ge),
silicon (51} and alloys thereof.

{00477 A cross-section of composite wire 370 is shown in FIG. 14, Core member
302 may have an outer diameter D1 in the range of 0025 inch to 0100 inch
depending on the application, for example, in what lumen or organ and for what
purpose the stent is to be utlized. Outer member 320 may have an outer diameter D2
in the range of .0030 inch to 0140 inch and wali thickness T2 in the range of .0002 to
0020 inch, depending on the size of core member 302 and the material selected for
outer member 330. The values listed above are merely examples and other diameters
and thicknesses may be used depending on, for example, the material used, the
desired stent shape, and the purpose or location of the stent.

[0648] In one example, utilizing an outer member 320 formed from tantaium
surrounding the Nitinol core member 302, the core member 302 may account for up to
0% of the overail outer diameter D2 and the tantalum outer member 320 would have
sufficient stiffiness 10 “hold” the Nitinol core member in place after shaping composite
wire 370 into a stent pattern. In particular, the formula for stiffness is as follows:
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where for solid circular cross section {core member 302) /= % ¥ = 1/64 7w D1* and
for a tubular cross-section (outer member 320) /= %'~ %' = 1/64 w D2* -
1/64 m D1° . Thus, stiffness is proportional to £l The chart below shows the inner

diameter D1 of nitinol core member 302 as a percentage of the overall outer diameter
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D2 of the nitinol core member and the tantalum outer member 320. As can be seen,
even with the nitinol core member 302 taking up 90% of the overall diameter D2, the

outer member 302 {outer shell} is stiffer than core member 302.

Dlasatot | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 90%

Stiffness
(Ehof
Nitinol core
member as
a % of 0.06% | 0.33% | 1.06% | 2.68% |6.01% | 12.768% | 28.01% | 77.02%
stiffness of
tantalum
outer
member

[0048] Referring back to FIG. 15, step 410 is to shape the composite wire 370 inlo
the stent paitern. As discussed above, the steni pattern can be the pattern shown in
FIG. 11 or any other suitable pattern formed from a wire. Further, although the order
of all the steps is not critical, step 410 must be done prior o remaoving outer membaer
320, as explained in more detall below. Shaping composite wire 370 into the stent
pattern while outer member 320 surrounds core member 302 permits outer meamber
320 to "hold” core member 302 in the stent pattern until the heat freatment step
discussed below is completed. This alleviates the need for complicated custom
fixtures or jigs to hold nitinol core member 302 in the stent pattern during the heat
freatment step. Shaping the composite wire 370 into the stent pattern shown in FIG.
11 generally includes the steps of forming composite wire 370 into a two dimensional
waveform or sinusoid patiemn followed by wrapping the pattern arcund a mandrel, as
known to those skilled in the art. Forming the composite wire 370 into a two
dimensional waveform can be achieved, for example, using technigues described in
U.S. Application Publication Nos. 2010/0269850 o Hofl ef al. and 2011/0070358 to
Mauch ef af., and co-pending U.S. Application Serial Nos. 13/191,134 and 13/190,775,

t
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filted July 26, 2011, each of which is incorporated in its entirety by reference herein.
Other techniques known o those skilled in the art could also be used.

[G050] Step 420 shown in FIG. 15 is 1o heat treat the composite wire 370 while in
the shaped stent pattern. Heat trealing the composite wire “sets” the nitinol core
member 302 in the stent pattern such that nitinol core member 302 “remembers” the
stent pattern. Accordingly, when stent 300 with core member 302 as the wire thereof
i3 manipulated into a radially compressed configuration for ingertion into a hody lumen,
such as by a slesve, the stent 300 will return to the stent configuration of FIG. 11 upon
release from the sleeve, thereby deploying to the radially expanded configuration at
the treatment site, as known to those skilled in the art. The heat treatment step 420
may be performed, for example, in a furnace or similar heating equipment. The
conditions for heat treatment slep 420 are known o those skiiled in the art. For
gxample, and not by way of limitation, composite wire 370 may be placed in a furnace
at 400°C — 500°C for 15 minutes. Appropriate temperatures and durations for the heat
treatment step are known to those skilled in the art.

10651] When the heal trealment step 420 is completed, the composite wire 370
may be removed from the furnace and any fixture o which it was attached, for
gxample, 8 mandrel. Step 430 is to process composite wirg 370 such that outer
member 320 is removed from around core member 302 without adversely affecting
core mamber 302, such as by chemical efching. Step 430 can be performed by any
suitable process for removing outer member 320 while preserving core member 302.
in particuiar, subjecting composite wire 370 formed of a nitinol core member 302 and a
tantalum outer member 302 [0 xenon difluoride (XekF ) gas at low pressure (1-6 Torr)
and relatively high temperature {(approximately 150° C) causes the xenon difluoride
{(XeF:) gas to react with the tantalum outer member 302 {o form TaFs and Xe gases.
Xenon difluoride (Xek;) gas reacts similarly with an outer member 302 made from
tungsten, molybdenum, niobium, rhenium, carbon, germanium, and silicon. Other
methods for removing ocuter member 320 may used, as described, for example, in U.S.
Application Publication no. 2011/0008405 to Birdsall ef gl and U.S. Application
Publication No. 2011/0070358 to Mauch ef al., wherein methods of removing core
members are described, each published application incorporated by reference herein
in its entirety. Such methods and malerials, where appropriate, can be equally applied

for removal of outer mamber 320.
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[8052] Removing outer member 320 leaves solid nitinol core member 302 formed
in & stent pattern, as shown in FIGS. 11 and 12, Further processing of stent 300, such
as polishing, sterilizing, and other steps known to those skilled in the art, may be
performead o finish stent 300.

053] An embodiment of a stent 500 disclosed herein is shown in FIGS. 16-17. In
particuiar, stent 500 is formed from a holiow wire 502, in particular, a holiow nitinol
wire 502, 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. In the embodiment shown in FIG. 16,
hollow wire 502 is formed into a series of generally sinusoidal waveforms including
generally straight segments or struts 506 joined by bent segments or crowns 508 and
the wire with the waveforms formed therein is helically wound o form a generally
tubular stent 500, In the embodiment shown in FIG. 16, selected crowns 508 of
longitudinaily adjacent sinuscids may be joined by, for example, fusion peints 510.
The invention hereof is not limited to the pattern shown in FIG. 16. Wire 502 of stent
500 can be formed into any patiern suitable for use as a stent. For example, and not
by way of limitation, wire 502 of stent 500 can be formed into patierns disclosed in
U.S. Patent No. 4,800,882 o Gianturco, U.S. Patent No. 4,888,062 to Wiktor, U.S.
Patent No. 5,133,732 {o Wiktor, U.S. Patent No. 5,782,903 to Wiktor, U 5. Patent No.
5,136,023 to Boyie, and U.5. Patent No. 5,018,080 to Pinchuk, each of which is
incorporated by reference herein in its entirely. Further, instead of a single length of
wire formed into a stent patlern, a plurality of wires may be formed into a two-
dimensional waveform and wrapped inio individual cylindrical elements. The
cylindrical elerments may then be aligned along a common longitudinal axis and joined
to form the stent.

{68547 As shown in FIG. 17, holiow wire 502 of stent 500 allows for a biologically or
pharmacologicaily active substance 512 1o be deposited within the lumen 503 of
hollow wire 502. Although hollow wire 502 is shown as generally having a circular
cross-saction, hollow wire 502 may be generally elliptical or rectangular in ¢cross-
section. Hollow wire 502 further includes cuts or openings 504 dispersed along ils
length to permit biologically or pharmacologically active substance 512 o be released
from lumen 503. 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 to control the elution rate of biologically or
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pharmacologically active substance 512 from stent 500. Larger sized openings 504
generally permil a faster elution rate and smaller sized openings 504 generally provide
a slower glution rate. Further, the size and/or quantity of openings 504 may be varied
atong 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 only on an outwardly facing or
abluminal surface 516 of stent 500, as shown in FIG. 17, only on the inwardly facing or
lurmninal surface 518 of stent 500, both surfaces, 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.

{00551 Ends 514 of wire 502 may be closed. Ends 114 may be closed by crimping
excess material of wire 502 to close lumen 503. Closing ends 514 prevents drug 512
from prematurely releasing from ends 114, However, closing ends 114 is not required
as drug 512 may be dried, provided within a polymer mairix, enclosed within a liner
{not shown), or otherwise protecied from premature release from ends 514, Further,
ends 514 may be welded, crimped or otherwise connected {0 other portions of wire
502 such that the ends 514 are not free ends. Ends 514 may alternatively be provided
as free ends. Further, ends 514 may be sealed by not removing the core member 520
from the ends of the wire.

08561 FIGS. 18-23 show a method for forming a hollow nitinol wire stent 500 in
accordance with an embodiment hereof. As shown in FIG. 19, step 600 is to utilize a
wire having an outer member 102 and a central core member 120. These types of
wire are sometimes referred {0 as core wires or compgosite wires. Composite wire 570
hereof is formed of an cuter member 502 and a core member 520 disposed within a
lumen 503 of ocuter member 502, as shown schematically in FiG. 18. Quter member
502 becomes hollow nitinol wire 502 of stent 500, and thus has been labeled with the
same reference number. Composite wire 570 may be formed by any method known in
the art, for example and not by way of limitation, a drawn filled tubing process,
extrusion, cladding, material deposition, or any other suitable method. Examples of
composite wires and methods of forming composite wires can be found in U.S. Patent
No. 5,630,840 to Mayer, U.8. Patent No. 6,248,180 to Stinson, U.8. Patent No.
6,487,708 to Heath, and U.8. Patent No. 7,101,382 to Heath, each of which is
incorporated by reference herein in its entirety.
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(80571  Ouler member 502 in this embodiment is formed from nitingl.  Ouler
member 502, as explained in more detail below, is the surviving material that will
become hollow nitinol wire 502 of stent 500. Core member 520 is formed from a
material that is sufficiently stiff at the sizes provided 1o hold nitinol outer member 502
in the stent pattern until the heat treatment step, as described below. Core membaer
120 may also be formed of a malerial that is more plastically deformable than nitinol
outer member 502. Further, the material used for core member 520 must be able o
be removed by a process that does not damage nitinol outer member 502, Inone
non-limiting embodiment core member 520 is made from tungsten. Examples of other
materials for core member 520 include, but are not limited o, tantalum, molybdenum,
rhenium, and alloys thereof.

[0058] A cross-section of composite wire 570 is shown in FIG. 20, Outer member
502 may have an outer diameter D2 in the range of 0.0025 inch {0 0.010 inch and wall
thickness T in the range of 0.0005 inch or larger, depending on the application, for
example, in what lumen or organ and for what purpose the stent is to be utilized.
Accordingly, core member 520 may have an outer diameter D1 of .0005 inch to 0085
inch. In one particular non-imiting example, core member 520 is made from tungsten
and has an outer diameter D1 of .0050 and cuter member 502 is made from nitinol
and has a thickness T of .0010 and an ouler diameter D2 of .0070. The vaiues listed
above are meregly 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.

TN B N |

- core s care < outer ™ outer
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where Esuer would be the modulus of elasticity of Nitinol and

£ core would be the modulus of elasticity of the inner core material

00591 Referring o FIG. 19, step 810 is to shape the composite wire 570 into the
stent pattern. As discussed above, the steni pattern can be the pattern shown in FIG.
16 or any other suitable pattern formed from a wire. Further, although the order of all
the steps is not ¢ritical, step 810 must be done prior to removing core member 520, as

explained in more detail below. However, the step of shaping the compaosile member
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570 into the stent pattern does not have to include shaping composite member 570
into the final stent pattern. For example, the step 610 of shaping the composite
member 570 into a stent pattern may include only forming the strufs 506 and crowns
508 in composite wire 570, prior 1o the heat trealing step described below. Shaping
composite wire 570 into the stent patiemn while core member 520 is disposed in the
lumen of nitinol outer member 502 allows for core member 520 to “hold” nitinol outer
member 502 in the stent pattern prior 1o an during the heat trealing step described
below. As explained above, nitinol members generally must be held in the desired
stent pattern using complicated, custom designed fixtures or jigs prior to the heat
trealing step. Utilizing core member 520 eliminates the need for such complicated,
custom designed fixtures or jigs. Thus, the step 610 of shaping composite wire 570
into the stent pattern can be performed with the same technigues used to shape
conventional stents made from stainless steel, MP35N, or other known materials. For
example, and not by way of limitation, shaping the composite wire 570 info the stent
pattern shown in FIG. 16 generally includes the steps of forming compaosite wire 570
into a two dimensional sinusoid paltern followed by wrapping the pattern around a
mandrel, as known o those skilled in the art. Forming the composite wire 570 info a
two dimensional waveform can be achieved, for example, using technigues described
in U.5S. Application Publication Nos. 2010/0269850 to Hoff ef af. and 2011/0070358 1o
Mauch ef a/., and co-pending U.S. Application Serial Nos. 13/181,134 and 13/180,775,
filed July 26, 2011, each of which is incorporated in its entirety by reference herein.
Other technigues known 1o those skilled in the art could also be used.

(00601 Step 620 shown in FIG. 18 is to heat treat the composite wire 570 while in
the shaped stent pattern. Heat treating the composite wire "sets” the nitinol outer
member 502 in the stent pattern such that nitinol outer member 502 “remembers” the
stent pattern. Accordingly, when stent 580 with nitinol cuter member 502 as the
hollow wire thereof is manipulated into a radially compressed configuration for
insertion into a body lumen, such as by a sleeve, the stent 500 will return to the stent
configuration of FIG. 16 upon release from the sleeve, thereby deploying into the
radially expanded configuration at the treatment site, as known o those skilled in the
art. The heat treatment step 620 may be performed, for example, in a furnace or
simitar heating equipment. The conditions for heat ireatment step 820 are known to
those skilled in the art. For example, and not by way of limitation, composite wire 570
may be placed in a furnace al 400°C — 500°C for 15 minutes. Appropriate
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temperatures and durations for the heat Ireatment step are known 10 those skilled in
the art.

[0861] When the heal treatment step 620 is completed, the composite wire 570
may be removed from the furnace and any fixture to which it was attached, for
example, a mandrel, Step 830 is {o provide openings 504 in nitinol outer member 502
through to lumen 503 of nitinol outer member 502. Openings 504 may be laser cut,
drilled, etched, or otherwise provided in outer member 502, Slep 630 need not be
performed after step 620, nor before step 640, although it is preferred to be before
step 640, as explained in more detail below. If step 6830 is parformed after stap 620, 3
cross-section of composite wire 570 will include outer member 502, core member 520,
and an opening 504, as shown in FIG. 21. 1t should also be noted that step 630 of
forming openings 504 through outer member 502 can be performed prior 1o step 810
of shaping the composite wire 570 into the stent pattern.

[0062] Step 640 is to process composite wire 570 such that core member 520 is
removed from the lumen 503 of outer member 502 without adversely affecting outer
member 502, such as by chemical eiching. Step 640 can be performed by any
suitable process for removing core member 520 while preserving outer member 502.
in particular, subjecting composite wire 570 o xenon diffucride (XeF;) gas at low
pressure {1-6 Torr) and relatively high temperature (approximately 150° C) causes the
xenon diffucride (XeF;) gas to react with a tungsten core member 520 to form Taks
and Xe gases, which can be exhausted from lumen 103. Xenon diflucride (XeF:) gas
reacts similarly with a core member 120 made from tantalum, molvbdenum, rhenium,
and alloys thereof. However, xenon diflucride (XekF;) gas does not react with an
intermediate member formed of nitingl.  Other methods for removing core member 520
may used, as described, for example, in U.S. Application Publication no.
2011/0008405 to Birdsall et al. and U.8. Application Publication No. 2011/0070358 to
Mauch ef al., each published application incorporated by reference herein in its
entirely. As examples, but not by way of limitation, methods such as wet chemical
dissolution, solubilization, sublimation, and melting may be used with appropriate outer
member/core member combinations. Accordingly, afler step 640 is completed, outer
member 502 remains and core member 520 has been removed, leaving the structure
shown in FIG. 22. As noted above, openings 504 do not neead {0 be formed prior {0
the step of removing core member 520 as long as there is a way {0 expose core
member 520 to the etchant. For example, ends 514 of the wire may be open or
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temporary ports may be formed through outer member 502 o expose core member
520 to the elchant.

1006631 After core maember 520 has been removed, biciogically or pharmacologically
active substance 512 may be introduced into lumen 503 of outer member 502, as
shown in step 650 of FIG. 18, This produces a holiow wire or outer member 502 with
biologically or pharmacologically active substance 512 disposed in lumen 503 thereof,
and openings 504 through which biologically or pharmacologically active substance
512 may be eluted, as shown in FIGS. 17 and 23. Filling lumen 503 with a biologically
or pharmacologically aclive 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
tumens of holiow wires described in U.S. Application Publication No. 2011/0070357 to
Mitcheli et al., which is incorporated by reference herein in i{s entirely; 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 herein in ifs entirety.

[06684] The biologically or pharmacologically active subsiance 512 may include, but
is not limited to, antineoplastic, antimitotic, antiinflammatory, antiplaielet,
anticoagulant, antifibrin, antithrombin, antiproliferative, antibiotic, antioxidant, and
antiallergic substances as well as combinations thereof. Exampies of such
antineoplastics and/or antimitotics include paclitaxel {e.g., TAXOL® by Bristol-Myers
Squibb Co., Stamford, Conn.), docelaxel {e.g., Taxotere® from Aventis §. A,
Frankfurt, Germany), methotrexate, azathioprine, vincristine, vinblastine, flucrouracil,
doxorubicin hydrochioride {e.g., Adriamycin® from Pharmacia & Upiohn, 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 heparing, heparinoids, hirudin,
argatroban, forskolin, vapiprost, prostacyclin and prostacyclin analogues, dextran, B-
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 cytostatic or antiproliferative agents include ABT-578 (a synthetic analog of
rapamycing, rapamycin {sirolimus}, zotarolimus, everciimus, 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
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Prinzide® from Merck & Co., inc., Whitehouse Station, N.J.), calcium channel blockers
{such as nifedipine), colchicine, fibroblast growth factor (FGF) antagonists, fish oil
{omega 3-fatty acid), hislaming antagonists, lovastatin {(an inhibitor of HMG-CoA
reductase, a cholesterol lowering drug, brand name Mevacor® from Merck & Co., Inc.,
Whitehouse Station, N.L}, monoclonal antibodies (such as those specific for Platelet-
Derived Growth Factor (PDGF) receptors), nitroprusside, phosphodiesterase
inhibitors, prostaglandin inhibitors, suramin, serotonin biockers, steroids, thioprotease
inhibitors, triazolopyrimidine {a PDGF antagonist), and nitric oxide. An example of an
antiallergic agent is parmirclast potassium. Gther biclogically or pharmacoiogically
active substances or agenis 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 radiocactive isotope for
implantable device usage in radiotherapeutic procedures. Examples of radioactive
isotopes include, but are not limited to, phosphorus (P%?), palladium (Pd'"), cesium
(Cs™h), Iridium (1"%%) and lodine (1'®°). While the preventative and treatment properties
of the foregoing biologically or pharmacologically active substances are well-known {o
those of ordinary skill in the art, the biologically or pharmacologicaily active
substances are provided by way of exampie and are not meant io be limiting. Cther
biologically or pharmacologically active substances are equally applicable for use with
the disclosed methods and compositions.

{00651 Further, a carrier may be used with the biologically or pharmacologically
active substance. Examples of suitable carriers include, but are not limited {o, ures,
ethanal, acetone, letrahydrofuran, dymethylisulfoxide, a combination thereof, or other
suitable carriers known 1o those skilled in the art. Still further, a surfactant may be
formulated with the biologically or pharmacologically active subsiance and the solvent
o aid elution of the biologically or pharmacologically active substance.

[0068] Stent 500 may be used conventionally in blood vessels of the body {o
support such a vessel after an angioplasty procedure. i is known that certain
biologically or pharmacoliogically active substances eluted from stents may prevent
restenosis or other complications associated with angioplasty or stents. Stent 500
may alternatively be used in other organs or tissues of the body for delivery of
biolagically or pharmacoiogically active substance o treat tumors, inflammation,
nervous conditions, or other conditions that would be apparent to those skilled in the
art.
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{4067} While various embaodiments of the present invention have been described
above, it should be understood that they have been presented by way of Hlustration
and example only, and not limitation. It will be apparent {0 persons skilled in the
relevant art that various changes in form and detall 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
ambaodiments, but should be defined only in accordance with the appended claims and
their egquivaients. It will also be understood that each feature of each embodiment
discussed hergin, and of each reference cited herein, can be used in combination with
the features of any other embodiment. Furthermore, there is no intention to be bound
by any expressed or imphied theory presented in the preceding technical field,
background, brief summary or the delailed description. All patents and publications
discussed herein are incorporated by reference herein in their entirety.
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CLAIMS
What is claimed is:

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

shaping a composite wire into a stent pattern, wherein the composite wire
comprises an inner member, an intermediate member, and an outer member, wherein
the intermediate member is a nitingl material;

heat treating the composite wire in the stent patliem;

after the heat treating step, processing the composite wire such that the outer
member is removed from around the intermediate member without adversely affecting

the intermediate member.

2. The method of claim 1, further comprising the step of, after the heat treating
step, processing the composite wire such that the core member is removed from the

intermediate member withoul adversely affecting the intermediate member.

3. The method of claim 2, further comprising the step of filling a lumen of the
intermediate member with a biologically or pharmacologically active substance after

the core member is removed.

4, The method of claim 3, wherein the substance is selected from the group
consisting of antineoplastic, antimitotic, antiinflammatory, antiplatelet, anticoagulant,
anti fibrin, antithrombin, antiproliferative, antibiotic, antioxidant, and antiallergic

substances as well as combinations thereof.

5. The method of claim 3, further comprising the step of providing openings

through the intermediate member {0 the lumen of the intermediate member.

6. The method of claim 5§, wherein the step of providing openings through the
intermediate member comprises laser drilling openings through the intermediate

member.

7. The method of claim 1, wherein the ouler member comprises a malerial
selected from the group consisting of tantalum and molybdenum, and wherein the step

(v

~
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of processing the compaosite wirg 1o remove the ouler member comprises exposing the

composite wire to xenon difiucride gas or hydrotiuoric acid.

8. The method of claim 2, wherein the cuter member and the inner member
comprise tantalum or molybdenum, and wherein the step of processing the compuasiie
wire to remove the outer member and the step of processing the composite wire (o
remove the core member comprises exposing the composite wire 1o xenon difiucride

gas.

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 inner member, an intermediate member, and an outer member, wherein
the intermediate member is a nitinol material;

heat treating the composite wire in the stent pattern;

after the heat treating step, processing the composite wire such that the outer
membaer is removed from around the intermediate member without adversely affecting
the intermediate member;

providing openings through the intermeadiate member to a lumen of the
intermediate member; and

after the heat treating step, processing the composite wire such that the core
membaer is removed from the intermediate member without adversely affecting the

intermediate member.

10. The method of claim 9, wherein the step of providing openings through the
intermediate member comprises providing openings through the outer member and
the intermediate member, and wherein the steps processing the composite wire such
that the outer member is removed and such that the inner member is removed are

performed in a single step.
11. The method of claim 9, further comprising the step of filling the lumen of

the intermediate member with a biologically or pharmacologically active substance
after the core member has been removed.

..46-
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12. The method of claim 8, wherein the substance is selected from the group
consisting of antineoplastic, antimitotic, antiinflammatory, antiplatelet, anticoagulant,
anti fibrin, antithrombin, antiproliferative, antibiotic, antioxidant, and antiallergic

substiances as well as combinations thereof.

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

shaping a composite wire into a sient patllern, wherein the composite wirg
comprises an inner member and an outer member, wherein the inner memberis a
solid Nitinol material;

heat treating the composite wire in the stent pattern;

after the heat treating step, processing the composite wire such that the outer
member is removed from around the inner member withoul adversely affecting the

inner member.

14. The method of claim 13, wherein the outer member is selected from the
group consisting of tantalum, molybdenum, tungsten, niobium, rhenium, carbon

germanium, silicon and alloys thereof.

15. The method of claim 13, wherein the step of processing the compaosite wire
such that the outer member is removed comprising exposing the composite wire to

xenon diflucride gas.

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

shaping a composite wire into a stent pattern, wherein the composite wire
comprises a core member and an outer member, wherein the culer memberis a
nitinol material and the core member is @ malerial having sufficient stiffness to hold the
nitinol outer member in the stent patiern prior to a heat treatment step;

heat treating the composite wire in the stent pattern;

providing openings through the cuter member to a lumen of the outer member;

processing the composite wire such thai the core member is removed from the

outer member without adversely affecting the outer member.

17. The method of claim 16, wherein the step of providing openings through

the outer member comprises laser drilling openings through the cuter membaer.

ls 1o
Ay
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18. The method of claim 16, wherein the core member comprises a material
selected from the group consisting of tungsten and molybdenum, and wherein the step
of processing the composite wire to remove the inner member comprises exposing the

composite wire to xenon difluoride gas.

19. The method of claim 16, further comprising the step of filling the lumen of
the outer member with a biologically or pharmacologically active substance after the

core member has been removed.

20. The method of claim 18, wherein the substance is selected from the group
consisting of antineoplastic, antimitotic, antiinflammatory, antipiatelet, anticoagulant,
anti fibrin, antithrombin, antiproliferative, antibiotic, antioxidant, and antiallergic

substances as well as combinations thereof.
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