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METHOD OF FORMING A DRUG-ELUTING MEDICAL DEVICE
FIELD OF THE INVENTION

{00011 The present invention reiates to implaniable meadical devices thal release
biologically or pharmacologically active substances and methods of forming such

medical devices.

BACKGROUND OF THE INVENTION

00021 Drug-eiuting implantable medical devices have become popular in recent
times for their ability to perform their primary funclion (such as structural support) and
their ability to medically treat the area in which they are implanted.

{00031 For example, drug-siuting stents have been used {o prevent restenosis in
coronary  arleries. Drug-eluting  stenis may administer biologically  or
pharmacologically active subsiances such as anti-inflammailory compounds that block
local invasion/activation of monocyles, thus preventing the secretion of growth factors
that may trigger VSMOC proliferation and migration.  Cther potentially anti-restenctic
compounds include anti-proliferative agents, such as chemotherapeutics, which
include rapamycin and paclitaxel. Other classes of drugs such as anti-thrombotics,
anti-oxidants, piatelet aggregation inhibifors and cylosiatic agents have alsc been
suggested for anti-restenoctic use.

{0004] Drug-eluting medical devices may be coated with a polymeric malerial
which, in fumn, is impregnated with a biclogically or pharmacologically aclive substance
or a combination of biologically or pharmacologically aclive substances. Once the
medical device is implanied at a farget Incation, the biologically or pharmacologically
active substance is released from the polymer for treaiment of the local tissues. The
biclogically or pharmacoliogically active substance is released by a process of diffusion
through the polymer layer for biostable polymers, andfor as the polymer material
degrades for biodegradable polymers.

[0005] Controlling the rate of elution of a biclogically or pharmacologicaily active
substance from the impregnated polymeric material is generally based on the
properties of the polymer material. However, al the conclusion of the elution process,
the remaining polymer material in some instances has been linked {o an adverse
reaction with the vessel, possibly causing a small but dangerous clot to form. Further,

drug impregnated polymer coatlings on exposed surfaces of medical devices may flake
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off or otherwise be damaged during delivery, thereby preventing the biclogically or
pharmacologically aclive substance from reaching the target site. Sl further, drug
impregnated polymer coatings are limited in the quaniity of the biologically or
pharmacologically active subsiance to be delivered by the amount of a drug thal the
polymer coaling can carry and the size of the medical devices. Controlling the rate of
slution using polymer coatlings is also difficult,

{00061 Accordingly, drug-eluting medical devices that enable increased guantities
of a biclogically or pharmacologically aclive substance {0 be delivered by the medical
device, and allow for improved control of the elution rate of the substance, and
improved methods of forming such medical devices are needed. Further, drug-eluting
medical devices that are capable of eiuting muitipie biclogically or pharmacologically
active substances or eluting substances is different directions are needed. Effeclive

methods of forming such devices are also needed.

SUMMARY OF INVENTION

{00071 In an embodiment of a method of forming a stenf, a composile member
including an cuter member and an hourglass shaped core member disposed within a
lumen of the outer member is shaped info a steni pattern. Openings are formed
through the outer member {o the core member, either before or after shaping the
composite member into the sieni patlern.  Afler shaping the composite member inlo
the stent pattern, the composite member is processed such that the core member is
removed from the cuter member withoul adversely affecting the outer member,
thereby leaving an outer member with an hourglass shaped lumen. The outer
member is then swaged such thal the hourglass shaped lumen is sgparated into a first
lumen and a second lumen separated by a portion of the ouler member. In some
embodiments, the cuter member can be swaged prior {0 removing the core member.
The lumens may then be filled with a biclogically or pharmacologically aclive
substance(s).

{0008] In another embodiment of a method of forming a stent, a composite member
including an outer member, an inner member disposed within a lumen of the outer
member, and an intermediale member disposed between the outer member and the
inner member is shaped inio a stent pattern. Openings are formed through the outer
member {0 the intermediate member, sither before or after shaping the compuosile

member into the stent patlern.  After shaping the composile member inlo the stent
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pattern, the composite member is processed such that the intermediate member is
removed from the cuter member without adversely affecting the outer member or the
inner member, thereby lgaving the outer member and the inner member with a cavity
disposed there between. The ouler member is then swaged such that portions ¢of the
outer member are pressed info contact with the inner member, thereby deforming the
outer member and forming a first lumen and a second lumen separated by the inner
member and the portions of the outer member in contact with the inner member. The
lumens may then be filled with a biclogically or pharmacologically active substance(s).

{00081 [In ancother embodiment of a method of forming a steni, a wire having an
outer member and an internal support structure dividing an internal lumen of the wire
into a plurality of lumens is shaped into a stent pattern. Openings are formed through
the outer member {0 ai least one of the lumens, either hefore or afler the step of
shaping the wire into the stent pattern. The plurality of lumens may then be filled with
at least one biologically or pharmacologically active substance. The internal support
struciure may be t-shaped or cross shaped, honeycombed shaped, or a single dividing

wall. The outer member may be round, rectangular, oval, or other shapes.

BRIEF DESCRIPTION OF DRAWINGS

{00101 The foregoing and other features and advantages of the invention will be
apparent from the following description of the invention as illustraied in the
accompanying drawings. The accompanying drawings, which are incorporated herein
and form a part of the specification, further serve to 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 to scale.

00111  FIG. 1 s a schematic illustration of an embodiment of an exemplary steni.
{00121 FIG. 2is a cross-sectional view taken along line A-A of FIG. 1.

{00131 FIG. 3is a cross-seclional view taken along line B-B of FIG. 1.

[0014] FIG. 4 is a flow chart of an emboediment of a method of forming a stent.
[0018] FIGS. 5.0 are schematic cross-sectional views of a wire illusirating the wire
at stages of the method of FIG. 4.

{0016 FIGS. 10-11 are schemalic cross-sectional views of a wire illustrating the
wire at certain stages of an embodiment method of forming the wire inio a stent.
00171 FIGS. 12413 are schemalic cross-sectional views of a wire illustrating the

wire at cerlain slages of an embodiment method of forming the wire into a slent.

Lis



WO 2012/036875 PCT/US2011/049429

00181 FIG. 14 is a flow chart of an embodiment of a method of forming a stent
00181 FIGS. 15-19 are schemalic cross-sectional views of a wire illustrating the
wire at stages of the method of FIG. 14,

[0020] FIGE. 20-21 are schematic cross-seclional views of a porlion of a hollow
wire including a support structure disposed in the lumen of the hollow wire.

[0021] FiIGS. 22-23 are schematic cross-seclional views of a portion of a hollow
wire including a support structure disposed in the lumen of the hollow wire.

00221 FIGS. 24-25 are schematic cross-sectional views of a portion of a holiow
wire including a honsycomb support structure disposed in the lumen of the hollow
wire.

[0023] FiG. 286 is schematic cross-sectional view of a portion of a hollow wire
including a support structure disposed in the lumen of the hollow wire.

[0024] FiIGS. 27-28 are schematic cross-sectional views of a portion of a wire

including a core member and a honeycomb support structure,

DETAILED DESCRIPTION OF THE INVENTION

{00251 Specific embodiments of the present invention are now described with
reference {o the figures, where like reference numbers indicate identical or functionally
similar elements.

[0026] Ansembodiment of a stent 100 disclosed herein is shown in FIGS. 1-3. In
the embodiment shown in FIG. 1, stent 100 is formed from a wire 102 bent or formed
into a series of generally sinusoidal waves including generally straight segments or
struts 106 joined by bent segments or crowns 108 and helically wrapped into a {ube,
as shown in FIG. 1. The lerm "wire” as used herein means an elongated slement or
fitament or group of elongated elements or filaments and is not limited to a particular
cross-sectional shape or material. In the embodiment shown in FIG. 1, selected
crowns 108 of longitudinally adjacent sinusocids may be joined by, for example, fusion
points 124, The invention hereof is not limited to the patiern shown in FIG. 1. Stent
100 can be formed into any patlern suitable for use as a stent. For example, and not
by way of imitation, stent 100 can be formed into patterns disclosed in U.5. Patent No.,
4,800,882 o Gianiurco, U.S. Patent No. 4,886,062 to Wikior, U.S. Patent No.
5,133,732 to Wiktor, U.8. Patent No. 5,782,803 to Wikior, U.S. Patent No. 8,138,023
to Boyle, and U.S. 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
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stent pattern, a plurality of wires may be formed into a two-dimensiconal 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.

[0027] As shown in FIGS. 2 and 3, wire 102 of the completed stent 100 is hollow,
allowing for a biologically or pharmacologically active substance to be deposited within
lumens of hollow wire 102, In particular, FiG. 2 is a cross-sectional view of wire 102
taken along line A-A of FIG. 1 and FIG. 3 is a cross-sectional view of wire 102 taken
along line B-B of FIG. 1. Wire 102 has a generally oblong shape and includes two
lumens 110, 112, FIG. 2 shows wire 102 at a location without openings 120, 122
while FIG. 3 shows wire 102 at a location with openings 120, 122 leading to lumens
110, 112, respectively. Lumens 110, 112 are separaled by a divider 114 that is
formed from portions of outer member 102, as will be described in more detail below.
A first biclogicaily or pharmacclogically active substance 116 is disposed in lumen 110
and a second biologically or pharmacologically active substance 118 is disposed in
lumen 112, First biologically or pharmacologically aclive subslance 116 and second
biologically or pharmaccoiogically active substance 118 may be the same or different.
In the embodiment of FIGS. 1-3, opening 120 is directed outwardly or toward the
abluminal surface of the stent and opening 122 is directed inwardly or loward the
luminal surface of the stent. However, openings 120, 122 may be provided anywhere
along the circumference of wire 102 and need not be aligned as shown in FIG. 3.
Openings 120, 122 are dispersed along the length of the stent and through the wall of
hollow wire 102 to permit biologically or pharmacclogically aclive substances 116, 118
to be released from lumens 110, 112. Openings 120, 122 may be disposed only
through struts 108 of stent 100, only through crowns 108 of stent 100, or through both
struts 106 and crowns 108. Qpenings 120, 122 may be sized and shaped as desired
to control the elution rate of biclogically or pharmacologically aclive substances 116,
118 from stent 100. Larger sized openings generally permit a faster slution rate and
smalier sized openings generally provide a slower elution rate. Further, the size
and/or guantity of openings 120, 122 may be varied along stent 100 in order to vary
the quantity and/or rate of biologically or pharmacologically aclive substances 116,
118 being eluted from stent 100 al different portions of stent 100, Openings 120, 122
may be, for example and not by way of imitation, 5-30 um in diameter. Openings 120,
122 may have a constant diameter through the depth or have a tapered or conical

shape.
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[0028] FIGS. 4-9 show schematically an embodiment of a method of making the
stent 100 of FIG. 1 having the wire 102 of FIGE. 2-3. As shown in FIG. 4 step 150 is
to utilize a wire with an outer member and a central core member. These types of wire
are sometimes referred (o as core wires and may also be referred to as composite
members. Core wire 140 hereof is formed of an outer member 102 and an inner or
core member 130, as shown schematically in FIG. 5. Outer member 102 becomes
hollow wire 102 of stent 100, and thus has been labeled with the same reference
number. In this embodiment, inner member 130 is barbell or hourglass shaped, as
seen in FIG. 5. Core wire 140 may be formed by any method known in the art, for
example and not by way of limitation, a drawn filled tubing process, extruding the ouler
member over the inner member, or any other suitable method. Core wires with barbell
or hourgiass shaped inner members are available from Ft. Wayne Metals of FL
Wayne, Indiana.

{00281 Quter member 102 can be any material that is suitable {0 be used as a
stent. Cuter member 102, as explained in more detaill below, is the surviving material
that will become hollow wire 102, For example and not by way of iimitation, cuter
member 102 may be a slainiess steel, "MP35N", "MP20N", nickel titanium alloys such
as Nitinol, magnesium, L6605, or combinations thereof. "MP35N" and "MP20N" are
trade names for alloys of cobalt, nickel, chromium and molybdenum available from
Standard Press Steel Co., Jenkintown, Pa. "MP35N" generally consists of 35% cobalt,
35% nickel, 20% chromium, and 10% molybdenum, "MP20N" generally consisis of
50% cobalt, 20% nickel, 20% chromium, and 10% molybdenum. The requirements for
the material of outer member 102 are that it be biocompatible, sufficiently resilient to
be used as a stent, and that it survives the process for eliminating core member 130,
as discussed in more detail below.

{00301 Core member 130 may be a material that provides sufficient support to outer
member 102 while the core wire is being bent into the stent pattern, as explained in
more detail below. Core member 130 may be made of a material that is more ductile
than the material of outer member 102. Further, core member 130 is made of a
sacrificial material that can be removed by a process that does not damage the
material of cuter member 102, Examples of materials Tfor core member 130 include,
but are not imited to, tantalum (Ta), tungsten (W), molvbdenum (Mo), niobium (Nbj},

rhenium {Re), carbon (C}, germanium (Ge), silicon (81} and alloys thereof.
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[0031] A cross-section of core wire 140 is shown in FIG. 5. Outer member 102
may have an outer diameter in the range of 0.002 inch 10 0.010 inch. in the
embodiment shown, the wall thickness of outer member varies due o barbell or
hourglass shaped core member 130, Further, the range for outer diameier noled
above is merely an example and cther diamelers may be used depending on, for
gxample, the material used, the desired stent shape, and the purpose or location of
the stent.

[0032] Referring to FIG. 4, step 155 is to shape the core wire 140 into the stent
pattern. As discussed abovs, the stent pattern can be the paltern shown in FiG. 1 or
any other suitable pattern formed from a wire. Further, although the order of all the
steps is not critical, siep 155 should be done prior to removing core member 130 {ie.,
step 165 explained in more detail below). Shaping core wire 140 into the stent pattern
while core member 130 is disposed within cuter member 102 helps prevent Kinking or
other deformations from occurring in outer member 102, Shaping the core wire 140
into the stent pattern shown in FIG. 1 generally includes the steps of forming core wire
140 into a two dimensional waveform followed by wrapping the waveform around a
mandrel, as known o those skilled in the art. The end result is a helical stent pattern
formed onlo a mandrel. Selected crowns 108 of the helical pattern may then be fused
or iaser fused together and the stent may be removed from the mandrel. Methods for
forming core wire 140 into a waveform may include, but are not limited o, the methods
described in U.5. Application No. 12/428,581, filed April 23, 2008, which is
incorporated by reference herein in its in entirety, or passing the core wire through
gears such as those disclosed in U.S. Pat. No. 2,153,936 issued to Owens st al,,
which is also incorporated by reference herein in its entirety.  Other methods for
forming a wire inlo a waveform and for helically wrapping the waveform inlo a tube
may be used, as known o those skilled in the arl.

{00331 Step 160 shown in FIG. 4 is to provide openings 120, 122 through outer
member 102. Openings 120, 122 may be laser cul, drilled, eiched, or otherwise
provided through outer member 102, Siep 180 need not be performed after step 155,
nor before step 165, although in some instances it is preferred 1o be before step 165,
as explained in more detail below. f step 160 is performed after step 155, a cross-
section of core wire 140 will include outer member 102, inner mamber 130, and

openings 120, 122, as shown in FIG. 6.
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[0034] Step 165 is to eich away core member 130. Step 165 can be performed by
any suitable process for removing core member 130 while preserving outer member
102. In particular, if outer member 102 is made from MP35N and inner member 130 is
made from tantalum, subjecting core wirg 140 to xenon difluoride (XeF ;) gas at low
pressure {1-6 Torr) and relatively high temperature (approximately 110 to 150° C)
causes the xenon difluoride (Xef ;) gas o react with the tantalum {Ta) core member
130 to form Taks and Xe gases, which can be exhausted from lumens 110, 112.
Xenon diffuoride (XeF ) gas reacts similarly with a core member 130 made from
tungsten, molybdenum, niobium, rhenium, carbon, germanium, and silicon. However,
xenon difiuoride (Xek;) gas does not react with an outer member 102 formed of
MP35N. Accordingly, after step 165 is completed, outer member 102 remains and
core member 130 has been removed, leaving the structure shown in FIG. 7. As noted
above, openings 120, 122 do not need {0 be formed prior {o the step of removing core
member 130 as long as there is a way {0 expose core member 130 to the efchani. For
example, ends of the wire may he open or temporary poris may for formed through
outer member 102 {o expose core member 130 {o the etchant. Hemoving core
member 130 leaves cuter member 102 and an hourglass or barbell shaped cavily
including a narrow cavity region 113 and two larger cavity regions 110, 112, as shown
in FIG. 7. Gther examples of suitable outer member/core member combinations and
methods for removing core members are described in co-pending U.S. Application No.
12/500,358, filed July 8, 2009 and co-pending U.S. Application No. [docket no.
P36493], each of which is incorporated by reference herein in iis entirety. For
example, and not by way of limitation, methods such as wet chemical dissolution,
solubiiization, sublimation, and melling may be used with appropriate outer
member/core member combinations.

{00358] After core member 130 has been removed, in step 170 the remaining outer
member 102 may swaged or pressed in the direction of arrows 132 as indicated in
FiG. 7. Quter member 102 may be swaged by any method or device known to those
of ordinary skill in the art. For example, and not by way of imitation, methods and
devices described in U.8. Published Patent Application Publication No. 2002/0065548
to Birdsall et al., which is hereby incorporated by reference herein in its entirely, may
be utilized. Swaging of cuter member 102 causes the outer member 102 to deform,
such as by plastic deformation, into a generally elliptical or oval shape, as shown in

FIG. 8. As the guter member 102 is deformed, portions of the outer member 102 at
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the narrow cavily region 113 of the hourglass or barbell shaped cavity come together
to form a barrier 114 between the fwo larger cavity regions 110, 112, as also shown in
FiG. 8. Barrier 114 creatles two separate cavities or lumens 110, 112 in outer member
102. Quter member 102 may be heat treated during or after the swaging step in order
to fuse or seal barrier 114 because barrier 114 is formed from different portions of
outer member 102 coming together.

{0036] After core member 130 has been removed, lumens 110, 112 may be filled
with first and second biclogically or pharmacologically active substances 116, 118,
respectively, as shown in step 175 of FIG. 4. This produces a hollow wire or outer
member 102 with biclogically or pharmacologically active substances 116, 118
disposed in lumens 110, 112 thereof, and openings 120, 122 through which
biologically or pharmacologically aclive substances 116, 118 may be eluted, as shown
in FIG. 9, as well as in FIGS. 2-3. Lumens 110, 112 may be filled with biologically or
pharmacologically active substances 116, 118 by the methods described in co-
pending U.S. Application Nos. {Attorney Docket Nos. P38494, P37957, P38015,
38005, P37967, and P36172}) }, each of which is incorporated by reference herein in
its entirety, or any other suitable method known to those skilled in the art.

[0037] As noted above, the sieps shown in FIG. 4 need not be performed in the
exact order shown. For example, and not by way of imitation, core wire 140 may be
swaged as shown in step 170 prior {o removing core member 130, In such an
embaodiment, core member 130 must be sufficiently soff so as to permit the force from
the swaging slep (as shown by arrows 132} o displace the narrow region of core
member 130 into two portions. For example, and not by way of limitation, a core
member 130 made using tantalum may be utilized in such an embodiment. in such an
smbodiment, openings 120, 122 may be formed through outer member 102 after the
swaging step. After forming openings 120, 122, or before if openings 120, 122 are not
used to expose core member 130 to the efchant, core wire 140 is exposed to an
gtchant {0 remove core member 130, The embodiment described performs the steps
1580-175 of FIG. 4 in the order of step 150, step 155, step 170, step 160, step 165, and
step 175, Similarly, if core wire 140 is swaged with core member 130 in place, then
core wire 140 may be swaged prior 1o shaping the core wire into the stent patiemn.
Thus, for example, the steps may be performed in the order of step 150, step 170,

step 158, step 160, step 165, and step 175, Those skilled in the art recognize
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variations in the order of the steps, provided that the core wire 140 is shaped info the
stent patiern prior 1o core member 130 being removed.

{00381 FIGE. 10-11 show another embodiment in which hourglass shaped core
member 130 is oriented laterally, rather than verlically, with respect {o the longitidunal
axis of core wire 140, as shown in FIG. 10, Using the steps described above with
respect io FIGS. 4-9, an outer member 102 with two lumens 110, 112 filled with first
and second biclogically or pharmacologically active substances 116, 118 with
apenings 120, 122 direcled o inner and ouler surfaces of the stent is formed, as
shown in FIG. 11, iIn order {o compress core wire 140 laterally, it may be necessary o
swage core wire 140 prior to forming core wire 140 into the waveform or the core wire
may be swaged as il is being formed into the waveform. FIGS. 12-13 are similar to
FIGS. 10-11 except that the openings 120, 122 are in the same direction, rather than
opposite directions as in FIGS. 10-11. Openings 120, 122 may be in opposite
directions as shown in FIGS. 10-11 in order {o provide different first and second
biologically or pharmacoiogically active substances 118, 118 o the abluminal and
luminal surfaces of the stent. Openings 120, 122 may be in the same general
direction as shown in FIGS. 12-13 to provide different first and second biclogically or
pharmacologically active substances {o the same abluminal (as in FIGS. 12-13) or
luminal surface of the stent, 1o provide the same biologically or pharmacologically
active substance to the surface at different times, or any other combination or reason
known to those skilled in the art.

{00391 FIGS. 14-19 show schematically another embodiment of a method of
making a stent of FIG. 1 with multiple lumens with biologically or pharmacologically
active substances disposed therein. As shown in FIG. 14, step 240 is to ulilize a wire
300 with an ouler member 302, an intermediate member 304, and a cenlral core
member 306, as shown in a schematic cross-section in FIG. 15, Wire 300 with
multiple fayers may be formed by any method known in the art, for example and not by
way of limitation, a drawn filled tubing process, exiruding the intermediate and outer
members over the inner member, or any other suitable method. Wires with multiple
lavers as shown in FIG. § are available from Fl. Wayne Metals of Fi. Wayne, Indiana.
{00401  In the example shown in FIG. 15, inner member 306 may have an outer
diameter in the range of 0.0002 inch - 0.005 inch. Inlermediate member 304 may
have an inner diameler in the range of 0.0002 inch - 0.008 inch and an outer diameter

in the range of 0.0015 inch - 0.008 inch. Quter member may have an inner diameler
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in the range of 0.002 inch - 0.008 inch and an cuter diameter in the range of 0.002
inch -0.010 inch. in a non-limiling example, inner member 308 may have outer
diameter of about 0.0008 inch, intermediate member 304 may have an ouler diameter
of about .0015 inch, and ouler member 302 may have an ouler diameter of about
0.003 inch. Although wire 300 and outer, intermediale, and inner members 302, 304,
306 are shown as generally circular, those skilled in the art would recognize that other
shapes may be utilized and the wall thicknesses noted above {i.e., the difference
between cuter and inner diameters) could be ulilized. Further, the sizes noted above
are merely examples, and those skilled in the arf would recognize that various sizes
may be utilized depending on the desired location the stent is to be placed, the
materials used, the desired size of the lumens, and cther faclors.

{00411  Ouler member 302 can be any material that is suitable to be used as a
stent. Quter member 302, as explained in more detail below, is the surviving material
that, together with inner member 306, will form the struts of a stent. For example and
not by way of imitation, cuter member 302 may be a stainless sleel, MP35N, MPZ20N,
nickel titanium alloys such as Nitinol, magnesium, L8035, or combinations thereof. The
requirements for the material of outer member 302 are that i be biocompatible,
sufficiently resilient to be used as a stent, and thatl it survives the process for
sliminating intermediate member 304, as discussed in more detall below.

{00421 Inner member 306 may be made of any material that will not damage the
biologically or pharmacologically active substances to be placed in the lumens formed,
as explained in more detail below. Further, inner member 306 should also be made of
a material that survives the process of eliminating intermediate member 304, as
discussed in more detail below. Inner member 306 may be made of the same material
as outer member 302.

{00431 Intermediale member 304 may be a material that provides sufficient support
to outer member 302 while wire 300 is being bent into the stent paltern, as explained
in more detail below. Intermediate member 304 may be made of a material that is
more ductile than the malerial of outer member 302. Further, intermediate member
304 is made of a sacrificial material that can be removed by a process that does not
damage the material of cuter member 302 and inner member 308. Examples of
materials for intermediate member 304 include, but are not limited 1o, tantalum (Ta},
tungsten (W), molybdenum (Mo}, niobium {Nb}, rhenium (Re), carbon (C), germanium

{Ge), silicon (51 and alloys thereof.
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[0044] In one particular non-limiting example, outer member 302 and inner member
306 are made from MP35N, and intermediate member 304 is made from tantalum.
[0045] Referring to FIG. 14, step 345 is to shape wire 300 into the stent patiern. As
discussed above, the stent patlern can be the patlern shown in FIG. 1 or any other
suitable stent pattern formed from a wire. Further, although the order of all the steps
is not critical, step 345 should be performed prior {0 removing intermediate core
member 304, as explained in more detail below. Shaping wire 300 inio the stent
pattern while infermediate member 304 is disposed between outer member 302 and
inner member 308 helps prevent kinking or other deformations from cccurring in wire
300. Shaping wire 300 into the stent patiern shown in FIG. 1 generally includes the
steps of forming wire 300 info a two dimensional sinusoid pattern followed by wrapping
the patiern around a mandrel, as known to those skilled in the art and described
above. The end result is a helical stent pattern formed onto a mandrel. Selected
crowns of the helical pattern may then be welded together and the stent may be
removed from the mandrel.

{00461 Step 350 shown in FIG. 14 is to provide openings 320, 322 through the wall
of outer member 302 {o intermediate member 304, resulting in the cross-section
shown in FIG. 16. Openings 320, 322 may be laser cul, drilled, eiched, or otherwise
provided through ouler member 302, Step 350 need not be performed after step 345,
nor before step 355, although in some instances it is preferred {0 be before step 355,
as explained in more detail below. if step 350 is performed after step 345, a cross-
section of wire 300 will include outer member 302, infermediate member 304, cors
member 306, and openings 320, 322, as shown in FIG. 16. In the embodiment
shown, openings 320, 322 are directed towards the abluminal and luminal sides of the
stent, respectively. Those skilled in the arl would recognize that openings 320, 322
may be directed any direclion deemed suitable for the particular use of the stent.
Further, there may be more openings dispersed around the circumiference of the stent
such that the substances within the lumens formed, as described in more detail below,
may be eluled in any and/or all directions.

{00471  Step 355 is to eich away intermediate member 304. Step 355 can be
performed by any suitable process for removing intermediate member 304 while
preserving cuter member 302 and inner member 308, In particular, if outer member
302 and inner member 306 are made from MP35N and intermediale member 304 is

made from tantalum, subjecting wire 300 to xenon difiuoride (Xef;) gas at low
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pressure (1-8 Torr) and relatively high temperature (approximately 150° C) causes the
xenon difiuoride (Xef2) gas to react with the tantalum (Ta) intlermediate member 304
to form TakFs and Xe gases, which can be exhausted from lumens 3103, 312, Xenon
diflucoride (XeF,) gas reacts similarly with an intermediate member 304 made from
tungsten, molybdenum, nicbium, rhenium, carbon, germanium, and silicon. However,
xenon difivoride (Xef;) gas does not react with an outer member 302 or inner member
306 formed of MP35N. However, as noted above, other examples of suitable outer
member/intermediate member/inner member combinations and methods for removing
intermediate members are described in co-pending U.S. Application No. 12/500,359,
filed July 8, 2008 and co-pending U.S. Application No. [docket no. P38483], each of
which is incorporated by reference herein in its entirety. For example, and not by way
of limitation, methods such as wet chemical dissolution, solubilization, sublimation,
and melling may be used with appropriate cuter member/intermediate member/core
member combinations. The intermediate member of the present embodiment would be
the eguivalent material of the core member described in the noted co-pending
applications, and the inner member of the present embodiment would be the same as
the cuter member, or other suitable alternatives that would withstand the process
described for removing the intermediate member.

{0048] After step 355 is completed, outer member 302 and inner member 306
remain and intermediate member 304 has been removed, leaving the structure shown
in FiG. 17, As noted above, openings 320, 322 do not need to be formed prior to the
step of removing intermediate member 304 as long as there is a way 10 expose
intermediate member 304 {o the etchant. For example, ends of the wire may be open
or temporary ports may for formed through outer member 302 0 expose inner
member 304 to the elchant. Removing intermediate member 304 leaves ouler
member 302 and inner member 306 with an annular lumen 308 disposed
thersbetween, as shown in FIG. 17, Inner member 306 may not be positioned at the
center of the lumen of outer member 302 after intermediate member has been
removed. Such movement of inner member 306 is acceptable. In some
embodiments, it may be desirable to partially swage wire 300 prior o removing
intermediate member 304 such that the inner member 306 is held in place after
removal of the intermediate member 304.

{00481  After infermediate member 304 has been removed, in siep 360 the

remaining outer member 302 and inner member 308 may be swaged or pressad in the
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direction of arrows 332 as indicated in FIG. 17. Wire 300 may be swaged by any
method or device known {o those of ordinary skill in the art. For example, and not by
way of imitation, methods and devices described in U.5. Published Patent Application
Publication No. 2002/0065548 {o Birdsall el al., which is hereby incorporated by
reference herein in its entirely, may be ulilized. Swaging of wire 300 causes the outer
member 300 to deform, such as by plastic deformation, into a generally elliptical or
oval shape, as shown in FIG. 18, As the outer member 302 is deformead, the walls of
the cuter member 302 are pressed towards each other and contact inner member 306
to separate annular lumen 308 into two separate lumens 310, 312, as shown in FIG.
18. The portion where outer member 302 mests inner member 306 creates a barrier
between the lumens 310, 312. The stent may be further treated, such as by
armealing, during or after the swaging step to seal outer member 302 o inner member
306, if desired. FIG. 18 is not drawn to scale, and those skilled in the art would
recognize the amount that cuter member 302 is deformed to seal against inner
member 308 depends on the diamesier of inner member 306 and the thickness of
intermediate member 304/annular lumen 308.

{00501  After step 380, lumens 310, 312 are filled first and second biologically or
pharmacologically active substances 316, 318, as shown in step 365 of FIG. 14,
Lumens 310, 312 may be filled with biclogically or pharmacologically active
substances 318, 318 by the methods described in co-pending U.S. Application Nos.
(Attorney Docket Nos, P36484, P37857, P38015, P380085, P37967, and P36172),
each of which is incorporated by reference herein in iis entirely, or any other suilable
method known {o those skilled in the arl. This produces a holiow wire or ouler
member 302 with biclogically or pharmacologically active substances 318, 318
disposed in lumens 310, 312 thereof, separated by inner member 306, and openings
320, 332 through which biclogically or pharmacologically active substances 318, 318
may be sluted, as shown in FIG. 19,

{00511 First and second biologically or pharmacologically active substances 116,
118 or 316,318 may be the same or may be different. For example, and nol by way of
limitation, first biologically or pharmacologically active substance116/316 may be an
antiproiiferative agent and opening 120/320 may be directed towards the cuter,
abluminal surface of the stent, and second biologically or pharmacoiogically active
substance 118/318 may be an antithrombotic agent and opening 122/322 may be

directed to the inner, luminal surface of the stent. In another example, first and
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second biciogically or pharmacologically aclive substances 118/316, 118/318 may be
the same or different substances configured to release at different times in vivo. The
time release difference may be due {0 the substance itself, the size of the opening
leading to the lumen, an additive, a bicdegradabile liner added to the lumen or
opening, or other time release mechanisms know to those skilled in the art. Cther
combinations of first and second biclogically or pharmacologically aclive substances
may be utilized, as known {0 those skilled in the art.

[0052] FIGS. 20-26 show embodiments of cross-sections of generally hollow wires
used to form a stent such as the stent shown in FIG. 1. In the embodiments of FIGS.
20-26, instead of utilizing a sacrificial material such as core member 130 or
intermediate member 304 described above o support the wire during forming of the
stent pattern, which requires removing the sacrificial material after forming the stent
patiern, the wire includes an internal support structure o support the wire during
formation of the stent pattern and internal lumen(s) to contain the biologically or
pharmacologically aclive substance(s).

[0053]  In particular, FIGS. 20-21 show a generally circular wire 400 including a t-
shaped or cross-shaped internal wall 402 dividing the internal lumen of the wire 400
irto four lumens 404a-404d. Wire 400 may be formed with internal wall 402 by co-
exirusion or other methods known to those skilled in the art of wire formation. Wire
400 may be formed with internal wall 402 and a sacrificial material such as those
described above in the lumens. The sacrificial material can be removed prior {o
forming the wire into the stent shape, leaving wirg 400 with internal wall 403. Wire 400
is formed into a stent pattern, as explained above with respect to steps 155 and 245,
Openings 406a-406d are disposed through the outer wall of wire 400 o lumens 404a-
404d, respectively. Lumens 404a-404d are filled with biologically or pharmacoiogically
active substances 408a-408d. The order of the steps described above may be varied.
For example, lumens 404a-4044 may be filled with biclogically or pharmacologically
active substances 408a-408d prior to forming wire 400 info a stent pattern.  Similarly,
openings 406a-406d may be formed prior to forming wireg 400 info a stent patiern and
the lumens may be filled after forming the wire into a stent patlemn. Biclogically or
pharmacologically active substances 408a-408d may be the same or different, as
explained above. Further, biclogically or pharmacologically substances 408a-408d
may be configured (o elute al the same rate or different rates, as also explained

above.
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[00584] FIGS. 22-23 show a wire 420 similar to wire 400 except that wire 420 is
generally rectangular in shape, including a t-shaped or cross-shaped internal wall 422
dividing the internal lumen of the wire 420 into four lumens 424a-424d. Wire 420 is
formed into a stent pattern, as explained above with respect (o steps 155 and 245.
Openings 4206a-426d are disposed through the outer wall of wire 420 1o lumens 4245-
4244, respectively. Lumens 424a-424d are filled with biologically or pharmacoiogically
active substances 428a-428d. The order of the steps described above may be varied.
For example, lumens 424a-424d may be filled with biologically or pharmacoiogically
active substances 428a-428dprior 1o forming wire 420 into a stent pattern. Similarly,
openings 426a-426d may be formed prior to forming wire 420 into a stent pattern and
the lumens may be filled after Torming the wire into a stent pattern. Biologicaily or
pharmacologically substances 428a-428d may be the same or different, as explained
above. Further, biologically or pharmacoiogically substances 428a-428d may be
configured {o elute at the same rale or different rates, as also explained above.

[0085] FIGS. 24-25 show a wire 430 similar 1o wire 400 except that wire 430
includes an internal honeycombed shaped structure 432 forming multiple internal
lumens 434, Wire 430 may be formed with internal honeycomb shaped structure 432
by co-exirusion or other methods known o those skilled in the art of wire Tormation.
Wire 430 is formed into a stent pattern, as explained above with respect o steps 155
and 245, Openings 436 are disposed through the outer wall of wire 430 {o lumens
434, Lumens 434 are filled with biologically or pharmacologically aclive substances
438, Openings 440 through walls of internal honeycomb shaped structure 432 permits
the bioclogically or pharmacologically active substances 438 {o travel between internal
lumens o be eluted from openings 436. A configuration such as the one shown in
FIGS. 24-25 may also permit extending elution time. For example, and not by way of
fimitation, lumen 434a shown in FIG. 25 includes opening 436a through the ouler wall
of wire 430, as shown. Lumen 4345 is adjacent to lumen 434a. Lumen 4346 does not
have access directly through the outer wall of wire 430. However, opening 440a in
wall 432 bebtween lumen 434a and 4340 permits biologically or pharmacoiogically
active substance 438 o travel from lumen 4345 to lumen 4345, Similarly, lumen 434¢
does not have access through the outer wall of wire 430. However, opening 4406 in
the wall between lumen 434¢ and lumen 434 permits biologically or
pharmacologically active substance 438 to travel from lumen 434¢ 1o lumen 4345, and

subsequently o lumen 4344 through opening 440a and cutside of wire 430 through

- 16 -



WO 2012/036875 PCT/US2011/049429

apening 436a. Such an elution pattern permits an extended drug elution, which may
be desirable in some circumstances.

[0056] Although generally circular and rectangular wires have been described
above, cther shapes such as elliplical, oval, and other polygonal shapes may be used.
Further, the internal supports described above may be varied or interchanged. For
example, and not by way of limitation, the honeycomb infernal structure described in
FIGS. 24-25 may be used in a rectangular wire of FIGS. 22-23 or in other polygonal
structures.

{08571 Similarly, instead of a t-shaped or cross-shaped internal structure as shown
in FIGS. 20-23, a single wall may be ulilized that is oriented in the direction of fingers
used to bend the wire, as described in more delail in U.S. Application No. 12/428,581,
filed April 23, 2008, which is incorporated herein by reference in its entirety. Such a
wire 460 with a single internal wall 462 dividing the lumen into two lumens 4644, 4640
is shown in FIG. 26, with an exemplary finger 470 described in U.S. Application No,
12/428.,581, filed April 23, 2009 shown.

[00588] FIGS. 27-28 show a generally circular wire 480 including an outer member
482 and a core member 480. Outer member 482 includes an inner portion 484 that
surrounds core member 480, and walis 486 extend radially cutwards towards an outer
surface of ouler member 482, Lumens 488 are defined by outer member 482, inner
portion 484, and walis 486. In the embodiment of FIGS. 27-28, there are six lumens
488 and a corresponding six walls 486, with two walls 486 defining each lumen 488,
and two lumens 488 sharing each wall 486. The shape of lumens 488 in the
embodiment of FIGS. 27-28 is generally honeycomb-shaped or hexagonal. Wire 480
may be formed by co-extrusion or other methods known to those skilled in the art of
wire formation. Core member 480, inner portion 484 and walls 488 provide support to
resist bending failure when forming wire 480 into a stent patiern, as described below.
Core member 490 may be the same material as cuter member 482 or may be a
different matsrial. In one non-limiting example, core member 480 may be more
radicpaque than ouler member 482 for improved visibility of the stent. For example,
and not by way of limitation, outer member 482 {including inner portion 484 and walls
488) may be made from MP35N and core member may be made from tantalum,
{00581 Wire 480 is formed into a stent patlern, as explained above with respect to
steps 155 and 245, Openings 482 are disposed through outer member 482 {o lumens

488. Openings 482 may be formed through outer member 482 {0 each of lumens 488
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or may be formed through ouler member 482 {0 access some of lumens 488 and
additional openings may be formed in walls 486 such that lumens 488 without an
opening 492 have access o lumens 488 with openings 492, Lumens 488 are filled
with one or more biologically or pharmacologically active substances 494, as shown in
FIG. 28. The order of the steps described above may be varied. For example, lumens
488 may be filled with biclogically or pharmacologically aclive substances 494 prior {o
forming wire 480 into a stent pattern. Similarly, openings 482 may be formed prior (o
forming wire 480 into a stent patlern and the lumens may be filled after forming the
wire into a stent pattern. Biclogically or pharmacologically aclive substances 494 may
be the same or different, as explained above. Further, biclogically or
pharmacologically substances 494 may be configured to slute at the same rate or
different rates, as also explained above.

{00601 Further processing of the stents in the above-described embodiments, such
as annealing, cleaning, and other processes known 1o those skilled in the ar, can be
performed al appropriaie times in the methods described above. For example, and
not by way of limitation, annealing the stent may take place before filling the stent with
first and second biclogically or pharmacologically active substances if the annealing
step may damage the substances. Similarly, a final cleaning slep may ocour after
filling the stent with the first and second biologically or pharmacologically active
substances.

{00611  The term “biologically or pharmacoiogically active substance” refers to any
substance, whether synthstic or natural, thal has a pharmacological, chemical, or
biological effect on the body or a portion thereof. Suitable biclogically or
pharmacologically active materials that can be used in embodiments of the present
invention include without limitation gluccocorticoids {e.q. dexamethasone,
betamethasone), antithrombotic agents such as heparin, cell growth inhibitors, hirudin,
angiopeptin, aspirin, growth factors such as VEGF, antisense agents, anti-cancer
agents, anti-profiferative agents, oligonuclectides, antibictics, and, more generally,
antiplatelet agents, anti-coagulant agenis, antimitotic agenis, antioxidants,
antimetabolite agents, and anti-inflammatory agents may be used. Antipiatelet agents
can include drugs such as aspirin and dipyridamole. Aspirin is classified as an
analgesic, antipyretic, anti-inflammatory and antiplatelet drug. Dipyridamole is a drug
similar to aspirin in that it has anti-platelet characteristics. Dipyridamole is also

classified as a coronary vasodilator. Anticoagulant agents may include drugs such as
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heparin, protamine, hirudin and tick anticoagulant protein. Anti-cancer agenis may
include drugs such as taxol and its analogs or derivatives. Taxol is also classified as a
cell-growth inhibitor. Antioxidant agents may include probucol. Anti-proliferative agents
may include drugs such as amlodipine, doxazosin, and sirolimus {rapamycin} or
other—limus family compounds. Antimitotic agents and antimetabolite agents may
include drugs such as methotrexate, azathioprine, vincristine, vinblastine, &-
fluorouracil, adriamycin and mutamycin. Antibiotic agents can include penicillin,
cefoxitin, oxacillin, tobramycin, and gentamicin. Suitable antioxidants include probucaol.
Also, genes or nucleic acids, or portions thereof may be used. Such genes or nucleic
acids can first be packaged in liposomes or nanoparticles. Furthermore, collagen-
synthesis inhibitors, such as tranilast, may be used

{0062] The stents described above may be used conventionally in blood vessels of
the body {o support such a vessel after an angioplasty procedure. H is known that
certain biclogically or pharmacologically active substances eluted from stents may
prevent restenosis or other complications associaled with angioplasiy or sients. The
stents may alternatively be used in other organs or tissues of the body for delivery of
drugs {o treat tumors, inflammation, nervous conditions, or other conditions that would
be apparent to those skilled in the arl.

00631  While various embodiments of the present invention have been described
above, it should be understood that they have been presented by way of illustration
and example only, and not limitation. it will be apparent o 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 egquivalents. it will also be understood that each feature of each embodiment
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 to be bound
by any expressed or implied theory presenied in the preceding technical field,
background, brief summary or the detailed description. All patents and publications

discussed herein are incorporated by reference herein in their entirely.
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CLAIMS

What is claimed is:

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

utilizing a composite member including an outer member and an hourglass
shaped core member disposed within a lumen of the outsr member;

shaping the composite member inlo a stent patlern;

forming openings through the cuter member;

after the step of shaping the composite member info the pattern, processing the
composite member such that the core member is removed from the ouler member
without adversely affecting the outer member, thereby leaving an cuter member with
an hourglass shaped lumen; and

swaging the cuter member such that the hourglass shaped lumen is separaied

into a first lumen and a second lumen separated by a portion of the outer member.

2. The method of claim 1, further comprising the step of filling the first lumen
with a first biciogically or pharmacologically active substance and filling the second
lumen with a second biologically or pharmacologically active substance after the core

member has been removed.

3. The method of claim 2, wherein the first and second biologically or

pharmacologically active substances are the same.

4. The method of claim £, wherein the first and second biologically or

pharmacologically active substances are different.

5. The method of claim 2, wherein the first and second biologically or
pharmacologically aclive substances are selecled from the group consisting of
antineoplastic, antimitolic, antiinflammatory, antiplatelet, anticoagulant, anti fibrin,
antithrombin, antiproliferative, antibiotic, antioxidant, and antialiergic subsiances as

well as combingtions thereof.

8. The method of claim 1, wherein the step of processing the composile

member comprises exposing the composite member {o an etchant that reacts with the
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core member to remove the core member, wherein the etchant does not react with the

auter member.

7. The method of claim 6, wherein the etchant is a liguid chemical that

dissolves the core member.

8. The method of claim 6, wherein the efchant is a gas.

9. The method of claim 8, wherein the outer member is formed from MP35N,
the core member is formed from one of tantalum, tungsten, molybdenum, niobium,

rhenium, carbon, germanium, and silicon, and the etchant is xenon difiuoride.

10. The method of claim 8, wherein the core member is soluble in the eichant

and the ouler member is not soluble in the eichant.

11. The method of claim 1, wherein the step of processing the compaosiie
member comprises heating the composite member {0 a temperature to sublimats the

core member.

12. The method of claim 1, wherein the step of processing the composite
member comprises heating the composite member to a temperature {o melt the core

member.

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

utilizing a composite member including an outer member, an inner member
disposed within a lumen of the ouler member, and an intermediate member disposed
between the outer member and the inner member;

shaping the composite member into a stent patiern;

forming openings through the cuter member to the intermediale member;

after the siep of shaping the composite member info the stent pattern,
processing the composite member such that the intermediate member is removed
from the outer member without adversely affecting the cuter member or the inner
member, thereby leaving the outer member and the inner member with a cavity

disposed therebtween; and
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swaging the outer member such that portions of the ouler member are pressed
into contact with the inner member, thereby deforming the outer member and forming
a first lumen and a second lumen separaied by the inner member and the portions of

the outer member in contact with the inner member.

14. The method of claim 13, further comprising the step of filling the first lumen
with a first biclegically or pharmacologically active substance and filling the second
lumen with a second biologically or pharmacologically active substance after the core

member has been removed.

15. The method of claim 14, wherein the first and second biclogically or

pharmacologically active substances are the same.

16. The method of claim 14, wherein the first and second biologically or

pharmacologically aclive substances are different.

17. The method of claim 14, wherein the first and second biologically or
pharmacologically active substances are selected from the group consisting of
antineoplastic, antimitotic, antiinflammalory, antiplatelel, anticoagulant, anti fibrin,
antithrombin, antiproliferative, antibictic, antioxidani, and antiallergic substances as

well as combinations thersof.

18. The method of claim 13, wherein the step of processing the composiie
member comprises exposing the composite member to an etchant that reacts with the
intermediate member o remove the infermediale member, wherein the efchant does

not react with the outer member and innsr member.

19. The method of claim 18, wherein the stchant is a liguid chemical that

dissolves the intermediate member.

20. The method of claim 18, wherein the etchant is a gas.

21. The method of claim 20, wherein the outer member and inner member are

formed from MP35N, the intermediate member is formed from one of tantalum,
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tungsten, molybdenum, niobium, rhenium, carbon, germanium, and silicon, and the

etchant is xenon difluoride.

22. The method of claim 18, wherein the intermediale member is soluble in the

stchant and the outer member and inner member are not soluble in the eichant.

23. The method of claim 13, wherein the step of processing the composiie
member comprises heating the composite member {0 a temperature {o sublimats the

intermediate member.

24. The method of claim 13, wherein the step of processing the composite
member comprises heating the composite member {0 a temperature to meit the

intermediate member.

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

utilizing a wire having an outer member and an internal support structure
dividing an internal lumen of the wire into a plurality of lumens;

shaping the wire into a steni pattern;

forming openings through the outer member {0 at least one of the lumens; and

filling the plurality of lumens with at least one biclogically or pharmacologically

active substance.
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