
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number
(43) International Publication Date t

22 March 2012 (22.03.2012) WO 2012/036890 Al

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
A61L 31/14 (2006.01) A61L 31/18 (2006.01) kind of national protection available): AE, AG, AL, AM,
A61L 31/16 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(21) International Application Number: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

PCT/US201 1/049761 HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(22) International Filing Date: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

30 August 201 1 (30.08.201 1) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU,

(25) Filing Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,

(26) Publication Language: English TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

(30) Priority Data:
12/884,343 17 September 2010 (17.09.2010) US (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
(71) Applicant (for all designated States except US): GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

MEDTRONIC VASCULAR [US/US]; c/o IP Legal D e ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
partment, 3576 Unocal Place, Santa Rosa, CA 95403 TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(US). EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,(72) Inventor; and
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,(75) Inventor/Applicant (for US only): BIENVENU, Ryan
GW, ML, MR, NE, SN, TD, TG).[US/US]; c/o IP Legal Department, Medtronic Vascular,

3576 Unocal Place, Santa Rosa, CA 95403 (US). Published:

(74) Agent: SHELDON, Anthony, A.; c/o IP Legal Depart — with international search report (Art. 21(3))
ment, 3576 Unocal Place, Santa Rosa, CA 95403 (US).

(54) Title: METHOD OF FORMING A DRUG-ELUTING MEDICAL DEVICE

100

o
00 FIG. 1

©
(57) Abstract: A method of forming a stent includes the steps of forming an elongated composite member or plurality of elongat
ed composite members into a stent pattern having struts interconnected by crowns, the composite member including an outer

o member and a core member. Opemngs are formed through the outer member of the composite member. The composite member is
processed to remove the core member from at least a plurality of the struts of the stent without adversely affecting the outer mem
ber and such that the core member is not removed from at least a plurality of the crowns of the stent, thereby leaving the outer

o member with a lumen in at least a plurality of the struts and the outer member with the core member in at least a plurality of the
crowns. The lumens may then be filled with a biologically or pharmacologically active substance.



METHOD OF FORMING A DRUG-ELUTING MEDICAL DEVICE

FIELD OF THE INVENTION

[0001] The present invention relates to implantable medical devices that release

biologically or pharmacologically active substances and methods of forming such

medical devices

BACKGROUND OF THE INVENTION

[0002] Drug-eluting implantable medical devices have become popular in recent

times for their ability to perform their primary function (such as structural support) and

their ability to medically treat the area in which they are implanted

[0003] For example, drug-eluting stents have been used to prevent restenosis in

coronary arteries. Drug-eluting stents may administer biologically or

pharmacoiogicaliy active substances such as anti-inflammatory compounds that block

local invasion/activation of monocytes, thus preventing the secretion of growth factors

that may trigger VSMC proliferation and migration. Other potentially anti-restenotic

compounds include anti-proliferative agents, such as chemotherapeutics, which

include rapamycin and paclitaxel. Other classes of drugs such as anti-thrombotics,

anti-oxidants, platelet aggregation inhibitors and cytostatic agents have also been

suggested for anti-restenotic use.

[0004] Drug-eluting medical devices ma be coated with a polymeric material

which, in turn, is impregnated with a biologically or pharmacologically active substance

or a combination of biologically or pharmacoiogicaliy active substances. Once the

medical device is implanted at a target location, the biologically or pharmacologically

active substance is released from the polymer for treatment of the local tissues. The

biologically or pharmacologically active substance is released by a process of diffusion

through the polymer layer for biostable polymers, and/or as the polymer material

degrades for biodegradable polymers.

[0005] Controlling the rate of eiution of a biologically or pharmacologically active

substance from the impregnated polymeric material is generally based on the

properties of the polymer material. However, at the conclusion of the eiution process,

the remaining polymer material in some instances has been linked to an adverse

reaction with the vessel, possibly causing a small but dangerous clot to form. Further,

drug-impregnated polymer coatings on exposed surfaces of medical devices ay flake



off or otherwise be damaged during delivery, thereby preventing the biologically or

pharmacologically active substance from reaching the target site. Still further, drug

impregnated polymer coatings are limited in the quantity of the biologically or

pharmacologically active substance to be delivered by the amount of a drug that the

polymer coating can carry and the size of the medical devices. Controlling the rate of

eiution using polymer coatings is also difficult.

[0006] Accordingly, drug-eluting medical devices that enable increased quantities

of a biologically or pharmacologically active substance to be delivered by the medical

device, and allow for improved control of the eiution rate of the substance, and

improved methods of forming such medical devices are needed.

SUMMARY OF INVENTION

[0007] In an embodiment of a method of forming a stent, an elongated composite

member including an outer member and a core member disposed within a lumen of

the outer member is shaped into a stent pattern having a plurality of struts

interconnected by crowns. Openings are formed through the outer member to the core

member at the struts, either before or after shaping the composite member into the

stent pattern. After shaping the composite member into the stent pattern, the

composite member is processed such that the core member is removed from at least

a plurality of the struts of the stent without adversely affecting the outer member and

such that the core member is not removed from at least a plurality of the crowns of the

stent, thereby leaving the outer member with a lumen in at least a plurality of the struts

and the outer member with the core member in at least a plurality of the crowns. The

lumens may then be filled with a biologically or pharmacologically active substance(s).

[0008] In another embodiment of a method of forming a stent, a plurality of

elongated composite members, each including an outer member and a core member

disposed within a lumen of the outer member, are shaped into waveforms having a

plurality of struts interconnected by crowns. The waveforms are formed into a plurality

of cylindrical elements. The cylindrical elements are aligned along a common

longitudinal axis and joined together to form a tubular stent. Openings are formed

through the outer members of the struts. After shaping the composite members into a

waveform, the waveforms are processed such that the core member is removed from

at least a plurality of the struts of the waveform without adversely affecting the outer

member and such that the core member is not removed from at least a plurality of the



crowns of the waveform, thereby leaving the outer member with a lumen in at least a

plurality of the struts and the outer member with a core member in at least a plurality

of the crowns. The lumens may then be filled with a biologically or pharmacologically

active substance(s).

BRIEF DESCRIPTION OF DRAWINGS

[0009] The foregoing and other features and advantages of the invention wil be

apparent from the following description of the invention as illustrated 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 to enable a person skilled in the pertinent art to make and use the

invention. The drawings are not to scale.

[00 ] FIG. 1 is a schematic illustration of an embodiment of an exemplary stent.

[001 ] FIG. 2 is a cross-sectional view taken along line A-A of FIG. 1.

[0012] FIG. 3 is a cross-sectional view taken along line B-B of FIG. 1.

[0013] FIG. 4 is a schematic longitudinal cross section of a portion of the stent of

FIG. 1

[0014] FIG. 5 is a flow chart of an embodiment of a method of forming a stent.

[0015] FIG. 8 is a schematic longitudinal cross-section of a core wire.

[0016] FIG. 7 illustrates a portion of a core wire formed into a two dimensional

waveform.

[00 FIG. 8 illustrates a waveform such as the waveform of FIG. 7 being wrapped

around a mandrel.

[0018] FIGS. 9-12 are schematic side cross-sectional views of a portion of a core

wire illustrating the core wire at stages of the method of FIG. 5 .

[0019] FIG. 3 is a schematic side cross-sectional view of a portion of a stent with

the core member removed from the struts and portions of the crowns thereof.

[0020] FIG. 14 is a schematic view of an embodiment of a stent;

[0021] FIG. 1 is a flow chart of an embodiment of a method of making a stent.

[0022] FIG. 16 is a schematic longitudinal cross-section of a plurality of core wires.

[0023] FIG. 17 illustrates a plurality of core wires formed into a two dimensional

waveform.

[0024] FIG. 18 illustrates the waveforms of FIG. 17 wrapped into cylindrical

elements.



[0025] FIGS. 19-21 are schematic illustrations of a stent illustrating the stent at

stages of the method of FIG. 15.

[0028] FIG. 22 s a schematic view of another embodiment of a stent.

[0027] FIG. 23 is a flow chart of an embodiment of a method of making the stent of

FIG. 22.

[0028] FIGS. 24 and 25 are schematic longitudinal cross-sections of a portion of a

stent adjacent an opening showing a step in the method of FIG. 23.

[0029] FIGS 26-28 are schematic longitudinal cross-sections showing a crown of a

stent showing a step of the method of FIG. 23.

DETAILED DESCRIPTION OF THE INVENTION

[0030] Specific embodiments of the present invention are now described with

reference to the figures, where like reference numbers indicate identical or functionally

similar elements.

[0031] An embodiment of a stent 100 disclosed herein is shown in FIGS. 1-4. In

the embodiment shown in FIG. 1, stent 100 is formed from a wire 10 1 bent or formed

into a series of generally sinusoidal waves including generally straight segments or

struts 08 joined by bent segments or crowns 108 and helically wrapped into a tube,

as shown in FIG. 1. 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. In the embodiment shown in FIG. 1, selected

crowns 108 of longitudinally adjacent sinusoids may be joined by, for example, fusion

points 124. The invention hereof is not limited to the pattern shown in FIG. 1. Stent

100 can be formed into any pattern suitable for use as a stent. For example, and not

by way of limitation, stent 100 can be formed into patterns disclosed in U.S. Patent No.

4,800,882 to Gianturco, U.S. Patent No. 4,888,062 to Wiktor, U.S. Patent No.

5,133,732 to Wiktor, U.S. Patent No. 5,782,903 to Wiktor, U.S. Patent No. 6,138,023

to Boyle, and U.S. Patent No. 5,019,090 to Pinchuk, each of which is incorporated by

reference herein in its entirety.

[0032] As shown in FIGS. 2-4, wire 101 of the completed stent 100 is hollow in the

strut regions 106 (FIG. 2) and includes a core member 130 in the crown regions 108

(FIG. 3). In particular, FIG. 2 is a cross-sectional view of wire 101 taken along line A-A

of FIG. 1 (at a strut 108). FIG. 3 is a cross-sectional view of wire 101 taken along line

B-B of FIG. 1 (at a crown 108). FIG. 4 shows a schematic longitudinal cross section of



adjacent crowns 108a, 108b fused together at a fusion point 124. As shown in F G. 4 ,

core member 130a, 1306 is disposed within an outer member 102a, 1026 for at least a

portion of the crowns 08a, 108 , while outer members 102a, 102 are hollow at the

struts 108a, 106 /3, As shown in FIGS. 2 and 4 , the lumens 110 of outer members 102

at struts 108 are filled with a biologically or pharmacologically active substance 118

( 1 16a, 1 6 in F G. 4).

[0033] Openings 120 through outer member 102 at struts 108 permit biologically or

pharmacologically active substance 116 to e ute from lumen 110. In the embodiment

shown, openings 120 are directed outwardly or toward the ablumina! surface of the

stent. However, openings 120 may be provided anywhere along the circumference of

wire 101 . Openings 120 are dispersed along the length of the stent 100 at struts 106

and through the wall of outer member 102 to permit biologically or pharmacologically

active substance 118 to be released from lumens 110. Openings 120 may be sized

and shaped as desired to control the elution rate of biologically or pharmacologically

active substance 118 from stent 100. Larger sized openings generally permit a faster

elution rate and smaller sized openings generally provide a slower elution rate.

Further, the size and/or quantity of openings 120 may be varied along stent 100 in

order to vary the quantity and/or rate of biologically or pharmacologically active

substance 116 being eluted from stent 100 at different portions of stent 100.

Openings 120 may be, for example and not by way of limitation, 5-30 in diameter.

Openings 120 may have a constant diameter through the depth or have a tapered or

conical shape.

[0034] FIGS. 5-12 show schematically an embodiment of a method of making the

stent 100 of FIG. 1 having the wire 101 of FSGS. 1-4. As shown in FIG. 5 , step 150 is

to utilize a wire with an outer member and a central core member, as shown in FIG. 6 .

These types of wire are sometimes referred to 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. . Outer member

102 becomes hollow wire 102 of stent 100, and thus has been labeled with the same

reference number. 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 outer

member over the inner member, or any other suitable method. Core wires suitable for

medical applications are available, for example, from Ft. Wayne Metals of Ft. Wayne,

Indiana.



[0035] Outer member 102 can be any material that is suitable to be used as a

stent. Outer member 102, as explained in more detail below, is the surviving material

that will become hollow wire 102. For example and not by way of limitation, outer

member 102 may be a stainless steel, "MP35N", "MP20N", nickel titanium alloys such

as Nitinol, magnesium, L605, 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 consists 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 survive the process for eliminating core member 130, as

discussed in more detail below.

[0036] 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 materia! that is more

radiopaque than the material of outer member 102 such that the remaining core

member materia! can be seen by a practitioner. Further, core member 130 is made of

a sacrificial material that can be removed by a process that does not damage the

material of outer member 102. Examples of materials for core member 130 include,

but are not limited to, tantalum (Ta), tungsten (W), molybdenum (Mo), niobium (Nb),

rhenium (Re), carbon (C), germanium (Ge), silicon (Si) and alloys thereof.

[0037] As shown in FIG. 6 , outer member 102 may have an outer diameter D in

the range of 0.002 inch to 0.010 inch and a wall thickness T in the range of .0005 inch

or larger. The values listed above are merely examples and other diameters and wall

thicknesses may be used depending on, for example, the materia! used, the desired

stent shape, the target location, the amount of biologically or pharmacologically active

substance to be e!uted, and other factors known to those skilled in the art.

[0038] Referring to FIG. 5 , step 155 is to shape the core wire 140 into the stent

pattern. As discussed above, the stent pattern can be the pattern shown in F G. 1 or

any other suitable pattern formed from a wire. Further, although the order of all the

steps is not critical, step 155 should be done prior to removing core member 130 (i.e.,

step 1 5 explained in more detail below). Shaping core wire 140 into the stent pattern

while core member 130 is disposed within outer member 102 helps prevent kinking or

other deformations from occurring in outer member 102 or lumen 110. 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, as shown in FIG. 7 , followed

by wrapping the waveform around a mandrel 122, as shown in FIG. 8 . The end result

is a helical stent pattern formed onto a mandrel 122. Selected crowns 108 of the

helical pattern may then be fused or laser 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 to, the methods described in U.S. Application No.

12/428,581 , filed April 23, 2009, 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 et a ., which is also incorporated by reference herein

in its entirety. Other methods for forming a wire into a waveform and for helically

wrapping the waveform into a tube may be used, as known to those skilled in the art.

[0039] Step 160 shown in FIG. 5 is to provide openings 120 through outer member

102. Openings 120 may be laser cut, drilled, etched, or otherwise provided through

outer member 102. Step 160 need not be performed after step 155, nor before step

165, although in some instances it is preferred to be before step 165, as explained in

more detail below. If step 160 is performed after step 155, FSG. 9 shows a schematic

side cross-sectional view of a portion of core wire 140 with openings 120 disposed

through outer member 102 at struts 106. Core member 130 is disposed within outer

member 102 throughout the length of core wire 140.

[0040] Step 165 is to etch away core member 130 at struts 106. 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 core

member 130 is made from tantalum, subjecting core wire 140 to xenon dif!uoride

XeF2 gas at low pressure (1-6 Torr) and relatively high temperature (approximately

110° - 150° C) causes the xenon difluoride (XeF?) gas to react with the tantalum (Ta)

core member 130 to form TaF 5 and Xe gases, which can be exhausted from lumens

110. Xenon difluoride (XeF 2) gas reacts similarly with a core member 130 made from

tungsten, molybdenum, niobium, rhenium, carbon, germanium, and silicon. However,

xenon difluoride (XeF ) gas does not react with an outer member 102 formed of

IV1P35N. Other examples of suitable outer member/core member combinations and

methods for removing core members are described in co-pending U.S. Application No.

12/500,359, filed July 9 , 2009 and co-pending U.S. Application No. [Attorney docket

no. P36493], 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 melting may be used with appropriate outer

member/core member combinations.

[0041] FIGS. 10-12 show schematically step 165 of F G. 5 . In particular, FIG. 10

shows a portion of core wire 140 exposed to the etchant, represented by arrows 142.

Although arrows 142 are shown generally at openings 120, those skilled in the art

recognize that the core wire 140 may generally be placed in an environment with the

etchant surrounding the core wire 140. The etchant does not harmfully affect outer

member 102, but begins to etch away core member 130 through openings 120, as

shown in FIG. 11. Because openings 120 are located in the strut regions 108, the

etchant etches core member 130 starting at openings 120 and working towards

crowns 108, as shown in FIG. 11. Parameters of the step of exposing core wire 140 to

the etchant are controlled such that the desired amount of core member 130 is

removed from outer member 102. For example, and not by way of limitation,

parameters such as time of exposure to the etchant, pressure, size and location of

openings 120, and other parameters affecting the removal of core wire 140 may be

controlled such that the desired amount of core member 130 is removed from outer

member 102.

[0042] In the present embodiment, portions of core member 130 at crowns 108

remain after step 185. In an embodiment, ends of core wire 140 are capped or

otherwise covered such that access to core member 130 by the etchant (such as

xenon difiuoride) is through openings 120. In a non-limiting example, a core wire 140

formed into the stent pattern is placed in a Xetch® Xenon Difiuoride Etching System

model e 1 , available from XACTIX, Inc. In a non-limiting example, a core wire 140 with

an P35N outer member 102 with an outer diameter of 0.002 to 0.01 inch, and a wall

thickness of at least 0.0005 inch, a tantalum core member 130 having a diameter of at

least 0.004 inch, is placed in a Xetch® Xenon Difiuoride Etching System model e 1

machine. The expansion chamber is filled with 8 torr of XeF 2 gas. A valve to the

process chamber is opened such that the pressure in the process chamber will be less

than 8 torr. In this particular example, all of core member 130 may be removed using

30 cycles of 30 seconds each at 110° C for the process chamber. In order to remove

core member 130 only at struts 106, the number of cycles or duration of the cycles

may be reduced. For example, cycles in the range of 5 to 29 would remove part of the

core member 130 but not the entire core member 130.



[0043] The parameters may be varied depending on the size of the core member

130, the length of the struts 108, the amount of the core member 130 that is to be

removed, the size, number and location of openings 120, and other factors known to

those skilled in the art. For example, the amount of core member 130 remaining at

crowns 108 may be varied. Core member 130 may remain only at a small portion of

crowns 108, as shown in FSG. 13, or a large portion of crowns 108, as shown in FIG.

12. For example, and not by way of limitation, core member 130 occupying 5% to

100% of the volume of lumen 110 of crowns 108 may remain. With other factors

remaining equal, core wire 140 would be exposed to the etchant for more cycles or

longer cycles such that more of core member 130 is removed to result in the

embodiment of FIG. 13 versus the embodiment of F G . 12. Similarly, if there are two

or more openings 120 per strut 106, rather than one opening 120 shown in FIGS. 9-

12, the number of cycles or time per cycle can be adjusted to etch the desired amount

of core member 130.

[0044] Accordingly, after step 165 is completed, outer member 102 remains and

core member 130 has been removed from the struts 106, leaving the structure shown

in FIG. 12 (or FIG. 13). As noted above, openings 120 do not need to be formed prior

to the step of removing core member 130 provided there is a way to expose core

member 130 to the etchant such that the core member may be removed at the struts

without removing core member 130 at the crowns 108. For example, and not by way

of limitation, temporary ports may be formed through outer member 102 to expose

core member 130 to the etchant.

[0045] After core member 130 has been removed from the strut regions, a

biologically or pharmacologically active substance 116 may be injected into lumen

110, as shown in step 170 of FIG. 5 . This produces a hollow wire or outer member

102 with biologically or pharmacologically active substance 116 disposed in lumens

110 at struts 106, and openings 120 through which biologically or pharmacologically

active substance 1 6 may be eluted, as shown FIGS. 2-4. Lumen 110 may be filled

with biologically or pharmacologically active substance 116 by the methods described

in co-pending U.S. Application Nos. (Attorney Docket Nos. P36494, P37957, P38015,

P38005, P37967, and P361 72), each of which is incorporated by reference herein in

its entirety, or any other suitable method known to those skilled in the art.

[0046] Leaving core member 130 in at least a portion of crowns 108 may be

desirable for several reasons. For example, and not by way of limitation, using a



radiopaque material for core member 130 and leaving core member 130 in crowns

108 may make it easier to visualize the stent during delivery and placement at a

treatment site. Further, leaving core member 130 at the crowns 108 may provide

additional support for fusing crowns in adjacent windings to each other, or may allow

such fusing to take place after filling the lumens 110 with a bioiogicaily or

pharmacologically active substance. Further, leaving core member 130 at crowns 108

divides lumen 110 into multiple lumens. Accordingly, some lumens may be filled with

a first biologically or pharmacologically active substance and other lumens may be

filled with a second biologically or pharmacologically active substance that is different

from the first biologically or pharmacologically active substance. For example, and not

by way of limitation, some lumens may have openings 120 directed to an abiuminal

side of the stent and be filled by an anti-proliferative agent while other lumens may

have openings 120 directed to a luminal side of the stent and be filled with an

antithrombotic agent. In another non-limiting example, different lumens may be

configured to release the same biologically or pharmacoiogicaiiy active substance at

different times in vivo, such as by varying the size of the openings 120, using an

additive, a biodegradable liner or plug, or other time release mechanisms know to

those skilled in the art. Other combinations of biologically or pharmacologically active

substances may be utilized, as known to those skilled in the art.

[0047] It is also possible to leave core member 130 in some of the crowns 108 of

the stent while removing core member 130 from other crowns 108 of the stent. For

example, and not by way of limitation, the first winding and last winding of the stent

may include the core member 130 at the crowns 108, while the remaining middle

windings would not include the core member 130 at the crowns 108. Such an

embodiment may be accomplished by adding openings 120 at the crowns 108 where

the core member 130 is to be removed prior to exposing the stent to the etchant.

Thus, core member 130 will be removed from the crowns 108 with openings 120, but

not the crowns 108 without openings 120. Those skilled in the art may do this for

several reasons. For example, and not by way of limitation, leaving radiopaque

material at crown(s) at proximal and distal ends of the stent may provide better

visualization of the boundaries of the stent, rather than leaving radiopaque material at

ail of the crowns. In another example, it may be desirable to have a higher dosage of

biologically or pharmacologically active substance in the middle portion of the stent

and a lower dosage of biologically or pharmacologically active substance at the ends



of the stent. Other variations of crowns with or without the core member may be

desirable for various reasons known to those skilled in the art.

[0048] FIG. 14 shows schematically an embodiment of a stent 200 with a core

member 230 remaining in some of the crowns 208 and being removed from the struts

206 and some of the crowns 208. In the embodiment shown in FIG. 14, core member

230 is maintained at fusion locations 224 between adjacent windings of the helically

wrapped stent. In a non-limiting example of a method of forming such a stent, the

method described above is used except that openings 220 are provided at the crowns

where the core member is to be removed. Further, at the ends of the stent, and at

locations 248, 248, core member 230 may remain at some of the struts 208 of the

stent 200. For example, in the embodiment shown in FIG. 14, the proximity of some

crowns with the core member remaining may make it desirable to keep the core

member in the struts there between, as shown at locations 248, 248. In an

embodiment such as the one shown n FIG. 14, one skilled in the art may load

different windings of the stent with different biologically or pharmacologically active

substances. For example, and not by way of limitation, some of the windings may

have openings 220 to the luminal side of the stent with a first biologically or

pharmacologically active substance disposed in the lumens 210 thereof and other

windings may have openings 220 to the ab!umina! side of the stent with a second

biologically or pharmacologically active substance disposed in the lumens 210 thereof.

[0049] F G. 1 is a flow chart of another embodiment of a method of making a

stent. As shown in FIG. 1 , step 350 is to utilize a plurality of core wires 340 with an

outer member 302 and a central core member 330, as shown in FIG. 16. Core wires

340 may be as described above for core wire 140. For further description of core

wires 340, including the description of outer member 302 and core member 330, the

description of core wire 140 above is incorporated herein. FIG. 16 shows three core

wires 340. Those skilled in the art would recognize that the number of wires used can

vary and may depend on the number of cylindrical elements (described below) desired

for the stent.

[0050] Referring to FIG. 15, step 355 is to shape each core wire 340 into a two-

dimensional waveform 304 having struts 306 interconnected by crowns 308, as

shown, for example, in FIG. 17. Step 360 is to form each waveform 304 into a

cylindrical element 312, as shown in FIG. 18 . Step 3 5 is to align the cylindrical

elements 312 along a common longitudinal axis 314 and to connect the cylindrical



elements 312 together, such as by fusion or laser fusion F G. 19 shows cylindrical

elements 312 aligned along longitudinal axis 314 and fused to each other at fusion

points 324. FIG. 9 also shows openings 320 formed through outer member 302, as

described in step 370. Openings may be similar to openings 120 described above.

Further, openings 320 in FIG. 19 are formed only in struts 306. As described above

with respect to the FIG. 14, the location of openings 320 may be varied depending on

which areas of the stent will include a biologically or pharmacologically active

substance, which areas will have the core member 330 removed, and other factors

known to those skilled in the art.

[0051] Step 375 is to etch away core member 330 at struts 308. Step 375 can be

performed by any suitable process for removing core member 330 while preserving

outer member 302, such as those described and incorporated by reference above.

FSG. 20 shows stent 300 exposed to an etchant, represented by arrows 342. Although

arrows 342 are shown generally at openings 320, those skilled in the art recognize

that stent 300 may generally be placed in an environment with the etchant surrounding

it. The etchant does not harmfully affect outer member 302, but begins to etch away

core member 330 through openings 320, as shown in FIG. 20. Because openings 320

are located in the strut regions 306, the etchant etches core member 330 starting at

openings 320 and working towards crowns 308, as shown in FIG. 20. Parameters of

the step of exposing stent 300 to the etchant are controlled such that the desired

amount of core member 330 is removed from outer member 302, as described above

in the present embodiment, portions of core member 330 at crowns 308 remain after

step 375. Accordingly, after step 375 is completed, outer member 302 remains and

core member 330 has been removed from the struts 306, leaving the structure shown

in FIG. 2 1. As noted above, openings 320 do not need to be formed prior to the step

of removing core member 330 provided there is a way to expose core member 330 to

the etchant such that the core member 330 may be removed at the struts 306 without

removing core member 330 at the crowns 308.

[0052] After core member 330 has been removed from the strut regions, a

biologically or pharmacologically active substance may be injected into lumens 310, as

shown in step 380 of FSG. 15. This produces a hollow wire or outer member 302 with

a biologically or pharmacologically active substance disposed in lumens 310 at struts

306, and openings 320 through which the biologically or pharmacologically active

substance may be eluted. Lumens 310 may be filled with the biologically or



pharmacologically active substance by the methods described and incorporated by

reference above.

[0053] FIG. 22 illustrates schematically a portion of an embodiment of a stent 400.

Similar to the embodiments described above, stent 400 includes a wire 401 bent or

formed into a series of generally sinusoidal waves including generally straight

segments or struts 406 joined by bent segments or crowns 408 and helically wrapped

into a tube. It is understood that the embodiment of FIGS. 15-21 , with cylindrical

elements attached along a common longitudinal axis, could be utilized as well.

[0054] Wire 401 of stent 400 is hollow in the strut regions 406 such that wire 401

includes a lumen 410 in the strut regions 406. A core member 430 is disposed within

wire 401 at the crown regions 408, as shown in FIGS. 22 and 28. Further, core

member 430 does not fully occupy lumen 4 10 of outer member 402, even at crowns

408, such that a lumen or lumens 448 connect lumens 410 of adjacent struts 406

together through crowns 408. As shown in FSGS. 22 and 28, the lumen 410 of outer

member 402 at struts 406 and lumens 448 disposed between core member 420 and

outer member 402 and crowns 408 are filled with a biologically or pharmacologically

active substance 416.

[0055] Openings 420 through outer member 402 at struts 406 permit biologically or

pharmacologically active substance 416 to elute from lumens 410/448. Openings 420

may be the same or similar to openings 120 described above.

[0056] FIG. 23 is a chart illustrating an embodiment of a method of making stent

400. Step 450 is to utilize a wire with an outer member and a central core member.

Such a wire may be the core wire 140 described above. A portion of such a core wire

440 is shown in FIG. 24, including an outer member 402 and a core member 430.

FIG. 24 also shows an opening 420, which is formed through outer member 402 in

step 460, which may occur before or after step 455, as described above.

[0057] Referring to FIG. 23, step 455 is to shape the core wire 440 into the stent

pattern. As discussed above, the stent pattern can be the pattern shown in FIG. 1 or

any other suitable pattern formed from a wire, or may be a series of cylindrical

elements formed from a plurality of wires, as described with respect to FIGS. 15-21 .

Further, although the order of ail the steps is not critical, step 455 should be done prior

to removing core member 430. Shaping the core wire 440 into the stent pattern

shown in FIG. 22 generally includes the steps described in the embodiments above.

The end result is a helical stent pattern formed onto a mandrel. Selected crowns 408



of the helical pattern may then be fused or laser fused together and the stent may be

removed from the mandrel.

[0058] Step 485 s to etch away core member 430 at struts 408. Step 465 can be

performed by any suitable process for removing core member 430 while preserving

outer member 402, as discussed in detail above with respect to step 185.

[0059] After step 485 has been completed, struts 408 include outer member 402

with lumen 410 and crowns 408 include outer member 402 with core member 430

disposed in lumen 410, as shown in FIG. 28. Step 470 is to remove a portion of core

member 430 at crowns 408 such that a portion of core member 430 remains at crowns

408 and a lumen or lumens 448 extend from lumen 4 10 at a strut 406 to lumen 410 in

an adjacent strut 406 through crown 408. Lumen 448 is part of lumen 410 of outer

member 402, but has been labeled differently to distinguish it from the lumens at struts

408.

[0060] Step 470 can be accomplished in any manner known to those of ordinary

skill in the art. Further, step 470 can be performed as part of step 465, or thereafter.

In one particular non-limiting example, hydrofluoric and nitric acid are used as an

etchant 442 with an outer member 402 made from MP35N and a core member 403

made from tantalum. In such an example, the etchant 442 preferentially etches the

core member 430 from the interface 446 of the core member 430 and outer member

402, as shown in FIG. 25. When performing such a step after the core member has

been removed from the struts 408, the etchant 442 begins to remove core member

430 from the core member 430 outer member 402 interface at the crowns 408, as

shown in FIG. 28. Continuing this process results in lumens 448 created between the

outer walls of core member 430 remaining in the crowns 408 and the inner wall of

outer member 402, as shown in FIG. 28. Those of ordinary skill in the art would

recognize that the etchant used for step 470 may also be used for step 465 such that

both steps are performed simultaneously. Further, those of ordinary skill in the art

would recognize that other etchant'core member/outer member combinations may be

used provided that they permit a lumen through or around the core member without

removing the entire core member.

[0081] After core member 430 has been removed from the strut regions and a

lumen 448 has been provided through crowns 408, a biologically or pharmacologically

active substance 416 may be injected into lumens 410/448, as shown in step 475 of

FSG. 23. This produces a hollow wire or outer member 402 with biologically or



pharmacologically active substance 41 disposed in lumens 410, 448 at struts 408

and crowns 408, respectively, and openings 420 through which biologically or

pharmacologically active substance 416 may be eiuted, as shown FIGS. 22 and 28.

Lumen 410 may be filled with biologically or pharmacologically active substance 416

by the methods described in co-pending U.S. Application Nos. (Attorney Docket Nos.

P36494, P37957, P38015, P38005, 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.

[0082] Further processing of the stents in the above-described embodiments, such

as annealing, cleaning, and other processes known to those skilled in the art, can be

performed at appropriate 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

the biologically or pharmacologically active substance if the annealing step may

damage the substances. Similarly, a final cleaning step may occur after filling the

stent with the biologically or pharmacologically active substance. Further, openings

used to allow an etchant access to the lumen to remove the core member or used to

fill the lumen with a biologically or pharmacologically active substance may be closed

control the eiution rate and e!ution time of the biologically or pharmacologically active

substance from the stent.

[00 3 The term "biologically or pharmacologically active substance" refers to any

substance, whether synthetic or natural, that has a pharmacological, chemical, or

biological effect on the body or a portion thereof. Suitable biologically or

pharmacologically active materials that can be used in embodiments of the present

invention include without limitation glucocorticoids (e.g. dexametbasone,

betamethasone), antithrombotic agents such as heparin, cell growth inhibitors, hirudin,

angiopeptin, aspirin, growth factors such as VEGF, antisense agents, anti-cancer

agents, anti-proiiferative agents, oligonucleotides, antibiotics, and, more generally,

antiplatelet agents, anti-coagulant agents, antimitotic agents, antioxidants,

antimetabolite agents, and anti-inflammatory agents may be used. Antiplatelet 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

heparin, protamine, hirudin and tick anticoagulant protein. Anti-cancer agents 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. Antiproliferative 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, 5-fluorouracil,

adriamycin and mutamycin. Antibiotic agents can include penicillin, cefoxitin, oxacillin,

tobramycin, and gentamicin. Suitable antioxidants include probucol. 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.

[0064] The stents described herein may be used conventionally in blood vessels of

the body to support such a vessel after an angioplasty procedure. t is known that

certain biologically or pharmacologically active substances eiuted from stents may

prevent restenosis or other complications associated with angioplasty or stents. The

stents described herein may alternatively be used in other organs or tissues of the

body for delivery of drugs to treat tumors, inflammation, nervous conditions, or other

conditions that would be apparent to those skilled in the art.

[0065] 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 to 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 shouid not be limited by any of the above-described exemplary

embodiments, but should be defined only in accordance with the appended claims and

their equivalents. t 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 presented 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 entirety.



CLA S

What is claimed is:

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

utilizing an elongated composite member including an outer member and

a core member disposed within a lumen of the outer member;

shaping the composite member into a stent pattern including a waveform

having a plurality of struts interconnected by crowns;

forming openings through the outer member;

after the step of shaping the composite member into the pattern,

processing the composite member such that the core member is removed from at

least a plurality of the struts of the waveform without adversely affecting the outer

member and such that the core member s not removed from at least a plurality of the

crowns of waveform, thereby leaving the outer member with a lumen in at least a

plurality of the struts and the outer member with the core member in at least a plurality

of the crowns.

2 . The method of claim 1, further comprising the step of filling the

lumens with a biologically or pharmacologically active substance after the core

member has been removed.

3 . The method of claim 2 , wherein the biologically or pharmacologically

active 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.

4 . The method of claim , wherein the step of processing the composite

member comprises exposing the composite member to an etchant that reacts with the

core member to remove the core member, wherein the etchant does not react with the

outer member.

5 . The method of claim 4 , wherein the etchant is a liquid chemical that

dissolves the core member.



6 . The method of claim 5 , wherein the etchant is a gas.

7 . The method of claim 8 , wherein the outer member is formed from

P35N, the core member is formed from one of tantalum, tungsten, molybdenum,

niobium, rhenium, carbon, germanium, and silicon, and the etchant is xenon difluoride.

8 . The method of claim 4 , wherein the core member is soiuble in the

etchant and the outer member is not soluble in the etchant.

9 . The method of claim , wherein the core member is removed from all

of the struts.

10. The method of claim 1, wherein the core member is not removed

from any of the crowns.

1. The method of claim , wherein the core member is more

radiopaque than the outer member.

12. The method of claim 1, further comprising the step of removing a

portion of the core member in the at least a plurality of crowns with the core member

remaining such that a lumen is provided through the crowns while a portion of the core

member remains in the crowns.

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

utilizing a plurality of elongated composite members, each composite

member including an outer member and an inner member disposed within a lumen of

the outer member;

shaping each composite member into a waveform having a plurality of

struts interconnected by crowns;

wrapping each waveform into a cylindrical element;

aligning the cylindrical elements along a common longitudinal axis and

joining the cylindrical elements together to form a tubular stent;

forming openings through the outer members;



after the step of shaping the composite members into a waveform,

processing the composite members such that the inner member is removed from at

least a plurality of the struts of the waveform without adversely affecting the outer

member and such that the core member is not removed from at least a plurality of the

crowns of the waveform, thereby leaving the outer member with a lumen in at least a

plurality of the struts and the outer member with a core member in at least a plurality

of the crowns.

14. The method of claim 13, further comprising the step of filling the

lumens with a biologically or pharmacologically active substance after the core

member has been removed.

15. The method of claim 14, wherein the biologically or

pharmacologically active substance is selected from the group consisting of

antineoplastic, antimitotic, antiinflammatory, antiplatelet, anticoagulant, anii fibrin,

antithrombin, antiproliferative, antibiotic, antioxidant, and antiallergic substances as

well as combinations thereof.

16. The method of claim 13, wherein the step of processing the

composite member comprises exposing the composite member to an etchant that

reacts with the core member to remove the core member, wherein the etchant does

not react with the outer member.

17. The method of claim 16, wherein the etchant is a liquid chemical that

dissolves the core member.

18. The method of claim 17, wherein the etchant is a gas.

19. The method of claim 18, 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.

20. The method of claim 16, wherein the core member is soluble in the

etchant and the outer member is not soluble in the etchant.



2 1. The method of claim 13, wherein the core member is removed from

ail of the struts.

22. The method of ciaim 13, wherein the core member is not removed

from any of the crowns.

23. The method of ciaim 13, wherein the core member is more

radiopaque than the outer member.

24. The method of ciaim 13, further comprising the step of removing a

portion of the core member in the at least a plurality of crowns with the core member

remaining such that a lumen is provided through the crowns while a portion of the core

member remains in the crowns.
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