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WELDED STENT AND STENT DELIVERY SYSTEM

TECHNICAL FIELD
16061} The technical field of this disclosure 1s medical iaplant devices, particularly,

welded stents and stent delivery systems.

BACKGROUND OF THE INVENTION

[8062] Stents are generally cylindrical shaped devices that are radially expandable to
hold open a segment of a blood vessel or other anatornical lumen after implantation into the
body lumen. Stents have been developed with coatings to deliver drugs or other therapeutic
agents.

[6GG3] Stents are used in conjunction with balloon catheters in a variety of medical
therapeutic applications inchuding intravascular angioplasty. For example, a balloon catheter
device is inflated during PTCA (percutancous transluminal coronary angioplasty) to dilate a
stenotic blood vessel. The stenosis may be the result of a lesion such as a plaque or
thrombus. After inflation, the pressurized balloon exerts a compressive force on the lesion
thereby increasing the wnner diameter of the affected vessel. The increased futerior vessel
diareter factlitates improved blood flow. Soon after the procedure, however, a significant
proportion of treated vessels re-narrow,

[8084] To prevent restenosis, short flexible cylinders, or stents, constructed of metal or
various polymers are implanted within the vessel to maintain lumen size. The stents acts as
a scaffold to support the tumen o an opeun position. Various configarations of stents include
a cylindrical tube defined by a mesh, 1nterconnected stents or ke segrments. Some
exemplary stents are disclosed i ULS. Patent No. 5,292,331 to Boneau, U.S. Patent No.
6,090,127 to Globerman, U.S. Patent No. 5,133,732 to Wikior, U.S. Patent No. 4,739,762 to
Palmaz and U.S. Patent No. 5,421,955 to Lau. Balloon-expandabie stents are mounted on a
collapsed balloon at a diameter smaller than when the stents are deployved. Stents can also be
self-expanding, growing to a final diameter when deployed without mechanical assistance
from a balloon or like device.

[G085] Stents can currently be made of nitinol, which 1s a nickel titanium alloy. The
shape memory and super clastic properties of nitinol are useful in medical devices.
Unfortunately, nitinol is difficult to weld because mitinol forms an oxide layer on its surface

that makes it difficult for the melt of the weld pool to reach the base metal during the
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welding process and achieve a good weld. Further, nitino! welds tend to be brittle,
ereasing the chance of weld fatlure. Welding difficulties can increase stend manufacturing
costs due to mereased roanufacturing time and added quality control requirerents. Poor
welds can also decrease the performance of stents i use should the welds fail atter
mplantation in the patient.

[ 6006] Other problems exist with drug eluting stents, which currently employ exterior
coatings with or without polymers on metal struts to hold a drug for subsequent elution and
delivery of the drug to surrounding tissue. Unfortunately, the coatings can be fragile and can
fracture and fragment during manufacture, delivery, deployment, or use. Fracture during
marufacture increases the cost and complexity of manufacture. Fracture during delivery,
deployment, or use can reduce the cffectivencss of the stent due to lost drug and can pose a
risk to the patient if fragroents block blood flow. The drug clutes from the coating surface,
so the duration of drug clution is limited by the coating thickness, i.c., the mean diffusion
fength of the drag within the polymer coating. Concerns have also been raised over the long-
term effects of polymers in contact with the boedy.

186071 It would be desirable to have a welded stent and stent delivery systern that would

overcome the above disadvantages.

SUMMARY OF THE INVENTION

LHERY! Une aspect of the invention provides a stent delivery system including a catheter;
a sheath disposed around the catheter; and a stent disposed on the catheter. The stent forms
a tubular body and includes: a first strut, the first strot having v transverse cross section a
first strut nickel titantum alloy layer and a first strot nickel titantum soluble core, the first
strut mickel titanium alloy layer being disposed around and imamediately adjacent to the first
strut nvickel titanium soluble core; and a second strut, the second strut having in transverse
cross section a second strut nickel titantum alloy layer and a second strut nickel titanium
soluble core, the second strut nickel titanium alloy layer being disposed around and
tmmediately adjacent to the second strut nickel titanitum soluble core, the second strut nickel
titanium alloy layer being connected to the first strut nickel titanium alloy layer with a weld.
The first strut nickel titaniurn alloy layer and the second strut nickel titanium alloy layer are
made of a nickel titanium alloy, the first strut nuckel titanium soluble core and the second
strut nickel titanium soluble core are made of a nickel titanium soluble material, the weld is

made of an alloy of the nickel titantum alloy and the nickel titantum soluble material, and the
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weld further connects the first strut nickel titanium soluble core and the second strut nickel
titanium soluble core,

[6669] Another aspect of the invention provides a stent forming a tubular body 1ncluding
a first strut, the first strut having in transverse cross section a first strut nickel titanium alloy
fayer and a first strut nickel titanium soluble core, the first strut nickel titanium alloy layer
being disposed around and immediately adjacent to the first strut nickel titanium soluble
core; and a second struf, the second strut having in transverse cross section a second strut
nicket titandurn alloy layer and a second strut nickel titanium sohuble core, the second strut
nicket titandurn alloy layer being disposed around and immiediately adjacent to the second
strut nickel titanium soluble core, the second strut nickel titanium alloy layer being
connected to the first strut nickel titanium alloy layer with a weld. The first strut nickel
titanium alloy layer and the second strut nickel titantum alloy layer are made of a nickel
titaniun alloy, the first strut nickel titanium soluble core and the second strut nickel titanium
soluble core are made of a nickel titanium soluble material, the weld is made of an alloy of
the nickel titanium alloy and the nickel titantum soluble material, and the weld further
connects the first strut nickel titantum soluble core and the second strut nickel titanium
soluble core.

(8016} Another aspect of the invention provides a method of manufacturing a stent
including providing a first strut having in transverse cross section a first strut nickel titanium
alloy layer and a first strut nickel titanium soluble core, the first strut nickel titanium alioy
fayer being disposed around and immediately adjacent to the first strut nickel titanium
soluble core, the first strut nickel titanium alioy layer being made of a nickel titanium alloy,
the first strut vickel titanium soluble core being made of a nickel itaniur soluble material;
providing a second strut having in transverse cross section a secound strut nickel titaniuro
alloy layer and a second strut nickel titantum soluble core, the sccond strut nickel titantum
alloy layer being disposed around and froracdiately adjacent to the second strut nickel
titanium soluble core, the second strut nicke! titanium alloy layer being made of the nickel
titanium alloy, the second strut nickel titanium soluble core being made of the nickel
titanium soluble material; positioning the first strut adjacent to the second strut at a2 weld
point; at the weld point, melting portions of the first strut nickel titantum alloy layer, the first
strut nickel titanfum sohuble core, the second strut nickel titanium alloy layer, and the second
strut nickel titanium soluble core to form a weld pool including the vickel titaniom alloy

from the first strut nickel titanium alloy layer and the secound strut nickel titanura alioy layer,
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the weld pool further including the nickel titanium soluble material from the first strut nickel
titanium soluble core and the second strut nickel titanium soluble core; and cooling the weld
pool to form a weld conpecting the first strut nickel titanium alloy layer to the second strut
nickel titantum alloy layer.

6611 The foregoing and other features and advantages of the invention will become
further apparent from the following detatled description of the presently preferred
embodiments, read in conjunction with the accompanying drawings. The detailed
description and drawings are merely iHustrative of the invention, rather than limiting the

scope of the invention being defined by the appended clairus and equivalents thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

8612} FEG. 1 is a perspective view of a stent delivery system made in accordance with
the invention.

18613] FIG. 2 1s a side view of a welded stent made in accordance with the invention,
[6G14] FEG. 3 is a transverse cross section view of a weld region of a welded stent made
in accordance with the invention.

[66¢15] FIGS, 4A-4C are transverse cross section views of a weld region in a method of
manufacture of a welded stent in accordance with the invention.

16616} FIG. 515 a flow chart of a method of manufacture of a welded stent in

accordance with the invention.

DETAILED DESCRIPTION

(8617} FIG. 1 1s a perspective view of a stent delivery systern made in accordance with
the invention. The stent delivery system 188 includes a catheter 188, a sheath 102 disposed
around the catheter 188, and a stent 12§ disposed ou the catheter 108, In this exobodivaent,
the stent 126 18 a self-expanding stent. FEG, 1 tllustrates the stent delivery system 180 with
the stent 128 expanded and deployed after the sheath 162 has been retracted or the catheter
F05 has been advanced. Before the steot 128 1s deployed, the stent 128 18 disposed on the
catheter 188 within the sheath 182, The stent 128 18 operable for use in a vessel having a
vessel wall forming a vessel lumen. The stent 128 is a welded stent in which one or more
struts interconnect to form a tubuslar body. In one embodiment, the stent delivery system 166
can include retention means 111, such as mechanical or adhesive structures, for retaining the

stent 128 on the catheter 1658 until the stent 128 1s deploved.
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18618] FIG. 2 1s a side view of a welded stent made in accordance with the invention,
The stent includes one or more struts interconnected to form a tubular body. The stent can
mclude a first strut having in transverse cross section a first strut nickel titanium alloy layer
and a first strut nickel titanium soluble core, with the first strut nickel titanium alloy layer
being disposed around and immediately adjacent to the first strut nickel titaninm soluble
core. The stent can further inctude a second strut having in transverse cross section a second
strut nickel titanium alloy layer and a second strut nickel titanium soluble core, with the
second strut nickel titanium alloy layer being disposed around and immediately adjacent to
the second strut nickel titaniuro soluble core. The second strut nickel titavivr alloy layer of
the sccond strut can be connected to the first strut nickel titanium alloy layer of the first strut
with a weld., The first strot nickel titantum alloy layer and the second strut nickel titanium
alloy layer are made of a nickel titaniura alloy, and the first strut nickel titanium soluble core
and the second strut nickel titanium soluble core are made of a nickel titanium soluble
material. The weld is made of an alloy of the nickel titanivm alioy (from the first strut nickel
titanium alloy layer and the second strut nickel titanium alloy layer) and the nickel titanium
soluble material {from the first strut nickel titanium soluble core and the second strut nickel
titaniumn soluble core). In one embodiment, the weld further connects the first strut nickel
titanium soluble core and the second strut nickel titantum soluble core. The stent 128 can be
installed in the stent delivery system of ¥FI4G. 1 for implantation in a body lumen, suchas a
vessel luraen. In one embodiment, the stent 128 can be self-expanding. lu another
embodiment, the stent 126 can be cxpanded by a balloon or another device. When the stent
128 is balloon-expanded, the catheter 185 may be any variety of balloon catheters, such as a
PTCA {percutancous transhurninal coronary angioplasty) balloon catheter, capable of
supporting a balioon during angioplasty.

16319] Referring to FIG, 2, the stent 128 includes a number of struts 138 interconnected
to form the tubular body of the stent 128, The stent 128 includes at least one opening 132
and has a central axis 134 with the openings 132 around the central axis. Inone
embodiment, the struts 13@ can be separate continuous sinusoidal rings encircling the central
axis 134, with the peaks of the sinusoidal rings welded together at weld regions 136 where
adjacent sinusoidal rings intersect. In another embodiment, the struts 138 can be part of a
single sinuscidal wire which spirals around the central axis 134, with the peaks of the single

stnusoidal wire welded together at weld regions 136 where adjacent turns of the sinusoidal
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wire intersect. The pattern of the struts 138 can be W-shaped or can be a4 more cormplex
shape with the elements of one scgraent continuing into the adjacent segment.

[6626] Those skilled in the art will appreciate that drugs or other therapeutic agents can
be applied to the stent 128 for release once the steot is implanted. In one embodiment, an
outer drug coating (not shown) can be disposed on at least one of the struts. o one
embodiment, the struts can be hollow and filled with one or more drugs or other therapeutic
agents, which can be released through perforations (not shown) between the drug-filled
central void and the exterior of the struts.

18021 The cross section A-A of an exemplary weld region 138 in FIG. 2 with first strut
146 and sccond strut 156 1s illustrated in detail in FIG. 3, which 18 a transverse cross section
view of a weld region of a welded stent made 1n accordance with the invention.

[6622] Referring to FIG. 3, the first strut 140 includes a nickel titanium alloy layer 142
and a nickel titaniuro soluble core 144, The nicke] titanium alloy layer 142 is disposed
around and immediately adjacent to the nickel titanium soluble core 144, Similarly, the
second strut 156 includes a nickel titanium alloy layer 152 and a nickel titanium soluble core
£54. The nickel titaniuro alloy layer 182 18 disposed around and timumediately adjacent to the
nickel titantum soluble core 184, The nickel titanium alloy layer 142 of the first strut 140 is
connected to the nickel titantum alloy layer 152 of the second strut 156 with weld 166.
Those skilled in the art will appreciate that the transverse cross section of the struts 146, 158
is not limited to the circular cross section tlustrated but can be any cross section {e.g.,
square, rectangular, cllipsoid, or the like) as desired for a particular application. The
dimensions of the nickel titanium alloy layers and the nickel titanium soluble cores can be
selected in light of 8 variety of considerations, such as strut stiffness, weld composition,
weldability, and the like. In one example, the strut outer diameter can be in the range of
0.002-0.010 inches. In one exarmple, the thickness of the vickel titaniom alloy layer can be
in the range of 0.0005-0.004 inches. In one particalar example, the strut outer diameter can
be 0.007 inches, the diameter of nickel titanium soluble core can be 8.0022 inches, and the
thickness of the nickel titantum alloy layer can be 0.0024 inches.

[6023] The weld 168 1s formed from melting together portions of the nickel titantum
alloy layers 142, 1582 and the mickel titanium soluble cores 144, 134, The nickel titanium
alloy layers 142, 152 are made of a nickel titaniurm alloy, commeonly known as nitinol. The
nickel titanium scluble cores 144, 154 are made of one or more nickel titanium soluble

materials, which are defined herein as materials such as metals, mixtures, or alloys which are
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soluble with a nickel titanium alloy melt during welding. Exemplary nickel titanium soluble
materials mclude chromiurg, voolybdeonura, iroun, and cobalt, singly or in combination as
wixtures or atloys.

16624} The nickel titanium soluble materials for the nickel titanium soluble cores 144,
154 are selected to form a weld 166 having the desired strength and flexibility for a
particular application. In one embodimaent, the nickel titanium soloble material is
molybdenum, which produces a weld of a nickel titaniuro molybdenum alloy. Exemplary
nickel titantum molybdenum alloys can include nickel o the range of 45 to 55 percent,
titanium in the range of 40 to 45 percent and ruolybdenurm in the range of S to 10 percent.
The molybdenum in the nickel titanium sohuble core can be maintained in place or can be
removed to generate a contral void within the nickel titanitum alloy layer. Optionally, the
central void can be filled with a drug or other therapeutic agent to be released after
deployment through perforations in the nickel titanium alloy layer between the drug-filied
central void and the exterior of the struts. In another embodiment, the nickel titanium
soluble material is a chromium wolybdenum alloy, which produces a weld of a nickel
titaniurm chromiure molybdenum alloy, utihizing the saroe constitucuts as a commercially
known alloy by the name of Hastelloy C4. Exemplary nickel titanium chromiurm
molybdenum alloys can inchude nickel in the range of 60 to 70 percent, titantum 1o the range
of 0.5 to 1.0 percent, chromium in the range of 14 to 18 percent and molybdenum in the
range of 14 to 17 percent. Other exemplary nickel titantum soluble materials inchude
chromium and iron, uiilizing the same constituents as a commercially known alloy by the
name of Nimonic 75 (N1 20-Cr 5-Fe 0.6T1), as well as chromium and cobalt, utilizing the
same constituents as a comruercially known alloy by the name of Nirvonie 90 (Nt 20-Cr 1R-
Co 3-T1). Those skilled wn the art will appreciate that the nickel titanium soluble material for
the nicke] titantum soluble core can be selected as desired for a particular application. Those
skilled in the art will further appreciate that many of the benefits of commercial alloys, such
as Hastelloy C4, Nimonic 75, or Nimonic 90, can be achieved without requiring the exact
constituent percentages of the commercial alloy.

18625] FIGK, 4A-4C, in which like elements share like reference numbers, are
transverse cross section views of a weld region in a method of manufacture of a welded stent
tn accordance with the mvention.

[6G26] FIG. 4A 15 a transverse cross section view of a weld region in a method of

manufacture of a welded stent before welding. The first strut 248 inchides a first strut nicke]
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titanium alloy layer 242 and a first strut nickel titanium soluble core 244, The second strut
256 includes a second strut nickel titanium alloy layer 252 and a sccond strut nickel titanium
soluble core 254, The first strut 248 is positioned adjacent the second strut 288 at the weld
point,

166271 FIG. 4B 15 a transverse cross section view of a weld region in a method of
manufacture of a welded stent during welding, Energy 276 15 applied to the first strut 246
and the sccond strut 286 to melt portions of the nickel titaniuro alloy layers 242, 282 aund the
nickel titantum soluble cores 244, 254, to form a weld pool 268, The weld pool 26@ is a
mixture of nickel titanium alloy and nickel titanium solubic material in predetermined
percentages to produce the alloy desired for the weld. The nickel titanium alloy layers 242,
252 are made of & nickel titanium alloy, commonly known as nitinol. In one embodiment,
the nickel titanium soluble cores 244, 234 are made of molybdenum, so that the weld posl
268 is a voxture of mickel, titandurn, and molybdenum. In another embodiment, the nickel
titaniurm soluble cores 244, 284 arc made of a molybderum chromium alloy, so that the weld
pool 266 is a mixture of nickel, titantam, molybdesum, and chromium. Other exemplary
nickel titantum sohible materials inchude chromium, molybdenum, iron, and cobalt, singly or
in combination as mixtures or alloys. The welding parameters and the size of the weld pool
can be controlled to form a weld pool that will produce the desired weld for a particular
application. Excmplary welding methods include arc welding, laser welding, and resistance
welding,

18828] FIG. 4C is a transverse cross section view of a weld region in a method of
wmanufacture of a welded stent after welding. The weld 262 forms from cooling of the weld
pool 268, The weld 262 connects the nickel titanium alloy layers 242, 252 and can also
connect the nickel titanium soluble cores 244, 284, In onc embodiment, the nickel titanium
soluble cores 244, 254 can be removed to form central voids, which can be left hollow or
filled with a drug or other therapeutic agent,

188291 FIG. 5 is a flow chart of a methoed of manufacture of a welded stent in
accordance with the invention. The method of wanufacturing a stent 386 includes providing
a first strut 302 having in fransverse cross section a first strut nickel titanuurm alloy layer and
a first strut nickel titanium soluble core, the first strut nickel titanium alloy layer being
disposed around and immediately adjacent to the first strut nickel titanium soluble core, the

first strut nickel titantum alloy layer being made of a nickel titanium alloy, the first strut
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nickel titantum soluble core being made of a nickel titanium sohuible material; providing a
second strut 384 having in transverse cross section a second strut nickel titanum alloy layer
and a second strut nickel titaniura soluble core, the second strut nickel titanium alloy layer
being disposed around and immediately adjacent to the sccond strut nickel titanium soluble
core, the second strut nickel titantum alloy layer being made of the nickel titanium alloy, the
second strut nickel titanium soluble core being made of the nickel titanium soluble material;
positioning the first strut adjacent to the second strut at a weld point 386; at the weld point,
melting portions of the first strut nickel titaniur alloy layer, the first strut nickel titarmiurm
soluble core, the second strut nickel titantum alloy layer, and the second strut nickel titaniurn
soluble core to form a weld pool 308 including the nickel titantum alloy from the first strut
nickel titanium alloy layer and the second strut nickel titanium alloy layer, the weld pool
further including the nickel titanium soluble material from the first strut nickel titantam
soluble core and the second strut nickel titanium soluble core; and cooling the weld pool to
form a weld 318 connecting the first strut nickel titantum alloy layer to the sccond strut
nickel titantum alloy layer.

[ 6G38] The providing a first strut 382 and the providing a second strut 304 includes
providing strats with nickel titanium alloy layers disposed around nmickel titaniuom soluble
cores. In one erabodiment, the first strut and second strut are part of separate continuous
sinusoidal rings. In another ernbodirment, the first strut and second strut are part of a single
sinusoidal wire.

180311 The nickel titanivm alloy layers and nickel titanium soluble cores of the struts
provide the source material for welding the first strut to the second strut. The composition
of the nickel titamum alloy layers and nickel titantum soluble cores can be selected to forma
weld having the desired strength and flexability for a particular application. The nickel
titaniur alloy layers are made of g nickel titantum alloy, cormroonly known as nitinol.
Excmplary nickel titantum soluble cores can be made of molybdenum or 2 molybdenurm-
chromium alloy. Other exemplary nickel titanium soluble materials include chrominm, iron,
and cobalt, singly or in combination as mixtures or alloys. Particular exemplary
combinations of nickel titanium soluble materials include chromium and ivon, which
produces a nickel titanium chromium ron weld, as well as chromium and cobalt, which
produces a nickel titantum chromium cobalt weld. In one embodiment, the struts can
include perforations through the walls of the struts between the central void and the exterior

of the struts to permit removal of the nickel titanium soluble core from the central void
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within the nickel titanium alloy layer and optionally to permit filling of the central void with
a drug or therapeutic agent.

16632] The positioning the first strut adjacent to the sccond strut at a weld point 306 can
include positioning the struts with the assistance of a jig or other device to assist welding,.
Once welded, the struts of the stent form a tubular body. The first strut and the second strut
can optionally be prepared for welding by cleaning, degreasing, or the like.

[6633] The melting portions of the strut nickel titaniuro alloy layers and the strut mickel
titanium soluble cores to form a weld pool 388 can include selecting welding parameters,
such as duration, temperature, energy deposition, and the like, to form a suitable weld pool
for the particular application, depending on the materials of the strut nickel titanium alloy
fayers and the strut nickel titanium soluble cores. The size of the weld pool can be
controlied to melt a desired amount of material from the strut nickel titanium alloy layers
and the strut nickel titandura soluble cores to form a weld pool and subsequent weld of the
desived composition. Suaitable welding methods include arc welding, laser welding, and
resistance welding.

[6034] The cooling the weld pool to form a weld 318 can include controlling cooling
rate and annealing the weld to form the desired phase and crystalline structure in the weld.
In one embodiment, the nickel titanium sohuble core of the first strut 18 connected to the
nickel titantum soluble core of the second strut by the weld.

10035} The method of manufacturing a stent 388 can further include removing the first
strut nickel titanium soluble core to form a first strut central void, which can be left hollow
as a central void or filled with a drug or other therapentic agent. The nickel titanium soluble
cores can be removed in one or more of the struts, or all of the struts. When the nickel
titanium soluble material is molybdenum, xenon difluoride can be used to vaporize and
remove the molybdenum. In one example, a core of molybdenum reacts with xenon
diftuoride (XckF,) gas at low pressure (1-6 Torr) and relatively igh teraperature
{approxiraately 150° C) to form molybdenum hexafluoride (MoFs) and xenon (Xc) gases,
which can be exhausted to form a central void within the strut nickel titantum alloy layer. In
one embodiment, the xenon difluoride 18 introduced to the molybdenum through perforations
in the wall of the strut nickel titanium alloy layer, and the resuiting molybdenum
hexafluoride and xenon gases exhaust through the perforations to the exterior of the struts.
In another embodiment, the xenon difluoride s introduced to the molybdenum of the nickel

titanium sohuble core which is exposed at open ends of the struts, and the resulting

10
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molybdenum hexafluoride and xenon gases exhaust through the open ends. The open ends
can theo be sealed if desired.

16036] Afier forming a strut central void, the method of manufacturing a stent 380 can
further include filling the first strut central void with a drug or therapeutic agent. One or
more of the strut central voids, or all the strut central voids, can be filled. In one example, a
drug or therapeutic agent solution is drawn into the strut central void by capiliary action,
then the drug or therapeutic agent sohution can be solidified. In one embodiment, the drug or
therapeutic agent s infroduced to the central void through perforations in the wall of the strut
nicket fitandurn alloy layer, through which the drug or therapeutic agent is released after the
stent 18 mplanted 1o 4 patient. In another erabodiraent, the drug or therapeutic agent 18
introduced to the central void through an open end of the struts, which can then be sealed if
desired. Perforations can then be formed in the strut nickel titanium alloy layer between the
drug-filled central void and the exterior of the struts to allow release of the drug or
therapeutic agent after implantation.

186371 Drug, as defined herein, includes any drag, therapeutic agent, bioactive agent, or
the hike intended to affect the structure or any function of the body of man or other animals.
The drug can mclude a polymer and a drug, or a drug alone. Exeroplary drugs include any
drug, therapeutic agent, or bioactive agent that can diffuse through a selected polymer, such
as an antirestenotic drug {c¢.g., rapamycin, rapamycin analogue, or rapamycin derivative o
prevent or reduce the recurrence or narrowing and blockage of the bodily vessel), an anti-
cancer drug (¢.g., camptothecin or other topoisomerase inhibitors}, an antisense agent, an
antincoplastic agent, an antiproliferative agent, an antithrombogenic agent, an anticoagulant,
an antiplatelet ageot, an antibiotic, an anti-inflarroatory agent, a steroid, a gene therapy
agent, an organic drug, a pharmaceutical compound, a recombinant DNA product, a
recornbinant RNA product, a collagen, s collagenic derivative, a protein, a protein analog, 4
saccharide, a saccharide derivative, a bicactive agent, a pharmaccutical drug, a therapeutic
substance, a combination thereof, and the hike.

1303%] A drug coating can be applied to the exterior of the stent if desired. The drug
coating can include a polymer and a drug, or a drug alone. Exemplary polymers include any
polymer compatible with a selected drug or therapeutic agent, i.¢., polyriers such as
BioLinx™ polymer, poly(vinyl alcohol), poly{ethylene-vinyl acetate), polyurethane,
polycaprolactone, polyglycolide, poly(lactide-co-glveolide), poly{ethylene oxide), poly{vinyt

pyrrolidone), stlicone, an acrylic polymer, an acrylic and acrylonitrile copolymer, a latex

i
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polymer, a thermoplastic polymer, a thermoset polymer, a biostable polymer, a
biodegradable polymer, a blended polymer, a copolymer, combinations thereof, and the hike.
[8639] It is important to note that FIGS, 1-5 illustrate specific applications and
cembodiments of the invention, and are not intended to limit the scope of the present
disclosure or claims to that which is presented therein. Upon reading the specification and
reviewing the drawings hereof, it will become immediately obvious to those skilled in the art
that myriad other embodiments of the invention are possible, and that such embodiments are
conteraplated and fall within the scope of the presently claimed inveuntion.

[80640] While the embodiments of the invention disclosed herein are presently
considered to be preferred, various changes and modifications can be made without
departing from the spirit and scope of the invention. The scope of the invention is indicated
i the appended claims, and all changes that come within the meaning and range of

equivalents are intended to be embraced therein.
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CLAIMS

1. A stent delivery system coraprising:

a catheter;

a sheath disposed around the catheter; and

a stent disposed on the catheter, the stent forraing a tubular body and
comprising:

a first strut, the first strut having in transverse cross section a first strut nickel
titaniwm alloy layer and a first strut nickel titanium sohable core, the first strut nickel
titantum alloy layer being disposed around and immediately adjacent to the first strut nickel
titanium soluble core; and

a second strat, the second strut having in transverse cross section 4 second
strut mickel titanium alloy layer and a second strut nickel titaruuro soluble core, the second
strut mickel titanium alloy layer being disposed around and iramediately adjacent to the
sccond strut nickel titantum soluble core, the sccond strut nickel titaniuro alloy layer being
connected to the first strut nickel titanium alloy layer with a weld;

wherein the first strut nickel titanium alloy layer and the second strut nickel
titanium alloy layer are made of a nickel titanium alloy, the first strut nicke! titanium soluble
core and the second strut nickel titanium soluble core are made of a nickel titanium soluble
wmaterial, the weld 1s made of an alloy of the nickel titaniur alloy and the nickel titantum
soluble material, and the weld further connects the first strut nickel titanium seluble core and

the second strut nickel titanium soluble core.

2. The system of claim 1 wherein the nickel titanitum soluble material is
molybdenum and the weld is a nickel, titanium, and molybdenum alloy.

3. The system of claim 1 wherein the nickel titanium soluble material is
a molybdenum chromuium alloy and the weld s a nickel, titaniurg, voolybdenurn, and

chromium alloy.
4. The systern of claim | wherein the nickel titaniur solublc material is

sclected from the group cousisting of chromium, molybdernum, iron, cobalt, mixtures

thereof, and alloys thereof.

13
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5. The system of claim 1 wherein the first strut and second strut are part

of a single sinusoidal wire.

6. The system of claim 1 wherein the first strut nickel titanium alloy
tayer mchudes perforations between the fivst strut nickel titanium soluble core and the

cxterior of the first strut.

7. A stent forming a tubular body, the stent comprising:

a first strut, the first strut having in transverse cross section a first strut nickel
titaniom alloy layer and a {irst strut nickel titanium soluble core, the first strut nickel
titanium alloy layer being disposed around and ummediately adjacent to the first strut nickel
titaniom soluble core; and

a sccond strut, the second strut having in transverse cross section a second
strut mickel titanium alloy layer and a second strut nickel titaruur soluble core, the second
strut nickel titanium alloy layer being disposed around and immediately adjacent to the
second strut nickel titanium soluble core, the second strut nickel titanium alioy layer being
connected to the first strut nickel titanium alloy layer with a weld;

wherein the first strut nickel titantum alloy layer and the second strut nicke]
titanium alloy layer are made of a nickel titaniuro alloy, the fivst strut nickel titaruuro soluble
core and the second strut nickel titanium soluble core are made of a nickel titantam soluble
material, the weld is moade of an alloy of the nickel titanium alloy and the nickel titaniom
soluble material, and the weld further connects the first strut nickel titanium soluble core and

the second strut nickel titantum soluble core.

8. The stent of clatm 7 wherein the nickel titanium soluble material is

molybdenum and the weld is a nickel, titantum, and molybdenum alloy.
9. The stent of claim 7 wherein the nickel titantum soluble material is a

molybdenum chromium alloy and the weld 15 a nickel, titavium, molybdenam, and

chromium alloy.

14
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10, The stent of claim 7 wherein the nickel titanium soluble material is
selected from the group consisting of chromiurg, molybdenum, tron, cobalt, mixtures

thereof, and alloys thereof.

i1 The stent of claim 7 wherein the first strut and second strut are part of

a single sinusoidal wire.

12, The stent of claim 7 wherein the first strut nickel titanium alloy layer
inchudes perforations between the first strut nickel titanivm soluble core and the exterior of

the {irst sirut,

13, A method of manufacturing a stent comprising:

providing a first strut having n transverse cross scction a tirst strut nickel
titanium alloy layer and a first strut nickel titanium sohuble core, the first strut nickel
titaniun alloy layer being disposed around and immediately adjacent to the first strut nickel
titaniun soluble core, the first strut nickel titantum alloy layer being made of a nickel
titanium alloy, the first strut nickel! titanium soluble core being made of a nickel titantum
soluble material;

providing a second strut haviog in transverse cross section a secound strut
nickel titantum alloy layer and a second strut nuckel titanium soluble core, the second strut
nickel titantum alloy layer being disposed around and immediately adjacent to the sceond
strut nicke] titanium soluble core, the sccond strut nickel titanium alloy layer being made of
the nickel titanium alloy, the second strut nickel titanium soluble core being made of the
nickel titantum soluble material;

positioning the first strut adjacent to the second strut at a weld point;

at the weld point, melting portions of the first strut nickel titanium alloy layer,
the first strot mickel titanium soluble core, the second strut nickel titaniura alloy layer, and
the second strut nickel titaniurn soluble core to form a weld pool including the nickel
titanium alloy from the first strut vickel titaniom alloy layer and the second strut nickel
titanium alloy layer, the weld pool further including the nickel titanium soluble material
from the first strut nickel titanium soluble core and the second strut nickel titanium soluble

core; and

15
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cooling the weld pool to form a weld connecting the first strut nickel titaniom

alloy layer to the second sirat nickel titantam alloy laver.

14. The method of claim 13 wherein the weld further connects the first

strut nickel titanium soluble core and the second strut nickel titanium soluble core.

15, The method of claim 13 further comprising removing the first strut

nickel titantum soluble core to form a first strut central void.

16.  The wethod of claira 13 further comprising filling the fivst strut

central void with a drug.

17 The method of claim 15 wherein the first strut nickel titaniura alioy
layer mncludes perforations between the first strut nickel titanium soluble core and the
exterior of the first strut, and the removing comprises removing the first strut nickel titanium

soluble core through the perforations.

18, The method of claim 15 wherein the first strut nickel titantum alloy
fayer wncludes aun open end to expose the first strut nickel titanium soluble core, and the
removing corprises revooving the first strut nickel titaniuro soluble core through the open

end.

19. The method of claim 13 wherein the nickel titantum soluble material
18 molybdenum, the method further comprising contacting the first strut nickel titanium

sotuble core with xenon difluoride to form a first strut central void.

20. The method of ¢lairn 13 wherein the nickel titanium soluble material

is molybdemurn and the weld 1s a nickel, titantum, and mwolybdenum alloy.
21 The method of claim 13 wherein the nickel titantum soluble matenial

is & molybdenum chromium alloy and the weld is a nickel, titantum, molybdenum, and

chromium alloy.

16
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22. The method of claim 13 wheretn the nickel titanram sohible material
is selected from the group consisting of chrowtam, molybdenum, iron, cobalt, roxtures

thereof, and alloys thereof.

23, The method of claim 13 wherein the first strut and second strut are

part of a single sinusoidal wire.

17
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