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BOERODABLE METALLIC STENT WITH 
BODEGRADABLE POLYMER COATING 

CROSS-REFERENCE 

0001. This is a divisional application of application Ser. 
No. 13/178,364 filed Jul. 7, 2011 which is a continuation of 
application Ser. No. 10/880,025 filed on Jun. 28, 2004. The 
contents of application Ser. Nos. 10/880,025 and 13/178,364 
are incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

0002 This invention relates to polymer and metal com 
posite implantable medical devices, such as Stents. 

Description of the State of the Art 
0003. This invention relates to radially expandable endo 
prostheses which are adapted to be implanted in a bodily 
lumen. An "endoprosthesis' corresponds to an artificial 
device that is placed inside the body. A “lumen” refers to a 
cavity of a tubular organ Such as a blood vessel. A stent is 
an example of an endoprosthesis. Stents are generally cylin 
drically shaped devices which function to hold open and 
Sometimes expand a segment of a blood vessel or other 
anatomical lumen such as urinary tracts and bile ducts. 
Stents are often used in the treatment of atherosclerotic 
stenosis in blood vessels. “Stenosis” refers to a narrowing or 
constriction of the diameter of a bodily passage or orifice. In 
Such treatments, stents reinforce body vessels and prevent 
restenosis following angioplasty in the vascular system. 
“Restenosis” refers to the reoccurrence of stenosis in a blood 
vessel or heart valve after it has been treated (as by balloon 
angioplasty or valvuloplasty) with apparent success. 
0004 Stents have been made of many materials including 
metals and polymers. Polymer materials include both bio 
stable and biodegradable polymer materials. Metallic stents 
are typically formed from biostable metals. However, bio 
erodable metal stents have been described. U.S. Pat. No. 
6,287.332 B1 to Bolz et al., U.S. Pat. Appl. Pub. No. 
2002/0004060A1 to Heublein et. al. The cylindrical struc 
ture of stents is typically composed of a scaffolding that 
includes a pattern or network of interconnecting structural 
elements or struts. The scaffolding can be formed from 
wires, tubes, or planar films or sheets of material rolled into 
a cylindrical shape. In addition, a medicated stent may be 
fabricated by coating the surface of either a metallic or 
polymeric scaffolding with a polymeric carrier. The poly 
meric carrier can include an active agent or drug. Further 
more, the pattern that makes up the stent allows the stent to 
be radially expandable and longitudinally flexible. Longitu 
dinal flexibility facilitates delivery of the stent and radial 
rigidity is needed to hold open a bodily lumen. The pattern 
should be designed to maintain the longitudinal flexibility 
and radial rigidity required of the stent. 
0005. A number of techniques have been suggested for 
the fabrication of stents from tubes and planar films or 
sheets. One Such technique involves laser cutting or etching 
a pattern onto a material. A pattern may be formed on a 
planar film or sheet of a material which is then rolled into a 
tube. Alternatively, a desired pattern may be formed directly 
onto a tube. Other techniques involve forming a desired 
pattern into a sheet or a tube via chemical etching or 
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electrical discharge machining. Laser cutting of Stents has 
been described in a number of publications including U.S. 
Pat. No. 5,780,807 to Saunders, U.S. Pat. No. 5,922,005 to 
Richter and U.S. Pat. No. 5,906,759 to Richter. 
0006. The first step in treatment of a diseased site with a 
stent is locating a region that may require treatment such as 
a Suspected lesion in a vessel, typically by obtaining an 
X-Ray image of the vessel. To obtain an image, a contrast 
agent which contains a radio-opaque Substance such as 
iodine is injected into a vessel. Radio-opaque refers to the 
ability of a substance to absorb X-Rays. The X-ray image 
depicts a profile of the vessel from which a physican can 
identify a potential treatment region. The treatment then 
involves both delivery and deployment of the stent. “Deliv 
ery” refers to introducing and transporting the stent through 
a bodily lumento a region in a vessel that requires treatment. 
“Deployment” corresponds to the expanding of the stent 
within the lumen at the treatment region. Delivery and 
deployment of a stent are accomplished by positioning the 
stent about one end of a catheter, inserting the end of the 
catheter through the skin into a bodily lumen, advancing the 
catheter in the bodily lumen to a desired treatment location, 
expanding the Stent at the treatment location, and removing 
the catheter from the lumen. In the case of a balloon 
expandable stent, the stent is mounted about a balloon 
disposed on the catheter. Mounting the stent typically 
involved compressing or crimping the stent onto the balloon. 
The stent is then expanded by inflating the balloon. The 
balloon may then be deflated and the catheter withdrawn. In 
the case of a self-expanding stent, the stent may secured to 
the catheter via a retractable sheath or a sock. When the stent 
is in a desired bodily location, the sheath may be withdrawn 
allowing the stent to self-expand. 
0007. The stent may be visualized during delivery and 
deployment using X-Ray imaging if it contains radio-opaque 
materials. By looking at the position of stent with respect to 
the treatment region, the Stent may be advanced with the 
catheter to a location. After implantation of the stent addi 
tional contrast agent may be injected to obtain an image of 
the treated vessel. 

0008. There are several desirable properties for a stent to 
have that greatly facilitate the delivery, deployment, and 
treatment of a diseased vessel. Longitudinal flexibility is 
important for successful delivery of the stent. In addition, 
radial strength is vital for holding open a vessel. Also, as the 
profile of a stent decreases, the easier is its delivery, and the 
smaller the disruption of blood flow. Additionally, in order 
to visualize a stent during deployment it is also important for 
a stent to include at least some radio-opaque materials. 
Furthermore, it is also desirable for a stent to be bioeroable. 
Many treatments utilizing stents require the presence of a 
stent in the vessel for between about six and twelve months. 
Stents fabricated from biodegradable polymers may be 
configured to completely erode after the clinical need for 
them has ended. 
0009. Although current biodegradable polymer-fabri 
cated stents, biostable metal stents, bierodable metal stents, 
and polymer-coated metal stents each have certain advan 
tages, they also possess potential shortcomings. Biodegrad 
able polymer-fabricated Stents may be configured to degrade 
after they are no longer needed and also possess a desired 
degree of flexibility. However, in order to have adequate 
mechanical strength, Such stents require significantly thicker 
Struts than a metallic stent, which results in a larger profile. 
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Inadequete radial strength may contribute to relatively high 
incidence of recoil of polymer Stents after implantation into 
vessels. In addition, biodegradable polymers, unlike metals, 
are not radio-opaque which makes visualization of a stent 
difficult during delivery and after deployment. Moreover, 
although biostable metallic stents possess favorable 
mechanical properties, are radio-opaque, and have Smaller 
profiles than polymer-fabricated stents, they are not bioerod 
able. Bioerodable metallic stents tend to erode too fast, 
resulting in complete or nearly complete bioerosion before 
the end of a treatment time. Therefore, there is a present need 
for stents that possess more of the favorable properties of 
polymers and metals. 

SUMMARY OF THE INVENTION 

0010 Various embodiments of the present invention 
include a stent comprising struts made of a metal comprising 
magnesium; and a coating on the struts, wherein the coating 
comprises a biodegradable polymer. 
0011 Further embodiments of the present invention 
include a stent comprising a scaffolding including a pattern 
of interconnecting struts, wherein a cross section of a strut 
of the struts includes a core and a coating around the core, 
wherein the core is made of a bioerodible metal and the 
coating comprises a biodegradable polymer. 
0012. Additional embodiments of the present invention 
include a stent comprising interconnecting struts, wherein a 
Strut of the struts comprises a core comprising magnesium 
and a coating on the core, wherein the coating comprises a 
Surface eroding polymer that prevents exposure of the core 
to a vascular environment for a selected time period upon 
implantation of the Stent. 
0013. Other embodiments of the present invention 
include a stent comprising interconnecting struts, wherein a 
Strut of the struts comprises a core comprising magnesium 
and a coating over the core, wherein the coating includes a 
first layer over the core and a second layer over the first 
layer, wherein the first layer comprises a first biodegradable 
polymer and the second layer comprises a second biode 
gradable polymer, and wherein the first biodegradable poly 
mer has a different erosion rate than the second biodegrad 
able polymer. 
0014 Certain other embodiments of the present invention 
include a stent comprising interconnecting struts, wherein a 
Strut of the struts comprises a core comprising magnesium 
and a bioerodible metal layer over the core, and wherein the 
core and the bioerodible metal layer have different erosion 
rates. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 FIG. 1 depicts an example of a stent. 
0016 FIGS. 2 and 3 depict degradation as a function of 
time for a polymer. 
0017 FIG. 4 depicts a schematic illustration of a cross 
section of a strut. 
0018 FIGS.5A and 5B depict erosion profiles of a stent. 
0019 FIG. 6 depicts a schematic illustration of a cross 
section of a strut. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0020. The term “implantable medical device' is intended 
to include self-expandable stents, balloon-expandable stents, 
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stent-grafts, and grafts. The structural pattern of the device 
can be of virtually any design. A stent, for example, may 
include a pattern or network of interconnecting structural 
elements or struts. FIG. 1 depicts a three-dimensional view 
of a stent 100 which shows struts 105. The implantable 
medical device has a cylindrical axis 110. The pattern shown 
in FIG. 1 should not be limited to what has been illustrated 
as other stent patterns are easily applicable with the method 
of the invention. A stent such as stent 100 may be fabricated 
from a tube by forming a pattern with a technique Such as 
laser cutting or chemical etching. 
0021 Various embodiments of the present invention 
relate to implantable medical devices and methods of manu 
facturing Such devices that possess desired combinations 
and degrees of properties such as radial strength, flexibility, 
radio-opacity, low profile or form factor, biodegradability, 
and drug delivery capability. Implantable medical devices 
that possess certain desired combinations and degrees of 
properties may not be fabricated either from polymeric or 
metallic materials alone. As indicated above, polymeric 
materials typically are flexible. Also, many biodegradable 
polymers have erosion rates that make them suitable for 
treatments that require the presence of a device in a vessel 
only for a six to twelve month time frame. In addition, 
metals are radio-opaque and have favorable mechanical 
properties such as relatively high tensile strength. The 
embodiments of the present invention involve composite 
devices and methods of making composite devices that 
possess desirable properties of polymers and metals to a 
greater extent than previous composite devices. 
0022. Forstents made from a biodegradable polymer, the 
stent may be intended to remain in the body for a duration 
of time until its intended function of, for example, main 
taining vascular patency and/or drug delivery is accom 
plished. For biodegradable polymers used in coating appli 
cations, after the process of degradation, erosion, absorption, 
and/or resorption has been completed, no polymer will 
remain on the Stent. In some embodiments, very negligible 
traces or residue may be left behind. The duration is typi 
cally in the range of six to twelve months. It is desirable for 
the stent to provide mechanical Support to a vessel for 
approximately this duration. 
0023 Therefore, a preferred erosion profile in such treat 
ments may be slow or minimal degradation for as long as 
mechanical support for the vessel may be desired. This 
preferred erosion profile may then include a rapid degrada 
tion occurring approximately after the stent is no longer 
required. A stent configuration that may achieve Such a 
profile may include a slow eroding, flexible outer region and 
a fast eroding, stiff, strong inner region that provides 
mechanical Support as long as Support is desired. 
0024. Additionally, it would be also be desirable for such 
a stent to have a small form factor and radio-opacity. 
Although biodegradable polymer-fabricated Stents are con 
figured to erode, they are not radio-opaque. In addition, in 
order to have adequate strength, the struts may be signifi 
cantly thicker than struts in metal stents. For example, a 
polymer-fabricated Stent composed of poly(L-lactic acid) 
may require struts more than 50% thicker struts than a 
metallic stent. On the other hand, a metallic stent fabricated 
from a bioerodable metal. Such as magnesium, erodes too 
quickly to remain intact for the typical treatment time of six 
to twelve months. 
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0025 Polymers can be biostable, bioabsorbable, biode 
gradable, or bioerodable. Biostable refers to polymers that 
are not biodegradable. The terms biodegradable, bioabsorb 
able, and bioerodable, as well as degraded, eroded, and 
absorbed, are used interchangeably and refer to polymers 
that are capable of being completely eroded or absorbed 
when exposed to bodily fluids such as blood and can be 
gradually resorbed, absorbed and/or eliminated by the body. 
0026. Biodegradation refers generally to changes in 
physical and chemical properties that occur in a polymer 
upon exposure to bodily fluids as in a vascular environment. 
The changes in properties may include a decrease in molecu 
lar weight, deterioration of mechanical properties, and 
decrease in mass due to erosion or absorption. Mechanical 
properties may correspond to strength and modulus of the 
polymer. Deterioration of the mechanical properties of the 
polymer decreases the ability of a stent, for example, to 
provide mechanical Support in a vessel. The decrease in 
molecular weight may be caused by, for example, hydrolysis 
and/or metabolic processes. Hydrolysis is a chemical pro 
cess in which a molecule is cleaved into two parts by the 
addition of a molecule of water. Consequently, the degree of 
degradation of a polymer is strongly dependent on the 
diffusivity of water in the polymer. A decrease in molecular 
weight of the polymer can result in deterioration of mechani 
cal properties and contributes to erosion or absorption of the 
polymer into the bodily fluids. Therefore, the time frame of 
degradation of a polymer part is dependent on water diffu 
Sion, hydrolysis, decrease in molecular weight, and erosion. 
0027. Furthermore, polymer erosion spans a continuum 
from bulk eroding to surface eroding. Bulk eroding refers to 
degradation of a polymer throughout the bulk of a polymer 
part exposed to bodily fluids. Alternatively, a polymer may 
be surface eroding. A Surface eroding polymer typically has 
relatively low water diffusivity. As a result, surface erosion 
is a heterogeneous process in which degradation and erosion 
tend to occur at or near a Surface of the polymer exposed to 
the bodily fluids. 
0028. Furthermore, the time frame of the degradation of 
various properties depends on Such properties as the diffu 
sivity of water in the polymer and whether the polymer is 
bulk eroding or Surface eroding. For example, for a bulk 
eroding polymer, the molecular weight loss, deterioration of 
mechanical properties, and erosion tend to occur sequen 
tially over different time frames. FIG. 2 illustrates degrada 
tion as a function of time for a bulk eroding polymer part. 
A curve 120 represents the decrease in molecular weight that 
occurs within the bulk of the polymer material. The decrease 
in molecular weight causes deterioration in mechanical 
properties of the polymer, which is shown by a curve 125. 
A curve 130 represents the total erosion of the polymer. 
Some bulk eroding polymers, may exhibit relatively little 
erosion even with a Substantial loss of molecular weight and 
deterioration of mechanical properties, as depicted in FIG. 2. 
For Such polymers, much of the erosion may occur over a 
relatively short time frame, as in a time period 135. Addi 
tionally, the water diffusivity in the polymer increases as a 
bulk-eroding polymer degrades. 
0029. Alternatively, for a surface eroding polymer, 
changes in the various properties may occur over similar 
time frames since the degradation is limited to a region at or 
near an exposed surface. In FIG. 3, a curve 140 depicts the 
total erosion as a function of time for a Surface-eroding 
polymer part. The erosion rate is Substantially dependent on 
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the Surface area of a part. Since degradation is heteroge 
neous, the decrease in molecular weight and deterioration of 
the mechanical properties occur at or near the Surface of a 
Surface-eroding polymer part. In the bulk or away from the 
Surface of a surface-eroding polymer part, the molecular 
weight and mechanical properties are unchanged or Substan 
tially unchanged. 
0030 Representative examples of polymers that may be 
used to fabricate an implantable medical device using the 
methods disclosed herein include, but are not limited to, 
poly(N-acetylglucosamine) (Chitin), Chitoson, poly(hy 
droxyvalerate), poly(lactide-co-glycolide), poly(hydroxybu 
tyrate), poly(hydroxybutyrate-co-Valerate), polyorthoester, 
polyanhydride, poly(glycolic acid), poly(glycolide), poly(L- 
lactic acid), poly(L-lactide), poly(D.L-lactic acid), poly(D. 
L-lactide), poly(caprolactone), poly(trimethylene carbon 
ate), polyester amide, poly(glycolic acid-co-trimethylene 
carbonate), co-poly(ether-esters) (e.g. PEO/PLA), polyphos 
phaZenes, biomolecules (such as fibrin, fibrinogen, cellu 
lose, starch, collagen and hyaluronic acid), polyurethanes, 
silicones, polyesters, polyolefins, polyisobutylene and eth 
ylene-alphaolefin copolymers, acrylic polymers and copo 
lymers other than polyacrylates, vinyl halide polymers and 
copolymers (such as polyvinyl chloride), polyvinyl ethers 
(such as polyvinyl methyl ether), polyvinylidene halides 
(such as polyvinylidene chloride), polyacrylonitrile, polyvi 
nyl ketones, polyvinyl aromatics (such as polystyrene), 
polyvinyl esters (such as polyvinyl acetate), acrylonitrile 
styrene copolymers, ABS resins, polyamides (such as Nylon 
66 and polycaprolactam), polycarbonates, polyoxymethyl 
enes, polyimides, polyethers, polyurethanes, rayon, rayon 
triacetate, cellulose, cellulose acetate, cellulose butyrate, 
cellulose acetate butyrate, cellophane, cellulose nitrate, cel 
lulose propionate, cellulose ethers, and carboxymethyl cel 
lulose. Additional representative examples of polymers that 
may be especially well Suited for use in fabricating an 
implantable medical device according to the methods dis 
closed herein include ethylene vinyl alcohol copolymer 
(commonly known by the generic name EVOH or by the 
trade name EVAL), poly(butyl methacrylate), poly(vi 
nylidene fluoride-co-hexafluororpropene) (e.g., SOLEF 
21508, available from Solvay Solexis PVDF, Thorofare, 
N.J.), polyvinylidene fluoride (otherwise known as 
KYNAR, available from ATOFINA Chemicals, Philadel 
phia, Pa.), ethylene-vinyl acetate copolymers, and polyeth 
ylene glycol. 
0031 Additionally, some metals are considered bioerod 
able since they tend to erode or corrode relatively rapidly 
when exposed to bodily fluids. Biostable metals refer to 
metals that are not bioerodable. Biostable metals have 
negligible erosion or corrosion rates when exposed to bodily 
fluids. In general, metal erosion or corrosion involves a 
chemical reaction between a metal Surface and its environ 
ment. Erosion or corrosion in a wet environment, Such as a 
vascular environment, results in removal of metal atoms 
from the metal surface. The metal atoms at the surface lose 
electrons and become actively charged ions that leave the 
metal to form salts in solution. A bioerodable stent suitable 
for use as a stent material forms erosion products that do not 
negatively impact bodily functions. Representative 
examples of biodegradable metals that may be used to 
fabricate an implantable medical device may include, but are 
not limited to, magnesium, Zinc, and iron. In one embodi 
ment, a bioerodable metal stent may be completely eroded 
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when exposed to bodily fluids, such as blood, between about 
a week and about three months, or more narrowly, between 
about one month and about two months. 

0032. In general, it may be desirable to manufacture an 
implantable medical that includes relatively distinct regions 
that have different erosion profiles when exposed to bodily 
fluids. In this way the erosion profile of the stent may be 
customized to various treatments. Various embodiments of 
an implantable medical device with such erosion profiles 
may include a metallic region composed of a bioerodable 
metal and a polymer region composed of a biodegradable 
polymer. The metallic region may erode at a different rate 
when exposed to bodily fluids than the polymer region when 
exposed to bodily fluids. In some embodiments, the polymer 
region may be an outer region or layer of the device and the 
metallic region may be an inner region or layer of the device. 
An outer region or layer may refer to a region or layer that 
is exposed first to a vascular environment. Direct contact or 
exposure of the inner region or layer to a vascular environ 
ment may be inhibited or prevented by an outer region or a 
region that is closer to the vascular environment. For 
example, a strut of a stent may include an inner region or 
core with an outer region or coating that inhibits or prevents 
direct contact or exposure of the inner region or core to a 
vascular environment. The metallic region may be config 
ured to provide mechanical Support for at least some of the 
time the device is implanted in a bodily lumen. 
0033. In certain embodiments, the implantable medical 
device may include a metallic region that includes a cylin 
drical or Substantially cylindrical cross-sectional pattern of 
Struts. The strut pattern can also be square, rectangular, oval, 
or another cross-sectional shape. For example, the metallic 
region may be a cylindrical or Substantially cylindrical coil 
or mesh of metallic wire. In addition, a metallic region may 
be a pattern of struts formed on a metallic tube by cutting or 
etching. The polymer region may be a biodegradable poly 
mer coating on the metallic region. In some embodiments, 
the polymer region may include an active agent. The poly 
mer region may be configured to release the active agent for 
a selected amount of time. The release may occur through 
the brake-up of the polymer and/or via migration of the 
active agent out of the polymer. The selected amount of time 
may correspond approximately to a desired treatment time 
of a stent. Additionally, the metallic region may have pores 
that are configured to include an active agent. For example, 
the metallic region can be formed by sintering particles, 
fibers, and wires of material. 
0034. In some embodiments, the metallic region may 
erode at a faster rate when exposed to bodily fluids than the 
polymer region when exposed to bodily fluids. In some 
embodiments, the polymer region may be configured to 
delay, inhibit, or prevent erosion of the metallic region in a 
manner that allows the metallic region to provide mechani 
cal Support to a bodily lumen. For example, the polymer 
region may be configured to delay, inhibit, or prevent 
erosion of the metallic region for a selected time period. The 
selected time period may be at least a portion of the time 
period that the metallic region is desired to provide mechani 
cal Support. It may be desirable for a metallic region to 
provide mechanical Support for a majority of all of or 
longer than a desired treatment time of the Stent. 
0035) Some embodiments may include a metallic region 
that is configured to erode when the metallic region is 
exposed to bodily fluids due to degradation of the polymer 
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region. The metallic region may be exposed to bodily fluids 
by erosion of the polymer region and/or diffusion of bodily 
fluids through the polymer region. In some embodiments, a 
metal region may start to erode when the polymer region is 
only partially degraded and/or eroded. Partially means less 
than 50% of the polymer, or alternatively less than 40%, 
30%, 20%, 10%, or 5%. In other embodiments, the metal 
region may start to erode when the polymer region is 
completely (greater than 99%) degraded and/or eroded or 
when a majority of the polymer is degraded and/or eroded. 
Majority includes over 50%, 60%, 70%, 80%, 90%, or 
alternatively, over 95% of the polymer. 
0036. In some embodiments, an outer polymer region 
may be a bulk eroding polymer. Representative examples of 
bulk eroding polymers include, but are not limited to, 
poly(L-lactide), poly(glycolide), poly(D.L-lactide), poly(t- 
rimethylene carbonate), polycaprolactone, and copolymers 
thereof. During a treatment time, the polymer degrades 
resulting in a decrease in the molecular weight of the 
polymer region and deterioration of mechanical properties. 
A polymer may be selected that has a relatively low water 
diffusivity. In some embodiments, the polymer may be 
capable of absorbing less than about 3% by volume, or more 
narrowly, less than about 1% of its volume. However, water 
diffusivity in the polymer increases as the polymer region 
degrades. The increased diffusivity of water may result in 
erosion of the metallic region prior to complete erosion of 
the polymer region. In an embodiment, the metallic region 
may be configured to completely or almost completely erode 
before the polymer region is completely eroded. In other 
embodiments, the polymer region may be configured to 
completely or almost completely erode before the metallic 
region is completely eroded. 
0037. In other embodiments, an outer polymer region 
may be a Surface eroding polymer. Representative examples 
of Surface eroding polymers include, but are not limited to, 
polyorthoesters, polyanhydrides and copolymers thereof. A 
Surface eroding polymer may be selected that has a water 
diffusivity that inhibits or prevents erosion of the metallic 
region for a selected time period. The metallic region may be 
configured to erode when erosion of the polymer region 
exposes a portion of the metallic region to bodily fluids. Due 
to higher water diffusivity in a bulk eroding polymer, it is 
expected that the erosion of the metallic region will occur 
later and over a smaller time frame with a surface eroding 
polymer as an outer region than with a bulk eroding polymer 
as an outer region. 
0038 FIG. 4 depicts a schematic illustration of an 
embodiment of a cross-section of a strut 150 of a stent that 
includes an outer region 155 and an inner region 160. Outer 
region 155 is a relatively slow eroding polymer region and 
inner region 160 is a relatively fast eroding metallic region. 
FIGS.5A and 5B illustrate examples of erosion as a function 
of time for such a stent with an outer biodegradable polymer 
region and an inner bioerodable metallic inner region. FIG. 
5A depicts erosion for a stent with a bulk eroding polymer 
region and FIG. 5B depicts erosion for a stent with a surface 
eroding polymer region. In FIG. 5A, a curve 170 represents 
the total erosion of the polymer region and curve 175 
represents the total erosion of the inner metallic region. In 
FIG. 5B, a curve 180 represents the total erosion of the 
polymer region a curve 185 represents the total erosion of 
the metallic region. A time 190 corresponds to an approxi 
mate time of implantation of the stent in a vessel. From time 
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190 to approximately a time 195 in FIG. 5A and between 
time 190 and approximately time 200 in FIG. 5B, there is 
minimal erosion of the metallic region. At some time during 
a time period 205 in FIG. 5A and a time period 210 in FIG. 
5B, the stent may be no longer required for treatment. 
During time periods 205 and 210, the polymer and metallic 
regions may be completely or almost completely eroded and 
the metallic regions may no longer provide mechanical 
Support. The erosion of the metallic region rises sharply 
during time periods 205 and 210 due to degradation and/or 
erosion of the polymer regions. A comparison of curve 175 
to curve 185 illustrates the sharper erosion profile of the 
metallic region when a Surface eroding polymer is used 
rather than bulk eroding polymer for the polymer region. 
0039. In certain embodiments, the device may have more 
desirable properties than a polymer-fabricated device; a 
biostable or bioerodable metal device; or a polymer-coated 
biostable metal device. For instance, the device may have a 
greater radial strength than an equivalent device fabricated 
from the biodegradable polymer in which the equivalent 
device has the same structure and dimensions as the device. 
Dimensions may include the length and radius of a stent and 
cross-sectional dimensions of Struts of the stent. Structure 
may include the structure of a pattern of a stent. In addition, 
the device may have greater flexibility than an equivalent 
device fabricated from the metal in which the equivalent 
device has the same dimensions and structure as the device. 
Additionally, the device may include a stent with a smaller 
profile than an equivalent device fabricated from the biode 
gradable polymer. An equivalent device is an equivalent 
stent with the same radial strength and same dimensions and 
structure as the device. A smaller profile may correspond to 
thinner struts. Also, the device may have sufficient radio 
opacity to be imaged by X-Ray radiation, unlike a polymer 
fabricated device. Also, as discussed above, the device may 
also be capable of completely eroding away when it is no 
longer required for treatment. 
0040. In certain embodiments, the metallic region and the 
polymer region may be configured to have certain desired 
properties Such as erosion rate and mechanical properties. 
Desired properties may be obtained by forming the polymer 
region and/or the metallic region from polymers and/or 
metals, respectively, to obtain the desired properties. The 
polymer may have a uniform or Substantially uniform com 
position and uniform or Substantially uniform properties 
Such as erosion rate and mechanical properties. The polymer 
region may be a pure or a Substantially pure biodegradable 
polymer. Alternatively, the polymer may be a uniform or 
substantially uniform mixture of at least two types of 
polymers. Similarly, the metallic region may have a uniform 
or Substantially uniform composition and uniform or Sub 
stantially uniform properties Such as erosion rate and 
mechanical properties. The metal may a pure or Substantially 
pure metal. Also, the metal region may be a uniform or 
substantially uniform alloy that includes at least two types of 
metals. In addition, the metal region may be a uniform or 
Substantially uniform mixture that includes at least two types 
of metals. The properties such as erosion rate may be 
uniform or substantially uniform. 
0041 Alternatively, it may be desirable in other embodi 
ments to have a polymer region and/or metallic region that 
have nonuniform composition with nonuniform properties. 
In some embodiments, the polymer region may be a non 
uniform mixture of at least two types of polymers. Similarly, 
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the metallic region may be a nonuniform mixture of at least 
two types of metals. In other embodiments, the polymer 
region may include at least two uniform or Substantially 
uniform layers in which at least two layers have different 
erosion rates. Different layers may correspond to different 
pure or Substantially pure polymers or polymer mixtures. In 
Some embodiments, one layer may be a bulk eroding poly 
mer and another layer may be a surface eroding polymer. In 
one embodiment, the Surface eroding polymer can be dis 
posed over the bulk eroding polymer. Alternatively, the bulk 
eroding polymer can be disposed over the Surface eroding 
polymer. In a similar manner, the metallic region may 
include at least two layers in which at least two layers have 
different erosion rates. Thus, the erosion and erosion rate 
may be customized to any number of treatment applications. 
For example, FIG. 6 depicts a schematic illustration of a 
cross-section of strut 220. Strut 220 in FIG. 6 may have a 
polymer region that includes a polymer layer 225, a polymer 
layer 230, and a metallic region 235. In addition, strut 220 
in FIG.6 may have a metallic region that includes a metallic 
layer 230, a metallic layer 235, and a polymer region 225. 
0042. In other embodiments, the properties such as the 
erosion rate of a stent may be further customized by forming 
a stent with at least three alternating polymer and metallic 
regions. In one embodiment, a second metallic region may 
be formed that contacts the polymer region in which the 
polymer region is between the metallic region and the 
second metallic region. Additionally, another embodiment 
may include forming a second polymer region that contacts 
the metallic region in which metallic region is between the 
polymer region and the second polymer region. In some 
embodiments, one or more of the polymer regions may 
include an active agent. In other embodiments, one or more 
of the metallic regions may include an active agent. For 
example, strut 220 in FIG.6 may have a polymer region 225, 
a polymer region 235, and a metallic region 230 between the 
polymer regions. In addition, strut 220 in FIG. 6 may have 
a polymer region 230, a metallic region 235, and a metallic 
region 225. A polymer region may be biostable or biode 
gradable. Similarly, a metallic region may be biostable or 
biodegradable. Preferably, one or all of the polymeric 
regions are biodegradable and one or all of the metallic 
regions are degradable as well. 
0043. Further embodiments of incorporating desirable 
properties into implantable medical devices may include a 
device that is at least partially composed of a material that 
is a mixture of a biodegradable polymer and bioerodable 
metallic material. In some embodiments, an implantable 
medical device may be composed of a mixture having a 
biodegradable polymer and bioerodable metallic particles. 
In an embodiment, a method of manufacturing the device 
may include mixing a biodegradable polymer and bioerod 
able metallic particles to form the mixture. In certain 
embodiments, the biodegradable polymer and the bioerod 
able metallic particles may be mixed in a mixing apparatus 
Such as an extruder. Certain embodiments may further 
include mixing a biostable polymer and/or biostable metallic 
particles with the biodegradable polymer and bioerodable 
metallic particles. Other embodiments may further include 
mixing the biodegradable polymer and bioerodable metallic 
particles with metallic particles that include at least one 
particle composed of a mixture or alloy of at least of one 
bioerodable metal and at least one biostable metal. Some 
embodiments of the method may further include using the 
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mixture to fabricate an implantable medical device or to coat 
an implantable medical device. 
0044. In certain embodiments, the metallic particles may 
be metallic nanoparticles. A "nanoparticle' refers to a par 
ticle with a dimension in the range of about 1 nm to about 
10,000 nm. A significant advantage of nanoparticles over 
larger particles is that nanoparticles may form a more 
uniform mixture in a polymer matrix. A resulting mixture 
may then have a more uniform improvement of properties 
Such a radial strength and flexibility. Additionally, nanopar 
ticles may be absorbed by bodily fluids such as blood 
without negative impact to bodily functions. Representative 
examples of metallic particles may include magnesium, 
Zinc, aluminum, and oxides of Such metals. In some embodi 
ments, the mixture may also include an active agent. In other 
embodiments, the nanoparticles can include an active agent 
or a drug. 
0045. The biodegradable polymer may be a pure or 
substantially pure biodegradable polymer. Alternatively, the 
biodegradable polymer may be a mixture of at least two 
types of biodegradable polymers. A metallic particle may be 
a pure or substantially pure bioerodable metal or bieoerod 
able metal compound. Alternatively, a metallic particle may 
be a mixture of at least two types of bioerodable metals or 
bioerodable metallic compounds. A metallic particle may 
also be an alloy composed of at least two types of bioerod 
able metals. The metallic particles may be a mixture of at 
least two types of metallic particles. 
0046. In certain embodiments, an implantable medical 
device manufactured from the mixture including a biode 
gradable polymer and bioerodable metallic particles may be 
configured to have desired properties. A desired property 
may include, but is not limited to, a desired erosion rate, a 
desired degree of radio-opacity, or desired mechanical per 
formance, for example, a desired radial strength. In some 
embodiments, desired properties of a device may be 
obtained by modifying the composition of the mixture of the 
biodegradable polymer and bioerodable metallic particles. 
In one embodiment, the composition of the biodegradable 
polymer may be modified. Differences in erosion rates 
and/or mechanical performance of different biodegradable 
polymers may be used to obtain desired properties of the 
mixture. 
0047 Similarly, the composition of the mixture may be 
modified by modifying the composition of the metallic 
particles. For example, the ratio or concentration of different 
types of metallic particles in the mixture or the composition 
of individual particles may be altered to obtain desired 
properties. 
0048. In other embodiments, the ratio of polymer to 
metallic particles or metal may also be modified. Since a 
polymer and metallic particles may have different erosion 
rates, the ratio of polymer to metallic particles may be 
modified to obtain a desired erosion rate. For example, if a 
bioerodable metal has a faster erosion rate than the biode 
gradable polymer, decreasing the ratio of polymer to metal 
lic particles may increase the erosion rate of a device. 
Additionally, the radial strength of a device may be 
increased by decreasing the ratio of polymer to metallic 
particles. 
0049. Several embodiments may include various ways of 
using the mixture to fabricate or to coat an implantable 
medical device. In an embodiment, fabricating a device may 
include forming a tube from the mixture. A tube may be 
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formed from the mixture using an extruder. Alternatively, a 
planar film or sheet may be formed from the mixture, also 
through extrusion. A tube may then be formed from the 
planar film or sheet by rolling and bonding the film or sheet. 
In an embodiment, a stent pattern of Struts, such as the one 
pictured in FIG. 1, may be formed on the tube. The pattern 
may be formed by a technique Such as laser cutting or 
chemical etching. Examples of lasers that may be used for 
cutting stent patterns include, but are not limited to, excimer, 
CO, or YAG. In another embodiment, fibers may be formed 
from the polymer and metallic particle mixture and formed 
into a stent. 

0050. In other embodiments, the mixture may be used to 
coat an implantable medical device with the mixture. The 
device to be coated may be a polymer-fabricated stent; a 
metallic stent; or a stent fabricated from polymer and 
metallic particles. In some embodiments, a stent coated by 
the mixture may be completely or almost completely bio 
erodable. The mixture for use as a coating may be composed 
of a biodegradable polymer and a bioerodable metal. In one 
embodiment, the substrate stent may be a polymer-fabri 
cated Stent composed of a biodegradable polymer. In another 
embodiment, the substrate stent may be a metallic stent that 
is composed of a bioerodable metal. Other embodiments 
may include coating a stent fabricated from a mixture of 
biodegradable polymer and bioerodable metallic particles. 
0051. In certain embodiments, a device fabricated or 
coated with a polymer and metallic particle mixture may 
have more desirable properties than a polymer-fabricated 
device, a metallic device, or a polymer-coated metal device. 
A device fabricated from the mixture of polymer and metal 
lic particles may have greater radial strength and greater 
flexibility than an equivalent device fabricated from the 
polymer. An equivalent device is the same dimensions and 
structure as the device. Moreover, a device manufactured 
with a polymer and metallic particle mixture may be a stent 
with a smaller profile than an equivalent stent fabricated 
from the polymer. A smaller profile may include thinner 
StrutS. 

0.052 The equivalent device is an equivalent stent with 
the same radial strength and the same dimensions and 
structure as the device. Furthermore, due to the metallic 
particles, the device may have sufficient radio-opacity to be 
imaged by X-Ray radiation. 
0053. In addition, the composition of metallic particles in 
the mixture may be modified to obtain desired properties of 
the device. For example, the composition may be modified 
to obtain a desired degree of radio-opacity and mechanical 
behavior such as radial strength and/or flexibility. 
0054 Additionally, cutting stent patterns on polymer 
parts can be difficult since many polymers absorb little or no 
energy from laser light emitted by lasers conventionally 
used for cutting patterns. However, the metallic particles in 
the polymer and metallic particle mixture may help to 
overcome this difficulty by increasing the absorption of 
energy from the laser light. 
0055 While particular embodiments of the present 
invention have been shown and described, it will be obvious 
to those skilled in the art that changes and modifications can 
be made without departing from this invention in its broader 
aspects. Therefore, the appended claims are to encompass 
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within their scope all such changes and modifications as fall 
within the true spirit and scope of this invention. 

1. A stent comprising: 
Struts made of a metal comprising magnesium; and 
a coating on the struts, wherein the coating comprises a 

biodegradable polymer and a drug, wherein the biode 
gradable polymer is selected from the group consisting 
of poly(L-lactic acid) and poly(D.L-lactic acid), and 
wherein the struts have Surfaces and the coating com 
pletely covers the surfaces of the struts. 

2. (canceled) 
3. (canceled) 
4. (canceled) 
5. (canceled) 
6. A stent comprising a scaffolding including a pattern of 

interconnecting struts, wherein a cross section of a strut of 
the struts includes a core and a coating around the core, 
wherein the core is made of a bioerodible metal and the 
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coating comprises a biodegradable polymer and a drug, 
wherein the biodegradable polymer is selected from the 
group consisting of poly(L-lactic acid), poly(D.L-lactic 
acid), and poly(lactide-co-glycolide). 

7. The stent of claim 6, wherein the bioerodible metal is 
an alloy and comprises magnesium. 

8. (canceled) 
9. (canceled) 
10. (canceled) 
11. The stent of claim 6, wherein upon implantation of the 

stent in a vessel, the core is configured to erode when erosion 
of the coating exposes a portion of the core to bodily fluids. 

12. The stent of claim 6, wherein upon implantation of the 
stent in a vessel, the coating inhibits or prevents direct 
contact or exposure of the core to a vascular environment. 

13-18. (canceled) 
19. The stent of claim 1, wherein the metal is an alloy. 

k k k k k 


