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BOERODIBLE ENDOPROSTHESES AND
METHODS OF MAKING THE SAME
CROSS-REFERENCE TO RELATED
APPLICATIONS

0001. This application claims priority under 35 USC S119
(e) to U.S. Provisional Patent Application Ser. No. 60/844,
966, filed on Sep. 15, 2006, the entire contents of which are
hereby incorporated by reference.
TECHNICAL FIELD

0002 The invention relates to bioerodible endoprostheses,
and to methods of making the same.
BACKGROUND

0003. The body includes various passageways such as
arteries, other blood vessels, and other body lumens. These
passageways sometimes become occluded or weakened. For
example, the passageways can be occluded by a tumor,
restricted by plaque, or weakened by an aneurysm. When this
occurs, the passageway can be reopened or reinforced with a
medical endoprosthesis. An endoprosthesis is typically a
tubular member that is placed in a lumen in the body.
Examples of endoprostheses include stents, covered Stents,
and stent-grafts.
0004 Endoprostheses can be delivered inside the body by
a catheter that Supports the endoprosthesis in a compacted or
reduced-size form as the endoprosthesis is transported to a
desired site. Upon reaching the site, the endoprosthesis is
expanded, e.g., so that it can contact the walls of the lumen.
0005. The expansion mechanism may include forcing the
endoprosthesis to expand radially. For example, the expan
sion mechanism can include the catheter carrying a balloon,
which carries a balloon-expandable endoprosthesis. The bal
loon can be inflated to deform and to fix the expanded
endoprosthesis at a predetermined position in contact with the
lumenwall. The balloon can then be deflated, and the catheter
withdrawn from the lumen.

0006. It is sometimes desirable for an implanted endopros
thesis to erode over time within the passageway. For example,
a fully erodible endoprosthesis does not remain as a perma
nent object in the body, which may help the passageway
recover to its natural condition. Erodible endoprostheses can
beformed from, e.g., a polymeric material. Such as polylactic
acid, or from a metallic material. Such as magnesium, iron or
an alloy thereof.
SUMMARY

0007. The invention relates to bioerodible endoprostheses
and methods of making the endoprostheses. The endopros
theses can be configured to erode in a controlled and prede
termined manner in the body.
0008. In one aspect, the invention features an endopros
thesis including a body, which includes a cross section in the
X-Y plane and extends along a Z-axis; and an erosion modi
fying material provided on the surface of the body which
controls erosion to form a predetermined geometry Such that,
after erosion of at least about 50 percent of the area of the
body in the X-Y plane, at least one initial dimension of the
initial geometry is maintained. The body has an initial geom
etry in the X-Y plane characterized by initial dimensions.
0009. In another aspect, the invention features an
endoprosthesis including a body, which includes a bioerod
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ible metal material, has a cross-section in the X-Y plane, and
extends along a Z-axis; and a predetermined geometry after
erosion of at least about 50 percent of the area of the body in
the X-Y plane, the predetermined geometry is in the shape of
an I, an X, an interdigitated structure, a radially lobed struc
ture, or a convex structure. The body has an initial geometry
in the X-Y plane characterized by initial dimensions.
0010. In yet another aspect, the invention features an
endoprosthesis including a body, which includes a bioerod
ible metal material, has a cross-section in the X-Y plane, and
extends along a Z-axis; and an erosion modifying material
provided on the surface of the body which controls erosion to
form a predetermined geometry, the modifying material
being provided in a pattern of at least three separate regions in
the X-Y plane. The body has an initial geometry in the X-Y
plane characterized by initial dimensions.
0011 Embodiments can include one or more of the fol
lowing features.
0012. The initial dimension can be maintained after ero
sion of at least about 55 percent (e.g., at least about 60 per
cent, at least about 65 percent, at least about 70 percent, at
least about 75 percent, at least about 80 percent, at least about
85 percent, at least about 90 percent, at least about 95 percent)
of the area of the body in the X-Y plane. The initial dimension
maintained can correspond to the maximum dimension of the
initial geometry. In some embodiments, the initial geometry
is square or rectangular. In some embodiments, the initial
geometry is circular, ovaloid, or elliptical. The ratio of the
maximum initial dimensions in the X-Y plane can be between
about 2:1 and about 1:2 (e.g., about 1:1).
0013 The predetermined geometry can be an I shape. In
some embodiments, the ends of the I correspond to abluminal
and adluminal sides of the endoprosthesis. The predeter
mined geometry can be an X shape. In some embodiments,
the predetermined geometry is an interdigitated geometry. In
Some embodiments, the predetermined geometry is a radially
lobed structure. In some embodiments, the predetermined
geometry is a convex structure. In some embodiments, the
predetermined geometry is square or rectangular. The prede
termined geometry can extend substantially the full extent of
the body in the Z direction.
0014. The bioerodible material can include a magnesium,
calcium, aluminum, strontium, Zirconium, Zinc, manganese,
iron, nickel, copper, cobalt, a rare earth element, and/or alloys
thereof.

0015 The erosion modifying material can include a poly
mer, a ceramic, an oxide, a metal, an alloy, and/or a compos
ite. The erosion modifying material can be a layer. In some
embodiments, the layer has varying thickness. The thickness
can vary in the X and/orY direction. The thickness can vary in
the Z direction. The thickness can vary along the length of the
endoprosthesis. The erosion modifying material can be pro
vided on the entire surface of the body. The erosion modifying
material can include multiple materials at select locations to
control the erosion of the body.
0016. In some embodiments, the body can be a strut. The
endoprosthesis can be formed of a plurality of struts arranged
in the general form of a tube. The endoprosthesis can be
balloon expandable.
0017 Embodiments may have one or more of the follow
ing advantages.
0018. The endoprostheses may not need to be removed
from a lumen after implantation. The endoprostheses can
have a low thrombogenecity and high initial strength. The
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endoprostheses can exhibit reduced spring back (recoil) after
expansion. Lumens implanted with the endoprostheses can
exhibit reduced restenosis. The rate of erosion of different

portions of the endoprostheses can be controlled, allowing the
endoprostheses to erode in a predetermined manner and
reducing, e.g., the likelihood of uncontrolled fragmentation
and embolization. For example, the predetermined manner of
erosion can be from an inside of the endoprosthesis to an
outside of the endoprosthesis, or from a first end of the
endoprosthesis to a second end of the endoprosthesis. The
controlled rate of erosion and the predetermined manner of
erosion can extend the time the endoprosthesis takes to erode
to a particular degree of erosion, can extend the time that the
endoprosthesis can maintain patency of the passageway in
which the endoprosthesis is implanted, can allow better con
trol over the size of the released particles during erosion,
and/or can allow the cells of the implantation passageway to
better endothelialize around the endoprosthesis.
0019. An erodible or bioerodible endoprosthesis, e.g., a
stent, refers to an endoprosthesis, or a portion thereof, that
exhibits substantial mass or density reduction or chemical
transformation, after it is introduced into a patient, e.g., a
human patient. Mass reduction can occur by, e.g., dissolution
of the material that forms the endoprosthesis and/or frag
menting of the endoprosthesis. Chemical transformation can
include oxidation/reduction, hydrolysis, Substitution, and/or
addition reactions, or other chemical reactions of the material

from which the endoprosthesis, or a portion thereof, is made.
The erosion can be the result of a chemical and/or biological
interaction of the endoprosthesis with the body environment,
e.g., the body itself or body fluids, into which the endopros
thesis is implanted and/or erosion can be triggered by apply
ing a triggering influence, such as a chemical reactant or
energy to part or all of the endoprosthesis, e.g., to increase a
reaction rate. For example, an endoprosthesis, or a portion
thereof, can be formed from an active metal, e.g., Mg or Ca or
an alloy thereof, and which can erode by reaction with water,
producing the corresponding metal oxide and hydrogen gas (a
redox reaction). For example, an endoprosthesis, or a portion
thereof, can be formed from an erodible or bioerodible poly
mer, an alloy, and/or a blend of erodible or bioerodible poly
mers which can erode by hydrolysis with water. The erosion
occurs to a desirable extent in a time frame that can provide a
therapeutic benefit. For example, in embodiments, the
endoprosthesis exhibits Substantial mass reduction after a
period of time when a function of the endoprosthesis, such as
Support of the lumen wall or drug delivery, is no longer
needed or desirable. In particular embodiments, the
endoprosthesis exhibits a mass reduction of about 10 percent
or more, e.g. about 50 percent or more, after a period of
implantation of one day or more, e.g. about 60 days or more,
about 180 days or more, about 600 days or more, or 1000 days
or less. In embodiments, only portions of the endoprosthesis
exhibits erodibility. For example, an exterior layer or coating
may be non-erodible, while an interior layer or body is erod
ible. In some embodiments, the endoprosthesis includes a
non-erodible coating or layer of a radiopaque material, which
can provide long-term identification of an endoprosthesis
location.

0020 Erosion rates can be measured with a test endopros
thesis Suspended in a stream of Ringer's Solution flowing at a
rate of 0.2 ml/second. During testing, all surfaces of the test
endoprosthesis can be exposed to the stream. For the purposes
of this disclosure, Ringer's Solution is a solution of recently
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boiled distilled water containing 8.6 gram sodium chloride,
0.3 gram potassium chloride, and 0.33 gram calcium chloride
per liter of solution.
0021. Other aspects, features and advantages will be
apparent from the description of the preferred embodiments
thereof and from the claims.
DESCRIPTION OF DRAWINGS

0022 FIG. 1A is a perspective view of an embodiment of
an endoprosthesis.
0023 FIG. 1B is an enlarged cross-sectional view of the
endoprosthesis of FIG. 1A.
0024 FIG. 2A is an enlarged perspective view of a portion
of an endoprosthesis.
0025 FIG. 2B is an enlarged cross-sectional view of and
embodiment of the portion of the endoprosthesis of FIG. 2A.
0026 FIG.3A is an enlarged perspective view of a portion
of an endoprosthesis.
0027 FIG. 3B is an enlarged cross-sectional view of an
embodiment of the portion of the endoprosthesis of FIG. 3A.
0028 FIG. 3C is an enlarged cross-sectional view of an
embodiment of the portion of the endoprosthesis of FIG. 3A.
0029 FIG. 3D is an enlarged cross-sectional view of an
embodiment of the portion of the endoprosthesis of FIG. 3A.
0030 FIG. 4A is an enlarged perspective view of a portion
of an endoprosthesis.
0031 FIG. 4B is an enlarged perspective view of an
embodiment of the portion of the endoprosthesis of FIG. 4A.
0032 FIG.5A is an enlarged perspective view of a portion
of an endoprosthesis.
0033 FIG. 5B is an enlarged perspective view of an
embodiment of the portion of the endoprosthesis of FIG. 5A.
0034 FIG. 6A is an enlarged perspective view of a portion
of an endoprosthesis.
0035 FIG. 6B is an enlarged perspective view of an
embodiment of the portion of the endoprosthesis of FIG. 6A.
0036 FIG. 7A is an enlarged perspective view of a portion
of an endoprosthesis.
0037 FIG. 7B is an enlarged perspective view of an
embodiment of the portion of the endoprosthesis of FIG. 7A.
0038 FIG. 8A is an enlarged cross-sectional view of a
portion of an endoprosthesis.
0039 FIG. 8B is an enlarged cross-sectional view of an
embodiment of the portion of the endoprosthesis of FIG. 8A.
0040 FIG.9A is an enlarged perspective view of a portion
of an endoprosthesis.
0041 FIG. 9B is an enlarged perspective view of an
embodiment of the portion of the endoprosthesis of FIG.9A.
0042 FIG. 10A is an enlarged cross-sectional view of an
embodiment of a portion of an endoprosthesis.
0043 FIG. 10B is an enlarged cross-sectional view of an
embodiment of the portion of the endoprosthesis of FIG. 10A.
0044 FIG. 11A is an enlarged cross-sectional view of a
portion of an endoprosthesis.
0045 FIG. 11B is an enlarged cross-sectional view of an
embodiment of a portion of the endoprosthesis of FIG. 11A.
0046 FIG. 11C is an enlarged cross-sectional view of an
embodiment of a portion of an endoprosthesis of FIG. 11A.
0047 FIG. 12A is a perspective view of an embodiment of
an endoprosthesis.
0048 FIG. 12B is an enlarged cross-sectional view of the
endoprosthesis of FIG. 12A.
0049 FIG. 12C is an enlarged cross-sectional view of a
portion of the endoprosthesis of FIG. 12B.
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0050 FIG. 12D is an enlarged cross-sectional view of the
endoprosthesis of FIG. 12A.
0051 FIG. 12E is an enlarged cross-sectional view of a
portion of the endoprosthesis of FIG. 12D.
0052 FIG. 13A is a perspective view of an embodiment of
an endoprosthesis.
0053 FIG. 13B is an enlarged cross-sectional view of the
endoprosthesis of FIG. 13A.
0054 FIG. 13C is an enlarged cross-sectional view of a
portion of the endoprosthesis of FIG. 13B.
0055 FIG.13D is an enlarged cross-sectional view of the
endoprosthesis of FIG. 13A.
0056 FIG. 13E is an enlarged cross-sectional view of a
portion of the endoprosthesis of FIG. 13D.
0057 FIG. 14 is an enlarged cross-sectional view of an
embodiment of a portion of an endoprosthesis.
0058 FIG. 15 is a sequence illustrating a method of mak
ing an endoprosthesis.
0059 FIG. 16 is an enlarged cross-sectional view of an
embodiment of a portion of an endoprosthesis.
0060 FIG. 17 is a perspective view of an embodiment of
an endoprosthesis.
0061 FIG. 18 is a perspective view of an embodiment of
an endoprosthesis.
0062 FIG. 19 is a sequence illustrating a method of mak
ing an endoprosthesis.
0063 FIG. 20A is a perspective view of an embodiment of
an endoprosthesis.
0064 FIG. 20B is an enlarged cross-sectional view of the
endoprosthesis of FIG. 20A.
0065 FIG. 20O is an enlarged cross-sectional view of a
portion of the endoprosthesis of FIG.20B.
0066 FIG. 21 is a perspective view of an embodiment of
an endoprosthesis.
0067 FIG. 22 is a perspective view of an embodiment of
an endoprosthesis.
DETAILED DESCRIPTION

0068 Referring to FIGS. 1A and 1B, an endoprosthesis 2
includes a plurality of generally circumferential struts 6 and
connecting struts 8. The circumferential struts 6 can be
directly interconnected to one another and/or they can be
connected by connecting struts 8. The endoprosthesis can be
delivered into a body lumen, Such as a vasculature, in a
reduced diameter configuration and then expanded into con
tact with the lumen wall to, e.g., maintain patency at the site
of an occlusion.

0069. Referring as well to FIGS. 2A and 2B, a perspective
cross-sectional view through a strut 6, 8, the strut is formed of
a body 4 made of a bioerodible material, e.g., a metal Such as
magnesium. The strut also includes an erosion modifying
material in layers 16 on the surface of the body 4. The erosion
modifying material modifies the rate at which portions of the
body 4 are eroded when the stent is placed in the lumen. In
embodiments, the erosion modifying material is a non-erod
ible material or an erodible material that erodes at a different

rate than the erodible material forming the body 4 so as to
form a barrier that reduces or prevents exposure of the body 4
to physiological body fluids. For example, the erosion modi
fying material can be a ceramic Such as an oxide of the
erodible material forming the body 4 (e.g., magnesium
oxide). The erosion modifying material can include a thera
peutic drug.
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0070 The pattern of the erosion modifying material on the
Surface of the body, and the geometry and dimensions of the
body are selected so that a desirable erosion geometry forms
as the body erodes. In particular, the geometry of the eroding
body can be selected to maintain the mechanical strength of
the strut, even after Substantial erosion, and to reduce prema
ture fragmentation or fragmentation into large pieces.
(0071 Continuing to refer to FIGS. 2A and 2B, the strut 6,
8 extends in a direction along a Z-axis generally perpendicu
lar to a plane on an X-Y axis. The cross-section or strut
dimensions in the X-Y plane are generally smaller than along
the Z-axis. In the illustrated embodiment, the strut has an

initial rectangular geometry with an abluminal Surface 10
(e.g., an exterior Surface 10), an adluminal Surface 12 (e.g., an
interior surface 12) and two side surfaces 14. The strut has an
initial thickness T between the surfaces 10 and 12 and an

initial width W before the stent is implanted. The erosion
modifying material is provided in corresponding coextensive
layers 16 on the abluminal and adluminal surfaces of the
body, which inhibit erosion from those surfaces. In some
embodiments, each layer 16 can include a plurality of layers,
which can include the same or different materials. Within

each layer, the composition can include the same or different
materials at different portions of the layer.
0072 FIGS. 3A and 3B illustrate the strut after erosion
upon implantation in a body lumen. Erosion of the body 4
occurs primarily at the side surfaces, yielding a I-beam geom
etry where the top and bottom of the I correspond to the
abluminal and adluminal surfaces, respectively. The I-beam
geometry provides mechanical strength to the strut even
though a Substantial amount of the body 4, e.g., 50% or more
of the area in the X-Y plane has been eroded. Moreover, at
least one dimension of the strut, the vertical line of the I

corresponding to the strut thickness is maintained. The geom
etry of the I-beam can result as a function of surface diffusion
and/or mass transport processes of the eroding endoprosthe
S1S.

(0073. Referring as well to FIG. 3C, after further erosion,
e.g., 75 percent or more of the strut has eroded, the I-beam
geometry is still maintained. Referring as well to FIG. 3D,
after 90 percent or more of the strut has eroded, the I-beam
geometry is broken, and the erosion modifying layer is itself
eroded. The erosion modifying layer reduces the likelihood
that loose fragments of the body 4 will break off the slow
erosion of the strut also provides time for endothelialization
prior to complete erosion.
0074 Erosion to a desirable geometry can be controlled by
selecting the initial dimensions and geometry of the bioerod
ible body, and the pattern and nature of the erosion control
material. The bioerodible body preferably has a geometry
such that the ratio of the characteristic dimensions in the X-Y

direction is between about 2:1 to 1:2, e.g., about 1:1. For
example, for a strut with a rectangular cross section, the ratio
of the thickness to the width is about 2:1 to about 1:2. For a

strut with a circular cross section, the ratio of its radii or
diameters in the cross section is 1:1. As discussed above, the

erosion modifying layer can include a biodegradable and/or
non-biodegradable second material with a lower erosion rate
than a first material of a bioerodible body of an endoprosthe
sis. Examples are ceramics, metals or polymers, which pro
vide a barrier that reduces the exposure of the erodible body
to fluids by requiring diffusion of body fluids through the
erosion modifying layer or preventing exposure of the erod
ible body to body fluids. In some embodiments, the erosion
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modifying layer can include a plurality of layers, which can
include the same or different materials. Within each layer, the
composition can include the same or different materials at
different portions of the layer. In some embodiments, the
erosion rate of the erosion modifying layer is from about 10%
(e.g., from about 25%, from about 50%, from about 150%,
from about 200 percent, from about 400 percent, from about
600 percent, from about 8000%) less than the erosion rate of
a bioerodible body to about 1000% (e.g., to about 800%, to
about 600%, to about 400%, to about 200%, to about 150%)
less than the erosion rate of a bioerodible body. In some
embodiments, the erosion rate of erosion modifying layer can
range from about 0.001% (e.g., from about 0.01%, from
about 0.1%, from about 0.5%) to about 1% (e.g., to about
0.5%, to about 0.1%, to about 0.01%) of the initial mass of
that portion per day. The erosion rate of a bioerodible body
can range from about 0.2% (e.g., from about 0.5%, from
about 1%, from about 2%) to about 5% (e.g., to about 2%, to
about 1%, to about 0.5%) of the initial mass of that portion per
day. In some embodiments in which the erosion modifying
layer includes a non-biodegradable second material, the sec
ond material is radiopaque and can provide long term identi
fication of the endoprosthesis location (e.g., by X-ray, MRI)
within a body. In some embodiments, the erosion modifying
layer includes stainless steel, which can promote endothelial
ization of the endoprosthesis and/or reduce thrombus risk.
0075. The thickness of the erosion modifying material can
be selected to control the rate of exposure of the erodible
material to body fluid. The thickness can be uniform, variable
in a gradient manner, variable in a stepwise manner, and/or
variable in a random manner along a length or a width of an
endoprosthesis. The thickness of the layers can range from
about 1 nm (e.g., from about 5 nm, from about 25 nm, from
about 100 nm, from about 500 nm, from about 800 nm, from

about 1 um, from about 2 um, from about 3 um, from about 4
um, from about 5um, from about 6 Lim, from about 7um, from
about 8 um, from about 9 um) to about 10 um (e.g., to about
9 um, to about 8 um, to about 7um, to about 6 um, to about 5
um, to about 4 um, to about 3 um, to about 2 um, to 1 um, to
about 800 nm, to about 500 nm). The thickness of an erosion
modifying layer can also be expressed as a fraction of a
thickness of a bioerodible body. For example, the thickness of
the erosion modifying layer can beat most about 50% (e.g., at
most about 40%, at most about 30%, at most about 20%, at
most about 10%, at most about 5%, at most about 2%, at most

about 1%) the thickness of the bioerodible body and/or at
least about 0.001%, (e.g., at least about 0.004%, at least about
0.01%, at least about 0.1%, at least about 1%, at least about

2%, at least about 5%, at least about 10%, at least about 25%)
the thickness of the bioerodible body.
0076 A strut can erode in a variety of erosion patterns
and/or geometries. For example, referring to FIG. 4A, in
Some embodiments a strut 6", 8" has an initial rectangular
geometry with an erodible body 4', an abluminal surface 10'.
an adluminal surface 12" and two side surfaces 14'. The strut
has an initial thickness Tibetween the surfaces 10' and 12" and

an initial width W" before the stent is implanted. Erosion
modifying layers 16' are provided in corresponding coexten
sive layers on the side surfaces of the body, which inhibit
erosion from those surfaces. FIG. 4B illustrates the strut after

partial erosion, upon implantation in a body lumen. Erosion
of body 4' occurs primarily at the abluminal and adluminal
Surfaces, resulting in a geometry as shown in FIG. 4B. Thick
ness T' decreases from the side surfaces toward the center of
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the strut. However, the width W' is maintained even though a
substantial amount of the body 4', e.g., 50% or more of the
area in the X-Y plane, has been eroded. The erosion geometry
can provide mechanical strength to the eroded strut.
0077. In some embodiments, erosion modifying layers are
provided intermittently along the perimeter of a strut. As an
example, as shown in FIG. 5A, layers 22 are provided at the
four edges of strut 20. As shown in FIG. 5B, upon implanta
tion, erosion of body 24 occurs starting at the uncoated side
Surfaces, resulting in a X-shaped geometry at the X-Y plane.
As an example, as shown in FIG. 6A, erosion modifying
layers 32 are provided at opposing surfaces 35, 36 including
the four edges, and intermittently at the remaining Surfaces
38, 39 of strut 30. Upon implantation, as shown in FIG. 6B,
partial erosion of body 34 occurs at the exposed Surfaces,
resulting in a strut having grooves along the abluminal and
adluminal surfaces. Referring to FIG. 7A, erosion modifying
layers 42 are provided intermittently along the surfaces of
strut 40, which result in erosion of body 44 starting at the
exposed surfaces upon implantation in a body lumen. Refer
ring to FIG. 7B, after erosion, the strut has a series of grooves
forming an interdigitated pattern. The erosion geometry of
struts 20,30,40 in FIGS. 5B, 6B, 7B can provide mechanical
strength to the eroded strut.
0078. In some embodiments, as shown in FIG. 8A, a strut
50 has an initial circular geometry at the X-Y plane with
initial radius and/or diameter. An erosion modifying layer 52
can intermittently coat the strut Surface along the perimeter of
the circular strut. Upon implantation, erosion starting at the
uncoated surface 54 of strut 50 can result in a grooved geom
etry that maintains the initial radii in the lobe regions, for
example, as shown in FIG.
(0079 8B. Referring to FIGS.9A and 9B, in some embodi
ments, a strut 60 is coated with an erosion modifying layer 62.
Erosion modifying layer 62 can curve along the Z-axis, for
example, in a sinusoidal pattern. Upon implantation, erosion
ofanerodible body 64 starting at the uncoated surfaces 66 can
result in a curved geometry along the Z axis. Further erosion
can result in a I-beam geometry or grooved geometry.
0080. In some embodiments, a strut can erode to generate
a bioerodible body with, for example, an overall grooved
geometry at the X-Y plane, an overall rectangular geometry at
the X-Y plane, or combinations thereof. In some embodi
ments, an erosion modifying layer can coat two or more
adjoining Surfaces of a strut, or two or more non-adjoining
Surfaces of a strut. An endoprosthesis having a strut with one
or more Surfaces covered by an erosion modifying layer can,
for example, have a lower erosion rate, maintain structural
integrity for a longer duration, limit the degrees of freedom
available for erosion, and reduce the risk associated with

penetrating localized erosion and attendant fragmentation.
Referring to FIGS. 10A and 11A, a strut 70, 80 coated with
erosion modifying layers 72, 82 on three surfaces can erode to
generate a bioerodible body 74, 84 having, for example, an
overall grooved or concave geometry at the X-Y plane (e.g.,
FIG.10B), oran overall rectangular cross-section (FIGS. 11B
and 11C), or combinations thereof.
I0081. The erosion modifying layer can have a uniform
thickness along the length of the endoprosthesis, or the ero
sion modifying layer can have a variable thickness distribu
tion, which can tailor the rate and directionality of endopros
thesis erosion. In certain embodiments, an erosion modifying
layer can have variable thickness throughout the length of the
endoprosthesis. For example, as shown in FIGS. 12A, 12B,
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12C, 12D, and 12E, an erosion modifying layer 96 can be
thicker on a first end 92 of an endoprosthesis 90 and decrease
gradually in thickness toward a second, opposite end 94 of
endoprosthesis 90, thus allowing the second end of the
endoprosthesis to erode before the first end. Layers 96 can be
the same or different. As another example, as shown in FIGS.
13A, 13B, 13C, 13D, and 13E, an erosion modifying layer
108 can be thicker at a middle portion 106 of an endopros
thesis 100 than at the ends 102 and 104 of the endoprosthesis,
thus allowing the ends of the endoprosthesis to erode before
the middle of the endoprosthesis. Layers 108 can be the same
or different. In some embodiments, the thicknesses of an

erosion modifying layer at different Surfaces on the strut can
be the same or different. For example, to compensate for any
difference in erosion rates between an interior Surface and an

exterior Surface and to allow a cross-section of an endopros
thesis to erode relatively uniformly at the bioerodible body, an
erosion modifying layer located at the interior may be thicker
than a layer located at the exterior along the cross section of
the endoprosthesis. In some embodiments, the thickness of an
erosion modifying layer can change along a width of the strut.
As shown in FIG. 14, a strut 110 with two opposite side
surfaces 112 and 114 coated with an erosion modifying layer
116 can have increasing thicknesses of the erosion modifying
layer from an abluminal surface 118 to an interior surface
119. Layers 116 can be the same or different. In some
embodiments, each of layers 96, 108, and 116 can include a
plurality of layers, which can include the same or different
materials. In some embodiments, within each layer, the com
position can include the same or different materials at differ
ent portions of the layer.
0082 An endoprosthesis can have struts having a rectan
gular cross-section, a square cross-section, a circular cross
section, an ovaloid cross-section, an elliptical cross-section, a
polygonal cross-section (e.g., a hexagonal, an octagonal
cross-section), or an irregularly shaped cross-section. The
endoprosthesis can have an erosion modifying layer covering
a portion of a total Surface area of the endoprosthesis. In some
embodiments, an erosion modifying layer covers at most 99
percent (e.g., at most about 90 percent, at most about 80
percent, at most about 70 percent, at most about 60 percent, at
most about 50 percent, at most about 40 percent, at most about
30 percent, at most about 20 percent) and/or at least about 10
percent (e.g., at least about 20 percent, at least about 30
percent, at least about 40 percent, at least about 50 percent, at
least about 60 percent, at least about 70 percent, at least about
80 percent) of a total surface area of an endoprosthesis.
0083. In some embodiments, the erosion modifying layer
can cover the entire surface of the endoprosthesis. The ero
sion modifying layer can include a plurality of layers, the
composition of the layers can be the same or different. Within
each layer, the composition can include the same or different
materials at different portions of the layer. Depending on the
materials in the erosion modifying layer(s), the erosion pro
cess can be tailored to follow a desired sequence. For
example, one or more erosion modifying layers located at
select portions of the endoprosthesis (e.g., the side Surfaces of
a strut) can include a more erodible material(s) that erodes
prior to the remaining layers (e.g., located at the abluminal
and adluminal Surfaces of a strut), which can include a less
erodible material(s). The erosion sequence can expose the
endoprosthesis to body fluids at different locations and/or at
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different times during the lifetime of the endoprosthesis,
which can produce a desired erosion geometry (e.g., an
I-beam geometry).
I0084. In some embodiments, the erosion modifying layer
and/or the bioerodible body have pores and/or patterns to
adjust the erosion rate and/or erosion location of an endopros
thesis. As an example, an erosion modifying layer with open
or closed pores extending throughout the layer can erode at a
faster rate thana solid layer and/or allow the diffusion of body
fluids through the erosion modifying layer, which can in turn
allow the bioerodible body to erode at a faster rate. Pores can

range in volume from about 500 nm (e.g., from about
0.00005um, from about 0.0005um, from about 0.005um,
from about 0.05um, from about 0.5um, from about 1 um,
from about 5um, from about 35um, or from about 50 um)
to about 550 um (e.g., to about 450 um, to about 300 um, to
about 200um, to about 100um, to about 75um, to about 40
um, to about 10um, to about 5um, to about 1 um, to about
0.5um, to about 0.05um, to about 0.005um, or to about
0.00005um). As another example, a bioerodible endopros

thesis coated with a patterned erosion modifying layer can
preferentially erode at certain exposed locations and can have
controlled erosion geometries. A pattern includes a repeating
sequence of one or more shapes or motifs, for example, grids,
squares, circles, and/or lines. In some embodiments, an
endoprosthesis having a patterned erosion modifying layer

has enhanced endothelialization and reduced thrombus in a

body lumen.
I0085. An erosion modifying layer located on the ablumi
nal, adluminal, or the side Surface of the strut can have the

same chemical composition or different compositions. For
example, an adluminal Surface (e.g., FIG. 2, Surface 12) can
contact bodily fluid more than an abluminal Surface (e.g.,
FIG. 2, surface 10), which can contact a wall of a body
passageway, and as a result, the interior Surface can erode
more quickly than the exterior Surface. To compensate for the
difference in erosion and to allow a given cross-section of an
endoprosthesis to erode relatively uniformly, the interior sur
face can have a layer having a chemical composition that
erodes more slowly than the chemical composition of a layer
at the exterior surface.

0086. In some embodiments, the erosion rate of an
endoprosthesis is tailored by changing the percentage of cold
working of a metal or an alloy. Without being bound by
theory, it is believed that cold working increases the Suscep
tibility to erosion of a material by inducing dislocations and
other defects in the structure, which tend to be anodic and

corrode. For example, a bioerodible body can be cold-worked
at a higher percentage than an erosion modifying layer so that
the bioerodible body can erode before an erosion modifying
layer.
I0087. Referring to FIG. 15, a method 200 of making an
endoprosthesis as described herein is shown. Method 200
includes forming a bioerodible tube (step 202), forming a
pre-endoprosthesis from the bioerodible tube (step 204), and
applying one or more erosion modifying layers to the pre
endoprosthesis (step 206) to forman endoprosthesis. In some
embodiments, one or more erosion modifying layers are
applied to the bioerodible tube, and the tube with the applied
erosion modifying layer(s) is Subsequently formed into an
endoprosthesis.
I0088. The bioerodible tube can be formed (step 202) by
manufacturing a tubular member including (e.g., is formed
of) one or more bioerodible materials and capable of support
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ing a bodily lumen. For example, a mass of bioerodible mate
rial can be machined into a rod that is subsequently drilled to
form the tubular member. As another example, a sheet of
bioerodible material can be rolled to form a tubular member

with overlapping portions, or opposing end portions of the
rolled sheet can be joined (e.g., welded) together to form a
tubular member. A bioerodible material can also be extruded

to form a tubular member. In certain embodiments, a bioerod

ible tube can be made by thermal spraying, powder metal
lurgy, thixomolding, die casting, gravity casting, and/or forg
ing. The bioerodible or erodible material can be a
Substantially pure metallic element, an alloy, or a composite.
Examples of metallic elements include iron, magnesium,
Zinc, and alloys thereof. Examples of alloys include iron
alloys having, by weight, 88-99.8% iron, 0.1-7% chromium,
0-3.5% nickel, and less than 5% of other elements (e.g.,
magnesium and/or zinc); or 90-96% iron, 3-6% chromium
and 0-3% nickel plus 0-5% other metals. Other examples of
alloys include magnesium alloys, such as, by weight, 50-98%
magnesium, 0-40% lithium, 0-5% iron and less than 5% other
metals or rare earths; or 79-97% magnesium, 2-5% alumi
num, 0-12% lithium and 1–4% rare earths (such as cerium,
lanthanum, neodymium and/or praseodymium); or 85-91%
magnesium, 6-12% lithium, 2% aluminum and 1% rare
earths; or 86-97% magnesium, 0-8% lithium, 2%-4% alumi
num and 1-2% rare earths; or 8.5-9.5% aluminum, 0.15%-0.

4% manganese, 0.45-0.9% zinc and the remainder magne
sium; or 4.5-5.3% aluminum, 0.28%-0.5% manganese and
the remainder magnesium; or 55-65% magnesium, 30-40%
lithium and 0-5% other metals and/or rare earths. Magnesium
alloys are also available under the names AZ91D, AM50A,
and AE42. Other erodible materials are described in Bolz,

U.S. Pat. No. 6,287.332 (e.g., zinc-titanium alloy and
Sodium-magnesium alloys); Heublein, U.S. Patent Applica
tion 2002000406; and Park, Science and Technology of
Advanced Materials, 2, 73-78 (2001), all of which are hereby
incorporated by reference herein in their entirety. In particu
lar, Park describes Mg X-Ca alloys, e.g., Mg, Al-Si
Ca,Mg Zn Ca alloys. Other suitable alloys include stron
tium. As an example, strontium can be a component in a
magnesium alloy. The bioerodible tube can include more than
one bioerodible material, such as different bioerodible mate

rials physically mixed together, multiple layers of different
bioerodible materials, and/or multiple sections of different
bioerodible materials along a direction (e.g., length) of the
tube. An example of a composite is as a mixture of a magne
sium alloy in a bioerodible polymer, in which two or more
distinct Substances (e.g., metals, ceramics, glasses, and/or
polymers) are intimately combined to form a complex mate
rial.

0089. As shown in FIG. 15, after the bioerodible tube is
formed, the tube is formed into a pre-endoprosthesis (step
204). In some embodiments, selected portions of the tube can
be removed to form circular and connecting struts (e.g., 6, 8)
by laser cutting, as described in U.S. Pat. No. 5,780,807,
hereby incorporated by reference in its entirety. Other meth
ods of removing portions of the tube can be used, such as
mechanical machining (e.g., micro-machining, grit blasting
or honing), electrical discharge machining (EDM), and pho
toetching (e.g., acid photoetching). The pre-endoprosthesis
can be etched and/or electropolished to provide a selected
finish. In certain embodiments. Such as jelly-roll type
endoprostheses, step 204 is omitted.
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0090 Next, the erosion modifying layer(s) is applied to
the pre-endoprosthesis (step 206) to form an endoprosthesis.
Prior to applying the erosion modifying layer, selected Sur
faces (e.g., interior Surface) or portions (e.g., portion between
the end portions of the endoprosthesis) of the pre-endopros
thesis can be masked so that the erosion modifying layer will
not be applied to the masked surfaces or portions. In some
embodiments, prior to applying the erosion modifying layer,
pores can be formed on the pre-endoprosthesis (e.g., by
micro-arc Surface modification, Sol-gel templating processes,
near net shape alloy processing technology Such as powder
injection molding, adding foaming structures into a melt or
liquid metal, melting a powder compact containing a gas
evolving element or a space holder material, incorporating a
removable scaffold (e.g., polyurethane) in a metal powder/
slurry prior to sintering, sintering hollow spheres, sintering
fibers, combustion synthesis, powder metallurgy, bonded
fiber arrays, wire mesh constructions, vapor deposition,
three-dimensional printing, and/or electrical discharge com
paction). In some embodiments, pores can be formed by
incorporating embedded microparticles and/or compounds
(e.g., a salt) within the antioxidant layer (e.g., a polymeriZ
able monomer, a polymer, a metal alloy), forming the anti
oxidant layer, and removing (e.g., dissolving, leaching, burn
ing) the microparticles and/or compounds to form pores at
locations where the microparticles and/or compounds were
embedded. Removable (e.g., dissolvable) microparticles can
be purchased, for example, from MicroParticles GmbH. In
Some embodiments, pores are formed by using a gas as a
porogen, bonding fibers, and/or phase separation in materials
Such as polymers, metals, or metal alloys.
0091 Suitable erosion modifying layer materials can
include a polymer including covalently bound C, N, O, and
halogen, a ceramic material, an oxide, a carbide, a halide, a
metal, a metallic alloy, and/or a metal-containing polymer.
For example, suitable polymers include bioerodible polymers
as polylactic acid (PLA), polylactic glycolic acid (PLGA),
polyanhydrides (e.g., poly(ester anhydride)S. fatty acid-based
polyanhydride, amino acid-based polyanhydride), polyes
ters, polyester-polyanhydride blends, polycarbonate-polyan
hydride blends, and/or combinations thereof. Suitable
ceramic materials include, for example, iridium oxide. Suit
able oxides include magnesium oxide, titanium oxide, and/or
aluminum oxide. Suitable nitrides include magnesium
nitride, titanium nitride, titanium oxynitride, iron nitride, and/
or silicon nitride. Suitable carbides include iron carbide and

silicon nitride. Suitable halides include magnesium fluoride.
Suitable metals and/or a metallic alloys include stainless
steel, titanium, niobium, a radiopaque metal Such as gold,
platinum, iridium, and alloys thereof an alloy such as bio
erodible magnesium alloys and iron alloys as previously
described having adjusted compositions so that erosion
occurs at a different rate than the bioerodible body. Suitable
inert or dissolvable polymers including metals (e.g., Fe, Au,
Pt) or metal compounds such as organometallic complexes.
Depending on the erosion modifying layer material, one or
more material can be dissolved in a solvent and applied to the
pre-endoprosthesis, and/or two or more different materials
can be blended together in the form of for example, a com
posite Such as a metal matrix composite (e.g., in a manner that
one material is embedded or encapsulated in a remaining
material) and applied to the pre-endoprosthesis. In some
embodiments, for example, erosion modifying coatings are
generated by physical or plasma vapor deposition, thermal
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metal spraying, dip coating, electrostatic spraying, conven
tional air atomization spraying, ion implantation (e.g., by
plasma immersion ion implantation, by laser-driven ion
implantation), electrochemical deposition, oxidation (e.g.,
anodizations), chemical grafting, interlayer transitional coat
ings to bond multiple layers, and/or metallurgical augmenta
tion (e.g., peening, localized metallurgical treatments). In
Some embodiments, pores are generated in an erosion modi
fying layer, e.g., by powder injection molding Sol-gel tem
plating processes, near net shape alloy processing technology
Such as powder injection molding, micro-arc Surface modifi
cation, Sol-gel templating processes, adding foaming struc
tures into a melt or liquid metal, melting a powder compact
containing a gas evolving element or a space holder material,
incorporating a removable scaffold (e.g., polyurethane) in a
metal powder/slurry prior to sintering, sintering hollow
spheres, sintering fibers, combustion synthesis, powder met
allurgy, bonded fiber arrays, wire mesh constructions, vapor
deposition, three-dimensional printing, and/or electrical dis
charge compaction). In some embodiments, pores can be
formed by incorporating embedded microparticles and/or
compounds (e.g., a salt) within the antioxidant layer (e.g., a
polymerizable monomer, a polymer, a metal alloy), forming
the antioxidant layer, and removing (e.g., dissolving, leach
ing, burning) the microparticles and/or compounds to form
pores at locations where the microparticles and/or com
pounds were embedded. Removable (e.g., dissolvable)
microparticles can be purchased, for example, from Micro
Particles GmbH. In some embodiments, pores are formed by
using a gas as a porogen, bonding fibers, and/or phase sepa
ration in materials such as polymers, metals, or metal alloys.
In certain embodiments, patterns are generated in an erosion
modifying layer, e.g., by laser ablation, lithography, ink-jet
printing, and/or screen printing.
0092. In some embodiments, a medicament is incorpo
rated into an erosion modifying coating on an endoprosthesis.
For example, a medicament can be adsorbed onto an erosion
modifying coating on an endoprosthesis. A medicament can
be encapsulated in a bioerodible material and embedded in an
erosion modifying coating on an endoprosthesis. As another
example, a medicament can be dissolved in a polymer Solu
tion and coated onto an endoprosthesis. Incorporation of a
medicament is described in U.S. Ser. No. 10/958,435 filed

Oct. 5, 2004, hereby incorporated by reference.
0093. In some embodiments, an endoprosthesis can have
greater than one type of erosion modifying coating located at
the same or different locations on the endoprosthesis. Refer
ring to FIG. 16, as an example, an endoprosthesis can have a
polymer coating 210 Superimposed upon a stainless Steel
coating 212 on a strut 214. As another example, an endopros
thesis can have a ceramic coating on an exterior Surface, and
a polymer coating on an interior Surface of a strut. In certain
embodiments, an erosion modifying layer can be applied to a
pre-endoprosthesis in one layer, or in multiple layers (e.g., at
least two layers, at least three layers, at least four layers, at
least five layers) in order, for example, to provide greater
control over the thickness of an erosion modifying layer.
Within an erosion modifying layer, the thickness and compo
sition of a second material can be the same or different to

provide desired erosion rates and erosion sequence. For
example, the intermediate portion of an endoprosthesis can
have a smaller thickness of a non-bioerodible second material

than the end portions of the endoprosthesis, which can con
tain a greater thickness of a bioerodible second material. The
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erosion modifying layers can be applied the same way or in
different ways. For example, a first, innermost erosion modi
fying layer can be plasma-deposited on the pre-endoprosthe
sis, and a second, outer erosion modifying layer can include a
polymer that is dip-coated onto the first layer.
0094. In some embodiments, an erosion modifying coat
ing partially coats one or more portions of an endoprosthesis.
Referring to FIG. 17, as an example, an endoprosthesis 220
can have aband(s) 222 of the same or different coatings along
the length of the endoprosthesis. As shown in FIG. 18, as an
example, an endoprosthesis 230 can have a strip(s) of the
same or different coatings along the circumference of the
endoprosthesis. Bands and strips can be coated onto the
endoprosthesis by selectively masking certain areas of the
endoprosthesis. Bands and strips of erosion modifying coat
ing can have pore/patterns, and/or have different thicknesses
as discussed above.

(0095 Referring now to FIG. 19, an endoprosthesis 300
having an increasing number of different erosion modifying
layers along its length can be produced from a metallic pre
endoprosthesis 240 by masking selective portions of the
endoprosthesis. For example, during production, all portions
of the pre-endoprosthesis can be coated with a first erosion
modifying layer to generate a pre-endoprosthesis 250. Next,
a portion 252 of the pre-endoprosthesis is masked (e.g., with
a protective polymeric coating such as a styrene-isoprene
butadiene-styrene (SIBS) polymer), which protects the
masked portion from further erosion modifying layer coating,
and the remaining section is coated with a second erosion
modifying layer to make a pre-endoprosthesis 270. Finally, a
second portion 272 of the pre-endoprosthesis is masked, and
the remaining portion is further coated with a third erosion
modifying layer to make pre-endoprosthesis 290. The protec
tive coatings can be removed, e.g., by rinsing in a solvent such
as toluene to complete the production of endoprosthesis 300.
An endoprosthesis having tapered thicknesses can be pro
duced by masking the interior and/or outer portions with a
movable sleeve and longitudinally moving the sleeve and/or
the endoprosthesis relative to each other during implantation.
0096. In some embodiments, the erosion modifying layer
(s) can be applied to the bioerodible tube prior to forming the
bioerodible tube into an endoprosthesis (if necessary). As a
result, the endoprosthesis can have its exterior and interior
Surfaces coated with the erosion modifying layer(s), and the
side surfaces of the endoprosthesis can be free of the erosion
modifying layer(s). Prior to applying the erosion modifying
layer(s), the interior surface or the exterior surface of the
bioerodible tube can be masked to apply the erosion modify
ing layer(s) to only selected portion(s) of the tube.
0097. As another example, while the endoprosthesis can
have both exterior and interior surfaces coated with a desired

erosion modifying layer material, in other embodiments, one
or more segments of an endoprosthesis have only the exterior
Surfaces or the interior Surfaces coated with an erosion modi

fying layer having a second material. Exterior Surfaces of a
pre-endoprosthesis can be coated with a desired second mate
rial, e.g., by placing a mandrel, a pin or a sleeve that is sized
to mate with the selected inner surface(s) of the pre-endopros
thesis so that during coating, the second material is effectively
blocked from entering interior surface of the pre-endopros
thesis. Such an endoprosthesis, after implantation, may have
across-section that has only two materials: an exterior Surface
that is coated with the second material, and an interior Surface

that has not been coated. Interior Surfaces of a pre-endopros
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thesis can be coated with a desired erosion modifying layer
material, e.g., by placing a polymeric coating on selected
outer Surface(s) of the pre-endoprosthesis so that during coat
ing the second material can coat only the interior Surface(s)
and is prevented from coating the exterior Surfaces. Alterna
tively, exterior Surfaces can be protected by placing the pre
endoprosthesis in a tight-fitting tube, e.g., a heat shrink tube,
to cover the exterior Surfaces. In some embodiments, photo
lithography and/or stereo-lithography can be used to mask
Surfaces of a pre-endoprosthesis to prevent coating of an
erosion modifying layer material.
0098. In use, the endoprostheses can be used, e.g., deliv
ered and expanded, using a catheter delivery system, such as
a balloon catheter system. Catheter systems are described in,
for example, Wang U.S. Pat. No. 5,195,969, Hamlin U.S. Pat.
No. 5,270,086, and Raeder-Devens, U.S. Pat. No. 6,726,712.

Endoprosthesis and endoprosthesis delivery are also exem
plified by the Radius(R or Symbiot(R) systems, available from
Boston Scientific Scimed, Maple Grove, Minn.
0099. The endoprostheses described herein can be of a
desired shape and size (e.g., coronary stents, aortic stents,
peripheral vascular stents, gastrointestinal stents, urology
stents, and neurology stents). Depending on the application,
the stent can have a diameter of between, for example, 1 mm
to 46 mm. In certain embodiments, a coronary stent can have
an expanded diameter of from about 2 mm to about 6 mm. In
Some embodiments, a peripheral stent can have an expanded
diameter of from about 5 mm to about 24 mm. In certain

embodiments, a gastrointestinal and/or urology stent can
have an expanded diameter of from about 6 mm to about 30
mm. In some embodiments, a neurology stent can have an
expanded diameter of from about 1 mm to about 12 mm. An
abdominal aortic aneurysm (AAA) stent and a thoracic aortic
aneurysm (TAA) stent can have a diameter from about 20 mm
to about 46 mm.

01.00 While a number of embodiments have been
described, the invention is not so limited. In some embodi
ments, the erosion rate of a bioerodible material is increased

by forming, for example, a galvanic couple that is exposed to
body fluids or an electrolyte solution. For example, the ero
sion rate of a bioerodible material (e.g., a magnesium alloy)
can be increased by addition of one or more other materials
Such as iron, nickel, copper, and cobalt, and/or low level
impurities such as gold, platinum, and iridium. Referring to
FIGS. 20A, 20B, and 20O, an endoprosthesis 310 can have a
strut 312, which can have a bioerodible body 322 having an
inner portion 318, a center portion 320, an exterior portion
316, and two erosion modifying layers 314. Depending on the
composition and thicknesses of the portions, the endopros
thesis can be configured to erode sequentially from an interior
portion to an exterior portion, from an exterior Surface to an
interior Surface, from a center portion to the exterior and
interior portions, or from the exterior and interior portions to
the center portion. This construction can allow the endopros
thesis to Support the body vessel initially using the strength of
multiple layers, and to reduce in thickness over time (e.g.,
after cells have endothelialized the endoprosthesis). The
reduction in thickness can enhance the flexibility the
endoprosthesis to better match the natural state of the body
vessel. As another example, an endoprosthesis can have mul
tiple alloy compositions along the length of a bioerodible
body. For example, an alloy composition having a greater rate
of erosion can be located at a first end of the bioerodible body,
while an alloy composition having a smaller rate of erosion
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can be located at a second end of the bioerodible body, such
that the first end erodes at a faster rate than the second end.

The erosion directionality can allow for increased mainte
nance of patency for certain locations (e.g., weakened loca
tions) in a body vessel.
0101 The endoprostheses described herein can be a part
of a stent, a covered stent or a stent-graft. For example, an
endoprosthesis can include and/or be attached to a biocom
patible, non-porous or semi-porous polymer matrix made of
polytetrafluoroethylene (PTFE), expanded PTFE, polyethyl
ene, urethane, or polypropylene.
0102 The endoprostheses described herein can include
non-metallic structural portions, e.g., polymeric portions.
The polymeric portions can be erodible. The polymeric por
tions can be formed from a polymeric alloy. Polymeric stents
have been described in U.S. patent application Ser. No.
10/683,314, filed Oct. 10, 2003; and U.S. patent application
Ser. No. 10/958,435, filed Oct. 5, 2004, the entire contents of

each is hereby incorporated by reference herein.
0103) The endoprostheses can include a releasable thera
peutic agent, drug, or a pharmaceutically active compound,

such as described in U.S. Pat. No. 5,674,242, U.S. Ser. No.
09/895,415, filed Jul. 2, 2001, U.S. Ser. No. 11/111,509, filed

Apr. 21, 2005, and U.S. Ser. No. 10/232,265, filed Aug. 30,
2002. The therapeutic agents, drugs, or pharmaceutically
active compounds can include, for example, anti-thrombo
genic agents, antioxidants, anti-inflammatory agents, anes
thetic agents, anti-coagulants, and antibiotics. The therapeu
tic agent, drug, or a pharmaceutically active compound can be
dispersed in a polymeric coating carried by the endoprosthe
sis. The polymeric coating can include more than a single
layer. For example, the coating can include two layers, three
layers or more layers, e.g., five layers. The therapeutic agent
can be a genetic therapeutic agent, a non-genetic therapeutic
agent, or cells. Therapeutic agents can be used singularly, or
in combination. Therapeutic agents can be, for example, non
ionic, or they may be anionic and/or cationic in nature. An
example of a therapeutic agent is one that inhibits restenosis,
Such as paclitaxel. The therapeutic agent can also be used,
e.g., to treat and/or inhibit pain, encrustation of the endopros
thesis or Sclerosing or necrosing of a treated lumen. Any of the
above coatings and/or polymeric portions can be dyed or
rendered radio-opaque.
0104. The endoprostheses described herein can be config
ured for non-vascular lumens. For example, it can be config
ured for use in the esophagus or the prostate. Other lumens
include biliary lumens, hepatic lumens, pancreatic lumens,
uretheral lumens and ureteral lumens.

0105. Other configurations of endoprosthesis are also pos
sible. Referring to FIG. 21, an endoprosthesis 330 can have a
tubular body with slots removed from the tubular body, an
erosion modifying layer(s) can be coated onto an exterior
surface 332, an interior surface 334, or any of the side surfaces
336 of the endoprosthesis. Referring to FIG.22, an endopros
thesis 340 can have a braided or woven tubular body made of
intertwining filaments 338. The endoprosthesis can be coated
with an erosion modifying layer(s) on the exterior or the
interior of the tubular body. In some embodiments, a braided
endoprosthesis can include erosion modifying layer-coated
and uncoated filaments.

0106 All references, such as patent applications, publica
tions, and patents, referred to herein are incorporated by
reference in their entirety.
0107. Other embodiments are within the claims.
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1-23. (canceled)
24. An endoprosthesis, comprising:
a body comprising a bioerodible metal material, the body
having a cross-section in the X-Y plane and extending
along a Z-axis, wherein the body has an initial geometry
in the X-Y plane characterized by initial dimensions,
and

a predetermined geometry after erosion of at least about 50
percent of the area of the body in the X-Y plane in the
shape of an I, an X, an interdigitated structure, a radially
lobed structure, or a convex structure.

25. An endoprosthesis, comprising:
a body comprising a bioerodible metal material, the body
having a cross-section in the X-Y plane and extending
along a Z-axis, wherein the body has an initial geometry
in the X-Y plane characterized by initial dimensions,
and

an erosion modifying material provided on the Surface of
the body which controls erosion to form a predetermined
geometry, the modifying material being provided in a
pattern of at least three separate regions in the X-Y
plane.
26. The endoprosthesis of claim 25, wherein the erosion
modifying material is provided on the entire surface of the
body.
27. The endoprosthesis of claim 26, wherein the erosion
modifying material includes multiple materials at select loca
tions to control the erosion of the body.
28. The endoprosthesis of claim 24, wherein the bioerod
ible metal material has an erosion rate of between about 0.2%

and 5% of its initial mass per day.
29. The endoprosthesis of claim 25, wherein the bioerod
ible metal material has an erosion rate of between about 0.2%

and 5% of its initial mass per day.
30. An endoprosthesis, comprising:
a body comprising a bioerodible metal material, the body
having a cross-section in the X-Y plane and extending
along a Z-axis, wherein the cross-section of the body in
the X-Y plane can be characterized as an initial geomet
ric shape having initial dimensions, and
an erosion modifying material provided on the Surface of
the body which controls erosion to form a predetermined
geometry such that, after erosion of at least about 50
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percent of the area of the body in the X-Y plane, at least
one initial dimension of the initial geometric shape in the
X-Y plane is maintained.
31. The endoprosthesis of claim 30, wherein the initial
dimension maintained corresponds to the maximum dimen
sion of the initial geometric shape.
32. The endoprosthesis of claim 30, wherein the predeter
mined geometry is an I shape, an X, an interdigitated geom
etry, a radially lobed structure, a convex structure, a square, or
a rectangle.
33. The endoprosthesis of claim 30, wherein the predeter
mined geometry extends substantially the full extent of the
body in the Z direction.
34. The endoprosthesis of claim 30, wherein the initial
geometric shape is a square or a rectangle.
35. The endoprosthesis of claim 30, wherein the initial
geometric shape is a circular, ovaloid, or elliptical shape.
36. The endoprosthesis of claim30, wherein the ratio of the
maximum initial dimensions to minimum initial dimensions

in the X-Y plane is between about 2:1 and about 1:2.
37. The endoprosthesis of claim 30, wherein the bioerod
ible metal material comprises a material selected from the
group consisting of magnesium, calcium, aluminum, stron
tium, Zirconium, Zinc, manganese, iron, nickel, copper,
cobalt, a rare earth element, and alloys thereof.
38. The endoprosthesis of claim 30, wherein the erosion
modifying material comprises a material selected from the
group consisting of a polymer, a ceramic, an oxide, a metal, an
alloy, and a composite.
39. The endoprosthesis of claim 30 wherein the erosion
modifying material is provided as a layer, and the layer has
varying thickness.
40. The endoprosthesis of claim 39 wherein the thickness
varies in the X or Y direction.

41. The endoprosthesis of claim 30, wherein the body
comprises a strut.
42. The endoprosthesis of claim 41, wherein the endopros
thesis comprises a plurality of struts arranged in the general
form of a tube.

43. The endoprosthesis of claim 42, wherein the endopros
thesis comprises a balloon-expandable stent.
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