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STENTS WITH RADIOPAQUE MARKERS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 This invention relates to implantable medical 
devices, such as Stents. In particular, the invention relates to 
polymeric stents with radiopaque markers. 
0003 2. Description of the State of the Art 
0004. This invention relates to radially expandable 
endoprostheses, which are adapted to be implanted in a 
bodily lumen. An "endoprosthesis' corresponds to an arti 
ficial 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 Such an endoprosthesis. Stents are generally 
cylindrically 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, Stenting, or valvuloplasty) with apparent suc 
CCSS, 

0005 The structure of stents is typically composed of 
scaffolding that includes a pattern or network of intercon 
necting structural elements or struts. The scaffolding can be 
formed from wires, tubes, 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 scaffolding may also serve as a carrier of an active 
agent or drug. 

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 radiopaque Substance such as iodine is 
injected into a vessel. “Radiopaque' refers to the ability of 
a Substance to absorb X-rays. The X-ray image depicts the 
lumen of the vessel from which a physician can identify a 
potential treatment region. The treatment then involves both 
delivery and deployment of the stent. “Delivery” refers to 
introducing and transporting the stent through a bodily 
lumen to 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 
involves 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 be secured 
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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 must be able to simultaneously satisfy a 
number of mechanical requirements. First, the stent must be 
capable of withstanding the structural loads, namely radial 
compressive forces, imposed on the stent as it Supports the 
walls of a vessel lumen. In addition to having adequate 
radial strength or more accurately, hoop strength, the stent 
should be longitudinally flexible to allow it to be maneu 
vered through a tortuous vascular path and to enable it to 
conform to a deployment site that may not be linear or may 
be subject to flexure. The material from which the stent is 
constructed must allow the stent to undergo expansion, 
which typically requires substantial deformation of localized 
portions of the stents structure. Once expanded, the stent 
must maintain its size and shape throughout its service life 
despite the various forces that may come to bear thereon, 
including the cyclic loading induced by the beating heart. 
Finally, the stent must be biocompatible so as not to trigger 
any adverse vascular responses. 
0008. In addition to meeting the mechanical requirements 
described above, it is desirable for a stent to be radiopaque, 
or fluoroscopically visible under X-rays. Accurate stent 
placement is facilitated by real time visualization of the 
delivery of a stent. A cardiologist or interventional radiolo 
gist can track the delivery catheter through the patients 
vasculature and precisely place the stent at the site of a 
lesion. This is typically accomplished by fluoroscopy or 
similar X-ray visualization procedures. For a stent to be 
fluoroscopically visible it must be more absorptive of X-rays 
than the Surrounding tissue. Radiopaque materials in a stent 
may allow for its direct visualization. 
0009. In many treatment applications, the presence of a 
stent in a body may be necessary for a limited period of time 
until its intended function of, for example, maintaining 
vascular patency and/or drug delivery is accomplished. 
Therefore, stents fabricated from biodegradable, bioabsorb 
able, and/or bioerodable materials may be configured to 
meet this additional clinical requirement since they may be 
designed to completely erode after the clinical need for them 
has ended. Stents fabricated from biodegradable polymers 
are particularly promising, in part because they may be 
designed to completely erode within a desired time frame. 
0010. However, a significant shortcoming of biodegrad 
able polymers (and polymers generally composed of carbon, 
hydrogen, oxygen, and nitrogen) is that they are radiolucent 
with no radiopacity. Biodegradable polymers tend to have 
X-ray absorption similar to body tissue. 
0011. One way of addressing this problem is to attach 
radiopaque markers to structural elements of the stent. A 
radiopaque marker can be disposed within a structural 
element in Such a way that the marker is secured to the 
structural element. However, the use of stent markers on 
polymeric stents entails a number of challenges. One chal 
lenge relates to the difficulty of insertion of markers. 
0012 Another challenge pertains to the fact that some 
regions of polymeric struts tend to undergo significant 
deformation or strain during crimping and expansion. In 
particular, Such changes are due to plastic deformation of 
polymers. Thus, during stent deployment, the portion of a 
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stent containing an element may crack or stretch as stress is 
being applied to the expanding stent. As a result, the marker 
may become dislodged. 

SUMMARY OF THE INVENTION 

0013 Embodiments of the present invention are directed 
to a stent including a deformed radiopaque marker disposed 
in a depot in a portion of the stent. The marker may be 
coupled to the portion at least partially by an interference fit 
between an expanded portion of the marker and an internal 
surface of the portion of the stent within the depot. In an 
embodiment, at least some gaps between the deformed 
marker and the internal surface may be filled with a poly 
meric coating material. The markers may include Sufficient 
radiopacity to be imaged by an imaging technique. 

0014 Further embodiments of the present invention are 
directed to a method of fabricating a stent that may include 
disposing a radiopaque marker in a depot in a portion of the 
stent and compressing the marker to couple the marker 
within the depot. In an embodiment, compressing the marker 
may expand a portion of the marker within the depot to 
create an interference fit between the expanded portion and 
an internal surface of the stent within the depot. The method 
may further include applying a coating material to fill gaps 
between the deformed marker and the internal surface. 

0015. Other embodiments of the present invention are 
directed to a stent including a radiopaque marker disposed in 
a depot in a portion of the stent Such that the marker may be 
coupled to the stent at least partially by an interference fit 
between the marker and a deformed portion of the stent 
adjacent to the depot. 

0016. Additional embodiments of the present invention 
are directed to a stent including a radiopaque marker dis 
posed in a depot in a portion of the stent that is configured 
to accommodate the marker Such that a Surface of the portion 
adjacent to the depot may include a recess. The recess may 
facilitate deformation of the portion when the marker is 
disposed within the depot so as to facilitate coupling of the 
marker to the portion. 

0017 Additional embodiments of the present invention 
are directed to a stent including a marker disposed within a 
depot in a portion of the stent Such that the stent may have 
regions with a lower strain than other higher strain portions 
when the stent is placed under an applied stress during use. 
The depot may be selectively positioned in a selected region 
of lower strain. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018 FIG. 1 depicts a three-dimensional view of a cylin 
drically-shaped stent. 

0.019 FIG. 2 depicts one embodiment of a stent pattern 
with a depot for receiving a marker. 

0020 FIG.3 depicts view of a stent pattern with a marker 
depot. 

0021 FIGS. 4A-B depict an overhead and side view of 
the portion of the stent from FIG. 3 with the marker depot. 
0022 FIG.5 depicts a cylindrical marker and a portion of 
a stent with a marker depot. 

Jul. 5, 2007 

0023 FIG. 6 depicts a spherical marker and a portion of 
a stent with a marker depot. 
0024 FIG. 7 depicts a spherical marker disposed within 
a depot in a stent. 
0025 FIG. 8A depicts a side view of an uncompressed 
spherical marker in a depot. 
0026 FIG. 8B depicts a side view of a compressed 
spherical marker in a depot. 
0027 FIG. 9A depicts a portion of a stent with a depot 
including ridges. 
0028 FIG.9B depicts a spherical marker disposed within 
the depot of FIG.9A. 
0029 FIG. 10A depicts a portion of a stent with a depot 
having a non-circular cross-section. 
0030 FIG. 10B depicts a portion of a stent with a 
spherical marker disposed within the depot in FIG. 10A. 
0031 FIGS. 11A-B depict an overhead and side view of 
a portion of a stent with relief cuts adjacent to a marker 
depot. 

0032 FIG. 12A depicts a portion of a stent with marker 
depots in a low strain region of a stent. 
0033 FIG. 12B depicts a portion of a stent with markers 
disposed in the depots of FIG. 12A. 
0034 FIG. 13 depicts an overhead view of the portion of 
the Stent in FIG. 12B. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0035. The present invention may be applied to stents and, 
more generally, implantable medical devices such as, but is 
not limited to, self-expandable stents, balloon-expandable 
stents, stent-grafts, vascular grafts, cerebrospinal fluid 
shunts, pacemaker leads, closure devices for patent foramen 
ovale, and synthetic heart valves. 
0036) A stent can have virtually any structural pattern that 

is compatible with a bodily lumen in which it is implanted. 
Typically, a stent is composed of a pattern or network of 
circumferential and longitudinally extending interconnect 
ing structural elements or struts. In general, the struts are 
arranged in patterns, which are designed to contact the 
lumen walls of a vessel and to maintain vascular patency. A 
myriad of strut patterns are known in the art for achieving 
particular design goals. A few of the more important design 
characteristics of stents are radial or hoop strength, expan 
sion ratio or coverage area, and longitudinal flexibility. The 
present invention is applicable to virtually any stent design 
and is, therefore, not limited to any particular stent design or 
pattern. One embodiment of a stent pattern may include 
cylindrical rings composed of struts. The cylindrical rings 
may be connected by connecting struts. 
0037. In some embodiments, a stent of the present inven 
tion may be formed from a tube by laser cutting the pattern 
of struts in the tube. The stent may also be formed by laser 
cutting a polymeric sheet, rolling the pattern into the shape 
of the cylindrical stent, and providing a longitudinal weld to 
form the stent. Other methods of forming stents are well 
known and include chemically etching a polymeric sheet 
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and rolling and then welding it to form the stent. A polymeric 
wire may also be coiled to form the stent. The stent may be 
formed by injection molding of a thermoplastic or reaction 
injection molding of a thermoset polymeric material. Fila 
ments of the compounded polymer may be extruded or melt 
spun. These filaments can then be cut, formed into ring 
elements, welded closed, corrugated to form crowns, and 
then the crowns welded together by heat or solvent to form 
the stent. Lastly, hoops or rings may be cut from tubing 
stock, the tube elements stamped to form crowns, and the 
crowns connected by welding or laser fusion to form the 
Stent. 

0038 FIG. 1 depicts a three-dimensional view of a cylin 
drically-shaped stent 10 with struts 4 that form cylindrical 
rings 12 which are connected by linking struts 8. The 
cross-section of the struts in Stent 10 is rectangular-shaped. 
The struts have abluminal faces 20, luminal faces 22, and 
sidewall faces 26. The cross-section of struts is not limited 
to what has been illustrated, and therefore, other cross 
sectional shapes are applicable with embodiments of the 
present invention. The pattern should not be limited to what 
has been illustrated as other stent patterns are easily appli 
cable with embodiments of the present invention. 

0039. A stent can be made of a biostable and/or biode 
gradable polymer. As indicated above, a stent made from a 
biodegradable polymer is intended to remain in the body for 
a duration of time until its intended function of for example, 
maintaining vascular patency and/or drug delivery is accom 
plished. After the process of degradation, erosion, absorp 
tion, and/or resorption has been completed, no portion of the 
biodegradable stent, or a biodegradable portion of the stent 
will remain. In some embodiments, very negligible traces or 
residue may be left behind. The duration can be in a range 
from about a month to a few years. However, the duration is 
typically in a range from about one month to twelve months, 
or in Some embodiments, six to twelve months. It is impor 
tant for the stent to provide mechanical Support to a vessel 
for at least a portion of the duration. Many biodegradable 
polymers have erosion rates that make them suitable for 
treatments that require the presence of a device in a vessel 
for the above-mentioned time-frames. 

0040. In general, polymers can be biostable, bioabsorb 
able, biodegradable, or bioerodable. Biostable refers to 
polymers that are not biodegradable. The terms biodegrad 
able, bioabsorbable, 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. 
0041 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, hydroly 
sis, oxidation, enzymolysis, and/or metabolic processes. 
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0042 Representative examples of polymers that may be 
used to fabricate embodiments of stents, or more generally, 
implantable medical devices include, but are not limited to, 
poly(N-acetylglucosamine) (Chitin), Chitosan, poly(3-hy 
droxyvalerate), poly(lactide-co-glycolide), poly(3-hydroxy 
butyrate), poly(4-hydroxybutyrate), poly(3-hydroxybu 
tyrate-co-3-hydroxyvalerate), polyorthoester, 
polyanhydride, poly(glycolic acid), poly(glycolide), poly(L- 
lactic acid), poly(L-lactide), poly(D.L-lactic acid), poly(D. 
L-lactide), poly(L-lactide-co-D.L-lactide), poly(caprolac 
tone), poly(L-lactide-co-caprolactone), poly(D.L-lactide 
co-caprolactone), poly(glycolide-co-caprolactone), 
poly(trimethylene carbonate), polyester amide, poly(gly 
colic acid-co-trimethylene carbonate), co-poly(ether-esters) 
(e.g. PEO/PLA), polyphosphaZenes, biomolecules (such as 
fibrin, fibrinogen, cellulose, starch, collagen, and hyaluronic 
acid), polyurethanes, silicones, polyesters, polyolefins, poly 
isobutylene and ethylene-alphaolefin copolymers, acrylic 
polymers and copolymers, 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 acetate, cellulose butyrate, cellulose 
acetate butyrate, cellophane, cellulose nitrate, cellulose pro 
pionate, cellulose ethers, and carboxymethyl cellulose. 
Additional representative examples of polymers that may be 
especially well suited for use in fabricating embodiments of 
implantable medical devices disclosed herein include ethyl 
ene vinyl alcohol copolymer (commonly known by the 
generic name EVOH or by the trade name EVAL), poly 
(butyl methacrylate), poly(vinylidene fluoride-co-hexafluo 
ropropene) (e.g., SOLEF 21508, available from Solvay 
Solexis PVDF, Thorofare, N.J.), polyvinylidene fluoride 
(otherwise known as KYNAR, available from ATOFINA 
Chemicals, Philadelphia, Pa.), ethylene-vinyl acetate 
copolymers, poly(vinyl acetate), styrene-isobutylene-sty 
rene triblock copolymers, and polyethylene glycol. 
0043. It is generally desirable to minimize the interfer 
ence of a stent or marker with the structure of alumen and/or 
with flow of bodily fluid through the lumen. Sharp edges, 
protrusions, etc. in the path of blood flow can result in 
formation of turbulent and stagnant Zones which can act as 
a nidus for thrombosis. A smaller and/or smoother profile of 
a body portion may be more hemocompatible. Additionally, 
a smaller and Smoother profile presented by a marker has 
much less likelihood of catching on other parts of the 
delivery system such as the guidewire or guiding catheter. 
The embodiments of stents with markers discussed herein do 
not contribute significantly to the form factor, or profile, of 
the stent in such a way that interferes with the structure of 
a lumen and/or with flow of bodily fluid through the lumen. 
0044 As indicated above, it is desirable to have the 
capability of obtaining images of polymeric stents with 
X-ray fluoroscopy during and after implantation. Various 
embodiments of the present invention include stents with 
markers disposed within depots or holes in a stent. In an 
embodiment, the depot may be formed in a structural 
element by laser machining. The depot may extend partially 
or completely through the portion of the stent. For example, 
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an opening of a depot may be on an abluminal or luminal 
Surface and extend partially through the stent or completely 
through to an opposing Surface. The markers may be Sufi 
ciently radiopaque for imaging the stent. In addition, 
embodiments of the stents with markers tend to be biocom 
patible and do not interfere with treatment. 

0045 FIG. 2 depicts one embodiment of a stent pattern 
40 with depots 44 for receiving a marker. In FIG. 2, stent 
pattern 40 is shown in a flattened condition showing an 
abluminal or luminal Surface so that the pattern can be 
clearly viewed. When the flattened portion of stent pattern 
40 is in a cylindrical condition, it forms a radially expand 
able stent. Stent pattern 40 includes cylindrically aligned 
structural elements 46 and linking structural elements 48. 
Depots 44 are located at a region of intersection of six 
structural elements or a “spider” region. 

0046 FIG. 3 depicts a three-dimensional view of a stent 
pattern 60 with depots 62. Stent pattern 60 includes cylin 
drically aligned structural elements 64 and linking structural 
elements 66. Depots 62 are located in a portion 68 which is 
a region of intersection of four structural elements. As 
depicted in FIG. 3, depots 62 have a cylindrical shape and 
extend completely through the radial thickness of structural 
elements in portion 68. 

0047 FIG. 4A depicts an overhead view of depot 62 in 
portion 68 from FIG. 3. FIG. 4B is a side view of depot 62 
in portion 68 across line A-A in FIG. 4A. Depot 62 has a 
diameter D and extends all the way through portion 68 
which has a radial thickness T. Portion 68 has a width Ws 
along line A-A. D may be greater than 60%, 80%, 100%, 
110%, 120%, 130%, or 140% of Ws. 

0.048 Certain embodiments of a stent may include a 
deformed radiopaque marker disposed in a depot in a portion 
of the stent. The marker may be coupled to the portion at 
least partially by an interference fit between an expanded 
section of the marker and an internal Surface of the portion 
of the stent within the depot. In some embodiments, a 
marker in an undeformed State may be disposed in a depot 
and compressed to couple the marker within the depot. 
Compressing the marker may expand a portion of the marker 
within the depot to create the interference fit. After com 
pressing, the deformed marker may have at least one com 
pressed portion in addition to the expanded portion. 

0049. There may be difficulties with the insertion of 
markers of certain shapes in the depots. For, example, it may 
be necessary to orient or align a cylindrical element for 
insertion into a cylindrical depot. Cylindrical markers or 
slugs can be difficult to insert due to rotation of the slug 
during insertion. 

0050 FIG. 5 depicts an example of a cylindrical marker 
70 having a cylindrical axis 72. Also shown is a portion 74 
of a stent with a cylindrical depot 76 having a cylindrical 
axis 78. During insertion, cylindrical marker 70 can rotate so 
that its axis 72 is not in alignment with axis 78 of depot 76. 

0051. However, it is not necessary to orient a spherical 
marker due to the spherical symmetry of the marker. A 
spherical marker can be selected that has a size that allows 
the marker to fit into a depot. FIG. 6 depicts a spherical 
marker 80 and a portion 82 of a stent with a cylindrical depot 
84 with an axis 86. 
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0.052 FIG. 7 depicts the stent pattern of FIG. 3 with a 
spherical marker 90 disposed within depot 62. In some 
embodiments, the spherical marker may be completely 
enclosed within the depot. In other embodiments, the marker 
may partially project beyond a surface of the stent. 

0053. In some embodiments, a marker disposed in a 
depot may be compressed at the portions at the openings of 
the depot. The marker may then expand within the depot to 
create an interference fit. The compressed portion may 
correspond to compressed ends with an expanded portion 
between the ends. An interference fit may be between the 
expanded portion of the marker and the internal surface of 
the depot. For example, a spherical marker may be com 
pressed at two ends and expand about an equator. In an 
embodiment, the marker may have a size that allows an 
interference fit within the depot. Such an interference fit may 
be particularly useful for markers composed of materials 
that are relatively easily deformed or malleable, such as, but 
not limited to gold. 
0054. In one embodiment, a marker may be placed in the 
depot and then pressed into place with a small flat tool or a 
machined fixture. In an embodiment, the marker may be 
disposed in a depot using a syringe. The markers may be 
held at the end of the Syringe by a vacuum or Surface tension 
of a Viscous fluid. In some embodiments, the markers may 
be heated prior to placement into the depot. 
0055. After disposing and compressing the marker, there 
may be gaps between the marker and the internal surface of 
the depot. Such gaps may allow a marker to become loose 
and fall out of the depot. In some embodiments, at least 
some of the gaps between the deformed marker and the 
internal Surface may be filled with a polymeric coating. A 
coating material composed of a polymer dissolved in a 
Solvent may be applied to fill the gaps. The coating material 
may be applied in various ways known in the art such as by 
spraying or dipping. 

0056 FIG. 8A depicts a side view, as in FIG. 4B, across 
a portion 104 of a stent with a depot 102 with a spherical 
marker 100 disposed within depot 102. FIG. 8B illustrates 
an interference fit between marker 100 and portion 104. 
Marker 100 is compressed at ends 106 and 108 which causes 
expansion around an equator 112. A void 109 may be filled 
with a polymeric coating material, as described above. 

0057. Some materials that are desirable for use in mark 
erS Such as platinum may be difficult to compress and 
deform to create an interference fit. Compressing Such 
materials may cause damage to portions of a stent adjacent 
to a depot. Therefore, it may be desirable to couple a marker 
within a depot in an undeformed or Substantially unde 
formed state through deformation of the stent adjacent to the 
depot. 

0058. In some embodiments, a stent may include a radio 
paque marker disposed in a depot in a portion of the stent. 
The marker may be coupled to the stent at least partially by 
an interference fit between the marker and a deformed 
portion of the stent adjacent to the depot. In an embodiment, 
the marker may be undeformed or substantially undeformed 
after being coupled to the stent. In one embodiment, the 
deformed portion of the stent within the depot may include 
deformable projections adapted to deform when the marker 
is disposed in the depot. The projections may include ridges 
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that are parallel, perpendicular, or between parallel and 
perpendicular to a cylindrical axis of the depot. 
0059 FIG. 9A depicts a portion of a stent pattern with a 
depot 120 in a spider region 122. Depot 120 has ridges 124. 
FIG. 9B depicts a spherical marker 128 disposed within 
depot 120 of FIG. 9A. Marker 128 is coupled by an 
interference fit between undeformed marker 128 and 
deformed ridges 124. Voids 130 are shown between ridges 
124. In some embodiments, coupling of the marker within a 
depot may be facilitated by at least partially filling the void 
with polymeric coating material, as described above. 
0060. In other embodiments, a depot may have a cross 
section different from a cross-section of the marker. In 
addition, a length across a portion of the depot may be less 
than a cross-section of a marker. When the marker is 
disposed with the depot, the portion of the stent may deform 
to change the cross-section of the depot to accommodate the 
marker. The deformation of the stent may create an inter 
ference fit between the marker and a portion of the surface 
of the stent within the depot. For a marker with a circular 
cross-section Such as a sphere or cylinder, depots with 
non-circular cross-sections can be a variety of shapes such 
as oval, ellipsoid, rectangular, etc. 
0061 FIG. 10A depicts an overhead view of a portion 
140 of a stent with a depot 144 having a non-circular 
cross-section. Depot 144 has a width, W, that is less than 
a diameter Ds of a spherical marker. FIG. 10B depicts 
portion 140 with a spherical marker 146 with diameter Ds 
disposed within depot 144 from FIG. 10A. Portion 140 
deforms to accommodate marker 146 to create an interfer 
ence fit between marker 146 and a portion of the surface of 
portion 140 within depot 144. Voids 148 may be filled with 
a polymeric coating material, as described above. 
0062. As indicated above, positioning a marker within a 
depot may cause deformation in a portion of the stent 
adjacent to the depot. It may be desirable to increase the 
flexibility of the portion to reduce or eliminate damage to the 
stent as the portion deforms. In some embodiments, a 
Surface of the portion adjacent to the depot may include a 
recess. The recess may facilitate deformation or increase the 
flexibility of the portion when the marker is disposed within 
the depot so as to facilitate coupling of the marker to the 
portion. 

0063. In one embodiment, the recess may be a groove in 
communication with the depot. The Surface may include 
more than one groove of various widths and depths. For 
example, a groove may have a width that is less than 1%. 
3%. 5%, 10%, 15%, 20%, or 20% of a diameter of a depot. 
Additionally, a groove may have a depth that is less than 1%. 
3%, 5%, 10%, 15%, or 20% of a radial thickness of a strut 
that has the depot. 
0064 FIG.11Adepicts an overhead view of a portion 150 
of a stent with a depot 154 for a marker. Portion 150 has 
grooves 158 in communication with the depot. FIG. 11B 
depicts a side view of grooves 158 facing an internal surface 
164 of depot 154. Grooves 158 have depth D and a width 
W. Grooves 158 are depicted with a rectangular cross 
section, however, a groove may also have a rounded cross 
section. 

0065. As indicated above, certain regions of polymeric 
Struts tend to undergo significant deformation or strain 
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during crimping and expansion. Such regions include curved 
or bent regions such as regions 14, 16, and 18 in FIG. 1 as 
well as regions where structural elements intersect such as 
portion 68 in FIG. 3. Thus, during stent deployment, the 
material Surrounding a depot located in Such regions may 
crack or stretch as stress is being applied to the expanding 
stent, and the marker may become dislodged. Straight or 
relatively straight portions such as section 19 in FIG. 1 tend 
to experience relatively low strain even during crimping and 
expansion. 

0066. Therefore, in some embodiments, it may be desir 
able or necessary to have a higher mass or thickness in 
regions with depots than regions without depots. The higher 
mass or thickness may reinforce the region which can at 
least partially compensate for the presence of the depot. A 
region can be reinforced with added mass of stent material 
so that it can adequately withstand the stress of crimping and 
expansion without significant distortion of the structural 
element in the region of the depot. 
0067 Furthermore, a high strain region tends to require a 
larger mass to compensate for the depot than a low strain 
region. An increase in mass of a stent increases the form 
factor of the stent, which is generally not desirable. 

0068. In certain embodiments, a stent may include a 
marker disposed within a depot in a portion of the stent. The 
stent may have regions with a lower strain than other higher 
strain regions when the stent is placed under an applied 
stress during use. The depot may be selectively positioned in 
a selected region of lower strain. The selected region of the 
structural element may be modified to have a higher mass or 
thickness than a region of lower strain without a marker So 
as to maintain the load-bearing capability of the selected 
region and to inhibit decoupling of the marker from the 
Stent. 

0069 FIG. 12A depicts a stent pattern 180 with depots 
182 in portion 184, a low strain region of a stent. As shown 
in FIG. 12A, portion 184 is wider than a structural element 
186 that has no depots. Portion 184 is wider or has more 
mass to maintain the structural integrity of the Stent. FIG. 
12B depicts spherical markers 188 disposed within depots 
182. As shown in FIGS. 12A-B, one of the advantages of 
disposing markers in low strain regions such as portion 184 
is that multiple markers can be accommodated. Thus, the 
visibility of the stent in enhanced. 
0070 FIG. 13 depicts an overhead view of portion 184 
from FIGS. 12A-B. The part of portion 184 that is not 
reinforced has a width W and a width of the reinforced part 
is W. We may be greater than 120%, 140%, 160%, 180%, 
200%, 220%, or 250% of W. 
0071. In certain embodiments, a spherical marker may 
additionally or alternatively be coupled within a depot with 
any suitable biocompatible adhesive. In one embodiment, 
the adhesive may include a solvent. The solvent may dis 
solve the polymer of the structural element within the depot 
to allow the marker within the depot to be coupled to the 
structural element. For markers that include a polymer, a 
Solvent may also dissolve a portion of the marker. In another 
embodiment, the adhesive may include a solvent mixed with 
a polymer. The solvent or the solvent-polymer mixture may 
be applied to the structural element within the depot or the 
marker followed by disposing the marker within the depot. 



US 2007/0156230 A1 

The solvent may then be removed through evaporation. 
Evaporation may be facilitated by, for example, heating the 
structural element in an oven or by Some other method. 
0072 Representative examples of solvents may include, 
but are not limited to, chloroform, acetone, chlorobenzene, 
ethyl acetate, 1,4-dioxane, ethylene dichloride, 2-ethylhex 
anol, and combinations thereof. Representative polymers 
may include biostable and biodegradable polymers dis 
closed herein that may be dissolved by the selected solvent. 
0073. In other embodiments, adhesives may include, but 
are not limited to, thermosets Such as, for example, epoxies, 
polyesters and phenolics; thermoplastics Such as, for 
example, polyamides, polyesters and ethyl vinyl acetate 
(EVA) copolymers; and elastomers such as, for example, 
natural rubber, styrene-isoprene-styrene block copolymers, 
and polyisobutylene. Other adhesives include, but are not 
limited to, proteins; cellulose; starch; poly(ethylene glycol); 
fibrin glue; and derivatives and combinations thereof. 
0074 Mixtures of solvents and another substance can be 
used to form adhesives. In some embodiments, mixtures of 
water and Sugar Such as, for example, mixtures of water and 
Sucrose, can be used as an adhesive. In other embodiments, 
mixtures of PEG, or derivatives thereof, can be mixed with 
a suitable solvent to form an adhesive. Suitable solvents for 
PEG, or derivatives thereof, include, but are not limited to, 
water, ethanol, chloroform, acetone, and the like. 

0075. In other embodiments, the marker can be coupled 
to the structural element by a thermal weld. Prior to dispos 
ing the marker in the structural element, a metallic marker 
may be heated to a temperature that can melt at least a 
portion of the polymer of the structural element. A marker 
including a polymer can be heated to a temperature at or 
above its melting temperature prior to disposing the marker 
in the depot. 

0.076 Furthermore, the markers may be coupled to any 
desired location on a stent. In some embodiments, it may be 
advantageous to limit the placement of a marker to particular 
locations or portions of Surfaces of a stent. For example, it 
may be desirable to couple a marker at a sidewall face of a 
structural element to reduce or eliminate interference with a 
lumen wall or interference with blood flow, respectively. To 
delineate just the margins of the stent so that the physician 
may see its full length, markers can be placed only at the 
distal and proximal ends of the stent. 
0.077 Additionally, a device such as a stent may typically 
include two or more markers coupled to various locations of 
the stent. The markers may be distributed in a manner that 
facilitates visualization of the stent during and after implan 
tation. For instance, the markers may be distributed circum 
ferentially and longitudinally throughout a stent pattern. 

0078. As indicated above, a stent may include a biostable 
and/or a biodegradable polymer. 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. The stent 
may be configured to completely erode away once its 
function is fulfilled. 

0079. In certain embodiments, the marker may be biode 
gradable. It may be desirable for the marker to degrade at the 
same or Substantially the same rate as the stent. For instance, 
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the marker may be configured to completely or almost 
completely erode at the same time or approximately the 
same time as the stent. In other embodiments, the marker 
may degrade at a faster rate than the stent. In this case, the 
marker may completely or almost completely erode before 
the body of the stent is completely eroded. 
0080 Furthermore, a radiopaque marker may be com 
posed of a biodegradable and/or biostable metal. Biodegrad 
able or bioerodable metals tend to erode or corrode rela 
tively rapidly when exposed to bodily fluids. Biostable 
metals refer to metals that are not biodegradable or bioerod 
able or have negligible erosion or corrosion rates when 
exposed to bodily fluids. In some embodiments, metal 
erosion or corrosion involves a chemical reaction between a 
metal Surface and its environment. 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 charged ions 
that leave the metal to form salts in solution. 

0081 Additionally, it is desirable to use a biocompatible 
biodegradable metal for a marker. A biocompatible biode 
gradable metal forms erosion products that do not negatively 
impact bodily functions. 
0082 In one embodiment, the radiopaque marker may be 
composed of a pure or Substantially pure biodegradable 
metal. Alternatively, the marker may be a mixture or alloy of 
at least two types of metals. Representative examples of 
biodegradable metals for use in a marker may include, but 
are not limited to, magnesium, zinc, and iron. Representative 
mixtures or alloys may include magnesium/zinc, magne 
sium/iron, Zinc?iron, and magnesium/Zinc?iron. Radiopaque 
compounds such as iodine salts, bismuth salts, or barium 
salts may be compounded into the metallic biodegradable 
marker to further enhance the radiopacity. 
0083 Representative examples of biostable metals can 
include, but are not limited to, platinum and gold. 
0084. In some embodiments, the composition of the 
marker may be modified or tuned to obtain a desired erosion 
rate and/or degree of radiopacity. For example, the erosion 
rate of the marker may be increased by increasing the 
fraction of a faster eroding component in an alloy. Similarly, 
the degree of radiopacity may be increased by increasing the 
fraction of a more radiopaque metal. Such as iron, in an alloy. 
In one embodiment, a biodegradable marker may be com 
pletely eroded 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. 
0085. In other embodiments, a radiopaque marker may be 
a mixture of a biodegradable polymer and a radiopaque 
material. A radiopaque material may be biodegradable and/ 
or bioabsorbable. Representative radiopaque materials may 
include, but are not limited to, biodegradable metallic par 
ticles and particles of biodegradable metallic compounds 
Such as biodegradable metallic oxides, biocompatible metal 
lic salts, gadolinium salts, and iodinated contrast agents. 
0086. In some embodiments, the radiopacity of the 
marker may be increased by increasing the composition of 
the radiopaque material in the marker. In one embodiment, 
the radiopaque material may be between 10% and 80%; 20% 
and 70%; 30% and 60%; or 40% and 50% by volume of the 
marker. 
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0087. The biodegradable polymer in the marker may be 
a pure or Substantially pure biodegradable polymer. Alter 
natively, the biodegradable polymer may be a mixture of at 
least two types of biodegradable polymers. In one embodi 
ment, the composition of the biodegradable polymer may be 
modified to alter the erosion rate of the marker since 
different biodegradable polymers have different erosion 
rates. 

0088 A biocompatible metallic salt refers to a salt that 
may be safely absorbed by a body. Representative biocom 
patible metallic salts that may used in a marker include, but 
are not limited to, ferrous Sulfate, ferrous gluconate, ferrous 
carbonate, ferrous chloride, ferrous fumarate, ferrous iodide, 
ferrous lactate, ferrous Succinate, barium Sulfate, bismuth 
Subcarbonate, bismuth potassium tartrate, bismuth sodium 
iodide, bismuth sodium tartrate, bismuth sodium triglycol 
lamate, bismuth Subsalicylate, Zinc acetate, Zinc carbonate, 
Zinc citrate, Zinc iodate, Zinc iodide, Zinc lactate, Zinc 
phosphate, Zinc salicylate, Zinc Stearate, Zinc sulfate, and 
combinations thereof. The concentration of the metallic salt 
in the marker may be between 10% and 80%; 20% and 70%: 
30% and 60%; or 40% and 50% by volume of the marker. 
0089. In addition, representative iodinated contrast 
agents may include, but are not limited to acetriozate, 
diatriozate, iodimide, ioglicate, iothalamate, ioXithalamate, 
selectan, uroselectan, diodone, metrizoate, metrizamide, 
iohexol, ioxaglate, iodixanol, lipidial, ethiodol, and combi 
nations thereof. The concentration of an iodinated contrast 
agent in the marker may be between 5% and 80%; 20% and 
70%; 30% and 60%; or 40% and 50% by volume of the 
marker. 

0090 The composition of metallic particles may include 
at least those biodegradable metals discussed above as well 
as metallic compounds such as oxides. The concentration of 
metallic particles in the marker may be between 10% and 
80%; 20% and 70%; 30% and 60%; or 40% and 50% by 
volume of the marker. Additionally, individual metallic 
particles may be a pure or Substantially pure metal or a metal 
compound. Alternatively, individual metallic particles may 
be a mixture of at least two types of metals or metallic 
compounds. Individual metallic particles may also be a 
mixture or an alloy composed of at least two types of metals. 
0091. 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 
100 nm. A significant advantage of nanoparticles over larger 
particles is that nanoparticles may disperse more uniformly 
in a polymeric matrix, which results in more uniform 
properties such as radiopacity and erosion rate. Additionally, 
nanoparticles may be more easily absorbed by bodily fluids 
Such as blood without negative impact to bodily functions. 
Representative examples of metallic particles may include, 
but are not limited to, iron, magnesium, zinc, platinum, gold, 
and oxides of Such metals. 

0092. In one embodiment, the composition of different 
types of metallic particles in the mixture as well as the 
composition of individual particles may be modified to alter 
erosion rates and/or radiopacity of the marker. In addition, 
the ratio of polymer to metallic particles may be modified to 
alter both the erosion rate and radiopacity. 
0093. A marker may be fabricated by methods including, 
but not limited to, molding, machining, assembly, or a 
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combination thereof. All or part of a metallic or polymeric 
marker may be fabricated in a mold or machined by a 
method Such as laser machining. 
0094. 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 
within their scope all Such changes and modifications as fall 
within the true spirit and scope of this invention. 

What is claimed is: 
1. A stent comprising a deformed radiopaque marker 

disposed in a depot in a portion of the stent, the marker being 
coupled to the portion at least partially by an interference fit 
between an expanded portion of the marker and an internal 
surface of the portion of the stent within the depot, wherein 
at least Some gaps between the deformed marker and the 
internal Surface are filled with a polymeric coating material, 
and wherein the marker comprises sufficient radiopacity to 
be imaged by an imaging technique. 

2. The stent of claim 1, wherein the marker further 
comprises at least one compressed portion, the expanded 
and compressed portions arising from deforming an unde 
formed or partially deformed marker disposed within the 
depot. 

3. The stent of claim 1, wherein the depot is cylindrically 
shaped. 

4. The stent of claim 1, wherein the depot extends 
partially or completely through the portion of the stent. 

5. The stent of claim 1, wherein the stent comprises a 
biostable and/or biodegradable polymer. 

6. A method of fabricating a stent, comprising: 
disposing a radiopaque marker in a depot in a portion of 

the stent; 
compressing the marker to couple the marker within the 

depot, wherein compressing the marker expands a 
portion of the marker within the depot to create an 
interference fit between the expanded portion and an 
internal surface of the stent within the depot; and 

applying a coating material to fill at least some gaps 
between the deformed marker and the internal surface. 

7. A stent comprising a radiopaque marker disposed in a 
depot in a portion of the stent, the marker being coupled to 
the stent at least partially by an interference fit between the 
marker and a deformed portion of the stent adjacent to the 
depot, and wherein the marker comprises Sufficient radio 
pacity to be imaged by an imaging technique. 

8. The stent of claim 7, wherein the marker is undeformed 
or substantially undeformed after being coupled to the stent. 

9. The stent of claim 7, wherein the depot is cylindrically 
shaped. 

10. The stent of claim 7, wherein the depot extends 
partially or completely through the portion of the stent. 

11. The stent of claim 7, wherein the stent comprises a 
biostable and/or biodegradable polymer. 

12. The stent of claim 7, wherein the marker is spheri 
cally-shaped or cylindrically-shaped. 

13. The stent of claim 7, wherein the deformed portion of 
the stent within the depot comprises deformable projections 
adapted to deform when the marker is disposed in the depot 
to facilitate coupling of the marker to the stent. 
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14. The stent of claim 13, wherein the projections com 
prise ridges that are parallel, perpendicular, or between 
parallel and perpendicular to an axis of the depot. 

15. The stent of claim 7, wherein the depot comprises a 
cross-section different from a cross-section of the marker so 
that when the marker is disposed with the depot, the portion 
of the Stent may deform to change the cross-section of the 
depot to accommodate the marker. 

16. A stent comprising a radiopaque marker disposed in a 
depot in a portion of the stent that is configured to accom 
modate the marker, wherein a Surface of the portion adjacent 
to the depot includes a recess, the recess facilitating defor 
mation of the portion when the marker is disposed within the 
depot so as to facilitate coupling of the marker to the portion. 

17. The stent of claim 16, wherein the recess comprises a 
groove in communication with the depot. 

18. The stent of claim 16, wherein the depot extends 
partially or completely through the portion of the stent. 

19. The stent of claim 16, wherein the stent comprises a 
biostable and/or biodegradable polymer. 
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20. The stent of claim 16, wherein the marker is spheri 
cally-shaped or cylindrically-shaped. 

21. A stent comprising a marker disposed within a depot 
in a portion of the stent, the stent having regions with a lower 
strain than other higher strain portions when the stent is 
placed under an applied stress during use, the depot being 
selectively positioned in a selected region of lower strain. 

22. The stent of claim 21, wherein the region of lower 
strain comprises a straight or Substantially straight structural 
element of the stent. 

23. The stent of claim 21, wherein the stent comprises a 
biostable and/or biodegradable polymer. 

24. The stent of claim 21, wherein the selected region of 
the structural element is modified to have a higher mass than 
a region of lower strain without a marker So as to maintain 
the load-bearing capability of the selected region and inhibit 
decoupling of the marker from the stent. 


