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(57) ABSTRACT 

A drug eluting stent can include a stent body having a poly 
meric coating With a lipophilic and/or hydrophilic element. A 
drug that has a bioactivity that inhibits cell proliferation can 
be disposed in the polymeric coating. The drug can be present 
in the polymer at an amount greater than or equal to about 1 50 
ug/cm2. The polymeric coating and drug are con?gured to 
cooperate so as to form a diffusion pathway With tissue When 
the stent is disposed in a body lumen such that the drug 
preferentially diffuses into the tissue over a body ?uid pas sing 
through the body lumen such that a maximum systemic blood 
concentration of the drug is less than about 40 ng/ml. 
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DRUG ELUTING STENTS WITH 
PROLONGED LOCAL ELUTION PROFILES 
WITH HIGH LOCAL CONCENTRATIONS 
AND LOW SYSTEMIC CONCENTRATIONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This US. patent application claims bene?t of US. 
Provisional Patent Application having Ser. No. 60/915,355, 
?led on May 1, 2007, Which Provisional Patent Application is 
incorporated herein by speci?c reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. The Field of the Invention 
[0003] The present invention generally relates to a poly 
mer/drug-coated stent. More particularly, the polymer/drug 
coated stent is con?gured have the drug disposed Within the 
polymer coating in a manner that controls the elution of the 
drug so as to preferentially deliver the drug into vascular 
tissue adjacent to the stent While maintaining a suf?ciently 
loW systemic concentration range of the drug beloW a speci 
?ed value. 
[0004] 2. The Relevant Technology 
[0005] Endovascular techniques have become important 
adjuncts in the management of atherosclerotic occlusive dis 
ease. Once amendable only to open surgical revasculariZa 
tion, a Wide range of lesions can noW be approached percu 
taneously Without the need for incision and dissection. 
Endovascular interventions Within coronary arteries are par 
ticularly effective, and have become the preferred method of 
treatment for the majority of patients With occlusive syn 
dromes of the coronary circulation. 
[0006] Endovascular intervention in the peripheral circula 
tion has proven more problematic. Although generally effec 
tive in the relatively large in?oW arteries of the extracranial 
cerebrovascular, renal and iliac circulations, endovascular 
manipulation of the infrainguinal arteries is technically more 
challenging, and the outcome less durable. 
[0007] A variety of approaches have been suggested to 
enhance patency during peripheral endovascular intervention 
including phar'macotherapy, stenting, cryoplasty, cutting bal 
loon angioplasty, radiation brachytherapy and atherectomy. 
The most popular to date is stenting, as results from a recent 
randomiZed clinical trial suggest that routine nitinol stenting 
enhances both angiographic and clinical results folloWing 
balloon angioplasty, especially in patients With long, complex 
occlusive lesions of the super?cial femoral artery (SPA). 
[0008] HoWever, the long-term results of stenting in the 
peripheral vasculature continue to be plagued by restenosis. 
Restenosis, mediated by the pathological process of neointi 
mal hyperplasia, complicates roughly 40% of all peripheral 
vascular interventions after one year, leading a recent inter 
national consensus panel of cardiologists, vascular surgeons, 
and interventional radiologists to suggest that the current 
state-of-the-art of SFA stenting results in only 62% patency 
after one year. 

[0009] As signi?cant enhancements in stented arterial 
patency have been achieved in the coronary circulation 
through the use of drug-eluting stents (DES), it Was natural 
that this technology Would be eventually applied to the 
peripheral circulation. Several small series have been pub 
lished that suggest that drug-eluting stents designed for the 
coronary arteries might also be ef?cacious in limiting rest 
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enosis and improving patency in the infrapopliteal arteries. 
Similarly, the hypothesis that drug-eluting stents might also 
be e?icacious in the larger and more complex SFA Was pre 
viously addressed. Also, self-expanding drug-eluting stents 
utiliZed a nitinol platform, Was loaded With 90 pg sirolimus/ 
cm2 stent area using a 5-10 pm co-polymer matrix for total 
drug load ~1 mg per 80 mm stent (i.e., stent 1), and delivered 
its drug load over a period of about seven days. A total of 93 
patients Were enrolled in combined clinical trials for the stent. 
Unfortunately, neither trial achieved its primary endpoint of a 
reduction in restenosis and, even after four years, there Was no 
difference in any metric comparing patients treated With the 
bare nitinol stent vs. the sirolimus-eluting nitinol stent. The 
development of the this drug-eluting stent Was terminated, 
and no drug-eluting stent is yet available for clinical use 
anyWhere in the World. 
[0010] In retrospect, some have hypothesiZed that the fail 
ure of the drug-eluting stent design (e.g., stent 1) Was in its 
inadequate drug delivery. As stated, Stent 1 Was loaded With 
90 pg sirolimus/cm2 stent area Which Was loWer that one 
successful sirolimus-eluting coronary stent (e.g., stent 2), 
Which had 140 pg sirolimus/cm2 stent area. Moreover, stent 1 
released sirolimus over about seven days, Which is consider 
ably shor‘ter than the 30 day release of stent 2, both being 
insuf?cient in duration for intended therapeutic purposes. As 
coronary stents With short elution pro?les are generally less 
e?icacious than their longer-eluting counterparts, it Was per 
haps not surprising that stent 1 failed to demonstrate ef?cacy 
in reducing restenosis. 
[0011] A second observation made from the aforemen 
tioned studies Was that large peripheral drug-eluting stents 
With relatively high drug loads and fast elution can subse 
quently generate signi?cant levels of drug in the systemic 
circulation. These systemic levels of drug can be considered 
unsafe and may have adverse side effects. In any event, high 
systemic levels of drug is not advantageous and may coun 
teract the intended therapy. Some coronary drug-eluting 
stents, With their minimal drug loads (~100 pg), generate little 
in the Way of systemic drug concentration; Whole blood levels 
exceeding 2 ng/ml are rarely observed. In contrast, large 
peripheral drug-eluting stents carry drug loads in the milli 
gram (mg) range, and thereby have extremely fast drug elu 
tion that increases systemic concentration of the drug and 
may result in adverse systemic drug exposure. Such Was the 
case in the aforementioned trial in Which treated patients 
exhibited a mean systemic sirolimus concentration of 
20.41100 ng/ml one hour after stenting, including one 
patient With a peak concentration of 35.5 ng/ml sirolimus 
after receiving three 80 mm stents con?gured as stent 1. These 
concentrations are measurably higher than the 9 ng/ml trough 
concentration ob served in kidney transplant recipients receiv 
ing the usual oral dose of sirolimus of 2 mg per day. These 
high systemic drug concentrations has been deemed exces 
sive in terms of adverse effects that may occur by long-term 
exposure to high systemic drug concentrations. 
[0012] Lastly, a ?nal unexpected consequence of the afore 
mentioned trial, and a possible reason for its failure, Was the 
observation that the stent platform Was prone to fracture. Of 
the 93 patients enrolled, stent fracture Was found in 18% at six 
months, including single strut fractures in eight patients, mul 
tiple strut fractures in four patients, complete transverse lin 
ear stent separations in tWo patients, and transverse linear 
fractures With stent displacement in tWo patients. It has been 
suggested that stent fracture may create a nidus for restenosis, 
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given the documented association between strut fracture, res 
tenosis and therapeutic failure. Indeed, the reported fre 
quency of strut fracture following peripheral stenting is sur 
prisingly high, including one retrospective clinical study 
demonstrating a fracture rate of 65%. 

BRIEF SUMMARY OF THE INVENTION 

[0013] Generally, the present invention includes a polymer/ 
drug-coated stent. The polymer/drug-coated stent is con?g 
ured have the drug disposed Within the polymer coating in a 
manner that controls the elution of the drug so as to prefer 
entially deliver the drug into vascular tissue adjacent to the 
stent While maintaining a suf?ciently loW systemic concen 
tration of the drug. 
[0014] In one embodiment, the present invention can 
include a drug eluting stent that has a stent body, a polymeric 
coating, and a lipophilic drug. The polymeric coating can 
have a lipophilic element and be disposed on the stent body. 
The lipophilic drug can have a bioactivity that inhibits cell 
proliferation, and can be disposed in the polymeric coating. 
HoWever, any lipophilic drug With any activity can be used for 
the treatment of an appropriate condition. 

[0015] In one embodiment, the present invention can 
include a drug eluting stent that has a stent body, a polymeric 
coating, and a hydrophilic drug. The polymeric coating can 
have a hydrophilic element and be disposed on the stent body. 
For example, the hydrophilic drug can have a bioactivity that 
inhibits cell proliferation, and can be disposed in the poly 
meric coating. HoWever, any hydrophilic drug With any activ 
ity can be used for the treatment of an appropriate condition. 

[0016] In one embodiment, the present invention can 
include a drug eluting stent that has a stent body, a polymeric 
coating, and a amphipathic drug having both hydrophilic and 
lipophilic components. The polymeric coating can have a 
hydrophilic and/or hydrophilic element and be disposed on 
the stent body. For example, the amphipathic drug can have a 
bioactivity that inhibits cell proliferation, and can be disposed 
in the polymeric coating. HoWever, any amphipathic drug 
With any activity can be used for the treatment of an appro 
priate condition. 
[0017] In one embodiment, the drug can be present in the 
polymer at an amount from about 10 ug/cm2 (micrograms 
drug/area of stent) to about 2000 ug/cm2, more preferably 
from about 100 ug/cm2 to about 1000 ug/cm2, and most 
preferably from about 200 ug/cm2 to about 500 ug/cm2. 
[0018] In one embodiment, the drug per area can be greater 
or equal to about 150 ug/cm2, more preferably greater or 
equal to about 175 ug/cm2, even more preferably greater or 
equal to about 200 ug/cm2, and most preferably greater or 
equal to about 225 ug/cm2. 
[0019] In one embodiment, the amount of drug on the stent 
can be described as the total amount of drug per stent. Accord 
ingly, the amount of drug per stent can be from about 0.5 mg 
to about 12 mg, more preferably from about 0.75 mg to about 
10 mg, and most preferably from about 1 mg to about 5 mg. 
[0020] The polymeric coating and drug are con?gured to 
cooperate so as to form a lipophilic diffusion pathWay With 
tissue When the stent is disposed in a body lumen such that the 
lipophilic drug preferentially diffuses into the tissue over a 
body ?uid passing through the body lumen such that a maxi 
mum systemic blood concentration of the drug is less than or 
about 30 ng/ml, more preferably less than or about 20 ng/ml, 
and most preferably less than or about 10 ng/ml. 
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[0021] In one embodiment, the stent body is comprised of a 
superelastic alloy, such as nitinol. The nitinol can have an 
ethylenevinylalcohol copolymer coating disposed thereon. A 
therapeutically effective amount of everolimus can be dis 
posed in the polymeric coating so as to be present at an 
amount greater than or equal to about 150 ug/cm2. The poly 
mer coating and everolimus are con?gured so as to cooperate 
to form a lipophilic diffusion pathWay With tissue When the 
stent is disposed in a body lumen such that the everolimus 
preferentially diffuses into the tissue over a body ?uid pas sing 
through the body lumen and such that a maximum systemic 
blood concentration of everolimus is less than about 40 ng/ml. 
[0022] In one embodiment, the present invention includes a 
method of inhibiting occlusion, stenosis, restenosis, or cell 
over-proliferation in a body lumen in a subject. Such a 
method includes providing a stent as described herein and 
deploying the drug eluting stent into the body lumen. 
[0023] In one embodiment, the present invention includes a 
method of manufacturing a stent in accordance With the 
present invention. Such a method includes preparing a stent 
body, preparing a polymer/drug solution, and applying the 
polymer/drug solution to the stent body. Alternatively, the 
polymer and drug can be applied to the stent separately. 
Additionally, a polymeric topcoat can be applied over the 
polymeric coating that has the drug. 
[0024] In one embodiment, the drug eluting stent produces 
a systemic blood concentration of the drug that in turn pro 
duces at least one of the folloWing: a maximum kidney con 
centration of less than or about 50 ng/ g, more preferably less 
than or about 40 ng/ g, and most preferably less than or about 
30 ng/ g; a maximum lung concentration of less than or about 
45 ng/ g, more preferably less than or about 35 ng/ g, and most 
preferably less than or about 25 ng/g; a maximum muscle 
concentration of less than or about 35 ng/ g, less than or about 
30 ng/ g, and most preferably less than or about 25 ng/ g; a 
maximum liver concentration of less than or about 30 ng/g, 
more preferably less than or about 25 ng/ g, and most prefer 
ably less than or about 17 ng/ g; or a maximum spleen con 
centration of less than or about 35 ng/ g, more preferably less 
than or about 30 ng/ g, and most preferably less than or about 
25 ng/ g. 
[0025] In one embodiment, the maximum systemic blood 
concentration of the drug is less than about 4 ng/ml per 
milligram of total drug on the stent. 
[0026] In one embodiment, the maximum systemic blood 
concentration of the drug is less than about 15 pg/ml per 
millimeter of stent length. 
[0027] In one embodiment, the stent is characterized by at 
least one of the folloWing: the drug is present at greater than 
or about 3.8 mg; the maximum systemic blood concentration 
is from about 0.6 ng/ml to about 15 ng/ml; the drug is present 
at greater than or about 7.5 mg; the maximum systemic blood 
concentration is from about 1.5 ng/ml to about 30 ng/ml; the 
drug is present at greater than or about 10 mg; or the maxi 
mum systemic blood concentration is from about 2 ng/ml to 
about 40 ng/ml. 
[0028] In one embodiment, the polymeric coating ranges 
from about 2 um to about 50 um. Optionally, the polymeric 
coating includes a primer layer disposed on the stent body, a 
drug-loaded layer disposed on the primer layer, and a topcoat 
layer disposed on the drug-loaded layer so as to control elu 
tion of the drug. Accordingly, the polymeric coating is char 
acteriZed by at least one of the folloWing: the primer layer 
being from 1% to about 20% of the total coating thickness; the 
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drug-loaded layer being from about 25% to about 90% of the 
total coating thickness; or the topcoat being from about 5% to 
about 50% of the total coating thickness. 
[0029] In one embodiment, the stent body is a superelastic 
alloy such as nitinol. This can be linear superelastic and 
non-linear superelastic nitinol. 
[0030] In one embodiment, the drug is a rapamycin analog 
such as everolimus or Zotarolimus. 

[0031] In one embodiment, the polymer coating and/or 
polymeric topcoat is an ethylenevinylalcohol copolymer. 
[0032] These and other embodiments and features of the 
present invention Will become more fully apparent from the 
folloWing description and appended claims, or may be 
learned by the practice of the invention as set forth hereinaf 
ter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] To further clarify the above and other advantages 
and features of the present invention, a more particular 
description of the invention Will be rendered by reference to 
speci?c embodiments thereof Which are illustrated in the 
appended draWings. It is appreciated that these draWings 
depict only typical embodiments of the invention and are 
therefore not to be considered limiting of its scope. The inven 
tion Will be described and explained With additional speci?c 
ity and detail through the use of the accompanying draWings 
in Which: 
[0034] FIG. 1 is a planar side vieW of a portion of an 
embodiment of an exemplary endoprosthesis in accordance 
With the present invention. 
[0035] FIG. 2A is a graph illustrating the percent of drug 
eluted from a drug eluting stent. 
[0036] FIG. 2B is a graph illustrating the arterial tissue drug 
concentration obtained from a drug eluting stent. 
[0037] FIG. 3 includes a graph illustrating everolimus 
blood concentration after drug eluting stent implantation. 
[0038] FIGS. 4A-4C include photographs of vessels (FIGS. 
4A and 4C) and cross-sections (FIGS. 4B and 4D) of vessels 
at 90 days after drug eluting stent (DES) (FIGS. 4A and 4B) 
and bare metal stent (BMS) (FIGS. 4C and 4D) implantation. 
[0039] FIGS. 5A-5C include schematic representations of a 
stent delivery system (FIG. 5A) and a method of delivering 
the stent into a body lumen (FIG. 5B) With the stent delivery 
system of FIG. 5A. 
[0040] FIGS. 6A-6C include schematic representations of a 
lumen ?lter (FIG. 6A) that is deployed into a body lumen With 
a lumen ?lter delivery system (FIG. 6B) and a method of 
delivering the stent into a body lumen (FIG. 6C) With the 
lumen ?lter delivery system of FIG. 6B. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0041] Generally, the present invention includes drug elut 
ing implantable medical devices such as endoprostheses, 
vena cava ?lters, embolic protection ?lters, and the like that 
are con?gured With controlled drug delivery pro?les that 
alloW for enhanced drug delivery into the lumen tissue adja 
cent to the implantable medical device and that inhibits drug 
delivery into the systemic blood circulation. The preferential 
drug delivery into the lumen tissue can be facilitated by a 
hydrophobic component being included in a coating on the 
medical device (e.g., stent or vena cava ?lter) that is in contact 
With the lumen tissue. The hydrophobic components of the 
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tissue cooperate With the hydrophobic component of the coat 
ing so as to facilitate preferential diffusion of a hydrophilic 
drug into the tissue over into systemic blood. Similarly, the 
drug can be hydrophilic or amphipathic by having both lipo 
philic and hydrophilic portions. The polymer can include a 
hydrophilic component for the hydrophilic drug, and hydro 
philic and/or hydrophobic components for the lipophilic, 
hydrophilic, or amphipathic drugs. 
[0042] As used herein, the term “micro” has been abbrevi 
ated With the standard symbol “[1.” or “u” for simplicity. 

I. Drug Eluting Endoprosthesis 

[0043] In accordance With the present invention, a drug 
eluting endoprosthesis can be provided for improved drug 
delivery Within a body lumen of a human or other animal. 
Examples of drug eluting endoprostheses can include stents, 
?lters, grafts, valves, occlusive devices, trocars, aneurysm 
treatment devices, or the like. Additionally, the drug eluting 
endopro sthesis can be con?gured for a variety of intralumenal 
applications, including vascular, coronary, biliary, esoph 
ageal, urological, gastrointestinal, or the like. 
[0044] Additional medical device embodiments, i.e. vena 
cava ?lter that can be implanted in the vena cava to elute drug 
over time. The device becomes a systemic drug release device 
instead of a device to treat an area of stenosis. The drug 
release device could replace daily pills for individuals in need 
of the therapy provided by the drug, such as transplant 
patients. 
[0045] Generally, an endoprosthesis of the present inven 
tion can include at least a ?rst set of interconnected strut 
elements that cooperatively de?ne an annular element. A strut 
element can be more generally described as an endoprosthetic 
element, Wherein all Well-knoWn endoprosthetic elements 
can be referred to here as a “strut element” for simplicity. 
Usually, each strut element can be de?ned by a cross-sec 
tional pro?le as having a Width and a thickness, and including 
a ?rst end and a second end bounding a length. The stent 
element can be substantially linear, arced, rounded, squared, 
combinations thereof, or other con?gurations. The strut ele 
ment can include a bumper, crossbar, connector, interconnec 
tor, intersection, elboW, foot, ankle, toe, heel, medial segment, 
lateral segment, coupling, sleeve, combinations thereof, or 
the like, as described in more detail beloW. The strut element 
can have improved structural integrity by including crack 
inhibiting features, Which are described in detail in the incor 
porated references. 
[0046] Usually, the annular elements can include a plurality 
of circumferentially-adjacent crossbars that are intercon 
nected end-to-end by an elboW connection, intersection, or a 
foot extension. As such, at least one annular element or 
endoprosthesis can include an elboW, intersection, or a foot 
extension (foot) extending betWeen at least one pair of cir 
cumferentially-adjacent crossbars. The elboW or foot can thus 
de?ne an apex betWeen the pair of circumferentially-adj acent 
crossbars of the annular element or endoprosthesis. Also, an 
intersection can have a shape similar to a crossbar or inter 
linked crossbars so as to provide a junction betWeen tWo 
coupled pairs of circumferentially-adjacent crossbars. 
[0047] The elboW can be con?gured in any shape that con 
nects adjacent ends of circumferentially-adjacent crossbars, 
and can be described as having a U-shape, V-shape, L-shape, 
X-shape, Y-shape, H-shape, K-shape, or the like. The elboW 
and/or intersection can be con?gured in any shape that con 
nects longitudinal and circumferentially adjacent crossbars, 
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and can be described as having a cross shape, X-shape, 
Y-shape, H-shape, K-shape, or the like. The foot can have a 
foot shape having a ?rst foot portion extending circumferen 
tially from an end of one of the adjacent strut members and a 
second foot portion extending circumferentially from a cor 
responding end of the other of the circumferentially-adjacent 
strut members. In combination, the ?rst and second foot por 
tions generally de?ne an ankle portion connected to a toe 
portion through a medial segment and the toe portion con 
nected to a heel portion through a lateral segment. 

[0048] As described herein, an endoprosthesis, in one con 
?guration, can include tWo or more interconnected annular 

elements. Each annular element can generally de?ne a ring 
like structure extending circumferentially about a longitudi 
nal or central axis. The cross-sectional pro?le of each annular 
element can be at least arcuate, circular, helical, or spiral, 
although alternative cross-sectional pro?les, such as oval, 
oblong, rectilinear or the like, can be used. The different 
annular elements can be de?ned as having the same charac 
teriZation or different characterizations. 

[0049] The ?rst and second annular elements generally 
de?ne a tubular structure. For example, each annular element 
can de?ne a continuous closed ring such that the longitudi 
nally-aligned annular elements form a closed tubular struc 
ture having a central longitudinal axis. Alternatively, each 
annular element can de?ne an open ring shape such that a 
rolled sheet, open tubular, or “C-shape” type structure is 
de?ned by the annular elements. That is, the annular element 
is not required to be closed. Furthermore, each annular ele 
ment can de?ne substantially a 360-degree turn of a helical 
pattern or spiral, such that the end of one annular element or 
endoprosthesis can be joined With the corresponding end of a 
longitudinally-adjacent annular element or endoprosthesis to 
de?ne a continuous helical pattern along the length of the 
endoprosthesis. 
[0050] FIG. 1 is a side vieW of a ?attened portion of an 
embodiment of an endoprosthesis 1a. The illustrated 
endoprosthesis is a stent, but it Will be understood that the 
bene?ts and features of the present invention are also appli 
cable to other types of endoprosthesis or other medical 
devices knoWn to those skilled in the art. 

[0051] For purposes of clarity and not limitation, the 
endoprosthesis 1a is illustrated in a planar format. As shoWn, 
the endoprosthesis 111 can include a plurality of annular ele 
ments 10 aligned longitudinally adjacent to each other along 
a longitudinal axis 15 extending from a ?rst end 16 to a second 
end 18. Although only tWo interconnected annular elements 
need to be provided for the endoprosthesis, it is possible that 
an endoprosthesis include one or a plurality of annular ele 
ments 10.As depicted in FIG. 1, at least a ?rst annular element 
10a and a second annular element 10b are identi?ed. 

[0052] Each annular element 10 can include a set of inter 
connected strut elements, shoWn as strut crossbars 20, Which 
are disposed circumferentially about the longitudinal axis 15; 
the circumferential direction is represented by arroW 17. Each 
crossbar 20 can have a ?rst end 22a and a second end 22b, 
referenced generally as end 22. The ?rst end 22a of selected 
circumferentially-adjacent crossbars 2011-!) can be intercon 
nected at elboWs 30 that are proximate to a ?rst longitudinal 
side 12 of each annular element 10, and the second end 22b of 
selected circumferentially-adjacent crossbars 20b-c can be 
interconnected to de?ne elboWs 30 that are proximate to a 
second longitudinal side 14 of the annular element. 

Apr. 9, 2009 

[0053] Each annular element 10 can be expanded to a 
deployed con?guration as shoWn in FIG. 1 by altering or 
opening the angle of the elboWs 30 interconnecting the cir 
cumferentially-adjacent crossbars 20, or can be collapsed 
into a deployable con?guration by closing the angle of the 
elboWs 30. Also, circumferentially-adjacent elboWs 30 on 
each side 12, 14 of the annular element 10 can be spaced apart 
by a circumferential distance D, such that each annular ele 
ment 10 is expanded by increasing the distance D and col 
lapsed by decreasing the distance D. At any given condition 
betWeen the delivery con?guration and the deployed con?gu 
ration, the distance D canbe balanced or constant from one set 
of circumferentially-adj acent elboWs to the next, or it can be 
varied if desired. 

[0054] Selected elboWs 30 on each side 12, 14 ofthe annu 
lar element 10 can be de?ned by interconnecting correspond 
ing ends 22 of circumferentially-adjacent crossbars 20a-b 
directly together to form a ZigZag pattern of alternating 
U-shapes, V-shapes, L-shapes, combinations thereof, or the 
like When deployed. Alternatively, an elboW 30 can be pro 
vided betWeen the corresponding ends of adjacent crossbars 
to form another contoured shape, such as by using a straight 
elboW member to form a ?at connection con?guration. 

[0055] FIG. 1 also depicts an embodiment of a foot exten 
sion 40 that can extend betWeen a pair 24 of circumferen 
tially-adjacent crossbars 20d-e of each annular element 10. 
As depicted, the foot extension 40 can include an ankle 41 that 
circumferentially couples an end 22 of one of the adjacent 
crossbars 200] to a medial segment 44. The medial segment 44 
extends from the ankle 41 to a toe 48 that circumferentially 
couples the medial segment to a lateral segment 46. The 
lateral segment 46 can extend from the toe 48 to a heel 42 that 
circumferentially couples the lateral segment to the next cir 
cumferentially-adjacent crossbar 20e. Accordingly, the junc 
ture of the crossbar 20d and the medial segment 44 can de?ne 
a circumferentially-extending toe portion 48 of the foot 
extension 40; the juncture of the medial segment 44 and the 
lateral segment 46 de?nes a circumferentially-extending toe 
portion 48 of the foot extension 40; and the juncture of the 
lateral segment 46 and crossbar 20e de?nes a circumferen 
tially-extending toe portion 48 of the foot extension 40. Each 
portion of the foot extension 40, as Well as each of the cir 
cumferentially-adjacent crossbars 20, can have a substan 
tially uniform cross-sectional pro?le illustrated by a substan 
tially uniform Width W and thickness (not shoWn). 
[0056] For purposes of discussion and not limitation, FIG. 
1 shoWs that a toe portion 48 can extend in a ?rst circumfer 
ential direction a distance greater than the distance the heel 
portion 42 of the foot extension 40 extends in an opposite 
circumferential direction. As such, the entirety of the foot 
extension 40 can extend in the circumferential direction of the 
toe portion 48. Furthermore, at least one of the medial seg 
ment 44 or lateral segment 46 can open foot region 49. 

[0057] The adjacent annular elements 1011-1019 or 10c-10d 
can be interconnected With an interconnector 50 as described 
herein. For example, the interconnector 50 can have a form of 
a means for reducing force transmission betWeen adjacent 
annular elements. Stated another Way, the interconnector 50, 
optionally referred to as a force absorber or force absorbing 
connector, can include one or more force absorbing members 
that alloW limited movement of adjacent annular elements, 
While reducing the possibility of cracking and fatigue failure 
due to the movement of adjacent annular elements. As such, 
the endoprosthesis 111 can include a plurality of interconnec 
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tors 50 to connect adjacent annular elements 1011-1019 or 
10c-10d. Each interconnector 50 can include a ?rst bending 
member or shock 52 and a second bending member or shock 
54, Which can bend toward each other to separate the adjacent 
annular elements 1011-1019 or 10c-10d orbend aWay from each 
other to being adjacent annular elements closer together. 
Accordingly, the interconnector 50 can include a ?rst bending 
point 60 opposite of a second bending point 64. The ?rst 
bending member or shock 52 can have at least a ?rst arm 66 
and a second arm 67. The second bending member or shock 
54 can have at least a ?rst arm 68 and a second arm 69. The 

interconnector 50 can couple With a ?rst crossbar 20 of a ?rst 
annular element 100 at a ?rst coupling 62a, and couple With a 
second crossbar of a second annular element 10d at a second 
coupling 62b. 
[0058] The endoprosthesis 111 can be easily deployed 
because of the improved ?exibility provided Within each 
annular element 10 or betWeen adjacent annular elements 
1011-1019. As such, the resiliently-?exible bending members 
or shocks 52, 54 can cooperate so as to enable the endopros 
thesis 1a to bend around a tight corner by the bending mem 
bers or force-absorbing members on one side of the annular 
element contracting While bending members or force-absorb 
ing members on an opposite side expanding. Also, the com 
bination of elboWs 30, foot extensions 40, and/or resiliently 
?exible interconnectors 50 can alloW for radial, longitudinal, 
torsional, or bending loading to be absorbed Without crack 
ing, fracturing or damage occurring to the endoprosthesis 1a. 
Moreover, the resiliently-?exible interconnectors 50 can 
alloW adjacent annular elements to move independently With 
respect to each other in radial, longitudinal, and cross direc 
tions. 

[0059] While FIG. 1 illustrates one type of endoprosthesis, 
the general teachings thereof can be applied to other types of 
endoprostheses. This includes other types of stents that have 
different strut elements in different shapes and con?gura 
tions. As such, FIG. 1 is provided as an example of one type 
of endoprosthesis that can be coated With the polymer/drug of 
the present invention in order to achieve preferential drug 
delivery into lumen tissue adjacent to the endoprosthesis. 
[0060] In one embodiment, the present invention can 
include a drug eluting stent that has a stent body, a polymeric 
coating, and a lipophilic drug. The polymeric coating can 
have a lipophilic element and be disposed on the stent body. 
The lipophilic drug can have a bioactivity that inhibits cell 
proliferation, and can be disposed in the polymeric coating. 
HoWever, any lipophilic drug With any activity can be used for 
the treatment of an appropriate condition. 

[0061] In one embodiment, the present invention can 
include a drug eluting stent that has a stent body, a polymeric 
coating, and a hydrophilic drug. The polymeric coating can 
have a hydrophilic element and be disposed on the stent body. 
For example, the hydrophilic drug can have a bioactivity that 
inhibits cell proliferation, and can be disposed in the poly 
meric coating. HoWever, any hydrophilic drug With any activ 
ity can be used for the treatment of an appropriate condition. 

[0062] In one embodiment, the present invention can 
include a drug eluting stent that has a stent body, a polymeric 
coating, and a amphipathic drug having both hydrophilic and 
lipophilic components. The polymeric coating can have a 
hydrophilic and/or hydrophilic element and be disposed on 
the stent body. For example, the amphipathic drug can have a 
bioactivity that inhibits cell proliferation, and can be disposed 
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in the polymeric coating. HoWever, any amphipathic drug 
With any activity can be used for the treatment of an appro 
priate condition. 
[0063] The drug can be present in the polymer at an amount 
from about 10 ug/cm2 (micrograms drug/area of stent) to 
about 2000 ug/cm2, more preferably from about 100 ug/cm2 
to about 1000 ug/cm2, and most preferably from about 200 
ug/cm2 to about 500 ug/cm2. In exemplary stents, the drug per 
area can include 150 ug/cm2 to about 500 ug/cm2, more 
preferably from about 175 ug/cm2 to about 400 ug/cm2, and 
most preferably from about 200 ug/cm2 to about 300 ug/cm2. 
Within this narroWer range, the drug per area can include 210 
ug/cm2 to about 275 ug/cm2, more preferably from about 215 
ug/cm2, to about 250 ug/cm2, and most preferably 225 
ug/cm2:l0 ug/cm2. 
[0064] In one embodiment, the amount of drug on the stent 
can be described as the total amount of drug per stent. Accord 
ingly, the amount of drug per stent can be from about 0.5 mg 
to about 12 mg, more preferably from about 0.75 mg to about 
10 mg, and most preferably from about 1 mg to about 5 mg. 
[0065] In one embodiment, the amount of drug on the stent 
can be described as the total amount of drug for a stent of a 
speci?c length. The amount of drug per stent can be from 
about 0.5 mg to about 12 mg for stents ranging from about 10 
mm to about 300 mm, and more preferably from about 20 mm 
to about 150 mm stent lengths. This includes about 0.5 mg to 
about 5 mg, more preferably from about 0.75 mg to about 2.5 
mg, and most preferably about 1 mg for a stent having a length 
from about 10 mm to about 30 mm, more preferably from 
about 15 mm to about 25 mm, and most preferably about 20 
mm. This also includes about 2 mg to about 6 mg, more 
preferably about 3 mg to about 5 mg, and most preferably 
from about 3.5 mg to about 4 mg or about 3.8 mg for a stent 
having a length from about 60 mm to about 100 mm, more 
preferably from about 70 mm to about 90 mm, and most 
preferably about 80 mm. Additionally, this can include about 
4 mg to about 8 mg, more preferably from about 5 mg to about 
7 mg, and most preferably about 6 mg for a stent having a 
length from about 130 mm to about 170 mm, more preferably 
from about 140 mm to about 160 mm, and most preferably 
about 150 mm. 

[0066] The polymeric coating and drug are con?gured to 
cooperate so as to form a diffusion pathWay (e.g., lipophilic, 
hydrophilic and/or amphipathic) With tissue When the stent is 
disposed in a body lumen such that the drug preferentially 
diffuses into the tissue over a body ?uid passing through the 
body lumen such that a maximum systemic blood concentra 
tion of the drug is less than or about 30 ng/ml, more preferably 
less than or about 20 ng/ml, and most preferably less than or 
about 10 ng/ml. 
[0067] In one embodiment, the polymeric coating can con 
trol the systemic delivery of the drug so as to retain a su?i 
ciently loW concentration in order to inhibit negative systemic 
side effects. This can include a 100 mm stent having about 3 .8 
mg drug eluting the drug so as to obtain a blood maximum 
concentration (i.e., Cmax) from about 0.6 ng/ml to about 15 
ng/ml, more preferably from about 1 ng/ml to about 10 ng/ml, 
even more preferably from about 2 ng/ml to about 5 ng/ml, 
and most preferably about 3 ng/ml. This can also include a 
200 mm stent having about 7.5 mg drug eluting the drug so as 
to obtain a blood Cmax from about 1.5 ng/ml to about 30 
ng/ml, more preferably from about 3 ng/ml to about 15 ng/ml, 
even more preferably from about 5 ng/ml to about 10 ng/ml, 
and most preferably about 6 ng/ml. Additionally, this can 
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include a 300 mm stent having about 12 mg drug eluting the 
drug so as to obtain a blood Cmax from about 2 ng/ml to about 
40 ng/ml, more preferably from about 4 ng/ml to about 30 
ng/ml, even more preferably from about 6 ng/ml to about 20 
ng/ml, and most preferably about 9 ng/ml. 
[0068] In one embodiment, the systemic delivery of the 
drug can be characterized as concentration of drug per length 
of stent. As such, the systemic delivery of the drug can pro 
vide a blood maximum concentration that can be from about 
0.6 pg/ml per millimeter (mm) of stent (e.g., 0.6 pg drug per 
ml of blood per mm of stent) to about 15 pg/ml per mm of 
stent, more preferably from about 1 pg/ml per mm of stent to 
about 10 pg/ml per mm of stent, even more preferably about 
2 pg/ml permm of stent to about 5 pg/ml per mm of stent, and 
most preferably about 3 pg/ml per mm of stent. 
[0069] In one embodiment, the systemic delivery of the 
drug can be characterized as concentration of drug per 
amount of total amount of drug on the stent. As such, the 
systemic delivery of the drug provide a blood maximum 
concentration can be from about 0.16 ng/ml per milligram 
(mg) of drug on the stent to about 4 ng/ml per mg total drug, 
more preferably from about 0.2 ng/ml per mg total drug to 
about 3 .3 ng/ml per mg total drug, even more preferably about 
0.5 ng/ml per mg total drug to about 2.5 ng/ml per mg total 
drug, and most preferably about 0.75 ng/ml per mg total drug 
to about 0.8 ng/ml per mg total drug. 
[0070] In one embodiment, the stent body is comprised of a 
superelastic alloy, such as nitinol. The nitinol can have an 
ethylenevinylalcohol copolymer coating disposed thereon. A 
therapeutically effective amount of everolimus can be dis 
posed in the polymeric coating so as to be present at an 
amount greater than or equal to about 150 ug/cm2. The poly 
mer coating and everolimus are con?gured so as to cooperate 
to form a lipophilic diffusion pathWay With tissue When the 
stent is disposed in a body lumen such that the everolimus 
preferentially diffuses into the tissue over a body ?uid passing 
through the body lumen and such that a maximum systemic 
blood concentration of everolimus is less than about 10 ng/ml. 
In one aspect, the drug can present in an amount greater than 
or equal to about 200 ug/cm2 and the maximum systemic 
blood concentration of the drug can be less than about 5 
ng/ml. This can also be similar for hydrophilic and amphip 
athic drugs. 
[0071] In one embodiment, the drug eluting stent produces 
a systemic blood concentration of the drug that in turn pro 
duces at least one of the folloWing: a maximum kidney con 
centration of less than or about 50 ng/ g, more preferably less 
than or about 40 ng/ g, and most preferably less than or about 
30 ng/ g; a maximum lung concentration of less than or about 
45 ng/ g, more preferably less than or about 35 ng/ g, and most 
preferably less than or about 25 ng/ g; a maximum muscle 
concentration of less than or about 35 ng/ g, less than or about 
30 ng/g, and most preferably less than or about 25 ng/g; a 
maximum liver concentration of less than or about 30 ng/g, 
more preferably less than or about 25 ng/ g, and most prefer 
ably less than or about 17 ng/ g; or a maximum spleen con 
centration of less than or about 35 ng/ g, more preferably less 
than or about 30 ng/ g, and most preferably less than or about 
25 ng/ g. 
[0072] In one embodiment, the stent can be characterized 
by one of the folloWing: the drug is present at greater than or 
about 1070 ug on the stent body that is about 10x28 mm so as 
to produce a maximum blood concentration of less than or 
about 3 ng/ml and a maximum lumen tissue concentration of 
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greater than or about 5000 ng/ g; the drug is present at greater 
than or about 1070 ug on the stent body that is about 8x28 mm 
so as to produce a maximum blood concentration of less than 
or about 3 ng/ml and a maximum lumen tissue concentration 
of greater than or about 8000 ng/ g; the drug is present at 
greater than or about 3209 ug on the stent body that is about 
8x28 mm so as to produce a maximum blood concentration of 
less than or about 5 ng/ml and a maximum lumen tissue 
concentration of greater than or about 20000 ng/ g; or the drug 
is present at greater than or about 3777 ug on the stent body 
that is about 7><l00 mm so as to produce a maximum blood 
concentration of less than or about 10 ng/ml and a maximum 
lumen tissue concentration of greater than or about 15000 
ng/ g. 

II. Endoprosthesis Compositions 

[0073] The drug eluting endoprostheses of the present 
invention can be made of a variety of materials, such as, but 
not limited to, those materials Which are Well knoWn in the art 
of endoprosthesis (e.g., stent) manufacturing. This can 
include, but is not limited to, an endoprosthesis body having 
a primary material. Alternatively, at least tWo of the annular 
elements or different portions can be made of different mate 
rials. Generally, the materials for the endoprosthesis can be 
selected according to the structural performance and biologi 
cal characteristics that are desired. 
[0074] In one con?guration, the endoprosthesis body has 
multiple layers, With at least one layer being applied to a 
primary material forming the annular elements. As such, at 
least one annular element can have multiple layers that are 
different from at least one other annular element. The mul 
tiple layers can be resiliently ?exible materials or rigid and 
in?exible materials, and selected combinations thereof. For 
example, materials such as Ti3Al2.5V, Ti6Al4V, 3-2.5Ti, 
6-4Ti and platinum may be particularly good choices for 
adhering to a ?exible material, such as, but not limited to, 
nitinol and providing good crack arresting properties. The use 
of resiliently ?exible materials can provide force-absorbing 
characteristics to the structures, interconnectors, and/or other 
endoprosthesis components, Which can also be bene?cial for 
absorbing stress and strains, Which may inhibit crack forma 
tion at high stress zones. Also, the multiple layers can be 
useful for applying radiopaque materials to selected annular 
elements, such as end annular elements to provide different 
characteristics. For example, types of materials that are used 
to make an endoprosthesis can be selected so that the 
endoprosthesis is capable of being collapsed during place 
ment and expanded When deployed. Usually, the endopros 
thesis can be self-expanding, balloon-expandable, or can use 
some other Well-known con?guration for deployment. For 
purposes of illustration and not limitation, reference is made 
generally to self-expanding embodiments and balloon-ex 
pandable embodiments of the endoprosthesis of the present 
invention; hoWever, other types of endoprostheses can be 
con?gured in accordance With the present invention. 
[0075] Embodiments of the endoprosthesis body can 
include a material made from any of a variety of knoWn 
suitable materials, such as a shaped memory material (SMM). 
For example, the SMM can be shaped in a manner that alloWs 
for restriction to induce a substantially tubular, linear orien 
tation While Within a delivery shaft, but can automatically 
retain the memory shape of the endopro sthesis once extended 
from the delivery shaft. SMMs have a shape memory effect in 
Which they can be made to remember a particular shape. Once 



US 2009/0093875 A1 

a shape has been remembered, the SMM may be bent out of 
shape or deformed and then returned to its original shape by 
unloading from strain or heating. Typically, SMMs can be 
shape memory alloys (SMA) comprised of metal alloys, or 
shape memory plastics (SMP) comprised of polymers. The 
materials can also be referred to as being superelastic. 

[0076] Usually, an SMA can have any non-characteristic 
initial shape that can then be con?gured into a memory shape 
by heating the SMA and conforming the SMA into the desired 
memory shape. After the SMA is cooled, the desired memory 
shape can be retained. This alloWs for the SMA to be bent, 
straightened, compacted, and placed into various contortions 
by the application of requisite forces; hoWever, after the 
forces are released, the SMA can be capable of returning to 
the memory shape. The main types of SMAs are as folloWs: 
copper-Zinc-aluminium; copper-aluminium-nickel; nickel 
titanium (N iTi) alloys knoWn as nitinol; nickel-titanium plati 
num; nickel-titanium palladium; and cobalt-chromium 
nickel alloys or cobalt-chromium-nickel-molybdenum alloys 
knoWn as elgiloy alloys. The temperatures at Which the SMA 
changes its crystallographic structure are characteristic of the 
alloy, and can be tuned by varying the elemental ratios or by 
the conditions of manufacture. 

[0077] For example, the primary material of an endopros 
thesis can be of a NiTi alloy that forms superelastic nitinol. In 
the present case, nitinol materials can be trained to remember 
a certain shape, straightened in a shaft, catheter, or other tube, 
and then released from the catheter or tube to return to its 
trained shape. Also, additional materials can be added to the 
nitinol depending on the desired characteristic. The alloy may 
be utiliZed having linear elastic properties or non-linear elas 
tic properties. 
[0078] An SMP is a shape-shifting plastic that can be fash 
ioned into an endoprosthesis in accordance With the present 
invention. Also, it can be bene?cial to include at least one 
layer of an SMA and at least one layer of an SMP to form a 

multilayered body; hoWever, any appropriate combination of 
materials can be used to form a multilayered endoprosthesis. 
When an SMP encounters a temperature above the loWest 
melting point of the individual polymers, the blend makes a 
transition to a rubbery state. The elastic modulus can change 
more than tWo orders of magnitude across the transition tem 
perature (Ttr). As such, an SMP can formed into a desired 
shape of an endoprosthesis by heating it above the Ttr, ?xing 
the SMP into the neW shape, and cooling the material beloW 
Ttr. The SMP can then be arranged into a temporary shape by 
force, and then resume the memory shape once the force has 
been applied. Examples of SMPs include, but are not limited 
to, biodegradable polymers, such as oligo(e-caprolactone) 
diol, oligo(p-dioxanone)diol, and non-biodegradable poly 
mers such as, polynorborene, polyisoprene, styrene butadi 
ene, polyurethane-based materials, vinyl acetate-polyester 
based compounds, and others yet to be determined. As such, 
any SMP can be used in accordance With the present inven 
tion. 

[0079] An endoprosthesis body having at least one layer 
made of an SMM or suitable superelastic material and other 
suitable layers can be compressed or restrained in its delivery 
con?guration Within a delivery device using a sheath or simi 
lar restraint, and then deployed to its desired con?guration at 
a deployment site by removal of the restraint as is knoWn in 
the art. An endoprosthesis body made of a thermally-sensitive 
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material can be deployed by exposure of the endopro sthesis to 
a suf?cient temperature to facilitate expansion as is knoWn in 
the art. 

[0080] Also, the endoprosthesis body can be comprised of 
a variety of knoWn suitable deformable materials, including 
stainless steel, silver, platinum, tantalum, palladium, nickel, 
titanium, nitinol, nitinol having tertiary materials (US. 2005/ 
003 8500, Which is incorporated herein by speci?c reference), 
niobium-tantalum alloy optionally doped With a tertiary 
material (US. 2004/0158309, 2007/0276488, and Us. Ser. 
No. 12/070,646, Which are each incorporated herein by spe 
ci?c reference) cobalt-chromium alloys, or other knoWn bio 
compatible materials. Such biocompatible materials can 
include a suitable biocompatible polymer in addition to or in 
place of a suitable metal. The polymeric endoprosthesis can 
include biodegradable or bioabsorbable materials, Which can 
be either plastically deformable or capable of being set in the 
deployed con?guration. If plastically deformable, the mate 
rial can be selected to alloW the endoprosthesis to be 
expanded in a similar manner using an expandable member so 
as to have suf?cient radial strength and scaffolding and also to 
minimize recoil once expanded. If the polymer is to be set in 
the deployed con?guration, the expandable member can be 
provided With a heat source or infusion ports to provide the 
required catalyst to set or cure the polymer. 
[0081] In one embodiment, the stent or other medical 
device is made from a superelastic alloy such as nickel-tita 
nium or nitinol, and includes a ternary element selected from 
the group of chemical elements consisting of iridium, plati 
num, gold, rhenium, tungsten, palladium, rhodium, tantalum, 
silver, ruthenium, or hafnium. The added ternary element 
improves the radiopacity of the nitinol stent comparable to 
that of a stainless steel stent of the same siZe and strut pattern 
coated With a thin layer of gold. The nitinol stent has 
improved radiopacity yet retains its superelastic and shape 
memory behavior and further maintains a thin strut/Wall 
thickness for high ?exibility. For example, the stent according 
to the present invention has 42.8 atomic percent nickel, 49.7 
atomic percent titanium, and 7.5 atomic percent platinum. 
[0082] In one embodiment, the implant can be made at least 
in part of a high strength, loW modulus metal alloy comprising 
Niobium, Tantalum, and at least one element selected from 
the group consisting of Zirconium, Tungsten, and Molybde 
num. The medical devices according to the present invention 
provide superior characteristics With regard to bio-compat 
ibility, radio-opacity and MRI compatibility. 
[0083] Furthermore, the endoprosthesis body can be 
formed from a ceramic material. In one aspect, the ceramic 
can be a biocompatible ceramic Which optionally can be 
porous. Examples of suitable ceramic materials include 
hydroxylapatite, mullite, crystalline oxides, non-crystalline 
oxides, carbides, nitrides, silicides, borides, phosphides, sul 
?des, tellurides, selenides, aluminum oxide, silicon oxide, 
titanium oxide, Zirconium oxide, alumina-Zirconia, silicon 
carbide, titanium carbide, titanium boride, aluminum nitride, 
silicon nitride, ferrites, iron sul?de, and the like. Optionally, 
the ceramic can be provided as sinterable particles that are 
sintered into the shape of an endoprosthesis or layer thereof. 
[0084] Moreover, the endoprosthesis body can include a 
radiopaque material to increase visibility during placement. 
Optionally, the radiopaque material can be a layer or coating 
any portion of the endoprosthesis. The radiopaque materials 
can be platinum, tungsten, silver, stainless steel, gold, tanta 
lum, bismuth, barium sulfate, or a similar material. 



US 2009/0093875 A1 

[0085] It is further contemplated that the external surface 
and/ or internal surface of the endoprosthesis body (e. g., exte 
rior and luminal surfaces) as Well as the entire body can be 
coated With another material having a composition different 
from the primary endoprosthetic material. The use of a dif 
ferent material to coat the surfaces can be bene?cial for 
imparting additional properties to the endoprosthesis, such as 
providing radiopaque characteristics, drug-reservoirs, and 
improved biocompatibility. 
[0086] In one embodiment, at least one biocompatible 
polymeric layer can be a coating that is applied over the entire 
endoprosthesis body, or to select portions. Examples of such 
biocompatible polymeric materials can include a suitable 
hydrogel, hydrophilic polymer, hydrophobic polymer biode 
gradable polymers, bioabsorbable polymers, and monomers 
thereof. Examples of such polymers can include nylons, poly 
(alpha-hydroxy esters), polylactic acids, polylactides, poly 
L-lactide, poly-DL-lactide, poly-L-lactide-co-DL-lactide, 
polyglycolic acids, polyglycolide, polylactic-co-glycolic 
acids, polyglycolide-co-lactide, polyglycolide-co-DL-lac 
tide, polyglycolide-co-L-lactide, polyanhydrides, polyanhy 
dride-co-imides, polyesters, polyorthoesters, polycaprolac 
tones, polyesters, polyanydrides, polyphosphaZenes, 
polyester amides, polyester urethanes, polycarbonates, poly 
trimethylene carbonates, polyglycolide-co-trimethylene car 
bonates, poly(PBA-carbonates), polyfumarates, polypropy 
lene fumarate, poly(p-dioxanone), polyhydroxyalkanoates, 
polyamino acids, poly-L-tyrosines, poly(beta-hydroxybu 
tyrate), polyhydroxybutyrate-hydroxyvaleric acids, polyeth 
ylenes, polypropylenes, polyaliphatics, polyvinylalcohols, 
polyvinylacetates, hydrophobic/hydrophilic copolymers, 
alkylvinylalcohol copolymers, ethylenevinylalcohol copoly 
mers (EVAL), propylenevinylalcohol copolymers, polyvi 
nylpyrrolidone (PVP), combinations thereof, polymers hav 
ing monomers thereof, or the like. Additionally, the coating 
can include hydrophilic and/or hydrophobic compounds, 
polypeptides, proteins, amino acids, polyethylene glycols, 
parylene, heparin, phosphorylcholine, or the like. 
[0087] The coatings can also be provided on the endopros 
thesis to facilitate the loading or delivery of bene?cial agents 
or drugs, such as therapeutic agents, pharmaceuticals and 
radiation therapies. As such, the endoprosthetic material and/ 
or holes can be ?lled and/or coated With a biodegradable 
material. 

[0088] Accordingly, the polymeric coating material can 
contain a drug or bene?cial agent to improve the use of the 
endoprosthesis. Such drugs or bene?cial agents can include 
antithrombotics, anticoagulants, antiplatelet agents, throm 
bolytics, antiproliferatives, anti-in?ammatories, agents that 
inhibit hyperplasia, inhibitors of smooth muscle prolifera 
tion, antibiotics, groWth factor inhibitors, or cell adhesion 
inhibitors, as Well as antineoplastics, antimitotics, anti?brins, 
antioxidants, agents that promote endothelial cell recovery, 
antiallergic substances, radiopaque agents, viral vectors hav 
ing bene?cial genes, genes, siRNA, antisense compounds, 
oligionucleotides, cell permeation enhancers, and combina 
tions thereof. Another example of a suitable bene?cial agent 
is described in Us. Pat. No. 6,015,815 and Us. Pat. No. 
6,329,386 entitled “TetraZole-containing rapamycin analogs 
With shortened half-lives”, the entireties of Which are herein 
incorporated by reference. 
[0089] In addition to various medical devices, the coatings 
on these devices may be used to deliver therapeutic and phar 
maceutic agents including: anti-proliferative/antimitotic 
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agents including natural products such as vinca alkaloids (i.e. 
vinblastine, vincristine, and vinorelbine), paclitaxel, epidi 
podophyllotoxins (i.e. etoposide, teniposide), antibiotics 
(dactinomycin (actinomycin D) daunorubicin, doxorubicin 
and idarubicin), anthracyclines, mitoxantrone, bleomycins, 
plicamycin (mithramycin) and mitomycin, enZymes (L-as 
paraginase Which systemically metaboliZes L-asparagine and 
deprives cells Which do not have the capacity to synthesiZe 
their oWn asparagine); antiplatelet agents such as G(GP) IIb/ 
IIIa inhibitors and vitronectin receptor antagonists; anti-pro 
liferative/antimitotic alkylating agents such as nitrogen mus 
tards (mechlorethamine, cyclophosphamide and analogs, 
melphalan, chlorambucil), ethylenimines and meth 
ylmelamines (hexamethylmelamine and thiotepa), alkyl sul 
fonates -busulfan, nirtosoureas (carmustine (BCNU) and ana 
logs, streptoZocin), traZenes-dacarbaZinine (DTIC); anti 
proliferative/antimitotic antimetabolites such as folic acid 
analogs (methotrexate), pyrimidine analogs (?uorouracil, 
?oxuridine, and cytarabine), purine analogs and related 
inhibitors (mercaptopurine, thioguanine, pentostatin and 
2-chlorodeoxyadenosine {cladribine}); platinum coordina 
tion complexes (cisplatin, carboplatin), procarbaZine, 
hydroxyurea, mitotane, aminoglutethimide; hormones (i.e. 
estrogen); anti-coagulants (heparin, synthetic heparin salts 
and other inhibitors of thrombin); ?brinolytic agents (such as 
tissue plasminogen activator, streptokinase and urokinase), 
aspirin, dipyridamole, ticlopidine, clopidogrel, abciximab; 
antimigratory; antisecretory (breveldin); anti-in?ammatory: 
such as adrenocortical steroids (cortisol, cortisone, ?udrocor 
tisone, prednisone, prednisolone, 60t-methylprednisolone, 
triamcinolone, betamethasone, and dexamethasone), non 
steroidal agents (salicylic acid derivatives i.e. aspirin; para 
aminophenol derivatives i.e. acetaminophen; indole and 
indene acetic acids (indomethacin, sulindac, and etodalac), 
heteroaryl acetic acids (tolmetin, diclofenac, and ketorolac), 
arylpropionic acids (ibuprofen and derivatives), anthranilic 
acids (mefenamic acid, and meclofenamic acid), enolic acids 
(piroxicam, tenoxicam, phenylbutaZone, and oxyphenthatra 
Zone), nabumetone, gold compounds (aurano?n, aurothio 
glucose, gold sodium thiomalate); immunosuppressives: (cy 
closporine, tacrolimus (PK-506), sirolimus (rapamycin), 
everolimus, aZathioprine, mycophenolate mofetil); angio 
genic agents: vascular endothelial groWth factor (VEGF), 
?broblast groWth factor (FGF); angiotensin receptor block 
ers; nitric oxide donors; antisense oligionucleotides and com 
binations thereof; cell cycle inhibitors, mTOR inhibitors, and 
groWth factor receptor signal transduction kinase inhibitors; 
retenoids; cyclin/CDK inhibitors; HMG co-enZyme reduc 
tase inhibitors (statins); and protease inhibitors. Also, it 
should be recognized that many active agents have multiple 
pharmaceutical uses other than those speci?cally recited. 
[0090] In one con?guration, the external surfaces of an 
endoprosthesis can include a coating comprised of polytet 
ra?uorethylene (PTFE), expanded PTFE (ePTFE), Dacron, 
Woven materials, cut ?laments, porous membranes, harvested 
vessels and/ or arteries, or others such materials to form a stent 
graft prosthesis. Similarly, a medical device, such as a valve, 
a How regulator or monitor device, can be used With the 
endoprosthesis, such that the endoprosthesis functions as an 
anchor for the medical device Within the body lumen. 

[0091] In one con?guration, different external surfaces of 
an endoprosthesis, such as a loW stress Zone less susceptible 
to ?exing, can be coated With functional layers of an imaging 
compound or radiopaque material. The radiopaque material 
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can be applied as a layer at loW stress Zones of the endopros 
thesis. Also, the radiopaque material can be encapsulated 
Within a biocompatible or biodegradable polymer and used as 
a coating. For example, the suitable radiopaque material can 
be palladium platinum, tungsten, silver, stainless steel, gold, 
tantalum, bismuth, barium sulfate, or a similar material. The 
radiopaque material can be applied as layers on selected 
surfaces of the endoprosthesis using any of a variety of Well 
knoWn techniques, including cladding, bonding, adhesion, 
fusion, deposition or the like. 

III. Superelastic Everolimus Eluting Stent With Ethylenevi 
nylalcohol Coating 

[0092] In one embodiment, the present invention can 
include a drug eluting stent that is self expanding. The stent 
can have a structural body that is prepared from a superelastic 
material that has shape memory, such as nitinol or the like. 
The structural body can be coated With at least one polymeric 
coating, such as ethylenevinylalcohol copolymer (i.e., 
EVAL), that functions as a drug delivery system that controls 
the release of drug contained therein. The drug contained 
Within the polymer coating can be an anti-restinoic drug (e.g., 
rapamycin, everolimus, analogs thereof, and the like) or other 
drug useful for inhibiting cell proliferation Within the vascu 
lar lumen. The drug can be any drug having a therapeutic 
bene?t for treating and/or preventing a disease or condition. 
The polymer coating that contains the drug can also be coated 
by another layer of the same or different polymer that further 
controls the drug release pro?le from the stent. 
[0093] In one embodiment, the stent of the present inven 
tion is an everolimus-eluting self-expanding nitinol stent With 
a elution rate-controlling polymeric coating prepared from 
ethylenevinylacetate copolymers. The stent Was designed to 
address and overcome three potential shortcomings of prior 
self-expanding DES, namely (1) inadequate drug delivery to 
the target tissue, (2) short pro?les of elution leading to tran 
siently high systemic drug concentrations, and (3) a tendency 
toWards strut fracture When implanted into the SEA. The 
design features of the present invention that address these 
drawbacks are detailed beloW. 

[0094] In one embodiment, a coated stent can be loaded 
With a relatively high overall drug content (e.g., 225 pg 
everolimus/cm2 stent area) as compared to other coronary 
stents that elute analogs of everolimus (e.g., 140 pg sirolimus/ 
cm2 or 160 pg Zotarolimus/cm2). Everolimus (40-O-(2-hy 
droxyethyl)-rapamycin; Novartis Pharmaceuticals Corpora 
tion, Basel, SWitZerland) is a macrolide immunosuppressant 
analog of rapamycin (i.e., sirolimus) that, in conjunction With 
cyclosporine, has been shoWn to be effective in inhibiting 
chronic rejection episodes of solid organ transplants. Its oral 
formulation is marketed outside the United States under the 
trade name Certican®. Everolimus effectively inhibits neoin 
timal hyperplasia in animal models and, When formulated 
onto coronary stents at a dose of 150 pg everolimus/cm2 stent 
area, it reduces restenosis as compared to bare metal or pacli 
taxel-eluting stents. The amount of 225 pg everolimus/cm2 
stent area is an exemplary dose for the drug eluting stent 
embodiment as this dose roughly represents a 2:1 increase in 
dose/mm2 arterial area as compared to the coronary DES 
formulation. 
[0095] In one embodiment, the drug eluting stent in accor 
dance With the present invention, Which is referred to herein 
as “STENT A” is characterized as folloWs: a structural body 
made of nitinol or other similar superelastic alloy; having a 
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maximum diameter When expanded of 3 mm to about 20 mm, 
more preferably from about 3 .5 mm to about 15 mm, and most 
preferably from about 4 mm to about 12 mm; having a mini 
mum inner diameter When in a deployable of 0 um (i.e., 
touching) to about 1000 um, more preferably from about 0 um 
to about 500 um, and most preferably from about 0 um to 
about 200 um; and having a polymeric coating of ethylenevi 
nylalcohol at a thickness of about 2 um to about 50 um, more 
preferably from about 4 um to about 25 um, even more pref 
erably from about 5 um to about 20 um, and most preferably 
from about 13 to about 15 um. 

[0096] Equally important as the total bulk dose of everoli 
mus contained on the stent is its kinetic release pro?le. Using 
an EVAL (i.e., ethylene vinyl alcohol) copolymer system, the 
everolimus eluting stent embodiment Was designed to release 
drug over a longer period of time as compared to coronary 
stents. In contrast to coronary DES, Which release drug over 
~30 days, the everolimus eluting stent embodiment can 
release everolimus more sloWly, and thereby eluting approxi 
mately 80% of its drug load over the ?rst days 90 days. A 
comparison of drug release rates for STENT 1, STENT 2, 
STENT 3, and the everolimus eluting stent embodiment (i.e., 
stent A) of the present invention is shoWn in FIG. 2A. The 
comparatively prolonged everolimus release rate of the stent 
A embodiment is intended to roughly match the kinetics of 
nitinol stent expansion. For example, oversiZed self-expand 
ing nitinol stents continue to enlarge to their nominal diam 
eter and potentially remodel the human arterial Wall for at 
least six months. 

[0097] The relatively high drug load and sloW release pro 
?le of the stentA embodiment can assure that the vessel Walls 
of treated peripheral target arteries Will contain more everoli 
mus for longer periods of time compared to coronary arteries 
treated With coronary DES. This is shoWn in FIG. 2B, Which 
compares porcine arterial drug content for the STENT A 
embodiment, STENT 2, and STENT 3 treated vessels. 
[0098] A second salient feature of the sloW drug release of 
the STENT A embodiment is that the potential for systemic 
everolimus overexposure is minimiZed. In part, this is 
because everolimus is released sloWly, and thereby the maxi 
mum systemic blood concentration of everolimus in stented 
patients Was much loWer (e. g., 3-4 ng/ml for a 100 mm stent 
having about 3.8 mg drug) one hour post-procedure than the 
recommended upper therapeutic limit in transplanted patients 
(e.g., 8 ng/ml) and considerably loWer than the Cmax of 
patients treated With 5 mg everolimus per day in safety studies 
(e.g., 114 ng/ml). 
[0099] In one embodiment, the present invention utiliZes a 
Well-characterized nitinol stent. As a result, there are ample in 
vitro and clinical data to suggest that the stent is able to 
Withstand the chronic mechanical forces inherent to the SEA. 
For example, in a comparative retrospective study of three 
different peripheral stents, radiographic strut fracture Within 
the nitinol stent Was observed in only 1.8% of cases after a 
mean folloW-up of 15:9 months. HoWever, fractures of some 
nitinol stents Were observed in 28% and 19% of cases, respec 
tively (mean folloW-up of 32:1 6 months and 43:24 months, 
respectively). Similarly, in a randomiZed, prospective, single 
center study of percutaneous transluminal angioplasty (PTA) 
alone v. PTA With the nitinol stent embodiment, the nitinol 
stent fracture Was observed in only 2% of patients. Finally, in 
a multicenter single-arm prospective registry, strut fracture of 
the nitinol stent embodiment Was observed in 2.1% (3/ 143) 
stents after one year. Taken together, the results of these three 
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studies suggest that the nitinol stent is Well-suited to the 
environment of the SPA, and that chronic implantation is not 
associated With high rates of fracture. A nitinol stent can be 
con?gured to include a polymer having a drug so as to be a 
drug eluting stent in accordance With the present invention. 

[0100] In one embodiment, the present invention includes 
an everolimus-eluting, self-expanding nitinol stent. Such a 
stent can be used to inhibit restenosis after endovascular 
intervention in the SPA by selectively eluting everolimus into 
the vasculature tissue in an amount signi?cantly higher than 
systemic elution into the bloodstream. As provided herein, 
there is ample in vitro, in vivo, experimental, and clinical 
evidence to suggest that the everolimus-eluting, self-expand 
ing nitinol stent (l) delivers a relatively high concentration of 
everolimus to the target vascular tissue over a prolonged 
therapeutic interval, (2) minimizes potential systemic expo 
sure to everolimus through a sloW systemic (e.g., blood) 
release pro?le, and (3) can Withstand and adapt to the rigorous 
mechanical environment of the SPA. 

[01 01] In one embodiment, the present invention provides a 
drug-eluting stent having a prolonged elution pro?le With 
high local concentration and loW systemic concentration. The 
stent can include any stent body that is balloon or self expand 
able. The stent body includes a ?rst coating layer disposed 
therein, Which includes a mixture of polymer and drug. The 
?rst coating layer includes a second coating layer of polymer 
disposed thereon. The ?rst coating layer can be con?gured to 
alloW the everolimus to be controllably released from the 
stent. The second coating layer can, optionally With the ?rst 
coating layer, control the release of the drug in a manner that 
prolongs the release pro?le. 
[0102] In one aspect, the polymeric coatings can cooperate 
so as to control elution of the drug from the stent. This can 
include facilitating elution into the tissue adjacent to the stent 
and inhibiting elution into the bloodstream, thereby inhibit 
ing systemic drug. The controlled elution can be accom 
plished by the coatings and artery tissues establishing a dif 
fusion pathWay having a steep concentration gradient With 
respect to the drug so as to induce the drug to diffuse through 
the diffusion pathWay. The steep concentration gradient is 
accomplished by the coatings having a high concentration of 
drug and the tissue having a loW concentration of drug, Which 
thereby promotes diffusion through the diffusion pathWay. 
Also, the coatings, drug, and tissue can provide lipophilic 
and/ or hydrophilic diffusion pathWays With the tissue being a 
sink to promote diffusion of the drug into the tissue. 

[0103] Additionally, the diffusion pathWay into the vascu 
lar tissue can be enhanced by the stent being placed in a blood 
vessel that passes blood. Blood, While containing some lipid 
based components, is signi?cantly more aqueous that than 
lipidic because the blood includes a signi?cant amount of 
Water. As such, a lipophilic drug Will preferentially diffuse 
through a lipophilic diffusion pathWay over an aqueous path 
Way. The lipophilic drug preferentially diffusing through the 
lipophilic diffusion pathWay into the tissue adjacent to the 
stent over diffusion into the blood attributes to the vascular 
tissue adjacent to the stent obtaining a therapeutic concentra 
tion of drug and the system concentration being signi?cantly 
beloW a therapeutic concentration and toxic concentration. 
Accordingly, systemic effects of the drug can be inhibited by 
maintaining an extremely loW systemic drug concentration, 
thereby inhibiting the adverse effects of prolonged systemic 
drug. This can also be accomplished With hydrophilic and/or 
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amphophilic drugs and polymer components because tissues 
inherently have Water as a major component. 

[0104] In one embodiment, the coating/drug combination 
is con?gured to provide an extended elution pro?le that can 
elute substantially constant levels of drug over 3 months, 
more preferably over 6 months, and most preferably over 9 
months. The sloW elution kinetics attribute to the signi?cantly 
inhibited systemic elution of the drug and helps to maintain 
the systemic of the drug beloW any therapeutic and/ or toxic 
index. Additionally, the sloW elution kinetics attributes to the 
drug preferentially diffusing through the lipophilic diffusion 
pathWay because sloW elution kinetics further drive the lipo 
philic drug through a lipophilic diffusion pathWay over dif 
fusing into the blood. Also, the sloW elution kinetics can 
enable the tissue to retain sink-like properties With respect to 
the drug so as to provide a continuously steep concentration 
gradient through the lipophilic diffusion pathWay. 
[0105] In embodiments of the present invention that 
include self-expanding stents, the stent continually applies 
pressure to the vascular tissue. This continual application of 
pressure can cause the tissue to form troughs that receive the 
stent elements therein so that the contact area betWeen the 

tissue and the stent is increased. Also, it is possible that such 
continuous pressure actually facilitates preferential diffusion 
of the drug through the lipophilic diffusion pathWay. This can 
occur by the pressure shortening the diffusion pathWay 
betWeen the stent and the tissue by compression of the lipid 
membranes and/or compression of the coating layers. 
[0106] It is thought, Without being bound thereto, that the 
coating/ drug combination that provides preferential diffusion 
of the drug through the lipophilic diffusion pathWay over 
diffusion into the systemic blood supply cooperates With 
natural physiological processes in order to further differenti 
ate the amount of drug in the vascular tissue adjacent to the 
sent compared to systemic drug. The difference in drug dif 
fusion pathWays that result in extremely loW systemic con 
centrations is supplemented by the physiological functions of 
drug metabolism. Drug metabolism occurs mainly in organs 
that are removed from the vascular tissue, and preferentially 
not in the vascular tissue. This physiological process natu 
rally further reduces the systemic concentration of drug With 
out reducing the concentration of drug in the vascular tissue. 

[0107] In one embodiment, the polymer/ drug combination 
that is con?gured for prolonged elution can also alloW for a 
substantially greater amount of drug loading on the stent. 
Previously, drug elution pro?les have only alloWed for loW 
quantities of drug to be applied to the stent so as to prevent 
excessively high elution rates and thereby excessively high 
local and systemic drug concentrations. Some of the previ 
ously used stents With loW drug loading concentrations have 
caused higher systemic drug concentrations. NoW, the poly 
mer/ drug combination of the present invention can alloW for 
substantially increased drug loading on the stent With reduced 
systemic concentrations. For example, stents that produce 
excessive systemic concentrations of drug have had relatively 
loWer amounts of drug, such as the folloWing: stent 2 having 
140 ug/cm2; stent 3 having 100 ug/cm2; and stent 1 having 90 
ug/cm2. HoWever, the polymer/drug combination of the 
present invention can alloW for the stents to have a substan 
tially higher amount of drug loading With loWer systemic 
blood concentrations. For example, the present invention can 
have a drug loading preferably greater than or equal to about 
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150 ug/cm2, more preferably greater than or equal to about 
200 ug/cm2, and most preferably greater than or equal to 
about 225 ug/cm2. 
[0108] Similarly, the stents of the present invention can 
have substantially more total drug per stent than the stents that 
produce excessive systemic drug concentrations. For 
example, stents that produce excessive systemic concentra 
tions of drug have had relatively loWer amounts of total drug. 
HoWever, the polymer/ drug combination of the present inven 
tion can alloW for the stents to have a substantially higher 
amount of total drug loading. For example, the present inven 
tion can have a total drug loading preferably greater than or 
equal to about 1-3 mg total drug for a short stent, more 
preferably greater than or equal to about 3-6 mg total drug for 
a medium length stent, and most preferably greater than or 
equal to about 6-12 ug total drug for a long stent. 
[0109] Additionally, the stents of the present invention can 
have substantially more drug per area of artery into Which the 
drug is to diffuse compared to prior stents. For example, stents 
that produce excessive systemic concentrations of drug have 
had relatively loWer amounts of drug per area of artery, such 
as the folloWing: stent 2 having 0.86 to 1.3 ug/mm2; stent 3 
having 0.49 to 63 ug/mm2; and stent 1 having about 0.57 to 
0.66 ug/mm2. HoWever, the polymer/ drug combination of the 
present invention can alloW for the stents to have a substan 
tially higher amount of drug per area of artery. For example, 
the present invention can have a drug loading preferably 
greater than or equal to about 1.25 ug/mm2 of artery, more 
preferably greater than or equal to about 1.5 ug/mm2 of artery, 
and mo st preferably greater than or equal to about 2 .0 ug/mm2 
of artery. 
[0110] In one embodiment, the polymeric coating can have 
a thickness of about 2 um to about 50 um, more preferably 
from about 4 um to about 25 um, even more preferably from 
about 5 um to about 20 um, and mo st preferably from about 13 
um to about 1 5 um. The coating can be uniform or divided into 
discrete layers. 
[0111] In one embodiment, the polymeric coating can hav 
ing a primer coating against the metal, a drug-loaded coating 
disposed on the primer coating, and a topcoat disposed on the 
drug-loaded coating. This can include the primer coating 
being from about 1% to about 20% of the total coating thick 
ness, more preferably from about 3% to about 1 5% of the total 
coating thickness, even more preferably from about 5% to 
about 10% of the total coating thickness, and most preferably 
about 7% of the total coating thickness. This can also include 
the drug-loaded coating being from about 25% to about 90% 
of the total coating thickness, more preferably from about 
40% to about 80% of the total coating thickness, even more 
preferably about 50% to about 70% of the total coating thick 
ness, and most preferably about 60% of the total coating 
thickness. Additionally, this includes the topcoat being from 
about 5% to about 50% of the total coating thickness, more 
preferably from about 15% to about 40% of the total coating 
thickness, more preferably from about 25% to about 35% of 
the total coating thickness, and most preferably about 30% of 
the total coating thickness. 
[0112] In one example, a 28 mm stent is coated With 234 ug 
of primer coating, 3160 ug of drug-loaded coating, and 600 ug 
of topcoat. The ratio of primer/drug/topcoat layers can be 
about 1/14/3. 
[0113] In one embodiment, the prevent invention includes a 
nitinol stent having a ?rst ethylenevinylalcohol-everolimus 
coating on the nitinol body and a second etheylenevinyl alco 
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hol coating thereon. In one aspect, the everolimus can be 
included at 1070 ug for a 10x28 mm stent so as to produce a 

blood Cmax of less than or about 0.72 ng/ml With a Tmax of 
7 days, a tissue Cmax of about greater than or about 6607 ng/ g 
With a Tmax of3 days, and a half life (tl/z) ofabout 16.3 days. 
In another aspect, the everolimus can be included at 1070 ug 
for a 8x28 mm stent so as to produce a blood Cmax of less 

than or about 2.29 ng/ml With a Tmax of 1 day, a tissue Cmax 
of greater than or about 12946 ng/g With a Tmax of 3 days, 
and a half life of 1 1.70 days. In another aspect, the everolimus 
can be included at 1070 ug for a 8x28 mm stent so as to 

produce a blood Cmax of less than or about 2.70 ng/ml With 
a Tmax of 3 days, a tissue Cmax of greater than or about 8709 
ng/g With a Tmax of3 days, and a halflife of 11.51 days. In 
another aspect, the everolimus can be included at 3209 ug for 
a 8x28 mm stent so as to produce a blood Cmax ofless than 

or about 3.35 ng/ml With a Tmax of 3 days, a tissue Cmax of 
greater than or about 22027 ng/ g With a Tmax of 3 days, and 
a half life of 2 1 .26 days. In another aspect, the everolimus can 
be included at 3777 ug for a 7><100 mm stent so as to produce 
a blood Cmax of less than or about 9.6 ng/ml With a Tmax of 
0.042 days, a tissue Cmax of greater than or about 16347 ng/ g 
With a Tmax of 3 days, and a half life of 19.8 days, and Which 
produces a kidney Cmax of less than or about 25.6 ng/g, a 
lung Cmax ofless than or about 22.8 ng/g, a muscle Cmax of 
less than or about 13 .5 ng/ g, a liver Cmax of less than or about 
15.1 ng/g, and a spleen Cmax of less than or about 23.1 ng/g. 

IV. Method of Making Endoprostheses 

[0114] Various different manufacturing techniques are Well 
knoWn and may be used for fabrication of the drug eluting 
endoprosthesis of the present invention. Such manufacturing 
techniques can be employed to make the different annular 
elements of the drug eluting endoprosthesis. For example, the 
different annular elements or entire endopro sthesis can be 
formed from a holloW tube using a knoWn technique, such as 
laser cutting, EDM, milling, chemical etching, hydro-cutting, 
and the like. Also, the different annular elements or endopros 
thesis can be prepared to include multiple layers or coatings 
deposited through a cladding process such as vapor deposi 
tion, electroplating, spraying, or similar processes. Also, vari 
ous other processes canbe used such as those described beloW 
and or others knoWn to those skilled in the art in light of the 
teaching contained herein. 
[0115] Optionally, the different annular elements or 
endoprosthesis can be fabricated from a sheet of suitable 
material, Where the sheet is rolled or bent about a longitudinal 
axis into the desired tubular shape. Additionally, either before 
or after being rolled into a tube, the material can be shaped to 
include endoprosthetic elements by being shaped With Well 
knoWn techniques such as laser-cutting, milling, etching or 
the like. If desired, the lateral edges of the structure can be 
joined together, such as by Welding or bonding, to form a 
closed tubular structure, or the lateral edges can remain unat 
tached to form a coiled, rolled sheet or open tubular structure. 
Such fabrication techniques are described in more detail 
beloW and knoWn to those skilled in the art. 

A. Sintering 

[0116] A method of making different annular elements or 
endoprosthesis in accordance With the present invention can 
include sintering sinterable particles to provide a sintered 
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article having the shape of the endoprosthesis. The sintering 
can be conducted in molds that are in the shape of an 
endoprosthesis. 
[0117] In one con?guration, the sintered body can be 
obtained from a molded green body prepared by molding a 
mixture of sinterable particles With or Without a binder into 
the shape of different annular elements or endoprosthesis or 
body intermediate. Sintering a molded green body that has the 
shape of different annular elements or endoprosthesis can 
provide a sintered body that can function as an endoprosthesis 
With no or minimal further processing. Alternatively, after the 
green body has been formed in the mold and sintered into a 
hardened endopro sthesis, the process can include shaping the 
sintered body With a stream of energy and/or matter in order 
to obtain a desired shape. Thus, sintering a green body in a 
mold can result in an endoprosthesis that is either ready for 
use, or requires additional processing or ?nishing. 

[0118] Additionally, the sintered body can be shaped into 
an endoprosthesis as described herein. Also, the endopro sthe 
sis can be further processed after sintering and/or shaping 
such as by grinding, sanding, or the like to provide enhanced 
surface characteristics. 

B. DraWing Concentric Tubes 

[0119] In one con?guration, multilayered annular elements 
or endoprosthesis in accordance With the present invention 
can be prepared by a draWing process that draWs tWo or more 
distinct concentric tubes into a single tube having tWo or more 
layers. Additionally, such a draWing process can combine 
multiple concentric tubes into a single multilayered tube. The 
draWing process can be con?gured to produce junctions sepa 
rating adjacent layers or bonds that bond adjacent layers. As 
such, the sequentially-adj acent concentric tubes can be draWn 
together and progressively reduced in a cross-sectional pro 
?le until the desired siZe and residual clamping stress is 
attained. 

[0120] Accordingly, a metallurgical bond can be prepared 
With elements of each sequentially-concentric tube diffusing 
together and bonding so as to form a strong metallurgical 
bond. Such a metallurgical bond can be achieved by applying 
signi?cant pressure and heat to the tubes. As such, a metal 
lurgical bond can form a diffusion layer at the interface 
betWeen sequentially-adjacent concentric tubes (i.e., layers). 
The characteristics of these diffusion layers can be controlled 
by the proper heat treatment cycle. In part, this is because the 
heat treatment, temperature, and time of processing can con 
trol the rates of transfer of the diffusing elements that produce 
the diffusion layers. Also, the pressure at the interface 
betWeen layers can be developed so as to result in the residual 
radial clamping stress in the tube after draWing. A similar 
process can be used in order to couple the adjacent different 
annular elements or endoprostheses together to form the 
hybrid segmented endoprosthesis. 
[0121] In one example of this process, an outer tube of 
nitinol, a middle tube of tantalum, and an inner tube of nitinol 
can be arranged to form the composite structure. The multi 
layered material can be produced to result in bonding 
betWeen the layers so as to achieve a residual clamping stress 
of at least about 50 psi. Accordingly, the annealing process 
can be performed Within a limited range of time and tempera 
tures. For example, the loWer limit can be at least about 1550° 
F. for at least six minutes, and the upper limit can be less than 
about 18500 F. for less than 15 minutes. A similar process can 
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be used in order to couple the adjacent different annular 
elements together to form the endoprosthesis. 
[0122] In another con?guration, a metallic interleaf layer 
can be placed betWeen separate tubes so as to bond the tubes 
together and form a multilayered material. The multiple tubes 
separated by the metallic interleaf layer can be draWn together 
and progressively reduced until the desired cross-sectional 
pro?le and residual clamping stress is attained, as described 
above. The draWn tubes can be heat-treated to form a diffu 
sion bond betWeen the separate layers. As such, the metallic 
interleaf layer can enhance the diffusion rate or type of dif 
fusing atoms that are transported across a diffusion region 
betWeen one layer and the interleaf layer. A similar process 
can be used in order to couple the adjacent different annular 
elements together to form the endoprosthesis. 
[0123] In one con?guration, a multilayered sheet can be 
prepared to have separate layers of different materials or the 
same material. For example, the multilayered sheet can have 
a top layer of nitinol, a middle layer of tantalum, and a bottom 
layer of nitinol. The sheet can be prepared by metallurgically 
bonding the layers prior to a deep draWing process, Which is 
Well knoWn in the art. During the deep draWing process, the 
sheet can be placed over a die and forced into the die, such as 
by a punch or the like. A tube having a closed end and a 
de?ned Wall thickness can be formed in the die. This process 
can be repeated using a series of dies that have progressively 
decreasing diameters until a multilayered tube is formed hav 
ing the desired diameter and Wall thickness. For certain mate 
rial combinations, intermediate heat treatments can be per 
formed betWeen the progressive draWing operations to form a 
multilayered material that is resistant to delaminating. Once a 
multilayered tube of desired thickness and dimensions has 
been formed, the closed end and the curved edges can be cut 
off. Then, the tube can be heat treated, as described above, 
until proper inter-metallic bonds are formed betWeen the 
layers. 

C. Shaping 

[0124] Accordingly, an endoprosthetic material can be 
shaped by various methods as described in more detail beloW. 
Such shaping techniques can utiliZe streams of energy and/or 
streams of matter in order to impart shapes into the endopros 
thetic material. The streams of energy include photons, elec 
tromagnetic radiation, atomic, and sub-atomic materials, as 
described above. On the other hand, the streams of matter are 
considered to include materials larger than atomic scale par 
ticles, and can be microscopic or macroscopic in siZe. In any 
event, the shaping can be designed to direct a stream of energy 
or a stream of matter at the endopro sthetic material to form an 
endoprosthetic element and/ or holes therein. 

[0125] In one con?guration, a stream of energy can cut, 
shape, and/or form a tube into an endoprostheses by generat 
ing heat at the site Where the stream intersects the material, as 
is Well knoWn in the art. The thermal interaction can elevate 
the local temperature to a point, Which can cut, melt, shape, 
and/or vaporiZe portions of the endoprosthetic material from 
the rest of the material. 

[0126] Accordingly, one con?guration of the stream-cut 
ting apparatus can operate and shape the endoprosthetic 
material by thermal interactions. As such, any of the thermal 
processes described herein can be used for thermal-cutting. 
For example, such thermal interactions can arise from laser 
beam treatment, laser beam machining, electron beam 




















