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COMPOSITIONS CONTAINING 
FAST LEACHING PLASTICIZERS FOR 

IMPROVED PERFORMANCE OF MEDICAL 
DEVICES 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This is a divisional application of U.S. Ser. No. 
11/796,454, which was filed on Apr. 27, 2007, which is a 
divisional of U.S. Ser. No. 10/937,975, which was filed on 
Sep. 10, 2004, both applications are incorporated herein by 
reference. 

BACKGROUND 

0002 1. Field of the Invention 
0003. This invention relates to a medical implant contain 
ing a temporary plasticizer. More particularly, this invention 
relates to stents containing temporary plasticizers and their 
methods of use. 

0004 2. Description of the State of the Art 
0005. Many medical implants undergo a great deal of 
strain during their manufacture and use that can result in 
structural failure. Structural failure can occur as a result of 
manipulating the implant in preparation for placing the 
implantina Subject and while placing the implant in a desired 
location in a subject. An example of such a medical implant is 
a stent. Stents can be used to properly hold open and, if 
desired, expand a passageway within a Subject. Typically, a 
stent may be compressed, inserted into a small vessel through 
a catheter, and then expanded to a larger diameterina Subject. 
0006 Stent placement can serve as an important step in a 
variety of medical procedures such as, for example, percuta 
neous transluminal coronary angioplasty (PTCA)—a proce 
dure used to treat heart disease. In PTCA, a balloon catheter 
is inserted through a brachial or femoral artery, positioned 
across a coronary artery occlusion, inflated to compress 
against atherosclerotic plaque to remodel the lumen of the 
coronary artery, deflated and withdrawn from the patient. 
Problems with PTCA include formation of intimal flaps or 
torn arterial linings, both of which can create another occlu 
sion in the lumen of the coronary artery. Moreover, thrombo 
sis and restenosis may occur several months after the proce 
dure and create a need for additional angioplasty or a Surgical 
by-pass operation. Stents are generally implanted after a 
PTCA to reduce occlusions, inhibit thrombosis and resteno 
sis, and maintain patency within the lumen of the coronary 
artery. Examples of patents disclosing stents include U.S. Pat. 
Nos. 4,733,665, 4,800,882 and 4,886,062. 
0007. The manifestation of structural failure in a stent can 
be a formation of cracks in high-strain areas of the stent Such 
as, for example, in the curved and intersecting regions that are 
extended during radial expansion of the stent from a com 
pressed form during placement of a stent. As a result, struc 
tural failure can occur during placement of the stent in a 
Subject and thereby affect stent performance. Accordingly, 
manufacturers of medical implants would benefit from new 
materials that can be highly strained in critical regions of the 
implant such as, for example, in the loop regions of a stent. 
These new materials can be used to form implants that can be 
highly strained during placement in a subject without struc 
tural failure and then become sufficiently rigid after place 

Jun. 3, 2010 

ment such that the complications arising from structural 
implant failure become a thing of the past. 

SUMMARY 

0008 Medical implants comprising a temporary plasti 
cizer, and their methods of use, are provided. In one embodi 
ment, the invention provides a medical article, wherein the 
medical article comprises an implant that includes a poly 
meric material. The polymeric material comprises a plasti 
cizing agent capable of Sufficiently increasing a strain-to 
failure in the polymeric material to prevent or reduce a 
formation of cracks in the polymeric material while placing 
the implant in a Subject. The plasticizing agent leaches from 
the polymeric material after placing the implantina Subject to 
provide a Sufficient rigidity in the polymeric material, and the 
leaching occurs in less than an amount of time necessary for 
a required dimension of the implant to change Substantially in 
response to a stress. 
0009. In another embodiment, a method of treating a dis 
ease in a Subject, or ameliorating one or more symptoms 
thereof is provided. The method includes placing an implant 
that includes a polymeric material in a Subject, wherein the 
polymeric material comprises a plasticizing agent capable of 
Sufficiently increasing a strain-to-failure in the polymeric 
material to prevent a formation of cracks in the polymeric 
material while placing the implant in a Subject. The plasticiz 
ing agent leaches from the polymeric material after placing 
the implant in the subject to provide a sufficient rigidity in the 
polymeric material, and the leaching occurs in less than an 
amount of time necessary for a required dimension of the 
implant to change Substantially in response to a stress. 
0010. In another embodiment, a method of producing a 
medical article comprising a temporary plasticizing agent is 
provided. The method comprises combining a polymer with a 
plasticizing agent capable of Sufficiently increasing a strain 
to-failure in the polymeric material to prevent or reduce a 
formation of cracks in the polymeric material while placing 
an implant in a Subject. The plasticizing agent leaches from 
the polymeric material after placing the implant in the Subject 
to provide a sufficient rigidity in the polymeric material, and 
the leaching occurs in less than an amount of time necessary 
for a required dimension of the implant to change Substan 
tially in response to a stress. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 FIGS. 1a-1c illustrate a method for delivering a 
stent according to embodiments of the present invention. 
0012 FIG. 2 illustrates a portion of a stent structure to 
show variations in strain regions according to embodiments 
of the present invention. 
(0013 FIGS. 3a-3c illustrate the nonuniformity of stress 
and strain in curved struts of a stent. 
0014 FIGS. 4a and 4b illustrate the nonuniformity of 
stress and strain in intersecting struts of a stent. 

DETAILED DESCRIPTION 

0015. As discussed in more detail below, the invention 
generally includes a medical article comprising an implant 
and a method of using the medical article in a subject to treat 
or ameliorate one or more symptoms of a disease. The term 
“subject' and “patient can be used interchangeably in the 
present invention and refer to an animal such as a mammal 
including, but not limited to, non-primates Such as, for 
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example, a cow, pig, horse, cat, dog, rat and mouse; and 
primates such as, for example, a monkey or a human. 
0016. The implant contains a temporary plasticizer that 
allows for a high level of strain during placement of the 
implant in the Subject by preventing or reducing a formation 
of cracks in the implant that would otherwise occur without 
the temporary plasticizer. The plasticizer is temporary in that 
it leaches from the implant in less than an amount of time 
necessary for a required dimension of the implant to change 
Substantially in response to a stress, thus leaving an implantin 
a subject that is sufficiently rigid for its intended purpose. A 
change in a required dimension is “substantial” when it has 
occurred to a degree that significantly affects the clinical 
utility of a medical device or is more than what may be 
considered acceptable to one having ordinary skill in the art. 
In a stent, for example, a required dimension is the diameter 
of the stent, and a reduction in the diameter of the stent is 
substantial when it significantly affects the ability of the stent 
to physically hold open, or expand, the lumen of an organ in 
a subject. Alternatively, the reduction in the diameter of the 
stent is “substantial” when the reduction is more than the 
acceptable standard in the art or the stent is no longer consid 
ered as being effective for the procedure for which it was 
used. 

0017. In some embodiments, a change in a required 
dimension is Substantial when the change occurs in an 
amount ranging from about 0.01% to about 50%, from about 
0.1% to about 40%, from about 0.2% to about 30%, from 
about 0.3% to about 25%, from about 0.5% to about 20%, 
from about 1% to about 10%, or any range therein. In some 
embodiments, the implant comprises a stent or a Vena cava 
filter, and the required dimension is a diameter of the stent or 
vena cava filter following deployment of the stent or vena 
cava filter in a Subject. In these embodiments, the change in 
the required dimension is a reduction in the diameter of the 
stent or vena cava filter ranging from about 0.1% to about 
20%, from about 1% to about 20%, from about 3% to about 
20%, from about 5% to about 20%, from about 0.5% to about 
15%, from about 1% to about 10%, or any range therein. 
0018. The medical articles provided by the present inven 
tion provide a method of treating a disease in a Subject, or 
ameliorating one or more symptoms thereof that are associ 
ated with the disease. The term “treating refers to the place 
ment of a medical implant that contains one or more diagnos 
tic, therapeutic or prophylactic agents. 
0019 FIGS. 1a-1c illustrate a method for delivering a 
stent according to embodiments of the present invention. In 
FIG. 1a, a medical assembly having a catheter body 101, a 
balloon 102, and a stent 103 having loop regions 104 is 
positioned in a vascular organ 105. The vascular organ 105 
has a lumen that is constricted by the presence of a vascular 
lesion 106. In FIG.1b, the balloon 102 is inflated to compress 
against the vascular lesion 106 to remodel the vascular organ 
105 and increase the diameter of the lumen of vascular organ 
105. Concurrently, loop regions 104 are subject to a high level 
of strain during the inflation of balloon 102. As the balloon 
102 is inflated, the stent 103 is subject to stress and strain in its 
expansion and release from the balloon 102. In FIG. 1c, the 
balloon 102 has been deflated and withdrawn from the vas 
cular organ 105 to complete delivery of the stent 103 in the 
region of the vascular lesion 106, wherein the stent 103 acts as 
a rigid structure to properly hold open and, if desired, expand 
the lumen of vascular organ 105. 
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0020 FIG. 2 illustrates a portion of a stent structure to 
show variations in strain regions according to embodiments 
of the present invention. In FIG. 2, a design and configuration 
of a stent 201 is provided for example only and is in no way 
intended to limit the scope of the present invention. Stent 201 
may include a number of interconnecting elements or struts 
202, the geometry or shape of which may vary throughout 
Such a stent. General types of struts 202 can include straight 
struts 203, curved struts 204, and intersecting struts 205. Each 
of these struts are isolated regions that are subject to stress 
upon compression and expansion of the stent 201 during, for 
example, either manufacture or placement of the stent 201 in 
a subject. The design and configuration of the stent 201 allows 
for a radial compression during manufacture and a radial 
expansion during placement, but radial rigidity is also desired 
for withstanding the stresses associated with holding a body 
lumen open. 
0021. The stress and strain experienced by a medical 
implant during manufacture and placement in a Subject is not 
uniform throughout the implant such as, for example, during 
radial compression and expansion. There can be a nonunifor 
mity of stress and strain that can occur during any manipula 
tion of the stent such as, for example, during compression of 
the stent onto a balloon catheter in preparation for delivery or 
during expansion of the stent by the balloon catheter during 
delivery of the stent into an organ. Some portions of a stent 
pattern may experience little to no strain, whereas others may 
have a relatively high level of strain. For example, the straight 
struts 203 experience little to no strain during radial compres 
sion and expansion, whereas curved struts 204 and intersect 
ing struts 205 experience relatively high-strain during radial 
compression and expansion. 
0022 FIGS. 3a-3c illustrate the nonuniformity of stress 
and strain in curved struts of a stent. FIG. 3a illustrates a 
curved strut 301 in the stent 201 in an unexpanded state that 
includes straight sections 302 and curved sections 303 with an 
angle 0304. Radial expansion of the stent 201 results in an 
increase of angle 0304 between straight sections 302 to 
angle 0305, as shown in FIG.3b. FIGS.3a and 3b illustrate 
the curved strut 301 in a plane of bending, which causes little 
to no strain in straight sections 302 and relatively high levels 
of stress and strain in most of curved section 303. During 
radial expansion of the stent, a concave portion 306 of the 
curved section 303 experiences relatively high tensile stress 
and strain and a convex portion 307 of the curved section303 
experiences relatively high compressive strain. FIG.3c illus 
trates an expanded view of the curve in the curved section303 
and indicates a neutral axis 308 having little to no strain and 
being positioned along a center of a latitudinal width 309 of 
the curved section 303. 

0023 FIGS. 4a and 4b illustrate the nonuniformity of 
stress and strain in intersecting struts of a stent. FIG. 4a 
illustrates an intersecting strut 401 in the stent 201 in an 
unexpanded State that includes Straight sections 402 and inter 
section 403 with an angle 0404. Radial expansion of stent 
201 results in an increase of angle 0, 404 between straight 
sections 402 to angle 0, 405, as shown in FIG. 4b. FIGS. 4a 
and 4b illustrate an intersecting strut 401 in a plane of bend 
ing, which causes little to no strain in the straight sections 402 
and relatively high levels of stress and strain in most of the 
intersections 403. During radial expansion, a first concave 
portion 406 of the curved section 403 experiences relatively 
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high tensile stress and strain and a second concave portion 
407 of the curved section 403 experiences relatively high 
compressive strain. 
0024. It is to be appreciated that the descriptions and 
analyses of the stress and strain provided herein are not 
intended to be limiting. Such descriptions and analyses are 
merely provided to illustrate general concepts and methodol 
ogy of the invention as it may apply to particular embodi 
ments such as, for example, some stent applications. 
0025 Structural failure of a stent can be manifested in a 
formation of cracks in high-strain areas of the stent such as, 
for example, in the curved section 303 and the intersections 
403 that are extended during radial expansion from a com 
pressed form during placement of the stent 201 in a subject. 
As a result, structural failure can occur during placement of 
the stent 201 in a subject and, accordingly, affects stent per 
formance. 
0026. In some embodiments, a medical implant compris 
ing a polymeric material and a plasticizing agent that is 
capable of Sufficiently increasing a strain-to-failure in the 
polymeric material. The term “strain-to-failure' refers to the 
total strain that can be experienced by a polymeric material 
before the structure of the polymeric material fails such that it 
is no longer capable of performing its intended function, or 
the failure is a result of a damage that is greater than an 
acceptable standard known to one of skill in the art. For 
example, the strain-to-failure of a stent can be the amount of 
Strain that a stent can experience prior to failure in a high 
Strain region of the stent. 
0027. In some embodiments, the strain-to-failure can be 
measured in a laboratory, for example, using a tensile test. A 
“tensile test” is a measure of the force required to break a 
specimen of a material and is typically used to produce a 
stress-strain relationship that can be used to determine the 
tensile modulus of a material. However, the measure can also 
identify the point at which the material will fail when subject 
to strain. Since the physical properties of a material can vary 
with temperature, a material should be tested at the tempera 
ture of the environment in which it will be stressed. In other 
embodiments, the strain-to-failure can be determined using 
an empirical approach such as a finite element analysis 
(FEA), which can be used to calculate the maximum strain in 
high-strain regions of polymers. 
0028. In some embodiments, the medical implant is a 
stent, and the strain-to-failure of the stent is the amount of 
strain that can be experienced by the stent before the stent can 
no longer properly hold open and, if desired, expand a pas 
sageway within a subject. In other embodiments, the stent 
fails due to cracks and/or breaks in the high-strain regions of 
the stent. In these embodiments, the plasticizing agent can, 
inter alia, prevent a formation of cracks in the polymeric 
material that otherwise may occur while placing the implant 
in a subject, wherein the plasticizing agent leaches from the 
polymeric material after placing the implant in the subject to 
provide an implant that is sufficiently rigid to perform its 
intended function. In other embodiments, the plasticizer 
leaches from the implant in less than an amount of time 
necessary for a required dimension of the implant to change 
Substantially in response to a stress such as, for example, the 
stress placed on a stent by the walls of a lumen that is being 
held open and/or expanded by the stent. 
0029 Placement of an implant in a subject can require a 
manipulation of the implant to an extent that may result in 
failure of the implant due to the strain of the manipulation. In 

Jun. 3, 2010 

Some embodiments, the implant comprises a component that 
can be expanded mechanically. In these embodiments, some 
components can be expanded with a balloon such as, for 
example, the expansion of a stent with a balloon catheter. In 
other embodiments, some components can self-expand while 
placing the implant in a subject, wherein the self-expansion 
may occur, for example, as a stent or vena cava filter is forced 
out of a delivery device (e.g., a catheter) and into a lumen of 
a subject. 
I0030) A stent can be used to treat a disease within a subject 
and can resemble a tube-like body that may be used to open a 
lumen within an organ in the subject, maintain lumen patency, 
or reduce the likelihood that the lumen will narrow again. 
Diseases can be present in a variety of organs within a patient. 
Examples of such organs include, but are not limited to, 
Vascular organs such as, for example, coronary arteries and 
hepatic veins; renal organs such as, for example, urethras and 
ureters; biliary organs such as, for example, biliary ducts: 
pulmonary organs such as, for example, tracheas, bronchi and 
bronchioles; and gastrointestinal organs such as, for example, 
esophagi and colons, to name a few. Stents can be used to treat 
and/or ameliorate one or more symptoms of a variety of 
diseases that include, but are not limited to, atherosclerosis, 
benign prostatic hypertrophy, recoiling lesions after percuta 
neous transluminal angioplasty and in dissections, chronic 
occlusions, anastomotic hyperplasia in vein grafts and syn 
thetic vascular grafts, Vulnerable plaque, aneurysms of the 
aorta and large arteries, arteriovenous fistulae and traumatic 
leaks, malignant stenosis of the gastrointestinal tract, acute 
illeus in colorectal cancer, biliary closure from cholangiocar 
cinoma or other hepatic cancers, benign compression of the 
trachea and malignant tracheobronchial obstructions. 
0031) A stent can be composed of any materials and have 
any dimensions known to be useful to one of skill in the art. In 
Some embodiments, the stents include, but are not limited to, 
tubular stents, self-expanding stents, coil stents, ring stents, 
multi-design stents, and the like. In other embodiments, the 
Stents are metallic; low-ferromagnetic; non-ferromagnetic; 
biostable polymeric; biodegradable polymeric or biodegrad 
able metallic. In some embodiments, the stents are coated 
Such as, for example, with a polymer containing a drug. A 
coating can be exclusively on the outer surface, exclusively 
on the inner surface, or on both the outer surface and the inner 
surface of the stent. 
0032. A stent can be composed of a metal, an alloy, a 
polymer, or a combination thereof. Examples of materials 
used to form stents include, but are not limited to, ELAS 
TINITER (Guidant Corp.), NITINOL (Nitinol Devices and 
Components), stainless steel, tantalum, tantalum-based 
alloys, nickel-titanium alloy, platinum, platinum-based alloys 
Such as, for example, platinum-iridium alloys, iridium, gold, 
magnesium, titanium, titanium-based alloys, zirconium 
based alloys, alloys comprising cobalt and chromium (EL 
GILOYR), Elgiloy Specialty Metals, Inc.; MP35N and MP20N, 
SPS Technologies), and combinations thereof. The trade 
names “MP35N and “MP20N describe alloys of cobalt, 
nickel, chromium and molybdenum. The MP35N consists of 
35% cobalt, 35% nickel, 20% chromium, and 10% molybde 
num. The MP20N consists of 50% cobalt, 20% nickel, 20% 
chromium, and 10% molybdenum. 
0033 Since stents can be placed in a variety of organs 
within a subject, stents can have a variety of dimensions. In 
Some embodiments, the diameter of the stent can range from 
about 0.025 mm to about 50 mm, from about 0.05 mm to 
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about 25 mm, from about 0.1 mm to about 20 mm, from about 
0.25 mm to about 15 mm, from about 0.50 mm to about 10 
mm, from about 1.0 mm to about 5 mm, or any range therein. 
In other embodiments, the diameter of the stent can range 
from about 0.05 mm to about 2.5 mm, from about 0.10 mm to 
about 2.0 mm, from about 0.25 mm to about 1.5 mm, from 
about 0.50 mm to about 1.0 mm, or any range therein. In other 
embodiments, the diameter of the stent can range from about 
10 mm to about 25 mm, from about 12 mm to about 22 mm, 
from about 15 mm to about 20 mm, or any range therein. In 
Some embodiments, the length of the stent can range from 
about 0.1 mm to about 100 mm, from about 0.5 mm to about 
75 mm, from about 1.0 mm to about 60 mm, from about 2.0 
mm to about 60 mm, from about 4.0 mm to about 60 mm, 
from about 1.0 mm to about 50 mm, from about 5.0 mm to 
about 50 mm, from about 1.5 mm to about 40 mm, from about 
2.0 mm to about 30 mm, or any range therein. 
0034. The medical articles of the present invention can be 
formed using bioabsorbable polymers, biostable polymers or 
a combination thereof. For the purposes of the present inven 
tion, a polymer or coating is “bioabsorbable' or “biodegrad 
able' when it is capable of being completely or substantially 
degraded or eroded when exposed to either an in vivo envi 
ronment or an in vitro environment having physical, chemi 
cal, or biological characteristics Substantially similar to those 
of the in vivo environment within a subject. A polymer or 
coating is “degradable or erodable' when it can be gradually 
broken-down, resorbed, absorbed and eliminated by, for 
example, hydrolysis, enzymolysis, metabolic processes, bulk 
or surface erosion, and the like within a subject. It should be 
appreciated that traces or residue of polymer may remain 
following biodegradation. The terms “bioabsorbable.” “bio 
degradable and “bioerodable' are used interchangeably in 
this application. A “biostable' polymer is a polymer that is 
not bioabsorbable. 

0035. The polymers used in the present invention can be 
hydrophobic, hydrophilic, amphiphilic, biodegradable, or a 
combination thereof. Examples of hydrophobic polymers 
include, but are not limited to, poly(ester amide), polysty 
rene-polyisobutylene-polystyrene block copolymer (SIS), 
polystyrene, polyisobutylene, polycaprolactone (PCL), poly 
(L-lactide), poly(D.L-lactide), polylactic acid (PLA), poly 
(lactide-co-glycolide), poly(glycolide), polyalkylene, poly 
fluoroalkylene, polyhydroxyalkanoate, poly(3- 
hydroxybutyrate), poly(4-hydroxybutyrate), poly(3- 
hydroxyvalerate), poly(3-hydroxybutyrate-co-3- 
hydroxyvalerate), poly(3-hydroxyhexanoate), poly(4- 
hydroxyhexanoate), mid-chain polyhydroxyalkanoate, poly 
(trimethylene carbonate), poly(orthoester), polyphosp 
haZenes, poly(phosphoester), poly(tyrosine derived arylates), 
poly(tyrosine derived carbonates), polydimethyloxanone 
(PDMS), polyvinylidene fluoride (PVDF), polyhexafluoro 
propylene (HFP), polydimethylsiloxane, poly(vinylidene 
fluoride-co-hexafluoropropylene) (PVDF-HFP), poly(vi 
nylidene fluoride-co-chlorotrifluoroethylene) (PVDF 
CTFE), poly(butyl methacrylate), poly(methyl methacry 
late), poly(methacrylates), poly(vinyl acetate), poly 
(ethylene-co-vinyl acetate), poly(ethylene-co-vinyl alcohol), 
poly(ester urethanes), poly(ether-urethanes), poly(carbon 
ate-urethanes), poly(silicone-urethanes), poly(2-hydroxy 
ethyl methacrylate), SolefR PVDF (polyvinylidene fluoride), 
poly(urea-urethanes), and combinations thereof. 
0036) Examples of hydrophilic polymers include, but are 
not limited to, polymers and co-polymers of carboxyl and 
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hydroxyl bearing monomers including, but not limited to, 
hydroxylethyl methacrylate (HEMA), hydroxypropyl meth 
acrylate (HPMA), hydroxypropylmethacrylamide, 
alkoxymethacrylate, alkoxyacrylate, and 3-trimethylsilyl 
propyl methacrylate (TMSPMA), poly(methyl methacrylate) 
(PMMA), poly(ethylene glycol) (PEG), polypropylene gly 
col) (PPG), PEG acrylate (PEGA), PEG methacrylate, meth 
acrylic acid (MA), ethylene-vinyl acetate, acrylic acid (AA), 
SIS-PEG, polystyrene-PEG, polyisobutylene-PEG, PCL 
PEG, PLA-PEG, PMMA-PEG, PDMS-PEG, PVDF-PEG, 
PLURONICTM surfactants (polypropylene oxide-co-polyeth 
ylene glycol), poly(tetramethylene glycol), phosphorylcho 
line, 2-methacryloyloxyethyl phosphorylcholine (MPC), 
n-vinyl pyrrolidone (VP), hydroxy functional poly(vinyl pyr 
rolidone), polyalkylene oxide, dextran, dextrin, Sodium 
hyaluronate, hyaluronic acid, heparin, elastin, chitosan, and 
combinations thereof. 
0037 Examples of biodegradable polymers include, but 
are not limited to, polymers having repeating units such as, 
for example, an O-hydroxycarboxylic acid, a cyclic diester of 
an O-hydroxycarboxylic acid, a dioxanone, a lactone, a cyclic 
carbonate, a cyclic oxalate, an epoxide, a glycol, an anhy 
dride, a lactic acid, a glycolic acid, a lactide, a glycolide, an 
ethylene oxide, an ethylene glycol, or combinations thereof. 
In some embodiments, the biodegradable polymers include, 
but are not limited to, polyesters, polyhydroxyalkanoates 
(PHAs), poly(ester amides); amino acids; PEG and/or alco 
hol groups, polycaprolactones, poly(L-lactide), poly(D.L- 
lactide), poly(D.L-lactide-co-PEG) block copolymers, poly 
(D.L-lactide-co-trimethylene carbonate), polyglycolides, 
poly(lactide-co-glycolide), polydioxanones, polyorthoesters, 
polyanhydrides, poly(glycolic acid-co-trimethylene carbon 
ate), polyphosphoesters, polyphosphoester urethanes, poly 
(amino acids), polycyanoacrylates, poly(trimethylene car 
bonate), poly(imino carbonate), polycarbonates, 
polyurethanes, copoly(ether-esters) (e.g., PEO/PLA), poly 
alkylene oxalates, polyphosphazenes, PHA-PEG, and any 
derivatives, analogs, homologues, salts, copolymers and 
combinations thereof. 
0038. In other embodiments, the biodegradable polymers 
may include, but are not limited to, PHAs such as, for 
example, poly(O-hydroxyacids); poly(3-hydroxyacids) Such 
as poly(3-hydroxybutyrate) (PHB); poly(3-hydroxybutyrate 
co-Valerate) (PHBV); poly(3-hydroxypropionate) (PHP): 
poly(3-hydroxyhexanoate) (PHH); a poly(4-hydroxyacid) 
Such as poly(4-hydroxybutyrate), poly(4-hydroxyvalerate), 
or poly(4-hydroxyhexanoate); poly(hydroxyvalerate); and 
any derivatives, analogs, homologues, salts, copolymers and 
combinations thereof. In other embodiments, the biodegrad 
able polymers include, but are not limited to, polyanhydrides, 
poly(hydroxyethyl methacylate), poly(N-acylhydroxypro 
line)esters, poly(N-palmitoyl hydroxyproline)esters, poly 
phosphaZenes, poly(tyrosine carbonates), poly(tyrosine ary 
lates), and any derivatives, analogs, homologues, salts, 
copolymers and combinations thereof. 
0039. It should also be appreciated that, in some embodi 
ments, one of skill in the art may select one or more particular 
polymers in order to exclude any one or any combination of 
the above-described polymers. 
0040 Agents 
0041. The medical articles of the present invention can 
comprise an agent. In one embodiment, the agent can be 
included in the body of a medical article such as, for example, 
a biodegradable polymeric stent. In another embodiment, the 
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agent can be included in a coating for a medical article. An 
"agent' is a moiety that may be biobeneficial, bioactive, diag 
nostic, plasticizing, or a combination thereof. A "moiety’ 
includes, but is not limited to, functional groups composed of 
at least 1 atom, bonded residues in a macromolecule, indi 
vidual units in a copolymer and entire polymeric blocks. 
0042 
0043. A “bioactive agent' is a moiety that is mixed, 
blended, bonded or linked to a polymer coating, or to a poly 
mer from which a stent is made, and provides a therapeutic 
effect, a prophylactic effect, both a therapeutic and a prophy 
lactic effect, or other biologically active effect upon release 
from the stent. The bioactive agents of the present invention 
may remain linked to a portion of the polymer or be released 
from the polymer. A "biobeneficial agent' is an agent that can 
be mixed, blended, bonded or linked to a polymer that pro 
vides a biological benefit within a subject without necessarily 
being released from the stent. The terms “plasticizer” and 
“plasticizing agent” are described in more detail below and 
include any agent that can be added to a polymeric composi 
tion to modify its mechanical properties or the mechanical 
properties of a product formed from the polymeric composi 
tion. 

0044. A "diagnostic agent can be a type of bioactive or 
biobeneficial agent that can be used, for example, in diagnos 
ing the presence, nature, and/or extent of a disease or medical 
condition in a subject. In one embodiment, a diagnostic agent 
can be any agent which may be used in connection with 
methods for imaging an internal region of a patient and/or 
diagnosing the presence or absence of a disease in a patient. 
Diagnostic agents include, for example, contrast agents for 
use in connection with ultrasound imaging, magnetic reso 
nance imaging (MRI), nuclear magnetic resonance (NMR), 
computed tomography (CT), electron spin resonance (ESR), 
nuclear medical imaging, optical imaging, elastography, 
radiofrequency (RF) and microwave laser. Diagnostic agents 
may also include any other agents useful in facilitating diag 
nosis of a disease or other condition in a patient, whether or 
not imaging methodology is employed. 
0045 Biobeneficial agents are moieties that may be 
mixed, blended, bonded or linked to a polymer and are 
capable of providing a biological benefit Such as, for example, 
control of protein adsorption on an implant surface, without 
being released from the polymer. Biobeneficial agents can 
have a reactive group that can be used to link the agent to a 
polymer. Examples of reactive groups include, but are not 
limited to, hydroxyl, carboxyl, and amino groups. In some 
embodiments, the molecular weight of the agent should be at 
or below about 40,000 Daltons, or any range therein, to ensure 
elimination of the agent from a subject. In one embodiment, 
the molecular weight of the agent ranges from about 300 
Daltons to about 40,000 Daltons, from about 8,000 Daltons to 
about 30,000 Daltons, from about 10,000 Daltons to about 
20,000 Daltons, or any range therein. 
0046 Examples of biobeneficial agents include, but are 
not limited to, poly(alkylene glycols), poly(N-vinyl pyrroli 
done), poly(acrylamide methyl propane Sulfonic acid), poly 
(styrene Sulfonate), Sulfonated dextran, polyphosphaZenes, 
poly(orthoesters), poly(tyrosine carbonate), hyaluronic acid, 
heparin and any derivatives, analogs, homologues, conge 
ners, salts, copolymers and combinations thereof. It is to be 
appreciated that one skilled in the art should recognize that 
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Some of the groups, Subgroups, and individual biobeneficial 
agents may not be used in Some embodiments of the present 
invention. 
0047. The poly(alkylene glycols) include, but are not lim 
ited to, PEG, methoxy poly(ethylene glycol) (mPEG), poly 
(ethylene oxide), PPG, poly(tetramethylene glycol), poly 
(ethylene oxide-co-propylene oxide) and any derivatives, 
analogs, homologues, congeners, Salts, copolymers and com 
binations thereof. In one embodiment, the poly(alkylene gly 
col) is mPEG. In some embodiments, the PEGs can have 
molecular weights ranging from about 400 Daltons to about 
30,000 Daltons, from about 400 Daltons to about 25,000 
Daltons, from about 400 Daltons to about 20,000 Daltons, 
from about 400 Daltons to about 15,000 Daltons, from about 
500 Daltons to about 10,000 Daltons, from about 750 Daltons 
to about 7500 Daltons, from about 1000 Daltons to about 
10,000 Daltons, from about 1000 Daltons to about 5000 Dal 
tons, or any range therein. 
0048. The copolymers that may be used as biobeneficial 
agents include, but are not limited to, any derivatives, analogs, 
homologues, congeners, salts, copolymers and combinations 
of the foregoing examples of biobeneficial agents. Examples 
of copolymers that may be used as biobeneficial agents in the 
present invention include, but are not limited to, copolymers 
of PEG and hyaluronic acid; copolymers of PEG and heparin; 
graft copolymers of poly(L-lysine) and PEG, and, any deriva 
tive, analog, congener, salt, or combination thereof, of the 
copolymers. In one embodiment, the copolymer that may be 
used as a biobeneficial agent is a copolymer of PEG and 
hyaluronic acid, or any derivative, analog, congener, salt, 
copolymer or combination thereof. 
0049. The bioactive agents can be any moiety capable of 
contributing to atherapeutic effect, a prophylactic effect, both 
a therapeutic and prophylactic effect, or other biologically 
active effect in a subject. The bioactive agents include, but are 
not limited to, Small molecules, nucleotides, oligonucle 
otides, polynucleotides, nucleic acids, amino acids, oligopep 
tides, polypeptides, and proteins. In one example, the bioac 
tive agent inhibits the activity of vascular Smooth muscle 
cells. In another example, the bioactive agent controls migra 
tion or proliferation of smooth muscle cells to inhibit resteno 
S1S 

0050 Bioactive agents include, but are not limited to, anti 
proliferatives, antineoplastics, antimitotics, anti-inflammato 
ries, antiplatelets, anticoagulants, antifibrins, antithrombins, 
antibiotics, antiallergics, antioxidants, and any prodrugs, 
metabolites, analogs, homologues, congeners, derivatives, 
salts and combinations thereof. It is to be appreciated that one 
skilled in the art should recognize that some of the groups, 
Subgroups, and individual bioactive agents may not be used in 
Some embodiments of the present invention. 
0051 Antiproliferatives include, for example, actinomy 
cin D, actinomycin IV, actinomycin I, actinomycin X, acti 
nomycin C, and dactinomycin (COSMEGENR), Merck & Co., 
Inc.). Antineoplastics or antimitotics include, for example, 
paclitaxel (TAXOL(R), Bristol-Myers Squibb Co.), docetaxel 
(TAXOTERE(R), Aventis S.A.), docetaxel, methotrexate, aza 
thioprine, Vincristine, vinblastine, fluorouracil, doxorubicin 
hydrochloride (ADRIAMYCINR, Pfizer, Inc.) and mitomycin 
(MUTAMYCINR), Bristol-Myers Squibb Co.), and any pro 
drugs, metabolites, analogs, homologues, congeners, deriva 
tives, salts and combinations thereof. Antiplatelets, antico 
agulants, antifibrin, and antithrombins include, for example, 
Sodium heparin, low molecular weight heparins, heparinoids, 
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hirudin, argatroban, forskolin, Vapiprost, prostacyclin and 
prostacyclin analogues, dextran, D-phe-pro-arg-chlorometh 
ylketone (synthetic antithrombin), dipyridamole, glycopro 
tein IIb/IIIa platelet membrane receptor antagonistantibody, 
recombinant hirudin, and thrombin inhibitors (ANGIOMAX(R), 
Biogen, Inc.), and any prodrugs, metabolites, analogs, homo 
logues, congeners, derivatives, salts and combinations 
thereof. Cytostatic or antiproliferative agents include, for 
example, angiopeptin, angiotensin converting enzyme inhibi 
tors such as captopril (CAPOTENR) and CAPOZIDE(R), Bristol 
Myers Squibb Co.), cilazapril or lisinopril (PRINIVIL(R), and 
PRINZIDE(R), Merck & Co., Inc.); calcium channel blockers 
such as nifedipine; colchicines; fibroblast growth factor 
(FGF) antagonists, fish oil (omega 3-fatty acid); histamine 
antagonists; lovastatin (MEVACORR), Merck & Co., Inc.); 
monoclonal antibodies including, but not limited to, antibod 
ies specific for Platelet-Derived Growth Factor (PDGF) 
receptors; nitroprusside; phosphodiesterase inhibitors; pros 
taglandin inhibitors; Suramin; serotonin blockers; steroids; 
thioprotease inhibitors; PDGFantagonists including, but not 
limited to, triazolopyrimidine; and nitric oxide, and any pro 
drugs, metabolites, analogs, homologues, congeners, deriva 
tives, salts and combinations thereof. Antiallergic agents 
include, but are not limited to, pemirolast potassium (ALA 
MAST(R), Santen, Inc.), and any prodrugs, metabolites, ana 
logs, homologues, congeners, derivatives, salts and combina 
tions thereof. 

0052. Other bioactive agents useful in the present inven 
tion include, but are not limited to, free radical scavengers; 
nitric oxide donors; rapamycin; methyl rapamycin; everoli 
mus; tacrolimus; 40-O-(3-hydroxy)propyl-rapamycin; 40-O- 
2-(2-hydroxy)ethoxyethyl-rapamycin, tetrazole containing 
rapamycin analogs such as those described in U.S. Pat. No. 
6,329,386; estradiol; clobetasol, idoxifene; tazarotene; 
alpha-interferon; host cells including, but not limited to 
prokaryotes and eukaryotes such as, for example, epithelial 
cells and genetically engineered epithelial cells; dexametha 
Sone; and, any prodrugs, metabolites, analogs, homologues, 
congeners, derivatives, salts and combinations thereof. 
0053 Free radical scavengers include, but are not limited 

to, 2.2, 6,6'-tetramethyl-1-piperinyloxy, free radical 
(TEMPO): 4-amino-2,2'.6,6'-tetramethyl-1-piperinyloxy, 
free radical (4-amino-TEMPO): 4-hydroxy-2,2'.6,6'-tetram 
ethyl-piperidene-1-oxy, free radical (TEMPOL) 2,2',3,4,5,5'- 
hexamethyl-3-imidazolinium-1-yloxy methyl sulfate, free 
radical; 16-doxyl-Stearic acid, free radical; Superoxide dis 
mutase mimic (SODm) and any analogs, homologues, con 
geners, derivatives, salts and combinations thereof. Nitric 
oxide donors include, but are not limited to, S-nitrosothiols, 
nitrites, N-oxo-N-nitrosamines, substrates of nitric oxide 
synthase, diazenium diolates such as spermine diazenium 
diolate, and any analogs, homologues, congeners, deriva 
tives, salts and combinations thereof. 
0054 Examples of diagnostic agents include radiopaque 
materials and include, but are not limited to, materials com 
prising iodine or iodine-derivatives such as, for example, 
iohexylandiopamidol, which are detectable by X-rays. Other 
diagnostic agents such as, for example, radioisotopes, are 
detectable by tracing radioactive emissions. Other diagnostic 
agents may include those that are detectable by magnetic 
resonance imaging (MRI), ultrasound and other imaging pro 
cedures such as, for example, fluorescence and positron emis 
sion tomagraphy (PET). Examples of agents detectable by 
MRI are paramagnetic agents, which include, but are not 
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limited to, gadolinium chelated compounds. Examples of 
agents detectable by ultrasound include, but are not limited to, 
perflexane. Examples of fluorescence agents include, but are 
not limited to, indocyanine green. Examples of agents used in 
diagnostic PET include, but are not limited to, fluorodeoxy 
glucose, Sodium fluoride, methionine, choline, deoxyglu 
cose, butanol, raclopride, spiperone, bromospiperone, 
carfentanil, and flumazenil. 
0055. It should be appreciated that the agents of the 
present invention can have both biobeneficial and bioactive 
properties, and that classification of an agent as a biobenefi 
cial agent does not preclude the use of that agent as a bioactive 
agent. Likewise, classification of an agent as a bioactive agent 
does not preclude the use of that agent as a biobeneficial 
agent. It should also be appreciated that, in some embodi 
ments, one of skill in the art may select one or more particular 
agents in order to exclude any one or any combination of the 
above-described agents. 
0056 Plasticizing Agents 
0057 The terms “plasticizer” and “plasticizing agent can 
be used interchangeably in the present invention and can 
include any bioactive, biobeneficial or diagnostic agent 
described above. A plasticizing agent can include any agent or 
combination of agents that can be added to modify the 
mechanical properties of a polymeric composition or a prod 
uct formed from the polymeric composition. 
0.058 Without intending to be bound by any theory or 
mechanism of action, plasticizers can be added, for example, 
to reduce crystallinity, lower the glass-transition temperature 
(T), or reduce the intermolecular forces between polymers, 
with a design goal that may include creating or enhancing a 
flow between polymers in the composition. The mechanical 
properties that are modified include, but are not limited to, 
Young's modulus, tensile strength, impact strength, tear 
strength, and strain-to-failure. A plasticizer can be mono 
meric, polymeric, co-polymeric, or a combination thereof, 
and can be added to a polymeric composition with or without 
covalent bonding. Plasticization and solubility are analogous 
to the extent that selecting a plasticizer involves consider 
ations similar to the considerations in selecting a solvent Such 
as, for example, polarity. Furthermore, plasticizers can also 
be added to a polymeric composition through covalent bond 
ing that changes the molecular structure of the polymer 
through copolymerization. 
0059 Examples of plasticizing agents include, but are not 
limited to, low molecular weight polymers such as, for 
example, single-block polymers, multi-block polymers, and 
copolymers: oligomers such as, for example, lactic acid oli 
gomers including, but not limited to, ethyl-terminated oligo 
mers of lactic acid; dimers of cyclic lactic acid and glycolic 
acid; Small organic molecules; hydrogen bond forming 
organic compounds with and without hydroxyl groups; poly 
ols such as low molecular weight polyols having aliphatic 
hydroxyls; alkanols such as butanols, pentanols and hex 
anols; Sugar alcohols and anhydrides of Sugar alcohols; poly 
ethers such as poly(alkylene glycols); esters such as citrates, 
phthalates, sebacates and adipates; polyesters; aliphatic 
acids; Saturated and unsaturated fatty acids; fatty alcohols; 
cholesterol; Steroids; phospholipids Such as, for example, 
lecithin; proteins such as animal proteins and vegetable pro 
teins; oils such as, for example, the vegetable oils and animal 
oils; silicones; acetylated monoglycerides; diglycerides; trig 
lycerides; amides; acetamides; Sulfoxides; Sulfones; pyrroli 
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dones; OXa acids; diglycolic acids; and any analogs, deriva 
tives, copolymers and combinations thereof. 
0060. In some embodiments, the plasticizers include, but 
are not limited to other polyols such as, for example, capro 
lactone diol, caprolactone triol, Sorbitol, erythritol, glucitol, 
mannitol, Sorbitol. Sucrose, and trimethylol propane. In other 
embodiments, the plasticizers include, but are not limited to, 
glycols such as, for example, ethylene glycol, diethylene 
glycol, triethylene glycol, tetraethylene glycol, propylene 
glycol, butylene glycol, 1.2-butylene glycol, 2,3-butylene 
glycol, Styrene glycol, pentamethylene glycol, hexamethyl 
ene glycol; glycol-ethers such as, for example, monopropy 
lene glycol monoisopropyl ether, propylene glycol monoet 
hyl ether, ethylene glycol monoethyl ether, and diethylene 
glycol monoethyl ether, and any analogs, derivatives, copoly 
mers and combinations thereof. 

0061. In other embodiments, the plasticizers include, but 
are not limited to esters such as glycol esters such as, for 
example, diethylene glycol dibenzoate, dipropylene glycol 
dibenzoate, triethylene glycol caprate-caprylate; monostear 
ates such as, for example, glycerol monostearate; citrate 
esters; organic acid esters; aromatic carboxylic esters; ali 
phatic dicarboxylic esters; fatty acid esters such as, for 
example, Stearic, oleic, myristic, palmitic, and sebacic acid 
esters; triacetin: poly(esters) such as, for example, phthalate 
polyesters, adipate polyesters, glutate polyesters, phthalates 
Such as, for example, dialkyl phthalates, dimethyl phthalate, 
diethyl phthalate, isopropyl phthalate, dibutyl phthalate, 
dihexyl phthalate, dioctyl phthalate, diisononyl phthalate, 
and diisodecyl phthalate; sebacates such as, for example, 
alkyl sebacates, dimethyl sebacate, dibutyl sebacate; 
hydroxyl-esters such as, for example, lactate, alkyl lactates, 
ethyllactate, butyl lactate, allylglycolate, ethylglycolate, and 
glycerol monostearate; citrates such as, for example, alkyl 
acetyl citrates, triethyl acetyl citrate, tributyl acetyl citrate, 
trihexyl acetylcitrate, alkyl citrates, triethylcitrate, and tribu 
tyl citrate; esters of castor oil such as, for example, methyl 
ricinolate; aromatic carboxylic esters such as, for example, 
trimelitic esters, benzoic esters, and terephthalic esters; ali 
phatic dicarboxylic esters such as, for example, dialkyl adi 
pates, alkyl allylether diester adipates, dibutoxyethoxyethyl 
adipate, diisobutyl adipate, sebacic esters, azelaic esters, cit 
ricesters, and tartaric esters; and fatty acid esters such as, for 
example, glycerol, mono- di- or triacetate, and Sodium diethyl 
SulfoSuccinate; and any analogs, derivatives, copolymers and 
combinations thereof. 

0062. In other embodiments, the plasticizers include, but 
are not limited to ethers and polyethers such as, for example, 
poly(alkylene glycols) Such as poly(ethylene glycols) (PEG), 
polypropylene glycols), and poly(ethylene/propylene gly 
cols); PEG derivatives such as, for example, methoxy poly 
(ethylene glycol) (mPEG); and ester-ethers such as, for 
example, diethylene glycol dibenzoate, dipropylene glycol 
dibenzoate, and triethylene glycol caprate-caprylate; and any 
analogs, derivatives, copolymers and combinations thereof. 
0063. The term “low molecular weight polymers’ refers to 
agents that can be combined with a water-containing solvent 
or a lipid-containing solvent attemperatures that range from 
about room temperature to about the body temperature of 
Subject to form a liquid or semi-solid. In some embodiments, 
Such a low molecular weight polymeric material can be any 
polymer that can dissolve in a limited amount of water and 
leach from a polymeric material. In other embodiments. Such 
a low molecular weight polymeric material can be any poly 
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mer that can dissolve in a bodily fluid. The molecular weight 
of such a polymer will vary, and the structure of the polymer 
will guide one skilled in the art in the determination of the 
appropriate molecular weight to use in a particular applica 
tion. 
0064. In other embodiments, the plasticizers include, but 
are not limited to, amides such as, for example, oleic amide, 
erucic amide, and palmitic amide; alkyl acetamides such as, 
for example, dimethyl acetamide; Sulfoxides Such as for 
example, dimethyl Sulfoxide; pyrrolidones such as, for 
example, n-methylpyrrolidone; Sulfones such as, for 
example, tetramethylene Sulfone; acids such as, for example, 
oxa monoacids, oxa diacids Such as 3.6.9-trioxaunde 
canedioic acid, polyoxa diacids, ethyl ester of acetylated cit 
ric acid, butyl ester of acetylated citric acid, capryl ester of 
acetylated citric acid, and diglycolic acids Such as dimethylol 
propionic acid; and any analogs, derivatives, copolymers and 
combinations thereof. 
0065. In other embodiments, the plasticizers include, but 
are not limited to vegetable oils including, but not limited to, 
epoxidized soybean oil; linseed oil; castor oil; coconut oil; 
fractionated coconut oil; epoxidized tallates; and esters of 
fatty acids such as Stearic, oleic, myristic, palmitic, and Seba 
cic acid; essential oils including, but not limited to, angelica 
oil, anise oil, arnica oil, aurantii aetheroleum, Valerian oil, 
basiliciaetheroleum, bergamot oil, savory oil, bucco aethero 
leum, camphor, cardamomiaetheroleum, cassia oil, chenopo 
dium oil, chrysanthemum oil, cinae aetheroleum, citronella 
oil, lemon oil, citrus oil, costus oil, curcuma oil, carlina oil, 
elemi oil, tarragon oil, eucalyptus oil, fennel oil, pine needle 
oil, pine oil, filicis, aetheroleum, galbanum oil, gaultheriae 
aetheroleum, geranium oil, guaiac wood oil, hazelwort oil, 
iris oil, hypericum oil, calamus oil, camomile oil, fir needle 
oil, garlic oil, coriander oil, carraway oil, lauriaetheroleum, 
lavender oil, lemon grass oil, lovage oil, bay oil, lupuli 
strobuli aetheroleum, mace oil, marjoram oil, mandarine oil, 
melissa oil, menthol, millefolii aetheroleum, mint oil, clary 
oil, nutmeg oil, spikenard oil, clove oil, neroli oil, niaouli, 
olibanum oil, ononidis aetheroleum, opopranax oil, orange 
oil, oregano oil, orthosiphon oil, patchouli oil, parsley oil, 
petit-grain oil, peppermint oil, tansy oil, rosewood oil, rose 
oil, rosemary oil, rue oil, Sabinae aetheroleum, Saffron oil, 
sage oil, Sandalwood oil, Sassafras oil, celery oil, mustard oil, 
serphylli aetheroleum, immortelle oil, fir oil, teatree oil, ter 
pentine oil, thyme oil, juniper oil, frankincense oil, hyssop 
oil, cedar wood oil, cinnamon oil, and cypress oil; and other 
oils such as, for example, fish oil; and, any analogs, deriva 
tives, copolymers and combinations thereof. 
0066. It should be appreciated that, in some embodiments, 
one of skill in the art may select one or more particular 
plasticizing agents in order to exclude any one or any com 
bination of the above-described plasticizing agents. 
0067. In some embodiments, the plasticizing agent can 
include a component that is water-soluble. In other embodi 
ments, the plasticizing agent can be modified to be water 
soluble. In some embodiments, the plasticizing agent can 
include a component that is lipid-soluble. In other embodi 
ments, the plasticizing agent can be modified to be lipid 
soluble. Any functional group can be added to modify the 
plasticizer's behavior in a solvent Such as, for example, body 
fluids that are present in vivo. 
0068. In other embodiments, the functional groups can 
include, but are not limited to, oxygen-containing groups 
Such as, for example, alcohols, ethers, phenols, and deriva 
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tives thereof. Such oxygen-containing groups include, but are 
not limited to, acetonides, alcohols, alkoxides, bisphenols, 
carbinols, cresols, diols, enols, enolates, epoxides, ethers, 
glycols, hydroperoxides, peroxides, phenols, phenolates, 
phenoxides, pinacols, trioxides, and ynols. 
0069. In other embodiments, the functional groups can 
include, but are not limited to, oxygen-containing groups 
Such as, for example, aldehydes, ketones, quinones and 
derivatives thereof. Such oxygen-containing groups include, 
but are not limited to, acetals, acyloins, aldehydes, carbonyl 
compounds, diosphenols, dypnones, hemiacetals, hemiket 
als, ketals, ketenes, keto compounds, ketones, quinhydrones, 
quinomethanes, quinines, and combinations thereof. 
0070. In other embodiments, the functional groups can 
include, but are not limited to, oxygen-containing groups 
Such as, for example, carboxylic acids and derivatives thereof. 
Such oxygen-containing groups include, but are not limited 
to, carboxylic acids, oxoacids, Sulfonic acids, acid anhy 
drides, acid thioanhydrides, acyl groups, acylhalides, acylals, 
anhydrides, carboxylic acids, cyclic acid anhydrides, cyclic 
anhydrides, esters, fulgides, lactides, lactols, lactones, mac 
rolides, naphthenic acids, ortho acids, ortho esters, oxo car 
boxylic acids, peroxy acids, and combinations thereof. 
0071. In other embodiments, the functional groups can 
include, but are not limited to, nitrogen-containing groups 
containing one nitrogen Such as, for example, aldimines, 
aldoximes, alkoxyamines, amic acids, amides, amines, amine 
oxides, amine ylides, carbamates, hemiaminals, carboni 
triles, carboxamides, isocyanides, cyanates, isocyanates, 
diisocyanates, cyanides, cyanohydrins, diacylamines, enam 
ines, fulminates, hemiaminals, hydroxamic acids, hydrox 
imic acids, hydroxylamines, imides, imidic acids, imidines, 
imines, oximes, isoureas, ketenimines, ketimines, ketoximes, 
lactams, lactims, nitriles, nitro, nitroso, nitrosolic acids, 
Oxime O-ethers, quaternary ammonium compounds, quinone 
imines, quinonoximes, azomethines, ureides, urethanes, and 
combinations thereof. 
0072. In other embodiments, the functional groups can 
include, but are not limited to, nitrogen-containing groups 
containing two or more nitrogens such as, for example, 
aldazines, amide hydrazones, amide oXimes, amidines, 
amidraZones, aminals, amine imides, amine imines, isodiaz 
enes, azans, azides, azo imides, azines, azo compounds, 
aZomethine imides, azoxy compounds, carbodiimides, car 
boxamidines, diamidides, diazo compounds, diaZoamino 
compounds, diazoates, diazooxides, formamidine disulfides, 
formazans, hydrazides, hydrazide hydrazones, hydrazide 
imides, hydrazidines, hydrazines, hydrazo compounds, 
hydrazones, ketazines, nitramines, nitrile imines, nitrimines, 
nitrolic acids, nitrosamides, nitrosamines, nitrosimines, ortho 
amides, semicarbazones, semioXamazones, triaZanes, triaz 
enes, and combinations thereof. 
0073. In other embodiments, the functional groups can 
include, but are not limited to, Sulfur-containing groups such 
as thio, thiol, thioether, sulfonyl, sulfido, sulfinamides, sulfil 
imines, Sulfimines, sulfimides, sulfinamidines, Sulfines, 
Sulfinic acids, Sulfinic anhydrides, Sulfinylamines, Sulfona 
mides, Sulfones, Sulfonediimines, Sulfonic acids, Sulfonic 
anhydrides, Sulfoxides, Sulfoximides, and combinations 
thereof. 

0074. In other embodiments, the functional groups can 
include, but are not limited to, silyl groups; halogens; sele 
noethers; trifluoromethyls; thio-derivatives of urethanes 
where at least one oxygen atom is replaced by a Sulfur atom; 
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phosphoryls, phosphonates, and phosphinates; and ethylenei 
cally unsaturated groups such as, for example, allyl, acryloyl, 
methacrylol, maleate and maleimido; and combinations 
thereof. 
0075. In other embodiments, the functional group may 
include light scattering groups, magnetic groups, nanogold, 
other proteins, a solid matrix, radiolabels, carbohydrates, and 
combinations thereof. 
0076. The molecular weights of the plasticizers can range 
from about 10 Daltons to about 100,000 Daltons; from about 
25 Daltons to about 50,000 Daltons; from about 50 Daltons to 
about 25,000 Daltons; from about 100 Daltons to about 
10,000 Daltons; from about 200 Daltons to about 7,500 Dal 
tons; from about 500 Daltons to about 5000 Daltons; from 
about 10 Daltons to about 5000 Daltons; from about 10 Dal 
tons to about 2500 Daltons; from about 10 Daltons to about 
2000 Daltons; from about 10 Daltons to about 1750 Daltons; 
from about 10 Daltons to about 1500 Daltons; from about 10 
Daltons to about 1000 Daltons; from about 10 Daltons to 
about 500 Daltons; under 500 Daltons; and any range therein. 
In some embodiments, the PEGs have a molecular weight of 
less than about 1500 Daltons. In other embodiments, the 
PEGs have a molecular weight ranging from about 400 Dal 
tons to about 600 Daltons and can be obtained by using a 
mixture of PEGs such as, for example, about a 50/50 mixture 
of PEG 400 and PEG 800. 
0077. In some embodiments, the use of the plasticizing 
agents of the present invention can increase the strain-to 
failure of a material by a factor ranging from about 1.01 to 
about 100; from about 1.03 to about 100; from about 1.05 to 
about 100; from about 1.05 to about 50; from about 1.05 to 
about 30; from about 1.05 to about 25; from about 1.1 to about 
20; from about 1.25 to about 20; from about 1.5 to about 20: 
from about 1.75 to about 20; from about 2 to about 10: from 
about 2 to about 5; or any range therein. 
0078 Concentrations of Agents 
007.9 The agents of the present invention can have prop 
erties that are biobeneficial, bioactive, diagnostic, ameliora 
tive, plasticizing or a combination thereof. For example, clas 
sification of an agent as a biobeneficial agent does not 
preclude the use of that agent as a bioactive agent, diagnostic 
agent and/or plasticizing agent. Likewise, classification of an 
agent as a bioactive agent does not preclude the use of that 
agent as a diagnostic agent, biobeneficial agent and/or plas 
ticizing agent. Furthermore, classification of an agent as a 
plasticizing agent does not preclude the use of that agent as a 
biobeneficial agent, bioactive agent, and/or diagnostic agent. 
Moreover, each agent may also have an ability to ameliorate 
a symptom of a disease. 
0080. It should be appreciated that the plasticizers can be 
blended, mixed, bonded, or otherwise combined with other 
active agents to obtain other desired functions such as, for 
example, an added therapeutic, prophylactic, ameliorative 
and/or diagnostic function. In some embodiments, the plas 
ticizers can be linked to the polymeric composition or other 
agents through ether, amide, ester, orthoester, anhydride, 
ketal, acetal, and all-aromatic carbonate linkages. In these 
embodiments, an agent such as a plasticizing agent can be 
designed to hydrolyze in Vivo and leach from the polymeric 
composition at a predetermined rate. 
I0081. Accordingly, the amounts of the agents that are 
added to the polymeric compositions can vary according to a 
variety of factors including, but not limited to, the biological 
activity of the agent; the age, body weight, response, and the 
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past medical history of the Subject; and, the pharmacokinetic 
and pharmacodynamic effects of the agents or combination of 
agents. Factors such as these are routinely considered by one 
of skill in the art. Effective amounts, for example, may be 
extrapolated from in vitro and/or animal model systems. In 
Some embodiments, the agent or combination of agents have 
a concentration that ranges from about 0.01% to about 75%; 
from about 0.05% to about 70%; from about 0.1% to about 
60%; from about 0.25% to about 60%; from about 0.5% to 
about 50%; from about 0.75% to about 40%; from about 1.0% 
to about 30%; from about 2% to about 20%; and, any range 
therein, where the percentage is based on the total weight of 
the polymer and agent or combination of agents. 
0082 Agents can be combined to obtain a combination of 
desired properties and functions in a polymeric material. In 
Some embodiments, a secondary plasticizer can be combined 
with a primary plasticizer in an amount that ranges from about 
0.01% to about 50%; from about 0.05% to about 50%; from 
about 0.75% to about 50%; from about 1.0% to about 40%: 
from about 2% to about 30%; from about 1% to about 20%: 
from about 3% to about 20%; from about 3% to about 10%; or 
any range therein, as a weight percentage based on the total 
weight of the plasticizer. In other embodiments, one or more 
plasticizers may leach from a medical article, and one or more 
plasticizers may remain, while providing a polymeric mate 
rial with sufficient rigidity. 
I0083. Forming a Medical Article 
0084. The plasticizing agent can be localized in an implant 
during a process of forming the implant, and the localization 
of plasticizer can be beneficial for a variety of reasons such as, 
for example, use of less plasticizer in select regions; use of a 
preferred plasticizer in select regions such as, for example, a 
plasticizer with a lower toxicity or faster leaching rate; modi 
fication of mechanical properties of select regions of an 
implant; leaching of less plasticizer for elimination by a Sub 
ject; and combinations thereof. In some embodiments, there 
may be no plasticizer in the regions outside of the high-strain 
regions in an implant. In other embodiments, there may be 
less plasticizer in the regions outside of the high-strain 
regions in an implant. In embodiments where less plasticizer 
is desired in the regions outside of the high-strain regions, the 
amount of plasticizer in the regions outside of the high-strain 
regions can have 2%. 5%, 10%, 15%, 20%, 30%, 40%, 50%, 
60%, 70%, 80%, 90%. 95%, or any range therein, less plas 
ticizer than the high-strain regions. 
0085 Processes for forming a medical article include, but 
are not limited to, casting, molding, coating, and combina 
tions thereof. In some embodiments, the implant is formed in 
a casting process, and the mechanical properties of the high 
strain regions of the implant are controlled by concentrating 
the plasticizer in the high-strain regions, by using different 
plasticizers in the high-strain regions, by using plasticizer 
only in the high-strain regions, or a combination thereof. 
Casting an implant involves pouring a liquid polymeric com 
position into a mold. In one embodiment, the localization of 
plasticizer in an implant during Such casting can be obtained 
by varying the amount and/or type of plasticizer in the poly 
meric composition during pouring as desired Such that the 
plasticizer becomes localized in the formed implant. 
I0086. In other embodiments, the implant is formed in a 
molding process, which includes, but is not limited to, com 
pression molding, extrusion molding, injection molding, and 
foam molding. The mechanical properties of the high-strain 
regions of the implant are controlled by concentrating the 
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plasticizer in the high-strain regions, by using different plas 
ticizers in the high-strain regions, by using plasticizer only in 
the high-strain regions, or a combination thereof. 
I0087. In compression molding, solid polymeric materials 
are added to a mold and pressure and heat are applied until the 
polymeric material conforms to the mold. The solid form may 
require additional processing to obtain the final product in a 
desired form. The solid polymeric materials can be in the 
form of particles that can vary in mean diameter from about 1 
nm to about 1 cm, from about 1 nm to about 10 mm, from 
about 1 nm to about 1 mm, from about 1 nm to about 100 nm, 
or any range therein. In one embodiment, the localization of 
plasticizer in an implant during Such compression molding 
can be obtained by varying the amount and/or type of plasti 
cizer in the solid polymeric materials while adding the solid 
polymeric materials to the mold as desired such that the 
plasticizer becomes localized in the formed implant. 
I0088. In extrusion molding, solid polymeric materials are 
added to a continuous melt that is forced through a die and 
cooled to a solid form. The solid form may require additional 
processing to obtain the final product in a desired form. The 
solid polymeric materials can be in the form of particles that 
can vary in mean diameter from about 1 nm to about 1 cm, 
from about 1 nm to about 10 mm, from about 1 nm to about 1 
mm, from about 1 nm to about 100 nm, or any range therein. 
In one embodiment, the localization of plasticizer in an 
implant during Such extrusion molding can be obtained by 
varying the amount and/or type of plasticizer in the Solid 
polymeric materials while adding the solid polymeric mate 
rials to the extrusion mold as desired such that the plasticizer 
becomes localized in the formed implant. 
I0089. In injection molding, solid polymeric materials are 
added to a heated cylinder, softened and forced into a mold 
under pressure to create a solid form. The solid form may 
require additional processing to obtain the final product in a 
desired form. The solid polymeric materials can be in the 
form of particles that can vary in mean diameter from about 1 
nm to about 1 cm, from about 1 nm to about 10 mm, from 
about 1 nm to about 1 mm, from about 1 nm to about 100 nm, 
or any range therein. In one embodiment, the localization of 
plasticizer in an implant during Such injection molding can be 
obtained by varying the amount and/or type of plasticizer in 
the solid polymeric materials while adding the solid poly 
meric materials to the injection mold as desired such that the 
plasticizer becomes localized in the formed implant. 
0090. In foam molding, blowing agents are used to expand 
and mold solid polymeric materials into a desired form, and 
the solid polymeric materials can be expanded to a Volume 
ranging from about two to about 50 times their original vol 
ume. The polymeric material can be pre-expanded using 
steam and air and then formed in a mold with additional 
steam; or mixed with a gas to form a polymer/gas mixture that 
is forced into a mold of lower pressure. The solid form may 
require additional processing to obtain the final product in a 
desired form. The solid polymeric materials can be in the 
form of particles that can vary in mean diameter from about 1 
nm to about 1 cm, from about 1 nm to about 10 mm, from 
about 1 nm to about 1 mm, from about 1 nm to about 100 nm, 
or any range therein. In one embodiment, the localization of 
plasticizer in an implant during Such foam molding can be 
obtained by varying the amount and/or type of plasticizer in 
the solid polymeric materials while adding the solid poly 
meric materials to the foam mold as desired such that the 
plasticizer becomes localized in the formed implant. 
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0091. In other embodiments, a stent is formed by injection 
molding or extrusion of a tube followed by cuttingapattern of 
a stent into the tube. In these embodiments, a mixture of 
polymer and plasticizer can be added prior to injection mold 
ing or extrusion or, in the alternative, the plasticizer can be 
absorbed by the stent after the stent has been formed. 
0092. In other embodiments, a polymeric coating com 
prising a plasticizing agent can be applied to a body of a 
medical article, wherein the body of the medical article can be 
polymeric or metal. In these embodiments, the medical article 
can be a stent comprising a metal body that is coated with a 
polymeric material to provide rigidity upon leaching of the 
plasticizing agent from the polymeric coating. In these 
embodiments, the medical article can be a stent comprising a 
polymeric body that is coated with a polymeric material to 
provide rigidity upon leaching of the plasticizing agent from 
the polymeric coating. It should be appreciated that any of the 
foregoing agents can be mixed, blended or otherwise con 
nected with a medical device or a coating for a medical 
device. By way of example, a stent or a coating for a stent can 
contain a polymeric composition comprising paclitaxel, doc 
etaxel, rapamycin or everolimus that can leach from the poly 
meric composition in vivo. 
0093. Any method of coating can be used in practicing the 
present invention including, but not limited to, spraying, dip 
ping, brushing, pouring, dripping, spinning, roller coating, 
meniscus coating, powder coating and various inking 
approaches such as inkjet-type application. In some embodi 
ments, the method of coating is spraying. In other embodi 
ments, the method of coating is dipping. In other embodi 
ments, additional process steps are necessary Such as, for 
example, the application of heat or energy to medical device 
and/or coating. 
0094. In some embodiments, the plasticizing agent can be 
localized in an implant by later adding a highly-penetrating 
plasticizing agent to select regions of the implant. In some of 
these embodiments, the plasticizing agent can be any of the 
plasticizing agents taught above. In other of these embodi 
ments, the plasticizing agent can also be a solvent with some 
ability to solubilize, and thus enter, a polymeric material in 
the implant. Methods of applying the plasticizing agent can 
include, but are not limited to, the coating methods taught 
herein. 

0095. The solvent may be chosen based on several criteria 
including, for example, its polarity, molecular size, biocom 
patibility, reactivity and purity. Other physical characteristics 
of the solvent may also be taken into account, including the 
solubility limit of the polymer in the solvent; oxygen and 
other gases in the solvent; the Viscosity and vapor pressure of 
the combined solvent and polymer; the ability of the solvent 
to diffuse through an underlying material; and the thermal 
stability of the solvent. One of skill in the art has access to 
scientific literature and data regarding the solubility of a wide 
variety of polymers. Furthermore, one of skill in the art will 
appreciate that the choice of solvent may begin empirically by 
calculating the Gibb's free energy of dissolution using avail 
able thermodynamic data. Such calculations allow for a pre 
liminary selection of potential solvents to test in a laboratory. 
It is recognized that process conditions can affect the chemi 
cal structure of the underlying materials and, thus, affect their 
solubility in a solvent. It is also recognized that the kinetics of 
dissolution are a factor to consider when selecting a solvent, 
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because a slow dissolution of a material may not affect the 
performance characteristics of a product where the product is 
produced relatively quickly. 
0096. The solvents can include, but are not limited to, 
chloroform, dimethyl acetamide (DMAC), dimethyl forma 
mide (DMF), tetrahydrofuran (THF), cyclohexanone, xylene, 
toluene, acetone, water, methanol, ethanol, propanol, i-pro 
panol, methyl ethyl ketone, propylene glycol monomethyl 
ether, methyl butyl ketone, ethyl acetate, n-butyl acetate, 
dioxane and combinations thereof. Examples of solvent com 
binations include, but are not limited to, chloroform and 
acetone (50/50); DMAC and methanol (50:50 w/w); water, 
i-propanol, and DMAC (10:3:87 w/w); i-propanol and 
DMAC (80:20, 50:50, or 20:80 w/w); acetone and cyclohex 
anone (80:20, 50:50, or 20:80 w/w); acetone and xylene (50: 
50 w/w); acetone, xylene and FLUX REMOVERAMS(R) (93.7% 
3.3-dichloro-1,1,1,2,2-pentafluoropropane and 1,3-dichloro 
1.1.2.2,3-pentafluoropropane, and the balance is methanol 
with trace amounts of nitromethane; Tech Spray, Inc.) (10: 
40:50 w/w); and 1,1,2-trichloroethane and chloroform (80:20 
W/w). In some embodiments, the solvents can be polar. In 
these embodiments, the polar solvents can include acetone, 
methanol, ethanol, or i-propanol. In other embodiments, the 
Solvents can be non-polar. In these embodiments, the solvents 
can include acetone, chloroform, carbon tetrachloride, tetra 
chloroethylene, or dichloromethane. In other embodiments, 
the solvents can be amphiphilic. In other embodiments, the 
Solvents can be an alkyl halide such as, for example, methyl 
ene chloride or ethylene dichloride. In other embodiments, 
the solvents can be rated as Class 3 solvents according to the 
ICH Guidelines (Guidance for Industry, Q3C Impurities: 
Residual Solvents, CDER, Rockville, Md. 20857). In other 
embodiments, the solvents can be rated as Class 2 solvents 
according to the ICH Guidelines. See Id. In other embodi 
ments, the solvents can be rated as Class 1 solvents according 
to the ICH Guidelines. See Id. 

0097. In some embodiments, a pore forming agent can be 
used to create porosity in a polymeric composition to, for 
example, aid in the introduction of plasticizer into a poly 
meric material and the leaching of plasticizer from the poly 
meric material. Porosity can be introduced in the polymeric 
compositions by any method known to one of skill in the art. 
In one embodiment, the porosity can be introduced into a 
medical article by adding particles to a polymeric material 
used to form the medical article and later removing the par 
ticles to create a porous structure. Pore size can be controlled 
by Screening the particles according to size and adding par 
ticles of a predetermined size to the materials. The particles 
may include, but are not limited to, salts and water-soluble 
polymers. 
0098. In some embodiments, water-soluble polymers 
include, for example, polymeric salts, polyvinyl alcohol, 
polyethylene glycol, polyethylene oxide, glucose, dextran, 
dextrose, lactose, and combinations thereof. Such particles 
may be removed, for example, by washing in water or a very 
dilute acid bath. Examples of non-polymeric salts include, 
but are not limited to, NaCl and sodium bicarbonate. In other 
embodiments, the methods of forming the porous structure 
include stretching the polymeric material to its desired 
dimensions induce formation of pores or voids in the mate 
rial. In other embodiments, the methods of forming the 
porous structure include precipitation of a cast polymer Solu 
tion in an aqueous liquid Such as, for example, water, prior to 
curing. In other embodiments, the methods of forming the 
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porous structure include pressuring and sintering a powder of 
a polymer to form a structure with internal bridging that may 
be stretched to control the size of the pore structure created: 
and, bombardment of a polymeric material with high-energy 
particles followed by chemical etching to create a pore struc 
ture. 

0099. In some embodiments, a layer is “porous” when it 
has a Void-to-volume percentage that ranges from about 40% 
to about 90%, from about 70% to about 80%, or any range 
therein. In some embodiments, a layer is “non-porous' when 
it has a Void-to-volume percentage that ranges from about 0% 
to about 5%, from about 1% to about 3%, and any range 
therein. The “void-to-volume percentage' is defined as the 
volume of the pores divided by the total volume of the layer 
including the Volume of the pores. In some embodiments, the 
Void-to-volume percentage can be measured using standard 
test method BSR/AAMI/ISO 7198, which has been adopted 
in-whole as a revision of ANSI/AAMI VP20-1994 (Cardio 
vascular Implants Vascular Prosthesis section 8.2.1.2, 
Method for Gravimetric Determination of Porosity, Am. 
Natl Stds. Inst./Assoc. for the Adv. of Med. Instr.) 
0100. In other embodiments, the implant comprises an 
osmotic pump to enhance leaching of the plasticizer from a 
medical article Such as, for example, a medical implant. In 
these embodiments, the osmotic pump can include a poly 
meric material having an agent and a porous structure that can 
release the agent. Fluid enters the porous material and creates 
an osmotic pressure that induces release of the agent in vivo. 
In some embodiments, the osmotic pump can include an 
osmotic agent such as, for example, a plasticizing agent in Salt 
form, which acts to imbibe water from the surrounding 
medium through the porous structure. Pressure is generated 
within a medical article Such as, for example, a stent, and 
forces the plasticizing agent out of the device through the 
porous structure. 

EXAMPLES 

Example 1 
0101 The strain-to-failure of a specimen of a material can 
be tested using Test Procedure ASTM D882. Specimens used 
in the testing can be 1"x6" strips cut from a thin sheet or film 
for use in this procedure. 
0102 The specimens can be placed in the grips of an 
Instron Universal Tester and pulled until failure. For the 
ASTM D882 test procedure, the speed at which a specimen is 
stressed and the separation of the grip device on the specimen 
are based on the elongation to break of the material. The 
elongation and tensile modulus can be calculated from the 
displacement of the crossheads of the grip device, or with an 
extensometer. Since the materials of the present invention are 
used in an organ of a living Subject, the materials should be 
tested at the temperature present in the subject. A thermal 
chamber can be installed on the Instron Universal Tester. The 
chamber is designed to allow the test mounts from the base 
and crosshead of the Instron to pass through the top and 
bottom of the chamber. Standard test fixtures are installed 
inside the chamber, and testing is conducted inside the con 
trolled thermal environment. The chamber has internal elec 
tric heaters for elevated temperatures and uses external car 
bon dioxide gas as a coolant for reduced temperatures. 

Example 2 
0103) A stent can be formed using standard formation 
techniques and a plasticizer can then be absorbed by the 
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formed stent. The stent can be formed by first forming a 
poly(L-lactide) cylindrical tube that is approximately 1.0 
inches in length with an outer diameter of approximately 
0.053 inches and a wall-thickness of approximately 0.006 
inches. The tube can be formed by injection molding. The 
stent pattern can be cut into the tube using an appropriate laser 
SOUC. 

0104. The formed stent can then be dipped into acetone for 
about 15 seconds to allow the poly(L-lactide) material to 
absorb some acetone, which can serve as the leachable plas 
ticizer during placement of the stent in a Subject. 
0105 While particular embodiments of the present inven 
tion 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. One of skill in the art will appreciate that the any of 
the teachings can be used together or in combination to fulfill 
the purpose and nature of the invention. 
We claim: 
1. A method of producing a medical article comprising a 

temporary plasticizing agent, wherein the method comprises 
combining a polymer with a plasticizing agent capable of 

Sufficiently increasing a strain-to-failure in the poly 
meric material to preventor reduce a formation of cracks 
in the polymeric material while placing an implant in a 
Subject, wherein the plasticizing agent leaches from the 
polymeric material after placing the implant in the Sub 
ject to provide a Sufficient rigidity in the polymeric 
material, and wherein the plasticizing agent leaches 
from the polymeric material in less than an amount of 
time necessary for a required dimension of the implant 
to change Substantially in response to a stress. 

2. The method of claim 1, wherein the implant comprises a 
stent or a vena cava filter. 

3. The method of claim 2, wherein the stent is selected from 
a group consisting of vascular stents, renal stents, biliary 
stents, pulmonary stents and gastrointestinal stents. 

4. The method of claim 1, wherein the implant comprises a 
biodegradable polymer. 

5. The method of claim 1, wherein the implant comprises a 
polymer selected from a group consisting of polyesters, poly 
hydroxyalkanoates (PHAs), poly(ester amides); amino acids; 
poly(ethylene glycol) (PEG) and/or alcohol groups, polyca 
prolactones, poly(L-lactide), poly(D.L-lactide), poly(D.L- 
lactide-co-PEG) block copolymers, poly(D.L-lactide-co-tri 
methylene carbonate), polyglycolides, poly(lactide-co 
glycolide), polydioxanones, polyorthoesters, 
polyanhydrides, poly(glycolic acid-co-trimethylene carbon 
ate), polyphosphoesters, polyphosphoester urethanes, poly 
(amino acids), polycyanoacrylates, poly(trimethylene car 
bonate), poly(imino carbonates), polycarbonates, 
polyurethanes, copoly(ether-esters), polyalkylene oxalates, 
polyphosphaZenes, PHA-PEG, poly(tyrosine carbonates), 
poly(tyrosine arylates), polyanhydrides, poly(hydroxyethyl 
methacylate), poly(N-acylhydroxyproline)esters, poly(N- 
palmitoylhydroxyproline)esters, polyphosphaZenes, and any 
derivatives, analogs, homologues, congeners, salts, copoly 
mers and combinations thereof. 

6. The method of claim 5, wherein the PHA is selected 
from a group consisting of poly(C-hydroxyacids), poly(B- 
hydroxyacids), poly(3-hydroxybutyrate), poly(3-hydroxybu 
tyrate-co-Valerate), poly(3-hydroxypropionate), poly(3-hy 
droxyhexanoate), poly(4-hydroxybutyrate), poly(4- 
hydroxyvalerate), or poly(4-hydroxyhexanoate), poly 
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(hydroxyvalerate), and any derivatives, analogs, homologues, 
congeners, salts, copolymers and combinations thereof. 

7. The method of claim 1, wherein the plasticizing agent is 
diagnostic, bioactive, biobenefical, or a combination thereof. 

8. The method of claim 1, wherein the plasticizing agent 
comprises a component that is water-soluble. 

9. The method of claim 1, wherein the plasticizing agent 
comprises a component that is lipid-soluble. 

10. The method of claim 1, wherein the plasticizing agent 
comprises a component that is biodegradable. 

11. The method of claim 1, wherein the plasticizing agent 
comprises a component selected from a group consisting of 
low molecular weight polymers, copolymers and oligomers; 
Small organic molecules; lactic acid oligomers; dimers of 
cyclic lactic acid and glycolic acid; hydrogen bond forming 
organic compounds; polyols; alkanols; Sugar alcohols and 
anhydrides of Sugar alcohols; polyethers; esters; polyesters; 
aliphatic acids; Saturated and unsaturated fatty acids; fatty 
acid esters; fatty alcohols; cholesterol; Steroids; phospholip 
ids; proteins; oils; silicones; acetylated monoglycerides; dig 
lycerides; triglycerides; amides; acetamides; Sulfoxides; Sul 
fones; pyrrolidones; oXa acids; diglycolic acids; and any 
derivatives, analogs, homologues, congeners, copolymers 
and combinations thereof. 

12. The method of claim 1, wherein the plasticizing agent 
comprises a component selected from a group consisting of 
lactic acid; dimers of cyclic lactic acid and glycolic acid; 
poly(ethylene glycol), poly(propylene glycol), poly(vinyl 
pyrrolidone), phosphorylcholine, glycosaminoglycans, 
phospholipids, carboxymethylcellulose, hyaluronic acid, 
heparin, hirudin, poly(acrylamide methyl propane Sulfonic 
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acid), poly(styrene Sulfonate), Sulfonated dextran, dermatan 
Sulfate, RGD, collagen, chitin, chitosan, elastin and any 
derivatives, analogs, homologues, congeners, salts, copoly 
mers and combinations thereof. 

13. The method of claim 12, wherein the poly(ethylene 
glycol) has a molecular weight of less than 1500 Daltons. 

14. The method of claim 1, wherein the plasticizing agent 
comprises a component selected from a group consisting of 
castor oil, fish oil, garlic oil, ethanol. Xylene, dimethyl for 
mamide, dimethyl Sulfoxide, propylene glycol, glycerol, leci 
thin, and derivatives and combinations thereof. 

15. The method of claim 1, wherein the plasticizing agent 
is localized in high-strain areas of the implant. 

16. The method of claim 1, wherein the plasticizing agent 
leaches Sufficiently from the implant in a Subject in less than 
an amount of time required for a change in a required dimen 
sion of the implant in an amount ranging from about 0.1% to 
about 50%. 

17. The method of claim 1, wherein the implant comprises 
a stent or a vena cava filter, the required dimension is a 
diameter of the stent or vena cava filter following deployment 
of the stent or vena cava filter in a Subject, and the change is 
a reduction in the diameter of the stent or vena cava filter 
ranging from about 0.1% to about 20%. 

18. The method of claim 1, wherein the implant comprises 
pores that were created through the use of a pore forming 
agent. 

19. The method of claim 1, wherein the implant comprises 
an osmotic pump to enhance leaching of the plasticizer from 
the implant. 


