
US 20060216324A1 

(12) Patent Application Publication (10) Pub. No.: US 2006/0216324 A1 
(19) United States 

Stucke et al. (43) Pub. Date: Sep. 28, 2006 

(54) COMPOSITION AND METHOD FOR 
PREPARING BIOCOMPATIBLE SURFACES 

(76) Inventors: Sean M. Stucke, Farmington, MN 
(US); Ralph A. Chappa, Prior Lake, 
MN (US); Joseph A. Chinn, Shakopee, 
MN (US); Aron B. Anderson, 
Minnetonka, MN (U S) 

Correspondence Address: 
KAGAN BINDER, PLLC 
SUITE 200, MAPLE ISLAND BUILDING 
221 MAIN STREET NORTH 
STILLWATER, MN 55082 (US) 

(21) Appl. No.: 11/440,524 

(22) Filed: May 25, 2006 

Related US. Application Data 

(63) Continuation of application No. 11/090,655, ?led on 
Mar. 25, 2005. 

(60) Provisional application No. 60/ 556,634, ?led on Mar. 
26, 2004. Provisional application No. 60/568,021, 
?led on May 3, 2004. Provisional application No. 
60/640,602, ?led on Dec. 31, 2004. Provisional appli 
cation No. 60/567,915, ?led on May 3, 2004. 

Publication Classi?cation 

(51) Int. Cl. 
A61K 6/083 (2006.01) 
A61F 13/00 (2006.01) 

(52) US. Cl. ......................................... ..424/422;427/2.26 

(57) ABSTRACT 

The invention provides methods and compositions for pro 
viding biocompatible surfaces to medical articles. In par 
ticular the invention provides biocompatible coatings With 
heparin activity. In some aspects, the biocompatible coatings 
of the invention are able to release a bioactive agent. The 
coatings can be formed using biostable or biodegradable 
polymeric material and photoreactive groups. The invention 
also provides methods for improving the quality of bioactive 
agent-containing coatings by performing pre-irradiation of 
biocompatible coating compositions. 
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COMPOSITION AND METHOD FOR PREPARING 
BIOCOMPATIBLE SURFACES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of patent appli 
cation Ser. No. 11/090,655, ?led Mar. 25, 2005, now US. 
publication No. 2005/0244453A1 and entitled COMPOSI 
TION AND METHOD FOR PREPARING BIOCOMPAT 
IBLE SURFACES, Which claims the bene?t of US. Provi 
sional Application No. 60/556,634, ?led on Mar. 26, 2004, 
and entitled PROCESS AND SYSTEMS FOR BIOCOM 
PATIBLE SURFACES; US. Provisional Application No. 
60/568,021, ?led on May 3, 2004, and entitled COMPOSI 
TION AND METHOD FOR PREPARING BIOCOMPAT 
IBLE SURFACES; US. Provisional Application No. 
60/640,602, ?led on Dec. 31, 2004 and entitled COMPO 
SITION AND METHOD FOR PREPARING SURFACES 
WITH BIOCOMPATIBILITY; and US. Provisional Appli 
cation No. 60/567,915, ?led on May 3, 2004, and entitled 
DRUG RELEASE COATING WITH BLOOD COMPAT 
IBLE POLYMERIC TOPCOAT, Which Applications are 
incorporated herein by reference in their entirety. 

FIELD OF THE INVENTION 

[0002] The invention relates to preparation of biocompat 
ible surfaces. More particularly, the invention relates to 
preparing biocompatible surfaces by disposing a composi 
tion that includes a biocompatible agent on a surface of a 
medical article. In addition, the invention relates to compo 
sitions that include a biocompatible agent and coating com 
pounds that have incorporated the biocompatible agent. 

BACKGROUND OF THE INVENTION 

[0003] Recently, the use of drug-eluting stents (DES) in 
percutaneous coronary interventions has received much 
attention. DES are medical devices that present or release 
bioactive agent into their surroundings (for example, lumi 
nal Walls or coronary arteries). Generally speaking, bioac 
tive agent can be coupled to the surface of a medical device 
by surface modi?cation, embedded and released from Within 
polymer materials (matrix-type), or surrounded by and 
released through a carrier (reservoir-type). The polymer 
materials in such applications should optimally act as a 
biologically inert barrier and not induce further in?amma 
tion Within the body. HoWever, the molecular Weight, poros 
ity of the polymer, a greater percentage of coating exposed 
on the medical device, and the thickness of the polymer 
coating can contribute to adverse reactions to the medical 
device. 

[0004] Improved compatibility With blood is a desired 
feature for a variety of medical devices that contact blood 
during clinical use. The materials used for manufacture of 
medical devices are not inherently compatible With blood 
and its components, and the response of blood to a foreign 
material can be aggressive, resulting in surface induced 
thrombus (clot) formation. This foreign body response can 
in turn impair or disable the function of the device and, most 
importantly, threaten patient health. It is often desirable to 
modify the surface of medical devices, such as DES, to 
provide a biocompatible surface, to minimize or avoid such 
adverse foreign body responses. 
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[0005] As used herein, a surface of a medical article is 
characterized as “biocompatible” if it is capable of func 
tioning or existing in contact With biological ?uid and/or 
tissue of a living organism With a net bene?cial effect on the 
living organism. Long-term biocompatibility is desired for 
the purpose of reducing disturbance of a host organism. One 
approach to improved biocompatibility for medical device 
surfaces is to attach various biomolecules such as antithrom 
bogenic agents, anti-restenotic agents, cell attachment pro 
teins, groWth factors, and the like, to the surface of the 
device. For example, antithrombogenic agents can reduce 
the generation of substances as part of the clotting cascade, 
antirestenotic agents can reduce generation of aggressive 
scar tissue groWth around the device, While cell attachment 
proteins can contribute to the groWth of a layer of endothe 
lial cells around the device. 

[0006] Several bene?ts can be provided by biocompatible 
medical device surfaces. For example, such surfaces can 
increase patient safety, improve device performance, reduce 
adherence of blood components, inhibit blood clotting, keep 
device surfaces free of cellular debris, and/or extend the 
useable lifetime of the device. 

[0007] One biomolecule that has been utiliZed to improve 
biocompatibility of medical device surfaces is heparin. Hep 
arin is a pharmaceutical that has been used clinically for 
decades as an intravenous anticoagulant to treat inherent 
clotting disorders and to prevent blood clot formation during 
surgery and interventional procedures. Heparin molecules 
are polysaccharides With a unique chemical structure that 
gives them speci?c biological activity. When heparin is 
immobiliZed onto the surface of a medical device material, 
it can improve the performance of the material When in 
contact With blood in several Ways: 1) it can provide local 
catalytic activity to inhibit several enZymes critical to the 
formation of ?brin (Which holds thrombi together); 2) it can 
reduce the adsorption of blood proteins, many of Which lead 
to undesirable reactions on the device surface; and 3) it can 
reduce the adhesion and activation of platelets, Which are a 
primary component of thrombus. 
[0008] In addition to heparin, other biomolecules that can 
be provided on a medical device to improve biocompatibil 
ity include extracellular matrix (ECM) proteins or ECM 
peptides derived from these proteins. Surfaces modi?ed With 
appropriate proteins or peptides are less likely to be recog 
niZed as foreign than the original device surface and Will 
promote the attachment and overgroWth of speci?c desirable 
cell types. 

[0009] The preparation of biocompatible surfaces, hoW 
ever, can be challenging. This is particularly the case When 
attempting to provide biocompatibility to devices that also 
have other properties, such as DES. Materials that are used 
to form these coating may not be inherently compatible With 
each other, thereby making it dif?cult to form a coating that 
is both biocompatible and that has drug-releasing properties. 

[0010] In addition, treatments that are used to form coat 
ings can in some cases damage the bioactive agent and 
therefore reduce the overall effectiveness of the coated 
article. This may be the case When irradiation is used to form 
all or part of the coating. Irradiation sources can be useful for 
activating components of a coating composition to form the 
coating, but can also lack the speci?city and therefore cause 
degradation of the bioactive agent that is present in the 
coating. 
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[0011] Another problem relates to the release of bioactive 
agent, as some materials release the bioactive agent imme 
diately upon contact With tissue; therefore the bioactive 
agent is not present for an amount of time suf?cient to 
provide a bene?cial effect. 

SUMMARY OF THE INVENTION 

[0012] The invention relates to methods and systems for 
providing biocompatible surfaces to medical devices. 
According to the invention, a biocompatible agent is 
coupled to the polymeric material to provide a biocompat 
ible surface of the medical article. 

[0013] In one aspect, the invention provides methods of 
coupling a biocompatible agent to a surface of a medical 
article, the methods including the folloWing steps: (a) pro 
viding a polymeric material on a surface of a medical article, 
the polymeric material comprising one or more bioactive 
agents; and (b) providing biocompatible agent to the poly 
meric material under conditions suf?cient to couple the 
biocompatible agent to the polymeric material, Wherein 
coupling of the biocompatible agent With the polymeric 
material is accomplished by activating photoreactive groups 
provided by the polymeric material, the biocompatible 
agent, or both the polymeric material and the biocompatible 
material. 

[0014] Optionally, the biocompatible agent can be pre 
mixed With a second polymeric material prior to application 
of the biocompatible agent to the polymeric material. The 
second polymeric material can be the same or different from 
the polymeric material provided on the surface of the 
medical article. That is, the biocompatible agent can be 
premixed With and coupled to a polymeric material prior to 
application on the surface. 

[0015] In some embodiments, the biocompatible agent 
includes one or more photoreactive groups, and coupling of 
the biocompatible agent to the polymeric material is accom 
plished by activating one or more of the photoreactive 
groups of the biocompatible agent. That is, for example, the 
biocompatible agent having photoreactive groups is pre 
mixed and coupled to the polymeric material via the pho 
toreactive groups prior to application on the surface. 

[0016] In other aspects of the invention, the polymeric 
material includes one or more photoreactive groups, and 
coupling of the biocompatible agent to the polymeric mate 
rial is accomplished by activating one or more of the 
photoreactive groups of the polymeric material. That is, for 
example, a polymeric material having photoreactive groups 
is premixed and coupled to the biocompatible agent via the 
photoreactive groups prior to application. 

[0017] A composition that includes the polymeric mate 
rial, biocompatible agent, and photoreactive groups can be 
utiliZed in a coating in a number of different Ways. In some 
aspects, this composition is disposed over a bioactive-agent 
containing coated layer. In other aspects a bioactive agent is 
mixed into the composition and disposed on the surface of 
a device. In yet other aspects the composition can be 
disposed on an article to form a coating that does not include 
a bioactive agent. In any of these aspects the composition 
can be pre-treated to activate the photoreactive groups to 
couple the biocompatible agent to the polymeric material, 
before the composition is disposed. 
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[0018] In one aspect, the invention provides methods of 
providing a biocompatible coating to a surface of a medical 
article. The methods comprise the steps of (a) providing a 
coating composition comprising (i) a polymeric material, (ii) 
a biocompatible agent, and (iii) a photoreactive moiety, 
Wherein the photoreactive moiety is pendent from (i), pen 
dent from (ii), independent, or combinations thereof, (b) 
disposing the coating composition on the surface of the 
medical article; and (c) treating the coating composition to 
activate the photoreactive moiety. The photoreactive moiety 
can be activated to couple the polymeric material to the 
biocompatible agent. In some aspects it is preferable that the 
photoreactive moiety is pendent from the biocompatible 
agent. 
[0019] In many aspects of the invention the step of treating 
the coating composition to activate the photoreactive moiety 
is performed before the step of disposing the coating com 
position on the surface of the medical article. In other 
aspects, the photoreactive moiety can be activated after or 
during the step of disposing. In yet other aspects activation 
of photoreactive moieties can be performed more than one 
time during the method. For example, the coating compo 
sition can be treated With UV irradiation before the step of 
disposing and after the composition is coated onto the 
surface. If a step of treating is performed more than one time 
it is preferred that there are photoreactive moieties capable 
of being activated present in the coating composition after 
the composition has been treated. 

[0020] The polymeric material of the biocompatible coat 
ing composition preferably includes a polymer that has good 
adhesive properties (for example, a polymer that is 
“sticky”). This type of polymer, herein referred to as an 
“adherent polymer”, can, in some embodiments, be depos 
ited and stick to a surface Without providing substantial 
additional treatment to make the polymer adhere. Many 
polymers having adherent properties are knoWn in the art. 
Such a polymer With adherent properties can be synthetic or 
natural. Suitable polymers and copolymers include acrylate, 
methacrylate, ethylene glycol, vinyl pyrrolidinone, and glu 
cose monomeric units. 

[0021] In some aspects the adherent polymer preferably 
includes poly(alkyl(meth)acrylates) and poly(aromatic 
(meth)acrylates), Where “(meth)” Will be understood by 
those skilled in the art to include such molecules in either the 
acrylic and/or methacrylic form (corresponding to the acry 
lates and/or methacrylates, respectively). 
[0022] In yet other aspects the polymeric material is 
biodegradable. Suitable biodegradable polymers include, for 
example, polylactic acid and polyglycolic acid. 
[0023] In some aspects, the polymeric material of the 
biocompatible coating composition is able to incorporate 
and controllably release or present a bioactive agent. The 
property of being able to incorporate and controllably 
release a bioactive agent can be provided by one or more 
polymers, or can be provided by a mixture of polymers. For 
example a mixture of an adherent polymer and a polymer 
that is different than that adherent polymer can be used. For 
example, in some preferred aspects, the coating composition 
has a mixture of polymers including poly(butyl)methacry 
late and poly(ethylene-co-vinyl acetate). 
[0024] In other aspects, the polymeric material of the 
coating composition includes polymers such as ParyleneTM 
and ethylene vinyl alcohol. 
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[0025] In some aspects the biocompatible agent provides 
a hemocompatible (blood compatible) surface to the medical 
article. For example, a medical article With a hemocompat 
ible coating can reduce effects that may associated With 
placing a foreign object in contact With blood components, 
such as the formation of thrombus or emboli (blood clots 
that release and travel doWnstream. 

[0026] The biocompatible agent can be a larger molecule, 
such as a polymer that includes amino acid or saccharide 
monomeric units; or a smaller molecule that is non-poly 
meric, for example, a small synthetically prepared or natu 
rally derived molecule. 

[0027] In some aspects the biocompatible agent is a poly 
mer, for example, a hydrophilic polymer having biocompat 
ible properties (herein referred to as a “hydrophilic biocom 
patible polymer”). Preferably, the hydrophilic polymer has 
hemocompatible properties, meaning that it promotes com 
patibility With blood components by minimiZing events that 
may compromise the function of the device, such as throm 
bus formation near the coated surface. 

[0028] A hydrophilic biocompatible polymer can be a 
natural polymer, or can be derived from a natural polymer. 
The hydrophilic biocompatible polymer can also include 
charged groups, such as sulfonate groups. In some aspects 
the hydrophilic polymer is a polysaccharide. According to 
the invention, particularly useful polysaccharides can be 
selected from mucopolysaccharides such as heparin, hyalu 
ronic acid, chondroitin, keratan, and dermatan. In preferred 
embodiments the biocompatible polymer is heparin. In some 
preferred embodiments, the biocompatible polymer is 
selected from heparin, heparin derivatives, sodium heparin, 
and loW molecular Weight heparin. As used herein “heparin” 
is meant to encompass all forms of heparin, including 
derivatives and different molecular Weight preparations of 
heparin. 
[0029] It has been discovered that a bioactive agent releas 
ing coating that has excellent heparin activity can be formed 
according to the inventive methods described herein. In 
determining the heparin activity, an assay can be performed 
and compared to results of an assay performed using heparin 
standards. 

[0030] Therefore, in some aspects, the invention provides 
a medical article having a bioactive agent-releasing coating 
having heparin activity of 10 mU/cm2 or greater. Bioactive 
agent-releasing coatings Were also prepared having a hep 
arin activity of l 5 mU/cm2 or greater, 20 mU/cm2 or greater, 
25 mU/cm2 or greater, 30 mU/cm2 or greater, 35 mU/cm2 or 
greater, 40 mU/cm2 or greater, 45 mU/cm2 or greater, and 50 
mU/cm2 or greater. Biocompatible coatings having these 
activities can also be formed Without a bioactive agent being 
present in the coating. 
[0031] In one aspect, the photoreactive moiety present in 
the coating composition is pendent from the biocompatible 
agent. One example of a biocompatible agent having a 
pendent photoreactive moiety is photo-heparin, as described 
herein. Another example is photocollagen, as described 
herein. The pendent photoreactive moiety is activatable, 
meaning that it can be activated to form a radical species that 
can extract hydrogen from a target moiety, and thereby form 
a covalent bond betWeen, for example, the biocompatible 
agent and a target moiety. For example, the photoreactive 
group can be activated to couple the biocompatible agent to 
the polymeric material. 
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[0032] The invention also provides a coating compound 
formed by treating a coating composition that comprises an 
adherent polymer and a biocompatible agent, Wherein the 
adherent polymer and the biocompatible agent are coupled 
via a photoreactive moiety. In one particular aspect, the 
invention provides poly(butyl)methacrylate-heparin and/or 
poly(butyl)methacrylate-collagen adducts, Wherein the 
poly(butyl)methacrylate is coupled to the heparin or the 
collagen via a photoreactive moiety. 

[0033] In another aspect, the polymeric material can be 
coupled to the biocompatible agent using a bifunctional 
reagent, that includes a photoreactive group, and another 
latent reactive group, such as a thermally reactive group. In 
this aspect, the latent reactive group is reactive With a 
portion of the biocompatible agent, and the photoreactive 
group is reactive With the polymeric material. Suitable 
thermally reactive groups include NOS groups (N-oxysuc 
cinimide). An exemplary method of coupling involves react 
ing a NOS groups of a bifunctional reagent With an amine 
group of heparin, and activating the photoreactive group to 
bind a polymeric material such as poly(butyl(meth)acrylate). 

[0034] In another aspect of the invention, a miscibility 
enhancer is added to the biocompatible coating composition. 
A miscibility enhancer can be used to improve the homo 
geneity of the polymeric material and the biocompatible 
agent in the coating composition and improve the overall 
coating composition. According to the invention, the mis 
cibility enhancer can be used improve the coupling of the 
biocompatible agent to the polymer, for example, an adher 
ent polymer. 

[0035] The miscibility enhancer can be a compound that 
can improve the compatibility of the adherent polymer With 
the biocompatible agent. For example, in some aspects the 
adherent polymer is hydrophobic, While the biocompatible 
agent is hydrophilic. In some cases, for example, an ampho 
teric agent can be used as the miscibility enhancer. 

[0036] The miscibility enhancer can be selected from the 
group consisting of polyvinylpyrrolidinone (PVP), polyeth 
yleneglycol (PEG), PEG sulfonates, fatty quaternary 
amines, fatty sulfonates, fatty acids, dextran, dextrin, and 
cyclodextrin. The miscibility enhancer can also include 
pendant photoreactive groups. 

[0037] Therefore, in another aspect, the invention pro 
vides another method for providing a biocompatible surface 
of a medical device. The method comprises the steps of (a) 
providing a coating composition comprising (i) an adherent 
polymer, (ii) miscibility enhancer, (iii) a biocompatible 
agent, and (iv) a photoreactive moiety, and Wherein the 
photoreactive moiety is pendent from (i), pendent from (ii), 
pendent from (iii), independent, or combinations thereof; (b) 
disposing the coating composition on the surface of the 
medical article; and (c) treating the coating composition to 
activate the photoreactive group. 

[0038] In some aspects the biocompatible layer includes at 
least three components and photoreactive groups. In some 
aspects the biocompatible layer includes at least three poly 
mers. One of the three polymers can be a hydrophobic 
polymer (such as a poly(alkyl(meth)acrylate), another is a 
biocompatible polymer (such as heparin), and the other is a 
poly(vinylpyrrolidone) polymer. In the biocompatible 
coated layer, the photoreactive groups have been activated 
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either prior to the coating composition being deposited on 
the article, after the coating composition has been deposited 
on the article, or both before and after the coating compo 
sition has been deposited on the article. 

[0039] In a preferred aspect the biocompatible coated 
layer consists of (i) a hydrophobic polymer, preferably a 
poly(alkyl(meth)acrylate) such as pBMA, present in the 
layer in an amount by Weight in the range of 75% to 90%; 
(ii) hydrophilic biocompatible polymer such as heparin 
present in the layer in an amount by Weight in the range of 
5% to 15%; and (iii) a PVP polymer present in the layer in 
an amount by Weight in the range of 5% to 15%. 

[0040] In some embodiments, the photoreactive moiety is 
pendent from the biocompatible agent. Upon activation of 
the photoreactive groups the biocompatible agent can be 
coupled to another component, for example, the polymeric 
material. The coupling can be performed in one step, for 
example prior to disposing the composition on the medical 
article, or in more than one step, for example, before and 
after (and/or during) the step of disposing. 

[0041] In yet other embodiments the photoreactive moiety 
is independent of the biocompatible agent and the polymeric 
material. For example, the photoreactive moiety is a mol 
ecule having at least one photoreactive group that is able to 
couple the biocompatible agent to the polymeric material 
When activated. One example is a crosslinking agent that 
includes tWo or more photoreactive groups. 

[0042] In some cases the method of providing a biocom 
patible coating to a surface of a medical article includes a 
step of providing a medical article having a bioactive 
agent-releasing layer. While, in some cases, a medical article 
having a bioactive agent-releasing layer can be obtained, in 
other cases the method can include a step of forming a 
bioactive agent-releasing layer on the surface of a medical 
article. 

[0043] The bioactive agent can be released from or pre 
sented by the coating once the coating is formed on the 
medical article and implanted in a patient. In some embodi 
ments, the coating composition can include more than one 
bioactive agent, Wherein each of the bioactive agents can be 
independently selected depending upon the desired thera 
peutic application of the invention. 

[0044] Accordingly, the invention also provides a medical 
article having a biocompatible, bioactive agent releasing 
coating, the coating comprising a bioactive agent-releasing 
layer and a biocompatible layer. The term “bioactive agent 
releasing layer” refers to the coated layer that is prepared 
from a coating composition that includes a bioactive agent 
intended to be released from the coating. It is understood 
that When the coating is formed, and/ or after the coating is 
formed, the bioactive agent can become present in layers 
other than the bioactive agent-releasing layer. The bioactive 
agcnt-rclcasing layer is formed between biocompatiblc laycr 
(i.e., the coated layer that includes the biocompatible agent) 
and the surface of the article. The bioactive agent-releasing 
layer can also include a polymeric material, such as a 
hydrophobic polymer. As indicated, the composition that 
includes the biocompatible agent, polymeric material, and 
the photoreactive groups can be irradiated prior to disposing 
the composition on the bioactive-agent releasing layer. 

[0045] The coated medical article can function to release 
a bioactive agent in a localiZed and controlled manner from 
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the surface of the article, When the article is placed in vivo, 
such as by implantation or delivery to a target region in the 
body. To be released in a localiZed and controlled manner, 
the bioactive agent, initially being present in the bioactive 
agent-releasing layer, can pass through the biocompatible 
layer before the bioactive agent is released in a localiZed 
manner. Optionally, the bioactive agent can pass through any 
other coated layer that is betWeen the bioactive agent 
containing layer and the outermost layer (i.e., the layer that 
is in contact With a physiological environment) of the coated 
article that may be present in the coating. The bioactive 
agent then becomes locally therapeutically available When it 
reaches the interface of the coating and body tissue or ?uid. 

[0046] Therefore, in some aspects of the invention, a 
method for preparing a medical article having a bioactive 
agent-releasing coating With heparin activity can include the 
steps of providing a medical article having a ?rst coated 
layer comprising a bioactive agent; irradiating a composition 
comprising heparin, photoreactive groups, and polymeric 
material to activate the photoreactive groups; and then after 
the irradiation step, disposing the irradiated composition on 
the ?rst coated layer. 

[0047] In some aspects the bioactive agent-releasing layer 
can include a hydrophobic polymer selected from the group 
consisting of poly(meth)acrylates. In a preferred aspect the 
bioactive agent-releasing layer includes a poly(alkyl 
(meth)acrylates) having a short chain alkyl group, such as 
those in the range of C2-C5, including propyl (C3), and most 
preferably butyl (C4). Most preferably the bioactive agent 
releasing layer includes poly(butyl(meth)acrylate) (pBMA). 

[0048] In another aspect the bioactive agent-releasing 
layer includes a ?rst polymer Which is hydrophobic and a 
second polymer that is different than the ?rst polymer. The 
second polymer can be a polymer that improves or changes 
one or more properties of the bioactive agent-releasing layer. 
For example a second polymer can improve the pliability of 
the ?rst layer, or can change the characteristics of the release 
of the bioactive agent from the bioactive agent-releasing 
layer. Second polymers can include polymers having ethyl 
ene and vinyl acetate monomeric units, and preferably 
ethylene and vinyl acetate copolymers (poly(ethylene-co 
vinyl acetate); pEVA). In some preferred embodiments, the 
bioactive agent-releasing layer includes a blend of pBMA 
and pEVA polymers. 

[0049] The invention also contemplates medical articles 
having a biocompatible coating that does not include a 
bioactive agent-releasing layer. Because the inventive bio 
compatible coating compositions described herein have out 
standing utility, coatings can be formed Wherein drug release 
is not a required feature, although biocompatibility is. 
Therefore, in some aspects, the invention provides a medical 
article having a biocompatible coated layer, and optionally 
other layers that do not include a bioactive agent. 

[0050] According to the invention, at least a portion of the 
surface of the medical article is coated With the coating 
composition. In some embodiments, the entire surface of the 
medical article can be coated With the coating composition. 
The amount of the surface area provided With the polymeric 
material can be determined according to such factors as the 
medical device to be utiliZed, the application of the device, 
the bioactive agent to be utiliZed With the polymeric mate 
rial, and the like factors. 
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[0051] The coating composition described herein can be 
deposited on the medical article utilizing any knoWn appli 
cation technique. In some preferred aspects, the coating 
composition is applied by spray coating. In other aspects, the 
coating composition is deposited on the medical article by 
dip coating the medical article in the coating composition. 
The coating composition can be treated before, after, or 
before and after the coating is deposited on the medical 
article. 

[0052] In other aspects, the invention provides a medical 
article having a coating (“a coated composition”), the coat 
ing comprising a polymeric material, a biocompatible agent, 
and a photoreactive and/ or photoreacted moiety. In preferred 
aspects the components of the coating composition are 
deposited on the surface in a single application of coating 
material. The photoreactive moiety can couple the biocom 
patible agent to at least the polymeric material. The coating 
includes a layer Wherein both the polymeric material and the 
biocompatible agent are present, that is, the coating includes 
a layer of material Wherein the biocompatible agent is 
dispersed in and/or coupled to the polymeric material via the 
photoreactive moiety. Advantageously, after the coating 
composition has been disposed on the surface of the medical 
article, the biocompatible agent is arranged in the coated 
composition in such a manner as to provide excellent 
biocompatible surface properties. 

[0053] The invention generally relates to methods and 
systems for providing a biocompatible coating to a medical 
article. In some aspects, the invention relates to forming a 
biocompatible coating on a medical article, the medical 
article having another coated layer that includes and than 
can release a bioactive agent. According to the invention, the 
biocompatible layer in conjunction With the bioactive agent 
releasing layer form a coating that has excellent biocompat 
ibility and bioactive agent-releasing properties. 

[0054] According to the invention, the biocompatible 
coating can be formed using an improved coating compo 
sition that includes polymeric components and photoreac 
tive moieties. Some of the compositions described herein 
include heparin and can be used to form coatings that have 
heparin activity. For example, the methods and compositions 
are used to provide a biocompatible coated layer having 
heparin activity to a medical article having a formed bioac 
tive agent-releasing coated layer. 

[0055] The biocompatible layer improves the function of 
the medical article in many Ways. For example, the biocom 
patible layer can substantially reduce the accumulation of 
clotting components on the surface of the article. This 
reduction means that the release of the bioactive agent Will 
not be compromised by any sort of blockage on the surface 
of the device as caused by the clotting components. In 
addition, the biocompatible coated layer can also improve 
the mechanical function of the device, as these similar 
components Will not accumulate on the device and compro 
mise its mechanical function. In this manner, the coating has 
excellent anti-adherence properties. These anti-adherence 
properties are thought, at least in part, to be provided by the 
combination of the polymeric materials in the biocompatible 
layer (for example, the hydrophilic biocompatible polymer 
and the PVP polymer). 

[0056] The composition and methods of the invention can 
provide one or more distinct advantages for the preparation 
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of biocompatible, bioactive agent-releasing medical articles. 
While the preparation of a surface of a medical article that 
has both drug-releasing and biocompatible properties can be 
challenging from a number or perspectives, the invention 
provides a Way to prepare these types of coated surfaces 
Without compromising properties that are provided by the 
individual components and Which can be important for in 
vivo use. Illustrative advantages that can be observed With 
the inventive compositions and methods Will noW be dis 
cussed. It is understood that any one or more of these may 
be demonstrated by the invention. 

[0057] One advantage relates to the ability to ef?ciently 
and cost effectively provide a coated layer having biocom 
patibility to a medical article, the medical article also having 
a bioactive agent-releasing coated layer. This can be seen, in 
some aspects, by the ability to form a bioactive agent 
releasing, biocompatible coating on the surface of a medical 
article in minimal number of steps. In some cases, and in its 
simplest form, a coating can be formed by applying the 
biocompatible coating composition onto a medical article 
having one, or more then one, pre-formed coated layer(s) 
that includes a bioactive agent. In other cases, the coating 
can be formed in a method that includes tWo steps, that is, 
a coating is formed by disposing a ?rst composition that 
includes a bioactive agent, and subsequently a second com 
position that includes a biocompatible polymer. The meth 
ods described herein greatly reduce the throughput time for 
the fabrication of medical articles having biocompatible and 
bioactive agent-releasing properties. This, in turn, can result 
in a substantial cost savings for the preparation of these 
medical articles, as many reagents and steps that might 
typically be attempted in fabrication of these coated medical 
articles are not necessarily required. 

[0058] Another advantage of the present invention is that 
a biocompatible coating can be formed on the surface of a 
bioactive agent-releasing layer Without signi?cantly com 
promising the bioactive agent-releasing properties of the 
coating. For example, a coating With heparin activity can be 
formed on a medical article having a drug-releasing layer 
Without signi?cantly altering the drug releasing pro?le of the 
coating. Also, according to the invention, the presence of a 
bioactive agent-releasing layer does not compromise the 
formation or properties of a coated layer having biocompat 
ible properties, such as heparin activity. Such results are seen 
because the present invention overcomes typical problems 
that can be encountered When multiple layers of coated 
materials are provided to a surface in order to provide a 
coating having more than one property. Therefore, in this 
regard, the properties of the inventive coatings described 
herein With regard to biocompatibility (e. g., heparin activity) 
and bioactive agent release are particularly surprising, as one 
Would not expect that the biocompatible and drug-releasing 
properties Would be maintained at levels that Were achieved 
by preparation of these coatings not in combination. In other 
Words, While it Was expected that the combination of coated 
layers Would lead to a decrease in the activity of each layer, 
this expectation, in fact, Was not realiZed based on the results 
seen When bioactivity and drug release Were tested on the 
inventive coatings described herein. 

[0059] Yet another advantage of preferred embodiments of 
the invention is that it can provide methods for the prepa 
ration of biocompatible coating compositions that include 
polymeric materials Which are typically dif?cult to combine 
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and/or do not form a coated layer that has suitable activity 
or physical properties. Accordingly, the invention also pro 
vides methods for forming a coated layer on the surface of 
a medical article that includes combinations of these types of 
polymeric materials. The present invention overcomes prob 
lems, speci?cally, With preparing a coating composition that 
includes a hydrophilic biocompatible polymer and a hydro 
phobic polymeric material. The present invention not only 
overcomes challenges posed With the preparation of these 
coating compositions, but also challenges associated With 
forming a coating on the surface of an article, Wherein the 
polymeric components are Well dispersed (or mixed) in the 
coating and have properties that are re?ected by the presence 
of both the hydrophilic biocompatible polymer and a hydro 
phobic polymeric material. 

[0060] Yet another advantage of preferred embodiments of 
the invention is seen from results shoWing that the biocom 
patible bioactive-agent releasing coating has excellent dura 
bility. Test results demonstrate that the coating is durable and 
retains good biocompatible properties after the article has 
been subject to physical stresses. Such physical stresses may 
otherWise cause inferior (unacceptable) coatings to crack or 
delaminate from the surface of the device, thereby compro 
mising the function of the coating by reducing, for example, 
biocompatible activity. Physical stresses can be encountered 
at one or more points during processes involving use of the 
article, including insertion of the article into the body. 

[0061] Excellent biocompatible properties Were also 
observed after the coated article Was placed in a biochemical 
environment simulating the biochemical stresses that are 
encountered When the coated article is placed in vivo. It is 
generally desirable to form coatings that not degrade and 
that are not fouled by the presence of body ?uids such as 
blood. Rather, it is desirable that the coatings display pro 
longed biocompatible activity in conjunction With the func 
tion of the device. Results of analysis of the inventive 
coatings described herein demonstrate that the coated 
articles are resistant to losing biocompatible properties even 
after the coated articles have been placed in conditions that 
simulate a physiological environment for an extended period 
of time. 

[0062] Still yet another advantage of the invention is the 
ability to pre-treat components that are associated With the 
biocompatible coated layer, prior to disposing the biocom 
patible coating composition on an article having a bioactive 
agent coated layer. “Pre-treating” refers to applying a source 
of energy, such as actinic radiation (e.g., UV irradiation), 
that activates the photoreactive groups that are present in the 
biocompatible coating composition. These photoreactive 
groups are activated as a step in the process of forming the 
biocompatible layer, and generally serve to couple the 
polymeric agents that are present in this composition. While 
the step of applying a source of energy to the biocompatible 
composition can be performed before or after the composi 
tion is coated on the article, in many instances it is desirable 
to perform this step prior to disposing the composition. For 
example, a clear bene?t of pre-treatment Would be avoiding 
irradiating the article having a bioactive coated layer that 
includes a bioactive agent that is sensitive and, for example, 
can become inactive (for example, by degradation), upon 
exposure to this irradiation. Advantageously, the biocom 
patible coating composition that Was pre-treated and dis 
posed on an article having a bioactive agent-containing layer 
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Was able to form a layer having excellent biocompatible 
properties and that also provided an overall coating that 
demonstrated excellent bioactive agent release pro?les. 
Therefore, this pre-treatment method preserves the quality 
of bioactive agents. 

[0063] The invention Will noW be described in more detail. 

DETAILED DESCRIPTION 

[0064] The embodiments of the present invention 
described herein are not intended to be exhaustive or to limit 
the invention to the precise forms disclosed in the folloWing 
detailed description. Rather, the embodiments are chosen 
and described so that others skilled in the art can appreciate 
and understand the principles and practices of the present 
invention. 

[0065] All publications and patents mentioned herein are 
hereby incorporated by reference. The publications and 
patents disclosed herein are provided solely for their disclo 
sure. Nothing herein is to be construed as an admission that 
the inventors are not entitled to antedate any publication 
and/or patent, including any publication and/or patent cited 
herein. 

[0066] The present invention is directed to methods for 
preparing a biocompatible surface on a medical article. The 
biocompatible surface thus enhances the ability of the medi 
cal article to function or exist in contact With biological ?uid 
and/or tissue of a living organism With a net bene?cial effect 
on the living organism. In preferred embodiments, the 
biocompatible surface can provide one or more advantages, 
such as increased patient safety, improved device perfor 
mance, reduced adherence of unWanted blood components, 
inhibition of blood clotting, maintenance of device surfaces 
free of cellular debris, and/or extension of the useable 
lifetime of the device. 

[0067] The methods described herein are particularly suit 
able for preparing a biocompatible surface on a medical 
article. In one embodiment, the biocompatible surface can 
be prepared by disposing a coating composition that 
includes a polymeric material, a biocompatible agent, and a 
photoreactive moiety on a substrate. In preferred embodi 
ments the photoreactive moiety is pendent from the biocom 
patible agent. In another embodiment, a biocompatible sur 
face can be prepared by disposing a coating composition that 
includes a polymeric material, a biocompatible agent, a 
miscibility enhancer, and a photoreactive moiety. The poly 
meric material preferably includes an adherent polymer that 
is capable of adhering to a surface. 

[0068] A bioactive agent can also be included in the 
coating composition. The presence of one or more bioactive 
agents in a coating that is on the surface of the medical 
article may render the device surface sensitive to irradiation 
With light, since certain Wavelengths can inactivate bioactive 
agents. 

[0069] In some aspects, the invention provides a multi 
component coating formed on the surface of a medical 
article has properties including being (i) bioactive-agent 
releasing and (ii) biocompatible. Generally, the coating 
includes at least tWo coated layers, (i) one layer being a 
bioactive agent-releasing layer that includes a polymeric 
material having a bioactive agent, and (ii) another layer 
being a biocompatible layer that includes tWo or more 
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polymeric materials (one of them being a biocompatible 
polymer) and photoreactive groups. The bioactive agent 
releasing layer is formed between the biocompatible layer 
and the surface of the article. The coating can consist of 
these tWo layers, or can optionally include other layers. 

[0070] In forming the biocompatible coating, the coating 
composition that includes the biocompatible polymer and 
photoreactive groups is irradiated. The coating composition 
can be irradiated to activate the photoreactive groups before 
or after the coating composition is disposed on the surface, 
or both before and after. The exact method of irradiation may 
depend on the type and/or amount of photoreactive group 
that is associated With the coating on the surface of the 
article. 

[0071] In some embodiments, the photoreactive moiety is 
pendent from the biocompatible polymer. For example, at 
least one photoreactive group is covalently bonded to the 
biocompatible polymer. Upon activation of the photoreac 
tive groups the biocompatible polymer can be coupled to 
another component, for example, the polymeric material. 
The coupling can be performed in one step, for example 
prior to disposing the composition on the medical article, or 
in more than one step, for example, before and after (and/or 
during) the step of disposing. In some embodiments, a ?lter 
is utiliZed in connection With the step treating, Which can 
involve the activation of the one or more photoreactive 
groups. In embodiments Wherein a bioactive agent is 
included in the coating composition, the one or more pho 
toreactive groups are activated by providing light having a 
Wavelength selected in a range to activate the photoreactive 
groups and minimize inactivation of bioactive agent in the 
polymeric material. 

[0072] The methods described herein are also particularly 
suitable for preparing a biocompatible, bioactive agent 
releasing coating on a medical article. In some preferred 
aspects the biocompatible coating composition is disposed 
on a medical article having a bioactive agent-releasing layer. 
The bioactive agent releasing layer can include a bioactive 
agent and a hydrophobic polymer, for example a poly(alky 
l(meth)acrylate) such as pBMA. 

[0073] The invention also relates to methods for providing 
a biocompatible surface to an implantable medical article. 
The implantable medical article can be, for example, a stent 
or a synthetic graft having a structure adapted for the 
introduction into a patient. In some embodiments the device 
is coated With coating composition that includes a polymeric 
material and one or more bioactive agents for delivery of a 
drug or pharmaceutical substance to tissues adjacent the site 
of implantation. In some cases reference is made to a stent 
having a drug-containing polymeric matrix on its surface 
(also referred to as a drug-eluting stent, or “DES”) and 
having a biocompatible surface. The methods and compo 
sitions of the invention in connection With DES have been 
chosen because these devices are designed to reside in the 
body for extended periods of time, thus increasing risk of 
adverse body reactions to the device. Further, in terms of 
loWering the risk While providing a superior device, the 
advantages of this invention can be clearly presented. HoW 
ever, it is understood that the methods disclosed are appli 
cable to any medical articles Where attachment of a biocom 
patible agent are desirable, and are not limited to the 
particular medical article surfaces described herein. 
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[0074] In some embodiments, the invention provides 
methods of providing biocompatible surfaces to medical 
devices that carry a polymeric material that can have bio 
active agents associated thereWith. The invention can be 
utiliZed in connection With medical devices having a variety 
of biomaterial surfaces. Preferred biomaterials include those 
formed of synthetic polymers, including oligomers, 
homopolymers, and copolymers resulting from either addi 
tion or condensation polymeriZations. Examples of suitable 
addition polymers include, but are not limited to, acrylics 
such as those polymeriZed from methyl acrylate, methyl 
methacrylate, hydroxyethyl methacrylate, hydroxyethyl 
acrylate, acrylic acid, methacrylic acid, glyceryl acrylate, 
glyceryl methacrylate, methacrylamide, and acrylamide; 
vinyls such as ethylene, propylene, vinyl chloride, vinyl 
acetate, vinyl pyrrolidone, and vinylidene di?uoride. 
Examples of condensation polymers include, but are not 
limited to, nylons such as polycaprolactam, polylauryl lac 
tam, polyhexamethylene adipamide, and polyhexamethyl 
ene dodecanediamide, and also polyurethanes, polycarbon 
ates, polyamides, polysulfones, poly(ethylene 
terephthalate), polylactic acid, polyglycolic acid, polydim 
ethylsiloxanes, and polyetherketone. 

[0075] Certain natural materials are also suitable bioma 
terials, including human tissue such as bone, cartilage, skin 
and teeth; and other organic materials such as Wood, cellu 
lose, compressed carbon, and rubber. Other suitable bioma 
terials include metals and ceramics. The metals include, but 
are not limited to, titanium, Nitinol, stainless steel, tantalum, 
and cobalt chromium. A second class of metals includes the 
noble metals such as gold, silver, copper, and platinum 
uridium. Alloys of metals are suitable for biomaterials as 
Well. The ceramics include, but are not limited to, silicon 
nitride, silicon carbide, Zirconia, and alumina, as Well as 
glass, silica, and sapphire. 

[0076] Combinations of ceramics and metals are another 
class of biomaterials. Another class of biomaterials is ?brous 
or porous in nature. The surface of such biomaterials can be 
pretreated (for example, With a ParyleneTM-containing coat 
ing composition) in order to alter the surface properties of 
the biomaterial, When desired. 

[0077] Biomaterials can be used to fabricate a variety of 
implantable devices. The medical device can be any device 
that is introduced temporarily or permanently into a mam 
mal for the prophylaxis or treatment of a medical condition. 
These devices include any that are introduced subcutane 
ously, percutaneously or surgically to rest Within an organ, 
tissue, or lumen of an organ, such as arteries, veins, ven 
tricles, or atria of the heart. 

[0078] Compositions of this invention can be used to coat 
the surface of a variety of implantable devices, for example: 
drug-delivering vascular stents; other vascular devices (e. g., 
grafts, catheters, valves, arti?cial hearts, heart assist 
devices); implantable de?brillators; blood oxygenator 
devices; surgical devices; tissue-related materials; mem 
branes; cell culture devices; chromatographic support mate 
rials; biosensors; shunts for hydrocephalus; Wound manage 
ment devices; endoscopic devices; infection control devices; 
orthopedic devices; dental devices, urological devices; 
colostomy bag attachment devices; ophthalmic devices; 
glaucoma drain shunts; synthetic prostheses; intraocular 
lenses; respiratory, peripheral cardiovascular, spinal, neuro 
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logical, dental, ear/nose/throat (e.g., ear drainage tubes); 
renal devices; and dialysis (e.g., tubing, membranes, grafts). 
[0079] Examples of useful devices include self-expanding 
stents (e.g., made from nitinol), balloon-expanded stents 
(e.g., prepared from stainless steel), degradable coronary 
stents, non-degradable coronary stents, peripheral coronary 
stents, urinary catheters (e.g., surface-coated With antimi 
crobial agents), penile implants, sphincter devices, urethral 
devices, bladder devices, renal devices, vascular implants 
and grafts, intravenous catheters (e.g., treated With anti 
thrombotic agents), small diameter grafts, arti?cial lung 
catheters, electrophysiology catheters, anastomosis devices, 
vertebral disks, bone pins, suture anchors, hemostatic bar 
riers, clamps, surgical staples/sutures/screWs/plates/clips, 
atrial septal defect closures, electro-stimulation leads for 
cardiac rhythm management (e.g., pacer leads), glucose 
sensors (long-term and short-term), blood pressure and stent 
graft catheters, blood oxygenator tubing, blood oxygenator 
membranes, blood bags, birth control devices, breast 
implants, ); benign prostatic hyperplasia and prostate cancer 
implants, bone repair/augmentation devices, breast 
implants, cartilage repair devices, orthopedic joint implants, 
orthopedic fracture repairs, tissue adhesives, tissue sealants, 
tissue sca?folds, CSF shunts, dental implants, dental fracture 
repair devices, implanted drug infusion tubes, intravitreal 
drug delivery devices, nerve regeneration conduits, onco 
logical implants, electrostimulation leads, pain management 
implants, spinal/orthopedic repair devices, Wound dressings, 
embolic protection ?lters, abdominal aortic aneurysm grafts, 
heart valves (e.g., mechanical, polymeric, tissue, percutane 
ous, carbon, seWing cu?), valve annuloplasty devices, mitral 
valve repair devices, vascular intervention devices, left 
ventricle assist devices, neuro aneurysm treatment coils, 
neurological catheters, left atrial appendage ?lters, central 
venous access catheters, hemodialysis devices, catheter cuff, 
anastomotic closures, vascular access catheters, cardiac sen 
sors, uterine bleeding patches, urological catheters/stents/ 
implants, in vitro diagnostics, aneurysm exclusion devices, 
neuropatches, Vena cava ?lters, urinary dialators, endo 
scopic surgical tissue extractors, atherectomy catheters, clot 
extraction catheters, PTA catheters, PTCA catheters, stylets 
(vascular and non-vascular), coronary guideWires, drug 
infusion catheters, esophageal stents, circulatory support 
systems, angiographic catheters, transition sheaths and 
dialators, coronary and peripheral guideWires, hemodialysis 
catheters, neurovascular balloon catheters, tympanostomy 
vent tubes, cerebro-spinal ?uid shunts, de?brillator leads, 
percutaneous closure devices, drainage tubes, thoracic cav 
ity suction drainage catheters, electrophysiology catheters, 
stroke therapy catheters, abscess drainage catheters, biliary 
drainage products, dialysis catheters, central venous access 
catheters, and parental feeding catheters. 
[0080] The methods and compositions described herein 
are particularly useful for those devices that Will come in 
contact With aqueous systems, such as bodily ?uids. Such 
devices can be coated With a coating composition adapted to 
release bioactive agent in a prolonged and controlled man 
ner, generally beginning With the initial contact betWeen the 
device surface and its aqueous environment. It is important 
to note that the local delivery of combinations of bioactive 
agents may be utiliZed to treat a Wide variety of conditions 
utiliZing any number of medical devices, or to enhance the 
function and/or life of the device. Essentially, any type of 
medical device may be coated in some fashion With one or 
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more bioactive agents that enhances treatment over use of 
the singular use of the device or bioactive agent. 

[0081] According to the invention, the biocompatible 
agent is utiliZed to provide a biocompatible surface to a 
medical device. The solid surface that is rendered biocom 
patible is desirably of a synthetic or natural material that is 
insoluble, at least initially, in physiological ?uids. The 
surface can be one or more surfaces of devices intended to 
function in contact With tissue and/or ?uids of living organ 
isms. 

[0082] According to the invention, the coating composi 
tion includes a polymeric material disposed or provided on 
the surface of a medical article. The polymers can be 
bio-stable or biodegradable, organic or inorganic, and syn 
thetic or naturally occurring substances. The polymeric 
material can be selected from a variety of polymeric mate 
rials. Preferably, the polymeric material has adherent prop 
erties, meaning that it can be deposited on and stick to a 
surface. 

[0083] In some aspects, the coating composition can be 
disposed on the medical article having a surface that has 
been primed to facilitate adherence of the coating compo 
sition onto the medical article. 

[0084] As used herein, “polymeric material” refers to 
homopolymers, copolymers, and combinations and mixtures 
thereof. 

[0085] According to the invention, the polymeric material 
can be used in the biocompatible coating composition or 
coated layer that includes the biocompatible agent, in a 
bioactive active agent-containing layer or composition used 
to form this layer, or in another coated layer or composition, 
or combinations thereof. 

[0086] In some embodiments, the coating composition 
includes a polymeric material that is selected to incorporate 
a desirable amount of the bioactive agent, and to either retain 
the bioactive agent so that it is su?iciently presented to the 
surrounding physiological environment, or to release the 
bioactive agent to provide a desired elution pro?le. 

[0087] Any suitable bio-stable or biodegradable polymeric 
materials can be used. 

[0088] Bio-stable polymeric materials include, but are not 
limited to, polymers of polyurethanes, polyethylenes, poly 
ethylene teraphthalates, ethylene vinyl acetates, silicones 
and polyethylene oxide. Ethylene vinyl alcohol copolymers 
can also be used. Some preferred polymeric materials 
include mixtures of poly(butylmethacrylate) and poly(eth 
ylene-co-vinyl acetate), and ParyleneTM. Bio-stable poly 
mers can be permeable to the bioactive agent, Which can be 
released by diffusion through and out of the polymeric 
material. 

[0089] In some aspects, the invention provides a biocom 
patible, bioactive agent-releasing coating that includes at 
least tWo layers, a bioactive agent-releasing layer and a 
biocompatible layer. Both of these layers can include a 
hydrophobic polymer. In some preferred aspects of the 
invention, these layers include the same hydrophobic poly 
mer. The hydrophobic polymer is preferably a poly(alkyl 
(meth)acrylate), Where “(meth)” Will be understood by those 
skilled in the art to include such molecules in either the 
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acrylic and/or methacrylic form (corresponding to the acry 
lates and/or methacrylates, respectively). 

[0090] In one embodiment, the polymeric material com 
prises a composition as described in US. Pat. No. 6,214,901 
(ChudZik et al.) and US Publication No. 2002/0188037 A1 
(ChudZik et al.) (each commonly assigned to the assignee of 
the present invention). As described therein, the composition 
comprises a plurality of polymers, including at least tWo 
polymer components, for example, primary and secondary 
polymer components. As used herein “primary” and “sec 
ondary” are used solely for designation of the polymer 
components are not intended to re?ect the relative amounts 
of polymer components in the composition. The polymer 
components are adapted to be mixed to provide a mixture 
that exhibits an optimal combination of physical character 
istics (such as adherence, durability, ?exibility) and bioac 
tive release characteristics as compared to the polymers 
When used alone or in admixture With other polymers 
previously knoWn. For example the polymeric material can 
include an adherent polymer and a polymer having drug 
release characteristics. 

[0091] In some aspects the adherent polymer preferably 
includes poly(alkyl(meth)acrylates) and poly(aromatic 
(meth)acrylates), Where “(meth)” Will be understood by 
those skilled in the art to include such molecules in either the 
acrylic and/or methacrylic form (corresponding to the acry 
lates and/or methacrylates, respectively). 

[0092] Examples of suitable poly(alkyl (meth)acrylates) 
include those With alkyl chain lengths from 2 to 8 carbons, 
inclusive, and With molecular Weights from 50 kilodaltons to 
900 kilodaltons. In one preferred embodiment the polymeric 
material includes a poly(alkyl (meth)acrylate) With a 
molecular Weight of from about 100 kilodaltons to about 
1000 kilodaltons, preferably from about 150 kilodaltons to 
about 500 kilodaltons, most preferably from about 200 
kilodaltons to about 400 kilodaltons. An example of a 
particularly preferred polymer is poly (n-butyl methacry 
late). Examples of other preferred polymers are poly(n-butyl 
methacrylate-co -methyl methacrylate, With a monomer ratio 
of 3:1, poly(n-butyl methacrylate-co-isobutyl methacrylate, 
With a monomer ratio of 1:1 and poly(t-butyl methacrylate). 
Such polymers are available commercially (e.g., from 
Sigma-Aldrich, Milwaukee, Wis.) With molecular Weights 
ranging from about 150 kilodaltons to about 350 kilodaltons, 
and With varying inherent viscosities, solubilities and forms 
(e.g., as slabs, granules, beads, crystals or poWder). 

[0093] Examples of suitable poly(aromatic (meth)acry 
lates) include poly(aryl (meth)acrylates), poly(aralkyl 
(meth)acrylates), poly(alkaryl (meth)acrylates), poly(ary 
loxyalkyl (meth)acrylates), and poly (alkoxyaryl (meth 
)acrylates). 

[0094] Examples of suitable poly(aryl (meth)acrylates) 
include poly(9-anthracenyl methacrylate), poly(chlorophe 
nyl acrylate), poly(methacryloxy-2-hydroxybenZophenone), 
poly(methacryloxybenZotriaZole), poly(naphthyl acrylate), 
poly(naphthylmethacrylate), poly-4-nitrophenylacrylate, 
poly(pentachloro(bromo, ?uoro) acrylate) and methacrylate, 
poly(phenyl acrylate) and poly(phenyl methacrylate). 
Examples of suitable poly(aralkyl (meth)acrylates) include 
poly(benZyl acrylate), poly(benZyl methacrylate), poly(2 
phenethyl acrylate), poly(2-phenethyl methacrylate) and 
poly(l-pyrenylmethyl methacrylate). Examples of suitable 
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poly(alkaryl(meth)acrylates include poly(4-sec-butylphenyl 
methacrylate), poly(3-ethylphenyl acrylate), and poly(2-me 
thyl-1-naphthyl methacrylate). Examples of suitable pol 
y(aryloxyalkyl (meth)acrylates) include poly(phenoxyethyl 
acrylate), poly(phenoxyethyl methacrylate), and poly(poly 
ethylene glycol phenyl ether acrylate) and poly(polyethyl 
ene glycol phenyl ether methacrylate) With varying polyeth 
ylene glycol molecular Weights. Examples of suitable 
poly(alkoxyaryl(meth)acrylates) include poly(4-methox 
yphenyl methacrylate), poly(2-ethoxyphenyl acrylate) and 
poly(2-methoxynaphthyl acrylate). 

[0095] Acrylate or methacrylate monomers or polymers 
and/or their parent alcohols are commercially available from 
Sigma-Aldrich (Milwaukee, Wis.) or from Polysciences, 
Inc, (Warrington, Pa.). 

[0096] One of the other polymer components in the mix 
ture provides an optimal combination of similar properties, 
and particularly When used in admixture With the primary 
polymer component. Examples of suitable secondary poly 
mers are available commercially and include poly(ethylene 
co-vinyl acetate) having vinyl acetate concentrations in the 
range of about 1% to about 50%, in the form of beads, 
pellets, granules, and the like. 

[0097] In some embodiments, the composition comprises 
at least one poly(alkyl)(meth)acrylate, as a primary, adherent 
polymeric component, and poly(ethylene-co-vinyl acetate) 
as a secondary polymeric component. Preferably, the poly 
mer mixture includes mixtures of poly(butylmethacrylate) 
(PBMA) and poly(ethylene-co-vinyl acetate) (pEVA). This 
mixture of polymers has proven useful With absolute poly 
mer concentrations (total combined concentrations of both 
polymers in the composition) in the range of about 0.25 to 
about 70% (by Weight). It has furthermore proven effective 
With individual polymer concentrations in the coating solu 
tion in the range of about 0.05 to about 70% (by Weight). In 
one preferred embodiment, the polymer mixture includes 
poly (n-butylmethacrylate) (PBMA) With a molecular 
Weight in the range of about 100 kD to 900 kD and a pEVA 
copolymer With a vinyl acetate content in the range of about 
24 to 36% (by Weight). In another preferred embodiment, 
the polymer mixture includes poly (n-butylmethacrylate) 
(PBMA) With a molecular Weight in the range of about 200 
kD to 400 kD and a pEVA copolymer With a vinyl acetate 
content in the range of about 30 to 34% (by Weight). 
According to these embodiments, the concentration of the 
bioactive agent or agents dissolved or suspended in the 
coating mixture can be in the range of about 0.01 to 90%, by 
Weight, based on the Weight of the ?nal coating composition. 

[0098] Other useful mixtures of polymers that can be 
included in the coating composition are described in com 
monly assigned US. Patent Application entitled, “COAT 
ING COMPOSITIONS FOR BIOACTIVE AGENTS,” hav 
ing attorney docket number 98961661. These blends 
includes a ?rst polymer and a second polymer. The ?rst 
polymer can be selected from the group consisting of (i) 
poly(alkylene-co-alkyl(meth)acrylates, (ii) ethylene copoly 
mers With other alkylenes, (iii) polybutenes, (iv) diole?n 
derived non-aromatic polymers and copolymers, (v) aro 
matic group-containing copolymers, and (vi) epichlorohy 
drin-containing polymers. A second polymer can be selected 
from the group consisting of poly(alkyl (meth)acrylates) and 
poly(aromatic(meth)acrylates). 
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[0099] Other useful mixtures of polymers that can be 
included in the coating are described in US. Publication No. 
2004/0047911. This publication describes polymer blends 
that include poly(ethylene-co-methacrylate) and a polymer 
selected from the group consisting of a poly(vinyl alkylate), 
a poly(vinyl alkyl ether), a poly(vinyl acetal), a poly(alkyl 
and/or aryl methacrylate) or a poly(alkyl and/or aryl acry 
late); not including pEVA. 

[0100] The polymeric material can also be a styrene 
copolymer, such as poly(styrene-isobutylene-styrene); the 
preparation of medical devices having such coatings that 
include poly(styrene-isobutylene-styrene) is described in, 
for example, US. Pat. No. 6,669,980. 

[0101] In some embodiments, the biocompatible, bioac 
tive agent-releasing coating includes a tie layer. The tie layer 
can improve association of the bioactive agent-releasing 
layer With the article itself, and can include any sort of 
material Which is compatible With the function of the article. 
Particularly useful materials include polymeric material, 
such as ParyleneTM or a ParyleneTM derivative. 

[0102] In some embodiments, the polymeric material 
comprises ParyleneTM or a ParyleneTM derivative. 
“Parylene” is both a generic name for a knoWn group of 
polymers based on p-xylylene and made by vapor phase 
polymeriZation, and a name for the unsubstituted form of the 
polymer; the latter usage is employed herein. More particu 
larly, ParyleneTM or a ParyleneTM derivative is created by 
?rst heating p-xylylene or a suitable derivative at an appro 
priate temperature (for example, at about 100-1 50° C.) to 
produce the cyclic dimer di-p-xylylene (or a derivative 
thereof). The resultant solid can be separated in pure form, 
and then cracked and pyrolyZed at an appropriate tempera 
ture (for example, at about 6900 C.) to produce a monomer 
vapor of p-xylylene (or derivative); the monomer vapor is 
cooled to a suitable temperature (for example, beloW 30° C.) 
and alloWed to condense on the desired object, for example, 
on the surface of the medical device. 

[0103] As indicated, ParyleneTM and ParyleneTM deriva 
tive coatings applicable by vapor deposition are knoWn for 
a variety of biomedical uses, and are commercially available 
from or through a variety of sources, including Specialty 
Coating Systems (100 Deposition Drive, Clear Lake, Wis. 
54005), Para Tech Coating, Inc. (35 Argonaut, Aliso Viejo, 
Calif. 92656) and Advanced Surface Technology, Inc. (9 
Linnel Circle, Billerica, Mass. 01821-3902). 

[0104] As used herein, biodegradable polymers are 
capable of being broken doWn by various enZymes, such as 
those in the normal functioning of the human body and 
living organisms (such as bacteria) and/or in Water environ 
ments (simple hydrolysis). Once broken doWn, these poly 
mers are gradually absorbed or eliminated by the body. 

[0105] Examples of classes of synthetic polymers that 
have been studied as biodegradable materials include poly 
esters, polyamides, polyurethanes, polyorthoesters, polyca 
prolactone (PCL), polyiminocarbonates, aliphatic carbon 
ates, polyphosphaZenes, polyanhydrides, and copolymers 
thereof. Speci?c examples of biodegradable materials that 
can be used in connection With implantable medical devices 
include polylactide, polygylcolide, polydioxanone, poly(lac 
tide-co-glycolide), poly(glycolide-co-polydioxanone), poly 
anhydrides, poly(glycolide-co-trimethylene carbonate), and 
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poly(glycolide-co-caprolactone). Blends of these polymers 
With other biodegradable polymers can also be used. Typi 
cally, release of a bioactive agent occurs as these polymers 
dissolve or degrade in situ. 

[0106] Biodegradable polyetherester copolymers can be 
used. Generally speaking, the polyetherester copolymers are 
amphiphilic block copolymers that include hydrophilic (for 
example, a polyalkylene glycol, such as polyethylene gly 
col) and hydrophobic blocks (for example, polyethylene 
terephthalate). Examples of block copolymers include poly 
(ethylene glycol)-based and poly(butylene terephthalate) 
based blocks (PEG/PBT polymer). Examples of these types 
of multiblock copolymers are described in, for example, 
US. Pat. No. 5,980,948. PEG/PBT polymers are commer 
cially available from Octoplus BV, under the trade designa 
tion PolyActiveTM. 

[0107] Biodegradable copolymers having a biodegrad 
able, segmented molecular architecture that includes at least 
tWo different ester linkages can also be used. The biode 
gradable polymers can be block copolymers (of the AB or 
ABA type) or segmented (also knoWn as multiblock or 
random-block) copolymers of the (AB)n type. These copoly 
mers are formed in a tWo (or more) stage ring opening 
copolymeriZation using tWo (or more) cyclic ester mono 
mers that form linkages in the copolymer With greatly 
different susceptibilities to transesteri?cation. Examples of 
these polymers are described in, for example, in US. Pat. 
No. 5,252,701 (Jarrett et al., “Segmented Absorbable 
Copolymer”). 

[0108] Other suitable biodegradable polymer materials 
include biodegradable terephthalate copolymers that include 
a phosphorus-containing linkage. Polymers having phos 
phoester linkages, called poly(phosphates), poly(phospho 
nates) and poly(phosphites), are knoWn. See, for example, 
PencZek et al., Handbook of Polymer Synthesis, Chapter 17: 
“Phosphorus-Containing Polymers,” 1077-1132 (Hans R. 
Kricheldorf ed., 1992), as Well as US. Pat. Nos. 6,153,212, 
6,485,737, 6,322,797, 6,600,010, 6,419,709. Biodegradable 
terephthalate polyesters can also be used that include a 
phosphoester linkage that is a phosphite. Suitable tereph 
thalate polyester-polyphosphite copolymers are described, 
for example, in US. Pat. No. 6,419,709 (Mao et al., “Bio 
degradable Terephthalate Polyester-Poly(Phosphite) Com 
positions, Articles, and Methods of Using the Same). Bio 
degradable terephthalate polyester can also be used that 
include a phosphoester linkage that is a phosphonate. Suit 
able terephthalate polyester-poly(phosphonate) copolymers 
are described, for example, in US. Pat. Nos. 6,485,737 and 
6,153,212 (Mao et al., “Biodegradable Terephthalate Poly 
ester-Poly(Phosphonate) Compositions, Articles and Meth 
ods of Using the Same). Biodegradable terephthalate poly 
esters can be used that include a phosphoester linkage that 
is a phosphate. Suitable terephthalate polyester-poly(phos 
phate) copolymers are described, for example, in US. Pat. 
Nos. 6,322,797 and 6,600,010 (Mao et al., “Biodegradable 
Terephthalate Polyester-Poly(Phosphate) Polymers, Compo 
sitions, Articles, and Methods for Making and Using the 
Same). 
[0109] Biodegradable polyhydric alcohol esters can also 
be used (See US. Pat. No. 6,592,895). This patent describes 
biodegradable star-shaped polymers that are made by esteri 
fying polyhydric alcohols to provide acyl moieties originat 
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ing from aliphatic homopolymer or copolymer polyesters. 
The biodegradable polymer can be a three-dimensional 
crosslinked polymer network containing hydrophobic and 
hydrophilic components Which forms a hydrogel With a 
crosslinked polymer structure, such as that described in Us. 
Pat. No. 6,583,219. The hydrophobic component is a hydro 
phobic macromer With unsaturated group terminated ends, 
and the hydrophilic polymer is a polysaccharide containing 
hydroxy groups that are reacted With unsaturated group 
introducing compounds. The components are convertible 
into a one-phase crosslinked polymer netWork structure by 
free radical polymerization. In yet further embodiments, the 
biodegradable polymer can comprise a polymer based upon 
ot-amino acids (such as elastomeric copolyester amides or 
copolyester urethanes, as described in Us. Pat. No. 6,503, 
538). 
[0110] In some aspects, the polymeric material is a hydro 
phobic polymer that can provide certain properties to the 
biocompatible layer, including pliability and drug-releasing 
properties. In some aspects of the invention, the hydropho 
bic polymer is present in the biocompatible layer in an 
amount sufficient to provide good pliability to the coating. 
Any suitable hydrophobic polymers can be used, and in 
many cases, can be chosen from those described herein. 

[0111] In some preferred aspects, the amount of hydro 
phobic polymer is present in the biocompatible coated layer 
in the range of about 40% to about 90% (as based on total 
Weight of the coated layer, and more preferably in the range 
of about 75% to about 90%. 

[0112] In some embodiments, the bioactive agent-releas 
ing layer can include one or more bioactive agents. In 
preferred aspects, the bioactive agent is released by particle 
dissolution or diffusion. It is understood that the release of 
the bioactive agent Will generally include the bioactive agent 
passing through the biocompatible layer before being release 
locally into the adjacent or surrounding tissue. 

[0113] In some embodiments, the coating includes a bio 
active agent-releasing layer Which includes a bioactive agent 
that can be prepared in combination With the polymeric 
materials of the bioactive agent coating composition. Pref 
erably the bioactive agent can be released from the coating, 
including the biocompatible portion of the coating, in a 
controlled manner. Exemplary and preferred bioactive 
agents include, but are not limited to, antibiotics, anti 
in?ammatory agents, anti-proliferative agents, immuno 
modulatory agents, and anti-mitotics. Particularly useful 
bioactive agents of these classes include macrolide antibi 
otics such as rapamycin (triene macrolide antibiotic) and 
rapamycin analogs; immunomodulatory agents such as 
ABT-578; and anti-mitotics including taxoid drugs such as 
paclitaxel and docetaxel. Other useful bioactive agents are 
discussed herein. 

[0114] In other embodiments, the coating composition can 
include one or more bioactive agents, or one or more 

bioactive agents can be added to the coating composition. 
The bioactive agent can be released by particle dissolution 
or diffusion When bio-stable matrices are used, or during 
polymer breakdoWn When absorbed into a biodegradable 
substance. Alternatively, one or more bioactive agents can 
be presented to the physiological environment Without being 
released from the polymeric material. For example, the 
bioactive agent(s) can be covalently coupled to the poly 
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meric material so that the agent(s) are not released from the 
polymeric material into the physiological environment. 

[0115] The coating composition on the medical device can 
comprise one or more bioactive agents incorporated into a 
polymeric material so that the bioactive agent is presented to 
or released locally into the adjacent or surrounding tissue. If 
released, the bioactive agent is preferably released in a sloW 
or controlled-release manner, to provide the desired elution 
pro?le to achieve the therapeutic effect. The release of the 
bioactive agent in a controlled release manner alloWs for 
smaller amounts of the bioactive agent to be released for a 
long period of time in a Zero order elution pro?le manner. 
The release kinetics of the bioactive agent can further 
depend upon such factors as the hydrophobicity of the 
bioactive agent (for example, a more hydrophobic bioactive 
agent typically exhibits a sloWer the rate of release from the 
polymeric material). Alternatively, hydrophilic bioactive 
agents can be released from the polymeric material at a 
faster rate. Therefore, the polymeric composition can be 
altered according to the bioactive agent to be delivered in 
order to maintain the desired concentration of bioactive 
agent required at the treatment site for a longer period of 
time. As Will be apparent upon revieW of this disclosure, the 
medical device can therefore provide a long-term effect of 
the bioactive agent at the treatment site that is more ef?cient 
in preventing restenosis and reduces side effects of the 
bioactive agents utiliZed. 

[0116] An improvement in the function of a bioactive 
agent-releasing coating may be seen When the biocompatible 
layer minimiZes the accumulation of blood components that 
may otherWise get deposited on the bioactive agent releasing 
layer. By reducing these factors, this may improve the 
function of the bioactive agent releasing layer. 

[0117] For purposes of the description herein, reference 
Will be made to “bioactive agent,” but it is understood that 
the use of the singular term does not limit the application of 
bioactive agents contemplated, and any number of bioactive 
agents can be provided using the teaching herein. As used 
herein, “bioactive agent” refers to an agent that affects 
physiology of biological tissue. Bioactive agents useful 
according to the invention include virtually any substance 
that possesses desirable therapeutic characteristics for appli 
cation to the implantation site. 

[0118] It is important to note that the local delivery of 
combinations of bioactive agents may be utiliZed to treat a 
Wide variety of conditions utiliZing any number of medical 
devices, or to enhance the function and/ or life of the device. 
Essentially, any type of medical device may be coated in 
some fashion With one or more bioactive agents that 
enhances treatment over use of the singular use of the device 
or bioactive agent. 

[0119] The Word “bioactive agent,” as used herein, Will 
refer to a Wide range of biologically active materials or drugs 
that can be incorporated into a coating composition of the 
present invention. The bioactive agent(s) to be incorporated 
preferably do not chemically interact With the coating com 
position during fabrication or during the bioactive agent 
release process. 

[0120] The term “bioactive agent,” in turn, Will refer to a 
synthetic inorganic or organic molecule that causes a bio 
logical elfect When administered in vivo to an animal, 
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including but not limited to birds and mammals, including 
humans. Nonlimiting examples are antigens, enzymes, hor 
mones, receptors, peptides, and gene therapy agents. 
Examples of suitable gene therapy agents include a) thera 
peutic nucleic acids, including antisense DNA and antisense 
RNA, and b) nucleic acids encoding therapeutic gene prod 
ucts, including plasmid DNA and viral fragments, along 
With associated promoters and excipients. Examples of other 
molecules that can be incorporated include nucleosides, 
nucleotides, antisense, vitamins, minerals, and steroids. 
[0121] Coating compositions prepared according to this 
process can be used to deliver drugs such as nonsteroidal 
anti-in?ammatory compounds, anesthetics, chemotherapeu 
tic agents, immunotoxins, immunosuppressive agents, ste 
roids, antibiotics, antivirals, antifungals, steroidal antiin 
?ammatories, and anticoagulants. For example, 
hydrophobic drugs such as lidocaine or tetracaine can be 
included in the coating and are released over several hours. 

[0122] Classes of medicaments Which can be incorporated 
into coatings of this invention include, but are not limited to, 
anti-AIDS substances, anti-cancer substances, antibiotics, 
anti-viral substances, enZyme inhibitors, neurotoxins, opio 
ids, hypnotics, antihistamines, immunosuppressants (e.g., 
cyclosporine), tranquilizers, anti-convulsants, muscle relax 
ants and anti-Parkinson substances, anti-spasmodics and 
muscle contractants, miotics and anti-cholinergics, immu 
nosuppressants (e.g. cyclosporine), anti-glaucoma solutes, 
anti-parasite and/or anti-protoZoal solutes, anti-hyperten 
sives, analgesics, anti-pyretics and anti-inflammatory agents 
(such as NSAlDs), local anesthetics, ophthalmics, prostag 
landins, anti-depressants, anti-psychotic substances, anti 
emetics, imaging agents, speci?c targeting agents, neu 
rotransmitters, proteins, and cell response modi?ers. A more 
complete listing of classes of medicaments may be found in 
the PharmaZeutische Wirkstolfe, ed. A. Von Kleemann and 
J. Engel, Georg Thieme Verlag, Stuttgart/NY, 1987, incor 
porated herein by reference. 
[0123] Antibiotics are art recogniZed and are substances 
Which inhibit the groWth of or kill microorganisms. Antibi 
otics can be produced synthetically or by microorganisms. 
Examples of antibiotics include penicillin, tetracycline, 
chloramphenicol, minocycline, doxycycline, vancomycin, 
bacitracin, kanamycin, neomycin, gentamycin, erythromy 
cin, cephalosporins, geldanamycin, and analogs thereof. 
Examples of cephalosporins include cephalothin, cephapi 
rin, cefaZolin, cephalexin, cephradine, cefadroxil, cefaman 
dole, cefoxitin, cefaclor, cefuroxime, cefonicid, ceforanide, 
cefotaxime, moxalactam, ceftiZoxime, ceftriaxone, and 
cefoperaZone. 
[0124] Antiseptics are recogniZed as substances that pre 
vent or arrest the groWth or action of microorganisms, 
generally in a nonspeci?c fashion, e.g., either by inhibiting 
their activity or destroying them. Examples of antiseptics 
include silver sulfadiaZine, chlorhexidine, glutaraldehyde, 
peracetic acid, sodium hypochlorite, phenols, phenolic com 
pounds, iodophor compounds, quaternary ammonium com 
pounds, and chlorine compounds. 
[0125] Anti-viral agents are substances capable of 
destroying or suppressing the replication of viruses. 
Examples of anti-viral agents include ot-methyl-P-adaman 
tane methylamine, hydroxyethoxymethylguanine, adaman 
tanamine, 5-iodo-2'-deoxyuridine, tri?uorothymidine, inter 
feron, and adenine arabinoside. 
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[0126] EnZyme inhibitors are substances that inhibit an 
enZymatic reaction. Examples of enZyme inhibitors include 
edrophonium chloride, N-methylphysostigmine, neostig 
mine bromide, physostigmine sulfate, tacrine.HCl, tacrine, 
l-hydroxymaleate, iodotubercidin, p-bromotetramisole, 
l0-(0t-diethylaminopropionyl)-phenothiaZine hydrochlo 
ride, calmidaZolium chloride, hemicholinium-3,3,5-dinitro 
catechol, diacylglycerol kinase inhibitor 1, diacylglycerol 
kinase inhibitor ll, 3-phenylpropargylaminie, N-monom 
ethyl-L-arginine acetate, carbidopa, 3-hydroxybenZylhydra 
Zine HCl, hydralaZine HCl, clorgyline HCl, deprenyl HCl, 
L(—), deprenyl HCl, D(+), hydroxylamine HCl, iproniaZid 
phosphate, 6-MeO-tetrahydro-9H-pyrido-indole, nialamide, 
pargyline HCl, quinacrine HCl, semicarbaZide HCl, tranyl 
cypromine HCl, N,N-diethylaminoethyl-2,2-diphenylvaler 
ate hydrochloride, 3-isobutyl-l-methylxanthne, papaverine 
HCl, indomethacin, 2-cyclooctyl-2-hydroxyethylamine 
hydrochloride, 2,3-dichloro-a-methylbenZylamine(DCMB), 
8,9-dichloro -2,3 ,4, 5-tetrahydro- l H-2 -benZaZepine hydro 
chloride, p-aminoglutethimide, p-aminoglutethimide tar 
trate, R(+), p-aminoglutethimide tartrate, S(—), 3-iodoty 
rosine, alpha-methyltyrosine, L(—), alpha-methyltyrosine, D 
L(—), cetaZolamide, dichlorphenamide, 6-hydroxy-2-ben 
ZothiaZolesulfonamide, and allopurinol. 

[0127] Anti-pyretics are substances capable of relieving or 
reducing fever. Anti-in?ammatory agents are substances 
capable of counteracting or suppressing in?ammation. 
Examples of such agents include aspirin (salicylic acid), 
indomethacin, sodium indomethacin trihydrate, salicyla 
mide, naproxen, colchicine, fenoprofen, sulindac, di?unisal, 
diclofenac, indoprofen and sodium salicylamide. Local 
anesthetics are substances Which have an anesthetic effect in 
a localiZed region. Examples of such anesthetics include 
procaine, lidocaine, tetracaine and dibucaine. 

[0128] Imaging agents are agents capable of imaging a 
desired site, e.g., tumor, in vivo. Examples of imaging 
agents include substances having a label Which is detectable 
in vivo, e.g., antibodies attached to ?uorescent labels. The 
term antibody includes Whole antibodies or fragments 
thereof. 

[0129] Cell response modi?ers are chemotactic factors 
such as platelet-derived groWth factor (pDGF). Other 
chemotactic factors include neutrophil-activating protein, 
monocyte chemoattractant protein, macrophage-in?amma 
tory protein, SIS (small inducible secreted), platelet factor, 
platelet basic protein, melanoma groWth stimulating activity, 
epidermal groWth factor, transforming groWth factor (alpha), 
?broblast groWth factor, platelet-derived endothelial cell 
groWth factor, insulin-like groWth factor, nerve groWth fac 
tor, and bone groWth/cartilage-inducing factor (alpha and 
beta). Other cell response modi?ers are the interleukins, 
interleukin inhibitors or interleukin receptors, including 
interleukin 1 through interleukin l0; interferons, including 
alpha, beta and gamma; hematopoietic factors, including 
erythropoietin, granulocyte colony stimulating factor, mac 
rophage colony stimulating factor and granulocyte-mac 
rophage colony stimulating factor; tumor necrosis factors, 
including alpha and beta; transforming groWth factors 
(beta), including beta-l, beta-2, beta-3, inhibin, activin, and 
DNA that encodes for the production of any of these 
proteins. 
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[0130] Additives such as inorganic salts, BSA (bovine 
serum albumin), and inert organic compounds can be used to 
alter the pro?le of bioactive agent release, as knoWn to those 
skilled in the art. 

[0131] The bioactive (e.g., pharmaceutical) agents useful 
in the present invention include virtually any therapeutic 
substance that possesses desirable therapeutic characteristics 
for application to the implant site. These agents include: 
thrombin inhibitors, antithrombogenic agents, thrombolytic 
agents, ?brinolytic agents, vasospasm inhibitors, calcium 
channel blockers, vasodilators, antihypertensive agents, 
antimicrobial agents, antibiotics, inhibitors of surface gly 
coprotein receptors, antiplatelet agents, antimitotics, micro 
tubule inhibitors, anti secretory agents, actin inhibitors, 
remodeling inhibitors, antisense nucleotides, anti metabo 
lites, antiproliferatives (including antiangiogenesis agents), 
anticancer chemotherapeutic agents, anti-in?ammatory ste 
roid or non-steroidal anti-in?ammatory agents, immunosup 
pressive agents, groWth hormone antagonists, groWth fac 
tors, dopamine agonists, radiotherapeutic agents, peptides, 
proteins, enzymes, extracellular matrix components, ACE 
inhibitors, free radical scavengers, chelators, antioxidants, 
anti polymerases, antiviral agents, photodynamic therapy 
agents, gene therapy agents, and statins (such as lovastatin, 
pravastatin, simvastatin, ?uvastatin, atorvastatin, cerivasta 
tin, rousvastatin, and superstatin) 
[0132] Other examples of suitable bioactive agents 
include sirolimus (rapaamycin), analogues of rapamycin 
(“rapalogs”), tacrolimus, ABT-578 from Abbott, everolimus, 
paclitaxel, taxane, dexamethasone, betamethasone, pacli 
taxel, vinblastine, vincristine, vinorelbine, poside, tenipo 
side, dactinomycin (actinomycin D), daunorubicin, doxoru 
bicin, idarubicin, anthracyclines, mitoxantrone, bleomycins, 
plicamycin (mithramycin), mitomycin, mechlorethamine, 
cyclophosphamide and its analogs, melphalan, chloram 
bucil, ethylenimines and methylmelamines, alkyl sul 
fonates-busulfan, nirtosoureas, carmustine (BCNU) and 
analogs, streptoZocin, traZenes-dacarbaZinine, methotrexate, 
?uorouracil, ?oxuridine, cytarabine, mercaptopurine, 
thioguanine, pentostatin, 2-chlorodeoxyadenosine, cisplatin, 
carboplatin, procarbaZine, hydroxyurea, mitotane, amino 
glutethimide, estrogen, heparin, synthetic heparin salts, tis 
sue plasminogen activator, streptokinase, urokinase, aspirin, 
dipyridamole, ticlopidine, clopidogrel, abciximab, brevel 
din, cortisol, cortisone, ?udrocortisone, prednisone, pred 
nisolone, 6U-methylprednisolone, triamcinolone, aspirin, 
acetaminophen, indomethacin, sulindac, etodalac, tolmetin, 
diclofenac, ketorolac, ibuprofen and derivatives, mefenamic 
acid, meclofenamic acid, piroxicam, tenoxicam, phenylb 
utaZone, oxyphenthatraZone, nabumetone, aurano?n, 
aurothioglucose, gold sodium thiomalate, cyclosporine, tac 
rolimus (PK-506), aZathioprine, mycophenolate mofetil, 
vascular endothelial groWth factor (V EGF), ?broblast 
groWth factor (FGF); angiotensin receptor blocker; nitric 
oxide donors; anti-sense oligionucleotides and combinations 
thereof; cell cycle inhibitors, mTOR inhibitors, and groWth 
factor signal transduction kinase inhibitors. 

[0133] A comprehensive listing of bioactive agents can be 
found in The Merck Index, Thirteenth Edition, Merck & Co. 
(2001). Bioactive agents are commercially available from 
Sigma Aldrich Fine Chemicals, MilWaukee, Wis. 

[0134] The concentration of the bioactive agent or agents 
dissolved or suspended in the coating mixture can range 

Sep. 28, 2006 

from about 0.01 to about 90 percent, by Weight, based on the 
Weight of the ?nal coated composition. 

[0135] The particular bioactive agent, or combination of 
bioactive agents, can be selected depending upon one or 
more of the folloWing factors: the application of the con 
trolled delivery device, the medical condition to be treated, 
the anticipated duration of treatment, characteristics of the 
implantation site, the number and type of bioactive agents to 
be utiliZed, and the like. 

[0136] In some aspects, the coating includes a bioactive 
agent-releasing layer Which can be adjacent to one or more 
other coated layers Which can optionally be present in the 
coating. (For purposes of discussion, and also to describe 
various aspects of the invention, the coated layers may also 
be described by “?rst coated layer”, “second coated layer”, 
and, if necessary, so forth. HoWever, the nomenclature that 
is used may be primarily for the convenience of describing 
various aspects of the invention. For example, When describ 
ing a coating With tWo layers, Whether a “?rst layer” is distal 
or proximal to the surface of the device Will be understood 
in the context of the speci?c description of that coating.) 

[0137] If desired, optionally, the surface of the article can 
be treated to improve the association of components present 
in a subsequent coated layer. For example, the surface of the 
article may be pretreated With a silane-containing compo 
nent (in these aspects, for example, this may be referred to 
as the ?rst coated layer). In some cases, the coating can 
optionally include a base or “tie layer” that is betWeen the 
surface of the article and the bioactive agent-releasing layer. 
The tie layer, Which is optional, but present in some pre 
ferred embodiments, can improve the association of com 
ponents that are subsequently coated on the article, such as 
components present in the bioactive-agent releasing layer. 
The tie layer can include a material, such as ParyleneTM that 
is adhered or bonded to the surface of the article. 

[0138] Optionally, in some embodiments of the invention, 
an intermediate coated layer can be present betWeen the 
bioactive agent-releasing layer and the biocompatible layer. 
In some aspects, for example, When the bioactive agent 
releasing layer is immediately adjacent to the (uncoated) 
surface of the article, this intermediate layer can be a 
“second coated layer”, or one or more layers is present 
betWeen the bioactive agent-releasing coating and the sur 
face, this intermediate layer can be the third, fourth, etc., 
coated layer. This intermediate layer can include one or 
more compounds that are present in either, or both, of the 
bioactive agent-releasing layer and/or biocompatible layer. 
In some aspects, this coated layer can include a polymeric 
component present in the bioactive agent-releasing layer. 
For example, this intermediate layer can include poly(alky 
l(meth)acrylates) having a short chain alkyl group, such as 
those in the range of C2-C5, including propyl (C3), and most 
preferably butyl (C4). Most preferably this intermediate 
layer includes preferably a poly(alkyl(meth)acrylate), such 
as pBMA. 

[0139] Other coated layers may also be present betWeen 
the bioactive agent-releasing layer and the biocompatible 
layer. Although these layers are optional, they may be 
formed to change or improve aspects of the coating. 

[0140] In other embodiments of the invention, a bioactive 
agent can be added to, or is present in the coating compo 
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sition. For example, in some aspects, a composition con 
taining the polymeric material, a biocompatible agent, and a 
photoreactive moiety is prepared. The composition is then 
treated to couple the biocompatible agent to the polymeric 
material via the photoreactive group. After this treatment a 
bioactive agent is added to the composition. The composi 
tion containing the bioactive agent is then disposed on a 
substrate. Alternatively, the coating composition is ?rst 
disposed on the substrate and then the bioactive agent is 
added to the coating. 

[0141] The invention generally provides methods for pre 
paring a biocompatible surface on a medical article. Accord 
ing to the invention, biocompatible agents can be selected to 
improve the compatibility (for example, With blood and 
surrounding tissues) of medical device surfaces. In preferred 
embodiments, the biocompatible agent, When coupled to the 
medical device surface, can serve to shield the blood from 
the underlying medical device material. Suitable biocom 
patible agents preferably reduce the likelihood for blood 
components to adhere to the medical device and activate, 
thus reducing the formation of thrombus or emboli (blood 
clots that release and travel doWnstream. 

[0142] The biocompatible agent can be essentially any 
biomolecule that is attached to the solid surfaces of medical 
articles to improve biocompatibility of the medical article. 
Thus, the description of bioactive agents suitable for use in 
the polymeric material is instructive for selection of the 
biocompatible agents as Well. 

[0143] In some aspects, the biocompatible agent is a 
biocompatible polymer. According to the invention, biocom 
patible polymers can be selected to improve the compatibil 
ity (for example, With blood and surrounding tissues) of 
medical device surfaces. In preferred embodiments, the 
biocompatible polymer, When coupled to the medical device 
surface, can serve to shield the blood from the underlying 
medical device material. Suitable biocompatible polymers 
preferably reduce the likelihood for blood components to 
adhere to the medical device and activate, thus reducing the 
formation of thrombus or emboli (blood clots that release 
and travel doWnstream. 

[0144] The biocompatible polymer can be essentially any 
polymer that can improve biocompatibility of the medical 
article. 

[0145] Representative examples of biocompatible poly 
mers (including peptides and proteins) having antithrom 
botic effects include heparin, heparin derivatives, sodium 
heparin, loW molecular Weight heparin, hirudin, polylysine, 
argatroban, glycoprotein IIb/IIIa platelet membrane receptor 
antibody, coprotein IIb/IIIa platelet membrane receptor anti 
body, recombinant hirudin, thrombin inhibitor (such as 
commercially available from Biogen), chondroitin sulfate, 
modi?ed dextran, albumin, streptokinase, and tissue plas 
minogen activator (TPA). 

[0146] Other contemplated biocompatible polymers 
include ?bronectin, laminin, collagen, elastin, vitronectin, 
tenascin, ?brinogen, thrombospondin, osteopontin, von 
Willibrand Factor, bone sialoprotein and active domains 
thereof), or a hydrophilic polymer such as hyaluronic acid, 
chitosan or methyl cellulose. 

[0147] Exemplary cell-cell adhesion molecules include 
N-cadherin and P-cadherin and active domains thereof. 
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[0148] Exemplary groWth factors include ?broblastic 
groWth factors, epidermal groWth factor, platelet-derived 
groWth factors, transforming groWth factors, vascular endot 
helial groWth factor, bone morphogenic proteins and other 
bone groWth factors, and neural groWth factors. 

[0149] Exemplary ligands or receptors include antibodies, 
antigens, avidin, streptavidin, and biotin. 

[0150] In some aspects, the biocompatible polymer is 
present in the coating in an amount suf?cient to provide a 
therapeutically useful amount of biocompatible activity to 
the surface of the device. For example, in some aspects, the 
coating provides heparin activity in an amount that either 
prevents or reduces the accumulation of clotting factors over 
a period of time during Which the device is used. 

[0151] In some preferred aspects, the amount of hydro 
philic biocompatible polymer (for example, heparin) is 
present in the biocompatible coated layer in the range of 
about 5% to about 25% (as based on total Weight of the 
coated layer), and more preferably in the range of about 5% 
to about 15%. 

[0152] In preferred aspects, the hydrophilic biocompatible 
polymer has one or more pendent photoreactive groups. The 
photoreactive group can be pendent from the polymer in an 
amount that alloWs for the formation of a stable coated layer 
that provides biocompatibility, such as heparin activity. One 
exemplary hydrophilic biocompatible polymer With pendent 
photoreactive groups is photo-heparin, Which is described 
herein. The hydrophilic biocompatible polymer With pen 
dent photoreactive groups can be used With other photore 
active components in the biocompatible coating composi 
tion. 

[0153] In some aspects, the method of providing a bio 
compatible coating to a medical device can also include a 
step of disposing a second biocompatible agent, Which can 
be different or the same as the biocompatible agent of the 
coating compound, on the medical article, such as to provide 
a second coating to the medical article. The second biocom 
patible agent can include reactive groups such as photore 
active groups. The step of disposing a second biocompatible 
agent can provide a top coat to the medical article. 

[0154] In a preferred aspect of the invention, a miscibility 
enhancer is added to the biocompatible coating composition. 
A miscibility enhancer can be used to improve the homo 
geneity of the polymeric material and the biocompatible 
agent in the coating composition and improve the overall 
coating composition. According to the invention, the mis 
cibility enhancer can be used improve the coupling of the 
biocompatible agent to the polymer, for example, an adher 
ent polymer. 

[0155] The miscibility enhancer can be selected from the 
group consisting of polyvinylpyrrolidinone (PVP), polyeth 
yleneglycol (PEG), PEG sulfonates, fatty quaternary 
amines, fatty sulfonates, fatty acids, dextran, dextrin, and 
cyclodextrin. The miscibility enhancer can also include 
pendant photoreactive groups. 

[0156] Preferably, the miscibility enhancer is a polymeric 
material, in some aspects, is the third polymer of the 
biocompatible layer. A l-vinyl-2-pyrrolidone homopolymer 
or copolymer is preferred, herein referred to as a “poly(vi 
nylpyrrolidone)” (PVP). PVP is a tertiary amide based 
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polymer. In some preferred aspects, the PVP component has 
a molecular Weight of about 1><106 Da or less. 

[0157] In some preferred aspects, the amount of PVP is 
present in the biocompatible coated layer in the range of 
about 5% to about 50% (as based on total Weight of the 
coated layer), and more preferably in the range of about 5% 
to about 15%. 

[0158] If a PVP copolymer is used, it can be a copolymer 
of VP and a monomer selected from the group of hydrophilic 
monomers. Exemplary hydrophilic monomers include 
(meth)acrylamide and (meth)acrylamide derivatives, such as 
alkyl(meth)acrylamide and aminoalkyl(meth)acrylamide, 
such as aminopropylmethacrylamide and dimethylamino 
propyl-methacrylamide. Use of PVP copolymers is particu 
larly advantageous for the preparation and use of PVP 
derivitiZed With photoreactive groups. 

[0159] PVP copolymers can be prepared to change the 
properties of PVP, for example, poly(vinylpyrrolidone-co 
vinyl acetate) polymers can be prepared Which can be more 
hydrophobic and gives less brittle ?lms. Poly(vinylpyrroli 
done) can be prepared by polymerization of 1-vinyl-2 
pyrrolidone in Water using hydrogen peroxide as an initiator. 
Methods for terminating the polymeriZation VP can alloW 
the preparation of PVP of numerous molecular Weights. 

[0160] The coated layer also includes photoreactive 
groups that have been activated and reacted to bond to one 
or more compound(s) present in the coating. “Activated” 
means that the photoreactive groups have been treated With 
an activating sources of radiation, thereby having excited the 
groups to an active state Which resulted in the bonding the 
groups to one or more other components in the coating 
composition. Use of photoreactive groups is particularly 
advantageous as used in the present invention for many 
reasons. For example, use of photoreactive groups alloWs 
the timing of bond formation to be controlled With high 
precision. For example, at one or more points during the 
coating process the photogroups can be activated for a 
desired length of time. Use of photoreactive groups also 
alloWs one to control the extent of bond formation by 
controlling the amount of applied activating energy. Know 
ing the composition of the coating and other materials 
associated With the coated surface, the use of photogroups 
can alloW bond formation betWeen particular targets and not 
others. Also, a photoreactive group can be chosen to absorb 
activating energy at particular Wavelengths and not others. 
This can be bene?cial if components, such as bioactive 
agents, in the coating are sensitive to particular Wavelengths 
of light. 

[0161] The photoreactive moiety can be pendent from the 
biocompatible agent or polymeric material. Alternatively, or 
additionally, the photoreactive moiety is independent of the 
polymeric material or the biocompatible agent in the coating 
composition. 

[0162] In some embodiments the photoreactive moiety is 
independent of the polymeric material and the biocompat 
ible material and can be, for example, a crosslinking agent. 
Exemplary crosslinking gents are described in Applicant’s 
US. Pat. No. 5,414,075 (SWan et al.), and US. Publication 
No. 2003/0165613 A1 (Chappa et al.). See also US. Pat. No. 
5,714,360 (SWan et al.) and US. Pat. No. 5,637,460 (SWan 
et al.). 
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[0163] In one such embodiment described in these refer 
ences, the crosslinking agent can comprise a chemical 
nonpolymeric core molecule having attached to it one or 
more ?rst latent reactive groups and one or more second 

latent reactive groups. 

[0164] In some preferred embodiments, the crosslinking 
reagent is selected from tetrakis (4-benZoylbenZyl ether), the 
tetrakis (4-benZoylbeonZoate ester) of pentaerythritol, and 
an acylated derivative of tetraphenylmethane. 

[0165] A “latent reactive group,” as used herein, refers to 
a chemical group that responds to an applied external energy 
source in order to undergo active specie generation, resulting 
in covalent bonding to an adjacent chemical structure (via an 
abstractable hydrogen). Preferred groups are suf?ciently 
stable to be stored under conditions in Which they retain such 
properties. See, for example, US. Pat. No. 5,002,582 (Guire 
et al.). Latent reactive groups can be chosen that are respon 
sive to various portions of the electromagnetic spectrum, 
With those responsive to ultraviolet and visible portions of 
the spectrum (referred to herein as “photoreactive”) being 
particularly preferred. 
[0166] In preferred embodiments a photoreactive group is 
pendent from the biocompatible agent. In other preferred 
embodiments a photoreactive group is pendent from the 
miscibility enhancer or pendent from both the biocompatible 
agent and the miscibility enhancer. 

[0167] Photoreactive species responds to a speci?c 
applied external ultraviolet or visible light source to undergo 
active specie generation With resultant covalent bonding to 
an adjacent chemical structure, for example, as provided by 
the same or a different molecule. Photoreactive species are 
those groups of atoms in a molecule that retain their covalent 
bonds unchanged under conditions of storage but that, upon 
activation by a speci?c applied external ultraviolet or visible 
light source form covalent bonds With other molecules. 

[0168] Latent reactive (for example, photoreactive) spe 
cies generate active species such as free radicals and par 
ticularly nitrenes, carbenes, and excited states of ketones, 
upon absorption of electromagnetic energy. Latent reactive 
species can be chosen to be responsive to various portions of 
the electromagnetic spectrum, and photoreactive species that 
are responsive to the ultraviolet and visible portions of the 
spectrum are preferred and can be referred to herein as 
“photoreactive groups” or “photoreactive moieties.” 

[0169] The latent reactive species in latent reactive aryl 
ketones are preferred, such as acetophenone, benZophenone, 
anthraquinone, anthrone, and anthrone-like heterocycles (for 
example, heterocyclic analogs of anthrone such as those 
having nitrogen, oxygen, or sulfur in the 10-position), or 
their substituted (for example, ring substituted) derivatives. 
Examples of preferred aryl ketones include heterocyclic 
derivatives of anthrone, including acridone, xanthone, and 
thioxanthone, and their ring substituted derivatives. Particu 
larly preferred are thioxanthone, and its derivatives, having 
excitation energies greater than about 360 nm. 

[0170] The functional groups of such ketones are preferred 
since they are readily capable of undergoing the activation/ 
inactivation/reactivation cycle described herein. BenZophe 
none is a particularly preferred latent reactive moiety, since 
it is capable of photochemical excitation With the initial 
formation of an excited singlet state that undergoes inter 
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system crossing to the triplet state. The excited triplet state 
can insert into carbon-hydrogen bonds by abstraction of a 
hydrogen atom (from a support surface, for example), thus 
creating a radical pair. Subsequent collapse of the radical 
pair leads to formation of a neW carbon-carbon bond. If a 
reactive bond (for example, carbon-hydrogen) is not avail 
able for bonding, the ultraviolet light-induced excitation of 
the benZophenone group is reversible and the molecule 
returns to ground state energy level upon removal of the 
energy source. Photoactivatible aryl ketones such as ben 
Zophenone and acetophenone are of particular importance 
inasmuch as these groups are subject to multiple reactivation 
in Water and hence provide increased coating ef?ciency. 

[0171] In other embodiments, the photoreactive moiety is 
pendent from the polymeric material. For example, at least 
one photoreactive group is covalently bonded to the poly 
meric material. Polymeric material having pendent photo 
reactive groups can be coupled to a component, such as the 
biocompatible agent, or more than one moiety, by activating 
one or more of the photoreactive groups of the polymeric 
material. 

[0172] Preparation of polymeric material, biocompatible 
agents, or miscibility enhancers having pendent photoreac 
tive groups can be achieved by a variety of different meth 
ods. For example, a polymer (such as a polymeric miscibil 
ity enhancer) having pendent photoreactive groups can be 
?rst prepared by preparing a copolymer and then reacting 
the copolymer With compounds that lead to the photoderiv 
itiZation of the copolymer. 

[0173] For example, an photoreactive polymer can be 
formed by reacting acrylamide, 2-acrylamide-2-methylpro 
pane sulfonic acid, and N-3-aminopropyl)methacrylamide 
to form a copolymer. The copolymer is derivatiZed With an 
acyl chloride (such as, for example, 4-benZoylbenZoyl chlo 
ride) under Schotten-Baumann conditions. That is, the acyl 
chloride reacts With the amino group of the N-(3-aminopro 
pyl) moiety of the copolymer. An amide is formed resulting 
in the attachment of the aryl ketone to the polymer. 

[0174] Photo-poly(vinylpyrrolidone) (also referred to as 
“photo-PVP”) can be formed by the copolymeriZation of 
1-vinyl-2-pyrrolidone and N-(3-aminopropyl(meth)acryla 
mide), Which then can be derivatiZed With an acyl chloride 
(such as, for example, 4-benZoylbenZoyl chloride) under 
Schotten-Baumann conditions. That is, the acyl chloride 
reacts With the amino group of the N-(3-aminopropyl) 
moiety of the copolymer. An amide is formed resulting in the 
attachment of the aryl ketone to the polymer. Photo-PVP is 
commercially available, from SurModics, Inc., Eden Prairie, 
Minn., or can be synthesiZed. 

[0175] PhotoderivatiZed polysaccharides, such as heparin 
(“photoheparin”) can be prepared by those skilled in the art 
as Well, for example, in the manner described in US. Pat. 
No. 5,563,056 (SWan et al., see Example 4), Which describes 
the preparation of photoheparin by reacting heparin With 
benZoyl-benZoyl-epsilon-aminocaproyl-N-oxysuccinimde 
in dimethylsulfoxide/carbonate buffer. The solvent Was 
evaporated and the photoheparin Was dialyZed against Water, 
lyophiliZed, and then dissolved in Water. 

[0176] Other photoderivatiZed biocompatible agents, such 
as collagen, ?bronectin, and laminin can be prepared as 
described. See, for example, US. Pat. No. 5,744,515 (Clap 
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per, Method and Implantable Article for Promoting Endot 
helialiZation). As described in this patent, a heterobifunc 
tional crosslinking agent can be used to photoderivatiZe a 
protein, such as a biocompatible agent. The crosslinking 
agent includes a benZophenone photoactivatable group on 
one end (benZoyl benZoic acid, BBA), a spacer in the middle 
(epsilon aminocaproic acid, EAC), and an amine reactive 
thermochemical coupling group on the other end (N -oxysuc 
cinimide, NOS). BBA-EAC is synthesiZed from 4-benZoyl 
benZoyl chloride and 6-aminocaproic acid. Then the NOS 
ester of BBA-EAC is synthesiZed by esterifying the carboxy 
group of BBA-EAC by carbodiimide activation With N-hy 
droxysuccimide to yield BBA-EAC-NOS. Proteins, such as 
collagen, ?bronectin, laminin, and the like can be obtained 
from commercial sources. The protein is photoderivatiZed 
by adding the BBA-EAC-NOS crosslinking agent at a ratio 
of 10-15 moles of BBA-EAC-NOS per mole of protein. 

[0177] Typically, the reacted photogroups present in the 
biocompatible layer couple one or more components present 
in the coating together. For example, in some embodiments, 
the reacted photogroups can couple the biocompatible poly 
mer to the hydrophobic polymer and/or PVP, and/or can 
couple the PVP polymer to the biocompatible polymer 
and/or the hydrophobic polymer. The biocompatible coating 
can be formed With the reactive photogroups being pendent 
from one or more of the polymeric components (and bonded 
to another coated component), the reacted photogroups 
being independent of any component in the coating com 
position, or both. In a preferred aspect the coating compo 
sition is formed using reactive photogroups that are pendent 
from the biocompatible polymer, the PVP polymer, and most 
preferably both the biocompatible polymer and the PVP 
polymer. 
[0178] In yet other embodiments the photoreactive moiety 
is independent of the biocompatible polymer and the poly 
meric material. For example, the photoreactive moiety can 
be a molecule having at least one photoreactive group that 
is able to couple the biocompatible polymer to the polymeric 
material When activated. One example is a crosslinking 
agent that includes tWo or more photoreactive groups. 

[0179] Preferred activated photogroups are selected from 
activated aryl ketones, for example, activated benZophe 
none. 

[0180] In order to provide a preferred coating, a coating 
composition can be prepared to include a solvent or dispers 
ant, polymeric material that can include one or more poly 
mers, the biocompatible agent, the bioactive agent(s), and 
the photoreactive moiety. Solvents or dispersant that can be 
included in the coating composition include, but are not 
limited to, alcohols (e.g., methanol, ethanol, n-propanol and 
isopropanol), alkanes (e.g., halogenated or unhalogenated 
alkanes such as hexane, heptane, cyclohexane, methylene 
chloride and chloroform), amides (e. g., dimethylformamide, 
N-methylpyrrolidone), ethers (e.g., tetrahydrofuran (THF), 
dipropyl ether and dioxolane), ketones (e.g., methyl ethyl 
ketone, methyl isobutyl ketone), aromatic compounds (e.g., 
toluene and xylene), nitriles (e.g., acetonitrile), and ester 
(e.g., ethyl acetate and butyl acetate). 

[0181] In another aspect of the invention, it has been found 
that isopropanol is particularly useful as a component in the 
coating composition. It has been found that solutions or 
suspensions of the adherent polymer and the biocompatible 
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agent, and also the miscibility enhancer, can be prepared that 
include isopropanol and then mixed together in order to 
prepare the coating composition. For example, isopropanol 
can be present in an amount of 50% or greater, 60% or 
greater, 70% or greater, 80% or greater, or most preferably 
85% or greater of the amount of solvent or dispersant present 
in the composition (volume/volume). Isopropanol can be 
present in combination With other solvents or dispersants, 
for example Water or THF. In some embodiments, the 
solvents include a mixture of isopropanol, Water, and THF. 
In some embodiments isopropanol is present in an amount of 
85% or greater, Water is present in an amount of 1% or 
greater, and THF is present in an amount of 1% or greater 
of the total solvents. 

[0182] Therefore, in yet another aspect, the invention 
provides a coating composition comprising (a) heparin, (b) 
a polymeric material comprising monomeric units selected 
from alkyl acrylates and alkyl methacrylates, and (c) pho 
toreactive moiety, Wherein the photoreactive moiety is either 
coupled to (a), (b), both (a) and (b), or is independent; and 
isopropanol. In some embodiments, the coating composition 
can also include tetrahydrofuran. 

[0183] In one preferred method for preparing the coating 
composition, solutions of the polymeric components are 
individually prepared and then combined. In a ?rst solution, 
the hydrophobic polymer, preferably a poly(alkyl 
(meth)acrylate) such as poly(butyl(meth)acrylate), is dis 
solved or suspended in a solvent selected from the group 
consisting of tetrahydrofuran (THF) and acetone. Most 
preferably the hydrophobic polymer is dissolved in THF. In 
a second solution, a hydrophilic biocompatible polymer, 
preferably a biocompatible polysaccharide such as heparin, 
is dissolved or suspended in a protic solvent, preferably 
Water. In third solution poly(vinylpyrrolidone) is dissolved 
or suspended in a solvent selected from the group consisting 
of Water, diethylene glycol, methanol, ethanol, n-propanol, 
isopropanol (IPA), n-butanol, chloroform, methylene chlo 
ride, 2-pyrrolidone, polyethylene glycol, propylene glycol, 
1,4-butanediol, glycerol, triethanolamine, propionic acid, 
and acetic acid; in a preferred aspect the solvent is IPA. 

[0184] Next, the second solution (hydrophilic biocompat 
ible polymer) solution and the third solution (PVP) are 
combined to form a mixture; this mixture is then added to 
the ?rst solution (hydrophobic polymer). 

[0185] In some aspects, the invention provides a coating 
composition including polymeric components comprising 
(i) a hydrophobic polymer, preferably a poly(alkyl 
(meth)acrylate such as pBMA; (ii) a hydrophilic biocom 
patible polymer, preferably heparin; (iii) a PVP polymer; 
and (iv) photoreactive groups, Wherein the photoreactive 
groups are preferably pendent from (ii) or (iii), or both (ii) 
and (iii), and Wherein the polymeric components are present 
solvent system comprising (a) a ?rst liquid selected from 
tetrahydrofuran (THF) and acetone; and (b) a second liquid 
selected from Water, diethylene glycol, methanol, ethanol, 
n-propanol, isopropanol (IPA), n-butanol, chloroform, meth 
ylene chloride, 2-pyrrolidone, polyethylene glycol, propy 
lene glycol, 1,4-butanediol, glycerol, triethanolamine, pro 
pionic acid, and acetic acid. Preferably the second liquid is 
selected from Cl-C4 alcohols such as methanol, ethanol, 
n-propanol, isopropanol (IPA), and n-butanol. Most prefer 
ably the second liquid is IPA. 
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[0186] In a more preferred embodiment the polymeric 
components, as described, are present in a solvent system 
comprising (a) a ?rst liquid selected from tetrahydrofuran 
(THF) and acetone; and (b) a second liquid selected from 
Water, diethylene glycol, methanol, ethanol, n-propanol, 
isopropanol (EPA), n-butanol, chloroform, methylene chlo 
ride, 2-pyrrolidone, polyethylene glycol, propylene glycol, 
1,4-butanediol, glycerol, triethanolamine, propionic acid, 
and acetic acid, and (c) Water. 

[0187] In another preferred embodiment, the polymeric 
components are present in a solvent system comprising (a) 
a ?rst liquid selected from tetrahydrofuran (THF) and 
acetone; and (b) Cl-C4 alcohols such as methanol, ethanol, 
n-propanol, isopropanol (IPA), and n-butanol, and (c) Water. 

[0188] In another preferred embodiment, the polymeric 
components are present in a solvent system comprising (a) 
tetrahydrofuran; and (b) isopropanol (IPA), and (c) Water. 

[0189] The ?rst liquid (i.e., TBF or acetone) is preferably 
present in the solvent system at a concentration of 50% or 
greater, preferably in the range of 50% to 90%, and even 
more preferably in the range of about 60% to about 80%. 
Preferably the ?rst liquid is THF. 

[0190] The second liquid, if, for example, present in a 
binary solvent system With the THF or acetone, is present at 
a concentration of 50% or less, preferably in the range of 
50% to 10%, and even more preferably in the range of about 
40% to about 20%. 

[0191] A most preferred solvent system includes a (i) ?rst 
liquid selected from THF or acetone present in the solvent 
system at a concentration of 50% or greater, preferably in the 
range of 50% to 90%, and even more preferably in the range 
of about 60% to about 80%; a second liquid selected from 
diethylene glycol, methanol, ethanol, n-propanol, isopro 
panol (IPA), n-butanol, chloroform, methylene chloride, 
2-pyrrolidone, polyethylene glycol, propylene glycol, 1,4 
butanediol, glycerol, triethanolamine, propionic acid, and 
acetic acid, present in the solvent system at a concentration 
of 35% or less, preferably in the range of 5% to 30%; and 
Water at a concentration of 20% or less, for example, in the 
range of 0. 1% to 20%, more preferably in the range of 0.1% 
to 2%. One example of a suitable ternary solvent system 
consists of 60% THF, 25% IPA, and 15% Water. 

[0192] The polymeric components can be combined in any 
manner that Would alloW formation of a coating composition 
suitable for forming a biocompatible layer. HoWever, it has 
been discovered that some methods of preparing the bio 
compatible coating composition provide a biocompatible 
coating composition that can be deposited on the surface of 
an article and provide excellent biocompatible features. 

[0193] In more speci?c aspects, the invention provides 
compositions having polymeric components present in 
amounts in de?ned ranges. Particularly useful ranges for the 
hydrophobic polymer, for example, the poly(alkyl 
(meth)acrylate) polymer, are at concentrations in the range 
of 1-20 mg/mL, more preferably in the range of 2.5-10 
mg/mL, and most preferably in the range of 2.5-7.5 mg/mL 

[0194] The hydrophilic biocompatible polymer (e.g., hep 
arin) is preferably present in an amount of 0.1 mg/mL or 
greater, for example in the range of 0.1-10.0 mg/mL, and 
preferably in the range of 0.25 to 1.5 mg/mL. Particularly 
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useful ranges for PVP is in the range of 0. 1-2.5 mg/mL, and 
preferably in the range of 0.1-1.0 mg/mL. 

[0195] According to the invention, at least a portion of the 
surface of the medical article is coated With the coating 
composition. In some embodiments, the entire surface of the 
medical article can be coated With the coating composition. 
The amount of the surface area provided With the polymeric 
material can be determined according to such factors as the 
medical device to be utiliZed, the application of the device, 
the bioactive agent to be utiliZed With the polymeric mate 
rial, and the like factors. 

[0196] Coating compositions described herein that include 
polymeric materials having any combination polymers, bio 
compatible agents, and desired bioactive agents can be 
provided to the surface of the medical article, depending 
upon the ?nal application of the medical device. The coating 
composition (With or Without bioactive agent) can be applied 
to the medical device using standard techniques to cover the 
entire surface of the device, or a portion of the device 
surface. Further, the coating composition can be disposed on 
the medical article as a single layer (With or Without bioac 
tive agent) or in combination With other layers (With or 
Without bioactive agent). When multiple layers are provided 
on the surface, each individual layer can include one or more 
components chosen to provide a desired e?‘ect. In some 
embodiments, each layer is composed of the same polymeric 
materials. Alternatively, one or more of the layers is com 
posed of a polymeric material that is different from one or 
more of the other layers. Additionally, multiple layers of 
various bioactive agents can be deposited onto the medical 
device surface so that a particular bioactive agent can be 
presented to or released from the medical device at one time. 
Application techniques for the coating of polymeric material 
include, for example, dipping, spraying, and the like. The 
suitability of the coating composition for use With a par 
ticular medical article, and in turn, the suitability of the 
application technique, can be evaluated by those skilled in 
the art, given the present description. 

[0197] In some aspects of the invention, the biocompatible 
layer comprises at least three polymers. Of the three, the ?rst 
polymer is a hydrophobic polymer Which can be selected 
from the group of poly(meth)acrylates. In a preferred aspect 
the ?rst polymer is a poly(alkyl(meth)acrylate) having a 
short chain, such as those in the range of C2-C5, including 
propyl (C3), and most preferably butyl (C4). Most preferably 
the ?rst polymer is poly(butyl(meth)acryate) (pBMA). In 
some cases, and preferably, the ?rst polymer of the biocom 
patible layer can be the same as the hydrophobic polymer of 
the bioactive agent-releasing layer. For example the hydro 
philic polymer of the bioactive agent-releasing layer and the 
biocompatible layer is pBMA. 

[0198] Therefore, in some aspects, the invention provides 
a method of providing a biocompatible bioactive agent 
releasing coating, the method including the steps of (a) 
disposing bioactive agent composition comprising a bioac 
tive agent and a hydrophobic polymer, preferably a poly 
(alkyl(meth)acrylate), on an article to form a bioactive 
agent-releasing layer and (b) disposing a biocompatible 
coating composition comprising (i) a hydrophobic polymer, 
(ii) a hydrophilic biocompatible polymer, and (iii) PVP, 
Wherein the photoreactive moiety is pendent from (ii) or 
(iii). In some cases the method of forming the coating can 
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include one or more other steps of forming a coated layer 
that is different than the bioactive agent-releasing layer or 
the biocompatible layer. These optional steps can include, 
for example, a step of forming a tie layer or a step of forming 
an intermediate layer. 

[0199] In some cases the composition is pre-irradiated, 
that is, the composition is irradiated prior to being disposed 
on the surface of an article. 

[0200] For example, a composition including photo-hep 
arin and photo-PVP is irradiated to activate the photoreac 
tive groups; subsequently the composition is disposed on the 
surface of the device. Therefore, in this preferred aspect, a 
preferred method of coating comprises the steps of (a) 
providing a coating composition comprising (i) a hydropho 
bic polymer, (ii) a hydrophilic biocompatible polymer, and 
(iii) PVP, Wherein the photoreactive moiety is pendent from 
(ii) or (iii); (b) after step (a) treating the coating composition 
to activate the photoreactive moiety, and (c) after step (b) 
disposing the coating composition on the surface of the 
medical article. One or more other steps can be include in 
this method Which can be performed before, after, or in 
betWeen steps (a)-(c). 

[0201] In some cases, irradiation may occur before or after 
disposing the coating composition. 

[0202] In other aspects, the invention provides methods of 
providing a biocompatible coating to a surface of a medical 
article. The methods comprise the steps of (a) providing a 
coating composition comprising (i) a hydrophobic polymer, 
(ii) a hydrophilic biocompatible polymer, and (iii) PVP, 
Wherein the photoreactive moiety is pendent from (ii) or 
(iii); (b) disposing the coating composition on the surface of 
the medical article; and (c) treating the coating composition 
to activate the photoreactive moiety. In a preferred aspect, 
the coating composition comprises a solvent system com 
prising (i) a ?rst liquid selected from THF or acetone, (ii) 
IPA, and (iii) Water. 

[0203] In another aspect, the invention provides a coating 
composition that can be used to form a layer that provides 
biocompatibility to all or a portion of a surface of an article. 
The coating composition includes at least the components 
that are used to form a biocompatible layer on the surface of 
an article. 

[0204] In some aspects of the invention, the coating com 
position includes a bioactive agent and the step of treating 
the composition is performed after the coating composition 
is deposited on the surface of the medical article. In these 
aspects a method comprising steps of determining informa 
tion indicative of Wavelength of light that causes inactiva 
tion of the bioactive agent, and using the Wavelength infor 
mation obtained to select a ?lter for coupling photoreactive 
agents to the polymeric material containing the bioactive 
agent. According to these embodiments, inactivation of the 
bioactive agent means degradation of the bioactive agent 
sul?cient to reduce or eliminate the therapeutic effectiveness 
of the bioactive agent. 

[0205] In some aspects of the invention, the methods and 
compositions can be particularly useful for providing coat 
ings to surfaces of medical devices, the coating providing 
features and that incorporates a polymeric material that can 
be deposited and adhered to a surface. While adhering to the 
substrate surface, the polymer of the coating composition 
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also allows the biocompatible agent to be stably presented 
on the surface of the coated article. Since a treatment step is 
not necessary after the coating composition is deposited on 
the surface of the substrate, this may alloW a bioactive agent 
to be incorporated into the coating composition Without 
subjecting the bioactive agents to a treatment step, thereby 
reducing the possibility of degradation of the bioactive 
agents by the treatment. 

[0206] In addition, the polymeric material of the coating 
composition can be useful for controllably releasing one or 
more bioactive agents from the biocompatible coating. A 
coating composition containing polymeric material having 
both adherent and drug-releasing properties and a biocom 
patible agent can be prepared. After the composition is 
prepared a bioactive agent can be incorporated into the 
composition. The coating composition can be deposited on 
a substrate to provide a biocompatible and drug-releasing 
coating. 

[0207] A coating With these properties can surprisingly be 
formed on a surface of a medical device in a minimal 

number of steps. This greatly reduces the throughput time 
for the fabrication of medical articles having these features 
and can result in a substantial cost savings as many reagents 

and steps that might typically be attempted in fabrication of 
these coated medical articles are not necessarily required. 

[0208] The compositions and methods of the invention 
provided coatings that Were readily prepared and that dem 
onstrated excellent biocompatible and Wettability character 
istics. For example, stents coated With compositions accord 
ing to the invention demonstrated substantial heparin or 
collagen surface activities. 

[0209] In preferred embodiments, the coating composition 
includes a bioactive agent or the method of coating further 
comprises a step of adding a bioactive agent to the coating 
composition. In some aspects the bioactive agent is added to 
the coating composition after the step of treating the coating 
composition has been performed. The bioactive agent can be 
released from or presented by the coating once the coating 
is formed on the medical article and implanted in a patient. 
In some embodiments, the coating composition can include 
more than one bioactive agent, Wherein each of the bioactive 
agents can be independently selected depending upon the 
desired therapeutic application of the invention. 

[0210] In the step of treating, the photoreactive moieties 
can be activated by irradiation using a suitable light source. 
In some aspects of the invention, photoreactive group can be 
activated using a ?ltered light source. A useful ?ltered light 
source provides Wavelengths of light that are greater than the 
Wavelength at Which the bioactive agent maximally absorbs 
light. 

[0211] In some embodiments, the coating composition 
includes a bioactive agent or the method further comprises 
a step of adding a bioactive agent to the coating composi 
tion. In some aspects the bioactive agent is added to the 
coating composition after the step of treating the coating 
composition has been performed. The invention contem 
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plates various embodiments for forming a biocompatible 
coating, also including a bioactive agent, some of Which are 
noW described in greater detail. 

[0212] In another particular aspect of the invention, the 
method includes the steps of (a) providing a coating com 
position comprising a polymer selected from the groups 
consisting of includes poly(alkyl(meth)acrylates) and pol 
y(aromatic(meth)acrylates) and a biocompatible agent com 
prising at least one photoreactive moiety; (b) treating the 
coating composition to activate the photoreactive group; (c) 
adding a bioactive agent to the coating composition; and (d) 
disposing the coating composition on the surface of the 
medical article. 

[0213] In another particular aspect of the invention, the 
method includes the steps of (a) providing a coating com 
position comprising an adherent polymer and a biocompat 
ible agent comprising at least one photoreactive moiety; (b) 
treating the coating composition to activate the photoreac 
tive group; (c) adding a bioactive agent to the coating 
composition; and (d) disposing the coating composition on 
the surface of the medical article. 

[0214] In another particular aspect of the invention, the 
method includes the steps of (a) providing a coating com 
position comprising an adherent polymer and a polysaccha 
ride comprising at least one photoreactive moiety; (b) treat 
ing the coating composition to activate the photoreactive 
group; (c) adding a bioactive agent to the coating compo 
sition; and (d) disposing the coating composition on the 
surface of the medical article. 

[0215] In another particular aspect of the invention, the 
method includes the steps of (a) providing a coating com 
position comprising an adherent polymer and a protein or 
peptide comprising at least one photoreactive moiety; (b) 
treating the coating composition to activate the photoreac 
tive group; (c) adding a bioactive agent to the coating 
composition; and (d) disposing the coating composition on 
the surface of the medical article. 

[0216] In another particular aspect of the invention, the 
method includes the steps of (a) providing a coating com 
position comprising a polymer having alkyl acrylate or alkyl 
methacrylate monomeric units and a biocompatible agent 
comprising at least one photoreactive moiety; (b) treating 
the coating composition to activate the photoreactive group; 
(c) adding a bioactive agent to the coating composition; and 
(d) disposing the coating composition on the surface of the 
medical article. 

[0217] In another particular aspect of the invention, the 
method includes the steps of (a) providing a coating com 
position comprising a polymer having alkyl acrylate or alkyl 
methacrylate monomeric units, and heparin comprising at 
least one photoreactive moiety; (b) treating the coating 
composition to activate the photoreactive group; (c) adding 
a bioactive agent to the coating composition; and (d) dis 
posing the coating composition on the surface of the medical 
article. 






























