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DESIGN OF POLY(ESTER AMIDES) FOR THE 
CONTROL OF AGENT-RELEASE FROM 

POLYMERIC COMPOSITIONS 

CROSS REFERENCE 

[0001] This application is a continuation-in-part of appli 
cation Ser. No. 10/835,656, ?led Apr. 30, 2004; a continu 
ation-in-part of application Ser. No. 10/855,294, ?led May 
26, 2004; a continuation-in-part of application Ser. No. 
11/115,631, ?led Apr. 26, 2005; and a continuation-in-part 
of application Ser. No. 11/119,020, ?led Apr. 29, 2005; each 
application of Which is hereby incorporated herein by ref 
erence. 

BACKGROUND 

[0002] 1. Field of the Invention 

[0003] This invention is directed to the polymeric matrices 
that include poly(ester amides) to control the release pro?les 
of agents from Within these matrices. 

[0004] 2. Description of the State of the Art 

[0005] Biomaterial research scientists are striving to 
improve the compositions from Which medical devices and 
coatings are produced. For example, the control of protein 
adsorption on an implant surface and the local administra 
tion of agents from an implant are areas of focus in bioma 
terials research. Uncontrolled protein adsorption on an 
implant surface, for example, leads to a mixed layer of 
partially denatured proteins on the implant surface. This 
mixed layer of partially denatured proteins can lead to 
disease by providing cell-binding sites from adsorbed 
plasma proteins such as ?brinogen and immunoglobulin G. 
Platelets and in?ammatory cells such as, for example, mono 
cytes, macrophages and neutrophils, adhere to the cell 
binding sites. A Wide variety of proin?ammatory and pro 
liferative factors may be secreted and result in a diseased 
state. Accordingly, a non-fouling surface, Which is a surface 
that does not become fouled or becomes less fouled With this 
layer of partially denatured proteins, is desirable. 

[0006] Astent is an example of an implant that can bene?t 
from improvements such as, for example, a non-fouling 
surface and a coating that can be used as a vehicle for 
delivering pharmaceutically active agents in a predictable 
manner. Stents can act as a mechanical intervention to 

physically hold open and, if desired, expand a passageWay 
Within a subject. Typically, a stent may be compressed, 
inserted into a small vessel through a catheter, and then 
expanded to a larger diameter once placed in a proper 
location. Examples of patents disclosing stents include US. 
Pat. Nos. 4,733,665, 4,800,882 and 4,886,062. 

[0007] Stents play an important role in a variety of medi 
cal procedures such as, for example, percutaneous translu 
minal coronary angioplasty (PTCA), Which is a procedure 
used to treat heart disease. In PTCA, a balloon catheter is 
inserted through a brachial or femoral artery, positioned 
across a coronary artery occlusion, in?ated to compress 
atherosclerotic plaque and open the lumen of the coronary 
artery, de?ated and WithdraWn. Problems With PTCA 
include formation of intimal ?aps or torn arterial linings, 
both of Which can create another occlusion in the lumen of 
the coronary artery. Moreover, thrombosis and restenosis 
may occur several months after the procedure and create a 
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need for additional angioplasty or a surgical by-pass opera 
tion. Stents are generally implanted to reduce occlusions, 
inhibit thrombosis and restenosis, and maintain patency 
Within vascular lumens such as, for example, the lumen of 
a coronary artery. 

[0008] Improvements to stents are also being developed to 
provide a controlled, local delivery of agents. Local delivery 
of agents is often preferred over systemic delivery of agents, 
particularly Where high systemic doses are necessary to 
achieve an effect at a particular site Within a subject—high 
systemic doses of agents can often create adverse effects 
Within the subject. One proposed method of local delivery 
includes coating the surface of a medical article With a 
polymeric carrier and attaching an agent to, or blending it 
With, the polymeric carrier. 

[0009] Agent-coated stents have demonstrated dramatic 
reductions in the rates of stent restenosis by inhibiting tissue 
groWth associated With the restenosis. Restenosis is a com 
plex biological process and agents have been applied in 
combination in an attempt to circumvent the process of 
restenosis. One method of applying multiple agents involves 
blending the agents together in one formulation and apply 
ing the blend to the surface of a stent in a polymer matrix. 
Adisadvantage of this method is that the agents are released 
from the matrix through the blend and compete With one 
another for release. 

[0010] The process of restenosis in coronary artery disease 
is derived from a complex interplay of several implant 
centered biological parameters. These are thought to be the 
combination of elastic recoil, vascular remodeling, and 
neo-intimal hyperplasia. Since restenosis is a multifactorial 
phenomenon, the local agent delivery of agents from a stent 
Would bene?t from the design of a release rate pro?le that 
Would deliver agents as needed from the stent in a controlled 
and predictable manner. 

[0011] Stents are used in the treatment and amelioriZation 
of symptoms of other disorders that include, but are not 
limited to, tumors in organs such as, for example, bile ducts, 
esophagus, trachealbronchi, benign pancreatic disease, coro 
nary artery disease, carotid artery disease, and peripheral 
arterial disease. Peripheral arterial diseases include, but are 
not limited to, atherosclerosis, restenosis and vulnerable 
plaque. Vulnerable plaque is a type of fatty build-up in an 
artery thought to be caused by in?ammation and is covered 
by a thin ?brous cap that can rupture leading to blood clot 
formation. The treatment of these and other conditions can 
bene?t from localiZed delivery of an agent. 

[0012] Unfortunately, the art has not yet developed a 
reliable Way to control the release of agents from a medical 
device or coating, yet such control can be important to 
obtaining the desired effects or reducing any adverse effects 
that may otherWise occur from administration of the agents. 
In addition to providing a Way to improve, for example, the 
therapeutic and diagnostic results currently obtained from 
the administration of agents, control over the release of 
agents can assist in designing and maintaining the physical 
and mechanical properties of medical devices and coatings 
as Well. Accordingly, control over the release of agents is an 
important design consideration and one of the next hall 
marks in the development of stent technology. 
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SUMMARY 

[0013] The embodiments of the present invention gener 
ally encompass a medical article, such as a medical device 
or coating comprising an agent or combination of agents, 
Wherein the agent is distributed throughout a polymeric 
matrix. In some embodiments, the medical article comprises 
a stent or a coating for a stent. In some embodiments, the 
present invention can be a medical article that can comprise 
a combination of agents and a polymeric matrix. The poly 
meric matrix comprises an agent and a poly(ester amide) 
having a design that Was preselected to provide a predeter 
mined release rate of the combination of agents from the 
medical article. The design provides a predetermined diffu 
sion coef?cient, a predetermined rate of degradation of the 
polymeric matrix, or a combination thereof. 

[0014] In some embodiments, the present invention can be 
a method of creating a medical article comprising selecting 
a combination of agents and a predetermined release rate for 
an agent. The method includes designing a polymeric matrix 
comprising a poly(ester amide) having a design that Was 
preselected to provide a predetermined release rate of the 
combination of agents from the medical article. The design 
provides a predetermined diffusion coef?cient, a predeter 
mined rate of degradation of the polymeric matrix, or a 
combination thereof. The method includes forming the 
medical article. 

[0015] In some embodiments, the present invention can 
include a method of delivering a combination of agents to a 
mammalian tissue such as vascular tissue. The invention can 
be used to treat vascular disease, such as restenosis, vulner 
able plaque, or a combination thereof. 

BRIEF DESCRIPTION OF THE FIGURES 

[0016] FIG. 1 is a diagram used to illustrate the local 
pharmacokinetics of agent release from a stent and its 
subsequent uptake in the coronary vasculature according to 
some embodiments of the present invention. 

[0017] FIG. 2 illustrates a cross-section of a coating on a 
stent strut Within a vascular organ according to some 
embodiments of the present invention. 

[0018] FIG. 3 illustrates a section of a polymeric matrix 
containing an agent-enriched phase at a concentration that is 
beloW about 30% by volume according to some embodi 
ments of the present invention. 

[0019] FIG. 4 illustrates a section of a polymeric matrix 
containing an agent-enriched phase at a concentration that is 
above about 30% by volume according to some embodi 
ments of the present invention. 

[0020] FIGS. 5a and 5b depict (1) an example of a 
three-dimensional vieW of a stent and (2) select areas of an 
abluminal portion of a stent that can be selectively coated 
With a combination of agents according to some embodi 
ments of the present invention. 

[0021] FIGS. 6a-6a' illustrates initial concentration gradi 
ent pro?les in a polymeric matrix according to some 
embodiments of the present invention. 

[0022] FIGS. 7a and 7b illustrate a sandWiched-coating 
design according to some embodiments of the present inven 
tion. 

Dec. 29, 2005 

[0023] FIG. 8 illustrates a checkerboard-type coating 
design by shoWing a top vieW of an abluminal surface of a 
stent that Was coated in sections according to some embodi 
ments of the present invention. 

[0024] FIGS. 9a and 9b illustrate an engraved-type coat 
ing design by shoWing a top vieW of the abluminal surface 
of a stent With engravings according to some embodiments 
of the present invention. 

[0025] FIGS. 10a and 10b illustrate an ejector assembly 
that does not require a noZZle, according to some embodi 
ments of the present invention. 

[0026] FIGS. 11a and 11b illustrate proposed reaction 
mechanisms for the preparation of poly(ester amides), 
according to some embodiments of the present invention. 

[0027] FIG. 12 illustrates the percent everolimus released 
in a buffer solution containing TRITONO X-lOO from stent 
coatings that Were designed according to embodiments of 
the present invention. 

[0028] FIG. 13 demonstrates the accuracy of ?t for an 
analytical model used to predict release rates of agents from 
polymeric matrices according to some embodiments of the 
present invention. 

[0029] FIG. 14 shoWs the fraction of agent released as a 
function of time for three different coating con?gurations 
according to some embodiments of the present invention. 

[0030] FIG. 15 shoWs the effect of agent-to-polymer 
ratios on agent release from a polymeric matrix according to 
some embodiments of the present invention. 

DETAILED DESCRIPTION 

[0031] As discussed in more detail beloW, the embodi 
ments of the present invention generally encompass the 
control of the release of agents from a polymeric matrix that 
can be used in the formation of a medical article. A“medical 
article” can include, but is not limited to, a medical device 
or a coating for a medical device such as, for example, a 
stent. This control over the release of agents provides for 
control over, inter alia, the therapeutic, prophylactic, diag 
nostic, and ameliorative effects that are realiZed by a patient 
in need of such treatment. In addition, the control of the 
release of agents also has an effect upon the mechanical 
integrity of the polymeric matrix, as Well as a relationship to 
a subject’s absorption rate of the absorbable polymers. 

[0032] The compositions and methods of the present 
invention apply to the formation of medical devices and 
coatings. Next generation medical devices and coatings can 
be designed to target patients, for example, that may not 
respond as Well to current medical devices and coatings. For 
example, current drug-eluting stents are single agent sys 
tems that may not perform as Well in patients With diabetes 
or diffuse, multi-vessel disease. For these types of patients, 
a combination agent delivery may be more effective, since 
release rates may need to be different for each of the agents 
released. Current drug-eluting stents are comprised of poly 
mers that are fairly inert to chemical modi?cations, such that 
control over agent release is limited to varying the agent: 
polymer ratio and optionally applying a polymer topcoat. 

[0033] Poly(ester amide) (PEA) constructs can be used in 
the formation of medical devices and coatings. PEA-based 
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polymers can be constructed in a variety of Ways and, thus, 
offer additional degrees of freedom that can be used to 
control agent release rates. This is important as We are trying 
to develop medical devices and coatings With additional 
properties, such as a pro-healing property, Which may neces 
sitate the use of multiple drugs and/or the incorporation of 
peptides/proteins, etc. 

[0034] In some embodiments, poly(esier amide)-based 
polymers can be constructed to control the release of a single 
agent or a combination of agents. In some examples, each 
agent Within the combination of agents can be delivered 
from such a polymer at a rate that is the same, substantially 
the same, or substantially different from the rate of release 
of the other agents. An “agent” can be a moiety that may be 
bioactive, biobene?cial, diagnostic, plasticiZing, or have a 
combination of these characteristics. For example, an agent 
can be a drug. A “moiety” can be a functional group 
composed of at least 1 atom, a bonded residue in a macro 
molecule, an individual unit in a copolymer or an entire 
polymeric block. It is to be appreciated that any medical 
devices that can be improved through the teachings 
described herein are Within the scope of the present inven 
tion. 

[0035] Examples of medical devices include, but are not 
limited to, stents, stent-grafts, vascular grafts, arti?cial heart 
valves, foramen ovale closure devices, cerebrospinal ?uid 
shunts, pacemaker electrodes, guideWires, ventricular assist 
devices, cardiopulmonary bypass circuits, blood oxygen 
ators, coronary shunts (AxiusTM, Guidant Corp.), vena cava 
?lters, and endocardial leads (FINELINE® and 
ENDOTAK®, Guidant Corp.). 

[0036] In some embodiments, the stents include, but are 
not limited to, tubular stents, self-expanding stents, coil 
stents, ring stents, multi-design stents, and the like. In other 
embodiments, the stents are metallic; loW-ferromagnetic; 
non-ferromagnetic; biostable polymeric; biodegradable 
polymeric or biodegradable metallic. In some embodiments, 
the stents include, but are not limited to, vascular stents, 
renal stents, biliary stents, pulmonary stents and gastrointes 
tinal stents. 

[0037] The medical devices can be comprised of a metal 
or an alloy, including, but not limited to, ELASTINITE® 
(Guidant Corp.), NITINOL® (Nitinol Devices and Compo 
nents), stainless steel, tantalum, tantalum-based alloys, 
nickel-titanium alloy, platinum, platinum-based alloys such 
as, for example, platinum-iridium alloys, iridium, gold, 
magnesium, titanium, titanium-based alloys, Zirconium 
based alloys, alloys comprising cobalt and chromium 
(ELGILOY®, Elgiloy Specialty Metals, Inc.; MP35N and 
MP20N, SPS Technologies) or combinations thereof. The 
tradenames “MP35N” and “MP20N” describe alloys of 
cobalt, nickel, chromium and molybdenum. The MP35N 
consists of 35% cobalt, 35% nickel, 20% chromium, and 
10% molybdenum. The MP20N consists of 50% cobalt, 
20% nickel, 20% chromium, and 10% molybdenum. Medi 
cal devices With structural components that are comprised of 
bioabsorbable polymers or biostable polymers are also 
included Within the scope of the present invention. 

[0038] Generally speaking, there are numerous consider 
ations in the release of agents from a polymeric matrix 
including, but not limited to, the selection and characteristics 
of (1) polymers and polymer combinations that form the 
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polymeric matrix; (2) the functional groups that are present 
on polymers in the matrix; (3) the selection of agents to 
combine With the polymers in a matrix; (4) the polymor 
phism of the agents; the morphology of the polymeric 
matrix; (5) the hydrophilicity/hydrophobicity of the poly 
meric matrix; and (6) the process considerations selected for 
each step in the process such as, for example, the tempera 
ture, pressure, humidity, solvent selection, etc. 

[0039] The process conditions include, but are not limited 
to, those that exist in forming the compositions, forming the 
medical devices or coatings from the compositions, drying 
conditions, annealing conditions, and the like. The manner 
in Which the agents are combined With the polymers can also 
have a profound effect such as, for example, Whether the 
agents are bonded, blended, or a combination thereof, With 
the polymers. Interactions betWeen the agents, polymers, 
and solvents can also affect the release pro?le of the agents. 

[0040] Avariety of factors can affect the release of agents 
from a polymeric matrix. These factors include, but are not 
limited to, the glass-transition temperature of the polymeric 
matrix or a component of the polymeric matrix; the manner 
in Which the agents are combined With the polymeric matrix 
such as, for example, Whether the agents are bonded, 
blended, or a combination thereof, With the polymeric 
matrix; the lability of the bond betWeen an agent and the 
polymeric matrix or a bond Within a linker betWeen the agent 
and the polymeric matrix; the solubility of the agent Within 
the polymeric matrix; and the rate at Which the polymeric 
matrix degrades. 

[0041] FIG. 1 is a diagram used to illustrate the local 
pharmacokinetics of agent release from a stent and its 
subsequent uptake in the coronary vasculature according to 
some embodiments of the present invention. In region 101, 
the agent that Will be released from the stent is a drug. The 
agent can be released and passed through tissue cells Within 
adjoining tissue 102, blood 103, or the agent can remain as 
residual agent (“R”) 104 on the stent. The agent can also be 
metaboliZed (“M”) 105 after its delivery to adjoining tissue 
102, blood 103, other vascular organs 106, or vital organs 
107. 

[0042] Design of Release Rates 

[0043] FIG. 2 illustrates a cross-section of a coating on a 
stent strut Within a vascular organ according to some 
embodiments of the present invention. The cross-section of 
the coated stent strut 201 includes a stent 202, an optional 
primer layer 203, a polymer reservoir 204 that includes at 
least one agent 205, and an optional top-coat layer 206 that 
can further control the diffusion of the agent 205 out of the 
polymer reservoir 204. The coated stent strut 201 is adjoin 
ing vascular tissue 207 and blood 208. The agent 205 is 
released from the polymer reservoir 204 into the blood 208 
and the vascular tissue 207. This release of the agent 205 
includes a diffusion parameter, so design of a polymeric 
matrix can include diffusion considerations in order to 
further obtain control over the release of the agent 205. 

[0044] Diffusion Coef?cients 

[0045] In many embodiments, the release of an agent 
Within a polymeric matrix can include diffusion of the agent 
across the polymeric matrix prior to release of the agent 
Within a subject. The process of diffusion of an agent from 
a medical article such as, for example, a medical device or 
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coating, can be affected by factors that include, but are not 
limited to, the following four factors: (1) coating parameters, 
(2) coating process, (3) polymer physicochemical proper 
ties, (4) agent physicochemical properties, and any combi 
nation thereof. 

[0046] The coating parameters include, but are not limited 
to, the initial solid phase concentration distribution, Which 
includes the drug to polymer (D/P) ratio, the thickness of an 
agent-free polymer top-coating, the total drug content, the 
dispersed phase microstructure, porosity, the type and 
amount of other components present, and the like. The 
coating process includes, but is not limited to, the selection 
of solvents, the thermal history of processing, the thermo 
dynamics of phase separation, the solution thermodynamics, 
kinetics, and the like. 

[0047] Polymer physicochemical properties include, but 
are not limited to, glass transition temperature (Tg), melting 
temperature (Tm), heat of fusion (AHf), percent crystallinity, 
Water absorption, lipid-induced sWelling, and the like. Agent 
physicochemical properties include, but are not limited to, 
the degree and type of dispersed phase parameters, the 
eXtent of solid solution, the polymorphism of the agent (e.g. 
different crystalline forms of a drug), and the like. 

[0048] Diffusion Will occur Wherever there is a diffusion 
medium such as, for eXample, the Water that is taken up by 
a coating layer on a stent While implanted in a vascular 
organ. A mathematical expression is provided beloW to 
describe diffusion of an agent across a coating layer, Where 
the driving force is the concentration gradient of the agent 
across the diffusion medium. The ?ux of the agent across the 
diffusion medium can be represented by the folloWing 
formula: 

, JG (1) 
F: D—,where 

dx 

L2 
D : diffusion coefficient 

1 

moles 
F : agent flux [ J 

d C . . . 

d7 : concentration gradient, i.e., 
x 

change in concentration/ change in distance 

1 

moles 
across the layer L4 

L : any unit of layer dimension used, e.g., to calculate 

area or thickness; and 

I = time. 

[0049] As the agent travels through the coating layer, the 
?ux of the agent changes With the concentration gradient. 
Starting from the general mass balance, 

Input-Output+Generation=Accumulation, or 

dCi i dCo (2) 
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[0050] Using the mathematical relationship that 

[0051] and assuming a constant diffusivity across the 
polymeric matriX of the coating layer, the relationship 
becomes 

dMdx M iDdzCdx (3) 
W + 8- dx2 I 

[0052] Since there is no generation of agent in the coating 
layer, Mg=0. Therefore, 

‘ d C 
accumulation: — , 

d r 

[0054] the equation becomes Fick’s Second LaW: 

dC _ i #C (4) 

E _ W‘ 

[0055] Fick’s Second LaW tells us that the change in the 
concentration of the agent over time is equal to the change 
in the local ?ux of the agent. This provides a means to assess 
the rate of release of agents Within particular polymeric 
matriX systems, Wherein each system can have a number of 
factors that affect this rate of release. These factors have 
been presented above, and the net result of the combined 
diffusion-related factors Within a given system can be cumu 
latively expressed as a diffusion coefficient. The diffusion 
coefficient can also be described as “effective-diffusion 
coefficient” for describing a particular system. 

[0056] Without intending to be bound by any theory or 
mechanism of action, the diffusive transport of an agent can 
be divided into at least tWo modes referred to as “biphasic 
modes.” 

[0057] (1) in a ?rst mode, the effective diffusivity 
corresponds to the transport of an agent dissolved in 
a polymeric matriX Without phase separation; or, an 
agent that primarily transports out of a dispersed 
agent phase into a surrounding polymeric matriX and 
then diffuses out of the surrounding polymeric 
matriX; and, 

[0058] (2) in a second mode, the effective diffusivity 
corresponds to the transport of an agent through a 
dispersed agent phase, for eXample, a dispersed 
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agent phase Within a polymeric matrix that has 
interconnected to create a closely connected netWork 
(i.e. a “percolated” phase, Which is discussed in more 
detail below) by virtue of being densely distributed 
throughout the polymeric matrix; accordingly, the 
effective diffusivity can include an intrinsic diffusiv 
ity of the agent through a Water medium in the 
polymeric matrix in addition to the tortuosity and 
porosity of a percolated-phase passage that has 
formed throughout the polymeric matrix. 

[0059] In some embodiments, the overall mass transport 
can be considered dependent on one or a combination of the 
biphasic modes. Since the diffusion coefficient can be 
directly proportional to the rate of release, it can be mea 
sured experimentally for each polymeric matrix system by 
one skilled in the art and used as a de?ning characteristic for 
agent release from Within that system. 

[0060] The derivation of Fick’s Second LaW provides 
some reasoning for an assumption that the diffusion-based 
?ux of agents from a medical device or coating, i.e. diffu 
sion-based release rate, may be controlled through the 
design of the polymeric matrix used in the formation of the 
medical device or coating. Using such an assumption, a 
method of designing polymeric matrices having particular 
poly(ester amide) designs has been investigated as a Way to 
predictably deliver agents in vivo from compositions used to 
form medical devices or coatings. 

[0061] Effect of Coating Morphology on Diffusion Coef 
?cients 

[0062] The behavior of the components in a polymeric 
composition during the formation of a polymeric matrix 
depends, at least in part, on the thermodynamic relationships 
betWeen the components in the composition. These relation 
ships include, for example, the thermodynamics betWeen the 
agents, the polymers, the solvents, and any combination 
thereof. The thermodynamic relationships betWeen the com 
ponents affect the manner Which local concentration of an 
agent, for example, modi?es the coating morphology that 
results from the process used in the formation of the poly 
meric matrix. Accordingly, control over the coating mor 
phology provides some control over the release rate of the 
agent. 

[0063] In many embodiments, the polymeric matrix can 
include a combination of polymers. In some embodiments, 
an agent can be more thermodynamically stable When com 
bined With a ?rst polymer than a second polymer and, thus, 
preferentially dissolve in the ?rst polymer. A ?rst polymer/ 
agent combination forms as a dispersed phase that can be 
substantially or completely immiscible With the second 
polymer. In these embodiments, the second polymer can be 
referred to as a “bulk phase,” and the ?rst polymer/agent 
combination can be referred to as an “agent-enriched phase.” 

[0064] In some embodiments, a solvent can be selected, 
such that the solubility of an agent in the solvent is ther 
modynamically more favorable than the solubility of a ?rst 
polymer in the solvent. The solvent can be selected such that 
a combination of the solvent and a second polymer is 
thermodynamically more favorable than a combination of 
the solvent With the ?rst polymer. In these embodiments, an 
agent that ordinarily Would preferentially dissolve in a ?rst 
polymer can become preferentially incorporated in a second 
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polymer phase by this component selection. The polymer/ 
solvent/agent system can effectively transport the agent in 
the solvent during removal of the solvent from the compo 
sition to form the polymeric matrix in the medical device or 
coating. In this manner, the diffusion of the agent can be 
controlled in some embodiments by selectively placing the 
agent in a preferred polymeric phase. 

[0065] In some embodiments, an interconnected agent 
enriched dispersed phase provides a means for affecting the 
diffusion coef?cient and controlling the release of agents 
from a polymeric matrix. In many embodiments, an agent 
enriched phase Will reach a percolation threshold at a 
concentration of about 30% by volume Within the combined 
volume of the polymer matrix and agent. 

[0066] The “percolation threshold” is the point at Which 
the agent-enriched phase begins to connect With itself and 
form an interconnected three-dimensional netWork of the 
agent-enriched phase Within the polymeric matrix. The 
percolation threshold is the point at Which the agent-en 
riched phase forms its oWn channel for diffusion. In these 
embodiments, diffusion of an agent can be controlled by 
placing the agent in an interconnected, agent-rich dispersed 
phase that is created through selection of process param 
eters. 

[0067] In some embodiments, placing an agent in an 
interconnected, agent-rich dispersed phase can result in a 
faster release of an agent. In other embodiments, diffusion of 
an agent through an interconnected, agent-rich dispersed 
phase can result in a sloWer release of an agent. In some 
embodiments, the agent can exist in both the interconnected, 
agent-enriched dispersed phase and the bulk phase, such that 
release of the agent occurs through diffusion across both 
phases. 
[0068] FIG. 3 illustrates a section of a polymeric matrix 
containing an agent-enriched phase at a concentration that is 
beloW about 30% by volume according to some embodi 
ments of the present invention. The section 301 of the 
polymeric matrix is beloW the percolation threshold, since 
the agent-enriched phase 302 has not yet reached the con 
centration required to begin forming an interconnected net 
Work Within the bulk phase 303 of the polymeric matrix. 

[0069] FIG. 4 illustrates a section of a polymeric matrix 
containing an agent-enriched phase at a concentration that is 
above about 30% by volume according to some embodi 
ments of the present invention. The section 401 of the 
polymeric matrix is above the percolation threshold, since 
the agent-enriched phase 402 has reached the concentration 
required to begin forming an interconnected netWork Within 
the bulk phase 403 of the polymeric matrix. 

[0070] In many embodiments, the agents can be dissolved 
in the polymeric matrix, exist in a dispersed phase Within the 
polymeric matrix, or a combination thereof. In some 
embodiments, the agent component of a polymeric matrix 
can dissolve in a polymer phase and form a dispersed phase 
upon removal of the solvent used to form the composition. 

[0071] Embodiments of the devices described herein may 
be illustrated by a stent. FIGS. 5a and 5b depict (1) an 
example of a three-dimensional vieW of a stent and (2) select 
areas of an abluminal portion of a stent that can be selec 
tively coated With a combination of agents according to 
some embodiments of the present invention. The stent 501 
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may be made up of a pattern of a number of interconnecting 
structural elements or struts 502. As described herein, the 
embodiments disclosed are not limited to stents or to the 
stent pattern illustrated in FIGS. 5a and 5b and are easily 
applicable to other patterns and other devices. The variations 
in the structure of patterns are virtually unlimited. 

[0072] Designing a poly(ester amide) having a design 
feature that Was preselected to provide a predetermined 
release rate Within the polymeric matrices may also assist in 
obtaining and maintaining desirable physical and mechani 
cal properties and, thus, aid in preventing failure Within 
medical devices or coatings. Since many medical implants 
undergo a great deal of strain during their manufacture and 
use that can result in structural failure, the ability to apply 
particular polymeric matrices having particular agents to 
select regions can be invaluable to the success of a medical 
procedure. 

[0073] Structural failure can occur, for example, as a result 
of manipulating an implant in preparation for placing the 
implant in a subject and While placing the implant in a 
desired location in a subject. A stent is an example of an 
implant that may be compressed, inserted into a small vessel 
through a catheter, and then expanded to a larger diameter in 
a subject. Controlled application of particular agents in loW 
strain areas 503 and high strain areas 504, 505, and 506 of 
a stent, for example, can help to avoid problems, such as 
cracking and ?aking, Which can occur during implantation 
of the stent. 

[0074] In some embodiments, the agent-containing com 
positions can be applied selectively to an abluminal surface 
of a medical device such as, for example, a stent. In many 
embodiments, the stent can be a balloon-expandable stent or 
a self-expandable stent. The “abluminal” surface can refer to 
the surface of the device that is directed aWay from the 
lumen of the organ in Which the device has been deployed. 
In some embodiments, the lumen can be an arterial lumen. 
For example, the abluminal surface of a stent comprises the 
surface of the stent that is placed in contact With the inner 
Wall of an artery. 

[0075] FIG. 5b illustrates select areas of an abluminal 
portion of a stent that can be selectively coated With a 
combination of agents according to some embodiments of 
the present invention. In this embodiment, a coating com 
position comprising agent A 510 can be selectively applied 
to area 508, and a coating composition comprising agent B 
511 can be selectively applied to area 509. 

[0076] The selective application of agents can alloW for a 
controlled release of each agent, in some embodiments, by 
alloWing for the independent selection of the manner in 
Which each agent is attached to a surface of the stent 507. 
For example, an agent may be combined With a polymer 
matrix as a blend, a chemical conjugation, or a combination 
thereof, Which affects the rate of release. The agent may also 
be sandWiched betWeen polymer layers, encapsulated Within 
a polymer netWork, or any combination thereof, thereby 
providing a desired agent concentration such as, for 
example, a desired spike in agent concentration at the 
boundary of a polymeric matrix. 

[0077] In some embodiments, a medical device can com 
prise a polymeric matrix having a predetermined release rate 
of one or more agents through the application of one or more 
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coating compositions. In other embodiments, a medical 
device can be coated With a composition comprising a 
polymeric matrix having a predetermined release rate of one 
or more agents based on coating con?gurations comprising 
one or more select poly(ester amides). In other embodi 
ments, the medical device and coating can each have their 
oWn preselected poly(ester amides), such that each poly(es 
ter amide) can be designed to release an agent at a prede 
termined rate. 

[0078] In some embodiments, the polymeric matrix can 
release agents Without biodegradation of the matrix, such 
that the agent-release is at least partially independent of 
biodegradation. In other embodiments, the polymeric matrix 
releases agents during biodegradation of the matrix, such 
that the agent-release design is at least partially dependent 
on biodegradation. In other examples, the polymeric matrix 
releases agents according to a combination of poly(ester 
amide) designs, Wherein the combination can provide 
release rates that are at least partially independent of, or at 
least partially dependent on, biodegradation of the poly 
meric matrix. 

[0079] In some embodiments, the medical device includes 
a stent, Wherein the thickness of the struts that form the 
structure of the stent can be referred to as a layer or, in some 

embodiments, a combination of layers. In other embodi 
ments, a layer or combination of layers can be applied as a 
coating on a surface of a medical device such as, for 
example, a stent. In other embodiments, the layers can be 
applied as a coating on select surfaces such as, for example, 
the abluminal surface of a stent. In other embodiments, the 
layers can be applied in predetermined geometrical patterns 
on select surfaces of a medical device such as, for example, 
a stent. 

[0080] In other embodiments, a combination of layers can 
be incrementally formed such as, for example, during the 
stacking of layers in a layered-manufacturing process, the 
methods of Which are knoWn to those skilled in the art. In a 
layered-manufacturing process, the object to be manufac 
tured is programmed into the computer as a solid model and 
the model is “sliced” mathematically using slice algorithms. 
The information on each slice is then sent to a manufacturing 
unit Which consists of a material delivery and curing system 
capable of tracing out each layer such as, for example, a vat 
containing an ultraviolet-curable polymeric material With a 
rasteriZing ultraviolet laser used to trace the shape of each 
layer. Each layer has an associated thickness and the entire 
layer has the same cross-section. Once the current layer is 
ready, the computer sends the information about the next 
layer to the manufacturing system Which builds the next 
layer of a series of layers, thus building the entire object 
layer-by-layer. 

[0081] In other embodiments, each layer can be applied 
incrementally in controlled volumes such as, for example, 
through the use of an apparatus that ejects controlled vol 
umes of a polymeric matrix. In some embodiments, the 
controlled volumes can be droplets, and each droplet may be 
independently formed and placed on a surface. Each droplet 
may independently include pure agent, a combination of 
agents, pure polymer, a combination of polymers, or a 
combination thereof. LikeWise, the agents may be indepen 
dently selected for each droplet. 
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[0082] Solvent Selection 

[0083] The formation of the medical devices and coatings 
of the present invention may require the selection and use of 
solvents to assist in creating and using the compositions of 
the present invention. Since many applications of the present 
invention include “casting” of the compositions, such as the 
application of a coating on a substrate, the solvents Will be 
referred to as “casting solvents.” 

[0084] The casting solvent used to form medical devices 
or coatings may be chosen based on several criteria includ 
ing, for example, its polarity, ability to hydrogen bond, 
molecular siZe, volatility, biocompatibility, reactivity and 
purity. Other physical characteristics of the casting solvent 
may also be taken into account including the solubility limit 
of the polymer in the casting solvent; the presence of oxygen 
and other gases in the casting solvent; the viscosity and 
vapor pressure of the combined casting solvent and polymer; 
the ability of the casting solvent to diffuse through adjacent 
materials, such as an underlying material; and the thermal 
stability of the casting solvent. 

[0085] One of skill in the art has access to scienti?c 
literature and data regarding the solubility of a Wide variety 
of polymers. Furthermore, one of skill in the art Will 
appreciate that the choice of casting solvent may begin 
empirically by calculating the Gibb’s free energy of disso 
lution using available thermodynamic data. Such calcula 
tions alloW for a preliminary selection of potential solvents 
to test in a laboratory. It is recognized that process condi 
tions can affect the chemical structure of the underlying 
materials and, thus, affect their solubility in a casting sol 
vent. It is also recogniZed that the kinetics of dissolution are 
a factor to consider When selecting a casting solvent, 
because a sloW dissolution of an underlying material, for 
example, may not affect the performance characteristics of a 
product Where the product is produced relatively quickly. 

[0086] Exemplary casting solvents for use in the present 
invention include, but are not limited to, DMAC, DMF, 
THF, cyclohexanone, xylene, toluene, acetone, i-propanol, 
methyl ethyl ketone, propylene glycol monomethyl ether, 
methyl butyl ketone, ethyl acetate, n-butyl acetate, and 
dioxane. Solvent mixtures can be used as Well. Represen 
tative examples of the mixtures include, but are not limited 
to, DMAC and methanol (50:50 W/W); Water, i-propanol, 
and DMAC (10:3:87 W/W); i-propanol and DMAC (80:20, 
50:50, or 20:80 W/W); acetone and cyclohexanone (80:20, 
50:50, or 20:80 W/W); acetone and xylene (50:50 W/W); 
acetone, xylene and FLUX REMOVER AMS® (93.7% 
3,3-dichloro-1,1,1,2,2-penta?uoropropane and 1,3-dichloro 
1,1,2,2,3-penta?uoropropane, and the balance is methanol 
With trace amounts of nitromethane; Tech Spray, Inc.) 
(10:40:50 W/W); and 1,1,2-trichloroethane and chloroform 
(80:20 W/W). 
[0087] Agent release can be affected by the selection of 
process parameters. The process parameters include, but are 
not limited to, the selection of the process or combination of 
processes used to form a medical device or coating, in Which 
the processes can include all of the steps from selection of 
the components of the composition and forming the com 
position to applying, forming, drying, and optionally anneal 
ing the composition in making a medical device or coating. 
The folloWing methods are examples of methods that can be 
used in producing the medical devices and coatings of the 
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present invention. These methods are not intended to be 
limiting for purposes of the present invention. 

[0088] Forming a Medical Article 

[0089] An agent can be localiZed in an implant during a 
process of forming the implant, and the localiZation can be 
bene?cial for a variety of reasons such as, for example, use 
of less agent in select regions; use of a preferred agent in 
select regions such as, for example, an agent With desired 
potency or faster leaching rate; modi?cation of mechanical 
properties of select regions of an implant; leaching of less 
agent for elimination by a subject; and combinations thereof. 
In some embodiments, there may be no agent in the regions 
outside of the high-strain regions in an implant. In other 
embodiments, there may be less agent in the regions outside 
of the high-strain regions in an implant. In embodiments 
Where less agent is desired in the regions outside of the 
high-strain regions, the amount of agent in the regions 
outside of the high-strain regions can have 2%, 5%, 10%, 
15%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, or 
any range therein, less agent than the high-strain regions. 

[0090] Processes for forming a medical article include, but 
are not limited to, casting, molding, coating, and combina 
tions thereof. In some embodiments, the agent-containing 
compositions can be applied Within the process in the form 
of a controlled volume, such as a droplet. In some embodi 
ments, the implant is formed in a casting process, and the 
mechanical properties of the high-strain regions of the 
implant are controlled by concentrating the agent in the 
high-strain regions, by using different agents in the high 
strain regions, by using agents only in the high-strain 
regions, or a combination thereof. Casting an implant 
involves pouring a liquid polymeric composition into a 
mold. In one embodiment, the localiZation of an agent in an 
implant during such casting can be obtained by varying the 
amount and/or type of agent in the polymeric composition 
during pouring as desired such that the agent becomes 
localiZed in the formed implant. 

[0091] In other embodiments, the implant is formed in a 
molding process, Which includes, but is not limited to, 
compression molding, extrusion molding, injection mold 
ing, and foam molding. The mechanical properties of the 
high-strain regions of the implant are controlled by concen 
trating the agent in the high-strain regions, by using different 
agents in the high-strain regions, by using agents only in the 
high-strain regions, or a combination thereof. 

[0092] In compression molding, solid polymeric materials 
are added to a mold and pressure and heat are applied until 
the polymeric material conforms to the mold. The solid form 
may require additional processing to obtain the ?nal product 
in a desired form. The solid polymeric materials can be in 
the form of particles that can vary in mean diameter from 
about 1 mm to about 1 cm, from about 1 nm to about 10 mm, 
from about 1 nm to about 1 mm, from about 1 mm to about 
100=n, or any range therein. In one embodiment, the local 
iZation of agents in an implant during such compression 
molding can be obtained by varying the amount and/or type 
of agent in the solid polymeric materials While adding the 
solid polymeric materials to the mold as desired such that the 
agent becomes localiZed in the formed implant. 

[0093] In extrusion molding, solid polymeric materials are 
added to a continuous melt that is forced through a die and 
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cooled to a solid form. The solid form may require additional 
processing to obtain the ?nal product in a desired form. The 
solid polymeric materials can be in the form of particles that 
can vary in mean diameter from about 1 mm to about 1 cm, 
from about 1 m to about 10 mm, from about 1 nm to about 
1 mm, from about 1 mm to about 100 nm, or any range 
therein. In one embodiment, the localiZation of agent in an 
implant during such extrusion molding can be obtained by 
varying the amount and/or type of agent in the solid poly 
meric materials While adding the solid polymeric materials 
to the extrusion mold as desired such that the agent becomes 
localiZed in the formed implant. 

[0094] In injection molding, solid polymeric materials are 
added to a heated cylinder, softened and forced into a mold 
under pressure to create a solid form. The solid form may 
require additional processing to obtain the ?nal product in a 
desired form. The solid polymeric materials can be in the 
form of particles that can vary in mean diameter from about 
1 mm to about 1 cm, from about 1 nm to about 10 mm, from 
about 1 mm to about 1 mm, from about 1 nm to about 100 
mm, or any range therein. In one embodiment, the localiZa 
tion of agent in an implant during such injection molding can 
be obtained by varying the amount and/or type of agent in 
the solid polymeric materials While adding the solid poly 
meric materials to the injection mold as desired such that the 
agent becomes localiZed in the formed implant. 

[0095] In foam molding, bloWing agents are used to 
expand and mold solid polymeric materials into a desired 
form, and the solid polymeric materials can be expanded to 
a volume ranging from about tWo to about 50 times their 
original volume. The polymeric material can be pre-ex 
panded using steam and air and then formed in a mold With 
additional steam; or mixed With a gas to form a polymer/gas 
mixture that is forced into a mold of loWer pressure. The 
solid form may require additional processing to obtain the 
?nal product in a desired form. The solid polymeric mate 
rials can be in the form of particles that can vary in mean 
diameter from about 1 nm to about 1 cm, from about 1 nm 
to about 10 mm, from about 1 nm to about 1 mm, from about 
1 nm to about 100 nm, or any range therein. In one 
embodiment, the localiZation of agent in an implant during 
such foam molding can be obtained by varying the amount 
and/or type of agent in the solid polymeric materials While 
adding the solid polymeric materials to the foam mold as 
desired such that the agent becomes localiZed in the formed 
implant. 
[0096] In other embodiments, a stent is formed by injec 
tion molding or extrusion of a tube folloWed by cutting a 
pattern of a stent into the tube. In one example, the pattern 
can be cut With a laser. In these embodiments, for example, 
a mixture of polymer and agent can be added prior to 
injection molding or extrusion or, in the alternative, the 
agent can be absorbed by the stent after the stent has been 
formed. 

[0097] Forming a Layer 

[0098] In each of the embodiments, the term “layer” 
describes a thickness of a polymeric matrix Within Which an 
agent must pass through to be released into a subject. This 
term can refer, for example, to any individual polymeric 
matrix that may be used to form a medical device or a 
coating for a medical device. A layer can include, but is not 
limited to, polymeric material from a single-pass application 
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or multiple-pass application, Where a “pass” can be any 
single process step, or combination of steps, used to apply a 
material such as, for example, a pass of a spray coating 
device, a pass of an electrostatic coating device, a pass of a 
controlled-volume ejector, a dipping, an extrusion, a mold, 
a single dip in a layered manufacturing process, or a 
combination thereof. In general, a pass includes any single 
process step knoWn to one of skill in the art that can be used 
to apply materials in the formation of a medical device or 
coating using a composition comprising a polymeric mate 
rial. A layer can consist of a single pass or multiple passes. 
In some embodiments, the coating can be applied to an 
entire medical device or select regions of the medical device. 

[0099] The term “thickness” can refer to the distance 
betWeen opposite surfaces of a polymeric matrix that is used 
in the production of a medical device or coating. The 
thickness can refer to that of a single layer, a single layer 
Within a combination of layers, or a combination layers. 

[0100] In some embodiments, the thickness of a polymeric 
matrix can be the thickness of a component Within the 
structure of a medical device, such as, for example, the 
thickness of a strut Within a stent. In other embodiments, the 
thickness of a polymeric matrix can be the thickness of a 
layer of coating applied to a medical device. In other 
embodiments, the thickness of a polymeric matrix can be the 
thickness of a combination of layers applied as a coating for 
a medical device. 

[0101] In many embodiments, the thickness of a poly 
meric matrix can range from about 0.1 nm to about 1.0 cm, 
from about 0.1 nm to about 1.0 mm, from about 0.1 nm to 
about 100 pm, from about 0.1 nm to about 1 pm, from about 
0.1 nm to about 100 nm, from about 0.1 nm to about 10 nm, 
from about 10 nm to about 100 nm, from about 10 pm to 
about 50 pm, from about 50 pm to about 100 pm, or any 
range therein. In other embodiments, the thickness of a 
polymeric matrix can range from about 1 pm to about 10 pm, 
Which can be found, for example, in some of the current 
drug-eluting stent (DES) systems. In other embodiments, the 
thickness of the polymeric matrices can be regionally dis 
tributed throughout a device to create a variation in thick 
nesses such as, for example, the variation in thicknesses that 
can be found in an abluminally-coated DES stent. 

[0102] In some embodiments of the invention, the com 
positions are in the form of coatings for medical devices 
such as, for example, a balloon-expandable stent or a 
self-expanding stent. There are many coating con?gurations 
Within the scope of the present invention, and each con?gu 
ration can include any number and combination of layers. In 
some embodiments, the coatings of the present invention 
can comprise one or a combination of the folloWing four 
types of layers: 

0103 a an a ent la er, Which ma com rise a g y y P 
polymer and an agent or, alternatively, a polymer 
free agent; 

[0104] (b) an optional primer layer, Which may 
improve adhesion of subsequent layers on the 
implantable substrate or on a previously formed 
layer; 

[0105] (c) an optional topcoat layer, Which may serve 
as a Way of controlling the rate of release of an agent; 
and 
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[0106] (d) an optional biocompatible ?nishing layer, 
Which may improve the biocompatibility of the coat 
ing. 

[0107] In many embodiments, each layer can be applied to 
an implantable substrate by any method including, but not 
limited to, dipping, spraying, pouring, brushing, spin-coat 
ing, roller coating, meniscus coating, poWder coating, inkj et 
type application, controlled-volume application such as 
drop-on-demand, or a combination thereof. In these embodi 
ments, a dry coating containing a biodegradable polymer 
may be formed on the stent When the solvent evaporates. In 
some embodiments, at least one of the layers can be formed 
on a stent by dissolving one or more biodegradable poly 
mers, optionally With a non-biodegradable polymer, in one 
or more solvents, and either spraying the solution on the 
stent or (ii) dipping the stent in the solution. 

[0108] In other embodiments, a coating can be applied to 
a medical device, such as a stent, using methods that may 
include sputtering and gas-phase polymeriZation. Sputtering 
is a method that includes placing a polymeric material target 
in an environment that is conducive to applying energy to 
the polymeric material and sputtering the polymeric material 
from the target to the device to form a coating of the 
polymeric material on the device. Similarly, a gas-phase 
polymeriZation method includes applying energy to a mono 
mer in the gas phase Within an environment that is conducive 
to formation of a polymer from the monomer in the gas 
phase, and Wherein the polymer formed coats the device. 

[0109] In some embodiments, a pure agent can be applied 
directly to at least a part of an implantable substrate as a 
layer to serve as a reservoir for at least one bioactive agent. 
In another embodiment, the agent can be combined With a 
polymer. In another embodiment, an optional primer layer 
can be applied betWeen the implantable substrate and the 
agent layer to improve adhesion of the agent layer to the 
implantable substrate and can optionally comprise an agent. 

[0110] In other embodiments, a pure agent layer can be 
sandWiched betWeen layers comprising biodegradable poly 
mer. In other embodiments, the optional topcoat layer can be 
applied over at least a portion of the agent layer to serve as 
a topcoat to assist in the control the rate of release of agents 
and can optionally comprise an agent. In another embodi 
ment, a biocompatible ?nishing layer can be applied to 
increase the biocompatibility of the coating by, for example, 
increasing acute hemocompatibility, and this layer can also 
comprise an agent. 

[0111] Forming Polymeric Matrix Con?gurations 

[0112] The rate of release of an agent from a composition 
depends on the materials that are selected for use in the 
formation the compositions, as Well as the processes that are 
selected for use in the formation of the polymeric matrices 
from the compositions. The polymeric matrices taught 
herein can be, for example, a ternary system having an 
agent, polymer, and solvent; and as described herein, the 
relationship betWeen the elements in this ternary system can 
affect the coating con?gurations obtained Within the poly 
meric matrices. 

[0113] As described above, Fick’s Second LaW tells us 
that the change in the concentration of the agent over time 
is equal to the change in the local ?ux of the agent. 
Accordingly, although each polymeric matrix can have a 
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number of factors that affect this rate of release, it can be 
assumed that the rate of release of agents Within particular 
polymeric matrix system can be controlled by the design of 
an initial concentration gradient pro?le (IC pro?le) of an 
agent across the polymeric matrix. In some embodiments, 
virtually any IC pro?le or combination of IC pro?les that 
represent a desired agent release can be produced by design 
across a polymeric matrix in a medical device or a coating 
for a medical device. The use of a mathematical function 
provides a Way to characteriZe a desired IC pro?le in the 
illustration and design of a process for creating desired IC 
pro?les according to some embodiments of the present 
invention. The variety of initial concentration pro?les that 
may be desired or may be designed is virtually limitless. 

[0114] FIGS. 6a-6a' illustrates initial concentration gradi 
ent pro?les in a polymeric matrix according to some 
embodiments of the present invention. In FIGS. 6a-6a', the 
IC pro?le 601 begins at a boundary 602 at the surface 603 
of a medical device and ends at a boundary 604 betWeen the 
polymeric matrix 605 and an optional topcoat 606. In each 
of FIGS. 6a-6a', the pro?les represent a correlation betWeen 
the agent concentration on the y-axis and the position of the 
agent as measured from the boundary 602 of the surface 603 
of the medical device on the x-axis. 

[0115] In FIG. 6a, the IC pro?le 601 is a linear pro?le, 
Wherein the agent concentration is a Zero order function of 
position in the polymeric matrix, and is a constant in this 
case. In FIG. 6b, the IC pro?le 601 is a linear pro?le, 
Wherein the agent concentration is a ?rst order function of 
position in the polymeric matrix. In FIG. 6c, the IC pro?le 
601 is a non-linear pro?le, Wherein the agent concentration 
is an exponential function of position in the polymeric 
matrix. In FIG. 6d, the IC pro?le 601 is a non-linear pro?le, 
Wherein the agent concentration is a Wave function of 
position in the polymeric matrix. 

[0116] In some embodiments, a coating con?guration can 
be affected by the relative hydrophobicity and hydrophilicity 
of the components in a given polymeric matrix. Another 
factor that should be considered in developing a coating 
con?guration is the selection of boundary conditions that 
can be present during processing of a polymeric matrix used 
in a medical device or coating. The boundary conditions are 
a factor to consider in that a variety of boundary conditions 
can create a variety of morphologies Within a polymeric 
matrix, and control of the morphologies can assist in the 
control of agent release. 

[0117] Boundary conditions are another set of variables 
that can be varied at each step in the process of forming a 
medical device or coating and include, but are not limited to, 
pressure, temperature, and atmosphere, Wherein the atmo 
sphere can include, but is not limited to, relative humidity, 
solvent vapor, or a combination thereof. Because of these 
boundary considerations, process applications such as the 
application of an external pressure, temperature, or a com 
bination thereof such as, for example, freeZe-drying can alter 
the distribution of agent Within a polymeric matrix and serve 
as a means to design a coating con?guration, for example, a 
predetermined IC pro?le for a desired release rate of an 
agent. 

[0118] The compositions of the present invention can be 
used for one or any combination of layers. In some embodi 
ments, any of the polymers taught herein can be used as a 








































































