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ABSTRACT

A stent for delivery of a therapeutic agent is disclosed. The
stent includes a polymer coating for reducing the rate of
release of the therapeutic agent. The polymer has a crystal
line structure wherein the polymer is capable of significantly
maintaining the crystalline lattice structure while the thera
peutic agent is released from the stent such that the aqueous
environment to which the stent is exposed Subsequent to the
implantation of the Stent does not significantly convert the
crystalline lattice structure of the polymer to an amorphous
Structure.
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POLYMERC COATING FOR REDUCING THE
RATE OF RELEASE OF A THERAPEUTC
SUBSTANCE FROMASTENT
CROSS-REFERENCE TO RELATED
APPLICATION

0001. This is a divisional application of U.S. application
Ser. No. 09/948,513, filed on Sep. 7, 2001, the teachings of
which are incorporated herein in their entirety by reference.
BACKGROUND OF THE INVENTION

0002) 1. Field of the Invention
0003. A medical device, such as a stent, for delivering a
therapeutic Substance is disclosed. The stent includes a
polymeric coating for reducing the rate of release of the
therapeutic Substance.
0004 2. Description of the Background
0005 Blood vessel occlusions are commonly treated by
mechanically enhancing blood flow in the affected vessels,
Such as by employing a stent. Stents act as scaffoldings,
functioning to physically hold open and, if desired, to
expand the wall of the passageway. Typically stents are
capable of being compressed, so that they can be inserted
through Small lumens via catheters, and then expanded to a
larger diameter once they are at the desired location.
Examples in the patent literature disclosing stents include
U.S. Pat. No. 4,733,665 issued to Palmaz, U.S. Pat. No.
4,800,882 issued to Gianturco, and U.S. Pat. No. 4,886,062
issued to Wiktor.

0006 Stents are used not only for mechanical interven
tion but also as vehicles for providing biological therapy.
Biological therapy can be achieved by medicating the Stents.
Medicated stents provide for the local administration of a
therapeutic substance at the diseased site. Local delivery of
a therapeutic substance is a preferred method of treatment
because the Substance is concentrated at a specific site and
thus smaller total levels of medication can be administered

in comparison to systemic dosages that often produce
adverse or even toxic side effects for the patient.
0007 One method of medicating a stent involves the use
of a polymeric carrier coated onto the surface of the stent. A
composition including a solvent, a polymer dissolved in the
Solvent, and a therapeutic Substance dispersed in the blend
is applied to the stent by immersing the stent in the com
position or by spraying the composition onto the stent. The
Solvent is allowed to evaporate, leaving on the stent Strut
Surfaces a coating of the polymer and the therapeutic Sub
stance impregnated in the polymer.
0008 Depending on the physiological mechanism tar
geted, the therapeutic Substance may be required to be
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0009. It is desirable to increase the residence time of a
Substance at the site of implantation, at a therapeutically
useful concentration, without the addition of a greater per
centage of the therapeutic Substance to the polymeric coat
ing and without the application of a significantly thicker
coating.
SUMMARY OF THE INVENTION

0010. The present invention discloses a stent for delivery
of a therapeutic agent. The Stent includes a polymer coating
for reducing the rate of release of the therapeutic agent. The
polymer has a crystalline lattice structure, wherein the
polymer is capable of significantly maintaining the crystal
line lattice structure while the therapeutic agent is released
from the Stent Such that the aqueous environment to which
the Stent is exposed Subsequent to the implantation of the
stent does not significantly convert the crystalline lattice
structure of the polymer to an amorphous structure.
0011 The coating can contain the therapeutic agent. In
one embodiment, the melting point of the polymer is greater
than or equal to about 135° C. at ambient pressure. In
another embodiment, the polymer is a hydrophobic polymer
having a solubility parameter not greater than about 10.7

(cal/cm)'.
0012. Also disclosed is a method of forming a coating for
a stent. The method includes applying a first composition
including a polymeric material to at least a portion of the
stent to form a polymer coating Supported by the stent. The
polymer has a crystalline structure, wherein the aqueous
environment to which the coating is exposed Subsequent to
the implantation of the stent does not significantly convert
the crystalline structure of the polymer to an amorphous
structure for the duration of time which the agent is released
from the stent.

0013 The present invention additionally discloses a com
position for coating a stent. The composition includes a fluid
and a polymer dissolved in the fluid. The polymer includes
a crystalline structure during the duration of delivery of an
active agent from the stent, and the aqueous environment to
which the stent is exposed Subsequent to the implantation
procedure does not significantly change the crystalline stric
ture to an amorphous structure.
0014. Also disclosed is a stent for delivering a therapeutic
agent to an implanted site. The stent includes a radially
expandable body structure and a polymeric coating Sup
ported by the body structure for extending the residence time
of the therapeutic agent at the implanted site. The polymeric
coating is made from a hydrophobic polymer having a
degree of crystallinity that remains at or above about 10% at
least until a significant amount of the therapeutic Substance
has been released from the stent.
DETAILED DESCRIPTION

released at an efficacious concentration for an extended

duration of time. Increasing the quantity of the therapeutic
Substance in the polymeric coating can lead to poor coating
mechanical properties, inadequate coating adhesion, and
overly rapid rate of release. Increasing the quantity of the
polymeric compound by producing a thicker coating can
perturb the geometrical and mechanical functionality of the
stent as well as limit the procedures for which the stent can
be used.

Embodiments of the Rate-Reducing Coating
00.15 One mechanism through which the release rate of
an active agent from a medical device can be controlled is
the crystallinity of the polymer with which the medical
device is coated. A polymer in which the molecules are
arranged in a highly ordered and regular pattern formed by
folding and Stacking of the polymer chains is said to be
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crystalline. By contrast, amorphous polymers have mol
ecules that are arranged randomly with no regularity of
orientation with respect to one another. Among the factors
that affect polymer crystallinity are the stereoregularity of
the polymer, the tacticity of the polymer, the presence of
branching, the degree of polymerization, and the strength of
the intermolecular forces between the polymer chains.
0016. The structural arrangement and regularity of a
polymer is an important factor in the determination of
polymer crystallinity. A regular arrangement along the poly
mer chains provides the polymer structure with a high
degree of symmetry, allowing the chains to pack into crys
tals. Irregularity along the polymer chains, however, pre
vents the chains from packing closely to one another,
thereby decreasing crystallinity. Polymers with regular, lin
ear, and rigid structures tend to form ordered crystals. By
contrast, polymers with large side groups, mixed tacticity or
an atactic structure, a mix of side or functional groups, or
composed of more than one monomer tend not to pack well
into crystalline structures.
0017. The degree of polymerization also contributes to
the determination of the crystallinity of a polymer. Rela
tively short chains organize themselves into crystalline
structures more readily than longer molecules, as longer
molecules tend to become tangled and thus have difficulty
arranging themselves in an ordered manner, resulting in a
more amorphous structure.
0018. Also influencing polymer crystallinity is the pres
ence of intermolecular forces. The presence of polar and
hydrogen bonding groups favors crystallinity because Such
groups promote dipole-dipole and hydrogen bonding inter
molecular forces. Such strong interchain forces hold the
polymer chains in a tightly packed configuration, thereby
promoting crystallinity. By contrast, polymers with little or
no intermolecular forces will tend to have random, non

crystalline structures as a result of thermal motion.
0.019 Typically, as the crystallinity of a polymer
increases, so too does the polymer’s ability to reduce the rate
at which an active agent is released from a medical device
coated with the polymer. This is because it is more difficult
for an active agent to diffuse through a tightly packed,
crystalline polymer than a more loosely packed, amorphous
polymer. The purpose of the coating of the present invention
is to decrease the rate of release of an active agent therefrom.
Accordingly, the polymer for forming the rate-reducing
coating should be selected to have sufficient crystallinity
Such that the active agent may not readily diffuse there
through.
0020. The degree of crystallinity of the polymer can be
measured by the amount of the polymer that is in the form
of crystallites or a detectable pattern of crystals as may be
observed using conventional techniques such as X-ray dif
fraction, measurement of specific Volume, infrared spectros
copy, and thermal analysis. For use with the embodiments of
the present invention, the polymer can have a crystallinity of
not less than about 10%, alternatively not less than about
25%. In accordance with another embodiment the degree of
crystallinity should not be less than about 50%. When
exposed to an aqueous environment such as blood, the
polymer can have a crystalline of not less than about 10%,
alternatively not less than 25%. In one example, the polymer
can have a crystallinity of at least 50% or at least 25% in an
aqueous environment, such as in contact with blood.
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0021. In addition, the crystalline polymers for use in the
rate-reducing coating of the present invention should be
capable of maintaining their crystallinity in the aqueous in
vivo environment in which the coated medical device will be

employed. The crystallinity of some polymers decreases
when exposed to water. This is due to absorption of water by
the polymer, which is also known as polymer Swelling. The
absorbed water can reduce or eliminate the polymer crys
tallinity. In extreme cases, such absorption can lead to
complete dissolution of the polymer. Polymers that contain
ionic, polar, or hydrogen bonding groups have the potential
to absorb water. In general, if the interaction of the polymer
with water is stronger than that of the polymer with itself or
of water with itself, the polymer will swell with water. When
a polymer Swells, its chains move apart to form pores in the
polymeric network, thereby increasing the diffusion rate of
an active agent through the polymeric network. Accordingly,
the polymers for use in the rate-reducing coating of the
present invention should be selected to maintain their crys
tallinity, and thus their rate-reducing capabilities, in an
aqueous environment.
0022 Many crystalline polymers that are hydrophobic
can maintain their crystallinity in an aqueous environment
because hydrophobic materials are “water-avoiding.” One
method of defining the hydrophobicity of a polymer is by the
solubility parameter of the polymer, also known as the
polymers cohesive energy density. The solubility parameter
is represented by Equation 1:
8=(AE/V)/2

(Equation 1)

0023 where

0024. Ö=solubility parameter (cal/cm)')
0025 AE=energy of vaporization (cal)

0026 V=molar volume (cm)
(“Polymer Handbook'', 2nd Ed., Brandrup J. and E H
Immergut, ed., Wiley-Interscience, John Wiley &
Sons, N.Y. (1975)). Because polymers are typically
non-volatile and thus cannot be vaporized without
decomposition, the solubility parameter is measured
indirectly. Briefly, solvents in which a polymer dis
Solves without a change in heat or Volume are
identified. The solubility parameter of the polymer is
then defined to be the same as the solubility param
eters of the identified solvents.

0027. As a general rule, the value of the solubility param
eter 8 is inversely proportional to the degree of hydropho
bicity of a polymer. Polymers that are very hydrophobic may
have a low solubility parameter value. This general propo
sition is particularly applicable for polymers having a glass
transition temperature below physiological temperature. A
polymer that is sufficiently hydrophobic for use in the
rate-limiting membrane of the present invention can have a

solubility parameter of not more than about 10.7 (cal/cm)"

2. Representative examples of Such crystalline, hydrophobic
polymers include polytetrafluoroethylene, ethylene-tet
rafluoroethylene copolymer, fluoroethylene-alkyl vinyl ether
copolymer, polyhexafluoropropene, low density linear poly
ethylenes having high molecular weights, ethylene-olefin
copolymers, styrene-ethylene-styrene block copolymers,
styrene-butylene-styrene block copolymers, styrene-ethyl
enefbutylene-styrene block copolymers, styrene-butadiene
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styrene block copolymers, styrenic block copolymers
including KRATONTM polymers (available from KRA
TONTM Polymers, Houston, Tex.), ethylene-anhydride
copolymers, ethylene-acrylic acid copolymers, poly(vi
nylidene fluoride), ethylene methacrylic acid copolymers,
polylurethanes with a polydimethylsiloxane soft segment,
poly(vinylidene fluoride-co-hexafluoropropene), and poly
carbonate urethanes (e.g., BIONATE 55D and BIONATE
75D).
0028 Polymers of relatively high crystallinity can also
maintain their crystallinity in an aqueous environment.
Highly crystalline polymers are typically rigid, have high
melting temperatures, and are minimally affected by solvent
penetration. Since the degree and strength of crystallinity of
a polymer can be roughly approximated by the melting
temperature of the polymer, sufficiently high crystallinity for
use with the present invention is possessed by polymers
having a melting temperature greater than or equal to about
135° C. at ambient pressure. Representative examples of
polymers having a melting temperature of at least 135° C. at
ambient pressure include, but are not limited to, nylon 6.
poly(vinylidene fluoride), poly(vinylidene fluoride-co
hexafluoropropene), polytetrafluoroethylene, polyethere
therketone (PEEK), polyimide, polysulfone, ethylene-co
methacrylic acid, ethylene-co-acrylic acid, and styrenic
block copolymers including KRATONTM polymers (avail
able from KRATONTM Polymers, Houston, Tex.).

0029. The above-described suitably crystalline polymers
can be used to form a rate-reducing coating onto a medical
device. The embodiments of the composition for such a
coating can be prepared by conventional methods wherein a
predetermined amount of a Suitable polymeric compound is
added to a predetermined amount of a compatible solvent.
“Solvent' is defined as a liquid substance or composition
that is mutually compatible with a polymer and is capable of
significantly dissolving the polymer at the concentration
desired in the composition. Examples of Solvents include,
but are not limited to, dimethylsulfoxide (DMSO), chloro
form, acetone, Xylene, methanol, ethanol. 1-propanol, tet
rahydrofuran, 1-butanone, dimethylformamide, dimethylac
etamide, cyclohexanone, ethyl acetate, methylethylketone,
propylene glycol monomethylether, isopropanol, isopro
panol admixed with water, N-methyl pyrrolidinone, toluene,
hexafluoroisopropanol, methylene chloride, hexameth
ylphosphorous triamide, N-methylmorpholine, trifluoroet
hanol, formic acid, and phenol. The polymeric compound
can be added to the solvent at ambient pressure and under
anhydrous atmosphere. The polymeric compound is soluble
before crystallization in a solvent system at, for example,
temperatures of less than or equal to about 80° C. If
necessary, gentle heating and stirring and/or mixing can be
employed to effect dissolution of the polymer into the
solvent, for example 12 hours in a water bath at about 60°
C.

0030 Application of the composition can be by any
conventional method, Such as by spraying the composition
onto the device or by immersing the device in the compo
sition. Operations such as wiping, centrifugation, blowing,
or other web-clearing acts can also be performed to achieve
a more uniform coating. Briefly, wiping refers to physical
removal of excess composition from the Surface of the stent;
centrifugation refers to rapid rotation of the stent about an
axis of rotation; and blowing refers to application of air at a
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selected pressure to the deposited composition. Any excess
composition can also be vacuumed off of the surface of the
device. The solvent is removed from the composition to
form the rate-reducing coating by allowing the solvent to
evaporate. The evaporation can be induced by heating the
device at a predetermined temperature for a predetermined
period of time. For example, the device can be heated at a
temperature of about 60° C. for about 1 hour to about 12
hours. The heating can be conducted in an anhydrous
atmosphere and at ambient pressure and should not exceed
the temperature that would adversely affect the active agent.
The heating can, alternatively, be conducted under a vacuum
condition. It is understood that essentially all of the solvent
will be removed from the composition, but traces or residues
may remain blended with the polymer.
Examples of the Device
0031. A medical device for use in conjunction with the
above-described rate-reducing coating is broadly defined to
include any inter- or intraluminal device used for the release
of an active agent and/or for upholding the luminal patency
in a human or veterinary patient. Examples of Such implant
able devices include self-expandable stents, balloon-ex
pandable stents, stent-grafts, grafts (e.g., aortic grafts), arti
ficial heart valves, cerebrospinal fluid shunts, pacemaker
electrodes, anastomosis devices such as axius coronary
shunts and endocardial leads (e.g., FINELINE and
ENDOTAK, available from Guidant Corporation). The
underlying structure of the device can be of virtually any
design. The device can be made of a metallic material or an
alloy Such as, but not limited to, cobalt chromium alloy
(ELGILOY), stainless steel (316L), “MP35N,”“MP20N,”
ELASTINITE (Nitinol), tantalum, nickel-titanium alloy,
platinum-iridium alloy, gold, magnesium, or combinations
thereof “MP35N and “MP20N” are trade names for alloys
of cobalt, nickel, chromium and molybdenum available from
standard Press Steel Co., Jenkintown, Pa. “MP35N consists
of 35% cobalt, 35% nickel, 20% chromium, and 10%

molybdenum. “MP20N” consists of 50% cobalt, 20%
nickel, 20% chromium, and 10% molybdenum. Devices
made from bioabsorbable or biostable polymers could also
be used with the embodiments of the present invention.
Use of the Rate-Reducing Coating
0032. In one embodiment, the above-described rate-re
ducing coating, free from therapeutic Substances or active
agents, can function as a barrier layer through which an
underlying therapeutic Substance or active agent must dif
fuse to be released from a device into a treatment site. The

active agent can be carried by the device. Such as in porous
cavities in the Surface of the device, or can be impregnated
in a reservoir polymer layer formed beneath the rate-reduc
ing coating. Such a rate-reducing barrier coating can be of
any suitable thickness. The thickness of the coating can be
from about 0.01 microns to about 20 microns, more nar

rowly from about 0.1 microns to about 10 microns. By way
of example, the rate-reducing barrier coating can have a
thickness of about 3 microns.

0033. In another embodiment, the rate-reducing coating
can additionally function as a reservoir for carrying the
therapeutic Substance or active agent. In Such an embodi
ment, Sufficient amounts of an active agent can be dispersed
in the blended composition of the suitably crystalline poly
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mer and the solvent. The polymer can comprise from about
0.1% to about 35%, more narrowly from about 2% to about
20% by weight of the total weight of the composition, the
solvent can comprise from about 59.9% to about 99.8%,
more narrowly from about 79% to about 89% by weight of
the total weight of the composition, and the active agent can
comprise from about 0.1% to about 40%, more narrowly
from about 1% to about 9% by weight of the total weight of
the composition.
0034. The active agent should be in true solution or
saturated in the blended composition. If the active agent is
not completely soluble in the composition, operations
including mixing, stirring, and/or agitation can be employed
to effect homogeneity of the residues. The active agent may
be added so that the dispersion is in fine particles.
0035. The active agent can be for inhibiting the activity
of vascular smooth muscle cells. More specifically, the
active agent can be aimed at inhibiting abnormal or inap
propriate migration and/or proliferation of Smooth muscle
cells for the inhibition of restenosis. The active agent can
also include any Substance capable of exerting a therapeutic
or prophylactic effect in the practice of the present invention.
For example, the agent can be for enhancing wound healing
in a vascular site or improving the structural and elastic
properties of the vascular site. Examples of agents include
antiproliferative Substances such as actinomycin D, or
derivatives and analogs thereof (manufactured by Sigma
Aldrich 1001 West Saint Paul Avenue, Milwaukee, Wis.

53233; or COSMEGEN available from Merck). Synonyms
of actinomycin D include dactinomycin, actinomycin IV.
actinomycin I, actinomycin X, and actinomycin C. The
active agent can also fall under the genus of antineoplastic,
antiinflammatory, anti platelet, anticoagulant, antifibrin,
antithrombin, antimitotic, antibiotic, antiallergic and anti
oxidant Substances. Examples of Such antineoplastics and/or
antimitotics include paclitaxel (e.g. TAXOLTM by Bristol
Myers Squibb Co., Stamford, Conn.), docetaxel (e.g. Taxo
tereR), from Aventis S.A., Frankfurt, Germany) methotrex
ate, azathioprine, Vincristine, vinblastine, fluorouracil,
doxorubicin hydrochloride (e.g. Adriamycin R) from Phar
macia & Upjohn, Peapack N.J.), and mitomycin (e.g. Muta
mycin R) from Bristol-Myers Squibb Co., Stamford, Conn.).
Examples of Such antiplatelets, anticoagulants, antifibrin,
and antithrombins include Sodium heparin, low molecular
weight heparins, heparinoids, hirudin, argatroban, forskolin,
Vapi prost, prostacyclin and prostacyclin analogues, dextran,
D-phe-pro-arg-chloromethylketone (synthetic antithrom
bin), dipyridamole, glycoprotein IIb/IIIa platelet membrane
receptor antagonist antibody, recombinant hirudin, and
thrombin inhibitors such as AngiomaxTM (Biogen, Inc.,
Cambridge, Mass.). Examples of Such cytostatic or antipro
liferative agents include angiopeptin, angiotensin converting
enzyme inhibitors such as captopril (e.g. Capoten(R) and
Capozide(R) from Bristol-Myers Squibb Co., Stamford,
Conn.), cilazapril or lisinopril (e.g. Prinivil(R) and Prinzide
from Merck & Co., Inc., Whitehouse Station, N.J.); calcium
channel blockers (such as nifedipine), colchicine, fibroblast
growth factor (FGF) antagonists, fish oil (omega 3-fatty
acid), histamine antagonists, lovastatin (an inhibitor of
HMG-CoA reductase, a cholesterol lowering drug, brand
name Mevacor from Merck & Co., Inc., Whitehouse Station,

N.J.), monoclonal antibodies (such as those specific for
Platelet-Derived Growth Factor (PDGF) receptors), nitro
prusside, phosphodiesterase inhibitors, prostaglandin inhibi
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tors, Suramin, serotonin blockers, steroids, thioprotease
inhibitors, triazolopyrimidine (a PDGF antagonist), and
nitric oxide. An example of an antiallergic agent is permiro
last potassium. Other therapeutic Substances or agents which
may be appropriate include alpha-interferon, genetically
engineered epithelial cells, rapamycin and dexamethasone.
Exposure of the active agent to the composition should not
adversely alter the active agent's composition or character
istic. Accordingly, the particular active agent is selected for
compatibility with the solvent or blended polymer-solvent.
0036). In one embodiment, an optional primer layer can
be formed on the outer surface of the medical device.

Formation of a primer layer, free from any active agents, can
be by any conventional method, such as by spraying a
primer composition containing a polymer and a compatible
Solvent onto the medical device or immersing the medical
device in the primer composition followed by evaporation of
the solvent. The polymer selected can be any polymer
suitable for coating a medical device. With the use of
thermoplastic polymers such as, but not limited to, ethylene
vinyl alcohol copolymer, polycaprolactone, poly(lactide-co
glycolide), and poly(hydroxybutyrate), the deposited primer
composition should be exposed to a heat treatment at a
temperature range greater than about the glass transition

temperature (T. and less than about the melting temperature
(T) of the selected polymer. Unexpected results have been
discovered with treatment of the composition under this
temperature range, specifically strong adhesion or bonding
of the coating to the metallic surface of a stent. The medical
device should be exposed to the heat treatment for any

suitable duration of time that will allow for the formation of

the primer layer on the outer surface of the device and for the
evaporation of the solvent employed. It is understood that
essentially all of the solvent will be removed from the primer
composition but traces or residues can remain blended with
the polymer.
0037. In other embodiments, the crystalline coating can
be topcoated with one or more additional coating layers.
Such additional coating layers can be for increasing the
biocompatibility of the device. For example, in one embodi
ment, the additional coating layer can be formed from
ethylene vinyl alcohol (EVAL), polyethylene glycol, poly
ethylene oxide, hyaluronic acid, heparin, or heparin deriva
tives having hydrophobic counterions, thereby providing
biocompatibility to the outermost, tissue-contacting Surface
of the medical device.

0038. In another embodiment, an additional coating layer
can serve as yet another rate-reducing layer. Because the
additional rate-reducing layer does not contain active agents,
the methods by which such a layer is deposited is not limited
to the methods by which the polymer layers having active
agents are applied. Therefore, in addition to application by
conventional methods, such as by spraying a polymeric
composition onto the device or by immersing the device in
a polymeric composition, the additional rate-reducing layers
can be deposited by physical vapor deposition (PVD) tech
niques, which are known to one of ordinary skill in the art.
Representative examples of barrier materials that can be
deposited via PVD techniques include plasma-deposited
polymers, parylene C, parylene N. parylene D, perfluoro
parylene, tetrafluoro (AF4) parylene, metallic layers, metal
lic oxides, metal carbides, and metal nitrides.
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Methods of Use

until 50 micrograms of solids have been deposited onto the

0039. In accordance with embodiments of the above
described method, an active agent can be applied to an
implantable medical device or prosthesis, e.g., a stent,
retained on the stent during delivery and expansion of the

a primer layer on the stent. A solution of 1:3 (w/w) dexam
ethasone:poly(ethylene-co-vinyl-acetate) and 2% (w/w)
polyethylene-co-vinyl-acetate) in cyclohexanone is sprayed
onto the primered stent until 300 micrograms of solids have
been deposited. The stent is baked at 60° C. for 2 hours to
form a dexamethasone-containing reservoir coating. A 2%
(w/w) KRATON G1650 (available from KRATONTM Poly
mers, Houston, Tex.) solution in Xylene is sprayed until 300
micrograms of Solids have been deposited onto the stent.
The stent is baked at 60° C. for 2 hours to form a crystalline
rate-reducing membrane of KRATON G1650.
Example 3
0044 A.2% (w/w) solution of EVAL in DMAC is applied
to a 13 mm TetraTM stent using an EFD 780S spray device
until 50 micrograms of solids have been deposited onto the

stent, and released at a desired control rate and for a

predetermined duration of time at the site of implantation. A
stent having the above-described coating is useful for a
variety of medical procedures, including, by way of
example, treatment of obstructions caused by tumors in bile
ducts, esophagus, trachea/bronchi and other biological pas
sageways. A stent having the above-described coating is
particularly useful for treating occluded regions of blood
vessels caused by abnormal or inappropriate migration and
proliferation of Smooth muscle cells, thrombosis, and rest
enosis. Stents may be placed in a wide array of blood
vessels, both arteries and veins. Representative examples of
sites include the iliac, renal, and coronary arteries.
0040 Briefly, an angiogram is first performed to deter
mine the appropriate positioning for stent therapy. An angio
gram is typically accomplished by injecting a radiopaque
contrasting agent through a catheter inserted into an artery or
vein as an X-ray is taken. A guidewire is then advanced
through the lesion or proposed site of treatment. Over the
guidewire is passed a delivery catheter that allows a stent in
its collapsed configuration to be inserted into the passage
way. The delivery catheter is inserted either percutaneously
or by Surgery into the femoral artery, brachial artery, femoral
vein, or brachial vein, and advanced into the appropriate
blood vessel by steering the catheter through the vascular
system under fluoroscopic guidance. A stent having the
above-described coating may then be expanded at the
desired area of treatment. A post-insertion angiogram may
also be utilized to confirm appropriate positioning.
EXAMPLES

0041. The embodiments of the invention will be illus
trated by the following set forth prophetic examples, which
are being given by way of illustration only and not by way
of limitation. All parameters are not to be construed to
unduly limit the scope of the embodiments of the invention.
Example 1
0.042 A 2% (w/w) solution of EVAL in dimethylaceta
mide (DMAC) is applied to a 13 mm TetraTM stent (available
from Guidant Corporation) using an EFD 780S spray device
(available from EFD Inc., East Providence, R.I.) until 50
micrograms of Solids have been deposited onto the stent.
The stent is baked at 140°C. for 60 minutes to form a primer
layer on the stent. A solution of 1:9 (w/w) actinomycin
D:EVAL and 2% (w/w) EVAL in DMAC is sprayed onto the
primered stent until 100 micrograms of solids have been
deposited. The stent is baked at 50° C. for 2 hours to form
an actinomycin D-containing reservoir coating. A 2% (W/w)
polyvinylidene fluoride solution in DMAC is sprayed until
300 micrograms of solids have been deposited onto the stent.
The stent is baked at 50° C. for 2 hours to form a crystalline
rate-reducing membrane of polyvinylidene fluoride.
Example 2
0043 A 2% (w/w) solution of EVAL in DMAC is applied
to a 13 mm TetraTM stent using an EFD 780S spray device

stent. The stent is baked at 140° C. for 60 minutes to form

stent. The stent is baked at 140° C. for 60 minutes to form

a primer layer on the stent. A solution of 1:2 (w/w) estra
diol:EVAL and 2% (w/w) EVAL in DMAC is sprayed onto
the primered stent until 350 micrograms of solids have been
deposited. The stent is baked at 60° C. for 2 hours to form
an estradiol-containing reservoir coating. A 2% (W/w) poly
(vinylidene fluoride-co-hexafluoropropene) solution in 1:1
(w/w) acetone:DMAC is sprayed until 300 micrograms of
solids have been deposited onto the stent. The stent is baked
at 60° C. for 2 hours to form a crystalline rate-reducing
membrane of poly(vinylidene fluoride-co-hexafluoropro
pene).
Example 4
0045 A 2% (w/w) solution of poly(n-butyl methacrylate)
in 4:1 (w/w) acetone:cyclohexanone is applied to a 13 mm
Tetra stent using an EFD 780S spray device until 50 micro
grams of solids have been deposited onto the stent. The stent
is baked at 70° C. for 60 minutes to form a primer layer on
the stent. A solution of 1:2 (w/w) etoposide:EVAL and 2%
(w/w) EVAL in DMAC is sprayed onto the primered stent
until 300 micrograms of solids have been deposited. The
stent is baked at 60° C. for 2 hours to form an etoposide
containing reservoir coating. A 1.5% (w/w) silicone-ure
thane Elast-EonTM 55D (available from Elastomedic Pty
Ltd., Australia) solution in 1:1 (w/w) THF: DMAC is
sprayed until 300 micrograms of solids have been deposited
onto the stent. The stent is baked at 60° C. for 2 hours to

form a crystalline rate-reducing membrane of silicone-ure
thane Elast-EonTM 55D.

0046 While particular embodiments of the present
invention have been shown and described, it will be obvious

to those skilled in the art that changes and modifications can
be made without departing from this invention in its broader
aspects and, therefore, the appended claims are to encom
pass within their scope all such changes and modifications as
fall within the true spirit and scope of this invention.
I claim:

1. A stent for delivery of a therapeutic agent, comprising:
a Substrate; and

a polymer coating on the Substrate having a first coating
layer, a second coating layer, and a third coating layer,
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wherein the third coating layer is over the second coating
layer and the second coating layer is over the first
coating layer,
wherein the first coating layer is a reservoir layer con
taining a therapeutic agent above the Substrate, the
second coating layer is free from therapeutic agents,
and the third coating layer increases the biocompatibil
ity of the device, and
wherein the third coating layer includes a polymer
Selected from a group consisting of ethylene vinyl
alcohol, polyethylene glycol, and hyaluronic acid,
the polymer in the second coating layer being capable of
substantially reducing the rate of release of the thera
peutic agent, wherein the polymer in the second coating
layer has a crystalline structure and is capable of
significantly maintaining the crystalline structure while
the therapeutic agent is released from the stent such that
the aqueous environment to which the stent is exposed
Subsequent to the implantation of the stent does not
significantly convert the crystalline structure of the
polymer of the second layer to an amorphous structure.
2. The stent of claim 1, wherein the polymer in the first
coating layer is capable of Substantially reducing the rate of
release of the therapeutic agent, wherein the polymer in the
first coating layer has a crystalline structure and is capable
of significantly maintaining the crystalline structure while
the therapeutic agent is released from the stent such that the
aqueous environment to which the stent is exposed Subse
quent to the implantation of the stent does not significantly
convert the crystalline structure of the polymer of the second
layer to an amorphous structure.
3. The stent of claim 1, wherein the polymer in the second
coating layer and optionally the first coating layer is selected
from a group consisting of fluoroethylene-alkyl vinyl ether
copolymer, polyhexafluoropropene, low density linear poly
ethylenes having high molecular weights, ethylene-olefin
copolymers, styrene-ethylene-styrene block copolymers,
styrene-butylene-styrene block copolymers, styrene-ethyl
enefbutylene-styrene block copolymers, styrene-butadiene
styrene block copolymers, ethylene-anhydride copolymers,
ethylene-acrylic acid copolymers, styrenic block copoly
mers, ethylene methacrylic acid copolymers, polyurethanes
with a polydimethylsiloxane Soft segment, poly(vinylidene
fluoride-co-hexafluoropropene), polycarbonate urethanes,
and nylon 6.
4. A method of forming a coating for a stent that Substan
tially reduces the rate of release of a therapeutic agent from
the stent, comprising:
applying a first composition including a first polymeric
material to at least a portion of the stent to form a first
polymer coating layer Supported by the stent,
applying a second composition including a second poly
meric material over at least a portion of the first coating
layer to form a second polymer coating layer over the
first coating layer,
applying a third composition including a third polymeric
material over at least a portion of the second coating
layer to form a third polymer coating layer over the
second coating layer, the third polymer coating layer
increasing the biocompatibility of the device,
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the second polymeric material having a crystalline struc
ture, wherein the aqueous environment to which the
second coating layer is exposed Subsequent to the
implantation of the stent does not significantly convert
the crystalline structure of the second polymeric mate
rial to an amorphous structure for the duration of time
which the agent is released from the coating layers,
the third polymeric material in the third polymer coating
layer is selected from a group consisting of ethylene
vinyl alcohol, polyethylene glycol, and hyaluronic acid.
5. The method of claim 4, wherein the first polymeric
material has a crystalline structure, and wherein the aqueous
environment to which the first coating layer is exposed
Subsequent to the implantation of the stent does not signifi
cantly convert the crystalline structure of the first polymeric
material to an amorphous structure for the duration of time
which the agent is released from the coating layers.
6. The method of claim 4, wherein the polymeric material
in the first coating layer and the second coating layer is
selected from a group consisting of fluoroethylene-alkyl
vinyl ether copolymer, polyhexafluoropropene, low density
linear polyethylenes having high molecular weights, ethyl
ene-olefin copolymers, styrene-ethylene-styrene block
copolymers, styrene-butylene-styrene block copolymers,
styrene-ethylene/butylene-styrene block copolymers, sty
rene-butadiene-styrene block copolymers, ethylene-anhy
dride copolymers, ethylene-acrylic acid copolymers, sty
renic block copolymers, ethylene methacrylic acid
copolymers, polyurethanes with a polydimethylsiloxane soft
segment, poly(vinylidene fluoride-co-hexafluoropropene),
polycarbonate urethanes, and nylon 6.
7. A stent for delivering a therapeutic agent to an
implanted site, comprising:
a radially expandable body structure; and
a polymeric coating Supported by the body structure that
substantially increases the residence time of the thera
peutic agent at the implanted site,
wherein the polymeric coating includes a first coating
layer, a second coating layer, and a third coating layer,
wherein the third coating layer is over the second coating
layer, the second coating layer is over a first coating
layer, the first coating layer is a reservoir layer con
taining a therapeutic agent above the Substrate, the
second coating layer is free from therapeutic agents,
and the third coating layer increases the biocompatibil
ity of the device,
wherein the second coating layer is made from a hydro
phobic polymer having a degree of crystallinity that
remains at or above about 10% at least until a signifi
cant amount of the therapeutic Substance has been
released from the stent, and

wherein the third coating layer includes a polymer
Selected from a group consisting of ethylene vinyl
alcohol, polyethylene glycol, and hyaluronic acid.
8. The stent of claim 7, wherein the first coating layer is
made from a hydrophobic polymer having a degree of
crystallinity that remains at or above about 10% at least until
a significant amount of the therapeutic Substance has been
released from the stent.

9. The stent of claim 7, wherein the polymer in the second
coating layer and the first coating layer is selected from a
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group consisting of fluoroethylene-alkyl vinyl ether copoly
mer, polyhexafluoropropene, low density linear polyethyl
enes having high molecular weights, ethylene-olefin copoly
mers, styrene-ethylene-styrene block copolymers, styrene
butylene-styrene block copolymers, styrene-ethylene?
butylene-styrene block copolymers, styrene-butadiene
styrene block copolymers, ethylene-anhydride copolymers,
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ethylene-acrylic acid copolymers, styrenic block copoly
mers, ethylene methacrylic acid copolymers, polyurethanes
with a polydimethylsiloxane Soft segment, poly(vinylidene
fluoride-co-hexafluoropropene), polycarbonate urethanes,
and nylon 6.

