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Description

FIELD OF THE INVENTION

[0001] This invention relates generally to human and veterinary medical devices and more particularly to medical
devices incorporating drugs or bioactive agents.

BACKGROUND OF THE INVENTION

[0002] It has become common to treat a variety of medical conditions by introducing an implantable medical device
partly or completely into the esophagus, trachea, colon, biliary tract, urinary tract, vascular system or other location
within a human or veterinary patient. For example, many treatments of the vascular system entail the introduction of a
device such as a stent, a catheter, a balloon, a wire guide, a cannula, or the like.
[0003] For certain applications, the medical device is coated with a bioactive agent adapted to expose tissue within
the body to the bioactive agent over a desired time interval, such as by releasing the bioactive agent. Desirably, the
bioactive agent is released within the body at a reproducible and predictable fashion so as to optimize the benefit of the
bioactive agent to the patient over the desired period of time.
[0004] Providing coated medical devices adapted to release a bioactive agent at a desired rate over a period of time
is one challenge in designing implantable medical devices. For example, a coated medical device may release a bioactive
agent at a greater rate than desired upon implantation, and subsequently release the bioactive agent at a slower rate
than desired at some time after implantation. What is needed is a medical device that provides for release of one or
more bioactive agents over a period of time that is desired for one or more bioactive applications, desirably at an optimal
elution rate from the device.
[0005] Various approaches can be used to control the release of bioactive agents from an implantable medical device.
The design configuration of an implantable device can be adapted to influence the release of a bioactive agent from the
device. For example, a bioactive agent can be included in the implantable medical device according to various config-
urations. In some devices, the bioactive agent is contained within an implantable frame or coating on the surface of the
implantable frame. An implantable frame may comprise a bioabsorbable material within or coated on the surface of the
implantable frame, and the bioabsorbable material can optionally be mixed with a bioactive agent. Some implantable
medical devices comprise an implantable frame with a porous biostable material optionally mixed with or coated on top
of a bioactive agent. Implantable medical devices can also comprise a biostable material containing a removable material
and a bioactive agent, where removal of the removable material forms pores that allow release of the bioactive agent.
[0006] The release of the bioactive agent may also be influenced by several factors, such as the molecular size of the
polymer, the concentration of the agent in the polymer matrix, the glass transition point (Tg) of the polymer matrix, the
crystallinity and solubility of the bioactive agent in various environments, the morphology of the coating and the thickness
of the coating. A common release profile shows an initial release of a large amount of the agent (burst release), followed
by a slow and gradual release leading to a plateauing effect.
[0007] There is a need for a medical device capable of releasing a bioactive agent over a desired time period, preferably
as needed in the local area surrounding the site of medical intervention to promote a therapeutically desirable outcome.
For example, it may be desirable for a medical device to provide a first rate of elution of the bioactive agent from an
implanted medical device over an initial period of time and then a second rate of elution of the bioactive agent during a
subsequent period of time. There is also a need for such a medical device capable of withstanding the flexion and impact
that accompany the transportation and implantation of the device, for example by providing a high durability device
coating adapted to deliver a bioactive agent within a body vessel.
[0008] An illustrative example involving the use of an implantable medical device is in the treatment of vascular disease.
Bioactive agents can be applied to an implantable stent or valve to treat or mitigate undesirable vascular conditions such
as restenosis or thrombosis formation. Procedures for mitigating such conditions may include implantation of a device
comprising a bioactive agent.
[0009] For example, the implantation of stents during angioplasty procedures has substantially advanced the treatment
of occluded body vessels. Angioplasty procedures may be employed to widen a narrowing or occlusion of a blood vessel
by dilation with a balloon. Occasionally, angioplasty may be followed by an abrupt closure of the vessel or by a more
gradual closure of the vessel, commonly known as "restenosis." Acute closure may result from an elastic rebound of
the vessel wall and/or by the deposition of blood platelets and fibrin along a damaged length of the newly opened blood
vessel. In addition, restenosis may result from the natural healing reaction to the injury to the vessel wall (known as
intimal hyperplasia), which involves the migration and proliferation of medial smooth muscle cells that continues until
the vessel is again occluded. To prevent such vessel occlusion, stents have been implanted within a body vessel.
However, restenosis may still occur over the length of the stent and/or past the ends of the stent where the inward forces
of the stenosis are unopposed.
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[0010] To reduce this problem, one or more bioactive agents may be administered to the patient. For example, a
bioactive agent may be locally administered through a catheter positioned within the body vessel near the stent, or by
coating the stent with the bioactive agent. One such bioactive is the antisense drug RESTEN-NG™ (NEUGENE®AVI
Biopharma, Portland, Or), which has applications in the treatment of restenosis in balloon injured coronary arteries.
However, the delivery of water-soluble drugs, such as antisense drugs, presents particular problems. Such drugs are
quickly eluted when subjected to an aqueous environment present within the body. As a result, such drugs can be eluted
from a medical device prior to placement of the device or before an effective dose can be delivered at the target site.
[0011] Durable polymer drug carriers have been investigated for delivering water-soluble drugs. However, such pol-
ymers have the disadvantage of causing thrombosis and/or an inflammatory response over time. Although biodegradable
polymers have been regarded as being more suitable drug carriers on medical devices, such as stents, those polymers
currently used have not been effective for controlling the release of water-soluble drugs.
[0012] WO 00/41647 describes compositions for delivering a polyionic bioactive agent to a tissue of an animal. The
compositions comprise the polyionic bioactive agent and a matrix.

SUMMARY

[0013] One aspect of the present invention provides an implantable medical device having at least one surface, wherein
a bioactive agent which is an antisense compound and a poly(alkyl cyanoacrylate) polymer (PACA) are present on the
at least one surface and wherein the antisense compound is water soluble. The implantable medical device further
comprises a second polymer which is a biodegradable polymer and is coated on at least a portion of the antisense
compound and the poly(alkyl cyanoacrylate) polymer. In one embodiment, the solubility of the bioactive agent in water
is greater than 2.5g/L.
[0014] In one embodiment, the bioactive agent is coated on the least one surface of the medical device, the poly(alkyl
cyanoacrylate) polymer is coated on at least a portion of the bioactive agent and the biodegradable polymer is coated
on at least a portion of the poly(alkyl cyanoacrylate) polymer.
[0015] In another embodiment, a mixture of the bioactive agent and the poly(alkyl cyanoacrylate) polymer is coated
on at least one surface. In yet another embodiment, a biodegradable polymer is coated on at least a portion of the mixture
of the bioactive agent and the poly(alkyl cyanoacrylate) polymer.
[0016] In certain embodiments, the poly(alkyl cyanoacrylate) polymer and the biodegradable polymer are present at
a weight ratio of between 400:1 and 1:400.
[0017] In certain embodiments, the release of the bioactive agent into an environment in which the implantable medical
device is placed is modulated by the poly(alkyl cyanoacrylate) polymer. The poly(alkyl cyanoacrylate) polymer contains
an alkyl group consisting of between 1 and 12 carbon atoms. In various embodiments, the poly(alkyl cyanoacrylate)
polymer is poly(n-butyl cyanoacrylate), poly(isohexyl cyanoacrylate), poly(n-hexyl cyanoacrylate) and poly(n-octyl cy-
anoacrylate).
[0018] In certain embodiments, the biodegradable polymer is selected from a group consisting of PLA(polylactic acid),
PLLA, PDLA, PLGA, PEG, PGA and block copolymers of these compounds.
[0019] The antisense compound can be a compound that inhibits cellular proliferation and/or restenosis. In one em-
bodiment, the implantable medical device includes a vascular stent
[0020] Another aspect of the present invention provides a method of manufacturing an implantable medical device by
coating at least one surface of the device with a water-soluble bioactive agent which is an antisense compound, coating
an alkyl cyanoacrylate monomer onto at least a portion of the water-soluble antisense compound, and coating a second
polymer onto at least a portion of the alkyl cyanoacrylate layer, wherein the second polymer is a biodegradable polymer.
[0021] Also disclosed is a method of delivering a water-soluble bioactive agent to a subject. The method includes
inserting an implantable medical device into the subject’s body. A layer including the water-soluble bioactive agent is
present on a surface of the implantable medical device. At least a portion of this layer is overcoated by a layer including
a poly(alkyl cyanoacrylate) polymer. The medical device is inverted for a time sufficient to allow at least a portion of the
water-soluble bioactive agent to be released from the medical device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Figure 1 is a graph showing the elution of the antisense drug from a 8X20 mm stent ultrasonically coated with
a mixture of RESTEN-NGTM antisense drug and polyen-butyl cyanoacrylate) and ultrasonically coated with an overcoat
of polylactic acid. The elution followed first order kinetics with a t © of 44.7 minutes.
[0023] Figure 2 is a graph showing the elution of the antisense drug from a 8X20 mm stent ultrasonically coated with
a mixture of RESTEN-NG™ antisense drug and poly(n-butyl cyanoacrylate), then over coated ultrasonically, first with
an over coating of polylactic acid, and then with an over coating of poly(n-butyl cyanoacrylate). The elution followed first
order kinetics with a t© of 54.1 minutes.
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[0024] Figure 3 is a graph showing the elution of the antisense drug from a 10X20 mm stent having an electrostatic
coating of RESTEN-NGTM antisense drug, a first over coating of polylactic acid applied with a pressure spray gun, a
second coating of poly(n-butyl cyanoacrylate) applied electrostatically and a final ultrasonic over coating of polylactic
acid. The elution followed first order kinetics with a t © of 2.22 hours.
[0025] Figure 4 is a graph showing the elution of the antisense drug from a 8X20 mm stent electrostatically coated
with a mixture of RESTEN-NG™ antisense drug and poly(n-butyl cyanoacrylate) and an ultrasonic overcoat of polylactic
acid. The elution followed zero order kinetics with a t © of 8.36 hours.
[0026] Figure 5 is a graph showing the elution of the antisense drug from two stents ultrasonically coated with a
mixture of RESTEN-NG™ antisense drug and poly(n-butyl cyanoacrylate) and an ultrasonic overcoat of polylactic acid.
d - Stent was crimped to 7 fr, loaded into a COOK stent delivery system, deployed, and eluted in 0.1% PBS. The elution
followed first order kinetics with a t © of 1.12 hours. j - Stent was crimped to 7 fr, loaded into a COOK stent delivery
system, gamma irradiated at Steris® (Morton Grove, IL) at 27 kGy, deployed, and eluted in 0.1 % PBS. The elution
followed first order kinetics with a t © of 1.57 hours.

DESCRIPTION OF THE ILLUSTRATIVE EMBODIMENTS

Definitions

[0027] Unless otherwise defined, all technical and scientific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this invention pertains. In case of conflict, the present document,
including definitions, will control. Preferred methods and materials are described below, although methods and materials
similar or equivalent to those described herein can be used in the practice or testing of the present invention. All publi-
cations, patent applications, patents and other references mentioned herein are incorporated by reference in their entirety.
The materials, methods, and examples disclosed herein are illustrative only and not intended to be limiting.
[0028] The terms "about" or "substantially" used with reference to a quantity includes variations in the recited quantity
that are equivalent to the quantity recited, such as an amount that is insubstantially different from a recited quantity for
an intended purpose or function.
[0029] The term "implantable" refers to an ability of a medical device to be positioned, partially or wholly, at a location
within a body, such as within a body vessel. Furthermore, the terms "implantation" and "implanted" refer to the positioning
of a medical device at a location, partially or wholly, within a body, such as within a body vessel.
[0030] The term "alloy" refers to a substance composed of two or more metals or of a metal and a nonmetal intimately
united, such as by chemical or physical interaction. Alloys can be formed by various methods, including being fused
together and dissolving in each other when molten, although molten processing is not a requirement for a material to
be within the scope of the term "alloy." As understood in the art, an alloy will typically have physical or chemical properties
that are different from its components.
[0031] The terms "antisense" and "antisense oligonucleotide" refer to strands of natural or modified deoxyribonucleic
acid (DNA) or ribonucleic acid (RNA) that inhibit the translation of the messenger ribonucleic acid (mRNA) to protein.
These agents may inhibit the up-regulation of genes in the body (that is, they may inhibit the production of proteins in
the body). The antisense therapeutics may inhibit or prevent the production of specific proteins that are up-regulated or
activated in the disease process. Antisense therapeutics may bind to a specific mRNA as part of their mechanism of
action. For the purposes of the invention, "antisense compounds" include both natural nucleic acid oligonucleotides and
compounds having a modified backbone.
[0032] The term "biodegradable" refers to materials selected to dissipate upon implantation within a body, independent
of which mechanisms by which dissipation can occur, such as dissolution, degradation, absorption and excretion. The
actual choice of which type of materials to use may readily be made by one of ordinary skill in the art. Such materials
are often referred to by different terms in the art, such as "bioresorbable," "bioabsorbable," or "biodegradable", depending
upon the mechanism by which the material dissipates. The prefix "bio" indicates that the erosion occurs under physio-
logical conditions, as opposed to other erosion processes, caused for example, by high temperature, strong acids or
bases, UV light or weather conditions.
[0033] A "biocompatible" material is a material that is compatible with living tissue or a living system by not being toxic
or injurious and not causing immunological rejection.
[0034] A "non-bioabsorbable" or "biostable" material refers to a material, such as a polymer or copolymer, which
remains in the body without substantial bioabsorption.
[0035] The phrase "controlled release" refers to the release of a material from a medical device at a predetermined
rate. The predetermined rate may be determined by, for example, the presence of a carrier material or a barrier layer.
In general, the rate of controlled release will be such that the material is released over a longer period that would be the
case if the carrier material and/or barrier layer were not present. A controlled release may be constant or vary with time.
[0036] A controlled release may be characterized by a drug elution profile, which shows the measured rate that the
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material is removed from a material-coated device in a given solvent environment as a function of time. For example, a
controlled release elution profile may include an initial burst release associated with the deployment of the medical
device, followed by a more gradual subsequent release. A controlled release may be a gradient release in which the
concentration of the material released varies over time or a steady state release in which the material is released in
equal amounts over a certain period of time (with or without an initial burst release).
[0037] As used herein, the phrase "bioactive agent" refers to any pharmaceutically active agent that produces an
intended therapeutic effect on the body to treat or prevent conditions or diseases. Bioactive agents include any suitable
biologically-active chemical compounds, biologically derived components such as cells, peptides, antibodies, and poly-
nucleotides, and radiochemical therapeutic agents, such as radioisotopes.
[0038] As used herein, a "mixture" refers to a combination of two or more substances in which each substance retains
its own chemical identity and properties.
[0039] As used herein, a "barrier layer" is any layer that is placed over at least a portion of a bioactive agent present
in or on an implantable medical device. The barrier layer may control the release of the bioactive agent from the device.
[0040] As used herein, a "carrier material" refers to a material that forms a mixture with bioactive agent on or in an
implantable medical device. The carrier material may control the release of the bioactive agent from the medical device.

Medical Devices Containing Bioactive Agents

[0041] One aspect of the present invention provides an implantable medical device ("medical device") allowing for the
release of a bioactive agent into the adjacent or surrounding tissue. One or more bioactive agents are provided for
release from the medical device. The bioactive agents may be included, for example, as part of the base material forming
the medical device itself, within a carrier material deposited on the medical device, as a separate layer deposited on the
medical device that may be over coated with a barrier layer, or any combination of these. In certain embodiments, the
release of the bioactive agent from the medical device depends, in part, upon the composition and configuration of the
carrier material and/or the barrier layer.
[0042] Certain embodiments of the present invention provide medical devices including a carrier material and/or a
barrier layer including a poly(alkyl cyanoacrylate) (PACA), a biodegradable polymer. The presence of PACA can provide
for a controlled release of a bioactive agent from the implanted medical device. In certain embodiments, the release of
the bioactive agent is delayed as compared with the release observed in the absence of PACA.
[0043] By allowing for the delayed release of the bioactive agent when the medical device is implanted, the medical
devices of the present invention allow for amounts of the bioactive agent to be released for longer periods of time as
compared to the release from previous devices. In various embodiments of the invention, less than 90 percent of the
bioactive agent present on or in the medical device is released into an aqueous environment over a period of at least
about 6 months, two months, one month, one week, one day, 6 hours, 4 hours, 2 hours, 1 hr, 30 minutes or 15 minutes.

Poly(alkyl cyanoacrylate) Polymers

[0044] In one embodiment of the present invention, PACA polymers offer particular advantages by allowing for the
delayed release of a bioactive agent that is water soluble and therefore subject to rapid release from the medical device
when exposed to an aqueous environment.
[0045] Suitable PACA polymers for use in the present invention include, for example, those prepared from alkyl
cyanoacrylate monomers having an alkyl group containing 3 to 12 carbon atoms. For example, suitable PACA polymers
include poly(n-butyl cyanoacrylate), poly(n-hexyl cyanoacrylate), poly(isohexyl cyanoacrylate) and poly(n-octyl cyanoacr-
ylate).

Alkyl Cyanoacrylate Monomers

[0046] PACA polymers may be prepared by the polymerization of alkyl cyanoacrylate monomers. Preparation of alkyl
cyanoacrylate monomers is described, for example, in U.S. Patent Number 2,467,926 "Preparation of Monometic Alkyl
α-Cyano-acrylates" filed March 1, 1947, and in U.S. Patent Number 2,721,858 "Method of Making α-Cyano-acrylates",
filed March 10, 1954.
[0047] Alkyl cyanoacrylate monomers used for the preparation of PACA polymers useful in the present invention
include those compounds represented by:

H2 C= C(CN)-COOR,

where R is selected from C1-12 alkyl groups, including cyclic and branched isomers. Alkyl cyanoacrylate monomers
having various alkyl chain lengths can be synthesized by the methods of Leonard et al., "Synthesis and degradation of
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poly (alkyl α-cyanoacrylates)" J. Appl. Polym. Sci, 10, pp259-72 (1966) and Fattal, E. et al., "Poly (alkylcyanoacrylates)"
in Handbook of Biodegradable Polymers, Ed. Domb, A. J. et al., Hardwood Academic Publishers (1997). Alkylcyanoacr-
ylate monomers also can be prepared from an appropriate alkylcyanoacetate. Alkylcyanoacetates, including ethyl-,
butyl-, pentyl-, hexyl-, octyl- and decyl cyanoacetates are available from Sigma-Aldrich Corp., St Louis, MO.
[0048] For example, butyl cyanoacrylate could be prepared as follows: paraformaldehyde (135gm), 300ml of methanol,
100ml of diglyme (dimethyl ether of ethylene glycol), 2.0 ml of piperidine could be placed in a flask fitted with a mechanical
stirrer and water cooled condenser. This mixture is heated until the methanol is refluxed vigorously. A 5-mole portion of
butyl cyanoacetate (705gm) (Sigma-Aldrich Corp., St Louis, MO) is added at a rate sufficient to maintain the reflux after
removal of the external heat source. Methanol is distilled off until the vapor temperature reaches 88°C. Benzene (250ml)
is added, and water removed from the reaction mixture by azeotropic distillation. 3.5 mole of water is then removed by
conventional distillation. 15gm of phosphorus pentoxide is added, benzene removed under water aspiration, and residual
benzene and diglyme removed at 3mm Hg. Vacuum distillation is continued until the temperature reaches 160°C to
remove any residual butylcyanoacetate. At this point a receiver with small amounts of pyrogallol and phosphorus pen-
toxide is attached to the apparatus and the monomer collected.

Alkylcyanoacrylate Polymerization

[0049] The polymerization of alkylcyanoacrylate monomers can occur by free-radical, anionic or zwitterionic polym-
erization. (Vauthier, C. et al. "Poly(alkylcyanoacrylates) as biodegradable materials for biomedical applications" Ad-
vanced Drug Delivery Reviews 55, pp. 519-548 (2003). For example, an alkyl cyanoacrylate monomer can be polymerized
at room temperature without an initiator. The polymerization can be performed in methanol or in an aqueous medium.
Polymerization in methanol gives polymers with lower molecular weights and narrower weight distributions. After po-
lymerization, solidified products can be dissolved in acetone and precipitated into an access of methanol to remove
residual monomers and other low molecular weight compounds.
[0050] PACA polymers having a weight-average molecular weight in the range 75 to 400 kiloDaltons can be prepared
by polymerization in aqueous medium. It is believed, but not relied upon for the present invention, that the molecular
weight of the PACA polymer can influence the rate of release of the bioactive agent. A slower rate of release is obtained
using a polymer of higher molecular weight.
[0051] It is also believed, but not relied upon for the present invention, that when an alkylcyanoacrylate monomer is
coated onto a medical device using one of the coating methods disclosed below, polymerization occurs before, during,
or shortly after, the coating procedure resulting in the coating of a PACA polymer on the surface of the device.

Plasticizers

[0052] In certain embodiments of the present invention, a biocompatible plasticizer is coated onto the medical device
with the alkylcyanoacrylate monomer. A "biocompatible plasticizer" is any material which is soluble or dispersible in the
PACA polymer and that increases the flexibility of the PACA polymer. Plasticizers include, but are not limited to, those
described in U.S. Patent Numbers 2,784,127 and 4,444,933.
[0053] Examples of plasticizers include, but are not limited to, citrates such as triethyl citrate, tri-N-butyl citrate, acetyl
trihexyl citrate, N-butyryl tri-N-hexyl citrate, butyryltri-n-hexyl-citrate and acetyltri-n-hexyl citrate, phthalates such as
dybutyl phthalate, butyl benxyl phthalate and dioctylphthalate, diethylene glycol dibenzoate, glycol ethers; n-methyl
pyrrolidone, 2 pyrrolidone, propylene gycol, glycerol, glyceryl dioleate, ethyl oleate, benzylbenzoate, glycofurol sorbitol,
sucrose acetate isobutyrate, sebacates, dipropylene glycol methyl ether acetate, propylene carbonate, propylene glycol
laurate, propylene glycol caprylate/caprate, caprylic/capric triglyceride, gamma butyrolactone, polyethylene glycols, veg-
etable oils including cotton seed oil, soy bean oil, almond oil, sunflower oil peanut oil, and sesame oil, PEG esters of
acids and fatty acids, polyglyceryl-3-oleate, polyglyceryl-6-dioleate, polyglyceryl-3-isostearate, PEG-32 glyceryl laurate,
PEG-32 glyceryl palmitostearate, PEG-32 glyceryl stearate, glyceryl behenate, cetyl palmitate, glyceryl di stearate,
glyceryl tri stearate, glyceryl palmitostearate and glyceryl triacetate.
[0054] In one embodiment of the invention, the ratio (wt/wt) of alkylcyanoacrylate monomer to plasticizer is between
5:1 and 1000:1. In another embodiment the ratio (wt/wt) of alkylcyanoacrylate monomer to plasticizer is between 10:1
and 500:1. In yet another embodiment, the ratio (wt/wt) of alkylcyanoacrylate monomer to plasticizer is between 40:1,
and 100:1.

Biodegradable Polymers

[0055] The medical devices of the invention include both a PACA polymer and at least one other biodegradable
polymer. For the purposes of this invention, this additional biodegradable polymer will be described as the "biodegradable
polymer." Examples of such biodegradable polymers include, but are not limited to, hydrogels (Temenoff, J.S. et al.,
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"Effect of poly(ethylene glycol) molecular weight on tensile and swelling properties of oligo(poly(ethylene glycol)fumarate)
hydrogels for cartilage tissue engineering" J. Biomed. Mater. Res. 59, 429-437 (2002), Lee, K.Y. et al. "Controlling
mechanical and swelling properties of alginate hydrogels independently by cross-linker type and cross-linking density"
Macromolecules 33, 4291-4294 (2000)), elastin-like peptides (van Hest, J.C.M. & Tirrell, D.A., "Protein-based materials,
toward a new level of structural control" Chem. Comm. 19, 1897-1904 (2001), Welsh, E.R. & Tirrell, D.A., "Engineering
the extracellular matrix: a novel approach to polymeric biomaterials. I. Control of the physical properties of artificial
protein matrices designed to support adhesion of vascular endothelial cells" Biomacromolecules 1, 23-30 (2000) and
Urry, D.W. et al., "Elastic protein-based polymers in soft tissue augmentation and generation" J. Biomater. Sci., Polym.
Ed. 9, 1015-1048 (1998)), and polyhydroxyalkanoates (PHAs) (Poirier, Y. et al., "Production of polyhydroxyalkanoates,
a family of biodegradable plastics and elastomers, in bacteria and plants" Bio/Technology 13, 142-150 (1995) and
Sodian, R. et al. "Fabrication of a trileaflet heart valve scaffold from a polyhydroxyalkanoate biopolyester for use in tissue
engineering" Tissue Eng. 6, 183-187 (2000)).
[0056] Suitable biodegradable polymers for use as an additional biodegradable polymer in the present invention
include, but are not limited to polylactides (PLA) (including isomers of PLA and combinations thereof), poly (D,L-lactide)
(PDLA), poly-L-lactic acid (PLLA), polyglycolides (PGA), poly(ethylene glycol) (PEG), poly(lactide-co-glycolides) (PLGA),
polyanhydrides, polyorthoesters, and block copolymers of these compounds. Other suitable biodegradable polymers
include, but are not limited to polyethylene oxide (PEO), polydioxanone (PDS), polypropylene fumarate, poly(ethyl
glutamate-co-glutamic acid), poly(tert-butyloxy-carbonylmethyl glutamate), polycaprolactone (PCL), polycaprolactone
co-butylacrylate, polyhydroxybutyrate (PHBT) and copolymers of polyhydroxybutyrate, poly(phosphazene), poly(D,L-
lactide-co-caprolactone) (PLA/PCL), poly(glycolide-co-caprolactone) (PGA/PCL), poly(phosphate ester), poly(amino ac-
id) and poly(hydroxy butyrate), polydepsipeptides, maleic anhydride copolymers, polyphosphazenes, polyiminocar-
bonates, poly[(97.5% dimethyl-trimethylene carbonate)-co-(2.5% trimethylene carbonate)], cyanoacrylate, polycy-
anoacrylates, polyethylene oxide, hydroxypropylmethylcellulose, polysaccharides (such as hyaluronic acid, chitosan
and regenerate cellulose), and proteins (such as gelatin and collagen).
[0057] Another biodegradable polymer suitable for use in the present invention is poly(glycerolsebacate) (Wang, Y.,
et al. "A tough biodegradable elastomer" Nature Biotechnology 20, pp. 602-606 (2002)). In one embodiment, such a
polymer prepared using about a 1:1 ratio of glycerol/sebacic acid yields a biodegradable polymer capable of large
reversible deformations.
[0058] Selection of the appropriate biodegradable polymer for use in the present invention depends upon the desired
rate of release of the specific bioactive agent, the porosity of the polymer, and the rate of degradation of the polymer,
for example. The coating compositions of the present invention may also include additives, such as diluents, carriers,
excipients, stabilizers or the like.
[0059] Desirably, a biodegradable polymer used in the present invention adequately adheres to the surface of the
medical device, and deforms readily after it is adhered to the device. The molecular weight of the polymer(s) should be
high enough to provide sufficient toughness so that the polymers will not be rubbed off during sterilization, handling, or
deployment of the medical device and will not crack when the device is expanded. The molecular weight of the polymer
may be varied to influence the rate of release of the bioactive agent. For example, to obtain a slower rate of release, a
polymer(s) of higher molecular weight may be used.

Coating Configurations

[0060] In one embodiment of the invention, a bioactive agent is placed directly on the surface of the medical device
(or on a primer layer, which is placed directly on the surface of the medical device) and one or more barrier layers are
placed over at least a portion of the bioactive agent.
[0061] In another embodiment of the invention, the bioactive agent is mixed with a carrier material and this mixture
applied to the medical device. In such a configuration, the release of the bioactive agent may be dependent on factors
including the composition, structure and thickness of the carrier material. In one embodiment, the carrier material may
contain pre-existing channels, through which the bioactive agent may diffuse, or channels created by the release of the
bioactive agent, or another soluble substance, from the carrier material.
[0062] In other embodiments of the invention, a combination of one or more layers of bioactive agent, mixtures of
carrier material/bioactive agent, and barrier layers are present. For example, the bioactive agent may be mixed with a
carrier material and coated onto the medical device and then over coated with a barrier layer(s).
[0063] In yet other embodiments, multiple layers of bioactive agent, or mixtures of carrier material/bioactive agent,
separated by barrier layers are present to form a multicoated medical device. In certain embodiments, different bioactive
agents are present in the different layers.
[0064] In other embodiments, the bioactive agent forms part of the structure of the medical device itself. Alternatively,
the medical device may have holes, wells, slots, grooves, or the like for containing the bioactive agent, and/or mixtures
of carrier material/bioactive agent, possibly separated by barrier layers. Illustrative medical devices are disclosed in co-
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pending U.S. Publication Number 2004-0243225, published December 2, 2004. The bioactive agent may be incorporated
into a biodegradable medical device that releases the bioactive agent as the device degrades; or the bioactive agent
may be incorporated into a medical device in any other known manner. A medical device containing a bioactive agent
therein may also include a layer including a bioactive agent, a barrier layer, a layer containing both a bioactive agent
and a carrier material, or any combination of these, including combinations including multiple layers.
[0065] In the present invention a PACA polymer and a biodegradable polymer are present in a carrier material or in
a barrier layer. For example, a barrier layer of PACA polymer may be coated onto at least a portion of a layer of bioactive
agent and another barrier layer including a biodegradable polymer coated onto at least a portion of the layer of PACA
polymer. Alternatively, a mixture of biodegradable and PACA polymers may be coated onto at least a portion of a layer
of bioactive agent.
[0066] In yet another embodiment, a bioactive agent is mixed with a carrier material and then deposited onto a surface
of the medical device. The carrier material can include, for example, a PACA polymer and/or a biodegradable polymer.
Optionally, a barrier layer including a PACA polymer and/or a biodegradable polymer may be deposited into the layer
containing the bioactive agent and the carrier material.
[0067] In one embodiment of the invention, a bioactive agent is coated onto a medical device and a barrier layer
containing a PACA polymer coated onto at least a portion of the bioactive agent. A barrier layer of PLA is then coated
onto at least a portion of the barrier layer containing the PACA polymer. In one embodiment, the PACA polymer is poly
(n-butyl cyanoacrylate).
[0068] The present invention also contemplates depositing multiple layers of bioactive compounds, PACA polymers
and biodegradable polymers, including layers having different bioactive compounds, PACA polymers and biodegradable
polymers, on the medical device. For example, the device may be coated with one or more layers of bioactive agent
separated by layers of biodegradable or PACA polymers; layers of bioactive agent separated by layers containing a
mixture of biodegradable polymers/PACA polymers; layers of bioactive agent separated by layers containing a mixture
of bioactive agent and the biodegradable and/or PACA polymers; layers of the biodegradable and/or PACA polymers
separated by layers containing a mixture of bioactive agent and the biodegradable and/or PACA polymers; or with
multiple layers of bioactive agent and the biodegradable polymer and the PACA polymer, or any other combination.
[0069] In one embodiment of the invention, the ratio of bioactive agent to biodegradable polymer to PACA polymer is
varied to control the release of the bioactive agent. In various embodiments of the present invention, the ratio (wt/wt) of
biodegradable polymer to the PACA polymer present on or in the medical device is between 400:1 and 1:400, 200:1
and 1:200, 100:1 and 1:100, 20:1 and 1:20, 10:1 and 1:10, 5:1 and 1:5, and 2:1 and 1:2. In various embodiments of the
present invention, the ratio (wt/wt) of bioactive agent to the PACA polymer present on or in the medical device is between
400:1 and 1:400, 200:1 and 1:200, 100:1 and 1:100, 20:1 and 1:20, 10:1 and 1:10, 5:1 and 1:5, and 2:1 and 1:2.

Surface Preparation, Optional Layers, and Layer Thickness

[0070] In embodiments where the bioactive agent is coated onto a surface of the medical device, it may be advantageous
to prepare the surface of the medical device before depositing a coating thereon. Useful methods of surface preparation
can include, but are not limited to cleaning; physical modifications such as etching, drilling, cutting, or abrasion; and
chemical modifications such as solvent treatment, the application of primer coatings, the application of surfactants,
plasma treatment, ion bombardment, covalent bonding and electrochemical methods such as electropolishing, striking,
electroplating and electrochemical deposition. Such surface preparation may serve to activate the surface and promote
the deposition or adhesion of the coating on the surface. Surface preparation can also selectively alter the release rate
of the bioactive agent.
[0071] Any additional coating layers can similarly be processed to promote the deposition or adhesion of another layer,
to further control the release of the bioactive agent, or to otherwise improve the biocompatibility of the surface of the
layers. For example, plasma treating an additional coating layer before depositing a bioactive agent thereon may improve
the adhesion of the bioactive agent, increase the amount of bioactive agent that can be deposited, and allow the bioactive
agent to be deposited in a more uniform layer.
[0072] A primer layer, or adhesion promotion layer, may also be used with the present invention. This layer may
comprise, for example, silane, acrylate polymer/copolymer, acrylate carboxyl and/or hydroxyl copolymer, polyvinylpyr-
rolidone/vinylacetate copolymer (PVP/VA), olefin acrylic acid copolymer, ethylene acrylic acid copolymer, epoxy polymer,
polyethylene glycol, polyethylene oxide, polyvinylpyridine copolymers, polyamide polymers/copolymers polyimide pol-
ymers/copolymers, ethylene vinylacetate copolymer and/or polyether sulfones.

Coating Methods

[0073] The compositions of the present invention may be applied to the medical device in any known manner. For
example, a coating may be applied by spraying, dipping, pouring, pumping, brushing, wiping, vacuum deposition, vapor
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deposition, plasma deposition, electrostatic deposition, ultrasonic deposition, epitaxial growth, electrochemical deposition
or any other method known to those skilled in the art.
[0074] In one embodiment, the layer of bioactive agent contains from 0.1 mg to 100 mg of the bioactive agent per mm2

of the gross surface area of the structure. In another embodiment, the layer of bioactive agent contains from 1 mg to 40
mg of the bioactive agent per mm2 of the gross surface area of the structure. "Gross surface area" refers to the area
calculated from the gross or overall extent of the structure, and not necessarily to the actual surface area of the particular
shape or individual parts of the structure. In other terms, 100 mg to 300 mg of bioactive agent per 0.025 mm of coating
thickness may be contained on the device surface.
[0075] In certain embodiments of the invention, the thickness of each coating layer is between 0.1 mm and 20 mm. In
other embodiments, the thickness of each coating layer is between 0.1 mm and 10 mm. In yet other embodiments, the
thickness of each coating layer is between 0.1 mm and 5 mm.
[0076] The coating of the medical device will now be described using four illustrative methods: spray coating, electro-
static deposition (ESD), ultrasonic deposition (USD) and immersion. However, it will be understood, that the medical
device may be coated using any known manner, as well as those mention above.

Spray Coating

[0077] In one embodiment, the coating material is dissolved in a solvent(s) and sprayed onto the medical device under
a fume hood using a spray gun, such as the Model Number 200 spray gun manufactured by Badger Air-Brush Company,
Franklin Park, IL 60131. Alignment of the spray gun and medical device may be achieved with the use of laser beams,
which may be used as a guide when passing the spray gun up and down the medical device being coated.
[0078] The coating material is an antisense agent, and the solvent about 50% methanol and about 50% chloroform
(by volume).

Electrostatic Spray Deposition

[0079] In another embodiment, the coating material is dissolved in a solvent and then sprayed onto the medical device
using an electrostatic spray deposition (ESD) process. The ESD process generally depends on the principle that a
charged particle is attracted towards a grounded target. Without being confined to any theory, the typical ESD process
may be described as follows:
[0080] The solution that is to be deposited on the target is typically charged to several thousand volts (typically negative)
and the target held at ground potential. The charge of the solution is generally great enough to cause the solution to
jump across an air gap of several inches before landing on the target. As the solution is in transit towards the target, it
fans out in a conical pattern which aids in a more uniform coating. In addition to the conical spray shape, the electrons
are further attracted towards the conducting portions of the target, rather than towards the non-conductive base the
target is mounted on, leaving the coating mainly on the target only.
[0081] In the ESD process, the coating solution is forced through a capillary, which is subjected to an electrical field.
The solvent mixture leaves the capillary in the form of a fine spray, the shape of which is determined by the electrical
field. The medical device is then coated by placing it in the spray and allowing the solvent to evaporate, leaving the
desired coating on the surface of the device.
[0082] The ESD method allows for control of the coating composition and surface morphology of the deposited coating.
In particular, the morphology of the deposited coating may be controlled by appropriate selection of the ESD parameters,
as set forth in International Patent Application Serial Number PCT/NL2002/000459, filed July 11, 2002, and published
January 23, 2003 as International Publication Number WO 03/006180 (entitled: Electrostatic Spray Deposition (ESD)
of biocompatible coatings on Metallic Substrates). For example, a coating having a uniform thickness and grain size, as
well as a smooth surface, may be obtained by controlling deposition conditions such as deposition temperature, spraying
rate, precursor solution, and bias voltage between the spray nozzle and the medical device being coated. The deposition
of porous coatings is also possible with the ESD method.
[0083] In one embodiment of the invention, the PACA monomer is dissolved in a mixture of two solvents and sprayed
onto the medical device using the ESD method. In one embodiment, the solvent mixture comprises about 50% methanol
and about 50% chloroform (by volume). In another embodiment, the mixture is about 70% methanol and about 30%
dichloromethane (by volume). In another embodiment, the solvent mixture comprises about 50% methanol and about
50% dichloromethane (by volume). In yet another embodiment, the mixture is about 70% methanol and about 30%
dichloromethane (by volume).
[0084] In one embodiment of the invention, the PACA monomer is n-butyl cyanoacrylate and is dissolved in acetonitrile
solvent and sprayed onto the medical device using the ESD method.
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Ultrasonic Spray Deposition

[0085] In another embodiment, the medical device is coated using an ultrasonic spray deposition (USD) process.
Ultrasonic nozzles employ high frequency sound waves generated by piezoelectric transducers which convert electrical
energy into mechanical energy. The transducers receive a high frequency electrical input and convert this into vibratory
motion at the same frequency. This motion is amplified to increase the vibration amplitude at an atomizing surface.
[0086] The ultrasonic nozzle is configured such that excitation of the piezoelectric crystals creates a longitudinal
standing wave along the length of the nozzle. The ultrasonic energy originating from the transducers undergoes a step
transition and amplification as the standing wave traverses the length of the nozzle. The nozzle is designed such that
a nodal plane is located between the transducers. For ultrasonic energy to be effective for atomization, the nozzle tip
must be located at an anti-node, where the vibration amplitude is greatest. To accomplish this, the nozzle’s length must
be a multiple of a half-wavelength. In general, high frequency nozzles are smaller, create smaller drops, and consequently
have smaller maximum flow capacity than nozzles that operate at lower frequencies.
[0087] Liquid introduced onto the atomizing surface absorbs some of the vibrational energy, setting up wave motion
in the liquid on the surface. For the liquid to atomize, the vibrational amplitude of the atomizing surface must be carefully
controlled. Below a critical amplitude, the energy is insufficient to produce atomized drops. If the amplitude is excessively
high, cavitation occurs. Only within a narrow band of input power is the amplitude ideal for producing the nozzle’s
characteristic fine, low velocity mist. Since the atomization mechanism relies only on liquid being introduced onto the
atomizing surface, the rate at which liquid is atomized depends solely on the rate at which it is delivered to the surface.
[0088] For example, the medical device is coated using an ultrasonic spray nozzle, such as those available from Sono-
Tek Corp., Milton, NY 12547. The solution is loaded into a 10.0 mL syringe, which is mounted onto a syringe pump and
connected to a tube that carries the solution to the ultrasonic nozzle. The syringe pump is then used to purge the air
from the solution line and prime the line and spay nozzle with the solution. The stent is loaded onto a stainless steel
mandrel in the ultrasonic coating chamber by the following method. In one embodiment, the stent is held on a mandrel
by silicone tubing at each end. In this embodiment, the stent does not touch any part of the mandrel, preventing a webbed
coating between struts, and the luminal surface is not coated. Alternatively, the stent is attached directly to the mandrel.
[0089] In various embodiments, the mandrel had a diameter between 1 mm and 20 mm, preferably between 1 mm
and 10mm. In one embodiment, the stent is 6 mm in diameter and the mandrel’s diameter is 3.54 mm. In another
embodiment, the stent is 8 mm in diameter and the mandrel’s diameter is 4.97 mm. In yet another embodiment, the
stent is 10 mm in diameter and the mandrel’s diameter is 6.51 mm. Other sized stents and mandrels may also be used
in the present invention. The mandrel is fastened onto a motor, positioned below the ultrasonic nozzle. The motor rotates
the mandrel at a pre-set speed and translationally moves it so that all parts of the stent pass underneath the ultrasonic
spray. In one embodiment, the rotational speed is set to 10 rpm and the translational speed is set to 0.01 mm per second.
In another embodiment, the rotational speed is set to 60 rpm and the translational speed is set to 0.05 mm per second.
In yet another embodiment, the rotational speed is set to 110 rpm and the translational speed is set to 0.19 mm per
second. Other speeds and combinations may also be used in the present invention. The coating chamber is purged with
nitrogen to displace oxygen in the system. During the process, the stent is kept at ambient temperature and in a closed
chamber.
[0090] In one embodiment of the invention, the oxygen concentration is reduced to between 0 and 2000 ppm. In
another embodiment the oxygen concentration is reduced to between 200 and 1800 ppm. In yet another embodiment
the oxygen concentration is reduced to between 500 and 1500 ppm.
[0091] In one embodiment of the invention, the first coating solution contains a bioactive agent, for example, an
antisense agent, combined with poly(alkyl cyanoacrylate) monomer, and the second solution contains polylactic acid
for over coating. Most preferably, the concentration of the bioactive agent is 4 mg/mL and the concentration of the n-
butyl cyanoacrylate is 5 mg/mL. The solvent is about 50% methanol and about 50% chloroform (by volume). The solution
is then vortexed for several minutes prior to coating. The concentration of the polylactic acid solution is 4 mg/mL and
the solvent is dichloromethane. Other bioactive agents and solvents may also be used in the present invention.

Immersion

[0092] In another embodiment, the medical device is immersed into the coating material until the proper thickness is
achieved. As the material dries and solidifies it forms the coating layer. Methods for dip coating a medical device are
disclosed in, for example, U.S. Patent Number 6,153,252, issued November 28, 2000.

Particle Coating

[0093] In another embodiment, a bioactive agent is incorporated into PACA particles and the particles applied to a
surface of the implantable medical device. Method of preparing PACA particles containing bioactive compounds are
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known to those skilled in the art. For example, such methods are described in: Zimmer, A., "Antisense Oligonucleotides
Delivery with Polyhexylcyanoacrylate Nanoparticles as Carriers", Methods: A Companion to Methods in Enzymology
18, pp 288-295 (1999); Fontana, G. et al., "Amoxicillin-loaded polyethylcyanoacrylate nanoparticles: Influence of PEG
coating on the particle size, drug release rate and phagocytic uptake" Biomaterials 22, pp. 2857-65 (2001) and Li, S. et
al., "In vitro release of protein from poly(butylcyanoacrylate) nanocapsules with an aqueous core" Colloid Poly Sci 283,
pp 480-85 (2005)
[0094] For the purposes of the invention, the size of the particle is the largest cross-sectional dimension of the particles.
In one embodiment of the present invention, particles incorporating bioactive compounds have a size of between 10
and 1000nm. In another embodiment, the particles have a size of between 100 and 1000nm. In yet another embodiment,
the particles have a size of between 200 and 500nm.
[0095] Particles incorporating a bioactive compound may be applied to a medical device by any of the methods
discussed above. In one embodiment, the particles are applied to the medical device and are over coated by a biode-
gradable polymer.

Sterilization Procedure Prior to Implantation

[0096] The medical devices of the present invention may require sterilization prior to implantation into the body. In
one embodiment, the medical device is loaded into final packaging, and gamma irradiated in a gamma chamber. In one
embodiment, the implantable medical device is irradiated with between 1 and 100 kGy. In another embodiment, the
implantable medical device is irradiated with between 5 and 50 kGy, and in yet another embodiment, the implantable
medical device is irradiated with between 25 and 28 kGy.

Bioactive Agent Elution Profile

[0097] The bioactive agent elution profile of a medical device comprising a bioactive agent can be obtained by any
suitable method that allows for measurement of the release of the bioactive agent in a manner that can be measured
with a desired level of accuracy and precision. In one embodiment, the elution profile of the release of a bioactive agent
is obtained by contacting the medical device with a suitable test solution. The test solution can be configured to simulate
conditions believed to be present at a particular point of treatment within a body vessel. For example, a test solution
comprising bovine serum can be used to simulate implantation within a blood vessel. The release of bioactive agent
from the medical device can be measured by any suitable spectrographic method, such as measurement of a UV
absorption spectrum of the test fluid after contacting the medical device.
[0098] The amount of bioactive agent on the medical device can be determined by contacting the medical device with
a suitable solvent and detecting the amount of bioactive agent released from the medical device into the solvent. A
suitable solvent solubilizes a bioactive agent while allowing for subsequent measurement of the solubilized bioactive
agent in a manner that can be correlated to the amount of bioactive agent released from the medical device. In one
embodiment, the solvent is selected to quickly solubilize the bioactive agent. Optionally, the solvent may dissolve the
bioactive agent more aggressively than the test solution. Preferably, substantially all the bioactive agent is removed
from the medical device after contact with the solvent. The bioactive agent can then be subsequently detected and the
detection of the bioactive agent can be correlated to the amount of bioactive agent that was present on the medical
device surface prior to contacting the medical device with the solvent.
[0099] In one embodiment, the elution profile of a bioactive agent from a medical device is determined by first contacting
the medical device with a test solution and then subsequently detecting the amount of bioactive agent within the test
solution. The medical device is exposed to the test solution and the rate of release of the bioactive agent from the medical
device is determined by detecting the bioactive agent in the test solution for a first desired period of time. After the first
desired period of time, the amount of bioactive agent remaining on the medical device can be determined by contacting
the medical device with a suitable solvent, and subsequently detecting the amount of bioactive agent leaving the medical
device in the solvent.
[0100] One or more suitable analytical techniques may be used to detect a bioactive agent. A suitable method, such
as a spectrographic technique, permits measurement of a property of the test solution that can be correlated to the
presence or concentration of the bioactive agent with a desired level of accuracy and precision.
[0101] In one embodiment, absorption spectroscopy can be used to detect the presence of a bioactive agent, such
as in a test solution or solvent solution. Accordingly, the Beer-Lambert Correlation may be used to determine the con-
centration of a bioactive agent in a solution. This correlation involves the linear relationship between absorbance and
concentration of an absorbing species. Using a set of standard samples with known concentrations, the correlation can
be used to measure the absorbance of the sample. A plot of concentration versus absorbance can then be used to
determine the concentration of an unknown solution from its absorbance.
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Bioactive Agents

[0102] Suitable bioactive agents are water-soluble. For the purposes of this invention, the solubility of the bioactive
agent in determined at standard atmospheric pressure and at 25°C. In one embodiment, the bioactive agent has a
solubility of greater that 0.5 g/l in water. In another embodiment, the bioactive agent has a solubility of greater that 2.5
g/L in water. In yet another embodiment, the bioactive agent has a solubility of greater that 10 g/L in water. In yet another
embodiment, the bioactive agent has a solubility of greater that 25 g/L in water. In yet another embodiment, the bioactive
agent has a solubility of greater that 50 g/L in water.
[0103] Suitable water-soluble bioactive agents for use in the present invention are antisense agents such as NeuGene
antisense agents.

Antisense Compounds

[0104] A water-soluble antisense compound is present on at least one surface of the medical devices of the invention.
Antisense compounds are useful as research reagents, diagnostic aids and in the treatment of the many human diseases
that arise from the increased function of genes within the body. It is believed, but not relied upon for the present invention,
that antisense compounds act by binding tightly to nucleic acid sequences responsible for the expression of disease-
related proteins and hence preventing or reducing the expression of such proteins.
[0105] Early antisense compounds were made up of natural nucleic acid oligonucleotides consisting of a phosphate/
sugar backbone and nucleic acid bases attached to the backbone. Later compounds contained modified backbones
that were designed to resist degradation by enzymes and to enter tissues and cells more efficiently. Examples of antisense
compounds containing a modified backbone include the NEUGENE® antisense compounds (available from AVI BioP-
harma Portland, Or). Such compounds contain a morpholino backbone and highly water soluble, have resistance to
breakdown by nucleases and have low production costs. For example, U.S. Patent Number 7,094,765B1, issued August
22, 2006, describes a morpholino antisense compound for use in the treatment of restenosis. This antisense compound
has uncharged phosphorus-containing backbone linkages and a sequence of nucleotide bases spanning the start codon
of human c-myc mRNA.
[0106] Applications for antisense compounds include use in drug metabolism and in treating cardiovascular disease,
cancer, polycystic kidney disease, and viral diseases. In particular, the Resten-NG, and Resten-MP antisense compounds
(AVI BioPharma Portland, Or) have applications in the treatment of restenosis.
[0107] In one embodiment of the present invention, an antisense compound having application to the treatment of
restenosis, for example, the RESTEN-NG, antisense compound, is attached to a vascular stent for delivery to a treatment
site within the vascular system. In such an application, it is important that the antisense compound remains attached to
the stent until delivery to the treatment site and is then released over a time period compatible with the treatment regime.
[0108] Problems arise because the high water solubility of many antisense compounds can result in the release of all
or most of the antisense compound before delivery to the required site of treatment. Even if sufficient antisense compound
remains on the stent after delivery, the release of a substantial proportion of this compound before delivery results in
the need to incorporate higher a dosage of the compound onto the stent that would otherwise be required.
[0109] One embodiment of the present invention provides a stent having coatings of the antisense compound, a
biodegradable polymer and a PACA polymer. Such coatings may be applied such that the antisense compound and the
polymers are present as separate layers. Alternatively, two or more of these compounds may be present in the same
layer. Medical Devices
[0110] Medical devices of the present invention may comprise a structure which is adapted in the implanted medical
device to interact mechanically or electrically with tissue or other body part or constituent. That mechanical interaction
may involve the application of a force to open or maintain open a lumen or to hold body parts together or in a defined
mutual relationship. That mechanical interaction may be filtering or the physical promotion of clotting; occlusion of a
vessel or vessel portion; or the creation, maintenance or repair of a fluid-tight seal in the body. Medical devices of the
present invention include, but are not limited to, stents, stent grafts, vascular grafts, catheters, guide wires, balloons,
filters (e.g. vena cava filters), intraluminal paving systems, sutures, staples, anastomosis devices, vertebral disks, bone
pins, suture anchors, hemostatic barriers, clamps, screws, plates, clips, vascular implants, tissue adhesives and sealants,
tissue scaffolds, valves (e.g. venous valves), abdominal aortic aneurysm (AAA) grafts, embolic coils, various types of
dressings, bone substitutes, intraluminal devices, vascular supports, or other known bio-compatible devices. The medical
devices of the present invention may be placed in the coronary vasculature, esophagus, trachea, colon, bladder, heart,
vessels, lumens, intestines, biliary tract, urinary tract, prostate, or brain, for example.
[0111] In one embodiment of the present invention, the medical device comprises an intraluminal stent. The stent may
be self-expanding or balloon-expandable and may be a bifurcated stent, a coronary vascular stent, a urethral stent, a
ureteral stent, a biliary stent, a tracheal stent, a gastrointestinal stent, or an esophageal stent, for example. More spe-
cifically, the stent may be, for example, a Wallstent variety stent or a Gianturco-Roubin, Palmaz-Shatz, Wiktor, Strecker,
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Cordis, AVE Micro Stent, Igaki-Tamai, Millenium Stent, Steeplechaser stent (Johnson & Johnson), Cypher (Johnson &
Johnson), Sonic (Johnson & Johnson), BX Velocity (Johnson & Johnson), Flexmaster (JOMED) JoStent (JOMED), S7
Driver (Medtronic), R-Stent (Orbus), Technic stent (Sorin Biomedica), BiodivYsio (Abbott Laboratories), DuraFlex (Avan-
tec Vascular), NIR stent (Boston Scientific), Express 2 stent (Boston Scientific), Liberte stent (Boston Scientific), Achieve
(Cook/Guidant), S-Stent (Guidant), Vision (Guidant), or Multi-Link (Guidant). Some exemplary stents are disclosed in
U.S. Pat. Nos. 5,292,331 to Boneau, 6,090,127 to Globerman, 5,133,732 to Wiktor, and 4,739,762 to Palmaz, 5,421,955
to Lau. Desirably, the stent is a vascular stent such as the commercially available Gianturco-Roubin FLEX-STENT®,
GRII™, SUPRA-G, or V FLEX coronary stents from Cook Incorporated (Bloomington, IN).
[0112] Such stents are typically 10 to 60 mm in length and designed to expand to a diameter of 2 to 6 mm when
inserted into the vascular system of the patient. The Gianturco-Roubin stent in particular is typically 12 to 25 mm in
length and designed to expand to a diameter of 2 to 4 mm when so inserted.
[0113] These stent dimensions are, of course, applicable to exemplary stents employed in the coronary arteries.
Structures such as stents or catheter portions intended to be employed at other sites in the patient, such as in the aorta,
esophagus, trachea, colon, biliary tract, or urinary tract will have different dimensions more suited to such use. For
example, aortic, esophageal, tracheal and colonic stents may have diameters up to 25 mm and lengths 100 mm or longer.
[0114] The structure of the stent is composed of a base material suitable for the intended use of the structure. The
base material is preferably biocompatible, although cytotoxic or other poisonous base materials may be employed if
they are adequately isolated from the patient. Such incompatible materials may be useful in, for example, radiation
treatments in which a radioactive material is positioned by catheter in or close to the specific tissues to be treated. Under
most circumstances, however, the base material of the structure should be biocompatible.
[0115] A variety of conventional materials can be employed as the base material. Some materials may be more useful
for structures other than the coronary stent exemplifying the structure. The base material may be either elastic or inelastic,
depending upon the flexibility or elasticity of the polymer layers to be applied over it. The base material may be either
biodegradable or non-biodegradable, and a variety of biodegradable polymers are known. Moreover, some bioactive
agents have sufficient strength to serve as the base material of some useful structures, even if not especially useful in
the exemplary coronary stent.
[0116] The materials used in stent or other medical device of the invention may be selected from a well-known list of
suitable metals and polymeric materials appropriate for the particular application, depending on necessary characteristics
that are required (self-expansion, high radial force, collapsibility, etc.). Suitable metals or metal alloys include stainless
steels (e.g., 316, 316L or 304), nickel-titanium alloys including shape memory or superelastic types (e.g., nitinol or
elastinite); inconel; noble metals including copper, silver, gold, platinum, paladium and iridium; refractory metals including
Molybdenum, Tungsten, Tantalum, Titanium, Rhenium, or Niobium; stainless steels alloyed with noble and/or refractory
metals; magnesium; amorphous metals; plastically deformable metals (e.g., tantalum); nickel-based alloys (e.g., including
platinum, gold and/or tantalum alloys); iron-based alloys (e.g., including platinum, gold and/or tantalum alloys); cobalt-
based alloys (e.g., including platinum, gold and/or tantalum alloys); cobalt-chrome alloys (e.g., elgiloy); cobalt-chromium-
nickel alloys (e.g., phynox); alloys of cobalt, nickel, chromium and molybdenum (e.g., MP35N or MP20N); cobalt-chro-
mium-vanadium alloys; cobalt-chromium-tungsten alloys; platinum-iridium alloys; platinum-tungsten alloys; magnesium
alloys; titanium alloys (e.g., TiC, TiN); tantalum alloys (e.g., TaC, TaN); L605; magnetic ferrite; bioabsorbable materials,
including magnesium; or other biocompatible metals and/or alloys thereof.
[0117] One particularly preferred material is a self-expanding material such as the superelastic nickel-titanium alloy
sold under the tradename NITINOL. Materials having superelastic properties generally have at least two phases: a
martensitic phase, which has a relatively low tensile strength and which is stable at relatively low temperatures, and an
austenitic phase, which has a relatively high tensile strength and which can be stable at temperatures higher than the
martensitic phase. Shape memory alloys undergo a transition between an austenitic phase and a martensitic phase at
certain temperatures. When they are deformed while in the martensitic phase, they retain this deformation as long as
they remain in the same phase, but revert to their original configuration when they are heated to a transition temperature,
at which time they transform to their austenitic phase. The temperatures at which these transitions occur are affected
by the nature of the alloy and the condition of the material. Nickel-titanium-based alloys (NiTi), wherein the transition
temperature is slightly lower than body temperature, are preferred for the present invention. It can be desirable to have
the transition temperature set at just below body temperature to insure a rapid transition from the martinsitic state to the
austenitic state when the frame can be implanted in a body lumen.
[0118] In one embodiment, the medical device comprises a self-expanding nickel titanium (NiTi) alloy material. The
nickel titanium alloy sold under the tradename NITINOL is a suitable self-expanding material that can be deformed by
collapsing the frame and creating stress which causes the NiTi to reversibly change to the martensitic phase. The frame
can be restrained in the deformed condition inside a delivery sheath typically to facilitate the insertion into a patient’s
body, with such deformation causing the isothermal phase transformation. Once within the body lumen, the restraint on
the frame can be removed, thereby reducing the stress thereon so that the superelastic frame returns towards its original
undeformed shape through isothermal transformation back to the austenitic phase. Other shape memory materials may
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also be utilized, such as, but not limited to, irradiated memory polymers such as autocrosslinkable high density polyeth-
ylene (HDPEX). Shape memory alloys are known in the art and are discussed in, for example, "Shape Memory Alloys,"
Scientific American, 281: 74-82 (November 1979), incorporated herein by reference.
[0119] Some embodiments provide medical devices that are not self-expanding, or that do not comprise superelastic
materials. For example, in other embodiments, the medical device can comprise silicon-carbide (SiC). For example,
published U.S. Patent Application Number US2004/034409 to Hueblein et al., published on February 14, 2004, discloses
various suitable materials and configurations.
[0120] Other suitable materials used in the medical device includes carbon or carbon fiber; cellulose acetate, cellulose
nitrate, silicone, polyethylene teraphthalate, polyurethane, polyamide, polyester, polyorthoester, polyanhydride, poly-
ether sulfone, polycarbonate, polypropylene, high molecular weight polyethylene, polytetrafluoroethylene, or another
biocompatible polymeric material, or mixtures or copolymers of these; polylactic acid, polyglycolic acid or copolymers
thereof, a polyanhydride, polycaprolactone, polyhydroxybutyrate valerate or another biodegradable polymer, or mixtures
or copolymers of these; a protein, an extracellular matrix component, collagen, fibrin or another biologic agent; or a
suitable mixture of any of these.
[0121] The medical device may be deployed according to conventional methodology, such as by an inflatable balloon
catheter, by a self-deployment mechanism (after release from a catheter), or by other appropriate means. The medical
device may be formed through various methods, such as welding, laser cutting, or molding, or it may consist of filaments
or fibers that are wound or braided together to form a continuous structure. The medical device may be a grafted stent
in which the bioactive agent is incorporated into the graft material.
[0122] Of course, when the structure is composed of a radiolucent material such as polypropylene, polyethylene, or
others above, a conventional radiopaque coating may and preferably should be applied to it. The radiopaque coating
provides a means for identifying the location of the structure by X-ray or fluoroscopy during or after its introduction into
the patient’s vascular system.

Methods of Delivery and Treatment

[0123] Also disclosed is a method of treatment involving inserting into a patient or non-human subject an implantable
medical device having any of the novel configurations described above and delivering one of the bioactive agents
described above to the body of the patient or non-human subject. For example, when the implantable medical device
is a stent coated by the coating methods described above, the method of treatment involves implanting the stent into
the vascular system of a patient and allowing the bioactive agent(s) to be released from the stent in a controlled manner,
as could be shown by the drug elution profile of the coated stent.
[0124] The dosage level and period of release of the bioactive agent may be tailored to the subject being treated, the
severity of the affliction, the judgment of the physician, and the like. A vascular stent may be coated with a drug at a
concentration of 0.1-4mg/mm2. The stent may be coated with a drug at a concentration of 0.1-2mg/ mm2. The stent may
be coated with a drug at a concentration of 0.1-1mg/ mm2.
[0125] A more complete understanding of the present invention can be obtained by reference to the following specific
Examples. The Examples are described solely for purposes of illustration and are not intended to limit the scope of the
invention. Changes in form and substitution of equivalents are contemplated as circumstances may suggest or render
expedient. Although specific terms have been employed herein, such terms are intended in a descriptive sense and not
for purposes of limitations. Modifications and variations of the invention as herein before set forth can be made without
departing from the spirit and scope thereof, and, therefore, only such limitations should be imposed as are indicated by
the appended claims.

EXAMPLES

Comparative Example 1 - Elution of a water-soluble drug from a stent not having a polymer coating

[0126] 6 X 20mm Zilver stents are available from Wilson-Cook, Bloomington, IN. Resten-NG™ antisense drug (product
number 4126) is available form AVI BioPharma, Corvallis, OR 97333. Four Zilver stents were cleaned in methanol and
preweighed on a microgram balance. A solution containing 40mg of antisense drug in 10 ml of 50:50 CHCl3/MeOH was
placed in an electrostatic coating machine (Terronics Development Corporation, Elwood, IN 46036) and the stent coated
for 2 minutes at a flow rate of .03ml/min. Each stent was then dried and weighed again. About 94mg of antisense drug
was determined to be coated onto each stent.
[0127] Each stent was added to 10.5ml of distilled water. After three inversions, a 1ml sample of the liquid was removed
and the UV spectrum measured using an Agilent UV spectrometer at 257nm wavelength. After measurement, the sample
was returned and to the original solution. This process was repeated and UV spectra obtained after exposure times of
9, 48, 11.2, 210, 363 and 450 seconds.
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[0128] A maximum optical density was observed at 257nm. Results indicated that substantially all the antisense drug
was eluted from the stent within 1 minute of exposure to the aqueous environment.

Comparative Example 2 - Elution of a water-soluble drug from a stent having a PLA overcoat

[0129] Three Zilver stents were coated with a solution of 4mg/ml antisense drug using the procedure of Example 1.
The amount of antisense drug coated onto each stent was determined by weighing the stents before and after coating
and is shown in Table 1. The stents were then over coated with PLA (Sigma-Aldrich Corporation, St Louis, MO) by spray
coating a 4mg/ml solution of PLA in dicloromethane (Sigma-Aldrich Corporation, St Louis, MO).
[0130] Before coating, a Badger No. 200 spray gun (Badger Air-Brush, Company, Franklin Park, IL), was calibrated
to a flow rate of 5.8ml/min. Stent 1 was sprayed from four sides. 20ml of PLA solution was sprayed at each position. For
stents 2 and 3, the coating conditions were the same except that 30ml of PLA solution was used at each spray position.
After coating, the stents were again weighed. The amount of PLA coated onto each stent is shown is Table 1.
[0131] After coating, the elution time of the antisense drug was determined using the UV analysis method of Example
1. Table 1 shows the time taken for 90 percent of the coated antisense drug to elute from each stent.

Example 1 - Elution of a water-soluble drug from a stent having a PLA and a PACA overcoat

[0132] Three Zilver stents were coated with antisense drug and then with PLA using the protocol described in Example
2. Table 2 shows the amounts of antisense drug and PLA coated onto each stent. N-butyl cyanoacrylate monomer
(NBCA) containing 10% Tri Butyl Citrate (plasticizer) and trace amounts of Butyl Hydroxyanisole and Sulphur Dioxide
(stabilizers), (Glustitch, Inc., Washington 98281) was then applied to each stent using the method of Example 1. The
coating solution contained 2.5 mg/ml NBCA in acetonitrile. The coating times were 40, 60 and 120 seconds for stents
1, 2 and 3 respectively. Table 2 shows the amount of NBCA coated onto the stents.
[0133] After coating, the elution time of the antisense drug was determined using the UV analysis method of Example
1. Table 2 shows the time taken for 90 percent of the coated antisense drug to elute from each stent.

Example 2 - Coating Using an Ultrasonic Coating Method

[0134] A mixture containing 4mg/ml Resten-NG™ antisense drug and 8mg/ml NBCA was prepared on 50:50 MeoH:
CHCl3. The solution was loaded into a syringe mounted onto a syringe pump and connected to a tube that carried the
solution to the ultrasonic nozzle (Sonotek, Milford, CT 06460). Air was purged from the solution line and the spray nozzle
primed with the solution. The coating chamber was purged with nitrogen to attain an oxygen concentration of between
500 and 1500ppm.
[0135] One end of Zilver stent was positioned on a mandrel. The nozzle was positioned about 10mm from the stent
and the stent was coated with about 419mg of the mixture, while passing the nozzle over six loops of the stent surface.
A power setting of 1.0 watts was used. The weight of mixture coated onto the stent was determined by weighing the
stent before and after the coating procedure.
[0136] The stent was then over coated with a 4mg/ml solution of PLA in dichloromethane using the ultrasonic procedure
described above. Here, the nozzle was positioned at 4mm from the stent and deposition performed over eight loops of
the stent surface. About 216mg of PLA was deposited onto the stent surface.
[0137] The elution time of the antisense drug was determined using the UV analysis method of Example 1. Figure 1
shows the elution of the antisense agent from the stent.

Table 1
Stent Antisense Drug (mg) PLA (mg) 90% elution time (min.)
1 196 280 8
2 237 441 9.6
3 278 497 14.5

Table 2
Stent Antisense Drug (mg) PLA (mg) n-butyl cyanoacrylate (mg) 90% elution time (min.)

1 277 91 43 2.8
2 255 85 92 9.5
3 254 90 140 23.8
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Example 3 - Coating with Two Barrier Layers

[0138] A Zilver stent was coated with about 320mg of a mixture containing 4mg/ml Resten-NG antisense drug and
5mg/ml NBCA using the ultrasonic deposition method described in Example 2. A PLA overcoat (99mg) was the applied,
again using the ultrasonic method. Finally, 220mg of NBCA was applied using the ultrasonic method.
[0139] The elution time of the antisense drug was determined using the UV analysis method of Example 1. Figure 2
shows the elution of the antisense agent from the stent.

Example 4 - Coating with Three Barrier Layers

[0140] A solution of 50:50 MeOH:CHCl3 containing 4mg/ml Resten-NG antisense drug was coated onto a Zilver stent
using the electrostatic coating method described in Example 1. The nozzle was placed about 40mm from the stent
surface and a total of about 280mg of antisense drug coated onto the stent.
[0141] The stent was then over coated with about 117mg of PLA using a Badger No. 200 spray gun containing a
solution of 4mg/ml PLA in dichloromethane as described in Example 2. A second overcoat of about 240mg NBCA was
then applied using the electrostatic method. Finally, a third overcoat of 100mg of PLA was applied using the ultrasonic
nozzle.
[0142] The elution time of the antisense drug was determined using the UV analysis method of Example 1. Figure 3
shows the elution of the antisense agent from the stent.

Example 5 - Coating with Two Barrier Layers

[0143] A Zilver stent was coated with about 340mg of a mixture containing 4mg/ml Resten-NG antisense drug and
6mg/ml NBCA using the electrostatic deposition method described in Example 1. The stent was then over coated with
about 200mg of PLA using the ultrasonic nozzle.
[0144] The elution time of the antisense drug was determined using the UV analysis method of Example 1. Figure 4
shows the elution of the antisense agent from the stent.

Example 6 - Gamma Sterilization

[0145] Two 6x20 mm Zilver stents were ultrasonically coated with about 275 mg and 300 mg of a mixture containing
4 mg/mL Resten-NG antisense drug and 5 mg/mL NBCA using the ultrasonic deposition method described in Example
2. The stents were then ultrasonically over coated with about 292 mg and 325 mg of PLA respectively. One stent was
crimped to 7 fr, loaded into a COOK stent delivery system, deployed, and eluted in 0.1 % PBS. Its elution followed first
order kinetics with a t © of 1.12 hours. The other stent was crimped to 7 fr, loaded into a COOK stent delivery system,
gamma irradiated at Steris® (Morton Grove, IL) at 27 kGy, deployed, and eluted in 0.1% PBS. This elution followed first
order kinetics with a t © of 1.57 hours. The elution times of the antisense drug were determined using the UV analysis
method of Example 1. Figure 5 shows the elution of the antisense agent from the stents.

Claims

1. An implantable medical device having at least one surface, wherein an antisense compound and a poly(alkyl cy-
anoacrylate) polymer are present on the at least one surface and wherein the antisense compound is water-soluble;
the implantable medical device further comprising a second polymer, wherein the second polymer is a biodegradable
polymer and is coated on at least a portion of the antisense compound and the poly(alkyl cyanoacrylate) polymer.

2. The implantable medical device of claim 1, wherein the antisense compound has a solubility in water of greater than
2.5g/L.

3. The implantable medical device of claim 2, wherein the antisense compound has a solubility in water of greater than
25g/L.

4. The implantable medical device of claim 1, wherein the poly(alkyl cyanoacrylate) polymer is arranged to control the
release of the antisense compound into an environment in which the implantable medical device is placed.

5. The implantable medical device of claim 1, wherein the antisense compound is for inhibiting cellular proliferation.
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6. The implantable medical device of claim 1, wherein the poly(alkyl cyanoacrylate) polymer comprises an alkyl group
comprising between 3 and 12 carbon atoms.

7. The implantable medical device of claim 6, wherein the poly(alkyl cyanoacrylate) polymer is selected from a group
consisting of poly(n-butyl cyanoacrylate), poly(isohexyl cyanoacrylate), poly(n-hexyl cyanoacrylate) and poly(n-octyl
cyanoacrylate).

8. The implantable medical device of claim 1, wherein the second polymer is selected from a group consisting of
polylactic acid, poly-L-lactic acid, poly (D,L-lactide), poly(lactide-co-glycolide), poly(ethylene glycol), polyglycolide
and block copolymers of these compounds.

9. The implantable medical device of claim 1, wherein the implantable medical device comprises a vascular stent.

10. The implantable medical device of claim 1, wherein the antisense compound is coated on the at least one surface
of the implantable medical device, wherein the poly(alkyl cyanoacrylate) polymer is coated on at least a portion of
the antisense compound and wherein the second polymer is coated on at least a portion of the poly(alkyl cyanoacr-
ylate) polymer.

11. The implantable medical device of claim 1, wherein a mixture comprising the antisense compound and the poly
(alkyl cyanoacrylate) polymer is coated on the at least one surface.

12. The implantable medical device of claim 11, wherein the second polymer is coated on at least a portion of the mixture
comprising the antisense compound and the poly(alkyl cyanoacrylate) polymer.

13. The implantable medical device of claim 1 and having a layer comprising a water-soluble antisense compound and
a poly(alkyl cyanoacrylate) polymer coated on the at least one surface, wherein a second polymer is coated onto
at least a portion of the layer comprising the water-soluble antisense compound and the poly(alkyl cyanoacrylate)
polymer, wherein the second polymer is a biodegradable polymer, wherein the poly(alkyl cyanoacrylate) polymer
comprises an alkyl group comprising between 3 and 12 carbon atoms, wherein the second polymer is selected from
a group consisting of polylactic acid, poly-L-lactic acid, poly (D,L-lactide), poly(lactide-co-glycolide), poly(ethylene
glycol), polyglycolide and block copolymers of these compounds and wherein the poly(alkyl cyanoacrylate) polymer
and the second polymer are present at a weight ratio of between 400:1 and 1:400.

14. A method of manufacturing an implantable medical device, the method comprising:

coating at least one surface of the implantable medical device with a water-soluble antisense compound,
coating an alkyl cyanoacrylate monomer onto at least a portion of the water-soluble antisense compound, and
coating a second polymer onto at least a portion of the alkyl cyanoacrylate layer, wherein the second polymer
is a biodegradable polymer.

Patentansprüche

1. Implantierbare medizinische Einheit, die wenigstens eine Oberfläche aufweist, wobei eine Antisense-Verbindung
und ein Poly(alkylcyanoacrylat)polymer auf der wenigstens einen Oberfläche vorhanden sind und wobei die Anti-
sense-Verbindung wasserlöslich ist; wobei die implantierbare medizinische Einheit ferner ein zweites Polymer um-
fasst, wobei das zweite Polymer ein bioabbaubares Polymer ist und auf wenigstens einen Teil der Antisense-
Verbindung und des Poly(alkylcyanoacrylat)polymers aufgeschichtet ist.

2. Implantierbare medizinische Einheit gemäß Anspruch 1, wobei die Antisense-Verbindung eine Löslichkeit in Wasser
von größer als 2,5 g/l aufweist.

3. Implantierbare medizinische Einheit gemäß Anspruch 2, wobei die Antisense-Verbindung eine Löslichkeit in Wasser
von größer als 25 g/l aufweist.

4. Implantierbare medizinische Einheit gemäß Anspruch 1, wobei das Poly(alkylcyanoacrylat)polymer angeordnet ist,
um die Freisetzung der Antisense-Verbindung in eine Umgebung, in der die implantierbare medizinische Einheit
platziert ist, zu steuern.
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5. Implantierbare medizinische Einheit gemäß Anspruch 1, wobei die Antisense-Verbindung zum Hemmen von Zell-
proliferation ist.

6. Implantierbare medizinische Einheit gemäß Anspruch 1, wobei das Poly(alkylcyanoacrylat)polymer eine Alkylgrup-
pe, umfassend zwischen 3 und 12 Kohlenstoffatome, umfasst.

7. Implantierbare medizinische Einheit gemäß Anspruch 6, wobei das Poly(alkylcyanoacrylat)polymer ausgewählt ist
aus der Gruppe bestehend aus Poly(n-butylcyanoacrylat), Poly(isohexylcyanoacrylat), Poly(n-hexylcyanoacrylat)
und Poly(n-octylcyanoacrylat).

8. Implantierbare medizinische Einheit gemäß Anspruch 1, wobei das zweite Polymer ausgewählt ist aus der Gruppe
bestehend aus Polymilchsäure, Poly-L-milchsäure, Poly(D,L-lactid), Poly(lactid-co-glycolid), Poly(ethylenglycol),
Polyglycolid und Blockcopolymeren dieser Verbindungen.

9. Implantierbare medizinische Einheit gemäß Anspruch 1, wobei die implantierbare medizinische Einheit einen Ge-
fäßstent umfasst.

10. Implantierbare medizinische Einheit gemäß Anspruch 1, wobei die Antisense-Verbindung auf die wenigstens eine
Oberfläche der implantierbaren medizinischen Einheit aufgeschichtet ist, wobei das Poly(alkylcyanoacrylat)polymer
auf wenigstens einen Teil der Antisense-Verbindung aufgeschichtet ist und wobei das zweite Polymer auf wenigstens
einen Teil des Poly(alkylcyanoacrylat)polymers aufgeschichtet ist.

11. Implantierbare medizinische Einheit gemäß Anspruch 1, wobei ein Gemisch, umfassend die Antisense-Verbindung
und das Poly(alkylcyanoacrylat)polymer, auf die wenigstens eine Oberfläche aufgeschichtet ist.

12. Implantierbare medizinische Einheit gemäß Anspruch 11, wobei das zweite Polymer auf wenigstens einen Teil des
Gemischs, umfassend die Antisense-Verbindung und das Poly(alkylcyanoacrylat)polymer, aufgeschichtet ist.

13. Implantierbare medizinische Einheit gemäß Anspruch 1, das eine Schicht aufweist, umfassend eine wasserlösliche
Antisense-Verbindung und ein Poly(alkylcyanoacrylat)polymer, die auf die wenigstens eine Oberfläche aufgeschich-
tet ist, wobei ein zweites Polymer auf wenigstens einen Teil der Schicht, umfassend die wasserlösliche Antisense-
Verbindung und das Poly(alkylcyanoacrylat)polymer, aufgeschichtet ist, wobei das zweite Polymer ein bioabbau-
bares Polymer ist, wobei das Poly(alkylcyanoacrylat)polymer eine Alkylgruppe, umfassend zwischen 3 und 12
Kohlenstoffatome, umfasst, wobei das zweite Polymer ausgewählt ist aus der Gruppe bestehend aus Polymilch-
säure, Poly-L-milchsäure, Poly(D,L-lactid), Poly(lactid-co-glycolid), Poly(ethylenglycol), Polyglycolid und Blockcop-
olymeren dieser Verbindungen, und wobei das Poly(alkylcyanoacrylat)polymer und das zweite Polymer in einem
Gewichtsverhältnis von zwischen 400:1 und 1:400 vorhanden sind.

14. Verfahren zum Herstellen einer implantierbaren medizinischen Einheit, wobei das Verfahren umfasst:

Beschichten wenigstens einer Oberfläche der implantierbaren medizinischen Einheit mit einer wasserlöslichen
Antisense-Verbindung,
Aufschichten eines Alkylcyanoacrylat-Monomers auf wenigstens einen Teil der wasserlöslichen Antisense-
Verbindung und
Aufschichten eines zweiten Polymers auf wenigstens einen Teil der Alkylcyanoacrylatschicht, wobei das zweite
Polymer ein bioabbaubares Polymer ist.

Revendications

1. Dispositif médical implantable ayant au moins une surface, dans lequel un composé antisens et un polymère poly
(cyanoacrylate d’alkyle) sont présents sur l’au moins une surface et dans lequel le composé antisens est
hydrosoluble ; le dispositif médical implantable comprenant en outre un second polymère, le second polymère étant
un polymère biodégradable et étant appliqué en revêtement sur au moins une partie du composé antisens et du
polymère poly(cyanoacrylate d’alkyle).

2. Dispositif médical implantable selon la revendication 1, dans lequel le composé antisens a une solubilité dans l’eau
supérieure à 2,5 g/l.
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3. Dispositif médical implantable selon la revendication 2, dans lequel le composé antisens a une solubilité dans l’eau
supérieure à 25 g/l.

4. Dispositif médical implantable selon la revendication 1, dans lequel le polymère poly(cyanoacrylate d’alkyle) est
conçu pour contrôler la libération du composé antisens dans un environnement dans lequel le dispositif médical
implantable est posé.

5. Dispositif médical implantable selon la revendication 1, dans lequel le composé antisens sert à inhiber la prolifération
cellulaire.

6. Dispositif médical implantable selon la revendication 1, dans lequel le polymère poly(cyanoacrylate d’alkyle) com-
prend un groupe alkyle comprenant entre 3 et 12 atomes de carbone.

7. Dispositif médical implantable selon la revendication 6, dans lequel le polymère poly(cyanoacrylate d’alkyle) est
choisi dans un groupe composé du poly(cyanoacrylate de n-butyle), du poly(cyanoacrylate d’isohexyle), du poly
(cyanoacrylate de n-hexyle) et du poly(cyanoacrylate de n-octyle).

8. Dispositif médical implantable selon la revendication 1, dans lequel le second polymère est choisi dans un groupe
composé du poly(acide lactique), du poly(L-acide lactique), du poly(D,L-lactide), du poly(lactide-co-glycolide), du
polyéthylèneglycol, du polyglycolide et des copolymères séquencés de ces composés.

9. Dispositif médical implantable selon la revendication 1, le dispositif médical implantable comprenant une endopro-
thèse vasculaire.

10. Dispositif médical implantable selon la revendication 1, dans lequel le composé antisens est appliqué en revêtement
sur l’au moins une surface du dispositif médical implantable, dans lequel le polymère poly(cyanoacrylate d’alkyle)
est appliqué en revêtement sur au moins une partie du composé antisens et dans lequel le second polymère est
appliqué en revêtement sur au moins une partie du polymère poly(cyanoacrylate d’alkyle).

11. Dispositif médical implantable selon la revendication 1, dans lequel un mélange comprenant le composé antisens
et le polymère poly(cyanoacrylate d’alkyle) est appliqué en revêtement sur l’au moins une surface.

12. Dispositif médical implantable selon la revendication 11, dans lequel le second polymère est appliqué en revêtement
sur au moins une partie du mélange comprenant le composé antisens et le polymère poly(cyanoacrylate d’alkyle).

13. Dispositif médical implantable selon la revendication 1 et ayant une couche comprenant un composé antisens
hydrosoluble et un polymère poly(cyanoacrylate d’alkyle) appliquée en revêtement sur l’au moins une surface, dans
lequel un second polymère est appliqué en revêtement sur au moins une partie de la couche comprenant le composé
antisens hydrosoluble et le polymère poly(cyanoacrylate d’alkyle), dans lequel le second polymère est un polymère
biodégradable, dans lequel le polymère poly(cyanoacrylate d’alkyle) comprend un groupe alkyle comprenant entre
3 et 12 atomes de carbone, dans lequel le second polymère est choisi dans un groupe composé du poly(acide
lactique), du poly(L-acide lactique), du poly(D,L-lactide), du poly(lactide-co-glycolide), du polyéthylèneglycol, du
polyglycolide et des copolymères séquencés de ces composés et dans lequel le polymère poly(cyanoacrylate
d’alkyle) et le second polymère sont présents en un rapport pondéral compris entre 400:1 et 1:400.

14. Procédé de fabrication d’un dispositif médical implantable, le procédé comprenant :

le revêtement d’au moins une surface du dispositif médical implantable d’un composé antisens hydrosoluble,
l’application en revêtement d’un monomère cyanoacrylate d’alkyle sur au moins une partie du composé antisens
hydrosoluble et
l’application en revêtement d’un second polymère sur au moins une partie de la couche de cyanoacrylate
d’alkyle, le second polymère étant un polymère biodégradable.
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