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(57) Abstract: An intraluminal catheter device having an expandable member formed of a matrix of fiber elements with a thera-
peutic agent incorporated therein. The therapeutic agent can be coated on the fiber elements in a co-axial configuration. The fiber
elements may also have a second coating including a protective substance surrounding the therapeutic agent. The matrix of fiber
elements can be formed by electrospinning. A process of delivering a therapeutic agent to a target site includes providing an intra-
luminal catheter device having an expandable member formed of a matrix of fiber elements, the expandable member having a ther-
apeutic agent dispersed therein, and advancing the catheter device at a desired treatment site. Once at the desired treatment site,
fluid is introduced into the inflation lumen to expand the expandable member from a first profile to a second profile, and the ther-
apeutic agent is delivered to the desired treatment site.
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EXPANDABLE MEMBER FORMED OF A FIBROUS MATRIX
FOR INTRALUMINAL DRUG DELIVERY

BACKGROUND OF THE INVENTION

Cross-Reference to Related Applications

The present application claims the benefit of U.S. Non-Provisional
Application No. 12/238,627, filed September 26, 2008, of which is hereby

incorporated by reference in its entirety.

Field of the Invention

The present invention generally relates to an intraluminal catheter
device for use in angioplasty and delivery of a therapeutic agent. Particularly, the
present invention is directed to a catheter having an expandable member formed of a
matrix of fiber elements and suitable for insertion into the vascular system for

delivering a therapeutic agent.

Description of Related Art

The systemic administration of therapeutic agents, such as by transoral
or intravenous means, treats the body as a whole even though the disease to be treated
may be localized. In some cases, systemic administration may not be desirable
because the therapeutic agents may have unwanted effects on parts of the body which
are not to be treated, or because treatment of the diseased part of the body requires a
high concentration of a therapeutic agent that may not be achievable by systemic
administration.

It is therefore often desirable to administer therapeutic agents at
localized sites within the body. Common examples include cases of localized
vascular disease (e.g., heart disease) or diseased body lumens. Among the treatments
becoming available for local treatment of vascular disease, are drug-eluting balloons.
This type of medical device is typically a percutanueous transluminal coronary
angioplasty (PTCA) balloon catheter that carries a therapeutic agent on the surface of
the balloon for delivery to the vessel wall. The method generally includes the steps

of adding a therapeutic agent to the balloon surface using any of a number of
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manufacturing processes, such as dip coating, spray coating, painting or pipetting onto
the balloon, electron ion deposition, or plasma gamma discharge deposition, inserting
the catheter into a blood vessel to a desired location, and expanding the catheter
balloon against the surrounding tissue to allow the release of the drug.

In these cases, the therapeutic agent disposed on the balloon surface is
exposed to the surrounding environment. As a result, it may contact the vascular
surface as the device is tracked through the vessel to the treatment site, resulting in
loss of the therapeutic agent and a reduced dose of the therapeutic agent to the target
site. A further drawback is the premature diffusion of the drug during delivery into
the body.

In view of the potential drawbacks to conventional drug delivery
techniques, there exists a need for a device and method for the controlled, localized
delivery of therapeutic agents to target locations or lesions within a mammalian body,
while preventing the premature release or removal of the therapeutic agent during

delivery.

SUMMARY OF THE INVENTION

The purpose and advantages of the present invention will be set forth
in and apparent from the description that follows, as well as will be learned by
practice of the invention. Additional advantages of the invention will be realized and
attained by the methods and systems particularly pointed out in the written description
and claims hereof, as well as from the appended drawings.

To achieve these and other advantages and in accordance with the
purpose of the invention, as embodied and broadly described, the invention includes a
catheter device provided for intraluminal delivery of at least one therapeutic agent
within a lumen or by contacting the vessel wall. Particularly, the catheter device
includes an elongated catheter shaft having a proximal end portion and distal end
portion and an inflation lumen disposed between the proximal end portion and the
distal end portion. The catheter device includes an expandable member which is
formed of a matrix of fiber elements and is disposed proximate to the distal end of the
catheter shaft. The expandable member is formed of a matrix of fiber elements which

is configured to define an inner chamber for the expandable member. The fibers are
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formed from polymers, such as for example, but not limited to, polyamides,
polyurethanes, silicone modified polyurethanes, fluoropolymers, polyolefins,
polyimides, polyimines, (methyl)acrylic polymers, polyesters, polyglycolide,
polyglycolide (PGA), poly(L-lactide) (PLLA), poly(D,L-lactide) (PDLLA), poly(L-
lactide-co-glycolide) (PLGA), poly(D,L-lactide-co-glycolide) (PDLGA), poly(O-
caprolactone) (PCL), polydioxanone, poly(ethylene glycol) (PEG), poly(vinyl
alcohol), and co-polymers thereof.

In accordance with a preferred embodiment of the invention, the
matrix of fiber elements are formed by an electrospinning process. Electrospinning is
a method based on the ability of an electric field to overcome the surface tension of a
polymer or biomacromolecule solution (or melt), and form a conical shape called the
Taylor cone. Depending on the solution and process parameters such as polymer
concentration, molecular weight, nozzle diameter, charge magnitude, spinning
distance, and solution feed rate, continuous fibers can be produced that can have
diameters ranging from a few hundred nanometers to several microns.

In accordance with the invention, a therapeutic agent is dispersed on
the expandable member. In one embodiment, the therapeutic agent is coated on the
individual fiber elements that form the expandable member. Preferably, the
therapeutic coating completely surrounds the fiber. Alternatively, the therapeutic
agent can partially coat the fiber.

In accordance with yet another embodiment, the expandable member
defines an outer surface, and the therapeutic agent is coated on the outer surface of the
expandable member. Alternatively, the therapeutic agent can coat both the individual
fibers and also the outer expandable member surface. The therapeutic agents include
for example, anti-proliferative, anti-inflammatory, antineoplastic, antiplatelet, anti-
coagulant, anti-fibrin, antithrombotic, antimitotic, antibiotic, antiallergic and
antioxidant compounds.

It is contemplated that in an alternative embodiment the expandable
member may also be used to deliver angiogenic factors. Growth factors, such as
isoforms of vasoendothelial growth factor (VEGF), fibroblast growth factor (FGF,
€.g., beta-FGF), Del 1, hypoxia inducing factor (HIF 1-alpha), monocyte
chemoattractant protein (MCP-1), nicotine, platelet derived growth factor (PDGF),

insulin-like growth factor (HGF), estrogens, folliostatin, proliferin, prostaglandin E1
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and E2, tumor necrosis factor (TNF-alpha), interleukin 8 (I1-8), hematopoietic growth
factors, erythropoietin, granulocyte-colony stimulating factors (G-CSF) and platelet-
derived endothelial growth factor (PD-ECGF). In some embodiments, angiogenic
factors include, but are not limited to, peptides, such as PR39, PR11, and angiogenin,
small molecules, such as PHD inhibitors, or other agents, such as eNOS enhancers.

In accordance with one embodiment of the invention, a protective
substance can coat the therapeutic agent. In one embodiment, the protective coating
is a second coating on the fiber elements, completely or partially surrounding the first
coating of a therapeutic agent. Alternatively, the protective substance coats at least
one portion of the therapeutic coating on the outer surface of the expandable member.
The protective coating prevents the therapeutic agent from eluting prematurely from
the expandable member surface as the device is delivered through the anatomy to the
target site. Suitable substances which can be effective as a protective coating include,
but are not limited to glucose, hydrophilic coatings, biodegradable materials,
substances which are dissolvable in blood or aqueous mediums, or other substances
which will crack under expansion and will therefore allow the therapeutic agent to
contact the vessel wall.

In accordance with the invention, the intraluminal catheter is used to
deliver a therapeutic agent to a desired treatment site. The intraluminal catheter
device has an elongated catheter shaft having a proximal end portion and a distal end
portion and an inflation lumen disposed between the proximal end portion and the
distal end portion. An expandable member that has a therapeutic agent dispersed
thereon is disposed proximate to the distal end portion of the catheter. The
expandable member is formed of a matrix of fiber elements and the therapeutic agent
is coated on the fiber elements. Additionally or alternatively, the outer surface of the
expandable member can be coated with a therapeutic agent. The catheter is advanced
to a desired treatment site and fluid is introduced into the inflation lumen to expand
the expandable member and release the therapeutic agent into the vessel wall.

It is to be understood that both the foregoing general description and
the following detailed description are exemplary and are intended to provide further
explanation of the invention claimed.

The accompanying drawings, which are incorporated in and constitute

part of this specification, are included to illustrate and provide a further understanding
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of the product and method of the invention. Together with the description, the

drawings serve to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of a catheter having an expandable member
constructed of a plurality of fibers in accordance with the invention;

FIG. 2 is a cross-sectional view taken along lines A-A in FIG. 1 in
accordance with one embodiment of the present invention;

FIG. 3 is a cross-sectional view taken along lines B-B in FIG. 1 in
accordance with one embodiment of the present invention;

FIG. 3a is a cross-sectional view taken along lines B-B in FIG. 1 in
accordance with another embodiment of the present invention;

FIG. 4 is a cross-section view of the fiber element of the expandable
member in accordance with an alternative embodiment of the present invention;

FIG. 5 is a cross-sectional view of the expandable member in
accordance with another embodiment of the present invention;

FIG. 6a and 6b are planar views of a method of use of a catheter
having an expandable member constructed of a plurality of fibers;

FIGS. 7 and 8 are schematic drawings of an exemplary electrospinning
process used to form the expandable member of the present invention; and

FIGS. 9 and 10 are images of the electrospun foam conduit formed in
accordance with the present invention.

FIGS. 11a-11d are time-course images of an electrospun expandable

member undergoing ethylene oxide sterilization, resulting in a fluid tight member.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Reference will now be made in detail to the present preferred
embodiments of the invention. The method and corresponding steps of the invention
will be described in conjunction with the detailed description of the intravascular
catheter device.

In accordance with the present invention, an intraluminal catheter

device is provided for delivery of at least one therapeutic agent within a lumen by

5.
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contacting the vessel wall. Particularly, the catheter device includes an elongated
catheter shaft having a proximal end portion and a distal end portion and an
expandable member located proximate to the distal end portion of the catheter shaft,
the expandable member constructed of a matrix of fiber elements. In accordance with
one embodiment of the invention, the expandable member is fabricated by
electrospinning of the fibers into a matrix configuration. Alternatively, the
expandable member can be fabricated by melt-blowing or spunbonding processes to
create the fibrous matrix.

The expandable member formed from a matrix of fibers contains a
therapeutic agent incorporated therein. The catheter is configured for delivery
through an anatomy and to a target treatment site. In accordance with one
embodiment of the invention, once positioned near the target treatment site, the
expandable member is inflated and the therapeutic agent is delivered to the diseased
site and provides a beneficial effect. In one embodiment, the expandable member
contacts the vasculature wall upon expansion and the therapeutic agent is delivered to
the vessel wall.

An exemplary embodiment of the intravascular catheter device in
accordance with the present invention is shown schematically in Figs. 1 and 2, for
purposes of illustration only and not limitation. As shown in Figs. 1 and 2, the
intraluminal medical device 100 generally includes an elongated catheter shaft 102
having a proximal end and having a distal end and an expandable member 104 located
proximate to the distal end of the catheter shaft. An inflation lumen 106 can be
disposed between the proximal end portion and the distal end portion of the catheter
shaft 102. The expandable member 104 is placed in fluid communication with the
inflation lumen. The inflation lumen can supply fluid under pressure, and establish
negative pressure, to the expandable member. The expandable member 104 can thus
be inflated and deflated. The elongated catheter is sized and configured for delivery
through a tortuous anatomy, and can further include a guidewire lumen 108 that
permits it to be delivered over a guidewire 109. The guidewire lumen can have an
over-the-wire (OTW) or rapid-exchange (RX) construction, as is well known in the
art. Alternatively, the catheter body can include a fixed guidewire to permit the

catheter to be delivered to a vessel location without the use of a separate guidewire.
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The expandable member is formed of a matrix of fiber elements 110.
The matrix configuration allows for a highly accessible surface area of the expandable
member. The diameter of the fibers range can from nano to micro in size; preferably
from 20 nanometers to 20 micrometers, more preferably from 200 nanometers to 200
micrometers. Accordingly, a vast majority of fibers are required to form an
expandable structure configured to be disposed at distal portion of catheter shaft.
Further, the fiber elements are configured to achieve a desired thickness of the
expandable member. In accordance with a preferred embodiment of the invention, the
expandable member thickness ranges from 1 micrometer to 500 micrometers, and
preferably 5 micrometers to 50 micrometers, based on the fiber size and number of
layers deposited.

In accordance with the invention and as illustrated in Fig. 3, as a result
of the overlapping matrix configuration of the fiber elements, small gaps 112 are
present between the adjacent fibers of the matrix. The diameter of each fiber as well
as the configuration of overlapping fibers will affect the gap size of the matrix since it
essentially dictates the opening that exists between the fiber elements of the matrix.
Processing parameters such as nozzle position and solution composition, among
others, can also impact the gap size. The matrix can include gaps of similar or
significantly different sizes throughout. In accordance with the invention, the gaps
112 are sized and configured to allow the expandable member to expand from a first
profile to a second profile. In this regard, the fiber matrix is configured to allow the
expandable member to easily expand and contact the vessel wall such that the
therapeutic agent will be delivered to the vessel wall for treatment of vascular disease.
In accordance with one embodiment, the fibrous matrix is configured such that the
expandable member is essentially fluid-tight and can maintain an expanded profile for
an extended period of time. Alternatively, the fiber matrix is configured such that the
expandable member is not necessarily fluid-tight, however the configuration of the
fibers allows the expandable member to expand from a first profile to second profile
and contact the vessel wall such that the therapeutic agent can be effectively delivered
within a lumen by contacting the vessel wall.

For purpose of illustration and not limitation as illustrated in Fig. 3, the
polymeric fiber 110 includes a core 114 that is composed of one or more polymeric

materials. The polymeric material of the fiber include, but are not limited to,
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polyamides, polyurethanes, fluoropolymers, polyolefins, polyimides, polyimines,
(methyl)acrylic polymers, polyesters, polyglycolide (PGA), poly(L-lactide) (PLLA),
poly(D,L-lactide) (PDLLA), poly(L-lactide-co-glycolide) (PLGA), poly(D,L-lactide-
co-glycolide) (PDLGA), poly(O-caprolactone) (PCL), polydioxanone, poly(ethylene
glycol) (PEG), poly(vinyl alcohol), and suitable copolymers thereof, poly(ester
amides) (PEA), and biodegradable elastomers such as biodegradable poly(ester
urethanes) (PEU), polyhydroxyalkanoates such as poly(4-hydroxybutyrate) or poly(3-
hydroxybutyrate), poly(1,3-trimethylene carbonate). Alternatively, the core 114 can
be a combination of one or more polymeric materials.

In accordance with one embodiment of the invention, the plurality of
fibers include at least one coating completely or partially surrounding the polymeric
core. For example, and as shown in Fig. 3, for the purposes of illustration, the
plurality of fibers include a coating 116 having at least one therapeutic agent.
Preferably, the therapeutic agent coating completely surrounds the polymeric core in
a co-axial configuration. In this regard, the expandable member is provided with a
therapeutic agent for delivery within a vasculature to a targeted area. The matrix and
structure provided by the plurality of fibers protects the therapeutic agent from eluting
from the surface of the expandable member during the time required to place the
device within the vessel lumen and reach the targeted area. Once the target lesion, is
reached, the member 104 is expanded and the therapeutic agent 116 is brought into
contact with the vessel wall.

In accordance with an another embodiment of the invention, and as
shown in Fig. 3a, for illustration, a second layer of electrospun fibers without any
therapeutic agent can be spun over the layer of fibers with the therapeutic agent to
provide additional protection and to inhibit therapeutic agent from prematurely eluting
from the surface of the expandable member. Alternatively, uncoated fibers can be
disposed toward the inner surface of the expandable member and therapeutic agent
coated fibers toward the outside, to allow for a thicker wall with reduced use of drug.
Yet another embodiment includes a matrix formed with both coated and uncoated
fibers intermixed with each other.

In accordance with an alternative embodiment of the invention, and as
illustrated in Fig. 4, the fiber can have a second coating 120. The second coating can

partially or completely surround the first coating 116. In a preferred embodiment of
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the invention, the second coating 120 comprises a material that is generally
impervious to the elution of the therapeutic agent incorporated in the first coating.
The second coating 120 acts as a protective coating for the therapeutic agent and,
thereby, prevents premature elution of the therapeutic agent prior to proper placement
within the vessel lumen at a treatment site. Further, this protective layer prevents
physical damage to the therapeutic layer during insertion. In accordance with a
preferred embodiment of the invention, the protective coating 120 comprises a
protective substance that is dissolvable, biodegradable or disintegrable upon
expansion or inflation of the expandable member. For purpose of illustration and not
limitation, the protective substance includes glucose, hydrophilic substances,
biodegradable substances, contrast mediums, mediums which are dissolvable in blood
or aqueous mediums, or other mediums which will crack under expansion and will
therefore allow the therapeutic agent to contact the vessel wall. Suitable binders and
solvents also can be used to enhance performance of this layer.

Alternatively, the second coating can be a second layer of a second
therapeutic agent. The therapeutic agent in the second coating can be different or
alternatively, identical to the first therapeutic agent in the first coating. This
configuration of therapeutic agents in two separate coatings can allow for different
release rates of the therapeutic agents. The second coating also can be a primer
material that adheres to the first layer material and allows a third layer coating to be
added having a second therapeutic agent.

In accordance with a further embodiment of the invention, as
illustrated in Fig. 5, the therapeutic agent 122 can be directly applied to the surface of
the expandable member 104. For example and not limitation, the therapeutic coating
122 can be applied by techniques including powder coatings, spray coating, dip
coating, pad printing, transfer by rolling, electrografting, and electrostatic coating, as
understood in the art. The therapeutic agent can be coated over a portion or the
entirety of the expandable member 104. In accordance with one aspect of the
invention, the therapeutic agent 122 is only present on the surface of the expandable
member 104 formed of a matrix of fiber elements. Alternatively, the therapeutic
agent can be present as both a coating 116 on the fiber elements 110 of the
expandable member and as a separate coating 122 on the outer surface of the

expandable member 104.
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As embodied herein and depicted in Fig. 5, and further in accordance
with another aspect of the invention, the protective material 124 can be coated over a
portion or the entirety of the inflatable structure 104 using similar methods. As
discussed above, the protective material acts as a protective coating for the therapeutic
agent and, thereby, prevents premature elution of the drug or therapeutic substance
prior to proper placement within the vessel lumen at a treatment site. The dissolvable
coating protects the therapeutic agent as the device is delivered through the anatomy
to the target site. In accordance with one aspect of the invention, and as depicted in
Fig. 5, the protective substance 124 coats the layer of therapeutic agent 122 which has
been coated, such as, for example by dip or spray coating techniques, on the outer
surface of expandable member 104. Alternatively, the protective substance can be
coated on the outer surface of the expandable member, where the expandable member
1s formed of a matrix of fiber elements having a therapeutic agent coated on the fiber
elements.

In another embodiment of the invention, the therapeutic agent can be
dispersed and encapsulated within each fiber, such that each fiber strand consists of a
single layer, the layer including polymer and a therapeutic agent. In this embodiment,
the polymer and therapeutic agent are not in a co-axial arrangement, or a layered
arrangement, instead the fiber strand includes a polymer with a therapeutic agent
dispersed throughout.

In accordance with yet another embodiment of the invention, the gaps
112 of the expandable member can be filled with a therapeutic agent. Alternatively,
the therapeutic agent may be contained in microparticles, such as microspheres and
microcapsules, which are incorporated in the gaps 112 of the expandable member.

The therapeutic agent can be delivered from the expandable member
by introducing inflation fluid through the catheter body and into the expandable
member. Once pressure builds within the expandable member it inflates or expands.
The expandable member is configured to provided a radial force against the vessel
wall during expansion. In one embodiment, the expansion allows the expandable
member to contact the vessel wall and the therapeutic agent to be delivered into the
vessel wall at the target treatment site. This radial force ensures that the expandable
member can expand safely, without causing harm to the vessel wall. Additionally,

reducing the stress in the vessel wall can also contribute to a higher rate of uptake of

-10-
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therapeutic agent within the vessel wall as well as improved retention of the
therapeutic agent after the catheter has been delivered and removed. The expansion
force can be achieved by selecting the appropriate property of the matrix of fiber
elements, such as, for example, modulus, gap size, porosity, fiber cross-sectional area
or fiber packing density. In an alternative embodiment, the expandable member is
inflated and the therapeutic agent is allowed to disperse into the area surrounding the
target treatment site.

For example and not limitation, at least one therapeutic agent can
include anti-proliferative, anti-inflammatory, antineoplastic, antiplatelet, anti-
coagulant, anti-fibrin, antithrombotic, antimitotic, antibiotic, antiallergic and
antioxidant compounds. Thus, the therapeutic agent can be, again without limitation,
a synthetic inorganic or organic compound, a protein, a peptide, a polysaccharides and
other sugars, a lipid, DNA and RNA nucleic acid sequences, an antisense
oligonucleotide, an antibodies, a receptor ligands, an enzyme, an adhesion peptide, a
blood clot agent including streptokinase and tissue plasminogen activator, an antigen,
a hormone, a growth factor, aribozyme, a retroviral vector, an anti-proliferative
agent including rapamycin (sirolimus), 40-O-(2-hydroxyethyl)rapamycin
(everolimus), 40-O-(3-hydroxypropyl)rapamycin, 40-O-(2-
hydroxyethyoxy)ethylrapamycin, 40-O-tetrazolylrapamycin (zotarolimus, ABT-578),
paclitaxel, docetaxel, methotrexate, azathioprine, vincristine, vinblastine, fluorouracil,
doxorubicin hydrochloride, and mitomycin, an antiplatelet compound, an
anticoagulant, an antifibrin, an antithrombins including sodium heparin, a low
molecular weight heparin, a heparinoid, hirudin, argatroban, forskolin, vapiprost,
prostacyclin, a prostacyclin analogue, dextran, D-phe-pro-arg-chloromethylketone
(synthetic antithrombin), dipyridamole, glycoprotein IIb/IIla platelet membrane
receptor antagonist antibody, recombinant hirudin, a thrombin inhibitor including
Angiomax 4§, a calcium channel blocker including nifedipine, colchicine, a fibroblast
growth factor (FGF) antagonist, fish oil (omega 3-fatty acid), a histamine antagonist,
lovastatin, a monoclonal antibodie, nitroprusside, a phosphodiesterase inhibitor, a
prostaglandin inhibitor, suramin, a serotonin blocker, a steroid, a thioprotease
inhibitor, triazolopyrimidine, a nitric oxide or nitric oxide donor, a super oxide
dismutase, a super oxide dismutase mimetic, estradiol, an anticancer agent, a dietary

supplement including vitamins, an anti-inflammatory agent including aspirin,

-11-
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tacrolimus, dexamethasone and clobetasol, a cytostatic substance including
angiopeptin, an angiotensin converting enzyme inhibitor including captopril,
cilazapril or lisinopril, an antiallergic agent including permirolast potassium, alpha-
interferon, bioactive RGD, and genetically engineered epithelial cells. Other
therapeutic agents which are currently available or that may be developed in the
future for use with intraluminal catheter devices may likewise be used and all are
within the scope of this invention.

For example and not limitation, the therapeutic agents effective in
preventing restenosis, including those classified into the categories of anti-
proliferative agents, anti-platelet agents, anti-inflammatory agents, anti-thrombotic
agents, and thrombolytic agents can be further sub-divided. For example, anti-
proliferative agents can be anti-mitotic. Anti-mitotic agents inhibit or affect cell
division, whereby processes normally involved in cell division do not take place. One
sub-class of anti-mitotic agents includes vinca alkaloids. Representative examples of
vinca alkaloids include, but are not limited to, vincristine, paclitaxel, etoposide,
nocodazole, indirubin, and anthracycline derivatives, including, for example,
daunorubicin, daunomycin, and plicamycin. Other sub-classes of anti-mitotic agents
include anti-mitotic alkylating agents, including, for example, tauromustine,
bofumustine, and fotemustine, and anti-mitotic metabolites, including, for example,
methotrexate, fluorouracil, 5-bromodeoxyuridine, 6-azacytidine, and cytarabine.
Anti-mitotic alkylating agents affect cell division by covalently modifying DNA,
RNA, or proteins, thereby inhibiting DNA replication, RNA transcription, RNA
translation, protein synthesis, or combinations of the foregoing.

An example of an anti-mitotic agent includes, but is not limited to,
paclitaxel. As used herein, paclitaxel includes the alkaloid itself and naturally
occurring forms and derivatives thereof, as well as synthetic and semi-synthetic forms
thereof.

Anti-platelet agents are therapeutic entities that act by (1) inhibiting
adhesion of platelets to a surface, typically a thrombogenic surface, (2) inhibiting
aggregation of platelets, (3) inhibiting activation of platelets, or (4) combinations of
the foregoing. Activation of platelets is a process whereby platelets are converted
from a quiescent, resting state to one in which platelets undergo a number of

morphologic changes induced by contact with a thrombogenic surface. These
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changes include changes in the shape of the platelets, accompanied by the formation
of pseudopods, binding to membrane receptors, and secretion of small molecules and
proteins, including, for example, ADP and platelet factor 4. Anti-platelet agents that
act as inhibitors of adhesion of platelets include, but are not limited to, eptifibatide,
tirofiban, RGD (Arg-Gly-Asp)-based peptides that inhibit binding to gplIlblila or
avb3, antibodies that block binding to gplIlalllb or avb3, anti-P-selectin antibodies,
anti-E-selectin antibodies, compounds that block P-selectin or E-selectin binding to
their respective ligands, saratin, and anti-von Willebrand factor antibodies. Agents
that inhibit ADP-mediated platelet aggregation include, but are not limited to,
disagregin and cilostazol.

As discussed above, at least one therapeutic agent can be an anti-
inflammatory agent. Non-limiting examples of anti-inflammatory agents include
prednisone, dexamethasone, hydrocortisone, estradiol, triamcinolone, mometasone,
fluticasone, clobetasol, and non-steroidal anti-inflammatories, including, for example,
acetaminophen, ibuprofen, naproxen, adalimumab and sulindac. The arachidonate
metabolite prostacyclin or prostacyclin analogs is an example of a vasoactive
antiproliferative. Other examples of these agents include those that block cytokine
activity or inhibit binding of cytokines or chemokines to the cognate receptors to
inhibit pro-inflammatory signals transduced by the cytokines or the chemokines.
Representative examples of these agents include, but are not limited to, anti-IL1, anti-
IL2, anti-IL3, anti-IL4, anti-IL8, anti-IL15, anti-IL18, anti-MCP1, anti-CCR2, anti-
GM-CSF, and anti-TNF antibodies.

Anti-thrombotic agents include chemical and biological entities that
can intervene at any stage in the coagulation pathway. Examples of specific entities
include, but are not limited to, small molecules that inhibit the activity of factor Xa.
In addition, heparinoid-type agents that can inhibit both FXa and thrombin, either
directly or indirectly, including, for example, heparin, heparin sulfate, low molecular
weight heparins, including, for example, the compound having the trademark
Clivarin®, and synthetic oligosaccharides, including, for example, the compound
having the trademark Arixtra®. Also included are direct thrombin inhibitors,
including, for example, melagatran, ximelagatran, argatroban, inogatran, and
peptidomimetics of binding site of the Phe-Pro-Arg fibrinogen substrate for thrombin.
Another class of anti-thrombotic agents that can be delivered are factor VII/VIla
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inhibitors, including, for example, anti-factor VII/VIIa antibodies, INAPc2, and tissue
factor pathway inhibitor (TFPI).

Thrombolytic agents, which can be defined as agents that help degrade
thrombi (clots), can also be used as adjunctive agents, because the action of lysing a
clot helps to disperse platelets trapped within the fibrin matrix of a thrombus.
Representative examples of thrombolytic agents include, but are not limited to,
urokinase or recombinant urokinase, pro-urokinase or recombinant pro-urokinase,
tissue plasminogen activator or its recombinant form, and streptokinase.

Other therapeutic agents include cytotoxic drugs, including, for
example, apoptosis inducers, including TGF, and topoisomerase inhibitors, including,
10-hydroxycamptothecin, irinotecan, and doxorubicin. Other therapeutic agents
include drugs that inhibit cell de-differentiation and cytostatic drugs. The at least one
therapeutic agent can also include anti-lipaedemic agents, including fenofibrate,
matrix metalloproteinase inhibitors, including, for example, batimistat, antagonists of
the endothelin-A receptor, including, for example, darusentan, and antagonists of the
avb3 integrin receptor.

A method of use is therefore provided in accordance with this
invention, the method having the following steps. As illustrated in Fig. 6a, the
catheter 100 is advanced over a guidewire 109 through the vasculature 126 until the
expandable member 104 is positioned adjacent to the target disease or desired
treatment site 128. As illustrated in Fig. 6b, inflation fluid is introduced through the
catheter body and into the expandable member to expand or inflate the expandable
member 104. The therapeutic agent can be delivered to the vasculature by several
techniques. One method of delivering the therapeutic agent includes diffusion of the
therapeutic agent from the fiber to the vessel wall when the expandable member is
expanded against the vessel wall. Particularly, a preferred method includes using a
suitable solvent, such as saline, water, contrast, water/ethanol mixture, or
water/DMSO mixture, to enhance the release of the drug from the fiber upon inflation
of the expandable member. Another method of delivery includes a burst release
technique, wherein the fibers are expanded or stretched as the expandable member is
expanded from a first profile to a second profile and the therapeutic agent is thereby

released from the fiber matrix and into the vessel wall and surrounding area. It will
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also be appreciated that a method of delivery may incorporate both a burst release and
a diffusion release technique, in accordance with this invention.

Any suitable process for forming an expandable member from a matrix
of fiber elements can be used in accordance with the present invention. As discussed
above, the expandable member is a shaped structure formed from many fibers that
exist in a matrix configuration. As a result of the matrix-like configuration which is
tightly woven and overlapped, the expandable member can be expanded with a
pressurizing or inflation fluid. Suitable processes for creating the fibrous matrix
which is formed into an expandable member include, for example, electrospinning,
melt-blowing or spunbonding.

In accordance with a preferred embodiment of the invention, the
expandable member is formed by an electrospinning process. Due to the wide variety
of materials that can be used for the electrospinning process, the expandable member
can be formed from a relatively soft material, which will improve deliverability of the
device, and prevent damage to the anatomy during delivery. Additionally, the
electrospinning process allows for the fibers to be formed with one or more coatings.
In accordance with one embodiment, and as discussed above, the fibers include a base
material that supplies structure to the expandable member, and a first coating formed
from one or more therapeutic agents. It is also possible to provide a second coating
placed over the therapeutic agent on the electrospun fibers. The second coating can
be a protective coating is dissolvable or disintegrable upon inflation of the expandable
member.

In accordance with a preferred embodiment of the present invention,
and as illustrated in Figs. 7 and 8, for purpose of illustration and not limitation, a
method of electrospinning an inflatable member is provided. The process in forming
an expandable member, such as a balloon, includes providing a forming mandrel with
a profile that is approximately the same as the desired expandable member profile.
Material fibers are then electrospun onto the mandrel surface. For example, and not
limitation, the electrospun fibers are formed from polyurethane dissolved in a solvent
such as acetone, tetrahydrofuran, N,N-dimethylformamide, chloroform,
trifluoroethanol, hexafluoroisopropanol, or blends thereof. During the electrospinning
process, the solvent begins to evaporate. When the electrospinning fibers reach the

mandrel surface, the remainder of the solvent evaporates leaving the electrospun
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fibers. As the electrospinning layers are added, additional crossing of the
electrospinning fibers will result in a dense matrix of material having radial channels
or gaps passing therethrough. The size and location of these channels and gaps can be
controlled through various process parameters, such as solution composition, nozzle
position, and other parameters known in the art.

For example, U.S. Patent Nos. 6,382,526 and 6,520,425 incorporated
herein by reference in their entirety, are directed to a process and apparatus for the
production of nanofibers. An electrospinning fixture is provided that includes a
working stage for holding the mandrel that the electrospun material matrix will be
formed on. This stage should include rotational and axial movement capabilities and
the motion of the stage is to be controlled by a motor synchronized with a motor
controller. The stage includes a holding fixture such as a chuck that accepts the
balloon member and transmits motion thereto. The holding fixture is also connected
to the negative lead of a power source, making it the cathode of the electrolytic
process. The positive lead of a power source is connected to the ejection nozzle,
making the nozzle the anode of the electrolytic process.

Typically, electrospinning processes require high voltage but relatively
low current. In one embodiment of this invention, the power source is capable of
delivering 0 to 60 kilovolts of electrical potential, but generally operates in the range
of 10 to 20 kilovolts during the electrospinning process. The current that is provided
by the power source is generally in the 5 to 10 microampere range. It will be
appreciated that these ranges can vary depending upon the electrospinning material
and process parameters. Also, it can be preferable to utilize two power sources placed
in parallel or in series, depending on the goals of the process.

The nozzle is connected to a reservoir filled with electrospinning
material dissolved in a solvent, and is placed in fluid communication with the
reservoir by a fluid transport lumen and a pump. The electrospinning material
includes thermoplastic polymeric material discussed above in connection with the
material of the expandable member. Suitable organic or aqueous based
electrospinning solvents, include but are not limited to, acetone, methyl ethyl ketone,
cyclohexanone, dichloromethane, chloroform, trifluoroethanol,
hexafluoroisopropanol, tetrahydrofuran, N,N-dimethylformamide, ethyl acetate,

isopropanol, ethanol, water or blends thereof. A particular embodiment of
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electrospinning material includes polyurethane dissolved in tetrahydrofuran, although
this can be varied widely depending upon the requirements of the invention.

The nozzle can be located in a position that creates the desired
electrospinning pattern. For example, if a random matrix pattern is desirable, the
nozzle exit can be located greater than about 3 mm from the expandable member
surface. If a more controlled pattern is desired, the nozzle can be located within about
3 mm from the expandable member surface. The nozzle exit inner diameter will
typically be in the range of about 500 micrometer to 1.5 mm in order to achieve the
desired electrospinning fiber size.

The electrospinning fiber will normally be ¢jected from the Taylor
cone adjacent to the anode toward the cathode. The fibers will preferably have
diameters in the range of about 20 nanometer to 10 micrometer. This size range will
affect the gap size of the matrix since it will determine how much gap exists between
overlapping fibers. The density of the fibers and the number of fiber layers will also
affect the gap size. It is important to note that various changes to the electrospinning
fibers can be made in accordance with this invention, which will affect the efficacy of
the solution. For example, it is possible to electrospin a fiber that has two layers, a
core (inner layer) and an outer coating (outer layer), by utilizing a specific capillary
nozzle, as shown in Fig. 7. This construction will form an electrospinning fiber that
has, for example, a polyurethane core and a therapeutic agent outer coating.

Likewise, a second coating (third layer) can be simultaneously spun, which can be a
protective coating dissolvable in a solvent. Alternatively, electrospun fiber can have a
therapeutic agent core and a polymer outer layer or coating.

In accordance with yet another embodiment, the fibers are spun into
single layer strands having a therapeutic agent dispersed throughout the polymeric
fiber using a conventional nozzle. During the electrospinning process, the therapeutic
agent is mixed in the same solution as the solvent and the polymer. The solution is
then sprayed from a single opening nozzle to form fiber strands having a
homogeneous or phase separated distribution of therapeutic agent in the polymeric
fiber.

To maximize fiber bonding and minimize layer delamination within
the electrospun expandable member, fabrication distance can be lowered to an

appropriate value to cause fibers to lightly bond between layers due to presence of
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more solvent with less evaporation distance. As is well know in the art, a shorter
process distance results in wetter fibers and tighter junctions.

Further process variables such as polymer solution concentration as
stated previously can also affect both morphology and fiber diameter. Increasing
polymer concentration and solution viscosity while holding all other variables
constant generally results in larger fiber diameter. Fiber diameters can then be varied
from tens of nanometers to greater than a micron based on the parameters used. Wall
thickness of the nanofiber expandable member could be controlled from tens of
microns up to a millimeter or greater by adjusting fabrication time from a few minutes
up to an hour or more. Fabrication parameters and material composition can also be
optimized for each particular catheter delivery system, to allow for the desired radial
force, flexibility and recoverability.

In accordance with another embodiment, the fibrous matrix which is
formed into an expandable balloon is formed from a melt-blowing or spunbonding
process. The melt blowing process is well known in the art and involves extruding a
fiber-forming thermoplastic polymer resin in molten form through orifices of a heated
nozzle into a stream of hot gas to attenuate the molten resin as fibers which form a
fiber stream, the fibers being collected on a receiver in the path of the fiber stream to
form a nonwoven web. The fibrous web can then be shaped into an expandable
member. A method for producing a melt-blown fibrous web is described in U.S.
Patent No. 3,978,185 to Buntin et al., which is incorporated herein by reference in its
entirety. The spunbonding process, equally well know in the art, is similar to the
melt-blowing process, the two major differences between the two processes being i)
the temperature and volume of the air used to attenuate the filaments and ii) the
location where the filament draw or attenuation force is applied. A melt-blowing
process uses large amounts of high-temperature air to attenuate the filaments. The air
temperature is typically equal to or slightly greater than the melt temperature of the
polymer. In contrast, the spunbonding process generally uses a smaller volume of air
close to ambient temperature to first quench the fibers and then to attenuate the fibers.
Methods for producing spunbonded webs are disclosed in U.S. Patent Nos. 3,338,992
and U.S. Patent No. 3,341,394 to Kinney; U.S. Patent No. 3,276,944 to Levy; U.S.
Patent No. 3,502,538 to Peterson; U.S. Patent Nos. 3,502,763 and 3,509,009 to
Hartmann; U.S. Patent No. 3,542,615 to Dobo et al. and U.S. Patent No. 3,692,618 to
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Dorschner et al, the disclosures of which are incorporated herein by reference in their
entirety. Both the melt-blowing and spunbonding processes can be used to produce
fibers having a diameter of about 100 nanometers. Polymers that are suitable for use
in the melt-blowing and spunbonding processes which can be used to form the
expandable structures include, but are not limited to polypropylene, polyethylene,
polybutylene terephthalate, Nylon 6, Nylon 11, polycarbonate, polyurethanes,
polyesters, poly(vinylidenefluoride) and poly(ester-amides).

Once formed, the expanded member can be attached to an elongated
catheter shaft by any conventional and suitable techniques so as to be in fluid
communication with an inflation lumen. Similarly, the expandable member can be
folded or collapsed using known and suitable techniques for assembly, packaging,
delivery and deployment as is known in the art.

The following examples are presented in order to more fully illustrate
certain embodiments of the invention. These examples in no way, however, should be
construed as limiting the broad scope of the invention. One skilled in the art can
readily devise many variations and modifications of the principles disclosed herein

without departing from the scope of the invention.

EXAMPLES

EXAMPLE A

2 wt% high inherent viscosity Poly(L-lactide) PLLA in
hexafluoroisopropanol was electrospun utilizing voltages of +10 kV (nozzle) and -
10kV (mandrel), a flow rate of 1 mL/hr, over a distance of 10cm onto a 4.0 mm
stainless steel mandrel rotating at 3000 rpm. This PLLA fiber composite in the shape
of a tube with a 4.0 mm inner diameter was then annealed at 45°C overnight in a
vacuum oven to remove residual solvent and induce crystallinity. A macroscale

image of the foam conduit is shown in Fig. 9.

EXAMPLE B

The PLLA electrospun tube segment formed in Example A was cut
and placed on carbon tape, sputter coated with gold-palladium and then imaged by

scanning electron microscopy. As shown in Fig. 10, surface morphology consists of
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micron and sub-micron diameter fibers layered on one another that include gaps

therebetween.

EXAMPLE C

A fibrous conduit may be formed from 5wt% of poly(L-lactide-co-¢-
caprolactone) (PLCL) 50-50 in hexafluoroisopropanol solution by electrospinning.
The PLCL has an inherent viscosity of 3.07 dl/g and a molecular weight of 561,000.
Electrospinning equipment includes a syringe pump (Harvard Apparatus PHD2200), a
glove box, two power supply units (Gamma High Voltage Research), and a mandrel
control stage designed and built in-house. Volumetric flow rate from the syringe
pump may be approximately 1 mL/hr and the PLCL solution may be ¢jected through a
stainless steel nozzle with a potential of approximately 12 kV. Electrospun fibers are
directed toward an 0.053-inch diameter stainless steel mandrel spaced approximately
20 cm from the electrospinning nozzle and having a potential of approximately -6 kV.
The mandrel may be rotated by the mandrel control stage at 1500 RPM while the
electrospinning nozzle oscillates axially over 75 passes at an average linear speed of
approximately 12 mm/s with an inflated Pellethane balloon at a nozzle voltage of
+10kv, target voltage of = 5 kV, distance of 4.0 cm, and infusion rate of 1 mL/h. The
resulting fibrous conduit may be removed from the mandrel and subjected to one or
more ethylene oxide sterilization cycles. The sterilization cycles cause the fibers to
swell and form a fluid tight conduit (Figures 11a-11d).

It will be apparent to those skilled in the art that various modifications
and variations can be made in the method and system of the present invention without
departing from the spirit or scope of the invention. Thus, it is intended that the
present invention include modifications and variations that are within the scope of the

appended claims and their equivalents.
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CLAIMS

What Is Claimed Is:

1. An intraluminal catheter device comprising:
an elongated catheter shaft having a proximal end portion and a distal
end portion, the shaft having an inflation lumen disposed between the proximal end
portion and the distal end portion;
an expandable member disposed proximate to the distal end portion of

the catheter shaft, the expandable member formed of a matrix of fiber elements.

2. The device of claim 1, wherein the matrix of fiber elements is formed

by electrospinning.

3. The device of claim 1, wherein the fiber elements comprise a polymer
selected from the group consisting of polyamides, polyurethanes, fluoropolymers,

polyolefins, polyimides, polyimines, (methyl)acrylic polymers, polyesters, and co-

polymers thereof.

4, The device of claim 1, wherein the fiber elements include at least one
coating.

5. The device of claim 4, wherein the at least one coating includes a

therapeutic agent.

6. The device of claim 5, wherein the therapeutic agent is selected from
the group consisting of anti-proliferative, anti-inflammatory, antineoplastic,
antiplatelet, anti-coagulant, anti-fibrin, antithrombotic, antimitotic, antibiotic,

antiallergic and antioxidant compounds and combinations thereof.

7. The device of claim 4, wherein the fiber elements include a second
coating surrounding the first coating, the second coating comprising a protective

substance.

8. The device of claim 7, wherein the protective substance is selected

from the group consisting of glucose, hydrophilic coatings, mediums which are
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dissolvable in blood or aqueous mediums, and other mediums which will crack under

expansion.

9. The device of claim 1, wherein the expandable member is expandable

from a first profile to a second profile.

10.  The device of claim 1, wherein the expandable member is essentially

fluid-tight and can maintain an expanded profile.

11.  The device of claim 1, the expandable member defining an outer
surface, and further comprising a therapeutic agent coated on at least one portion of

the outer surface of the expandable member.

12.  The device of claim 11, further comprising a protective coating coated

on at least one portion of the outer surface of the expandable member.

13. The device of claim 1, wherein the matrix of fiber elements define a

plurality of gaps between the fibers.

14. A method of delivering a therapeutic agent into a vessel, the method

comprising:

providing an intraluminal catheter device having an elongated catheter
shaft having a proximal end portion and a distal end portion, the shaft having an
inflation lumen disposed between the proximal end portion and the distal end portion,
an expandable member having an outer surface and an inner surface disposed
proximate to the distal end portion of the catheter, the expandable member formed of
a matrix of fiber elements,

advancing the catheter device at a desired treatment site; and

introducing fluid into the inflation lumen to expand the expandable

member from a first profile to a second profile.

15. The method of claim 14, wherein the matrix of fiber elements is

formed by electrospinning.

16. The method of claim 14, wherein the matrix of fiber elements is

formed by a melt-blowing process.
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17. The method of claim 14, wherein the fiber elements include at least

one coating.

18.  The method of claim 17, wherein the at least one coating includes a

therapeutic agent.

19.  The method of claim 17, wherein the plurality of fibers includes a
second coating surrounding the first coating, the second coating comprising a

protective substance.

20.  The method of claim 14, further comprising a therapeutic agent coated

on at least one portion of the outer surface of the expandable member.

21.  The method of claim 20, further comprising a protective coating coated

on at least one portion of the outer surface of the expandable member.
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Macroscale image of electrospun
PLLA foam conduit (4.0 mm I.D.).

FIG.9

Surface morphology of electrospun PLLA
foam conduit by SEM (scale bar = 10 um).
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