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INTRALUMINAL PROSTHESES AND CARBON DIOXIDE-ASSISTED
METHODS OF IMPREGNATING SAME WITH
PHARMACOLOGICAL AGENTS

FIELD OF THE INVENTION

The present 1nventlon relates generally to

impregnating polymeric materials and, more particularly,

ﬁ

to methods of impregnating polymeric materlals with

pharmacologlcal agents.

BACKGROUND-OF THE INVENTION
Stents are typically used as adjuncts to

percutaneous transluminal balloon angioplasty procedures,

[

in the treatment of occluded or partially occluded

arteries and other blood vessels. As an example of a
balloon angiloplasty procedure, a guiding catheter or
sheath 1s percutaneously introduced into the

pr—

cardiovascular system of a patient through the femoral

arteries and advanced through the vasculature until the

p—

distal end of the guiding catheter i1s positioned at a

point proximal to the lesion site. A gnidewlre and a

dilatation catheter having a balloon on the distal end
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are introauced through the guiding catheter with the

guidewire sliding within the dilatation catheter. The
guidewire 1s first advanced out of the guiding catheter
into the patient's vasculature and is directed across the
arterial lesion. The dilatation catheter is subsequently
advanced over the previously advanced guidewire until the
dilatation balloon is properly ﬁositioned across the
arterial lesion. Once in position across the lesién, the
expandable balloon is inﬁlated Co a predetermined size
with a radiopéque liquid at relatively high pressure to
radially compress the atherosclerotic plagque of the
lesion against the inside of the artery wall and thereby
dilate the lumen of the artery. The balloon is then
deflated to a small profile so that the dilatation

catheter can be withdrawn from the patient's vasculature

and blood flowaresumed through the dilated artery.’

Balloon angioplasty sometimes results in short

or long term failure (restenosis).. That is, vessels may

abruptly close shortly after the procedure or restenosis

may occur gradually over a period of months thereafter.

‘To counter restenosis following angioplasty, implantable

intraluminal prostheses, commonly referred Lo as stents,
are used to achieve long term vessel patency. A stent
functions as séaffolding to sﬁructurally support the
vessel wall and thereby maintain luminal patency, and"are
transported to a lesion site by means of a delivery
catheter.

Lypes of stents may include balloon expandable
stents, spring-like, self-exPandable stents, énd
thermally expandable stents. Balloon expandable stents

are delivered by a dilitation catheter and are

plastically deformed by an expandable member, such as an

inflation balloon, from a small initial diameter to a

larger expanded diameter. Self-expanding stents are

-2
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formed as spring elements which are radially compressible
about a delivery catheter. A compressed self-expanding
stent is typically held in the compressed state by a
delivery sheath. Upbﬁ delivery to a lesion site, the
delivery sheath 1s retracted allowing the stent to
expand. Thermally expandable stents are formed from shape
memory alloys which have the ability to ex@and from a
small 1nitial diaﬁeter to a second larger diameter upon
the application of heat to the alloy.

It may be desirable to provide localized
pharmacological treatment of .a vessel at the site being
supported by a stent. Thus, sometimes it is desirable to
utilize a stent both as a support ﬁor a lumen wall as a "
well as a delivery wvehicle for one or more ]
phérmacological agents. Unfortunately, the metallic
materials typically émployedbin conventional stents are
not generally capable of carrying and releasing
pharmacological agents.fPreviously devised solutions to
this dilemma have been to join drug-carrying polymers to
metallic stents. Addltionally, methods have been
disclosed wherein the metallic structure of a stent has
been formed or treated so as to create a porous surface
that enhances the ability to retain applied
pharmacological agents. However, these methods have
generally failed to‘provide 2 quick, eésyand lnexpensive
way of loading drﬁgs onto intraluminal proéﬁheses, such
as stents. Moreover, it would be desirable to replaée
toxic orgahic solvents and plasticizers conventionally
used to impregnate polymeric materials with

pharmacological'agents with more environmentally benign

alternatives.
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SUMMARY OF THE INVENTION

Methods of impregﬁating:intraluminal prostheses
with pharmacologlcal agents for delivery within a body of
a subject are prov1ded .Accordlng Lo embodiments of the
present invention, an intraluminal prosthesis (e.g., a
stent, drug delivery device, etc.) formed from polymeric

material, or having a coating of polymeric material, is

immersed in a mixture of carrier fluid and

pharmacological agent(s). The mixture is pressurized
(e.g., via pressurized carbon dioxide) for a time
sufficient to cause the polymerlc material to swell and

such that the carrier fluid and pharmacologlcal agent(s)

.can at least partially penetrate the swollen polymeric

material. The pressure is then removed (completely or

fpartlally) such that the carrier fluid diffuses out of

the swollen polymerlc materlal and such that a
p:edetermlned amount of the pharmacological agent (s)
remalns elutably trapped within the polymeric material.
According to embodiments of the present
invention, a method of impregnating an intraluminal
prosthesis with pharmacological agent (s) includes placing
an intraldminal'prosthesis formed fromﬁpolymeric
materlial, or having a coating of polymeric material,w
within a pressdre vessel. The interior of the pressure

vessel 1s pressurized to a predetermined pressure (e.g.,

‘vlia pressurized carbon dioxide). A mixture of a carrier

fluid and pharmacological agent(s) is supplied into the

‘pressure vessel and is exposed to the polymeric material

for a time sufficient to swell the polymeric material
such thet the carrief fluid and pharmacological agent (s)
at least partially penetrate the swollen éoiymeric
material. The pressure in the pressure vessel is then

released (completely or partially) such that the carrier

fluid diffuses out of the swollen polymeric material and

-4~
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such that a predetermined amount of the pharmacological
agent (s) remains elutably trapped within the polymeric
material.

According to embodiments of the present
invention, carbon dioxide can be utilized to alter the
diffusion coefficients of various pharmacological agent-
polymer matrices by modifying polymer permeability.

According to embodiments of the present
invention, a method of impregnating an intraluminal
prosthesis with a pharmacologigal agent 1ncludes exposing
polymeric material of“anintréluminal prosthesis to
carbon dioxide under conditions sufficient to tackify the
polymeriq material. A.phafmacological agent 1s applied in
micronized, dry form to the tackified pdlyméricﬁmatefial.
A membrane layer is then applied to the intraluminal
prosthesis, and is configured to allowothe
phafmacological agent to elute therethrough when the
intraluminal prosthesis is“deployedowithin a body.of a
subject. o

According to embodiments of the present
invention, a method of impregnating an intraluminal
prosthesis with multiple pharmacological agents includes ?
exposing polymeric matérial df an intraluminal prosthesis
Lo carbon dioxide under conditions sufficient to tackify
multipleoportibns of the polymeric mdterial. A respective
different pharmacological agent 1s applied in ﬁicronized,
dry form to each respective tackified portion of the
polymeric material. A membrane layer is then applied fo,:
the intraluminal prosthesis, and is configured to allow
the pharmacological égents Lo elute therethrough whén:the =
intraluminél prosthesié 1s deployed within a body of a
subject. |

According ;o embodiments of the present’

invention, a method of impregnating an intraluminal

- =-5-
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1

prosthesis with multiple pharmacological agents includes

exposing polymeric material of an intraluminal prosthesis
to carbon dioxide under conditions sufficient to tackify
a portion of the polymeric material. A first |
pharmacological agent- is applied in microniZéd, dry form
to the tackified portion of the polymerié material. A
first membrane layer is applied to the intraluminal
prosthesis, and isﬁconfigured to allow thé~first
pharmacological agent to elute therethrough when the
intraluminal prosthesis is deployed within a body of a
subject. A.second-pharmacological agent~is applied to the
first membrane layer. A second membrane layer is then
applied to the intraluminal prosthesis such that the
second pharmacologiéal agent 1is sandwiched between the
firSt and.second membrane layers. The second membrane
layer 1s éonfigured_to allow the second pharmacological
agent to elute therethrough when the intraluminal
prosthesis is deployed within a body of a subject.

” According to embodiments of the present
invention, an intraluminal prosthesis includes a tubular

body portion comprising polymeric material, one or more

. pharmacological agents in dry, micronized form attached

directly to the tubular body portion, and a membrane

. attached to the tubular bbdy'portion and overlying the

one or more pharmacological agents. The membrane 1s
configured to allow the one or more pharmacological

agents to elute therethrough when the intraluminal

prosthesis is deployed within a body of a subject.

According to embodiments of the present
invention, carbon dioxide can be used to facilitate the
loading the polymeric material of intraluminal prostheses

with radiopague materials, such as, but not limited to,

‘bismuth trioxide or barium sulfate. For example, the

polymeric material can be subjected to pressuriéed carbon

-5 -
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dioxide for a time sufficient to cause the polymeric
material to swell and such that radiopaque material can

at least partially penetrate the swollen polymeric.

material. As would be understood by those skilled 1n the

art, radiopague materials can facilitate monitoring the

e

placement of an intraluminal prosthesis, such as a stent,

within a subject via known radiography techniques.
Embodiments of the present invention are

particularly advantageous because the use of carbon

dioxide precludes the need for heat which can cause
degradation and/or denaturization of pharmacological

agents loaded 1nto intraluminal prostheses.

In accordance with another aspect, there

is provided a method of 1mpregnating an
intraluminal prosthesis with a pharmacological
agent, comprising:

immersing an intraluminal prosthesis 1n a

mixture of a carrier fluid and a pharmacological agent,

wherein the intraluminal prosthesis comprises non-

layered polymeric material;
pressurizing the mixture of carrier fluid and

pharmacological agent for a time sufficient to cause the

carrier fluid and pharmacological agent to at least

partially penetrate the non-layered polymeric material;

and

removing the pressure over a predetermined

period of time and under controlled conditions such that

the carrier fluid diffuses out of the non-layered
polymeric material and the pharmacological agent becomes
elutably trapped within the non-layered polymeric
material in a predetermined concentration gradient,

wherein the concentration gradient defines an elution

profile of the pharmacologlcal agent from the non-

-] =
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layered polymeric material when the intraluminal

prostheslis 1s deployed within a body of a subject.

gl
—

In another aspect, wherein the step of

removing pressure 1s carried out under controlled

conditions 1n which at least one parameter selected from

the group consisting of temperature, rate of temperature

'—

change, pressure, rate of pressure change, carriler fluid

quantity, and rate of carrier fluid quantity change, 1S

controlled in a predetermined pattern.

In accordance with a further aspect,
there 1s provided a method of 1mpregnating an
intraluminal prosthesls with a pharmacological
agent, comprising:

lmmersing an 1ntraluminal prosthesis 1n a
mixture of a carrier fluid and a pharmacological

agent, wherein the Intraluminal prosthesils

comprises non-layered polymeric material;

placing the intraluminal prosthesis
within a pressure vessel;

pressurizing the 1nterior of the pressure
vessel with an 1nert gas to a predetermined
pressure, wherein the inert gas 1s selected from

p—.

the group consisting of helium, nitrogen, and

argon;

supplying a mixture of a carrier fluid

and a pharmacological agent into the pressure
vessel;
exposing the non-layered polymeric

material and the mixture of carrier fluid and

pharmacological agent 1n the pressure vessel for a

time such that the carrier fliuid and

pharmacological agent at least partially penetrate

the non-layered polymeric material; and
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releasing the pressure in the pressure

f'-

vessel over a predetermined period of time and

under controlled conditions such that the carrier
fluid diffuses out of the non-layered polymeric
material and the pharmacological agent becomes
elutaply trapped within the non-layered polymeric
material 1n a predetermined concentration gradient,

wherein the concentration gradient defines an

elution profile of the pharmacological agent from

the non-layered polymeric material when the

1ntraluminal prosthesis 1s deployed within a body

r~—

of a subject.

In accordance with another aspect, there

1s provided a method of impregnating an
intraluminal prosthesis with a pharmacological
agent, comprising:

g—

masking portions of an intraluminal

g

prosthesis with a protective layer of material such

that the intraluminal prosthesis has first and

second unmasked portions, wherein the intraluminal

prostheslis comprises non-layered polymeric

material;

immersing the intraluminal prosthesis 1in

a mixture of a carrier fluid and first and second

pharmacological agents;

pressurizing the mixture of carrier fluid

and pharmacological agents for a time su:

ficient to

S

A

cause the carrier fluid and the first

pharmacological agent to at least partially

penetrate the first unmasked portion and to cause

the carrier fluid and the second pharmacological

agent to at least

partially penetrate the second unmasked

~7p—
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portion; and

removing the pressure over a

r-

predetermined period of time and under controlled

conditions such that the carrier fluid diffuses out

—
——

of the non-layered polymeric material and such that

ﬁ

an amount of the first pharmacological agent

remains elutably trapped within the first unmasked

portion in a predetermined concentration gradient

and an amount of the second pharmacological agent
remains elutably trapped within the second unmasked

portion in a predetermined concentration gradient,

wherein each concentration gradient deflnes an

elution profile of a respective pharmacological

agent from the non-layered polymeric material when

the intraluminal prosthesis 1s deployed wilthin a

r"

body of a subject.

BRIEF DESCRIPTION OF THE DRAWINGS

LI

Fv

Figs. 1-2 are flowcharts of operations

for impregnating polymeric material with

pharmacological agents, according to embodiments of

the present 1nvention.

f—

Fig. 3 1s a flowchart of operations for

applying pharmacological agents to polymeric material,

-

according to embodiments of the present i1nvention.

Fig. 4 1s a perspectilive view 0f an

intraluminal prosthesis produced in accordance with

p—

embodiments of the present i1nvention.

Fig. 5 1s a cross-sectional view of the

intraluminal prosthesis of Fig. 4 taken along lines 5-5.

Fig. 6 1s a cross-sectional view of the
intraluminal prosthesis of Fig. 4 with an second

pharmacological agent and a second membrane, according

""7C_
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to embodiments of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention now 1s described

more fully hereinafter with reference to the

0 accompanying

_..7d_..
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drawings, in which embodiments of the invention are
shown. This invention may, however, be embodied in many
different forms and should not be construed as limited to
the embodiments set forth herein; rather, these-
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the.scope of
the invention to those skilled in the art.

The term "eluting" is used herein to mean the
release of a pharmacological agent from a polymeric“
material. Eluting may also réferoto the release of a
matefial:fromwa substrate via diffusional mechanisms or

by release from a polymeric material/substrate as a

'result’df the breakdown or erosion of the

material/substrate.

The term "erodible" as used herein refers to
the ability of a material to maintain its structural
integrity for a desired period of time, and thereafter
gradually undergo any of numerous processes whereby the
material substantially loses tensile strength and mass.
Examples of such processes comprise énzymatic and non-
enzymatic hydrolysis, axidation; enzymatically~aésisted
oxidation, and others, thus including bioresorption,

dissolution, and mechanical degradation upon interaction

with a physiological environment into components that the

'

patient's tissue can absorb, metabolize, respire, and/or
excrete. The terms "erodible" and "degradable" are
intended to be used herein interchangeably.

The term "dosage regimen" is used herein to
describe both ekdgenously administgred and internally
adminlistered pharmacological agents. A dosage regimen
includes both an amount of a pharmacological agent and

time(s) that each dose is to be taken. A dosage regimen

" may also indicate whether a pharmacological agent is to

be taken with food or not, and whether other

-8 -
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pharmacological agents are to be avoided.

The terﬁ "everolimus" is used herein to mean
any member of the macrolide family of phafmacologicalf
agents. | | |

5 - The term "hydrophobic" is used herein to mean
not soluble in water.

The term "hydrophilic" is used herein to mean
soluble in water.

The term "lumen" is used herein to mean any

10 ‘inner open space.or cavity of a body passageway.

The terms "polymer" and "polymeric material”
‘are synonymous and are to be broadly construed to
include, but not be limited to, homopolymers, copolymers,
terpolymers, and the like. ”

15 The term "prostheéis" i1s used herein in a broad
sense to denote any type of intraluminal prosthesis or
other device which is implanted in the body of"a subject

- for some therapéutic reason or purboée including, but not
limited to stents, drug delivery devices, etc.

20 " | ~ The term "subject" is used herein to describe
both human beings and animals (e.g., mammalian subjects)
for medical, veterinary, testing and/or screeﬁing
purﬁoses} |

As used herein, phrases such as "between X and

25 Y" and "between about X and Y" should bé intexrpreted to
include X and Y. 6

As used herein, phrases such as "between about
X and Y" mean "between about X and about Y.

As used herein, phrases such as "from ébout X

30 ¢ to ¥" mean "from about X to about Y."

Referring now to Figs. 1-3, methods of
impregnating polymeric material of intraluminal
prostheses (e.g., stents, etc.) with bharmacological

agents for delivery within a body of a subject, according

-9~
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to embodiments of the present invention are illustrated.
Embodiments of the present invention can be employed in
conjunction with a number of manufacturing processes
assoclated with producing intraluminal prostheses
including, but not limited to, extrusion, pultrusién,
injection molding, compréssion molding, etc. Moreover,
embodiments of the present invention may be utilized in
batch, semicontinuous, or continuous processes. |
Referring initially to Fig. 1, an intraluminal

prosthesis (e.g., a stent, drug delivery deviée, etc.)

comprising polymeric material (e.g., formed from

polymeric material, or having a coating of polymeric

material) is immersed in a mixture of carrier fluid and
pharmacological agent (s) (Bléck 100). Accordintho -
embodiments of the present inveiition, one Or more |
pharmacological agents may be ihfusedfwithin polymeric
material of an intraluminal prosthesis or'within a
polymeric coating surrounding an intraluminal prosthesis.
The carrier fluid may be a gas, liquid, or
supercritical fluid. The carrier fluid may be

heterogeneous or homogeneous in composition, i.e., may be

a single phase composition or contain one or more

additional phases, such as in the form of a
microemulsion, emulsion, dispersion, suspension, etc.

The carrier fluid may comprise, consist of, or consist
essentially of carbon dioxide.Wheré multiple phases areq
found in the carrier fluid, carbon dioxide may be the
continuous phase. One or more other ingredients may be
included in the carrief fluid, such as co-solvents %i.é.)
water or organic co-solvents such as ethanol and
methanol), surfactants or the like may be included. Where
one or more organilc co-solvents are included, it or they
may be polér or nonpolar (or at least one of each). Where

one or more surfactants are included, it or they may

-10-
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comprise a carbon dioxide-philic group coupled to either

a lipophilic (hydrophobic) or hydrophilic group, a

conventional surfactant comprising a liphophilic

(hydrophobic) group coupled to a hydrophilic group, or

5 one or more of each. The carrier fluid may comprise at
least 30, 40, 50, 60, 70, 80 or 90 percent by weilght of
carbon dioxide. When water is present in the carrier
fluid, the water may comprise from about 0.01, 0.1, or
0.5 to about 1, 5, 10 or 20 percent by weight of the

10 composition, oOr more. | |

In general, pharmacological agents suitable for“

inclusion in prosthesis materials and/or coatings,
according to embodiments of the present invention
include, but are not limited to, drugs and otheg

15 biologically active materials, and may be intended to
perform a variliety of functions, including, but not
limited to: anti-cancer treatment'(e.gu, Resan), anti-
‘clotting or anti-platelet formation, the prevention of
smooth muscle cell growth, migration, proliferation

20 within a vessel wall. Pharmacological agents may.include
antineoplastics, antimitotics, antiinflammatories,
antiplatelets}.anticoagulants, aﬁtifibrins,
antithrombins,aantiproliferatives, antibiotics,
antiokidants,:and antiallergio substances as well as

25 combinations thereof. Examples.of.antineoplastics and/oxr
antimitotics.include paclitaxel (cytostatic and ant--
inflammatory) and 1t's analogs and all compounds in the
TAXOL® (Bristol-Myers Squilbb Co., Stamford,.Conn.)"family
of pharmaceuticals;'docstaxel (e.g., TAXOTERE® from

30 Aventis S. A., Frankfurt, Germany) methotrexate,
azathioprine, Vincristine, vinklastine, fluorouracil,
doxorubicin hydrochloride (e.g., ADRIAMYCIN® from
Pharmacia & Upjohn, Peapack N.J.), and mitomycin (e.g.,

MUTAMYCIN® from Bristol-Myers Squibb Co., Stamford;
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p—

Conn.). Examples of antiinflammatories include Sirolimus

and it’s analogs (including but not limited to Everolimus

F i

and all compounds 1n the Limus family of

pharmaceuticals), glucocorticoids such as dexamethasone,

methylorednisolone, hydrocortisone and betamethasone and

nor-steroldal antiinflammatories such as aspilirin™,

o

indomethacin and i1buprofen. Examples of antiplatelets,

anticoagulants, antifibrin, and antithrombins 1nclude

sodium heparin, low molecular weight heparins,

heparinoids, hirudin, argatroban, forskolin, vapiprost,

prostacyclin and prostacyclin analogues, dextran, D-phe-

pro-arg-chloromethylketone (synthetic antithrombin),

dipyridamole, glycoprotein IIb/IIIa platelet membrane
receptor antagonist antibody, recombinant hirudin, and

thrombin inhibitors such as Angiomax™ (Biogen, Inc.,

Cambridge, Mass.) Examples of cytostatic or

antiproliferative agents or proliferation inhibitors

include everolimus, actinomycin D, as well as derivatives

g

and analogs thereof (manufactured by Sigma-Aldrich,

Milwaukee, Wis.; or COSMEGEN® available from Merck & Co.,
Inc., Whitehouse Station, N.J.), angiopentin, angiotensin

converting enzyme inhibitors such as captopril (e.gqg.,

CAPOTEN® and CAPOZIDE® from Bristol-Myers Squibb Co.,

Stamford, Conn.), c¢cilazapril or lisinopril (e.g.,

Prinivilo and PRINZIDE® from Merck & Co., Inc.,

Whitehouse Station, N.J.),;, calcium channel blockers (such

as nifedipine), colchicine, fibroblast growth factor

(FGF) antagonists, fish o0il (omega 3-fatty acid);

histamine antagonists, lovastatin (an inhibitor of HMG-

CoA reductase, a cholesterol lowering drug, brand name

MEVACOR® from Merck & Co., Inc., Whitehouse Station,

e~ 1 4t

N.J.), monoclonal antibodies (such as those specific for

Platelet-Derived Growth Factor (PDGF) receptors),

nitroprusside, phosphodiesterase inhibitors,
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prostaglandin inhibitors, suramin, serotcnin blockers,

steroids, thioprotease i1nhibitors, triazolopyrimidine (a

PDGEF antagonist), and nitric oxide. An example of an

antiallergic agent 1s permirolast potassium. Other
therapeutic substances or agents that may be used include
alphainterferon, genetically engineered epithelial cells,

and dexamethasone.

U.S5. Patent Nos. 4,994,033 to Shockey et al.;
0,074,192 to Sahatian et al. and 5,545,208 to Wolff et

al. disclose catheters comprising absorbable/

bilodegradable polymers or hydrogels containing the desired
dosage of a drug. Stents 1ncorporating drug delivery may
be found, for example, in U.S. Patent Nos. 5,766,710 to
Turnlund et al.; 5,769,883 to Buscemi et al.; 5,605,096

to Eury et al.; 5,500,013 to Buscemi et al.; 5,551,954

e,

to Buscem1i et al. and 5,443,458 to Eury.

Pharmacological agents, according to

v

embodiments of the present invention, may be hydrophilic

or hydrophobic. For hydrophilic pharmacological agents,

the carrier fluid may be water. For hydrophobic

pharmacological agents, the carrier fluid may be a

supercritical fluid, such as liguid carbon dioxide. An
exemplary hydrophobilic pharmacological agent according to
embodiments of the present invention 1s everolimus.

Everolimus 1s a proliferation-inhibitor that targets

primary causes of chronic rejection 1n organ

"

fective for

transplantation patlents and may also be ef

pr—r

the prevention of restenosis.

g

According to embodiments of the present

invention, carbon dioxide may be employed as a fluid 1in a

liquid, gaseous, or supercritical phase. If liquid carbon

dioxide 1s used, the temperature employed during the
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process 1s typically below 31°C. If gaseous carbon -
dioxide is used, the phase may be employed at high
pressure As used herein, the term "high pressure"
generally refers to carbon dioxide having a pressure from
about 50 -to about 500 bar. Carbon dioxide may be utilized
in a "supercritical" phase. As used herein,
"supercritical" means that a fluid medium is above its
critical temperatufe and pressure, i.e., about 31°C and
about 71 bar for carbon dioxide. The thermodynaﬁic
properties of carbon dioxide are reported ih Hyatt, J.
Org. Chem. 49: 5097-5101 (1984).

Typically, supercritical fluids are gases at

ambient temperature and pressure. However, when -

4
#

- malintained at or above its critical point, a

supercrltlcal fluid dlsplays properties of both a gas and
a llquld In particular, a supercritical fluid has the

solvent characteristics of a liquid, but the low surface

tension of a gas. Accordingly, as with a gas, a

supercritical fluid can more readily diffuse into
polymexric material. While any of a variety}of
supercritical fluids may be utilized in accordance with
embodlments of the present 1nventlon, carbon dioxide is a
partlcularly desirable supercritical fluld because 1t is
substantially non-reactive and nontoxic (1.e.,,1nert).
Cerbon dioxide is non-toxic, non-flammable,
chemically i;ert, completely recoverableh"abundaht and
inexpensive. Carbon dioxide has properties that are
petween those of ﬁany liquids and gaseS°.At room
Cemperature and above its Vapor pressure, carbon ledee
exlists as a liquid with a density comparable to organic
solvents but with excellent wetting propeitiee and a very

low viscosity. Above its critical temperature and

pressure (31 C and 73.8 bar), carbon dioxide is in the

supercritical state and has gas-like viscosities and

-14 -



10

15

20

25

30

CA 02501016 2005-04-01

WO 2004/043506 PCT/US2003/0336435

liquid-like densitiesp Small changes in temperatuie or
préésure cause dramatic changes 1n the density,
viscosity, and dielectric properties of supercritical
carbon dioxide, making it an unusually tunable,
versatile,“aﬁd selective solvent.

| Still referring to Fig. 1, the mixture of
carrier f£luid and pharmacological agent 1s pressurized
for aﬂtime sufficient to cause the polymeric material of
the intraluminal prosthesis to swell such that the

carrier fluid and pharmécological agent at least

‘partially penetrate the swollen polymeric material (Block

110) . According to embodiments of the present invention,

pfessure can be added by the use of pressurized carbon

dioxide, or by the use of a different secondpréssurized

gas. A different second pressurized gas, such as one or

“more ilnert gases, may be helium, nitrogen, argon, etc.,

or combinations thereof.

For pharmacological agents solubieain carbon

 dioxide (e.g., hydrophobic agents), carbon dioxide may be

utilized as both the carrier fluid and the pressufizing
medium. For pharmacologi&al agents not soluble in carbon
dioxide*(e;gu,nhydrophilic agents), the pharmacological
agent and carrier fluid may be pressurized by an
overlying blanket of carbon dioxide. Carbon dioxide is
weli known to those skilled in the art to be"capable of

swelling and plasticizing polymeric materials. Carbon

- dioxide is capable of partitioning into polymeric

materials that are in its presence. When this occurs it
can dramatically lower the glass transition temperature
of the amorphous phase of the polymer. When this occurs,
the diffuéivityof a third-component can ilncrease
dramatically. Such plasticization can enable the
partitioning of third components, like a pharmaceutical

agent, into the material. Conventionally, heat is
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required to increase gléss transition temperéture.
Unfortunately, heating can be difficult with
pharmaceutical agents that are thermally labile.

According to embodiments of the present
invention, a cartier fluid such as .carbon dioxide can be
utilized to alter the diffusion coefficients of various
pharmécological agent-polymer matrices by modifying
permeability;of the polymeric material.

Preséure is then removed such that the carrler
fluid diffuses out of the swollen polymeric material and
such that a predetermined amount ¢f the pharmacological
agent remains elutablytrappedwithin,the polymeric
material (Block 120).. Thepterm "elutably trapped" means
that the pharmacological agent is.disposed within the
polymeric material in such a way that it can elute (at a
predetermined rate) therefrom when the iptréluminal |
prosthesis is deployed within the body of a subject; The
step of removing pressure is carried out under controlled
conditions after a predetermined time and according to a
predetermlned.schedule to insure that the desired
'predetermlned.amount of the;pharmacologlcal agent
remains. Controlled'condltlonsolnclude controlling one or
more of the following parameters in a predetermined
pattern: temperature, rate of temperatﬁre chénge,‘
pressure, fate of pressure change, carrier fluid
quantity, concentration of the pharmacological agent in
the carrier fluid, concentration of‘cosol#ents and
surfactants etc. These paramétersu¢an gontrbl the
concentration of the pharmacological agent entrapped
within the polymeric material after depressurization has
been achieved. Moreover, as these parameters are varied,
concentration gradients of the pharmacological agent ‘
entrapped within the polymeric material after |

depressurization can be achieved. Such concentration
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gradients can give rise to modified élution profiles of
the pharmacological agent.
According to embodiments of the present
invention, the polymeric material of an intraluminal
5 prosthesis may be erodible (or the intraluminal
prosthesis may have a erodible coating) . Exemplary
erodible materialé that may be utiliéed in accordance
with embodiments of the present invention include, but
- are not limiﬁed.to, surgical gut, silk, cotton,
10 lipoéomes, poly(hydroxybutyrate), polycarbonates,
polyacrylates, polyanhydrides, polyethylene glycol,
poly (ortho esters), poiy(phosphoesters), polyesters,
polyamides (such.as polyamlides dexrived from D-glucose),
polyphosphazenes, poly(p-dioxane), poly (amino aéid),
15 ”polyglactin, and copolymers thereof, erodible hydrogels,
natural polymers such as collégen and chiﬁosan, etc. See,
e.g., U.S. Patent No. 5,723,508 to Healy et al.
Particular examples of suitable erodible polymers
| include, but are not limited to, aliphatic polyester
20 - polymers such as poly(lactic acid), poly(L-lactic acid),
poly(D,L~la¢tic“acid), poly(leboliE acid), poly(D-
lactic-co-glycolic acid),“poiy(L—lactic—co-glycolic'
acid), poly (D,L-lactic-co-glycolic acid), poly(€-
caprolactone), poly(valerolactone), poly (hydroxy
25 butyrate) (inlcuding poly (hydroxy butyrate valerate)),
| poly (hydrovalerate), polydioxanone, poly (propylene »
fumarate) , etc.; including copolymers Ehereof éuch as .
polylactic acid—polyethylene glycol block copolymer, and
ﬁoly(ethyleneoxide)—boly(butylenetetraphthalate);
30 poly(lactic acid-co-lysine), poly(e-caprolactone
copolymers), poly(L-lactic acid ¢Opolymers), etc. See,
e.g., J. Oh et al., PCT Application WO 99/59548 at page
2. Additional examples of erodible polymers are set forth

in U.S. Patent No. 5,916,585 to Cook et al. at col. S
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line 53 to col. 10 line 22. The molecular weight (that
isk\average molecular weight) of the polymer may be from
1,000, 10,000, 100,000 or 500,000 to 2,000,000 or
4,000,000 Daltons, or more. | |

According to émbodiments of the present
invention, an intraluminal prosthesis may be composéd of
polymeric méterial that is not erodible. Exemplary Nnon-
erodible materialsincludef but are not limitedvto;'
fluoropolymers, polyesters, PET, polyethylenes,
polypropylenes, etc., and/or ceramics, such as
hydroxyapetite.

Referring now to Fig. 2, a method of
impregnating  an intraluminal prosthesis with a
pharmagological:agent, according to other émbodimentsqof

the present invention, is illustrated. An intraluminal

prosthesis (e.g., a stent, drug delivery device, etc.)

comprising polymeric material (e.g., formed from

polymeric material, or having a coating of polymeric
material) is placed"within a pressure vessel (Block 200).
The interior of the pressufe vessel is pressurized to a
predetermined pressure via a pressurizing media (e.g.,
cafbon dioxide) (Block 210). A mixture of carrier fluid
and pharmacological agent(s) is supplied into the |

pressure vessel (Block 220) and is forced into contact

. with the polymeric material of the intraluminal device

for a time sufficient to swell the polymeric material so
that the carrier fluid and pharmacological agent at least
partially penetrate the swollen polymeric material (Block
230) . Selected:portions of the polyﬁeric material may bé

‘masked so as to create portions or regions of the

polymeric material having different concentrations of the
pharmacological agent entrapped in it, or to partition
one pharmacological agent in one region of the prosthesis

from another pharmacological agent in a second (or third
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or fourth) region of the prosthesis. The mask can be a
protective layer of a material that is plasticized to a
lesser éxtent, perhaps not plasticized at all, rendering
the partitioning of the pharmacological agent in the
areas not protected by the mask to be higher than in the
areas protected by the mask. Any of a'variety of masking
techniques can be employed to achieve a selective
tackifvying pattern. |

Pressure 1s then released from the pressure

vessel such that the carrier fluid (e.gﬂ} carbon didxide)

“diffuses out of the swollen polymeric material and such

that a predetermined amount of the pharmacological agent
remains elutably trapped within the polymeric material
(Block 240). Removal of the carrier fluid from the
polyméric material may be facilitated'by‘ény sultable
meahé,'includingpumping and/or venting from theapréssure
vessel, as would be understood 5y one skilled in the art. .
| Referring now to Fig. 3, a method of ;
lmpregnating an intraluminal prosthesis with a _
pharmacological agent, according to other embodiments of
the present invention, is illustrated. An intraluminél |
prosthesis (e.g., a stent, drug delivery device, etc.)
comprising ﬁolymeric material (e.g., formed from

pélymeric material, or having a coating of polymeric

- ‘material) has the polymeric material (o portions

thereofj exposed to carbon dloxide under conditioné
sufficient to tackify the polymeric material (Block 300).
The term "téckify" means that the surface of a polymeric
material is exhibitiné adhesive propefties (e.g., has
become "éticky") such that micronized particles can be
adhesively'secured thereto. The pérticles can also be
fluldized or dispersed, with or without the aid of
additives like surfactants, in the carbon dioxide medium

to facilitate the even distribution of the
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pharmacological agent adhered to the polymeric material.
Selected portions of the polymeric material may be masked
sOo as to selectively tackify portions of the polymerie
material. The mask can be a protective layer of a .
material that is plasticized to a lesser extent, perhaps
not plasticized at all, rendering the adhesion of
particles to the areas not protected by the mask . Any of
a variety of masking'techniques can be employed to
achieve a selective tackifying pattern. |

One or more pharmacological agents in
micronized, dry form are applied directly:to the

tackified portions of the polymerlc material (Block 310) .

. The one or more pharmacologlcal agent (s) are attached

directly to the body portion without the use of a
separate or additional adhesive material. iayers of
mﬁitiple pharmacological agents may be utilized with a
lower~moet layer being attached directly to the body
portion.‘

. The pharmacologlcal agent (s) are supplled in
the form of dry, mlcronlzed Oor sub-micronized: partlcles
that readily adhere to the tackified polymeric material .
A vafiety of pharmacological agents are commercially
available in such form having a particle size of about 1

to 0.05 microns. Examples of such pharmacological agents

include but are not llmlted to antlblotlcs, antl-
thrombotics, anti-restenotics, and antineoplastics.

A particularly desirable antineoplastic

pharmacological agent in micronized, dry form is

Paclitaxel. Paclitaxel is an antineoplastic that is used
Co treat various cancers including, but not limited to,
cancer of the ovaries, breast, certain types of lung
cancer, cancer of the skin and mucous membranes more

commonly found in patients with acquired immunodeficiency

syndrome (AIDS), etc.

-20-~
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Additionally, any such micronized drsub-
micronized pharmacological agents can be combined in any
of various combinations in order to dispensé"a desired
cocktalil of pharmacoclogical agents. For example, a number
of different pharmacological agents can be combined in

each pérticle. Alternatively, micronized particles of

.individual pharmacological ageﬁts can be intermixed prior

to application to the tackified polymeric material.
According to embodiments of the present

invention, different pharmacological agents can be

applied to different portions of an lntraluminal

prosthesis. Application of micronized or sub-micronized

parﬁicles may be aéhieved by any of a number of well

known methods. For example, the particles may be blown

onto tackified poiymeric material or tackified polymeric
material may be rolled in a powdef of micronized
particles. |

According to embodiments of the present
invention, muitiple pharmacological agenis may be
attached directly to an intraluminal prosthesis in
iayers." h |

One or more membrane layers may be applied to
the intraluminal prosthesis afﬁer the applicétion of
micronized particles to tackified portions of the
polymerlc material (Block 320). A membrane layer 13
conflgured to allow pharmacological agent(s) to elute
therethrough when the 1ntralum1nal prosthe81s 1s deployed
within a body of a subject. The membrane may allow the
pharmacological agent to elute at a predetermined rate

when the intraluminal prosthesis is deployed within a

.'body of a subject.

According to embodiments of the present
invention, multiple membranes may be layered within

different tvypes and/ér amounts of pharmacological agents
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therebetween. The multiple layer configuration can allow
the multiple pharmacological agents to elute in
correlation with a disease process, thus targeting varied
aspects of a disease in its progression.

According to embodiments of the present
invention, the membrane layer may encapsulate all of the
polymeric material of an intraluminal prosthesis.:
According to other embodiments, the membrane layer may
encapsulate only selected portions of the polymeric

material (e.g., only the tackified portions). Membrane

layer maferial is selected for itsabiocompatibility as

well as its permeablility to a pharmacological agent. A

- membrane layer may also serve as an aid in deployment

°
-
‘

within a subject.
The chemical composition of the membrane layer

and that of a pharmacological agent in combination with

the thickness of the membrane layer will determine the

diffusion rate of the pharmacological agent. Examples of

sultable materials for a membrane layer according to

embodiments of the present invention includes, but is not
Iimited to, ethylene vinyl alcohol, ethylene vinyl
acetate, polyethylene glycol; etc. Alternatively,
fluorocarbon films may be employved to serve as.a membrane
lavexr accofding to embodiments of the present invention.
.According£5 embodiments of the present invention,

membrane layer material may be erodible. According to

embodiments of the present invention, membrane lavyer

material may be the same material as the underlying
prosthesis (or a similar material).

Embodiments of the preseﬁt invention described
above with respect to Figs. 1-3 may be carried out using
apparatus known to those skilled in the art. An exemplary
appératus for use in impregnating intraluminal prostheses

with pharmacological agents according to the methods of
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Figs. 1-2 1s 1llustrated and described in U.S. Patent No.
5,808,060 to Perman et al.

Referring now to Figs. 4-5, an intraluminal

prosthesis 10, that may be produced according to

embodiments of the present invention, 1s 1llustrated. The

illustrated prosthesis 10 1s a stent and includes a

tubular body portion 12 having a first end 14, a second

end 16, and a flow nassage’'l8 defined there through from

the first end 14 to the second end 16. The body portion

l2 1s sized for intraluminal placement within the

g

vasculature of a subject and 1s expandable from a first,

reduced cross-sectional dimension {(1.e., contracted

configuration) to a second enlarged cross—-sectional

dimension (1.e., expanded configuration) so that the body

portion 12 can be transported intraluminally to a
treatment site and then expanded to the second enlarged

cross-sectional dimension so as to engage and support the

vascular wall at the treatment-site. The body portion 12

is formed at least in part from an erodible, polymeric
material or a coating of erodible, polymeric material.
The polymeric material may comprise polymers oriented

uniaxially and/or biaxially. According to other

embodiments, the body portion 12 may be formed at least

in part from non erodible material.

g

According to embodiments of the present

invention, one or more pharmacological agents

(represented by cross-hatching 15) in dry, micronized

form may be attached directly to the polymeric material

13 of the body portion 12, or to a polymeric coating

surrounding the body portion 12, or portions thereof. In
the illustrated embodiment, a membrane 20 1s attached to
the body portion 12 and overlies the one or more

pharmacological agents 15. The membrane 20 is configured
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to allow the one or more pharmacological agents 15 to
elute therethrough when the intraluminal prosthesis is
deployed within a body of a subject.

If a plurality of pharmacological agents are

"utlllZEd the plurality of pharmacological agents may be

nomogeneously distributed on the body portion 12, or
heterogeneouslyjdistribﬁtedhon the body portion 12.
Referriﬁg to Fig. 6, an intraluminal prosthesis
iO', that may be predueed.according Co embodiments of the
present.invention, is 1llustrated. The illustrated
intraluminal prosthesis.IO'zincludes a first
pharmaeological agent 15 in micronized, dry form atteehed°
to the body portion 12 and a first membrane layer 20
overlying the first pharmacological agent 15 asjdescribed
above with respect to Figs. 4-5. The illustrated
intraluminal prostheSLS 10', further includes a second

pharmacologlcal agent 15' attached to the first membrane

layer 20 and a secondmembrane layer 20' overlying the

second pharmacological agent 15' such that the second
pharmacological egent 15" 1s sandwiched between the first
and second membrane layers 20, 20", The second membrane
layer 20!' is configured to allow the second :
pharmacologlcal agent 15" to elute therethrough when the
1ntralumlnal prosthesis 10' is deployed w1th1n a body of
a subject. The illustrated intraluminal prosthesis 10
thereby allows the sequential elution of the first and
second pharmacological agents 15, 15!, preferebly at
pre&etermined and controlled rates.

‘ Intraluminal prosthesesprovided in accordance
wlith embodiments of the preseﬁt invention may be employed
in sites of the body other than the vasculature
including, but not llmlted to, biliary tree, esophagus,
bowels, tracheo- bronchlal tree, urinary tract, etc.

The foregOLng is illustrative of the present
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invention and 1s not to be construed as limiting thereof.
Although a few exemplary embodiments of this invention
have been described, those skilled in the art will
readily appreciate that many modifications are possible

5 in the exemplary embodiments without materially departing.
from the novel teachings and advantages of this
invention. Accordingly, all such modifications are
- intended to be includgdwithin the scope of this
invention as defined in the c¢laims. The iﬁvention is

10 defined by the following claims, with equivalents of the

"claims to be included. therein.
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WHAT IS CLAIMED IS:

1. A method of impregnating an intraluminal

prosthesis with a pharmacologlcal agent, comprising:

immersing an intraluminal prosthesis 1n a mixture of

a carrier fluid and a pharmacological agent, wherein the
intraluminal prosthesis comprises non-layered polymeric

material;

F

pressurizing the mixture of carrier fluid and

#

ficlient to cause the

pharmacological agent for a time su:

carrier fluid and pharmacological agent to at least

partially penetrate the non-layered polymeric material;

and

.

removing the pressure over a predetermined period of

time and under controlled conditions such that the

P-

carrier fluid diffuses out of the non-lavered polymeric

material and the pharmacological agent becomes elutably
trapped within the non-layered polymeric materlal 1n a

predetermined concentration gradient, wherein the

concentration gradient defines an elution profile of the

pharmacological agent from the non-layered polymeric

material when the intraluminal prosthesis 1s deployed

*

within a body of a subject.

t

2. The method of claim 1, wherein the step of
removing pressure -1s carriled out under controlled
conditions 1n which at least one parameter selected from

p—— —

the group consisting of temperature, rate of temperature

g

change, pressure, rate of pressure change, carrier fluid

g~

quantity, and rate of carrier fluid quantity change, 1s

controlled 1n a predetermined pattern.
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3. The method of claim 1, further comprising

masking one or more portions of the intraluminal

r—

prosthesis with a protective layer of material prior to

h

immersing the intraluminal prosthesis 1n the mixture of

carrier fluid and pharmacological agent, wherein the

R—

protective layer of material 1s configured such that the

mixture of carrier fluild and pharmacological agent at

—_

least partially penetrates only unmasked portions of the

non—-layered polymeric material during the pressurizing

step.

4, The method of claim 1, wherein the carrier

fluid 1s carbon dioxide.

5. The method of claim 1, wherein the carrier

—
—

fluid 1s carbon dioxide and wherein the step of

i
—

uid and

pressurizing the mixture of carrier

pharmacological agent 1s performed using an inert second

gas.

o . The method of claim 5, wherein the second gas

is selected from the group consisting of helium,

nitrogen, and argon.

,.-‘

7. The method of claim 3, wherein the

pharmacological agent comprises everolimus.

8 . The method of claim 4, whereiln the carbon

dioxide 1s present 1n a supercritical state.

o

9. The method of claim 8, wherein the carbon

p—

dioxide contains one or more of a co-solvent, a

surfactant, and a co-surfactant.
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10. The method of claim 1, wherein the carrier

"
|

ficients o1

fluid is configured to alter diffusion coe:

l
/

the non-layered polymeric material.

o~

11. The method of claim 9, wherein the co-solvent

1s selected from the group consisting of ethanol and

methanol.

12. The method of claim 1, wherein the 1ntraluminal

prosthesis 1s a stent.

p

13. The method of claim 1, wherein the non-layered

polymeric material 1s non-erodible.

r—

14. The method of claim 1, wherein the non-layered

polymeric material 1s a coating on a portion of the

intraluminal prosthesis.

——

15. The method of claim 1, further comprising:

immersing the i1ntraluminal prosthesis 1n a milixture

of a carrier fluid and radiopaque material; and

r-

pressurizing the mixture of carrier fluid and

ﬁ

radiopagque material for a time sufficient to cause the

carrier fluilid and radiopagque material to at least

partially penetrate the non-lavered polymeric material.

o

l6e. A method of i1mpregnating an intraluminal

prosthesis with a pharmacological agent, comprising:

'

immersing an 1ntraluminal prosthesis in a mixture of

a carrlier fluid and a pharmacological agent, whereiln the

intraluminal prosthesis comprises non-layvered polymeric

material;
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placing the intraluminal prosthesis within a

pressure vessel;

F

pressurizing the interior of the pressure vessel

with an 1nert gas to a predetermined pressure, wherein

F)

the inert gas 1s selected from the group consisting of

helium, nitrogen, and argon;

.

supplying a mixture of a carrier fluid and a

pharmacological agent i1nto the pressure vessel;

exposing the non—-layered polymeric material and the

—

mixture of carrier fluid and pharmacological agent 1in the

pressure vessel for a time such that the carrier fluid
and pharmacological agent at least partially penetrate
the non-layered polymeric material; and

releasing the pressure 1n the pressure vessel over a

F

predetermined period of time and under controlled

g
el

conditions such that the carrier fluid diffuses out of

P

the non-layered polymeric material and the
pharmacological agent becomes elutably trapped within the
non-lavered polymeric material 1n a predetermined
concentration gradient, wherein the concentration

-

gradient defines an elution profile of the

pharmacological agent from the non-layered polymeric

material when the intraluminal prosthesis 1s deployed

ﬁ

within a body of a subject.

—

1/7. The method of clalm 16, wherelin the step ot

|

releasing pressure 1s carrlied out under controlled

conditions 1n which at least one parameter selected from

r—

the group consisting of temperature, rate of temperature

e

change, pressure, rate of pressure change, carrier fluid

f-’

quantity, and rate of carrier fluid quantity change, 1s

controlled 1n a predetermined pattern.
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18. The method of claim 16, further comprising

masking one or more portions of the intraluminal

prosthesis with a protective layer of material prior to

immersing the intraluminal prosthesis in the mixture o:

carrier fluilid and pharmacological agent,

I

l

wherein the

protective layer of material 1s configured such that the

P'

mixture of the carrier fluid and the pharmacological

agent at least partially penetrates only unmasked

portions of the non-layered polymeric material during the

pressurizing step.

P

19. The method of claim 16, wherein the carriler

tluid 1s carbon dioxide.

20. The method of claim 19, wherein the carbon

dioxide 1s 1n a supercritical state.

21. The method of claim 19, wherein the carbon

g—

dioxide contalins one or more of a co-solvent, a

surfactant, and a co-surfactant.

22. The method of claim 21, wherein the co-solvent

f

1s selected from the group consisting of ethanol and

methanol.

23. The method of clailm 16, wherein the

oharmacologlcal agent 1s everolimus.

g

24. The method of claim 16, wherein the

intraluminal prosthesis 1s a stent.

25. The method of claim 16, whereln the non-layered

polymeric material 1s non-erodible.
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26. The method of claim 16, wherelin the non-layered

polymeric material 1s a coating on a portion of the

intraluminal prosthesis.

— 371 -



CA 02501016 2005-04-01

WO 2004/043506

100

PROSTHESIS IMMERSED IN MIXTURE OF
CARRIER LIQUID AND -
PHARMACOLOGICAL AGENT(S) -

110

MIXTURE OF CARRIER LIQUID AND
PHARMACOLOGICAL AGENT PRESSURIZED
10 CAUSE THE POLYMERIC MATERIAL TO
SWELL SUCH THAT CARRIER LIQUID AND
- PHARMACOLOGICAL AGENT PENETRATE
SWOLLEN POLYMERIC MATERIAL

120

PRESSURE REMOVED UNDER CONTROLLED
CONDITIONS TO DIFFUSE CARRIER
LIQUID AND ELUTABLY TRAP -
PHARMACOLOGICAL AGENT WITHIN
POLYMERIC MATERIAL

fiG.

300-

INTRALUMINAL PROSTHESIS EXPOSED
10 CARBON DIOXIDE UNDER
CONDITIONS SUFFICIENT TO TACKIFY

- POLYMERIC MATERIAL

310

" PHARMACOLOGICAL AGENT(S) IN
MICRONIZED, DRY FORM APPLIED T0
TACKIFIED PORTIONS OF POLYMERIC
MATERIAL

320

- APPLY MEMBRANE LAYER T0 |
INTRALUMINAL PROSTHESIS

FG. 3

1/2

POLYMERIC MATERIAL OF INTRALUMINAL |

| “AND PHARMACOLOGICAL AGENT(S)

PRESSURE REMOVED UNDER CONTROLLED

PCT/US2003/0336435

200

PLACE INTRALUMINAL PROSTHESIS
HAVING POLYMERIC MATERIAL WITHIN
PRESSURE VESSEL =

210

PRESSURIZE INTERIOR OF PRESSURE
-VESSEL TO PREDETERMINED PRESSURE |

220

SUPPLY MIXTURE OF CARRIER LIQUID

INTO PRESSURE VESSEL
230

SWELL POLYMERIC MATERIAL SO THAT
CARRIER LIQUID AND PHARMACOLOGICAL
AGENT AT LEAST PARTIALLY PENETRATE
SWOLLEN POLYMERIC MATERIAL.

240

CONDITIONS TO DIFFUSE CARRIER LIQUID
AND ELUTABLY TRAP PHARMACOLOGICAL
AGENT WITHIN POLYMERIC MATERIAL

FIG. 7



CA 02501016 2005-04-01

PCT/US2003/0336435

WO 2004/043506




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - drawings
	Page 39 - drawings

