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(57) ABSTRACT 

A device useful for localized delivery of a therapeutic agent 
includes a structure including a porous polymeric material 
and an elutable therapeutic agent in the form of a solid, gel. 
or neat liquid, which is dispersed in at least a portion of the 
porous polymeric material. A method for making a medical 
device having a blood-contacting Surface involves: provid 
ing a structure comprising a porous material; contacting the 
structure comprising a porous material with a concentrating 
agent to disperse the concentrating agent throughout at least 
a portion of the porous material; contacting the structure 
comprising a porous material and the concentrating agent 
with a solution of a therapeutic agent; and removing the 
therapeutic agent from Solution within the porous material at 
the locations of the concentrating agent. Another method 
involves multiple immersion steps without the use of a 
concentrating agent. 
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MEDICAL DEVICES FOR DELVERING A 
THERAPEUTIC AGENT AND METHOD OF 

PREPARATION 

RELATED APPLICATIONS 

0001. This application is a Continuation of U.S. applica 
tion Ser. No. 11/292,171, filed Nov. 30, 2005, which is a 
Continuation of U.S. application Ser. No. 10/147,872, filed 
May 20, 2002, now U.S. Pat. No. 6,997,949, which is a 
Continuation of U.S. application Ser. No. 09/070,192, filed 
Apr. 30, 1998, now abandoned, which is a Continuation-in 
Part of Ser. No. 08/728,541, filed Oct. 9, 1996, now U.S. Pat. 
No. 5,776,184, which is a Divisional of U.S. application Ser. 
No. 08/482,346, filed Jun. 7, 1995, now U.S. Pat. No. 
5,679,400, which is a Continuation-in-Part of U.S. applica 
tion Ser. No. 08/052,878, filed Apr. 26, 1993, now U.S. Pat. 
No. 5,464,650, the disclosures of which are all incorporated 
herein, in their entirety, by reference thereto. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

0002 This invention relates to a medical device employ 
ing a therapeutic agent as a component thereof. For example, 
in an arterial site treated with percutaneous transluminal 
coronary angioplasty therapy for obstructive coronary artery 
disease a therapeutic antithrombogenic Substance such as 
heparin may be included with a device and delivered locally 
in the coronary artery. Also provided is a method for making 
a medical device capable of localized application of thera 
peutic agents. 

0003 Medical devices which serve as substitute blood 
vessels, synthetic and intraocular lenses, electrodes, cath 
eters, and the like, in and on the body, or as extracorporeal 
devices intended to be connected to the body to assist in 
Surgery or dialysis are well known. For example, intravas 
cular procedures can bring medical devices into contact with 
the patient's vasculature. In treating a narrowing or con 
striction of a duct or canal percutaneous transluminal coro 
nary angioplasty (PTCA) is often used with the insertion and 
inflation of a balloon catheter into a stenotic vessel. Other 
intravascular invasive therapies include atherectomy 
(mechanical systems to remove plaque residing inside an 
artery), laser ablative therapy, and the like. However, this 
use of mechanical repairs can have adverse consequences 
for the patient. For example, restenosis at the site of a prior 
invasive coronary artery disease therapy can occur. 
Although angioplasty procedures have increased greatly in 
popularity for treatment of occluded arteries, the problem of 
restenosis following the angioplasty treatment remains a 
significant problem. Restenosis is the closure of a peripheral 
or coronary artery following trauma to the artery caused by 
efforts to open an occluded portion of the artery by angio 
plasty, such as, for example, by balloon dilation, atherec 
tomy or laser ablation treatment of the artery. For these 
angioplasty procedures, restenosis occurs at a rate of about 
30-60% depending upon the vessel location, lesion length 
and a number of other variables. Restenosis, defined angio 
graphically, is the recurrence of a 50% or greater narrowing 
of a luminal diameter at the site of a prior coronary artery 
disease therapy, such as a balloon dilatation in the case of 
PTCA therapy. In particular, an intra-luminal component of 
restenosis develops near the end of the healing process 

Feb. 28, 2008 

initiated by vascular injury, which then contributes to the 
narrowing of the luminal diameter. This phenomenon is 
sometimes referred to as “intimal hyperplasia. It is believed 
that a variety of biologic factors are involved in restenosis, 
Such as the extent of the injury, platelets, inflammatory cells, 
growth factors, cytokines, endothelial cells, Smooth muscle 
cells, and extracellular matrix production, to name a few. 
0004 Attempts to inhibit or diminish restenosis often 
include additional interventions such as the use of intravas 
cular stents and the intravascular administration of pharma 
cological therapeutic agents. One aspect of restenosis may 
be simply mechanical; e.g. caused by the elastic rebound of 
the arterial wall and/or by dissections in the vessel wall 
caused by the angioplasty procedure. These mechanical 
problems have been successfully addressed by the use of 
stents to tack-up dissections and prevent elastic rebound of 
the vessel, thereby reducing the level of restenosis for many 
patients. The stent is typically inserted by catheter into a 
vascular lumen and expanded into contact with the diseased 
portion of the arterial wall, thereby providing internal Sup 
port for the lumen. Examples of stents which have been 
successfully applied over a PTCA balloon and radially 
expanded at the same time as the balloon expansion of an 
affected artery include the stents disclosed in U.S. Pat. No. 
4,733,665 (Palmaz), U.S. Pat. No. 4,800,882 (Gianturco), 
and U.S. Pat. No. 4,886,062 (Wiktor). 
0005 Also, such stents employing therapeutic agents 
Such as glucocorticoids (e.g. dexamethasone, beclametha 
sone), heparin, hirudin, tocopherol, angiopeptin, aspirin, 
ACE inhibitors, growth factors, oligonucleotides, and, more 
generally, antiplatelet agents, anticoagulant agents, antimi 
totic agents, antioxidants, antimetabolite agents, and anti 
inflammatory agents have been considered for their potential 
to solve the problem of restenosis. Such substances have 
been incorporated into (or onto) stents by a variety of 
mechanisms. These mechanisms involve incorporating the 
therapeutic agents into polymeric coatings and films, includ 
ing hydrogels, as well as covalently binding the therapeutic 
agents to the Surface of the stent. 
0006 For example, therapeutic agents have been dis 
Solved or dispersed in a solution of polymer in an organic 
solvent. This is then sprayed onto the stent and allowed to 
dry. Alternatively, therapeutic agents have been incorporated 
into a solid composite with a polymer in an adherent layer 
on a stent body with fibrin in a separate adherent layer on the 
composite to form a two layer system. The fibrin is option 
ally incorporated into a porous polymer layer in this two 
layer system. The therapeutic agent, however, is incorpo 
rated into the underlying Solid polymer. The overlying 
porous polymer layer provides a porous barrier through 
which the therapeutic agent is transferred. 
0007 Conventional methods of loading the therapeutic 
agent into a polymer, such as spray coating, do not provide 
high concentrations of therapeutic agents. Typically, upon 
spray coating a therapeutic agent onto a stent body, only 
about 2 percent of the spray is captured by the stent. This can 
be prohibitively expensive for therapeutic agents that are 
extremely costly and scarce, Such as peptidic drugs. 

0008 Thus, what is needed is a medical device, prefer 
ably, a stent, having a porous polymeric material, typically 
a polymer layer in the form of a coating or film, with a 
therapeutic agent incorporated therein at Sufficiently high 
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concentrations that the therapeutic agent can be delivered 
over an extended period of time. Improved methods by 
which the therapeutic agent can be incorporated into the 
porous polymeric material with lower levels of waste are 
also needed. 

0009. This invention also relates to intravascular stents 
for treatment of injuries to blood vessels and particularly to 
stents having a framework onto which a therapeutic Sub 
stance or drug is applied. 

0010 Metal stents such as those disclosed in U.S. Pat. 
No. 4,733,665 issued to Palmaz, U.S. Pat. No. 4,800,882 
issued to Gianturco or U.S. Pat. No. 4,886,062 issued to 
Wiktor could be suitable for drug delivery in that they are 
capable of maintaining intimate contact between a Substance 
applied to the outer surface of the stent and the tissues of the 
vessel to be treated. However, there are significant problems 
to be overcome in order to secure a therapeutically signifi 
cant amount of a Substance onto the metal of the stent; to 
keep it on the stent during expansion of the stent into contact 
with the blood vessel wall; and also controlling the rate of 
drug delivery from the drug on the stent to the vessel wall. 
0011. It is therefore another object of the present inven 
tion to provide a stent having a therapeutically significant 
amount of a drug applied thereto. 
0012. It is also an object of the present invention to 
provide a stent which may be delivered and expanded in a 
selected blood vessel without losing a therapeutically sig 
nificant amount of a drug applied thereto. 
0013. It is also an object of the present invention to 
provide a drug-containing stent which allows for a Sustained 
release of the drug to vascular tissue. 
0014. It is also an object of the present invention to 
provide a simple method for applying to a stent a coating of 
a therapeutic Substance. 

SUMMARY OF THE INVENTION 

0.015 This invention relates to a medical device having a 
porous polymeric material with a therapeutic agent therein. 
Preferably, the device according to the invention is capable 
of applying a highly localized therapeutic agent into a body 
lumen to treat or prevent injury. The term “injury' means a 
trauma, that may be incidental to Surgery or other treatment 
methods including deployment of a stent, or a biologic 
disease, such as an immune response or cell proliferation 
caused by the administration of growth factors. In addition, 
the methods of the invention may be performed in antici 
pation of "injury as a prophylactic. A prophylactic treat 
ment is one that is provided in advance of any symptom of 
injury in order to prevent injury, prevent progression of 
injury or attenuate any Subsequent onset of a symptom of 
Such injury. 

0016. In accordance with the invention, a device for 
delivery of localized therapeutic agent includes a structure 
including a porous material and an elutable (i.e., capable of 
being dissolved under physiological conditions) therapeutic 
agent in the form of a Solid, gel, or neat liquid, which is 
dispersed throughout at least a portion, and preferably a 
substantial portion, of the porous material. Preferably, the 
device is capable of being implanted in a body so that the 
localized therapeutic agent can be delivered in vivo, typi 
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cally at a site of vascular injury or trauma. Preferably, the 
porous material is biocompatible, Sufficiently tear-resistant, 
and nonthrombogenic. 
0017. The porous material may be a layer (e.g., a film, 

i.e., a sheet material or a coating) on at least a portion of the 
structure. Alternatively, the porous material may be an 
integral portion of the structure. Preferably, the porous 
material is a polymeric material selected from the group of 
a natural hydrogel, a synthetic hydrogel, silicone, polyure 
thane, polysulfone, cellulose, polyethylene, polypropylene, 
polyamide, polyester, polytetrafluoroethylene, and a combi 
nation of two or more of these materials. Examples of 
natural hydrogels include fibrin, collagen, elastin, and the 
like. More preferably, the porous polymeric material is a 
nons welling biostable polymer selected from the group of 
silicone, polyurethane, polysulfone, cellulose, polyethylene, 
polypropylene, polyamide, polyester, polytetrafluoroethyl 
ene, and a combination of two or more of these materials. 
0018. The therapeutic agent can be one or more of a wide 
variety of therapeutic agents, including peptidic drugs. Pref 
erably, the therapeutic agent includes an antithrombotic 
material. More preferably, the antithrombotic material is a 
heparin or heparin derivative or analog. Such therapeutic 
agents are soluble in water such that they elute from the 
porous polymeric material. 
0019. The structure of the device can be adapted for its 
intended extracorporeal or intravascular purpose in an inter 
nal human body site. Such as an artery, vein, urethra, other 
body lumens, cavities, and the like or in an extracorporeal 
blood pump, blood filter, blood oxygenator or tubing. In one 
aspect of the invention, the shape is preferably generally 
cylindrical, and more preferably, the shape is that of a 
catheter, a stent, or a guide wire. In particularly preferred 
embodiments, the medical device is an intralumenal stent. 
0020. The invention also provides methods for making a 
medical device which includes therapeutic agents. In one 
embodiment, a method of the invention includes: providing 
a structure comprising a porous material; contacting the 
structure comprising a porous material with a concentrating 
agent to disperse the concentrating agent throughout at least 
a portion of the porous material; contacting the structure 
comprising a porous material and the concentrating agent 
with a solution of a therapeutic agent; and removing the 
therapeutic agent from Solution within the porous material at 
the locations of the concentrating agent. 
0021. The present invention also provides a method for 
making a medical device that includes: providing a structure 
comprising a porous material; immersing the structure com 
prising a porous material in a Saturated Solution of a thera 
peutic agent for a sufficient period of time to allow the 
Solution to fill the porous material; removing the medical 
device from the Solution; drying the medical device; and 
repeating the steps of immersing, removing, and drying to 
provide a therapeutic agent dispersed within the porous 
material. Preferably, the method further includes a step of 
removing air bubbles from the porous material while being 
immersed in the solution of the therapeutic agent. The step 
of removing air bubbles from the porous material can 
include applying ultrasonics, reduced pressure, elevated 
pressure, or a combination thereof, to the solution. Prefer 
ably, the method involves loading a stent having a porous 
polymeric film thereon, and Subsequently applying an over 
layer of a polymer. 



US 2008/0051871 A1 

0022. A therapeutic agent may be loaded onto a structure 
including a porous material at any number of points 
between, and including, the point of manufacture and the 
point of use. For example, the device can be stored and 
transported prior to incorporation of the therapeutic agent. 
Thus, the end user can select the therapeutic agent to be used 
from a wider range of therapeutic agents. 

0023. We have discovered a method for making an intra 
vascular stent by applying to the body of a stent, and in 
particular to its tissue-contacting Surface, a solution which 
includes a solvent, a polymer dissolved in the solvent and a 
therapeutic Substance dispersed in the Solvent and then 
evaporating the solvent. The inclusion of a polymer in 
intimate contact with a drug on the stent allows the drug to 
be retained on the stent in a resilient matrix during expansion 
of the stent and also slows the administration of drug 
following implantation. The method can be applied whether 
the stent has a metallic or polymeric surface. The method is 
also an extremely simple method since it can be applied by 
simply immersing the stent into the Solution or by spraying 
the solution onto the stent. The amount of drug to be 
included on the stent can be readily controlled by applying 
multiple thin coats of the solution while allowing it to dry 
between coats. The overall coating should be thin enough so 
that it will not significantly increase the profile of the stent 
for intravascular delivery by catheter. It is therefore prefer 
ably less than about 0.002 inch thick and most preferably 
less than 0.001 inch thick. The adhesion of the coating and 
the rate at which the drug is delivered can be controlled by 
the selection of an appropriate bioabsorbable or biostable 
polymer and by the ratio of drug to polymer in the solution. 
By this method, drugs such as glucocorticoids (e.g. dexam 
ethasone, betamethasone), heparin, hirudin, tocopherol, 
angiopeptin, aspirin, ACE inhibitors, growth factors, oligo 
nucleotides, and, more generally, antiplatelet agents, anti 
coagulant agents, antimitotic agents, antioxidants, antime 
tabolite agents, and anti-inflammatory agents can be applied 
to a stent, retained on a stent during expansion of the stent 
and elute the drug at a controlled rate. The release rate can 
be further controlled by varying the ratio of drug to polymer 
in the multiple layers. For example, a higher drug-to 
polymer ratio in the outer layers than in the inner layers 
would result in a higher early dose which would decrease 
over time. 

0024. In operation, the stent made according to the 
present invention can deliver drugs to a body lumen by 
introducing the stent transluminally into a selected portion 
of the body lumen and radially expanding the stent into 
contact with the body lumen. The transluminal delivery can 
be accomplished by a catheter designed for the delivery of 
stents and the radial expansion can be accomplished by 
balloon expansion of the stent, by self-expansion of the 
stent, or a combination of self-expansion and balloon expan 
S1O. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.025 FIG. 1 is an elevational view of one embodiment of 
a device according to the invention with a balloon catheter 
as a mode of delivery of the device; and 

0026 FIG. 2 is an elevational view of another embodi 
ment of a device according to the invention with a balloon 
catheter as a mode of delivery of the device. 
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0027 FIG. 3 is a plot showing elution profiles for stents 
according to the present invention with a coating of dexam 
ethasone and poly(L-lactic acid) made according to Example 
7. 

0028 FIG. 4 is a plot showing elution profiles for ster 
ilized stents according to the present invention with a 
coating of dexamethasone and poly(L-lactic acid) made 
according to Example 8. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0029. One of the more preferred configurations for a 
device according to the invention is a stent for use in 
artery/vascular therapies. The term “stent” refers to any 
device capable of being delivered by a catheter and which, 
when placed into contact with a portion of a wall of a lumen 
to be treated, will also deliver localized therapeutic agent at 
a luminal or blood-contacting portion of the device. A stent 
typically includes a lumen wall-contacting Surface and a 
lumen-exposed surface. Where the stent is shaped generally 
cylindrical or tube-like, including a discontinuous tube or 
ring-like structure, the lumen-wall contacting Surface is the 
surface in close proximity to the lumen wall whereas the 
lumen-exposed surface is the inner Surface of the cylindrical 
stent. The stent can include polymeric or metallic elements, 
or combinations thereof, onto which a porous material is 
applied. For example, a deformable metal wire stent is 
useful as a stent framework of this invention, Such as that 
described in U.S. Pat. No. 4,886,062 (Wiktor), which dis 
closes preferred methods for making a wire stent. Other 
metallic stents useful in this invention include those of U.S. 
Pat. No. 4,733,655 (Palmaz) and U.S. Pat. No. 4,800,882 
(Gianturco). 
0030. Other medical devices, such as heart valves, vas 
cular grafts, pacing leads, etc., can also include the embodi 
ments of the present invention. As used herein, medical 
device refers to a device that has surfaces that contact tissue, 
blood, or other bodily fluids in the course of their operation, 
which fluids are Subsequently used in patients. This can 
include, for example, extracorporeal devices for use in 
Surgery such as blood oxygenators, blood pumps, blood 
sensors, tubing used to carry blood and the like which 
contact blood which is then returned to the patient. This can 
also include endoprostheses implanted in blood contact in a 
human or animal body Such as vascular grafts, Stents, 
pacemaker leads, heart valves, and the like that are 
implanted in blood vessels or in the heart. This can also 
include devices for temporary intravascular use such as 
catheters, guide wires, and the like which are placed into the 
blood vessels or the heart for purposes of monitoring or 
repair. 

0031 Referring now to FIG. 1, the stent 20 comprises a 
stent framework 22 and a porous material coating 24. The 
stent framework 22 is deformable and can be formed from 
a polymeric material, a metal, or a combination thereof. A 
balloon 15 is positioned in FIG. 1 adjacent the lumen 
exposed surface of the stent to facilitate delivery of the stent. 
The stent 20 can be modified to increase or to decrease the 
number of wires provided per centimeter in the stent frame 
work 22. Similarly, the number of wire turns per centimeter 
can also be modified to produce a stiffer or a more flexible 
stent framework. 
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0032 Polymeric stents can also be used in this invention. 
The polymers can be nonbioabsorbable or bioabsorbable in 
part, or total. Stents of this invention can be completely 
nonbioabsorbable, totally bioabsorbable or a composite of 
bioabsorbable polymer and nonabsorbable metal or polymer. 
For example, another stent suitable for this invention 
includes the self-expanding stent of resilient polymeric 
material as disclosed in International Publication No. WO 
91/12779 (Medtronic, Inc.). 
0033. Nonbioabsorbable polymers can be used as alter 
natives to metallic stents. The stents of this invention should 
not substantially induce inflammatory and neointimal 
responses. Examples of biostable nonabsorbable polymers 
that have been used for stent construction with or without 
metallic elements include polyethylene terephthalate (PET), 
polyurethane urea, and silicone. Although the porous mate 
rial is shown as a coating 24, it is to be understood that, for 
the purposes of this invention, the porous material can be 
incorporated into the material of the stent. 
0034) Referring to FIG. 2, an alternative stent 30 is 
shown. The stent framework 34 is affixed with a film of a 
porous material 32. This can be accomplished by wrapping 
the film 32 around the stent framework 34 and securing the 
film 32 to the framework 34 (i.e., the film is usually 
sufficiently tacky to adhere itself to the framework but a 
medical grade adhesive could also be used if needed) so that 
the film 32 will stay on the balloon 36 and framework 34 
until it is delivered to the site of treatment. The film 32 is 
preferably wrapped over the framework with folds or 
wrinkles that will allow the stent 30 to be readily expanded 
into contact with the wall of the lumen to be treated. 
Alternatively, the film 32 can be molded to the stent frame 
work 34 such that the framework 34 is embedded within the 
film 32. Preferably, the film 32 is located on a lumen-wall 
contacting surface 33 of the stent framework 34 such that 
therapeutic material is substantially locally delivered to a 
lumen wall, for example, an arterial wall membrane (not 
shown). 
Porous Material 

0035. As mentioned above, the device according to the 
invention is generally a structure including a porous mate 
rial. In one embodiment, the porous material includes a 
polymeric film or coating on at least a portion of the 
structure. In another embodiment, the porous material is an 
integral portion of the structure. Preferably, the porous 
material is a biocompatible polymer and is Sufficiently 
tear-resistant and nonthrombogenic. Examples of Suitable 
polymers are disclosed in U.S. Pat. No. 5,679,400 (Tuch). 
More preferably, the porous material is selected from the 
group of a natural hydrogel, a synthetic hydrogel, silicone, 
polyurethane, polysulfone, cellulose, polyethylene, polypro 
pylene, polyamide, polyester, polytetrafluoroethylene, and a 
combination of two or more of these materials. Examples of 
natural hydrogels include fibrin, collagen, elastin, and the 
like. In materials which do not include pores in their usual 
structural configurations, pores of about 10 micrometers in 
diameter or as large as 1000 micrometers in diameter can be 
introduced by conventional means such as by introducing a 
solvent soluble particulate material into the desired structure 
and dissolving the particulate material with a solvent. 
0.036 Typically, and preferably, the porous material is in 
the form of a sheet material or coating of a nons welling 
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biostable polymer. As used herein, a “nonswelling biostable' 
or “nonswellable biostable' polymer is one that does not 
absorb a significant amount of water (i.e., it absorbs less than 
about 10 weight percent water) and it is not readily degraded 
in the body. Such nonswelling biostable polymers include, 
for example, silicone, polyurethane, polysulfone, cellulose, 
polyethylene, polypropylene, polyamide, polyester, polytet 
rafluoroethylene, and combinations thereof. If the polymer is 
biodegradable, the rate at which it degrades is slower than 
the rate at which the therapeutic agent elutes. 

0037. If the porous material is in the form of a porous 
sheet (i.e., film) or coating, it can be made by a variety of 
methods. These methods can include, for example, using a 
solid particulate material (also referred to herein as pore 
forming material) that can be substantially removed after the 
film or coating is formed, thereby forming pores. By using 
a solid particulate material during film or coating formation, 
the size of the pores can, to some extent, be controlled by the 
size of the Solid particulate material being used. The par 
ticulate material can range from less than about 1 microme 
ter in diameter to about 1000 micrometers, preferably about 
1 micrometer to about 100 micrometers, more preferably 
about 5 micrometers to about 50 micrometers. For unifor 
mity of pores, the particulate material can be screened 
through Successively finer mesh sieves, e.g., through 100, 
170, 270, 325, 400, and 500 mesh analytical grade stainless 
steel mesh sieves, to produce a desired range of particle 
S17S. 

0038. The particulate material may include inorganic and 
organic particulate material, including, for example, sodium 
chloride, lithium chloride. Sucrose, glucose, Sorbitol, Sodium 
citrate, Sodium ascorbate, urea, citric acid, dextran, poly 
(ethylene glycol), sodium nitroprusside, mannitol, Sodium 
bicarbonate, ascorbic acid, Sodium salicylate, or combina 
tions thereof. It will be understood by one of skill in the art 
that a mixture of different particulate materials can be used 
if desired. Also, it will be understood by one of skill in the 
art that because a portion of the particulate material may 
remain within the film, it is preferred that the solid particu 
late material be biocompatible. 

0039 Typically, the particulate material chosen is less 
soluble than the polymer in the chosen solvent (e.g., water 
or an organic Solvent) used to deposit or form the polymer. 
The particulate material may actually be soluble in the 
solvent; however, to form pores, it only has to be less soluble 
than the polymer in the solvent of choice. As the solvent is 
removed from the solution, the pore-forming material will 
precipitate out of Solution and form particles Surrounded by 
the polymer, which is still in solution. The polymer then will 
come out of Solution as more solvent is removed and the 
particles will be dispersed within the polymer. After the 
Solvent is removed, the particulate material is removed using 
a liquid in which the polymer is not soluble, thereby forming 
pores. 

0040. In one method according to the present invention, 
a porous sheet material (e.g., polyurethane sheet material) 
can be made by dissolving a polymer (e.g., polyether ure 
thane) in an organic solvent (e.g., 1-methyl-2-pyrrolidone); 
mixing into the resulting polymer Solution a crystalline, 
particulate material (e.g., Sodium chloride. Sucrose, etc.) that 
is not soluble in the solvent; casting the solution with 
particulate material into a thin film; and then applying a 
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second solvent (e.g., water), to dissolve and remove the 
particulate material, thereby leaving a porous sheet. Such a 
method is disclosed in U.S. Pat. No. 5,591.227 (Dinh et al.) 
and U.S. Pat. No. 5,599,352 (Dinh et al.). 
0041) Preferably, a combination of soluble and insoluble 
particulate material may be used to create a broader range of 
pore sizes. The use of a soluble particulate material. Such as 
poly(ethylene glycol), may create Small (<2 um diameter) 
interconnecting pores that create a solvent path for the 
removal of the larger (e.g., 50 um) particles, which may not 
be in particle-to-particle contact. 
0.042 A suspension of particulate material may be created 
by first dissolving the particulate in a solvent, then precipi 
tating the mixture in a solution of polymer in a second 
solvent in which the particulate is insoluble. For example, an 
8% solution of sodium nitroprusside in ethanol can be added 
with rapid stirring to a 2% solution of polyurethane in 
tetrahydrofuran. The sodium nitroprusside precipitates to 
form a suspension of less than about 5 um particles. 
0043. The weight ratio of pore-forming material to poly 
mer in a coating composition may range from about 1:3 to 
about 9:1, preferably, about 2:1 to about 9:1, although this 
is not necessarily limiting. In theory, the porosity is limited 
by the toughness of the polymer. 
0044) A smooth coating may be obtained by applying an 
atomized spray to the stent. The spray should be applied at 
a rate Such that evaporation prevents the accumulation of 
Sufficient liquid to form drips along the stent. A macroscopi 
cally Smooth Surface may also be obtained by keeping the 
particle size less than about 'A of the coating or film 
thickness. 

0045 Although films (i.e., sheet materials) for medical 
devices, particularly stent bodies, according to the present 
invention can be manufactured separately from the Support 
structure of the medical device and attached to the support 
structure after formation, preferred methods include forming 
the films directly on the support structure such that the 
Support structure is at least partially, preferably completely, 
encapsulated by the film (i.e., sheet material). 
0046 Alternatively, medical devices can include a coat 
ing of a porous polymer made by spraying a solution of the 
polymer and particulate material directly on the Support. In 
this way, the coating does not necessarily form a film that 
encapsulates the device; rather it forms a coating around the 
structure (e.g., wire) of the device. The geometry of the 
porous material (coated wires vs. sheets or films) depends on 
the coating Substrate and is largely independent of the pore 
forming and application methods used. A film can be made 
by spraying, dipping, or casting, as long as the mandrel is a 
rod or a flat sheet. The stent wires can be coated by any of 
these methods as well, although most preferably, they are 
coated by spraying to prevent droplet formation. 

0047. In one such method, which is disclosed in Interna 
tional Publication No. WO 97/07973 (Medtronic, Inc.), a 
stent is placed on a mandrel. A particulate material is then 
applied to the mandrel and stent such that it is lightly 
adhered to the mandrel. The particulate material should be 
readily soluble in a solvent which will not also dissolve the 
polymer chosen for the film. For example, crystalline 
sodium bicarbonate is a water soluble material that can be 
used as the particulate material. A nonaqueous liquid, pref 
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erably a solvent for the polymer film material, can be applied 
to the mandrel before applying the particulate material in 
order to retain more of the particulate material on the 
mandrel. For example, when a polyurethane is to be used for 
the film material, the solvent 1-methyl-2-pyrrolidinone 
(NMP) can be used to wet the surface of the mandrel before 
the application of particulate material. Preferably, the man 
drel is completely dusted with the particulate in the portions 
of the mandrel to be coated with the polymer film. This can 
be accomplished by dipping the mandrel in NMP allowing 
it to drain vertically for a few seconds and then dusting the 
sodium bicarbonate onto the mandrel while rotating it hori 
Zontally until no further bicarbonate particles adhere. Excess 
particulate material can be removed by gently tapping the 
mandrel. 

0048 Coating with polymer may proceed immediately 
following application of the particulate material. A polymer 
is provided in a dilute solution and is applied to the particle 
coated stent and mandrel. For example, polyurethane can be 
dissolved in NMP to make a 10% solution. Gel particles and 
particulate impurities can be removed from the solution by 
use of a clinical centrifuge. The polymer Solution can be 
applied by dipping the mandrel into the solution and letting 
the solvent evaporate. With the solution of polyurethane and 
NMP, a single dip in the solution can provide a film of 
adequate thickness. To assist in the formation of communi 
cating passageways through the polymer between the blood 
contacting Surface and the lumen-contacting Surface, addi 
tional sodium bicarbonate particles are preferably dusted 
onto the polymer Solution immediately after the dipping 
operation and before the polymer solution has dried. Excess 
particulate material can be removed by gently tapping the 
mandrel. To precipitate and consolidate the polyurethane 
film on the stent, it can be dipped briefly (about 5 minutes) 
in water and then rolled gently against a wetted Surface. Such 
as a wet paper towel. The stent assembly can then be placed 
into one or more water baths over an extended period (e.g., 
8 hours) to dissolve and remove the sodium bicarbonate. 
After drying in air at temperatures from about 20° C. to 
about 50° C., the film then can be trimmed to match the 
contour of the wire. 

0049. In yet another method, a solvent in which the 
polymer is soluble that is capable of phase separating from 
the polymer at a reduced temperature can be used to prepare 
a porous polymer film. In this method, the stent or other 
medical device is placed in a cavity of a mold designed for 
forming a film around the stent, similar to that disclosed in 
U.S. Pat. No. 5,510,077 (Dinh et al.). A solution of the 
desired polymer, such as polyurethane, dissolved in a sol 
vent, such as dioxane, is added to the mold. The temperature 
of the solution is then reduced to a temperature at which the 
Solvent freezes and phase separates from the polymer, 
thereby forming particulate material (i.e., frozen solvent 
particles) in situ. Typically, for polyurethane in dioxane, this 
is a temperature of about -70° C. to about 3° C. The 
composition is then immersed in an ice cold water bath (at 
about 3° C.) for a few days to allot the dioxane to dissolve 
into the ice cold water, thereby forming pores. The number 
and size of the pores can be controlled by the concentration 
of the polymer and the freezing temperature. A method 
similar to this is disclosed in Liu et al., J. Biomed. Mater. 
Res., 26, 1489 (1992). This method can be improved on by 
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using a two-step freezing process as disclosed in U.S. patent 
application Ser. No., filed on Apr. 29, 1998 (Attorney Docket 
No. P-4242). 
0050. In yet another embodiment, a porous material can 
be created from a mixture of a low boiling good solvent and 
a higher boiling poor solvent, in which the polymer is 
soluble. After application to the target substrate, the lower 
boiling good solvent evaporates preferentially until a point 
is reached where the polymer precipitates from the remain 
ing solvent mixture, which is relatively richer in the poor 
Solvent. The polymer precipitates in and around pockets of 
the poor solvent, creating a porous structure. The number 
and size of pores can be controlled by the boiling points of 
the two solvents, the concentration of polymer and the 
drying rate. An example is a 1% solution of poly(1-lactic 
acid) (PLLA) in a 60:40 mixture of chloroform:iso-octane. 
As the chloroform evaporates, the PLLA precipitates from 
the iso-octane to create an opague PLLA coating containing 
2-5 um pores. This method is further described in U.S. Pat. 
No. 5,679,400 (Tuch). 
Therapeutic Agent 

0051. The therapeutic agent used in the present invention 
could be virtually any therapeutic agent which possesses 
desirable therapeutic characteristics and which can be pro 
vided in a form that can be solubilized, for example, by 
water or an organic solvent, and are capable of being eluted 
from the porous polymeric material in the body of a patient. 
Preferred therapeutic agents are solids, gels, or neat liquids 
(i.e., materials not dissolved in a solvent) at room tempera 
ture (i.e., about 20-25°C.), and preferably at body tempera 
tures, that are capable of being eluted from the porous 
polymeric material in the body of a patient. For example, 
antithrombotics, antiplatelet agents, antimitotic agents, anti 
oxidants, antimetabolite agents, anti-inflammatory agents, 
enzyme inhibitors, and anti-angiogenic factors as disclosed 
in U.S. Pat. No. 5,716,981 (Hunter et al.) could be used. 
Anticoagulant agents, such as heparin, heparin derivatives, 
and heparin analogs, could also be used to prevent the 
formation of blood clots on the device. 

Methods of Making an Implantable Device 
0.052 A structure having a porous material, preferably a 
porous polymeric material, can be loaded with one or more 
therapeutic agents using a wide variety of methods. For 
example, the porous material can be immersed in a solution 
or dispersion of the therapeutic agent in a solvent. The 
Solution (preferably, a Supersaturated Solution) or dispersion 
is allowed to fill the pores and the solvent is allowed to 
evaporate leaving the therapeutic agent dispersed within at 
least a portion of the pores. The solvent can be water or an 
organic solvent that does not dissolve the polymer. If the 
Solvent does not dissolve the therapeutic agent, the particles 
of the therapeutic agent are Smaller than the pore openings. 
Alternatively, in certain embodiments, the solvent can be 
chosen Such that it swells the polymer, thereby achieving a 
greater level of incorporation of the therapeutic agent. 

0053. The following methods for loading one or more 
therapeutic agents into porous material are improved over 
prior art methods. Such as spray coating methods. Although 
the same amount of therapeutic agent can be loaded onto a 
medical device, significantly less (e.g., about 100x less) 
waste of the therapeutic agent occurs using the following 

Feb. 28, 2008 

methods. This is particularly important for expensive thera 
peutic agents, such as peptic drugs. 

0054. In one embodiment of the invention, filling of the 
pores can be enhanced through the use of ultrasonics, 
vacuum, and/or pressure. While the device is submerged in 
Solution, ultrasonic energy or vacuum can be used to accel 
erate the removal of air bubbles from the pores allowing the 
pores to fill with the solution containing the therapeutic 
agent. Hyperbaric pressure on the solution may cause the air 
in the pores to be dissolved in the solution, thereby allowing 
the pores to fill with liquid. Furthermore, the level of 
incorporation can be increased by using multiple dip 
vacuum-dry cycles. If the therapeutic agent saturates the 
solution by 10% by volume, for example, when the solvent 
evaporates the pores will be 10% filled with the agent. 
Repeating the cycle will fill the remaining 90% void space 
and fill an additional 9% of the original pore volume. Further 
cycles continue the trend. For this procedure to be effective, 
however, the solution is saturated so that the previously 
deposited agent does not dissolve in Subsequent cycles. 

0055) Preferably, a method of the invention includes 
loading a structure comprising a porous material with a 
concentrating agent, which may be a precipitating agent 
(e.g., a binding agent, sequestering agent, nucleating agent, 
etc.), a seed crystal, or the like, dispersed throughout at least 
a portion, preferably, a Substantial portion, of the porous 
material, and Subsequently loading the structure comprising 
a porous material and the concentrating agent with a Solution 
of a therapeutic agent, wherein the therapeutic agent is 
removed from Solution (e.g., as by crystallization and/or 
precipitation) within the porous material at the locations of 
the concentrating agent. This is a significantly improved 
method in that the concentrating agent provides a driving 
force for localization of the drug within the pores of the 
polymer. That is, it is believed that the concentrating agent 
provides a thermodynamically favorable surface for crystal 
lization or precipitation. 

0056. The concentrating agent can be a precipitating 
agent or a seed crystal, for example, or any Substance that 
can cause the therapeutic agent to fall out of solution. As 
used herein, a seed crystal is a solid material that is the same 
as the therapeutic agent being deposited. As used herein, a 
precipitating agent is a solid material that is different from 
the therapeutic agent being deposited. It can include, for 
example, materials that have a particular affinity for the 
therapeutic agent of interest, such as binding agents, seques 
tering agents, nucleating agents, and mixtures thereof. 
Examples of sequestering agents include heparin to seques 
ter heparin binding growth factors such as bFGF and, for 
example, cyclodextrins to trap appropriately sized therapeu 
tic agents to fit in their ring structures. Examples of binding 
agents include polycations (e.g., protamine) and polyanions 
(e.g., heparin Sulfate) for binding anionic and cationic thera 
peutic agents, respectively. The binding agent can also 
include a counterioh of a salt that is insoluble upon com 
plexation with the therapeutic agent in the solvent used in 
the solution of the therapeutic agent. 
0057 The solution containing the therapeutic agent is 
preferably a Supersaturated Solution, although this is not a 
necessary requirement. This can be prepared at elevated 
temperatures taking into consideration the limits of Stability 
of the therapeutic agents and the porous material. The 
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porous polymeric material with concentrating agent therein 
can be immersed in a solution of the therapeutic agent in a 
solvent. The solution is allowed to fill the pores and the 
therapeutic agent allowed to come out of solution (e.g., as by 
the formation of crystals). The solvent can be water or an 
:organic solvent that does not dissolve the porous polymer, 
although it may swell the polymer as described above. The 
choice of solvent is one that is compatible with the thera 
peutic agent and porous material of choice. Filling of the 
pores can be enhanced through the use of ultrasonics, 
vacuum, and/or pressure, as well as by using multiple 
dip-vacuum-dry cycles, as described above. 

0.058 Crystal and/or precipitate formation can be initi 
ated by a variety of mechanisms. They may spontaneously 
form. Alternatively, the solution of the therapeutic agent 
within the pores may need to be cooled to initiate crystal 
lization and/or precipitation. It may be possible to initiate 
crystallization and/or precipitation by changing the pH and/ 
or ionic strength of the Solution of the therapeutic agent 
within the pores. 
0059. The initial concentrating agent, which may be a 
Solid, liquid, or a gel, can be placed in the pores of the 
porous material by a variety of methods. For example, if the 
concentrating agent is a seed crystal of the therapeutic agent 
of interest, immersing the porous material in a solution or 
dispersion of the therapeutic agent in a solvent, allowing it 
to fill the pores, and allowing the solvent to evaporate, 
provides the therapeutic agent dispersed within at least a 
portion of the pores, as described above. Similarly, if the 
concentrating agent is a precipitating agent, the porous 
material can be immersed in a solution of this agent. 

0060. The methods of the present invention are advanta 
geous in that the structure can be loaded with the therapeutic 
agent in situ, i.e., at or near the point of therapeutic use, 
typically before administration, preferably implantation, to a 
patient. This is particularly useful because the device can be 
stored and transported prior to incorporation of the thera 
peutic agent. This feature has several advantages. For 
example, the relevant consumer can select the therapeutic 
agent to be used from a wider range of therapeutic agents. 
Thus, the therapeutic agent selected is not limited to only 
those supplied with the device but can instead be applied 
according to the therapy required. 

0061. In order to provide additional control over the 
elution of the therapeutic agent, an overlayer may be applied 
to the medical device, as is disclosed in U.S. Pat. No. 
5,679,400 (Tuch), U.S. Pat. No. 5,624,411 (Tuch), and U.S. 
Pat. No. 5,624,411 (Tuch). The overlayer, typically in the 
form of a porous polymer, is in intimate contact with the 
therapeutic agent and allows it to be retained on the medical 
device. It also controls the administration of the therapeutic 
agent following implantation. For a stent, an overlayer is 
particularly desirable to retain the therapeutic agent on the 
stent during expansion of the stent. Thus, the present inven 
tion also relates to a method for making an intravascular 
stent. The underlying structure of the stent can be virtually 
any stent design, whether of the self-expanding type or of 
the balloon-expandable type and whether metal or poly 
meric. Thus metal stent designs such as those disclosed in 
U.S. Pat. No. 4,733,665 issued to Palmaz, U.S. Pat. No. 
4,800,882 issued to Gianturco or U.S. Pat. No. 4,886,062 
issued to Wiktor could be used in the present invention. The 
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stent could be made of virtually any bio-compatible material 
having physical properties Suitable for the design. For 
example, tantalum and stainless steel have been proven 
Suitable for many Such designs and could be used in the 
present invention. Also, stents made with biostable or bio 
absorbable polymers such as poly(ethylene terephthalate), 
polyacetal, poly(lactic acid), poly(ethylene oxide)/poly(bu 
tylene terephthalate) copolymer could be used in the present 
invention. Although the stent Surface should be clean and 
free from contaminants that may be introduced during 
manufacturing, the stent Surface requires no particular Sur 
face treatment in order to retain the coating applied in the 
present invention. Both the inner and outer surfaces of the 
stent may be provided with the coating according to the 
present invention. 
0062. In order to provide the coated stent according to the 
present invention, a solution which includes a solvent, a 
polymer dissolved in the solvent and a therapeutic Substance 
dispersed in the solvent is first prepared. It is important to 
choose a solvent, a polymer and a therapeutic Substance that 
are mutually compatible. It is essential that the solvent is 
capable of placing the polymer into solution at the concen 
tration desired in the solution. It is also essential that the 
Solvent and polymer chosen do not chemically alter the 
therapeutic character of the therapeutic substance. However, 
the therapeutic Substance only needs to be dispersed 
throughout the solvent so that it may be either in a true 
solution with the solvent or dispersed in fine particles in the 
solvent. Examples of some suitable combinations of poly 
mer, solvent and therapeutic substance are set forth in Table 
1 below. 

TABLE 1. 

THERAPEUTIC 
POLYMER SOLVENT SUBSTANCE 

poly(L-lactic acid) chloroform dexamethasone 
poly(actic acid-co-glycolic acetone dexamethasone 
acid) 
polyether urethane N-methyl pyrrollidone tocopheral 

(vitamin E) 
silicone adhesive Xylene dexamethasone 

phosphate 
poly(hydroxy-butyrate-co- dichloro-methane aspirin 
hydroxyvalerate) 
fibrin water (buffered saline) heparin 

0063. The solution is applied to the stent and the solvent 
is allowed to evaporate, thereby leaving on the stent Surface 
a coating of the polymer and the therapeutic Substance. 
Typically, the solution can be applied to the stent by either 
spraying the solution onto the stent or immersing the stent in 
the solution. Whether one chooses application by immersion 
or application by spraying depends principally on the vis 
cosity and Surface tension of the solution, however, it has 
been found that spraying in a fine spray Such as that 
available from an airbrush will provide a coating with the 
greatest uniformity and will provide the greatest control over 
the amount of coating material to be applied to the Stent. In 
either a coating applied by spraying or by immersion, 
multiple application steps are generally desirable to provide 
improved coating uniformity and improved control over the 
amount of therapeutic Substance to be applied to the Stent. 
0064. The polymer chosen must be a polymer that is 
biocompatible and minimizes irritation to the vessel wall 
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when the stent is implanted. The polymer may be either a 
biostable or a bioabsorbable polymer depending on the 
desired rate of release or the desired degree of polymer 
stability, but a bioabsorbable polymer is probably more 
desirable since, unlike a biostable polymer, it will not be 
present long after implantation to cause any adverse, chronic 
local response. Bioabsorbable polymers that could be used 
include poly(L-lactic acid), polycaprolactone, poly(lactide 
co-glycolide), poly(hydroxybutyrate), poly(hydroxybu 
tyrate-co-Valerate), polydioxanone, polyorthoester, polyan 
hydride, poly(glycolic acid), poly(D.L-lactic acid), 
poly(glycolic acid-co-trimethylene carbonate), polyphos 
phoester, polyphosphoester urethane, poly(amino acids), 
cyanoacrylates, poly(trimethylene carbonate), poly(imi 
nocarbonate), copoly(ether-esters) (e.g. PEO/PLA), poly 
alkylene oxalates, polyphosphaZenes and biomolecules Such 
as fibrin, fibrinogen, cellulose, starch, collagen and hyalu 
ronic acid. Also, biostable polymers with a relatively low 
chronic tissue response Such as polyurethanes, silicones, and 
polyesters could be used and other polymers could also be 
used if they can be dissolved and cured or polymerized on 
the stent Such as polyolefins, polyisobutylene and ethylene 
alphaolefin copolymers; acrylic polymers and copolymers, 
vinyl halide polymers and copolymers, such as polyvinyl 
chloride; polyvinyl ethers, such as polyvinyl methyl ether; 
polyvinylidene halides, such as polyvinylidene fluoride and 
polyvinylidene chloride; polyacrylonitrile, polyvinyl 
ketones; polyvinyl aromatics, such as polystyrene, polyvinyl 
esters, such as polyvinyl acetate; copolymers of vinyl mono 
mers with each other and olefins, such as ethylene-methyl 
methacrylate copolymers, acrylonitrile-styrene copolymers, 
ABS resins, and ethylene-vinyl acetate copolymers; polya 
mides, such as Nylon 66 and polycaprolactam; alkyd resins; 
polycarbonates; polyoxymethylenes; polyimides; poly 
ethers; epoxy resins, polyurethanes; rayon; rayon-triacetate; 
cellulose, cellulose acetate, cellulose butyrate; cellulose 
acetate butyrate; cellophane; cellulose nitrate; cellulose pro 
pionate; cellulose ethers; and carboxymethyl cellulose. 
0065. The ratio of therapeutic substance to polymer in the 
solution will depend on the efficacy of the polymer in 
securing the therapeutic Substance onto the stent and the rate 
at which the coating is to release the therapeutic Substance 
to the tissue of the blood vessel. More polymer may be 
needed if it has relatively poor efficacy in retaining the 
therapeutic Substance on the stent and more polymer may be 
needed in order to provide an elution matrix that limits the 
elution of a very soluble therapeutic substance. A wide ratio 
of therapeutic substance to polymer could therefore be 
appropriate and could range from about 10:1 to about 1:100. 
0.066 The therapeutic substance used in the present 
invention could be virtually any therapeutic substance which 
possesses desirable therapeutic characteristics for applica 
tion to a blood vessel. This can include both solid substances 
and liquid Substances. For example, glucocorticoids (e.g. 
dexamethasone, betamethasone), heparin, hirudin, toco 
pherol, angiopeptin, aspirin, ACE inhibitors, growth factors, 
oligonucleotides, and, more generally, antiplatelet agents, 
anticoagulant agents, antimitotic agents, antioxidants, anti 
metabolite agents, and anti-inflammatory agents could be 
used. Antiplatelet agents can include drugs such as aspirin 
and dipyridamole. Aspirin is classified as an analgesic, 
antipyretic, anti-inflammatory and antiplatelet drug. Dypri 
dimole is a drug similar to aspirin in that it has anti-platelet 
characteristics. Dypridimole is also classified as a coronary 
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vasodilator. Anticoagulant agents can include drugs such as 
heparin, coumadin, protamine, hirudin and tick anticoagul 
lant protein. Antimitotic agents and antimetabolite agents 
can include drugs such as methotrexate, azathioprine, Vin 
cristine, vinblastine, fluorouracil, adriamycin and mutamy 
C1. 

0067. The following nonlimiting examples will further 
illustrate the invention. All parts, percentages, ratios, etc. are 
by weight unless otherwise indicated. 

EXAMPLES 

Example 1 

0068 Wiktor stents were coated as follows: 4 grams of a 
5 wt % solution of polyurethane as disclosed in U.S. Pat. No. 
4,873.308 (Coury et al.) in tetrahydrofuran (THF) and 20 
grams of a 5 wt % solution of citric acid in THF were 
combined and sprayed onto wiktor stents using an airbrush, 
similar to the method disclosed in U.S. Pat. No. 5,679,400 
(Tuch). Citric acid was extracted with deionized water for 10 
minutes. The stent was then air dried at ambient temperature 
and weighed. The porous polyurethane coating weights, 
were 0.5-0.7 mg. 
0069 Into a microcentrifuge tube was added 0.12g tissue 
factor pathway inhibitor. (TFPI) and 1.0 ml sterile water. 
This was agitated to dissolve the TFPI. The polyurethane 
coated stents were immersed in the TFPI solution, which 
was subjected to reduced pressure (28 inches of Hg) to 
evacuate the air from the pores. The stents were air dried and 
the immersion/vacuum process was repeated twice. After the 
last immersion process, Stents were air dried at ambient 
temperature for 20 minutes. Each stent was immersed for 
less than two seconds in deionized water to remove TFPI on 
the surface of the stents. The stents were then dried in 
ambient temperature under vacuum for about 12 hours. The 
stents were weighed to determine the amount of TFPI loaded 
into the pores, which ranged from 0.15 mg to 0.33 mg. 
0070 Half the stents were overcoated with a 2 wt % 
solution of polyurethane solution in THF using the spray 
coating method described above, resulting in a coating 
weight of 0.6 mg. These stents were tested for elution. The 
stents with the overcoating eluted more slowly than the 
stents without the overcoating. 

Example 2 

0071. A 1% solution of dexamethasone in acetone was 
made, forming a clear Solution. The Solution was placed in 
an airbrush reservoir (Badger #200). Wiktor type tantalum 
wire stents were sprayed with the solution in short bursts 
while rotating the stents. The acetone quickly evaporated 
from the stents, leaving a white residue on the stent wire. 
The process was continued until all of the stent wires were 
coated. The drug elution rate for the stent was determined by 
immersing the Stent in phosphate buffered saline Solution 
(pH=7.4). Traces of dexamethasone were observed to 
remain on the immersed stents for less than 31 hours. 

Example 3 

0072 A 2% solution of dexamethasone in acetone was 
made, forming a solution with Suspended particles of dex 
amethasone. The solution was placed into a tube. Wiktor 
type tantalum wire stents were dipped rapidly and were 
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allowed to dry. Each stent was dipped into the solution 12-15 
times to provide a white Surface coating. Two stents were 
placed on an angioplasty balloon and were inflated on the 
balloon. Approximately 80% of the dexamethasone coating 
flaked off of the stents. 

Example 4 

0073. A solution of 1% dexamethasone and 0.5% poly 
(caprolactone) (Aldrich 18,160-9) in acetone was made. The 
solution was placed into a tube. Wiktor type tantalum wire 
stents were dipped rapidly and were allowed to dry. Each 
stent was dipped into the solution 12-15 times to provide a 
white surface coating. A stent so coated was expanded on a 
3.5 mm angioplasty balloon causing a significant amount of 
the coating to become detached. 

Example 5 

0074. A solution of 1% dexamethasone and 0.5% poly(L- 
lactic acid) (Medisorb) in acetone was made. The solution 
was placed into a tube. Wiktor type tantalum wire stents 
were dipped rapidly and were allowed to dry. Each stent was 
dipped into the solution 12-15 times to provide a white 
Surface coating. A stent so coated was expanded on a 3.5 mm 
angioplasty balloon causing only a small portion of the 
coating (less than 25%) to become detached) 

Example 6 

0075) A solution including a 2% dispersion of dexam 
ethasone and a 1% solution of poly(L-lactic acid) (CCA 
Biochem MW=550,000) in chloroform was made. The solu 
tion was placed into an airbrush (Badger). Wiktor type 
tantalum wire Stents were sprayed in short bursts and were 
allowed to dry. Each stent was sprayed with the solution 
about 20 times to provide a white Surface coating. A stent so 
coated was expanded on a 3.5 mm angioplasty balloon. The 
coating remained attached to the stent throughout the pro 
cedure. 

Example 7 

0.076 A solution including a 2% dispersion of dexam 
ethasone and a 1% solution of poly(L-lactic acid) (CCA 
Biochem MW=550,000) in chloroform was made. The solu 
tion was placed into an airbrush (Badger #250-2). Wiktor 
type tantalum wire Stents were suspended from a fixture and 
sprayed in 24 short bursts (6 bursts from each of the four 
directions perpendicular to the stent axis) and were allowed 
to dry. The resulting stents had a coating weight of about 
0.0006-0.0015 grams. Three of the stents were tested for 
long term elution by placing one stent in 3.0 ml of phosphate 
buffered saline solution (pH=7.4) at room temperature with 
out stirring. The amount of dexamethasone eluted was 
evaluated by measuring absorbance at 244 nm in a UV-VIS 
spectrophotometer. The results of this test are given in FIG. 
3. 

Example 8 

0077. A solution including a 2% dispersion of dexam 
ethasone and a 1% solution of poly(L-lactic acid) (Medisorb 
100-L) in chloroform was made along with a control solu 
tion of 1% of poly(L-lactic acid) (Medisorb 100-L) in 
chloroform. The solutions was placed into an airbrush 
(Badger #250-2). Wiktor type tantalum wire stents were 
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expanded on a 3.0 mm balloon, Suspended from a fixture and 
sprayed in 16 short bursts (2-3 bursts of about 1 second 
followed by several minutes drying time between applica 
tions). The resulting dexamethasone-coated Stents had an 
average coating weight of about 0.0012 grams while the 
polymer-coated Stents had an average polymer weight of 
about 0.0004 grams. The stents were sterilized in ethylene 
oxide. Three of the sterilized dexamethasone-coated stents 
were tested for long term elution by placing one stent in 3.0 
ml of phosphate buffered saline solution (pH=7.4) at room 
temperature without stirring. The amount of dexamethasone 
eluted was evaluated by measuring absorbance at 244 nm in 
a UV-VIS spectrophotometer. The results of this test are 
given in FIG. 4. Dexamethasone-coated Stents and polymer 
coated control stents were implanted in the coronary arteries 
of 8 pigs (N=12 for each type) according to the method set 
forth in “Restenosis. After Balloon Angioplasty—A Practical 
Proliferative Model in Porcine Coronary Arteries,” by Rob 
ert S. Schwartz, et al. Circulation 82(6):2190-2200, Decem 
ber 1990, and “Restenosis and the Proportional Neointimal 
Response to Coronary Artery Injury: Results in a Porcine 
Model” by Robert S. Schwartz et al, J Am Coll Cardiol; 
19:267-74 February 1992 with the result that when com 
pared with the controls, the dexamethasone-coated Stents 
reduced the amount of proliferation associated with the 
arterial injury. 
0078. The complete disclosures of all patents, patent 
applications, and publications referenced herein are incor 
porated herein by reference as if individually incorporated. 
Various modifications and alterations of this invention will 
become apparent to those skilled in the art without departing 
from the scope and spirit of this invention, and it should be 
understood that this invention is not to be unduly limited to 
illustrative embodiments set forth herein. 

What is claimed is: 
1. A medical system, comprising: 
a catheter having a dilatation balloon disposed on a distal 

end thereof, and 
a deformable stent framework disposed on the dilatation 

balloon, wherein the stent includes at least one surface 
capable of contacting a site of vascular injury or 
trauma, the at least one surface comprising a porous 
material having dispersed therein an elutable therapeu 
tic agent. 

2. The medical system of claim 1, wherein the deformable 
stent framework is formed from a polymeric material, a 
metallic material, or a combination thereof. 

3. The medical system of claim 1, wherein the elutable 
therapeutic agent is the form of a Solid, gel, or neat liquid, 
which is dispersed in at least a portion of said porous 
polymeric material. 

4. The medical system of claim 1, wherein said porous 
material comprises a film. 

5. The medical system of claim 1, wherein said porous 
material comprises an integral portion of the device. 

6. The medical system of claim 1, wherein said porous 
material is a natural hydrogel, a synthetic hydrogel, silicone, 
polyurethane, polysulfone, cellulose, polyethylene, polypro 
pylene, polyamide, polyester, polytetrafluoroethylene, or a 
combination of two or more of these materials. 

7. The medical system of claim 1, wherein said porous 
material comprises a non-Swellable biostable polymer. 
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8. The medical system of claim 1, wherein said therapeu 
tic agent comprises an antithrombotic material. 

9. The medical system of claim 8, wherein the antithrom 
botic material is heparin, a heparin derivative or analog. 

10. The medical system of claim 1, wherein said thera 
peutic agent is a peptidic drug. 

11. The medical system of claim 1, wherein the stent has 
a generally cylindrical or sheet-like shape. 

12. A method for making an intravascular medical device, 
said method comprising the steps of: (a) providing a struc 
ture adapted for introduction into a blood vessel, the struc 
ture comprising a porous material; (b) immersing said 
structure in a Saturated solution of a therapeutic agent for a 
sufficient period of time to allow the solution to fill the 
porous material; (c) removing the structure from the solu 
tion; (d) drying the structure; and (e) repeating steps (b) 
through (d) whereby to provide a therapeutic agent dispersed 
within the porous material. 
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13. The medical system of claim 12, further comprising a 
step of removing air bubbles from the porous material while 
immersed in the Solution of the therapeutic agent. 

14. The medical system of claim 13, wherein the step of 
removing air bubbles from the porous material is effected by 
applying ultrasonic energy, reduced pressure, elevated pres 
Sure, or a combination thereof, to the Solution. 

15. The medical system of claim 12, further comprising 
the step of applying an overlayer of a polymer to said 
Structure. 

16. The medical system of claim 12, wherein said porous 
material is a natural hydrogel, a synthetic hydrogel, silicone, 
polyurethane, polysulfone, cellulose, polyethylene, polypro 
pylene, polyamide, polyester, polytetrafluoroethylene, or a 
combination of two or more of these materials. 

17. The medical system of claim 12, wherein said thera 
peutic agent is an antithrombotic material. 
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