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diameter to permit delivery of the body member into a body 
passageway and a second expanded diameter. The surface of 
the stent is coated With a biological agent and a polymer 
Which controls the release of the biological agent. 
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STENT COATING 

[0001] The present application is a continuation-in-part of 
co-pending US. patent application Ser. No. 10/039,816 ?led 
Oct. 26, 2001 entitled “Irradiated Stent Coating”, Which in 
turn is a continuation-in-part of co-pending US. patent 
application Ser. No. 09/771,073 ?led Jan. 29, 2001 entitled 
“Irnproved Expandable Graft”, Which in turn is a continu 
ation-in-part of co-pending US. patent application Ser. No. 
09/273,736 ?led Mar. 22, 1999 entitled “Irnproved Expand 
able Graft”, Which in turn claims priority on US. Provi 
sional Patent Application Serial No. 60/081,824 ?led Apr. 
15, 1998. The present application is also a continuation-in 
part of co-pending US. patent application Ser. No. 10/039, 
816 ?led Oct. 26, 2001 entitled “Irradiated Stent Coating”, 
Which in turn is a continuation-in-part of co-pending US. 
patent application Ser. No. 09/771,073 ?led Jan. 29, 2001 
entitled “Irnproved Expandable Graft”, Which in turn is a 
continuation-in-part of US. patent application Ser. No. 
09/363,052 ?led Jul. 29, 1999 entitled “Coated Intralurninal 
Graft”, now US. Pat. No. 6,206,916, Which in turn claims 
priority on US. Provisional Patent Application Serial No. 
60/094,250 ?led Jul. 27, 1998. 

[0002] This invention relates to an implant for use Within 
a body and, more particularly, an expandable stent Which is 
particularly useful for repairing various types of body pas 
sageWays, and even more particularly to an expandable stent 
that includes and/or is at least partially coated and/or a 
impregnated with one or more biological agents Which stent 
and one or more biological agents are useful in repairing 
blood vessels narroWed or occluded by disease. Although 
the present invention is particularly applicable to stents, the 
biological agent delivery system of the present invention can 
be used in conjunction With various types of implants such 
as, but not limited to, prosthetic devices. As such, the 
biological agent delivery system can form one or more 
components of other types of implants and/or be coated 
and/or irnpregnated onto at least a portion of other types of 
implants to deliver one or more biological agent to a 
particular site. Furthermore, the biological agent delivery 
system can be used in conjunction With, or used separate 
from, a stent and/or other types of implants to deliver a 
biological agent into a body cavity, organ or other part of the 
body. In addition, the present invention is particularly 
directed for use in humans; hoWever, the present invention 
can be used in animals and some types of plants. 

INCORPORATION BY REFERENCE 

[0003] US. Pat. Nos. 4,733,665; 4,739,762; 5,195,984; 
5,725,572; 5,735,871; 5,755,781; 5,853,419; 5,861,027; 
6,007,573; 6,059,810; 6,099,561; 6,200,337; 6,206,916; and 
6,379,379; and US. patent application Ser. Nos. 09/273,736 
?led Mar. 22, 1999; 09/771,073 ?led Jan. 29, 2001; and 
10/039,816 ?led Oct. 26, 2001; and PCT Patent Application 
No. WO 99/56663 are incorporated herein by reference to 
illustrate various types and con?gurations of stents, the 
process or method of manufacturing stents, and the method 
by Which such stents are used. US. Pat. Nos. 5,102,417; 
5,355,832; 5,447,799; 5,464,650; 5,578,075; 5,616,608; 
5,679,400; 5,716,981; 5,733,925; 5,916,585; 5,981,568; 
6,120,847; 6,156,373; 6,206,916; 6,258,121; 6,273,913; 
6,287,628; 6,299,604; 6,306,421; 6,322,847; 6,368,658; and 
6,379,379; US. patent application Ser. Nos. 09/273,736 
?led Mar. 22, 1999; 09/771,073 ?led Jan. 29, 2001; and 
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10/039,816 ?led Oct. 26, 2001; and PCT Patent Application 
Nos. WO 90/13332; WO 91/12779; WO 99/56663; and WO 
01/17577 are incorporated herein by reference to illustrate 
various biological agents that can be coated onto stents, 
coating compositions that can be used to coat various 
biological agents onto stents, and/or coating techniques used 
to coat coatings onto stents. The disclosed biological agents 
are merely a few examples of the biological agents that can 
be used in the present invention. 

BACKGROUND OF THE INVENTION 

[0004] Heart disease is still one of the most prevalent 
rnedical ailments in the World. Intralurninal endovascular 
grafting, a type of angioplasty procedure, has been demon 
strated by experirnentation to present a possible alternative 
to conventional vascular surgery and is used to treat heart 
disease. Intralurninal endovascular grafting involves a tubu 
lar prosthetic graft or stent and delivery Within the vascular 
system. As de?ned herein, the terms “graft” and “stent” are 
used interchangeably. Advantages of this method over con 
ventional vascular surgery include obviating the need for 
surgically exposing, incising, rernoving, replacing, or 
bypassing the defective blood vessel. Over 20 million angio 
plasty or related procedures involving occluded vasculature 
have been preforrned WorldWide. About 30% of these angio 
plasties fail Within 30 days. These failures typically require 
the procedure to be repeated. 

[0005] Several years ago, a product called a stent, named 
after Charles Stent, Was introduced for use in angioplasty 
procedures. The stent reduced the angioplasty failure rate to 
about 15 percent. A stent is an expandable rnetal tubular 
device that is mounted over an angioplasty balloon and 
deployed at the site of coronary narroWing. The balloon is 
in?ated to expand the stent to physically open and return 
patency to the body passageWay. After the stent is expanded, 
the balloon is de?ated and removed and the stent is perrna 
nently disposed to retain the opened body passageWay. The 
?rst generation of expandable stents did not offer a control 
lable radial expansion. An improved stent disclosed in US. 
Pat. No. 4,733,665 overcame the problem associated With 
controlled stent expansion. HoWever, prior art stents still do 
not provide control over the ?nal, expanded con?guration of 
the stent. For instance, the expansion of a particular coiled, 
spring-type stent is predeterrnined by the method of manu 
facture, material, and/or delivery system. In the case of 
self-expanding intralurninal stents formed of a heat sensitive 
material which expands upon exposure to core body tern 
perature, the amount of expansion is predeterrnined by the 
heat expansion properties of the particular alloy utiliZed in 
the manufacture of the intralurninal stent. Consequently, 
once the foregoing types of intralurninal stents Were 
expanded at the desired location Within a body passageWay, 
the expanded siZe of the stent could not be increased. If the 
proposed expanded diameter of the narroW body passage 
Way Was not determined correctly, the stent might not 
expand enough to contact the interior surface of the body 
passageWay so as to be secured thereto and/or not expand the 
body passageWay to the desired diameter. The stent dis 
closed in the ’665 patent overcame the problems associated 
With these past stent designs. 

[0006] The stent based upon the ’665 patent is currently 
being used in angioplasty procedures. Stents, including the 
stent of the ’665 patent, are presently used in approximately 



US 2003/0040790 A1 

30-60 percent of all angioplasty procedures. However, these 
stents have several shortcomings Which contribute to pro 
cedural failure rates. The currently used stents are not 
readily visible under ?uoroscopic guidance procedures. 
Stent placement is hindered as a result of poor visibility. As 
a result, precise positioning of the stent during the insertion 
procedure Was dif?cult to achieve. Consequently, the stent 
could be inadvertently positioned in the Wrong or non 
optimal location in the body passageWay. These stents also 
shorten longitudinally after radial expansion, Which is not 
desirable for their intended use. The shortening of the stent 
resulted in longitudinal movement of the stent during expan 
sion, Which sometimes resulted in the stent being fully 
expanded in the Wrong or non-optimal position. One stent 
design Was proposed in US. Pat. No. 5,853,419. The stent 
included a hexagon in the side Wall of the stent Which 
theoretically resulted in the stent retaining its longitudinal 
length during expansion. The stent also included ends that 
?ared outWardly. HoWever, in practice, the stent does not 
expand as described in the ’419 patent. Due to the hexagonal 
con?guration of the openings in the stent, the struts that form 
the hexagonal con?guration cause the ribs of the hexagonal 
con?guration to bend, buckle or tWist When the struts are 
being expanded, thus resulting in a reduction in the longi 
tudinal length of the stent. The bending, buckling or tWisting 
of the ribs can only be avoided if the struts are made of a 
very ?exible or bendable material; hoWever, the use of such 
material compromises the strength of the stent. Not only 
does the stent not retain its longitudinal length, the complex 
stent design is both dif?cult to manufacture and to uniformly 
expand in a body passageWay. 

[0007] The improved stent disclosed in US. patent appli 
cation Ser. No. 09/273,736 ?led Mar. 22, 1999, Which is 
incorporated herein by reference, overcomes these past 
problems With stents. The patent application discloses an 
improved stent that can be coated With one or more sub 
stances in various regions of the stent to improve the 
visibility of the stent by various techniques (eg ?uoros 
copy) during the insertion procedure, thereby improving the 
positional accuracy of the stent in the body passageWay. The 
improved stent also incorporates a unique design Which 
enables the stent to retain its original longitudinal length 
during expansion. The improved stent also is easier to 
manufacture and substantially uniformly expands in the 
body passageWay. 
[0008] Although the improved stent overcomes the de? 
ciencies of prior art stents With respect to accurate stent 
positioning, problems can still exist With respect to tissue 
damage by the stent during insertion and/or expansion of the 
stent. The tWo ends of prior art stents typically include one 
or more rough, sharp and/or pointed surfaces. These surfaces 
can cause irritation and/or damage to surrounding tissue as 
the stent is moved Within the body passageWays. Such 
irritation or damage to the surrounding tissue can create 
various types of complications during the surgical proce 
dure. These surfaces can also cause damage to surrounding 
tissue during the expansion of the stent. During stent expan 
sion, the middle of the stent is ?rst expanded by the 
angioplasty balloon. As the middle of the stent expands, the 
ends of the stent move toWard one another. This movement 
of the ends can result in the stent ends digging into and/or 
penetrating the surrounding tissue. Furthermore, tissue dam 
age can result When the end portions of the stent are 
eventually expanded by the angioplasty balloon. Stent 
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designs that have ?ared out ends can also cause damage to 
tissue during insertion of the stent and expansion of the 
stent. US. patent application Ser. No. 09/771,073 ?led Jan. 
29, 2001, Which is incorporated herein by reference, 
includes a stent design that overcomes or minimiZes tissue 
damage by the stent during stent insertion and stent expan 
sion. The stent includes rounded and/or smooth edges for the 
end portions of the stent. 

[0009] Several problems can develop after the stent is 
inserted into a body passageWay. One problem is knoWn as 
in-stent restenosis Wherein the body passageWay, Which has 
been previously treated With a stent, renarroWs or closes 
Within the stented segment. The renarroWing or closure of 
the body passageWay can be caused by a structural failure of 
the stent due to contractive forces by the body passageWay 
on the stent and/or by the body passageWay groWing into the 
openings in the stent. Other problems can include vascular 
narroWing and restenosis. Vascular narroWing is de?ned as 
a vascular segment that has not been previously treated by 
any interventional means and eventually closes, thereby 
preventing a ?uid body passageWay. Restenosis is the renar 
roWing of a previously treated vascular segment not involv 
ing a stent. Both of these problems are the result of a body 
passageWay that Was not treated With an invasive angio 
plasty, narroWing or closing, and from the insertion of a stent 
in one portion of the body passageWay causing vascular 
narroWing or restenosis in another part of the body passage 
Way. Vascular narroWing, restenosis and in-stent restenosis 
are caused by biological factors causing the premature 
closing of the body passageWays. One such biological factor 
is platelet derived groWth factor, referred to as PDGF. PDGF 
is an intercellular messenger capable of stimulating prolif 
eration of smooth muscle cells. Smooth muscle cells are 
knoWn to migrate Within body passageWays such as arteries 
and cause a restenotic reaction. 

[0010] The problems With vascular narroWing, restenosis 
and in-stent restenosis are signi?cantly overcome by the use 
of one or more drugs. US. Pat. No. 6,206,916 entitled 
“Coated Intraluminal Graft,” Which is incorporated herein 
by reference, discloses the use of a drug coated on at least 
a portion of the stent to inhibit or prevent the occurrence of 
in-stent restenosis, vascular narroWing and/or restenosis. 
Although the intravenous use of drugs and/or the coating of 
the stent With drugs can inhibit or prevent the occurrence of 
in-stent restenosis, vascular narroWing and/or restenosis, the 
continued need for the drugs after the stent has been inserted 
can require the patient to be retained in the hospital for 
extended periods of time. Furthermore, in-stent restenosis, 
vascular narroWing and/or restenosis may occur days or 
Weeks after the stent insertion procedure and after intrave 
nous use of drugs has terminated and/or the drug coating on 
the stent has been dissolved off the stent. Several other 
United States patents disclose the use of various drugs 
coated on stents. For example, US. Pat. No. 5,716,981, 
Which is incorporated herein by reference, discloses the use 
of paclitaxel or an analog or derivative thereof for use on a 

stent. US. Pat. Nos. 5,733,925 and 5,981,568, Which are 
incorporated herein by reference, disclose the use of taxol or 
a Water soluble taxol derivative; cytochalasin or analog 
thereof; or other type of cytoskeletal inhibitor for use on a 
stent. Several United States patents also disclose the use of 
polymers to bind the various drugs to the surface of the stent. 
Several of these polymers are disclosed in US. Pat. Nos. 
5,578,075 and 5,679,400, Which are incorporated herein by 
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reference. US. Pat. No. 5,464,650, Which is incorporated 
herein by reference, discloses the method of applying sev 
eral coatings of a polymer that has been mixed With a drug 
so as to control the delivery of the drug in a body over a 
period of time. The method of coating the stent involves a 
series of steps that signi?cantly increases the cost, complex 
ity and time for the manufacture of the stent. 

[0011] In vieW of the present stent technology, there is a 
need and demand for a stent that has improved procedural 
success rates, has higher visibility under ?uoroscopy in vivo, 
retains its longitudinal dimensions from its original pre 
expanded con?guration to its expanded con?guration, mini 
miZes damage to tissue during insertion and expansion of the 
stent, inhibits or prevents the occurrence of in-stent resteno 
sis, vascular narroWing and/or restenosis long after the stent 
has been inserted into a body passageWay, and is simple and 
cost effective to manufacture. 

SUMMARY OF THE INVENTION 

[0012] This invention pertains to an improved expandable 
stent designed to meet the present day needs and demands 
relating to stents. The present invention is directed to a stent 
and Will be particularly described With respect thereto; 
hoWever, the present invention has much broader scope and 
can be applied in part to a Wide variety of implants (e.g., 
prosthetic implants, heart pacers, organ implants, and/or 
other electronic and/or mechanical implants). The stent has 
a body member that includes ?rst and second ends and a Wall 
surface disposed betWeen the ?rst and second ends. The Wall 
surface is typically formed by a plurality of intersecting 
elongated members, and at least some of the elongated 
members typically intersect With one another at a point 
intermediate to the ?rst and second ends of the body 
member. Alternatively, or in addition, the Wall surface 
includes one or more slots. The body member has a ?rst 
cross-sectional area Which permits delivery of the body 
member into a body passageWay, and a second, expanded 
cross-sectional area. As de?ned herein, the term “body 
passageWay” means any passageWay or cavity in a living 
organism, including humans, animals and plants. A “body 
passageWay” in an animal or human includes, but is not 
limited to, the bile duct, bronchiole tubes, nasal cavity, blood 
vessels, heart, esophagus, trachea, stomach, fallopian tube, 
uterus, ureter, urethra, the intestines, lymphatic vessels, 
nasal passageWays, eustachian tube, acoustic meatus, and/or 
the like. The invention When used in association With stents 
is particularly applicable for use in blood vessels, and Will 
hereinafter be particularly described With reference thereto. 
The expansion of the stent body member can be accom 
plished in a variety of manners. Typically, the body member 
is expanded to its second cross-sectional area by a radially, 
outWardly extending force applied at least partially from the 
interior region of the body member. Alternatively or addi 
tionally, the body member can include heat sensitive mate 
rials that expand upon exposure to heat. The second cross 
sectional area of the stent can be ?xed or variable. When the 
second cross-sectional area is variable, the second cross 
sectional area is typically dependent upon the amount of 
radially outWard force applied to the body member. Gener 
ally, the body member is expanded so as to expand at least 
a portion of the body passageWay While retaining the origi 
nal length of the body member. In one particular body 
member design, the ?rst cross-sectional shape of the body 
member is substantially uniformly circular so as to form a 
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substantially tubular body member; hoWever, the body 
member can have other cross-sectional shapes such as, but 
not limited to, elliptical, oval, polygonal, trapeZoidal, and 
the like. As can be appreciated, the cross-sectional shape of 
the body member can be uniform or non-uniform in the ?rst 
and/or second cross-sectional shape. In addition, if more 
than one body member is included in a stent, all the body 
members can have substantially the same siZe and shape, or 
one or more of the body members can have a different siZe 
and/or shape from one or more other body members. 

[0013] Another and/or alternative feature of the present 
invention is that the stent includes a plurality of elongated 
members Wherein one or more elongated members is a Wire. 
In one embodiment of the present invention, the elongated 
members include a plurality of Wires Wherein the tWo or 
more of the Wires are secured to one another Where a 

plurality of Wires intersect With one another. TWo or more of 
the Wires can be connected together by a variety of tech 
niques such as, but not limited to, Welding, soldering, 
braZing, adhesives, lock and groove con?gurations, snap 
con?gurations, melting together the Wires, and the like. In 
another and/or alternative embodiment of the present inven 
tion, the body member is at least partially in the form of a 
Wire mesh arrangement. In one aspect of this embodiment, 
the Wire mesh arrangement is utiliZed as the stent. In another 
and/or alternative aspect of this embodiment, the Wire mesh 
arrangement is designed to be expanded to a second diam 
eter Within the body passageWay. In one non-limiting design, 
the second expanded diameter is variable and determined by 
the desired expanded internal diameter of the body passage 
Way. In another and/or alternative design, the second 
expanded diameter is selected so that the expanded Wire 
mesh arrangement Will not or substantially not migrate from 
the desired location Within the body passageWay. In still 
another and/or alternative non-limiting design, the expan 
sion of the stent does not or substantially does not cause a 
rupture of the body passageWay. In still another and/or 
alternative embodiment of the present invention, the plural 
ity of Wires forms a plurality of polygonal shaped regions on 
the body of the stent. In one aspect of this embodiment, the 
polygonal regions are aligned along the longitudinal axis of 
the body of the stent. In another and/or alternative aspect of 
this embodiment, the body of the stent includes a plurality 
of polygonal regions that are aligned along the longitudinal 
axis and lateral axis of the stent body. In one non-limiting 
design, the plurality of polygonal regions aligned along the 
longitudinal axis of the stent body are oriented substantially 
the same With respect to one another, and the plurality of 
polygonal regions aligned along the lateral axis are oriented 
differently from one another. In another and/or alternative 
non-limiting design, the polygonal regions that are aligned 
along the same longitudinal axis have a top that lies in the 
same longitudinal axis and have a bottom that lies in the 
same longitudinal axis, and the polygonal regions that are 
aligned along the same latitudinal axis have sides that do not 
lie in the same latitudinal axis; hoWever, alternating polygo 
nal regions have sides that are substantially parallel to one 
another. In still another and/or alternative non-limiting 
design, the side Wall of at least one body member includes 
an even number of polygonal regions about the peripheral 
surface of the body member. In yet another and/or alterna 
tive embodiment of the present invention, the polygonal 
shape, upon expansion, retains the original longitudinal 
length of the body of the stent. In one aspect of this 
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embodiment, a plurality of polygonal shapes have a sub 
stantially parallelogram shape. In another and/or alternative 
aspect of this embodiment, the body member includes about 
2-15 polygonal shapes along the longitudinal length of the 
body member, typically about 2-10 polygonal shapes, and 
more typically about 2-8 polygonal shapes; hoWever, more 
polygonal shapes can be used depending on the shape and/or 
siZe of the body member. 

[0014] Yet another and/or alternative feature of the present 
invention is that the stent includes a plurality of elongated 
members Wherein one or more elongated members is a thin 
bar. In one embodiment of the present invention, the elon 
gated members include a plurality of thin bars Wherein tWo 
or more of the thin bars are secured to one another Where a 
plurality of bars intersect With one another. TWo or more of 
the thin bars can be connected together by a variety of 
techniques such as, but not limited to, Welding, soldering, 
braZing, adhesives, lock and groove con?gurations, snap 
con?gurations, melting together the thin bars, and the like. 
In still another and/or alternative embodiment of the present 
invention, the plurality of thin bars forms a plurality of 
polygonal shaped regions on the body of the stent. In one 
aspect of this embodiment, the polygonal regions are aligned 
along the longitudinal axis of the body of the stent. In 
another and/or alternative aspect of this embodiment, the 
body of the stent includes a plurality of polygonal regions 
that are aligned along the longitudinal axis and lateral axis 
of the stent body. In one non-limiting design, the plurality of 
polygonal regions aligned along the longitudinal axis of the 
stent body are oriented substantially the same With respect to 
one another, and the plurality of polygonal regions aligned 
along the lateral axis are oriented differently from one 
another. In another and/or alternative non-limiting design, 
the polygonal regions that are aligned along the same 
longitudinal axis have a top that lies in the same longitudinal 
axis and have a bottom that lies in the same longitudinal 
axis, and the polygonal regions that are aligned along the 
same latitudinal axis have sides that do not lie in the same 
latitudinal axis; hoWever, alternating polygonal regions have 
sides that are substantially parallel to one another. In still 
another and/or alternative aspect of this embodiment, the 
side Wall of at least one body member includes an even 
number of polygonal regions about the peripheral surface of 
the body member. In yet another and/or alternative embodi 
ment of the present invention, the polygonal shape, upon 
expansion, substantially retains the original longitudinal 
length of the body of the stent. In one aspect of this 
embodiment, a plurality of polygonal shapes have a sub 
stantially parallelogram shape. In another and/or alternative 
aspect of this embodiment, the body member includes about 
2-15 polygonal shapes along the longitudinal length of the 
body member, typically about 2-10 polygonal shapes, and 
more typically about 2-8 polygonal shapes; hoWever, more 
polygonal shapes can be used depending on the shape and/or 
siZe of the body member. 

[0015] Still yet another and/or alternative feature of the 
present invention is that the side Wall of at least one body 
member of the stent includes a plurality of elongated mem 
bers that are arranged to form at least one polygonal shape. 
In one embodiment of the present invention, the polygonal 
shape, upon expansion, retains the original longitudinal 
length of the body of the stent. In one aspect of this 
embodiment, a plurality of polygonal shapes have a sub 
stantially parallelogram shape. In another and/or alternative 
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aspect of this embodiment, the body member of the stent is 
formed from a ?at piece of material. On the surface of the 
?at material there are formed a plurality of polygonal shaped 
regions. The ?at material is rolled or otherWise formed and 
the side edges of the ?at material are connected together to 
form the stent. The side edges of the ?at material can be 
connected together by a variety of techniques such as, but 
not limited to, Welding, soldering, braZing, adhesives, lock 
and groove con?gurations, snap con?gurations, melting 
together the edges, and the like. The polygonal regions in the 
?at material can also be formed by a variety of techniques 
such as, but not limited to, mechanical cutting, laser cutting, 
etching, molding, stamping, and/or the like. In one non 
limiting design, the polygonal regions are aligned along the 
longitudinal axis of the ?at material. In another and/or 
alternative non-limiting design, the ?at material includes a 
plurality of polygonal regions aligned along the longitudinal 
axis and lateral axis of the ?at material. In still another 
and/or alternative non-limiting design, the plurality of 
polygonal regions aligned along the longitudinal axis of the 
?at material are oriented substantially the same With respect 
to one another, and the plurality of polygonal regions aligned 
along the lateral axis are oriented differently from one 
another. In yet another and/or alternative non-limiting 
design, the polygonal regions that are aligned along the same 
longitudinal axis have a top that lies in the same longitudinal 
axis and have a bottom that lies in the same longitudinal 
axis, and the polygonal regions that are aligned along the 
same latitudinal axis have sides that do not lie in the same 
latitudinal axis; hoWever, alternating polygonal regions have 
sides that are substantially parallel to one another. In still yet 
another and/or alternative non-limiting design, the side Wall 
of at least one body member includes an even number of 
polygonal regions about the peripheral surface of the body 
member. In a further and/or alternative non-limiting design, 
the body member includes about 2-15 polygonal shapes 
along the longitudinal length of the body member, typically 
about 2-10 polygonal shapes, and more typically about 2-8 
polygonal shapes; hoWever, more polygonal shapes can be 
used depending on the shape and/or siZe of the body 
member. 

[0016] Another and/or alternative feature of the present 
invention is that the side Wall of at least one body member 
of the stent includes at least one set of slots. In one 
embodiment of the present invention, the one or more sets 
of slots are arranged to substantially maintain the original 
longitudinal length of the body member When the body 
member is expanded. In one aspect of this embodiment, the 
body member of the stent is formed from a substantially ?at 
single piece of material. On the surface of the ?at material 
there is formed a plurality of slots. The ?at material is rolled 
or otherWise formed and the side edges of the ?at material 
are connected together to form the stent. The side edges of 
the ?at material can be connected together by a variety of 
techniques such as, but not limited to, Welding, soldering, 
braZing, adhesives, lock and groove con?gurations, snap 
con?gurations, melting together the edges, and the like. The 
slots in the ?at material can also be formed by a variety of 
techniques such as, but not limited to, mechanical cutting, 
laser cutting, etching, molding, stamping, and/or the like. In 
another and/or alternative embodiment of the present inven 
tion, at least one set of slots forms substantially a V-shape 
When the body member is unexpanded. In one aspect of this 
embodiment, body portion includes a plurality of V-shapes. 
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In one non-limiting design of this aspect, a plurality of 
V-shapes are aligned along the longitudinal axis of the side 
Wall of the body member and are positioned in a partial 
stacked position With respect to one another to form a set of 
V-shapes. Generally, the body member includes about 2-20 
V-shapes in each set of V-shapes, typically about 2-10 
V-shapes, and more typically about 2-5 V-shapes; hoWever, 
more V-shapes per set can be used depending on the shape 
and/or siZe of the body member. In another and/or alterna 
tive non-limiting design, a plurality of V-shapes are aligned 
along the latitudinal aXis of the side Wall of the body 
member. In still another and/or alternative non-limiting 
design, at least a plurality of the V-shapes are substantially 
equally spaced from one another. In yet another and/or 
alternative non-limiting design, an even number of V-shapes 
are aligned along the latitudinal aXis of the side Wall of the 
body member. In still yet another and/or alternative non 
limiting design, at least a plurality of V-shapes have sub 
stantially the same angle When the body member is uneX 
panded. In a further and/or alternative non-limiting design, 
the angle formed by the V-shapes is betWeen 0-90° When the 
body member is uneXpanded, typically about 10-75°, and 
more typically about 15-60°, and even more typically about 
15-45°. In still a further and/or alternative non-limiting 
design, a plurality of slots have a length dimension that is at 
least about tWice as great as the Width dimension of the slot 
When the body member is uneXpanded, and typically at least 
about 3 times as great, and more typically at least about 5 
times as great, and even more typically at least about 10 
times as great, and still even more typically at least about 15 
times as great. In yet a further and/or alternative non 
limiting design, a plurality of V-shapes in a set of V-shapes 
are oriented in the same direction With respect to one another 
and oriented such that the base of one V-shape is positioned 
from the base of an adjacent V-shape a distance that is at 
least about 15% of the length of the legs of the V-shaped slot, 
typically about 15-80% of the length of the slots forming a 
leg of the V-shape, typically about 20-60% of the length of 
the leg of the V-shape, and even more typically about 
30-50% of the length of the leg of the V-shape. In still yet 
a further and/or alternative non-limiting design, a plurality 
of slots have a substantially oval shape. In another and/or 
alternative non-limiting design, at least a plurality of slots 
that form the V-shape do not intersect With one another. In 
one particular design, none of the slots that form the V-shape 
intersect With one another. 

[0017] Still another and/or alternative feature of the 
present invention is that the body member has a biocom 
patible coating that is coated and/or impregnated on at least 
a portion of its Wall surface. The biocompatible coating can 
be used to reduce in?ammation, infection, irritation and/or 
rejection of the stent. In one embodiment of the present 
invention, the biocompatible coating includes, but is not 
limited to, a metal coating. In one aspect of this embodi 
ment, the metal coating is plated on at least a portion of the 
stent. In another and/or alternative aspect of this embodi 
ment, the metal coating includes, but is not limited to, gold, 
platinum, titanium, nickel, tin, or combinations thereof. In 
another and/or alternative embodiment of the present inven 
tion, the biocompatible coating includes, but is not limited 
to, a polymer and/or a copolymer coating. In one aspect of 
this embodiment, the polymer and/or a copolymer coating 
includes, but is not limited to, polytetra?uoroethylene, poly 
ethylene, poly(hydroXyethly methacrylate), poly(vinyl alco 
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hol), polycaprolactone, poly(D, L-lactic acid), poly(L-lactic 
acid), poly(lactide-co-glycolide), poly(hydroXybutyrate), 
poly(hydroXybutyrate-co-valerate), polydioXanone, poly 
orthoester, polyanhydride, poly(glycolic acid), poly(glycolic 
acid-cotrimethylene cabonate), polyphosphoester, polyphos 
phoester urethane, poly(amino acids), cyanoacrylates, poly 
(trimethylene carbonate), poly(iminocarbonate), copoly 
(ether-esters), polyalkylene oXalates, polyphosphaZenes, 
polyiminocarbonates, aliphatic polycarbonates, polyethyl 
ene oXide, polyethylene gylcol, poly(propylene oXide), poly 
acrylamides, polyacrylic acid (30-60% solution), poly 
methacrylic acid, poly(N-vinyl-2-pyrollidone), 
polyurethanes, poly(aminoacid), cellulosic polymers (eg 
sodium carboXymethyl cellulose, hydroXyethyl celluslose), 
collagens, carrageenan, alginate, starch, deXtrin, gelatins, 
poly(lactide), poly(glycolide), polydioXanone, polycapro 
lactone, polyhydroXybutyrate, poly(phospaZaZene), poly 
(phosphate ester), poly(lactide-co-glycolide), poly(gly 
colide-co-trimethylene carbonate), poly(glycolide-co 
caprolactone), polyanhydrides, polyamides, polyesters, 
polyethers, polyketones, polyether elastomers, parylene, 
polyether amide elastomers, polyacrylate-based elastomers, 
polyethylene, polypropylene, and/or and derivatives thereof. 
In one aspect of this embodiment, the polymer and/or 
copolymer is substantially non-biodegradable so as to sub 
stantially maintain its ?uction throughout most or all of the 
useful life of the stent. In another and/or alternative aspect 
of this embodiment, one or more polymers are at least 
partially coated onto the surface of the stent by a process 
disclosed in US. Pat. Nos. 5,355,832 and 5,447,799, Which 
are incorporated herein by reference. In still another and/or 
alternative embodiment of the present invention, the bio 
compatible coating includes, but is not limited to, living 
cells. In yet another and/or alternative embodiment of the 
invention, the coating layer has a thickness in a range from 
about 50 to 500,000 Angstroms and typically in the 
range from about 100,000 to 500,000 

[0018] Still yet another and/or alternative feature of the 
present invention is that the stent, upon eXpansion, substan 
tially maintains its original longitudinal length. In one 
embodiment of the present invention, the stent, upon eXpan 
sion, substantially maintains its original longitudinal length 
throughout the eXpansion of the stent. 

[0019] Another and/or alternative feature of the present 
invention is that the stent includes at least tWo body mem 
bers that are connected together by at least one connector 
member that alloWs transverse bending and ?exibility 
invariant to the plane of bending. In one embodiment of the 
present invention, the connector member includes a non 
linear portion. In one aspect of this embodiment, the con 
nector member is at least partially V-shaped member (e.g., 
V-shaped, N-shaped, and/or M-shaped, W-shaped, 
X-shaped, Y-shaped, Z-shaped, etc.) and/or U-shaped (e.g., 
U-shaped, S-shaped, etc.) member. In another and/or alter 
native embodiment of the present invention, the tWo body 
members are connected together by a plurality of connec 
tors. In one aspect of this embodiment, tWo or more of the 
connectors are spaced at substantially equal distances from 
one another. In another and/or alternative aspect of this 
embodiment, tWo or more of the connectors are substantially 
symmetrically oriented from one another. In still another 
and/or alternative aspect of this embodiment, at least three 
connectors connect together tWo body members, and typi 
cally about 3-20 connectors connect together tWo body 
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members, and even more typically about 3-10 connectors 
connect together tWo body members. In still another and/or 
alternative embodiment of the present invention, the siZe of 
the connector is limited so as not to interfere With the proper 
expansion of the stent. In one aspect of this embodiment, the 
substantially V-shaped or U-shaped member has a height 
that is less than about ?ve times the maximum height of a 
polygonal shape in the unexpanded stent, and typically less 
than about three times the maximum height of a polygonal 
shape in the unexpanded stent, and more typically less than 
about tWo times the maximum height of a polygonal shape 
in the unexpanded stent, and even more typically less than 
about 1.75 times the maximum height of a polygonal shape 
in the unexpanded stent, and yet even more typically less 
than about 1.5 times the maximum height of a polygonal 
shape in the unexpanded stent, and still yet even more 
typically less than about 1.3 times the maximum height of a 
polygonal shape in the unexpanded stent. In another and/or 
alternative aspect of this embodiment, the substantially 
V-shaped or U-shaped member has a height that is less than 
about 1.5 times the maximum Width of the V-shape in the 
unexpanded stent, and typically less than about 1.0 times the 
maximum Width of the V-shape in the unexpanded stent, and 
more typically less than about 0.75 times the maximum 
Width of the V-shape in the unexpanded stent, and even more 
typically less than about 0.65 times the maximum Width of 
the V-shape in the unexpanded stent, and yet typically less 
than about 0.5 times the maximum Width of the V-shape in 
the unexpanded stent, and still yet more typically less than 
about 0.4 times the maximum Width of the V-shape in the 
unexpanded stent. 

[0020] Yet another and/or alternative feature of the present 
invention is that the body member is made of and/or includes 
a material that is visible under ?uoroscopy in vivo. The 
material to increase visibility includes, but is not limited to, 
metals, polymers and/or copolymers. In one embodiment of 
the present invention, the material to increase visibility is 
adhered to the surface of at least a portion of the stent by 
coating, plating, mounting, Welding and/or braising. In 
another and/or alternative embodiment of the present inven 
tion, the material to increase visibility is secured to the stent 
so as to principally come in contact With the inner luminal 
surface of the body passageWay. For instance, When the stent 
is inserted into a blood vessel, the material to increase 
visibility primarily contacts the inner luminal surface of the 
blood vessel and not any blood-borne components that could 
accelerate stent failure rates. In one aspect of this embodi 
ment, the material to increase visibility is at least partially 
located on at least one end, and typically both ends, of at 
least one body member. This positioning of the material on 
the body member helps to identify the location of the ends 
of the body member and the stent as a Whole, thus enhancing 
the critical placement of the stent so as to reduce the failure 
rate. In another and/or alternative aspect of this embodiment, 
the material to increase visibility is at least partially located 
on the outer surface of the body member at one or more 
connector members of the stent. This location of the material 
at one or more connector members enhances the critical 

placement of the stent around areas of high tortuosity so as 
to reduce the failure rate. In still another and/or alternative 
embodiment of the present invention, the material to 
increase visibility includes gold, gold alloy, and/or tantalum, 
etc. In one aspect of this embodiment, the gold and/or gold 
alloy is plated on at least a portion of the stent. 
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[0021] Still another and/or alternative feature of the 
present invention is that the stent material is treated With 
gamma, beta and/or e-beam radiation to reduce the vascular 
narroWing of the stented section. The radiation treatment can 
inactivate the cell migration and properties thereof Within a 
3 mm depth of the arterial Wall. The radiation treatment can 
further and/or alternatively steriliZe the stent to reduce 
infection When the stent is inserted into a body passageWay. 

[0022] Another and/or alternative feature of the present 
invention is that the stent can be inserted and expanded by 
standard procedures. The stent is designed so it can be 
inserted into a body passageWay until it is disposed at the 
desired location Within the body passageWay. The stent can 
then be radially expanded outWardly into contact With the 
body passageWay until the body passageWay, at the desired 
location, has been expanded, Whereby the stent inhibits or 
prevents the body passageWay from collapsing. In one 
embodiment of the present invention, the stent is at least 
partially expanded by an angioplasty balloon. 

[0023] Still another and/or alternative feature of the 
present invention is a stent that includes rounded, smooth 
and/or blunt surfaces that minimiZe and/or prevent damage 
to body passageWays as the stent is inserted into a body 
passageWay and/or expanded in a body passageWay. The 
modi?ed end surfaces are designed to reduce the cutting 
and/or piercing of tissue as the stent is positioned in and/or 
expanded in a body passageWay. Typically, the path from the 
point of entry into a body passageWay, and the ?nal position 
of the stent in the body passageWay, are not straight. As a 
result, the stent is caused to be Weaved through the body 
passageWay to reach the ?nal position in the body passage 
Way. This Weaving of the stent can result in the front ends, 
back ends, and/or side Walls of the stent to cut, scrape or 
otherWise damage tissue in the body passageWay as the stent 
is moved in the body passageWay. The rounding, smoothing 
and/or blunting of the surfaces signi?cantly reduces possible 
damage to the tissue. Damage to the tissue in the body 
passageWay can also occur during the expansion of the stent. 
The rounding, smoothing and/or blunting of the surfaces 
likeWise signi?cantly reduces possible damage to the tissue 
during the expansion of the stent. In one embodiment of the 
present invention, the rounding, smoothing and/or blunting 
of the surfaces can be accomplished by a number of different 
procedures. Some of these procedures include, but are not 
limited to, buffing, grinding, and/or sanding the surfaces. In 
another and/or alternative embodiment of the present inven 
tion, the surfaces of the stent are smoothed by coating and/or 
impregnating the stent With one or more metals or com 

pounds. In one aspect of this embodiment, at least a portion 
of the stent is coated and/or impregnated With a polymer 
and/or copolymer so as to reduce or eliminate the sharp, 
rough, and/or pointed surfaces on the stent. 

[0024] A further and/or alternative feature of the present 
invention is that the stent is at least partially coated and/or 
impregnated With one or more vascular active agents that 
inhibit and/or reduce restenosis, vascular narroWing and/or 
in-stent restenosis. In one embodiment of the present inven 
tion, at least one of the vascular active agents affects and/or 
alters tissue contraction and/or expansion to inhibit and/or 
reduce restenosis, vascular narroWing and/or in-stent rest 
enosis. Prior substances have been coated onto stents to 
address one or more problems associated With the use of 
stents. These substances include aspirin, heparin, colchicine 
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and deXamethaZone, among others. These substances are 
used to inactivate platelets, stop cell division and prevent 
cell adhesion. The problems associated With the use of these 
substances have varied effects. Heparin is not potent enough 
to eXtend a clinical effect. Colchicine has been shoWn to kill 
the cells in the surrounding area and actually propagate the 
problem. DeXamethaZone has not provided the desired res 
tenosis prevention. As de?ned herein, the term “vascular 
active agent” is de?ned as a substance other than aspirin, 
colchicine, deXamethaZone, or heparin. The vascular active 
agent is formulated to inhibit, reduce, and/or prevent rest 
enosis, vascular narroWing and/or in-stent restenosis in a 
body passageWay. As can be appreciated, the vascular active 
agent can be used independent of or in combination With a 
“secondary vascular active agent.” In another and/or alter 
native embodiment of the present invention, the secondary 
vascular active agent includes, but is not limited to, an agent 
that inhibits, reduces, and/or prevents thrombosis. Such 
agent can include, but is not limited to, antithrombotic 
compounds, anti-platelet compounds, and/or anti-coagulant 
compounds. In addition, the “secondary vascular active 
agent” can include compounds that include, but are not 
limited to, metabolic inhibitors, antineoplastics, prolifera 
tion inhibitors, cytotoxic compounds, antiplatelets, anti 
coagulants, fribrinolytics, thrombin inhibitors, antimitotics, 
anti-in?ammatory compounds, radioactive isotopes, and/or 
anti-tumor compounds. Furthermore, the “secondary vascu 
lar active agent” can include, but is not limited to, DNA, 
plasmid DNA, RNA, plasmid RNA, ACE inhibitors, groWth 
factors, cholesterol-lowering agents, vasodilating agents, 
oligonucleotides, and/or anti-sense oligonucleotides. Spe 
ci?c secondary vascular active agents that can be used 
include, but are not limited to, aspirin, colchicine, heparin, 
glucocorticoids (e.g. deXamethaZone, betamethaZone), hiru 
din, tocopherol, angiopeptin, D-Phe-ProArg chloromethyl 
ketone, and/or derivatives of these compounds. Heretofore, 
Applicant is unaWare of stents being coated and/or impreg 
nated With a combination of at least one vascular active 
agent and at least one secondary vascular active agent. In 
addition, Applicant is unaWare of stents being coated and/or 
impregnated With a combination of tWo or more secondary 
vascular active agents. Although the prior use of a single 
secondary vascular active agent has not resolved problems 
associated With in-stent restenosis, vascular narroWing and/ 
or restenosis, the combination of tWo or more of these 
compounds coated and/or impregnated on the stent can 
provide better results. The scope of this invention encom 
passes the concept of at least partially coating and/or 
impregnating the stent With tWo or more secondary vascular 
active agents by themselves or in combination With one or 
more vascular active agents. In one aspect of this embodi 
ment, the vascular active agent includes a compound that at 
least partially inhibits PDGF activity in the body passage 
Way. After a stent is inserted into a body passageWay, the 
stent may induce some irritation in the body passageWay. 
The biological factor, PDGF, is turned on due to such 
irritation and activates the components of clotting. These 
components can cause clotting in the stent area or in adjacent 
areas. This clotting can cause the body passageWay to 
narroW or ultimately close. At least one or more substances 

coated and/or impregnated onto the stent are formulated to 
deactivate and/or inhibit the activity of the PDGF, thereby 
reducing the occurrence of in-stent restenosis, vascular 
narroWing and/or restenosis. In another and/or alternative 

Feb. 27, 2003 

aspect of this embodiment, at least one of the vascular active 
agents that is at least partially coated and/or impregnated 
onto the stent to inhibit PDGF activity in the body passage 
Way includes triaZolopyrimidime (Trapidil), prostacyclin, 
and/or derivatives thereof. When the stent is inserted into a 
body passageWay, some damage to the tissue of the body 
passageWay can occur. For instance, a damaged endothelium 
eXposes the connective tissue to platelet aggregation and to 
local release of PDGF. Numerous animal models have 
shoWn that platelet adhesion to the vascular Wall of this 
damaged endothelium soon triggers the proliferation and 
migration of smooth muscle cells. If platelets are a source of 
PDGF, it has noW been demonstrated that endothelial cells, 
macrophages and smooth muscle cells are also a source of 
PDGF folloWing vascular trauma. The in?uence of Trapidil 
on platelet aggregation is linked to inhibition of the synthe 
sis of thromboXane A2 and the partial blocking of throm 
boXane A2 receptors. Trapidil is able to normaliZe an incor 
rect balance betWeen thromboXane A2 and prostacycline. 
ThromboXane A2 is a poWerful inducer of platelet aggrega 
tion. ThromboXane A2 is also responsible for the contraction 
of smooth muscles or vessels and stimulates the proliferation 
of the arterial intimal cells. Prostacyclin also inhibits platelet 
aggregation and has vasodilator properties. Trapidil also has 
antithrombotic properties and can signi?cantly reduce 
thrombosis induced by creation of an arteriovenous conduit, 
as compared to aspirin and dipyridamoles, Which only had 
a modest effect. Trapidil has other desirable properties such 
as vasodilation, a decrease in angina and an increase in HDL 
levels in patients With ischemic heart disease. Trapidil also 
effectively inhibits restenosis. Trapidil has an af?nity to 
eXert clinical effects starting in the second hour of treatment. 
The platelet inhibition in the ?rst day of treatment With 
Trapidil continues through the thirtieth day. The philosophy 
of a multifactorial approach, including but not limited to the 
increasing success of angioplasty and stent associated With 
a considerable reduction in complications, promotes the use 
of this technique in a large scale in the treatment of patients 
With coronary heart disease. Restenosis is one of the most 
important limitations to the long term bene?ts of angioplasty 
and a stent combination. Apharmacological approach aim 
ing to intervene in the mechanism of restenosis is needed to 
supplement the mechanical approach of the revasculariZa 
tion procedure. Various approaches have been proposed for 
the prevention of restenosis. The use of drugs such as, but 
not limited to, Trapidil, delivered by a stent locally to the 
affected area satis?es this need. As can be appreciated, 
Trapidil can be used in combination With one or more other 
vascular active agents and/or in combination With one or 
more secondary vascular active agents. The amount of 
Trapidil coated and/or impregnated into the stent can be 
varied depending on the intended use of the stent and/or siZe 
of the stent. In still another and/or alternative embodiment of 
the present invention, the stent includes up to about 200 mg 
of Trapidil. In one aspect of this embodiment, the stent 
includes at least about 1 pg of Trapidil. In another and/or 
alternative aspect of this embodiment, the stent includes 
about 10 pg to about 50 mg of Trapidil. In still another 
and/or alternative aspect of this embodiment, the stent 
includes about 20 pg to about 10 mg of Trapidil. 

[0025] Still a further and/or alternative feature of the 
present invention is that the stent is at least partially coated 
and/or impregnated With one or more vascular active agents 
that promote blood vessel groWth. The fully or partially 
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blocked blood vessel and tissue about the fully or partially 
blocked blood vessel become oxygen starved due to the 
impaired How of blood through the fully or partially blocked 
blood vessels. When a stent in inserted into the blood vessel 
to reestablish a more normal blood ?oW rate through the 
blood vessel, the region around the formerly fully or par 
tially blocked blood vessel once again begins to receive a 
proper oxygen supply. HoWever, prolonged oxygen starva 
tion can damage the blood vessels and surrounding tissue to 
an eXtent that a substantial time period is required to 
naturally repair such damaged tissue. Furthermore, the for 
merly blocked or partially blocked blood vessel may be 
Weaker resulting in further damage to the blood vessel once 
normal blood ?oW rates are reestablished. Many of these 
problems can be addressed by at least partially coating 
and/or impregnating the stent With one or more vascular 
active agents that promote blood vessel groWth. One non 
limiting blood vessel groWth promoter that can be coated 
and/or, impregnated on the stent is granulo-cyte-macroph 
age colony-stimulating-factor (GM-CSF). GM-CSF has 
been found to simulate blood vessel groWth even in oXygen 
starved environments. As can be appreciated, GM-CSF can 
be used in combination With one or more other vascular 
active agents and/or in combination With one or more 
secondary vascular active agents. The amount of GM-CSF 
coated and/or impregnated into the stent can be varied 
depending on the intended use of the stent and/or siZe of the 
stent. In one embodiment of the present invention, the stent 
includes up to about 200 mg of GM-CSF. In one aspect of 
this embodiment, the stent includes at least about 1 pg of 
GM-CSF. In another and/or alternative aspect of this 
embodiment, the stent includes about 10 pg to about 50 mg 
of GM-CSF. In still another and/or alternative aspect of this 
embodiment, the stent includes about 20 pg to about 10 mg 
of GM-CSF. 

[0026] Yet another and/or alternative feature of this inven 
tion corresponds to the local delivery of one or more 
vascular active agents to inhibit and/or prevent restenosis, 
vascular narroWing and/or in-stent restenosis including, but 
not limited to, Trapidil, and/or GM-CSF, through an angio 
plasty balloon With the physical capability to transfer solute 
of the vascular active agent through the angioplasty balloon 
membrane to the affected sight. As can be appreciated, a 
vascular active agent such as, but not limited to, Trapidil 
and/or GM-CSF, can be delivered alone and/or in combina 
tion With another vascular active agent and/or a secondary 
vascular active agent. This delivery can be in the form of a 
stream, a sloW ooZing delivery or a bolus injection. The 
delivery can be made through magnetic, electrical or physi 
cal arrangements. In one embodiment of the present inven 
tion, the delivery of a vascular active agent and/or secondary 
vascular active agent is accomplished through a separate 
passageWay capable of channeling the solute of the vascular 
active agent and/or secondary vascular agent to the affected 
area. This delivery through an angioplasty balloon also 
delivers the vascular active agent and/or secondary vascular 
active agent to the sight of restenosis, vascular narroWing, 
in-stent restenosis, thrombosis and the like, and/or to the site 
to promote groWth of blood vessels. In one aspect of this 
embodiment, the angioplasty balloon includes one or more 
slits or openings Wherein the vascular active agent and/or 
secondary vascular active agent can stream, ooZe or other 
Wise ?oW out of the angioplasty balloon and into the body 
passageWay. The one or more slits and/or openings can be 
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designed so as to alloW the vascular active agent and/or 
secondary vascular active agent to eXit the angioplasty 
balloon When the angioplasty balloon is in an expanded and 
uneXpanded state. In one non-limiting design, the one or 
more slits and/or openings in the angioplasty balloon inhibit 
or prevent the vascular active agent and/or secondary vas 
cular active agent from entering the body passageWay When 
the angioplasty balloon is in the uneXpanded state. 

[0027] Another and/or alternative feature of the present 
invention is that one or more vascular active agents and/or 
secondary vascular active agents are at least partially coated 
and/or impregnated totally on or partially on the stent. In one 
embodiment of the present invention, the thickness of the 
coating on the stent can be uniform or varied. Generally, the 
thickness of the coating is not as important as the concen 
tration of the vascular active agent and/or secondary vascu 
lar active agent needed to acquire the desired affect. High 
concentrations of vascular active agents and/or secondary 
vascular active agents can be coated With thinner coatings, 
and loWer concentrations of vascular active agents and/or 
secondary vascular active agents can be coated With thicker 
coatings. In one aspect of this embodiment, the coating 
thickness is less than or equal to the material that forms the 
stent. In another and/or alternative embodiment of the inven 
tion, the stent includes a single coating on speci?c regions 
of the stent or on the total surface of the stent. In one aspect 
of this embodiment, the composition of the coating on 
different regions of the stent is substantially the same. In 
another and/or alternative aspect of this embodiment, the 
composition of the coating on different regions of the stent 
is different. In still another and/or alternative embodiment of 
the present invention, the stent includes a multiple coatings 
on speci?c regions of the stent or on the total surface of the 
stent. In one aspect of this embodiment, the coating thick 
nesses are of the multiple coatings are substantially the 
same. In another and/or alternative aspect of this embodi 
ment, the coating thickness of the tWo or more coatings is 
different. In still another and/or alternative aspect of this 
embodiment, the composition of the coatings is substantially 
the same. In yet another and/or alternative aspect of this 
embodiment, the composition of tWo or more coatings is 
different. In yet another and/or alternative embodiment of 
the present invention, one or more coatings are applied to the 
stent by vaporiZation, plasma deposition, ioniZation, dip 
ping, brushing, and/or spraying. In still yet another and/or 
alternative embodiment of the invention, the vascular active 
agent and/or secondary vascular active agent is at least 
partially impregnated into the stent. The impregnation can 
be the result of a porous surface of the stent and/or the stent 
including one or more internal cavities. In one aspect of this 
embodiment, the stent is impregnated on speci?c regions of 
the stent or on the total surface of the stent. In another and/or 
alternative aspect of this embodiment, the stent is impreg 
nated With the same compound. In still another and/or 
alternative aspect of this embodiment, the stent is impreg 
nated With different compounds at different regions of the 
stent. In yet another and/or alternative aspect of this embodi 
ment, the stent is impregnated With multiple compounds. In 
a further and/or alternative embodiment of the present 
invention, one or more compounds are impregnated in the 
stent by vaporiZation, ioniZation, dipping, brushing, and/or 
spraying. 
[0028] Still another and/or alternative feature of the 
present invention is that one or more vascular active agents 



US 2003/0040790 A1 

and/or secondary vascular active agents are at least partially 
coated and/or impregnated onto the stent by the use of an 
intermediate compound. Typically, the intermediate com 
pound is a synthetic biocompatible material that does not 
adversely affect the vascular active agent and/or secondary 
vascular active agent or cause problems or adverse reactions 
in the body passageWay. In one embodiment of the present 
invention, the intermediate compound is biodegradable. In 
another and/or alternative embodiment of the present inven 
tion, the intermediate compound is non-biodegradable. In 
still another and/or alternative embodiment of the invention, 
the intermediate compound is at least partially coated and/or 
impregnated on speci?c regions of the stent or totally coats 
the stent. In one aspect of this embodiment, the thickness of 
the coating on the stent can be uniform or varied. The 
coating thickness can be used to control the amount of 
vascular active agent and/or secondary vascular active agent 
that is coated on the stent and/or to control the release rate 
of the vascular active agent from the stent. Thicker coating 
can hold more vascular active agent and/or secondary vas 
cular active agent. Thicker coating can also increase the time 
of full release of the vascular active agent and/or secondary 
vascular active agent from the stent. In one particular 
non-limiting design, the coating thickness is less than or 
equal to the material that forms the stent. In another and/or 
alternative embodiment of the invention, the stent includes 
a single coating of intermediate compound on speci?c 
regions of the stent or on the total surface of the stent. In one 
aspect of this embodiment, the composition of the interme 
diate compound on different regions of the stent is substan 
tially the same. In another and/or alternative aspect of this 
embodiment, the composition of the intermediate compound 
on different regions of the stent is different. In still another 
and/or alternative embodiment of the present invention, the 
stent includes a multiple coatings of intermediate compound 
on speci?c regions of the stent or on the total surface of the 
stent. In one aspect of this embodiment, the coating thick 
nesses of the intermediate compound are substantially the 
same. In another and/or alternative aspect of this embodi 
ment, the coating thickness of tWo or more coatings of 
intermediate compound is different. In still another and/or 
alternative aspect of this embodiment, the composition of 
the coatings of intermediate compound is substantially the 
same. In yet another and/or alternative aspect of this 
embodiment, the composition of tWo or more coatings of 
intermediate compound are different. In yet another and/or 
alternative embodiment of the present invention, one or 
more coatings of intermediate compound are applied to the 
stent by vaporiZation, ioniZation, dipping, brushing, and/or 
spraying. In yet another and/or alternative embodiment of 
the invention, the intermediate compound is at least partially 
impregnated into the stent. The impregnation can be the 
result of a porous surface of the stent and/or the stent 
including one or more internal cavities. In one aspect of this 
embodiment, the stent is impregnated With the intermediate 
compound on speci?c regions of the stent or on the total 
surface of the stent. In another and/or alternative aspect of 
this embodiment, the stent is impregnated With the same 
intermediate compound. In still another and/or alternative 
aspect of this embodiment, the stent is impregnated With 
different intermediate compounds at different regions of the 
stent. In yet another and/or alternative aspect of this embodi 
ment, the stent is impregnated With multiple intermediate 
compounds. In a further and/or alternative embodiment of 
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the present invention, one or more intermediate compounds 
are impregnated in the stent by vaporiZation, ioniZation, 
dipping, brushing, and/or spraying. In still a further and/or 
alternative embodiment of the present invention, the one or 
more vascular active agents and/or secondary vascular 
active agents are coated and/or impregnated onto the stent 
prior to coating and/or impregnating the stent With one or 
more intermediate compounds. In yet a further and/or alter 
native embodiment of the present invention, the one or more 
intermediate compounds are coated and/or impregnated onto 
the stent prior to coating and/or impregnating the stent With 
one or more vascular active agents and/or secondary vas 
cular active agents. 

[0029] Still yet another and/or alternative feature of the 
present invention is that the stent is at least partially coated 
and/or impregnated With, and/or at least partially includes 
one or more biological agents. The biological agent can be 
directly coated and/or impregnated on to the stent, and/or 
coated With the assistance of one or more intermediate 
compounds. In one embodiment of the present invention, the 
thickness of the coating of the biological agent on the stent 
can be uniform or varied. Generally, the thickness of the 
coating is not as important as the concentration of the 
vascular active agent and/or secondary vascular active agent 
needed to acquire the desired affect. High concentrations of 
biological agent can be coated With thinner coatings, and 
loWer concentrations of biological agent can be coated With 
thicker coatings. In one aspect of this embodiment, the 
coating thickness is less than or equal to the material that 
forms the stent. In another and/or alternative embodiment of 
the invention, the stent includes a single coating on speci?c 
regions of the stent or on the total surface of the stent. In one 
aspect of this embodiment, the composition of the coating on 
different regions of the stent is substantially the same. In 
another and/or alternative aspect of this embodiment, the 
composition of the coating on different regions of the stent 
is different. In still another and/or alternative embodiment of 
the present invention, the stent includes multiple coatings on 
speci?c regions of the stent or on the total surface of the 
stent. In one aspect of this embodiment, the coating thick 
nesses of the multiple coatings are substantially the same. In 
another and/or alternative aspect of this embodiment, the 
coating thickness of the tWo or more coatings is different. In 
still another and/or alternative aspect of this embodiment, 
the composition of the coatings is substantially the same. In 
yet another and/or alternative aspect of this embodiment, the 
composition of tWo or more coatings is different. In yet 
another and/or alternative embodiment of the present inven 
tion, one or more coatings of biological agent are applied to 
the stent by vaporiZation, ioniZation, dipping, brushing, 
and/or spraying. In still yet another and/or alternative 
embodiment of the invention, the biological agent is at least 
partially impregnated into the stent. The impregnation can 
be the result of a porous surface of the stent and/or the stent 
including one or more internal cavities. In one aspect of this 
embodiment, the stent is impregnated on speci?c regions of 
the stent or on the total surface of the stent. In another and/or 
alternative aspect of this embodiment, the stent is impreg 
nated With the same compound. In still another and/or 
alternative aspect of this embodiment, the stent is impreg 
nated With different compounds at different regions of the 
stent. In yet another and/or alternative aspect of this embodi 
ment, the stent is impregnated With multiple compounds. In 
a further and/or alternative embodiment of the present 
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invention, one or more compounds are impregnated in the 
stent by vaporization, ionization, dipping, brushing, and/or 
spraying. As de?ned herein, the term “biological agent” is 
de?ned as any substance, drug or otherWise, that is formu 
lated or designed to prevent, inhibit and/or treat one or more 
biological problems, such as, but not limited to, viral, fungus 
and/or bacteria infection; vascular disorders; digestive dis 
orders; reproductive disorders; lymphatic disorders; cancer; 
implant rejection; pain; nausea; sWelling; arthritis; bone 
disease; organ failure; immunity diseases; cholesterol prob 
lems; blood diseases; lung diseases and/or disorders; heart 
diseases and/or disorders; brain diseases and/or disorders; 
neuroglial diseases and/or disorders; kidney diseases and/or 
disorders; ulcers; liver diseases and/or disorders; intestinal 
diseases and/or disorders; gallbladder diseases and/or dis 
orders; pancreatic diseases and/or disorders; psychological 
disorders; respiratory disorders; gland disorders; skin dis 
eases; hearing disorders; oral disorders; nasal disorders; eye 
disorders; fatigue; genetic disorders; bums; scars; trauma; 
Weight disorders; addiction disorders; hair loss; cramps; 
muscle spasms; tissue repair; and/or the like. As such, the 
term “biological agent” includes vascular active agents and 
secondary vascular active agents. 

[0030] Still another and/or alternative feature of the 
present invention is that the biological agent is at least 
partially coated and/or impregnated onto the stent by the use 
of an intermediate compound. Typically, the intermediate 
compound is a synthetic biocompatible material that does 
not adversely affect the biological agent or cause problems 
or adverse reactions in the body passageWay. In one embodi 
ment of the present invention, the intermediate compound is 
biodegradable. In another and/or alternative embodiment of 
the present invention, the intermediate compound is non 
biodegradable. In still another and/or alternative embodi 
ment of the invention, the intermediate compound is at least 
partially coated and/or impregnated on speci?c regions of 
the stent or totally coats the stent. In one aspect of this 
embodiment, the thickness of the coating on the stent can be 
uniform or varied. The coating thickness can be used to 
control the amount of biological agent that is coated on the 
stent and/or to control the release rate of the biological agent 
from the stent. Thicker coating can hold more biological 
agent. Thicker coating can also increase the time of full 
release of the biological agent from the stent. In one par 
ticular non-limiting design, the coating thickness is less than 
or equal to the material that forms the stent. In another 
and/or alternative embodiment of the invention, the stent 
includes a single coating of intermediate compound on 
speci?c regions of the stent or on the total surface of the 
stent. In one aspect of this embodiment, the composition of 
the intermediate compound on different regions of the stent 
is substantially the same. In another and/or alternative aspect 
of this embodiment, the composition of the intermediate 
compound on different regions of the stent is different. In 
still another and/or alternative embodiment of the present 
invention, the stent includes a multiple coatings of interme 
diate compound on speci?c regions of the stent or on the 
total surface of the stent. In one aspect of this embodiment, 
the coating thicknesses of the intermediate compound are 
substantially the same. In another and/or alternative aspect 
of this embodiment, the coating thickness of tWo or more 
coatings of intermediate compound is different. In still 
another and/or alternative aspect of this embodiment, the 
composition of the coatings of intermediate compound is 
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substantially the same. In yet another and/or alternative 
aspect of this embodiment, the composition of tWo or more 
coatings of intermediate compound are different. In yet 
another and/or alternative embodiment of the present inven 
tion, one or more coatings of intermediate compound are 
applied to the stent by vaporiZation, ioniZation, dipping, 
brushing, and/or spraying. In yet another and/or alternative 
embodiment of the invention, the intermediate compound is 
at least partially impregnated into the stent. The impregna 
tion can be the result of a porous surface of the stent and/or 
the stent including one or more internal cavities. In one 

aspect of this embodiment, the stent is impregnated With the 
intermediate compound on speci?c regions of the stent or on 
the total surface of the stent. In another and/or alternative 
aspect of this embodiment, the stent is impregnated With the 
same intermediate compound. In still another and/or alter 
native aspect of this embodiment, the stent is impregnated 
With different intermediate compounds at different regions 
of the stent. In yet another and/or alternative aspect of this 
embodiment, the stent is impregnated With multiple inter 
mediate compounds. In a further and/or alternative embodi 
ment of the present invention, one or more intermediate 
compounds are impregnated in the stent by vaporiZation, 
ioniZation, dipping, brushing, and/or spraying. In still a 
further and/or alternative embodiment of the present inven 
tion, the one or more biological agents are coated and/or 
impregnated onto the stent prior to coating and/or impreg 
nating the stent With one or more intermediate compounds. 
In yet a further and/or alternative embodiment of the present 
invention, the one or more intermediate compounds are 
coated and/or impregnated onto the stent prior to coating 
and/or impregnating the stent With one or more biological 
agents. 

[0031] A further another and/or alternative feature of the 
present invention is that the biological agent is at least 
partially encapsulated by a material. In one embodiment of 
the present invention, the biological agent includes one or 
more vascular active agents and/or one or more secondary 
vascular active agents to inhibit and/or reduce restenosis, 
vascular narroWing and/or in-stent restenosis. In another 
and/or alternative embodiment of the present invention, the 
biological agent is at least partially encapsulated in biode 
gradable polymer and/or copolymer. In one aspect of this 
embodiment, the polymer and/or copolymer is at least 
partially formulated from aliphatic polyester compounds 
such as, but not limited to, FLA (i.e. poly(D, L-lactic acid), 
poly(L-lactic acid)) and/or PLGA (i.e. poly(lactide-co-gly 
coside)). In still another and/or alternative embodiment of 
the present invention, the rate of degradation of the polymer 
and/or copolymer is principally a function of 1) the Water 
permeability and solubility of the polymer and/or copoly 
mer, 2) chemical composition of the polymer and/or copoly 
mer, 3) mechanism of hydrolysis of the polymer and/or 
copolymer, 4) the biological agent encapsulated in the 
polymer and/or copolymer, 5) the siZe, shape and surface 
volume of the polymer and/or copolymer, 6) porosity of the 
polymer and/or copolymer, and/or 7) the molecular Weight 
of the polymer and/or copolymer. As can be appreciated, 
other factors may also affect the rate of degradation of the 
polymer and/or copolymer. The rate of degradation of the 
polymer and/or copolymer controls the amount of biological 
agent released during a speci?c time period into the body 
passageWay or other parts of the body. As can be appreci 
ated, the biological agent can be formed into a pill, capsule 
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or the like for oral ingestion by a human or animal. The rate 
of degradation of the polymer and/or copolymer that is at 
least partially encapsulating the biological agent controls the 
amount of biological agent that is released into a body 
passageWay or other part of the body over time. The 
biological agent can be at least partially encapsulated With 
different polymer and/or copolymer coating thickness, dif 
ferent numbers of coating layers, and/or With different 
polymers or copolymers to alter the time period one at least 
partially encapsulated biological agent is released in a body 
passageWay or other part of the body over time as compared 
to another at least partially encapsulated biological agent. 
Alternatively or in addition, one or more at least partially 
encapsulated biological agents can be at least partially 
encapsulated in a biodegradable capsule and/or coating, 
Which biodegradable capsule and/or coating delays the 
eXposure of one or more of the at least partially encapsulated 
biological agents to ?uids in a body passageWay or other part 
of the body. As can further be appreciated, the at least 
partially encapsulated biological agent can be introduced 
into a human or animal by means other than by oral 
introduction, such as, but not limited to, injection, topical 
applications, intravenously, eye drops, nasal spray, surgical 
insertion, suppositories, intrarticularly, intraocularly, intra 
nasally, intradermally, sublingually, intravesically, intrathe 
cally, intraperitoneally, intracranially, intramuscularly, sub 
cutaneously, directly at a particular site, and the like. In 
another aspect of this embodiment, the polymer and/or 
copolymer is formed into one or more shapes such as, but 
not limited to, spherical, cubical, cylindrical, pyramidal, and 
the like. 

[0032] Yet a further another and/or alternative feature of 
the present invention is that the stent is at least partially 
coated and/or impregnated With one or more polymers or 
copolymers that include one or more biological agents. In 
one embodiment of the present invention, the coating thick 
ness of each intermediate compound on the stent is less than 
about 0.08 inch, and typically less than about 0.01 inch, and 
even more typically less than about 0.005 inch. The particu 
lar coating sequence on a stent Will generally depend on 1) 
the amount of a particular biological agent to be released 
over time, 2) the sequence of biological agents to be released 
over time, 3) the time period the release of the biological 
agent is to begin, 4) the time period the release of the 
biological agent is to end, and/or 5) the location in the body 
the biological agent is to be released. As can be appreciated, 
other factors may dictate the particular coating sequence on 
a stent. In another and/or alternative embodiment of the 
present invention, the intermediate compound is formulated 
to delay and/or regulate the time and/or amount of one or 
more biological agents being released into the body pas 
sageWay, and/or to facilitate in the bonding of one or more 
biological agents to the stent. The intermediate compound 
can be formulated so as to form one or more bonds With one 

or more biological agents or be chemically inert With respect 
to one or more biological agents. 

[0033] Still a further another and/or alternative feature of 
the present invention is that the stent is at least partially 
formed by a material that includes one or more biological 
agents. In one embodiment of the present invention, one or 
more biological agents are at least partially embedded in the 
stent so as to inhibit the release, control the release, and/or 
delay the release of one or more biological agents into the 
body passageWay. The material forming at least a portion of 
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the stent in Which one or more biological agents are imbed 
ded can be a biodegradable material and/or a non-biode 
gradable material. The material can be formulated so as to 
form one or more bonds With one or more biological agents 

or be chemically inert With respect to one or more biological 
agents. Typically, the material is a substantially non-biode 
gradable material so that the structural integrity of the stent 
or other implant is maintained throughout the life of the stent 
or other implant. HoWever, there may be instances Wherein 
the stent or other implant advantageously becomes fully or 
partially degraded over time. In one aspect of this embodi 
ment, the material includes a metal and/or polymer and/or 
copolymer. 

[0034] Still a further another and/or alternative feature of 
the present invention is that one or more biological agents at 
least partially forms a chemical bond With an intermediate 
compound that at least partially encapsulates one or more of 
the biological agents; that at least partially coats and/or 
impregnates the stent or other implant; and/or that at least 
partially forms the stent or other implant. In one embodi 
ment of the present invention, one or more of the biological 
agents forms a polymer and/or copolymer salt complex With 
one or more intermediate compounds that at least partially 
encapsulates one or more of the biological agents; that at 
least partially coats and/or impregnates the stent or other 
implant; and/or that at least partially forms the stent or other 
implant. In one aspect of this embodiment, the biological 
agent includes, but is not limited to, Trapidil and/or deriva 
tives thereof; GM-CSF and/or derivatives thereof; taXol 
and/or derivatives thereof (eg taXotere, baccatin, 
10-deacetyltaXol, 7-Xylosyl-10-deacetyltaXol, cephaloman 
nine, 10-deacetyl-7-epitaXol, 7 epitaXol, 10-deacetylbacca 
tin III, 10-deacetylcephaolmannine); S-Fluorouracil and/or 
derivatives thereof; Beta-Estradiol and/or derivatives 
thereof; Tranilast and/or derivatives thereof; Probucol and/ 
or derivatives thereof; Angiopeptin and/or derivatives 
thereof; paclitaXel and/or derivatives thereof; cytochalasin 
and/or derivatives thereof (eg cytochalasin A, cytochalasin 
B, cytochalasin C, cytochalasin D, cytochalasin E, cytocha 
lasin F, cytochalasin G, cytochalasin H, cytochalasin J, 
cytochalasin K, cytochalasin L, cytochalasin M, cytochala 
sin N, cytochalasin O, cytochalasin P, cytochalasin Q, 
cytochalasin R, cytochalasin S, chaetoglobosin A, chaeto 
globosin B, chaetoglobosin C, chaetoglobosin D, chaetoglo 
bosin E, chaetoglobosin F, chaetoglobosin G, chaetoglo 
bosin J, chaetoglobosin K, deoXaphomin, proXiphomin, 
protophomin, Zygosporin D, Zygosporin E, Zygosporin F, 
Zygosporin G, aspochalasin B, aspochalasin C, aspochalasin 
D); aspirin and/or derivatives thereof; dipyridamoles and/or 
derivatives thereof; argatroban and/or derivatives thereof; 
forskolin and/or derivatives thereof; vapiprost and/or deriva 
tives thereof; prostacyclin and prostacyclin and/or deriva 
tives thereof; glycoprotein Ilb/Illa platelet membrane recep 
tor antibody; colchicine and/or derivatives thereof; 
deXamethaZone and/or derivatives thereof; dipyridamoles 
and/or derivatives thereof; and/or heparin and/or derivatives 
thereof; glucocorticoids (e.g. deXamethasone, betamethaso 
ne)and/or derivatives thereof; hirudin and/or derivatives 
thereof; coumadin and/or derivatives thereof; prostacyclenes 
and/or derivatives thereof; antithrombogenic agents; ste 
roids; seramin and/or derivatives thereof; thioprotese inhibi 
tors; nitric oxide; ibuprofen; antimicrobials; antibiotics; tis 
sue plasma activators; rifamycin and/or derivatives thereof; 
monoclonal antibodies; anti?brosis compounds; cyclospo 




























