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[0030] With respect to the openings in contemplated
stents, it should be recognized that all known manners of
creating an opening in the materials of the stent are deemed
appropriate, including cutting, laser ablation, and sanding.
For example, where the continuous inner and outer layers
are prefabricated and arranged to enclose the stent frame,
laser light or other energy is preferably applied to create the
opening through inner and outer layers. Alternatively, in less
preferred aspects, the openings can be created sequentially
(e.g., by manual cutting). Regardless of the manner of
creating the opening, it should be recognized that the open­
ing will, in all contemplated stents extend through the frame
(via a frame opening) and the continuous inner and/or outer
layer.

[0031] In especially preferred aspects, where high energy
is applied to create the opening, it is contemplated that part
of the energy is employed to seal the opening. For example,
the inner and/or outer layer can be annealed to the frame at
the position of the frame opening, and/or the inner and outer
layer may be annealed together (optionally also including
any intervening layers). Thus, it should be recognized that
the step of forming an opening can be used to form a seal
that will assist in retaining one or more pharmaceutically
active agents in a space defined between the stent frame and
a layer surrounding the stent frame.

[0032] Typically, the size of contemplated openings will
be substantially homogeneous (typically within +/_10%
absolute), and it is further contemplated that the opening will
be not less than 30%, more typically no less than 50%, and
most typically no less than 70% of the size of the corre­
sponding frame opening. Furthermore, contemplated stents
include at least one opening that has a size to allow endot­
helialization. Therefore, it is generally contemplated that the
smallest dimension of the opening is at least 100 microme­
tesr, more typically 300 micrometers, even more typically at
least 500 micrometers, and most typically at least 1 milli­
meter. With respect to the largest dimension, it is generally
contemplated that the largest dimension of the opening is at
least 500 micrometers, more typically 1 millimeter, even
more typically at least 3 millimeters, and most typically at
least 5 millimeters. Typically, the area of contemplated stent
openings will be between about 1 and 75%, and more
typically between about 2 and 25% of the entire surface area
of the stent. Thus, the number of openings will typically be
between about 1 and 100, and more typically between 1 and
20. Furthermore, the frame openings are preferably entirely
formed within the stent surface. However, in alternative
aspects, one or more openings may also coincide with the
front- and/or back end of the stent (terminal circumference).
In less preferred aspects, the one or more of the frame
openings may also be covered by one or more of the
continuous outer and inner layers.

[0033] Thus, viewed from another perspective, it should
therefore be appreciated that a composite stent has a cylin­
drical multilayer structure comprising an inner layer at least
partially surrounded by a frame layer that is at least partially
enclosed by an outer layer, and further comprises an opening
extending through the multilayer structure, wherein the
opening has a size sufficient to allow endothelialization
when the composite stent in implanted into a blood vessel.

[0034] It should further be appreciated that the stents
according to the inventive subject matter may also be
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employed in numerous tissues other than a blood vessel, and
alternative sites include the airway, the gastrointestinal tract,
the bladder, the uterus, and the corpus cavernosum. Thus,
the compositions, methods and devices of the present inven­
tion can be use to treat respiratory disorders, gastrointestinal
disorders, urological dysfunction, impotence, uterine dys­
function, and premature labor. Nitric oxide delivery at a
treatment site can also result in smooth muscle relaxation to
facilitate insertion of a medical device, for example in
procedures such as bronchoscopy, endoscopy, laparoscopy
and cystoscopy. Alternatively, or additionally, delivery of
NO can also be used to prevent cerebral vasospasms post
hemorrhage and to treat bladder irritability, urethral stric­
tures and biliary spasms.

EXAMPLES

[0035] In one exemplary aspect of the inventive subject
matter, the stent is a meshed metal wire stent with a plurality
of frame openings. Most preferred stents include those for
insertion into a coronary artery and are sized and configured
accordingly. There are numerous such stents known in the
art, and all such stents are deemed suitable for use herein. A
pharmaceutically active agent (preferably sodium nitroprus­
side or substituted nitroso compound in a pharmacologically
acceptable polymer) is coated onto the outer surface of the
stent by dip-coating, and the active agent may therefore be
present on the inner and outer surface of the stent as well as
in at least some of the stent openings. Either or both of the
inner and outer continuous layers can be preformed for
subsequent coupling to the stent frame or be formed directly
on the stent frame. Furthermore, additional (polymeric)
layers can be added to cover the stent and/or pharmaceuti­
cally active agent.

[0036] In a first exemplary manner of manufacture, the
stent frame is immersed in a liquid that includes a pharma­
ceutically active agent to fill the stent frame openings and to
form a coat on at least one of the inner and outer surfaces of
the stent frame. The liquid coating material is then dried or
cured to solidify the carrier and fix the pharmaceutically
active agent on the stent frame surface and/or in stent frame
openings. After drying, the inner continuous layer and/or
outer continuous layer is formed by immersion coating onto
the coated stent frame. The openings may then be formed as
described below.

[0037] In a second exemplary manner of manufacture, the
stent frame is optionally immersed in a liquid that includes
a pharmaceutically active agent to fill the stent frame
openings and to form a coat on at least one of the inner and
outer surfaces of the stent frame. Then, the optionally coated
stent is placed between preformed, tubular, inner and outer
continuous layers, which can be sealed at one end of the
stent to create a sealed space between the optionally coated
stent surface and the tubular inner and outer layers. Alter­
natively, coupling can preferably be performed by gluing or
annealing the inner/outer continuous layer to the optionally
coated frame. A pharmaceutically active agent can be
injected into the sealed space, and the second end can be
sealed, wherein the pharmaceutically active agent can be
dried or cured prior to sealing the second end of the stent.
The openings may then be formed as described below.

[0038] Openings are preferably formed by cutting or laser
ablation to achieve a complete channel that extends from the
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lumen of the stent to the outer surface of the final stent. Most
preferably, where the openings are thermally created, suffi­
cient heat energy is provided to not only form the channels,
but also to seal the outer continuous layer to the inner
continuous layer at the inside of the channel. Such fusion
advantageously contains the pharmaceutically active agent
to prevent inadvertent release of the pharmaceutically active
agent to the patient. Where additional layers are present
(e.g., layer comprising or covering the pharmaceutically
active agent, wherein that layer may be at least partially
surrounding the outer and/or inner stent surface), it should
be recognized that thermal generation of the opening may
seal at least one of the additional layers to at least one of the
inner and outer continuous layers.

[0039] Thus, specific embodiments and applications of
stents covered by a layer having a layer opening have been
disclosed. It should be apparent, however, to those skilled in
the art that many more modifications besides those already
described are possible without departing from the inventive
concepts herein. The inventive subject matter, therefore, is
not to be restricted except in the spirit of the appended
claims. Moreover, in interpreting both the specification and
the claims, all terms should be interpreted in the broadest
possible manner consistent with the context. In particular,
the terms "comprises" and "comprising" should be inter­
preted as referring to elements, components, or steps in a
non-exclusive manner, indicating that the referenced ele­
ments, components, or steps may be present, or utilized, or
combined with other elements, components, or steps that are
not expressly referenced. Furthermore, where a definition or
use of a term in a reference, which is incorporated by
reference herein is inconsistent or contrary to the definition
of that term provided herein, the definition of that term
provided herein applies and the definition of that term in the
reference does not apply.

What is claimed is:
1. A stent, comprising:

a cylindrical frame having an outer surface, an inner
surface, and a plurality of frame openings extending
from the outer surface to the inner surface;

at least one of a continuous inner layer coupled to the
inner surface and having an inner layer opening, and a
continuous outer layer coupled to the outer surface and
having an outer layer opening;

wherein at least one of the frame openings, and at least
one of the inner layer opening and the outer layer
opening coincide such that an aperture is formed hav­
ing a size sufficient to allow endothelialization, and

wherein a pharmaceutically active agent is associated
with at least one of the inner layer, the inner surface,
another one of the frame openings, the outer surface,
and the outer layer.

2. The stent of claim 1 comprising the continuous inner
layer and the continuous outer layer.

3. The stent of claim 1 wherein the pharmaceutically
active agent is disposed onto the inner surface and the outer
surface.

4. The stent of claim 1 wherein the pharmaceutically
active agent is disposed within the another one of the frame
openings.
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5. The stent of claim 1 wherein the pharmaceutically
active agent is covered by the inner layer.

6. The stent of claim 1 wherein the pharmaceutically
active agent is covered by the outer layer.

7. The stent of claim 1 wherein the pharmaceutically
active agent is disposed in a polymeric matrix that is coated
onto the cylindrical frame and at least partially covered by
the continuous outer layer.

8. The stent of claim 1 wherein the pharmaceutically
active agent has an activity selected from the group con­
sisting of modulation of vascular tone, inhibition of neutro­
phil adhesion, enhancement of macrophage-mediated
microbial killing, inhibition of platelet adhesion, inhibition
of platelet aggregation, and inhibition of smooth muscle cell
proliferation.

9. The stent of claim 1 wherein at least one of the
continuous inner and outer layers is fabricated from a
material that allows diffusion of a gas and that prevents
diffusion of a liquid.

10. The stent of claim 1 wherein at least one of the
continuous inner and outer layers is fabricated from a
fluorinated synthetic polymer.

11. The stent of claim 1 wherein the cylindrical frame, the
inner layer, and the outer layer are fabricated from a material
that allows radial expansion of the stent.

12. The stent of claim 1 wherein the cylindrical frame
comprises a metal.

13. A composite stent having a cylindrical multilayer
structure comprising an inner layer at least partially sur­
rounded by a frame layer that is at least partially enclosed by
an outer layer, and further comprising an opening extending
through the multilayer structure, wherein the opening has a
size sufficient to allow endothelialization when the compos­
ite stent is implanted into a blood vessel.

14. The composite stent of claim 13 further comprising a
pharmaceutical agent that provides a pharmaceutically
active compound to a site of implantation of the composite
stent.

15. The composite stent of claim 14 wherein the pharma­
ceutical agent is present in a location selected from the group
consisting of the inner layer, the outer layer, a surface of the
frame layer, and a release layer that is located between the
frame layer and at least one of the inner layer and the outer
layer.

16. The composite stent of claim 13 wherein the pharma­
ceutically active compound is nitric oxide.

17. The composite stent of claim 13 wherein the opening
has an area between about 5% and 25% of a total area of the
composite stent.

18. The composite stent of claim 13 further comprising a
frame layer opening that is at least partially covered by at
least one of the outer layer and the inner layer.

19. The composite stent of claim 13 further comprising
between one and twenty additional openings that have a size
sufficient to allow endothelialization when the composite
stent in implanted into the blood vessel.

20. The composite stent of claim 13 wherein the opening
is part of a terminal circumference of the stent.
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