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Vascular Grafts With Multiple Channels and Methods For Making

Priority Claim and Incorporation By Reference
[0001] The present application claims priority to US Provisional Application
Serial Number 60/829,247, filed October 12, 2006, which is hereby incorporated by

reference in its entirety.

Technical Field

[0002] The present invention relates to medical devices, such as grafts and
methods of making the same. More particularly, it relates to such devices with
multiple channels in a wall of the device. The invention also relates such devices
where the multiple channels are used for drug delivery and reinforcement and
methods for making the same of biocompatible polymers, such as expanded

polytetrafluoroethylene (ePTFE).

Background Art

[0003] Implantable prostheses, such as vascular grafis, are commonly used in
medical procedures. Tubular grafts may be used to replace or repair damaged or
diseased blood vessels. The effectiveness of such devices depends on a number of
factors. Important among these are the factors that allow prostheses to match the
characteristics of the natural body tissue that is being repaired or replaced, or to
adequately compensate for any the prosthesis’s shortcomings. In addition, prostheses
may exceed the performance of the body part being replaced or repaired, in some
respects, or provide some auxiliary function not normally associated with the replaced
body part to be replaced or repaired but which may be useful in treating disease or
injury.

[0004] It is well known to use extruded tubes of polytetrafluoroethylene
(PTFE) to make vascular grafts. PTFE is suitable as an implantable prosthesis because
of its biocompatibility. PTFE tubes, used as vascular grafts, generally exhibit low
thrombogenicity. In vascular applications, the grafts are manufactured from expanded
polytetrafluoroethylene (ePTFE) tubes. The microporous structure of these tubes
permits natural tissue ingrowth once implanted in a living host. This contributes to

healing and long-term patency.
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[0005] Grafts of ePTFE have a fibrous structure with interspaced nodes
connected by fibrils. Where the spaces between the node surfaces are large, tissue
ingrowth and cell endothelization may be enhanced. But this characteristic also tends
to make the graft delicate. So a number of prior art techniques to reinforce such grafts
have been proposed.

[0006] One approach has been to modify the structure of the extruded PTFE
tubing, during formation, to align fibrils, thereby increasing both radial tensile
strength as well as axial tear strength. Forming tubular grafts of multiple layers using
different material structures where one tubular structure is formed about another can
provide the strength of one material with the porosity and endothelization
effectiveness of the other material. Combinations of PTFE and textiles or metal
mesh, as used in stents, are known.

[0007] With regard to ePTFE grafts, it is known to incorporate antimicrobial
agents to form a coating composition which may include a biodegradable polymer and
anti-microbial agents, for example, chlorhexidine acetate and pipracil. Known stents
or vascular prostheses include those with an overlying biodegradable coating layers
that contain drugs, such as anti-coagulants or antibiotic substances. Also known are
medical implants where an antimicrobial agent is impregnated throughout the material
of the implant or in a region near the surface. Silver may be deposited onto the
surface of a porous polymeric substrate via beam deposition and then the pores may
be filled with a polymeric material that is biodegradable.

[0008] Also known is an implantable graft, with inner and outer coaxial tubes
with a space between them separated by ribs. The primary and secondary tubular
bodies are joined by the ribs and may be bonded or extruded. The spaces between the
tubes can be filled with a leak sealing agent or drug.

[0009] There is a need in the art for improved methods of manufacturing
multi-channel grafts and also for providing such grafts with certain surface
characteristics in the wall-channels.

[0010] In the prior art, ePTFE based grafts are typically subjected to a
sintering process which is generally done at high temperatures (> 100 °). Such high
temperature exposure can reduce or destroy the bioactivity of many bioactive

substances. In addition, there is a need to develop graft-based drug delivery
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technologies that can provide for drug delivery without altering the surface

characteristics of ePTFE grafts.

Disclosure of Invention

[0011] Briefly, a wall structure, which can be a portion or entirety of various
kinds of medical device, for example the wall of a vascular graft, has multiple
channels within it. The channels are be used to hold drugs, reinforcing fibers, or other
materials such as leak sealant. The channels have a predetermined roughness and are
formed by coextrusion using a soluble material, for example, to define the channels
and then dissolving them to open the channels in the extrudate.

[0012] According to an embodiment, a method of forming a medical device is
provided. The medical device may be a graft, for example. The method includes
forming an extruded article by co-extruding a first material and a second material,
such that, after extrusion, the second material defines at least one enclosed elongate
structure surrounded by the matrix of the first material and then removing the second
material by subjecting the extruded article to a cleaning process that causes the second
material to flow out of the first material.

[0013] The second material is preferably a granular material and, in a
particular embodiment, the particle size is limited to not more than 100 pm. The
second material is preferably a soluble material where the cleaning process involves
simply dissolving the soluble material. A preferred example of a soluble material is a
salt, such as sodium chloride. Preferably, the method includes expanding the first
material after removing the second material. The method preferably further includes
sintering the first material after expanding it. The first material is preferably a
polymer, more preferably, a thermopolymer, and even more preferably,
polytetrafluoroethylene.

[0014] In another embodiment, voids left in the first material of the most
general embodiment above can be filled with a drug. The voids left in the first
material, after removal of the second material, can be filled with an antithrombogenic
drug. The method can include filling the voids left in the first material, after removal
of the second material, with a drug/polymer mixture filling them with reinforcement
filaments. The extruded article could be shaped in any suitable manner including a

cylinder, a patch, a cone, etc. The article can be twisted to cause the channels to be
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curved. For example, if an article is shaped as a tube, then twisting it can cause the
channels to be helically shaped.

[0015] According to another embodiment, a medical device is provided,
which may be a graft, with a wall of biocompatible polymer that has multiple
channels within the wall. The interior surfaces of the channels have a roughness of at
least 50 um. The wall can be either cylindrical or generally planar, depending on the
kind of article. The wall is of ePTFE in an exemplary embodiment. The channels
allow the article to be reinforced using reinforcing filaments in the channels. Also
they can be used to alter the behavior such as when nitinol wires are in threaded into
the channels. The channels can be helical. The channels can also be filled with a drug
or a drug/polymer mixture. For example, the drug could be an antithrombogenic
drug.

[0016] According to another embodiment, a medical device is provided, for
example, a graft, with a wall of biocompatible polymer that has multiple channels
within the wall. The channels have a diameter of at least 50 pm and less than 1000
um. The wall can be either cylindrical or generally planar, depending on the kind of
article. The wall is of ePTFE in an exemplary embodiment. The channels allow the
article to be reinforced using reinforcing filaments in the channels. Also they can be
used to alter the behavior such as when nitinol wires are in threaded into the channels.
The channels can be helical. The channels can also be filled with a drug or a
drug/polymer mixture. For example, the drug could be an antithrombogenic drug.

[0017] According to another embodiment, a medical device is provided, for
example, a graft, with a wall of biocompatible polymer that has multiple channels
within the wall. The channels have circular cross-sections. Preferably, the channels
have a diameter of at least 50 um and less than 1000 pm. The wall can be either
cylindrical or generally planar, depending on the kind of article. The wall is of
ePTFE in an exemplary embodiment. The channels allow the article to be reinforced
using reinforcing filaments in the channels. Also they can be used to alter the
behavior such as when nitinol wires are in threaded into the channels. The channels
can be helical. The channels can also be filled with a drug or a drug/polymer mixture.
For example, the drug could be an antithrombogenic drug.

[0018] According to another embodiment, a medical device is provided, for

example, a graft. For this and all disclosed embodiments, the graft can be any type of
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article for implantation in living tissue without regard to its particular function.
Examples of grafts are cardiac patches, hernia patches, vascular grafts including
reinforcements for blood vessels and temporary blood vessels. Grafts can also
include, for example, orthopedic grafts such as bone reinforcements. Grafts can also
include, for example, temporary skin for burns. The method for making the graft, in
the present embodiment, includes forming an extruded article by co-extruding a first
material and a second material, such that, after extrusion, the second material defines
at least one enclosed elongate structure surrounded by the matrix of the first material.
The method further includes removing the second material by subjecting the extruded
article to a cleaning process that causes the second material to flow out of the first
material.

[0019] In a variation of the method the second material is a granular material
and in a further embodiment the granular material has a particle size of not more than
100 pm. Preferably, removable material is a soluble material and the cleaning process
includes dissolving the soluble material. The soluble material, more preferably, may
include salt, such as sodium chloride.

[0020] In another preferred embodiment, the method further includes
expanding the first material after removing the second material. Afier that,
preferably, the first material is sintered. The first material can include, or be, a
polymer and preferably, a thermopolymer, and also preferably, the first material is a
biocompatible polymer such as PTFE.

[0021] In a more preferred embodiment, the first embodiment method is
combined with operation of filling voids left in the first material, in a preferred
example, PTFE, after removal of the second material, with a drug or a reinforcement.
Drugs such as an antithrombogenic drug may be used, for example. In many
embodiments, drugs are preferably drug/polymer mixtures, or microencapsulated
drugs. In a preferred embodiment, the graft is cylindrical. The method may include
twisting the cylinder to make the channels into helices.

[0022] According to another embodiment, a medical device is provided, with
a wall of biocompatible polymer having multiple channels within the wall. The
interior surfaces of the channels having a roughness of at least 50 pum and, for some
embodiments, the roughness is more preferably, at least 100 um. In a preferred

embodiment, the wall is cylindrical and in another, it is planar.
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[0023] In another embodiment, the graft is reinforced by inserting or threading
wires or other reinforcing members into the graft. A preferred example is nitinol.
The channels may be formed into helices. The channels can wind in respective
opposite directions in separate layers that are laminated together in the graft. In these
and the earlier embodiments, the channels can be filled with a drug or drug mixture.
Examples of drugs include antithrombogenic drugs (e.g., heparin, PPACK, enoxaprin,
aspirin, coumadin, hirudin, TPA, urokinase, and streptokinase), immunologically
stimulating drugs, anti restenosis drugs, systemic drugs, medicaments, anaesthetic
drugs, etc.

[0024] According to another embodiment, a graft has a wall of porous
hydrophobic biocompatible thermopolymer with edges. The wall has channels
formed in it with diameters of at least 50 pm which are continuous from a point
proximal at least one of the edges to a point remote from the edge. The channels are
substantially filled a drug composition including a drug in a bioactive condition,
which drug is of such a composition as to become non-bioactive if subjected to the
temperatures required to sinter the thermopolymer.

[0025] In various preferred embodiments, the diameters are less than 1000
pm, the channels have an interior surface roughness that is substantially larger than
the size of the largest pores in the porous thermopolymer, and the channels contain a
non-drug material which microencapsulates the drug.

[0026] In one preferred embodiment, the channels are free of any other
material but in a particular embodiment in which drugs are administered by the graft,
the channels contain a fiber impregnated with the drug. Preferably, the
thermopolymer includes PTFE and the wall is even more preferably expanded PTFE.

[0027] In another preferred embodiment, the graft has a stent encapsulated by,
and isolated from the channels by the thermoplastic. The stent may define a
continuous layer owing to the construction by lamination.

[0028] According to yet another embodiment, a graft has a wall of porous
hydrophobic biocompatible thermopolymer having edges and channels formed
therein. The channels have diameters of at least 50 pm and less than 1000 um. The
channels are substantially filled a drug composition including a drug in a bioactive
condition, which drug is of such a composition as to become non-bioactive if

subjected to the temperatures required to sinter the thermopolymer.
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[0029] In a preferred version of the above embodiment, the channels have an
interior surface roughness that is substantially larger than the size of the largest pores
in the porous thermopolymer. The graft can be shaped as a cylinder, a patch, or
similar article. The channels may be used to contain a non-drug material which
microencapsulates the drug, a pure drug, a drug mixed with polymer or other material
such as a fiber, a reinforcement or other materials. Preferably the thermopolymer is,
or includes, PTFE and more preferably it is in an expanded condition making it
sufficiently porous that, where the channels have a drug, the drug can pass through the
pores into the host tissue. In a particular variation, the graft includes a stent isolated
from the channels by the thermoplastic. The stent may define a continuous layer.

[0030] According to yet another embodiment, a graft has a wall of porous
hydrophobic biocompatible thermopolymer having edges and channels formed therein
with diameters of at least 50 pum, less than 1000 pm. The channels are substantially
filled a drug composition including a drug in a bioactive condition, which drug is of
such a composition as to become non-bioactive if subjected to the temperatures
required to sinter the thermopolymer. Finally, in this embodiment, the stent is
encapsulated by, and isolated from the channels, by the thermoplastic.

[0031] In a preferred version of the above embodiment, the channels have an
interior surface roughness that is substantially larger than the size of the largest pores
in the porous thermopolymer. The graft can be shaped as a cylinder, a patch, or
similar article. The channels may be used to contain a non-drug material which
microencapsulates the drug, a pure drug, a drug mixed with polymer or other material
such as a fiber, a reinforcement or other materials. Preferably the thermopolymer is,
or includes, PTFE and more preferably it is in an expanded condition making it
sufficiently porous that, where the channels have a drug, the drug can pass through the
pores into the host tissue. In a particular variation, the graft includes a stent isolated
from the channels by the thermoplastic. The stent may define a continuous layer.

[0032] According to yet another embodiment, a method begins by expanding
billet of hydrophobic biocompatible thermopolymer having channels filled with a
soluble granular material. Then the expanded billet is thermally fixed in its expanded
state to create a microporous structure. This method can further include dissolving
the granular material to leave the article channels empty of the granular material. The

granular material may be salt, plastic, glass, metal, fiber, or other material and the
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thermopolymer is preferably PTFE. In a preferred embodiment, the channels have
diameters of at least 50 um and less than 1000 pum, and are substantially filled a drug
composition including a drug in a bioactive condition. The drug can be of such a
composition as to become non-bioactive if subjected to the temperatures required to
sinter the thermopolymer. The particle size of the granular material is preferably
smaller than 100 pm. Preferably, in a further operation, the thermopolymer is
thermally fixed by sintering.

[0033] More preferably, the method includes filling the channels with a drug,
which may include threading a fiber impregnated with a drug through the channels,
injecting with a hypodermic needle, microencapsulating the drug, and even soaking
the drug through the material until it fills the channels and later washing the surface
free of the drug while leaving drug within the graft.

[0034] In a further refinement of the method, the billet is formed by co-
extruding a thermopolymer and a granular material. The billet may include a stent
enveloped by the thermopolymer by laminating more than one graft with channels
over another graft. In this case, preferably, the stent is enveloped by the
thermopolymer and the method further includes filling the channels with a drug.

[0035] In all of the foregoing methods, there are many materials that can be
incorporated in a billet (including an expanded billet) and used with the various
embodiments of the methods. Examples of these include, but are not limited to,
hyaluronic acid, polyethylene-oxide, polyvinyl-alcohol, dextran, gelatin, and
cellulose. As for drugs or other agents that may be used in the channels of the grafts
of all of the various embodiments described in the present disclosure, examples
include antithrombogenic drugs (e.g., heparin, PPACK, enoxaprin, aspirin, coumadin,
hirudin, TPA, urokinase, and streptokinase), immunologically stimulating drugs, anti
restenosis drugs, systemic drugs, medicaments, etc.

[0036] In all of the foregoing embodiments, and those described elsewhere in
the specification, where stents are incorporated in the graft, there are a variety of
different kinds of stents that may be used. For example, one structure is shown in US
Patent No. 7,083,640, which is hereby incorporated by reference in its entirety.

[0037] In all of the embodiments drugs may be used in the channels or voids,
as mentioned. In such embodiments, a particularly useful class of drugs is

anesthetics. Grafts are often attached to, or positioned close to, traumatized tissue.
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The trauma may be a result of the attachment of the graft or as a result of another
related or unrelated procedure. By including an anesthetic, alone, or in combination
with other drugs or reinforcement materials in the sub-channels or chambers, the
effects of the trauma can be mitigated. Also the anesthetic can be delivered in a
manner that concentrates it where it is needed most.

[0038] In addition to graft embodiments, the embodiments include non-graft
devices such as patches or cylinders or other extrudable shapes can be used purely for
the purpose of delivering one or more drugs to a site within a living host. For
example, such a device may be removable, such as a drain left in a patient after
surgery to allow fluid to exit. Such a drain may deliver drugs or be reinforced in the
manner described in the instant application. Also, the device need not serve a
function other than drug-delivery. For example, it may be lefi in a patient purely for
the purpose of delivering drugs without serving an additional function, such as one of
a graft. Other examples of non-graft devices are long and short-term catheters.

[0039] All of the embodiments may be combined with other devices. This is
S0, even in such combinations that cause another article to come between the
embodiment and the host tissue. For example, a cylindrical medical device with sub-
channels that hold drugs may be placed over a catheter or graft whose interior
contacts blood or other fluids from the host and the medical device with the sub-

channels is attached to provide a vehicle for drug delivery.

Brief Description of the Drawings

[0040] The accompanying drawings, which are incorporated herein and
constitute part of this specification, illustrate exemplary embodiments of the
invention, and, together with the general description given above and the detailed
description given below, serve to explain the features of the invention.

[0041] Fig. 1A shows, in section, a vascular graft according to an embodiment
of the invention in which drug-filled lumens are provided in a wall of the graft.

[0042] Fig. 1B shows, in section, a vascular graft according to an embodiment
of the invention in which drug-filled and reinforcement-filled lumens are provided in

a wall of the graft.
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[0043] Fig. 1C shows, in section, a vascular graft according to an embodiment
of the invention in which drug-filled and reinforcement-filled lumens are provided in
laminated layers forming a wall of the graft.

[0044] Fig. 1D shows, in section, a vascular graft according to an embodiment
of the invention in which drug-filled lumens are provided in a wall layers that are
laminated over a stent.

[0045] Fig. 1E shows, in section, a vascular graft according to an embodiment
of the invention in which drug-filled lumens are provided in a wall layer and a
monolithic layer that are laminated over opposite surfaces of a stent.

[0046] Fig. 2A illustrates an expanded billet used to form embodiments of the
invention.

[0047] Fig. 2B figuratively illustrates a rough surface of a sub-channel
produced by a method of co-extruding a graft.

[0048] Figs. 3A and 3B show portions of respective grafts having generally
planar wall structures or alternatively, they may represent the walls of shaped
structures such as a tubular structure as shown in Fig. 2.

[0049] Figs. 4A through 4D illustrate various wall portions of grafis having
various structures similar to the embodiments of Figs. 1 A-1E.

[0050] Fig. 4E illustrates a tubular graft with counter-twisting helical channels
according to another embodiment of the invention.

[0051] Fig. 5 illustrates a flow chart for use in discussing various
embodiments of methods for forming grafts.

[0052] Fig. 6 shows a lattice structure that may be used according to an
embodiment of a method for making a graft.

[0053] Fig. 7 shows a detail of a channel structure that provides capsules

within the wall structure of a graft.

Mode(s) For Carrying Out The Invention

[0054] Referring to Fig. 1A, a round graft 100 is shown in cross-section. A
wall 140 of the graft 100 is preferably primarily of expanded Polytetrafluoroethylene
(ePTFE) or similar biocompatible material and contains a channel 130 and multiple
sub-channels 110. Although not shown, the channel 130 and sub-channels 110 run
longitudinally along the length of the graft 100. The sub-channels 110 can be curved,

10
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but they extend generally along the length of the graft 100. Note that in the figures
are the dimensions and proportions are exaggerated for clarity.

[0055] The channels 110 are, in this embodiment, filled with a drug, such as
an anticoagulant, but the sub-channels 110 could also contain reinforcements.
Although four sub-channels are shown, the number can be chosen to suit the
application and designer preferences. A wall 140 defines the channel 130 and sub-
channels 110. In the embodiments in which a drug is incorporated in the sub-
channels 110, the drug flows through the porous medium of the expanded polymer
material (e.g., ePTFE) that makes up the matrix of the wall 140.

[0056] The graft 100 and other embodiments shown in Figs. 1A to 1E are
examples of structures suitable for vascular grafts and/or stent grafts, but the
embodiments are not necessarily limited to grafts, tubular grafts, or stent grafts. For
example, Figs. 3A and 3B, discussed below, illustrate planar structures 220 and 226
with sub-channels 210, 211, 212 which might be suitable, for example for vascular
grafts, stent coverings, cardiovascular patches, facial implants, ventricular assist
device components, or other implantable devices in addition to vascular grafts and
stent coverings.

[0057] Focusing again on Fig. 1A, the sub-channels 110 may be filled with
drugs and/or metal or fiber reinforcements, nitinol wires, or other materials to make a
graft or stent graft. The drug or drug/polymer mixture may be isolated from the
tissue-contacting or blood-contacting surfaces of the graft 100 so as not to affect the
desirable properties of the tissue-contacting or blood-contacting surfaces, for example
abluminal 150 and luminal 164 surfaces. These surfaces are preferably of
biocompatible or non-thrombogenic materials such as PTFE. In addition, the textures
of the tissue-contacting or blood-contacting surfaces of the graft 100 such as the
abluminal 150 and luminal 164 surfaces are unaffected, or minimally affected, by the
texture of the material contained in the sub-channels 110.

[0058] Referring to Fig. 2A, as explained in more detail below, the graft 100
of Fig. 1A may be made by co-extruding PTFE and granular salt, where the salt
defines the sub-channels 110 to form a billet. The billet may then be expanded and
sintered and the salt removed, for example by dissolving with water, to form an article

15 (i.e., the expanded billet) with open sub-channels 25. The drug may be inserted in
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the sub-channels 235, for example, by injecting microsphere-encapulated drug particles
or by threading a drug-impregnated fiber through the sub-channels 110.

[0059] Referring now to Fig. 2B, as a result of the use of granular material
used to define the channels, the internal surfaces of the channels 110, a section of
which is represented at 120, have a roughness corresponding to the grain size of the
granular material used. It is believed that this makes the transfer of drugs through
wall 140 matrix faster and more complete than a smooth internal surface. This
roughness can be controlled by selection of the particle size distribution of the
granular material used to define the sub-channels.

[0060] The sub-channels 110 of Fig. 1A are shown as a polar array, but it
should be clear than any desired spacing, number, size, and arrangement of the sub-
channels can be provided. Referring now to Fig. 1B, for example, sub-channels 164,
166 are staggered and different materials are inserted in the sub-channels 164, 166, in
this case, metal reinforcements 164 (which may also be fiber or other materials) and
drugs or medicaments as indicated at 166. The embodiments of Figs. 1A or 1B can be
provided by using the extrusion method described above, with a material that can
tolerate the expanding and sintering operations processes and may be co-extruded
with the PTFE (or other polymer) and do not need to be removed in a later operation.
Alternatively, the sintering process and/or the expansion process can be performed
after removing thee co-extruded material. Also, the removal operation can be skipped
altogether if the material can remain. For example, in the Fig. 1B embodiment, the
metal reinforcements 164 may be co-extruded with the PTFE (or other polymer) and
left in place.

[0061] Fig. 1C represents another structure in which two coaxial layers 174
and 176, each similar to the graft 100 of Fig. 1A, are laminated to each other. In this
embodiment, an outer array of sub-channels 172, which carry metallic reinforcement
filaments, is contained in an outer annular layer 174. An inner array of sub-channels
178, which carry a drug or medicament, is contained in an outer annular layer 176. A
preferred method of forming this embodiment is to provide two cylindrical billets as
shown in Fig. 2A and to place each in turn over a mandrel with the outer layer over
the inner layer. The two billets are then bonded together, for example by sintering, to
form layers of a single wall. Then the two bonded layers are expanded, sintered, the

material removed used to create the sub-channels 172 (e.g. salt) and the reinforcing
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material threaded into the channels and the drug material inserted into the sub-
channels 178.

[0062] Figs. 1D and 1E show embodiments in which two layers of
biocompatible material, such as PTFE are laminated together with another structure
252, such as a stent, sandwiched between them.

[0063] The embodiment 254 has an outer layer outer layer 251 and an inner
layer 256, each being a composite with drug-containing sub-channels 250, 253. The
inner layer 256 defines a channel 248. The other structure 252, which in a preferred
embodiment, is a stent, is secured between the composite structure layers 251 and
256. A preferred method of forming this embodiment is to provide two cylindrical
billets and to place a first of them over a mandrel. Then the stent is placed over the
first billet. Then the second billet is placed over the stent. Then, the two billets are
bonded together, for example by sintering. Then the bonded structure, including the
stent, is expanded and sintered. Finally, the sub-channel-creating material is removed
(e.g. salt) and the drug material inserted. Note that the sub-channels 250, 253 of
either layer 251, 256 can be provided with reinforcements, drugs, medicaments, or
any combination of these.

[0064] In an alternative embodiment, the tubes can be expanded before
laminating to the stent. In another alternative, the salt or other included material is
removed prior to expansion and/or prior to sintering.

[0065] The embodiment 264 has an outer layer outer layer 261 and an inner
layer 266, but only the inner layer is a composite with drug-containing sub-channels
263. The outer layer 261 is a monolithic material. The inner layer 266 defines a
channel 271. The other structure 252, as in the previous embodiment, is preferably a
stent, which is secured between the composite structure layers 261 and 266. In
alternative variations of this embodiment, the sub-channels 263 could be switched
between the outer layer 261 and the inner layer 266 so that the outer layer 261 had
sub-channels with, for example, a drug, and the inner layer 266 was of monolithic
material. In another embodiment, the monolithic layer of either of the above
embodiments could be left out so that the stent is exposed on a respective side.

[0066] A preferred method of forming this embodiment is to provide one
cylindrical billet as shown in Fig. 2A and to place it over a mandrel. Then the stent is

placed over the billet. Then the monolithic tube is placed over the stent. Then, the
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billet and monolithic layer are bonded together, for example by sintering. Then the
bonded structure, including the stent, is expanded and sintered. Finally, the sub-
channel-creating material is removed (e.g. salt) and the drug material inserted. In an
alternative embodiment, the tubes can be expanded before laminating to the stent.
Note that the sub-channels 253 can be provided with reinforcements, drugs,
medicaments, or any combination of these. Also, note that the sub-channels can be
provided in either the outside or inside layer.

[0067] Figs. 3A and 3B show flat structures which are similar to the structures
of Figs. 1A to 1E, except for their shapes which could be any kind of flat structure.
Although two structures are shown, any of the embodiments discussed with reference
to Figs. 1A to 1E can be provided in a flat equivalent, which may be considered a
planar development of the cylindrical shape. A wall 220 of biocompatible material
such as PTFE has a planar array of channels 210 which contain a drug material. In
alternative embodiments, these channels 210 can contain any desired mix of
materials. For example, in the embodiment 201, the channels 211 and 212 alternately
contain drug material (channels 211) and reinforcing material (channels 212), such as
metal. The alternating array structure of the 201 embodiment can also be applied to
the embodiments of Figs. 1A to 1E.

[0068] The structures of Figs. 3A and 3B can be made in the same way as
described for the embodiment of Fig. 1A. That is, PTFE and granular salt may be co-
extruded, with the salt defining the sub-channels, to form a flat billet. The billet may
then be expanded and sintered and the salt dissolved with water to form an article
with open sub-channels. The drug may be inserted in the sub-channels, for example,
by injecting microsphere-encapulated drug particles or by threading a drug-
impregnated fiber through the sub-channels.

[0069] Figs. 4A to 4D represent wall portions of arbitrary structures, which
may be cylindrical, flat, non-circular cylinders, cones, or any desired type of open or
closed structure. Referring to Fig. 4A, a graft 300 has two layers 305 and 320 that are
laminated to each other. In this embodiment, a first array of channels 315, which
carry a drug (but which could contain a reinforcement or other material), is contained
in the layer 305. Another layer of material 320 is a monolithic layer. Another
structure 325, for example a woven layer of metal reinforcement filaments, is

sandwiched between the two layers 305 and 320.
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[0070] A preferred method of forming this embodiment is to provide one
billet with the appropriate shape, for example, a flat patch. Then the additional
structure, for example, a woven reinforcement layer is placed onto this billet. Then
the monolithic layer is placed over it and bonded through the woven reinforcement
with the other layer, for example by sintering. Then the bonded structure, including
the additional structure, is expanded and sintered. Finally, the included spacing
material is removed (e.g. salt) and the drug material or reinforcement material
inserted.

[0071] Referring to Fig. 4B, a graft 301 has two layers 305 and 340 that are
laminated to each other. In this embodiment, a first array of channels 315, which
carry a drug (but which could contain a reinforcement or other material), is contained
in the layer 305. Another layer of material 340 has a second array of channels 335,
which carry also carry a drug (but which could contain a reinforcement or other
material). Another structure 325, is the same as for the previous embodiment 300.

[0072] A preferred method of forming this embodiment is the same as for the
embodiment 300 except that the method laminates two composite billets which
include material holding the channels open rather than a composite billet and a
monolithic billet.

[0073] Referring to Fig. 4C a graft 353 has two layers 350 and 351, both of
which are composite layers with reinforcement material within the sub-channels 355
and 356. The preferred method of making the embodiment 353 is substantially
similar to the foregoing embodiments 300 and 301. The embodiment 357 shown in
Fig. 3d has different materials in the channels 355 and 365, those being drugs and
reinforcements. In other respects this embodiment is as the embodiment 353.

[0074] Referring to Fig. 4E, an embodiment of a tubular graft 400 is
consistent with the embodiments 353 and 357 of Figs. 4C and 4D, but has,
specifically, a tubular structure. In this structure, the sub-channels 405 and 430 are
helical in shape, which can provide certain benefits, depending on the application.
For example, helical reinforcements provide a degree of hoop and longitudinal stress
compensation which may be desirable. Also, the helical shapes of the sub-channels
405 and 430 are in opposite directions to cancel out any twisting moment that might
be generated under axial load. As in the embodiments 353 and 357, there are two

composite structure layers 415 and 425.
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[0075] A preferred method of forming the embodiment 400 is to provide two
cylindrical billets as shown in Fig. 2A and to place the first of them over a mandrel.
After supporting on the mandrel, the first billet is twisted to cause the sub-channels to
adopt a helical shape. The same is done with the second billet so that its sub-channels
have a helical shape, which is subsequently removed from its respective mandrel.
Optionally, next, a stent is placed over the billet on the first mandrel. Then the other
cylindrical composite billet is placed over the first billet or the stent. Then, the billets
are bonded together, for example by sintering. Then the bonded structure, which may
include the stent, is expanded and sintered. Finally, the included spacing material is
removed (e.g. salt) and the drug or reinforcing material inserted. Note that the sub-
channels 405 and 430 can be provided with reinforcements, drugs, medicaments, or
any combination of these.

[0076] In all of the foregoing embodiments, after materials are added to the
sub-channels or channels, such as reinforcements or drugs, the ends of the sub-
channels or channels may be sealed to prevent leakage or to cover the ends of any
reinforcing members.

[0077] Fig. 5 is an embodiment of a method for creating the embodiments of
the invention described above. The method starts with two different techniques for
creating an unexpanded billet with channels (M30) within the biocompatible polymer
matrix. The first, a preferred technique, is to co-extrude the polymer and the included
material to form the billet which is later expanded and sintered to form the product.
This operation of co-extrusion to form the billet is represented at MS. The second
operation to create a composite billet is to create a pattern M10 on the surface of a
billet of biocompatible polymer in either of two ways.

[0078] The first way of creating a pattern M10 is to create a pre-form
structure, such as a lattice structure 500 illustrated in Fig. 6. The pre-form is then
laminated between two monolithic (although they could be composite structures)
layers of biocompatible polymer M25. This operation may include sintering or some
other means of bonding the two layers such that the material other than that of the
lattice becomes continuous between the two layers. Alternatively, other suitable
techniques such as adhesive or solvent boding, can be used to secure the layers

together. In that way, the lattice, can, once removed, defines channels in the matrix of
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the biocompatible polymer material of the graft. For example if the lattice 500 were
of wax, it could be removed by low temperature heating.

[0079] Preferably, the lattice 500 provides a continuous path between all
points (e.g., point 505) of the lattice 500 to edges (e.g., point 510) so that
material/solvent can enter and leave the through the channels at the edges. If the pre-
form material is to be removed by a solvent and the dissolved material can pass easily
through the pores of the ePTFE material, continuous path may not be a requirement,
although it is still preferable. Also, although the illustration 500 is generally a
rectangular flat lattice, such structures may be made in cylindrical and other three and
two dimensional shapes. Also, the pre-form need not be a regular structure as a
lattice. It can have any suitable structure. The pre-form may be manufactured by any
suitable method, for example by molding.

[0080] The second way of creating a pattern M10 is to lay a trail or bead M20
of the included material on one layer of the biocompatible polymer material.
Examples of included material include wax, polymers, glass or metal fibers, divided
materials including salt, metal, glass, and others. Once this pattern is formed, a
second layer may be laminated to the first M25. Again, the laminating operation M25
may include sintering or some other way of bonding the two layers such that the
material other than that of the pattern of included material becomes continuous
between the two layers. In that way, the included material, can, once removed, define
channels in the matrix of the biocompatible polymer material of the graft. Note, as
with the lattice 500, preferably, the pattern provides a continuous path to all points to
the ends to enhance removal of the included material.

[0081] The result of the above is an unexpanded billet with channels as
indicated at M30. Note that the discussion of the embodiments of Figs. 1A through
4E have identified the channels incorporated billet (intermediate product) and finished
article as channels and sub-channels. The channels and sub-channels need not be
tubular (e.g., with only two endpoints) in structure. They can have multiple
interconnecting structures with varying cross-sectional areas at points and so on. In
fact, referring to Fig. 7, the M10 technique can be used for creating internal capsules
520 within the graft. Such an internal capsule 520 could be isolated, or partially
isolated, from the external surface 530 of a graft by providing a patch 535 of less

permeable material between the capsule 530 and the outside surface. For example, if
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it were desired to store additional drug in a graft for longer term administration,
without causing concentrated release in particular areas, such as the locations of the
capsules 520, the patch 535 could provide this function. Note that the capsule 525
and channels 525 stemming therefrom may be part of a network of capsules and
channels.

[0082] The billet may, at this point, be shaped or strained M35. For example,
a co-extruded billet with sub-lumen channels could be twisted to change the channels
from axilinear to helical channels as in the 400 embodiment of Fig. 4E. The billet,
whether shaped in operation M35 or otherwise, may be laminated M40 to another
material, another billet, or another included article, such as a stent, as discussed above
with reference to the embodiments of Figs. 1C-E, and 4A-4E. This operation of
laminating M40 may involve the use of a fixture such as a mandrel. It may also
involve the use of pressure-generating devices and heating devices, chemical solvents,
ultrasonic welding devices, and other bonding devices as are known in the art.

[0083] In operation M45, the billet structure is then expanded and in operation
M350 the expanded structure is sintered. These operations are known in the art and are
not discussed in detail. In operation M55, the inserted material is removed.
Operation M55 can include the dissolution of the included material, for example the
pre-form or the co-extruded salt, or it can include the melting of such material or it
could simply include the mechanical withdrawal of the included material such as
pulling a wire from the article. In operation M60 the drug, reinforcement, or other
material is inserted in the final article.

[0084] The sequence of the operations M45-M60 can be rearranged to
perform the removal M55 and insertion M60 operation ahead of the expanding and
sintering operations M45 and M50 if the inserted material can tolerate the expanding
and sintering operations M45 and M50. Also, the operations of expanding and
sintering M45 and M50 may be performed after removing the inserted material M55
or in a simultaneous process. For example, water could be used to remove sodium
chloride as the included material while the article undergoes the expansion.

[0085] The removal operation M55 may include extraction of the material by
withdrawing it, such as if the included material is a fiber or filament. Alternatively, it
may include dissolving the material using a solvent. Yet another alternative is to

remove the material by changing its properties. Yet another alternative is to leave a

18



WO 2008/063780 PCT/US2007/081261

10

15

20

25

30

radiation curable polymer in the expanded billet and to cure it with radiation (for
example electron beam or ultraviolet light) either before or after sintering. In this last
alternative, the removal and insertion operations M55 and M60 can be thought of as
taking place in the same curing operation.

[0086] One preferred method of inserting a drug in the expanded and sintered
billet is to impregnate a yarn or filament with the drug and thread the yarn or filament
through the channels. The drug may be microencapsulated to help ensure its
bioactivity. Another method is to inject the drug, which may be mixed in a liquid
medium, into the channels using a catheter or needle.

[0087] It is possible to include the drug in the manufacture of the graft from
the beginning, at least for drugs that can tolerate the sintering while maintaining their
bioactivity. An example of such a drug is silver nitrate. In such a case, a drug
material can be combined with the biocompatible polymer to form a billet in step M5
or M10-M25 and the billet M30 can be expanded and sintered. Obviously, many
reinforcing materials could be incorporated in the billet in this way so that the
subsequent steps of removing M55 and inserting M60 would not be required. In
another alternative, the included material has properties such that it can remain in the
channels after expansion and sintering. In such as case, the material, whether or not it
is changed by the expansion and sintering or by another process, such as radiation
curing, allows the insertion of a drug into the channels occupied by it. For example, if
the material ultimately left in the channels permits drugs to be injected or, perhaps
better, if it can effectively wick the drug into the channels, then the desired results can
be achieved without performing the removing M55 and insertion M60 operations
either.

[0088] In addition to the materials, it is possible for the surface characteristic
of the graft 100, 220 to remain unaffected by the inclusion of these materials in the
sub-channels 110, 210. For example, even if a material in the sub-channels 110, 210
has an undesirable texture, for example, a coarse texture, the surface texture of the
graft 100, 220 can be completely different, for example a smooth texture.

[0089] Using the above methods, grafts of extremely small size can be made.
For example, tubular grafts whose diameter is as small as 1 mm. can be manufactured.

[0090] In all of the above embodiments involving extrusion, the PTFE is

preferably mixed with a lubricant.
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[0091] An example of a method for making a particular embodiment is
described below.

1. Prepare a mixture containing PTFE and lubricant, for example the ratio of 83
grams of PTFE powder resin to 17 grams of Isopar H lubricant. Preferably
this is incubated, for example for a period of 2 hours.

2. Grind a removable material for defining the sub-channels. For example, this
may be sodium chloride in a preferred embodiment. Preferably this is sieved
to provide a particle size fraction less than 100 pm.

3. The removable material is preferably combined with a lubricant. For example,
86 grams of sieved sodium chloride powder may be mixed with 17 grams of
Isopar H, which may be incubated for 2 hours.

4. An extrusion die is provided which has the required geometry for the extruded
billet prior to expansion. In an embodiment, billet may have 30 pm to 4000
um thick tubes. Preferably, the size range is 50 pm to 1000 pm.

5. The PTFE and removable material mixtures are then extruded.

6. After extrusion, expose the billet to water to dissolve the sodium chloride.

7. Continue expansion and sintering according to techniques known in the

ePTFE vascular graft manufacturing art.

Note that, in an alternative, steps 6 and 7 can be switched.

[0092] In step 8, the water, to which the billet is exposed, may be heated to
accelerate dissolving of the sodium chloride. In addition, a water batch may be
agitated or recirculated continuously to accelerate the dissolving of the sodium
chloride. Soluble materials other than sodium chloride may also be used. Although
the exemplary method employs using polytetrafluoroethylene, other materials, such as
polymeric materials, may also be used. Although in the exemplary embodiment, the
sodium chloride particle size was reduced to 100 pum or less, the particle size may be
adjusted, for example, to adjust the surface roughness of the sub-channel walls.

[0093] The above described method embodiment may be used to impart a
selectable degree of surface roughness to the sub-channel walls. For example, an
isotropic roughness of 100 um, may be imparted. Also, note that the above method
embodiment is presented merely as an illustrative example and is not intended to limit

the scope of the invention.
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[0094] In some applications, for example applications where drugs are to
administered slowly over time from the sub-channels, a roughened surface may be
desirable in the interior surfaces of the sub-channels. The use of granular material
creates channel to define the sub-channels in the extruded tube may impart such a
roughened surface structure as illustrated in Fig. 2B. The grain size of the sodium
chloride may be selected to determine the surface roughness characteristic. For
example, an isotropic roughness of 100 um, may be imparted. Although in the
exemplary embodiment, the sodium chloride particle size was reduced to 100 um or
less, the particle size may be adjusted, for example, to adjust the surface roughness of
the sub-channel walls. Note that the precise size and shape of the channels may be
selected for a given application.

[0095] The channel may be filled with bioactive compounds that show anti-
restenosis activity such as Rapamycin® or Paclitaxel® and antibiotic such as rifampin
to control the infection. If desired, the bioactive compound may be first loaded into &
polymeric carrier such as degradable polyesters to control its release. The polymeric
carrier may be in the form of a fiber, filament, rod or microspheres.

[0096] If desired the channels may be filled with nitinol wires to make a stent
graft which can be delivered using methods known in interventional cardiology.
Also, instead of sodium chloride, the channels may be defined by other materials
which may be removed by other means. For example, a wax may be used which may
be removed afier extrusion by melting it.

[0097] Details on manufacturing porous PTFE tubing generally, are described,
for example, in U.S. Pat. No. 3,953,566, U.S. Pat. No. 3,962,153, and U.S. Pat. No.
4,973,609, the entireties of which are herein incorporated by reference.

[0098] In a typical method, a PTFE tube may be formed preparing a PTFE
paste, extruding the article (e.g., tube), expanding the article, and sintering it. A
PTFE paste dispersion may be made for later extrusion by admixing virgin PTFE
powder such as Fluon® CD123 PTFE Coagulated Dispersion Powder from Asahi
Glass Co., F-104, F-103, virgin PTFE fine powder with a liquid lubricant. Examples
of lubricants are mineral spirits or naphtha to form a paste of a desired consistency.
The paste may either forced through an extrusion dye or coated onto a mandrel. The
wet extrudate may be dried by evaporating the lubricant. After drying, the material

may be stretched (elongation) and/or expanded in other directions. The
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stretching/expansion step may be done at temperatures in the range of 250-325 C.
Expansion rates of two to one (2:1) are typical. The extrudate may then be sintered
by heating it to a temperature of about 350-370 C creating an amorphous locking of
the polymer.

[0099] Reinforcement fibers or structural materials such as nitinol, may be
threaded through the sub-channels 110, 210 to make a finished article. In addition,
before or after the threading (or the addition of drugs), the finished article may be
twisted so that the channels are formed into a helical sub-channels. This may be
desirable where reinforcement in the radial and axial directions are required.

[00100] In all of the foregoing method embodiments, there are many materials
that can be incorporated in a billet (including an expanded billet) and used with the
various methods described in the present disclosure. Examples of these include:
hyaluronic acid, polyethylene-oxide, polyvinyl-alcohol, dextran, gelatin, and
cellulose.

[00101] In all of the embodiments drugs may be used in the channels or voids,
as mentioned. In such embodiments, a particularly useful class of drugs is
anesthetics. Grafts are often attached to, or positioned close to, traumatized tissue.
The trauma may be a result of the attachment of the graft or as a result of another
related or unrelated procedure. By including an anesthetic, alone, or in combination
with other drugs or reinforcement materials in the sub-channels or chambers, the
effects of the trauma can be mitigated. Also the anesthetic can be delivered in a
manner that concentrates it where it is needed most.

[00102] In addition to graft embodiments, the embodiments cover non-graft
devices such as patches or cylinders or other extrudable shapes can be used purely for
the purpose of delivering one or more drugs to a site within a living host. For
example, such a device may be removable, such as a drain left in a patient after
surgery to allow fluid to exit. Such a drain may deliver drugs or be reinforced in the
manner described in the instant application. Also, the device need not serve a
function other than drug-delivery. For example, it may be left in a patient purely for
the purpose of delivering drugs without serving an additional function, such one of a
graft.

[00103] In all of the embodiments, the invention does not preclude the

combination of the inventive embodiment with other devices and even such
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combinations that cause another article to come between the inventive device and the
host tissue. For example, a cylindrical medical device with sub-channels that hold
drugs may be placed over a catheter or graft whose interior contacts blood or other
fluids from the host and the medical device with the sub-channels is attached to
provide a vehicle for drug delivery.

[00104] In the foregoing embodiments, various kinds of drugs, medicaments, or
agents may provided in the disclosed channels and/or chambers. Examples include,
non-genetic therapeutic agents such as anti-thrombogenic agents such as heparin,
heparin derivatives, urokinase, and PPack (dextrophenylalanine proline arginine
chloromethylketone); anti-proliferative agents such as enoxaprin, angiopeptin, or
monoclonal antibodies capable of blocking smooth muscle cell proliferation, hirudin,
and acetylsalicylic acid; anti-inflammatory agents such as dexamethasone,
prednisolone, corticosterone, budesonide, estrogen, sulfasalazine, and mesalamine;
antineoplastic/antiproliferative/anti-miotic agents such as paclitaxel, 5-fluorouracil,
cisplatin, vinblastine, vincristine, epothilones, endostatin, angiostatin and thymidine
kinase inhibitors; anesthetic agents such as lidocaine, bupivacaine, and ropivacaine;
anti-coagulants, an RGD peptide-containing compound, heparin, antithrombin
compounds, platelet receptor antagonists, anti-thrombin anticodies, anti-platelet
receptor antibodies, aspirin, prostaglandin inhibitors, platelet inhibitors and tick
antiplatelet peptides; vascular cell growth promotors such as growth factor inhibitors,
growth factor receptor antagonists, transcriptional activators, and translational
promotors; vascular cell growth inhibitors such as growth factor inhibitors, growth
factor receptor antagonists, transcriptional repressors, translational repressors,
replication inhibitors, cell cycle inhibitors and activators inhibitory antibodies,
antibodies directed against growth factors, bifunctional molecules consisting of a
growth factor and a cytotoxin, bifunctional molecules consisting of an antibody and a
cytotoxin; cholesterol-lowering agents; vasodilating agents; cytostatic or cytotoxic
and agents which interfere with endogenous vascoactive mechanisms.

[00105] Genetic materials may also be used such as anti-sense DNA and anti -
sense RNA as well as other molecules working via the same mechanism of
transcriptional or translational inhibition or activation. Genetic material also include
(sense) DNA or (sense) RNA or equivalents thereof coding for Genes to replace

defective or deficient endogenous molecules or increase their amount or stability, or
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encode for non-endogenous or endogenous modified molecules with biological
effects. Genetic material also includes nucleic acids affecting Gene expression or
other cellular mechanisms by other ways than described above. Such Genetic
materials could be organized "naked," packed with supporting molecules or in form of
viruses or other vectors. Genes and their expression affected by above Genetic
materials include but are not restricted to: tRNA or rRNA angiogenic factors
including growth factors such as acidic and basic fibroblast growth factors, vascular
endothelial growth factor, epidermal growth factor, transforming growth factor alpha
and beta, platelet-derived endothelial growth factor, platelet-derived growth factor,
tumor necrosis factor alpha, hepatocyte growth factor and insulin like growth factor,
cell cycle inhibitors and activators including CD inhibitors, thymidine kinase
("TK") and other agents useful for interfering with cell proliferation , transcription
factors, translation factors, the family of bone morphogenic proteins
("BMP's"),BMP-2, BMP-3, BMP-4, BMP-5, BMP-6 (Vgr-1), BMP-7 (OP-1), BMP-8,
BMP-9, BMP-10, BMP-1, BMP-12, BMP-13, BMP-14, BMP-15, and BMP-16.
Desirable BMP's are any of BMP-2, BMP-3, BMP-4, BMP-5, BMP-6 and BMP-7.
These dimeric proteins can be provided as homodimers, heterodimers, or
combinations thereof, alone or together with other molecules. Alternatively or, in
addition, molecules capable of inducing an upstream or downstream effect of a BMP
can be provided. Such molecules include any of the "hedgehog" proteins, or the DNA
encoding them.

[00106] While the present invention has been disclosed with reference to
certain preferred exemplary embodiments, numerous modifications, alterations, and
changes to the described exemplary embodiments are possible without departing from
the sphere and scope of the present invention. Accordingly, it is intended that the
present invention not be limited to the described exemplary embodiments, but that it
have the full scope defined by the language of the following claims and equivalents

thereof.
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CLAIMS

1. A method of forming a medical device, comprising:

co-extruding a first material and a second material, such that, after extrusion,
the second material defines at least one elongate structure surrounded by the matrix cf
the first material;

removing the second material from of the first material to leave a void in the
first material.

2. The method of claim 1, wherein the second material is a granular material.

3. The method of claim 1, wherein the second material is granular with a
particle size of not more than 100 um.

4. The method of claim 1, wherein the second material is a soluble material
and the removing includes dissolving the soluble material.

5. The method of claim 1, wherein the second material is a salt and the
removing includes dissolving the salt.

6. The method of claim 1, further comprising expanding the first material
after removing the second material.

7. The method of claim 1, further comprising expanding the first material and
sintering the first material.

8. The method of claim 1, wherein the first material includes a polymer.

9. The method of claim 1, wherein the first material includes
polytetrafluoroethylene.

10. The method of claim 1, further comprising filling the voids left in the first
material, after removal of the second material, with a drug.

11. The method of claim 1, further comprising filling the voids left in the first
material, after removal of the second material, with an antithrombogenic drug.

12. The method of claim 1, further comprising filling the voids left in the first
material, after removal of the second material, with a drug/polymer mixture.

13. The method of claim 1, further comprising inserting a reinforcement
filament into the voids left in the first material, after removal of the second material.

14. The method of claim 11, wherein the co-extruding includes forming a
cylinder of the first and second materials the method further comprising twisting the
cylinder such that the voids left in the first material, after removal of the second

material, are formed into helices.
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15. The method of claim 1, further including forming the medical device is a
graft.

16. The method of claim 15, wherein the second material is a granular
material.

17. The method of claim 15, wherein the second material is granular with a
particle size of not more than 100 pm.

18. The method of claim 15, wherein the second material is a soluble material
and the removing includes dissolving the soluble material.

19. The method of claim 15, wherein the second material is a salt and the
removing includes dissolving the salt.

20. The method of claim 15, further comprising expanding the first material
after removing the second material.

21. The method of claim 15, further comprising expanding the first material
and sintering the first material.

22. The method of claim 15, wherein the first material includes a polymer.

23. The method of claim 15, wherein the first material includes
polytetrafluoroethylene.

24. The method of claim 15, further comprising filling the voids left in the first
material, after removal of the second material, with a drug.

25. The method of claim 15, further comprising filling the voids left in the first
material, after removal of the second material, with an antithrombogenic drug.

26. The method of claim 15, further comprising filling the voids left in the first
material, after removal of the second material, with a drug/polymer mixture.

27. The method of claim 15, further comprising inserting a reinforcement
filament into the voids left in the first material, after removal of the second material.

28. The method of claim 27, wherein a result of the co-extruding is a cylinder
of the first and second materials the method further comprising twisting the cylinder
such that the voids left in the first material, after removal of the second material, are
formed into helices.

29. A medical device, comprising:

a wall of biocompatible polymer with first and second surfaces and at least a
third surface disposed between the first and second surfaces that defines at least one

channel;
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the at least a third surface having a roughness of at least 50 pm.

30. The medical device of claim 29, wherein the wall is cylindrical.

31. The medical device of claim 29, wherein the wall is generally planar.

32. The medical device of claim 29, wherein the roughness is at least 100 um.

33. The medical device of claim 29, wherein wall is of ePTFE.

34. The medical device of claim 29, further comprising reinforcing filaments
in the at least one channel.

35. The medical device of claim 29, further comprising nitinol wires in the at
least one channel.

36. The medical device of claim 29, wherein the at least one channel are
helical.

37. The medical device of claim 29, wherein the at least one channel are filled
with a drug.

38. The medical device of claim 29, wherein the at least one channel are filled
with a drug/polymer mixture.

39. The medical device of claim 29, wherein the at least one channel are filled
with an antithrombogenic drug.

40. The medical device of any of the claims 29-39, where the medical device
is a graft.

41. A medical device, comprising:

a portion of porous hydrophobic biocompatible thermopolymer having edges
and channels formed therein with diameters of at least 50 pm continuous from a point
proximal at least one of the edges to a point remote from the at least one of the edges;

the channels being circular in cross-section.

42. The medical device of claim 41, wherein the channels are substantially
filled with a drug composition including a drug in a bioactive condition, which drug is
of such a composition as to become non-bioactive if subjected to the temperatures
required to sinter the thermopolymer.

43. The medical device of claim 41, wherein the diameters are less than 1000
pm.

44. The medical device of claim 41, wherein the channels have an interior
surface roughness that is substantially larger than the size of the largest pores in the

porous thermopolymer.
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45. The medical device of claim 41, wherein the portion has a generally
cylindrical shape and the edges are generally circular in shape.

46. The medical device of claim 41, wherein the channels contain a non-drug
material which microencapsulates the drug.

47. The medical device of claim 46, wherein the channels are free of any other
material.

48. The medical device of claim 41, wherein the channels contain a fiber
impregnated with the drug.

49. The medical device of claim 41, wherein the thermopolymer includes
PTFE.

50. The medical device of claim 41, wherein the portion is of ePTFE.

51. The medical device of claim 41, further comprising a stent encapsulated
by, and isolated from the channels by the thermoplastic.

52. The medical device of claim 41, further comprising a stent isolated from
the channels by the thermoplastic, where the stent defines a continuous layer.

53. A medical device, comprising:

a portion of porous hydrophobic biocompatible thermopolymer having edges
and channels formed therein with diameters of at least 50 um, and less than 1000 pm;

the channels being substantially filled a drug composition including a drug in a
bioactive condition, which drug is of such a composition as to become non-bioactive
if subjected to the temperatures required to sinter the thermopolymer.

54. The medical device of claim 53, wherein the channels have an interior
surface roughness that is substantially larger than the size of the largest pores in the
porous thermopolymer.

55. The medical device of claim 53, wherein the portion has a generally
cylindrical shape and the edges are generally circular in shape.

56. The medical device of claim 53, wherein the channels contain a non-drug
material which microencapsulates the drug.

57. The medical device of claim 56, wherein the channels are free of any other
material.

58. The medical device of claim 53, wherein the channels contain a fiber

impregnated with the drug.
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59. The medical device of claim 53, wherein the thermopolymer includes
PTFE.

60. The medical device of claim 53, wherein the portion is of ePTFE.

61. The medical device of claim 53, further comprising a stent isolated from
the channels by the thermoplastic.

62. The medical device of claim 53, further comprising a stent isolated from
the channels by the thermoplastic, where the stent defines a continuous layer.

63. A stent medical device, comprising:

a stent;

a wall of porous hydrophobic biocompatible thermopolymer, that encapsulates
the stent, having edges and channels formed therein with diameters of at least 50 um,
less than 1000 pm;

the channels being isolated from the stent and containing a drug composition
including a drug in a bioactive condition, which drug is of such a composition as to
become non-bioactive if subjected to the temperatures required to sinter the
thermopolymer.

64. The medical device of claim 63, wherein the channels have an interior
surface roughness that is substantially larger than the size of the largest pores in the
porous thermopolymer.

65. The medical device of claim 63, wherein the wall a generally cylindrical
shape and the edges are generally circular in shape.

66. The medical device of claim 63, wherein the channels contain a non-drug
material which microencapsulates the drug.

67. The medical device of claim 66, wherein the channels are free of any other
material.

68. The graft of claim 63, wherein the channels contain a fiber impregnated
with the drug.

69. The graft of claim 63, wherein the thermopolymer includes PTFE.

70. The graft of claim 63, wherein the wall is of ePTFE.

71. A method of forming a graft, comprising:

expanding billet of hydrophobic biocompatible thermopolymer having

channels filled with a soluble granular material;
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thermally fixing the expanded billet in its expanded state to create a
microporous structure.

72. The method of claim 71, further comprising dissolving the granular
material to leave the channels empty of the granular material.

73. The method of claim 71, wherein the granular material is salt.

74. The method of claim 71, wherein the thermopolymer includes PTFE.

75. The method of claim 71, further comprising dissolving the granular
material with water to leave the article channels empty of the granular material and
wherein the granular material is salt.

76. The method of claim 71, wherein the second material has a particle size of
not more than 50 um.

77. The method of claim 71, wherein the second material has a particle size ¢f
not more than 100 pm and the channels have diameters of less than 1000 pm.

78. The method of claim 71, wherein the thermopolymer is thermally fixed by
sintering.

79. The method of claim 71, wherein the thermopolymer is PTFE, which is
thermally fixed by sintering.

80. The method of claim 71, further comprising filling the channels with a
drug.

81. The method of claim 71, further comprising threading a fiber impregnated
with a drug through the channels.

82. The method of claim 71, further comprising threading a fiber impregnated
with a drug through the channels and wherein the channels have diameters of less than
1000 pm.

83. The method of claim 71, including forming the billet by co-extruding a
thermopolymer and a granular material.

84. The method of claim 71, wherein the billet includes a stent enveloped by
the thermopolymer.

85. The method of claim 71, wherein the billet includes a stent enveloped by
the thermopolymer and the method further comprises filling the channels with a drug.

86. A medical device, comprising:
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a portion of porous hydrophobic biocompatible thermopolymer having edges
and channels formed therein with diameters of at least 50 pm continuous from a point
proximal at least one of the edges to a point remote from the at least one of the edges;

the channels having a maximum diameter of 1000 pm.

87. The medical device of claim 86, wherein the channels have a maximum
diameter of 500 um.

88. The medical device of claim 86 or 87, wherein the channels are
substantially filled with a drug composition including a drug in a bioactive condition,
which drug is of such a composition as to become non-bioactive if subjected to the
temperatures required to sinter the thermopolymer.

89. The medical device of claim 86 or 87, wherein the channels have a circular
cross-section.

90. The medical device of claim 86, wherein the channels have an interior
surface roughness whose magnitude is substantially greater than the size of the largest
pores in the porous thermopolymer.

91. The medical device of claim 86, wherein the channels contain a non-drug
material which microencapsulates the drug.

92. The medical device of claim 91, wherein the channels are free of any other
material.

93. The medical device of claim 86, wherein the channels contain a fiber
impregnated with the drug.

94. The medical device of claim 86, wherein the thermopolymer includes
PTFE.

95. The medical device of claim 86, wherein the portion is of ePTFE.

96. The medical device of claim 86, further comprising a stent encapsulated
by, and isolated from the channels by the thermoplastic.

97. The medical device of claim 86, further comprising a stent isolated from

the channels by the thermoplastic, where the stent defines a continuous layer.
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