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(57) Abstract

A method for making a carbon lined vascular graft wherein a polymeric carbon compound and a polymeric compound are co-extruded
through a mandrel and die assembly to form a vascular graft having carbon as an integral component of its intraluminal or exterior surface is
presented, along with the carbon containing graft which results from the method. A divided preformer comprising two hollow concentrical
cylinders is used to form a dual compound billet for extrusion. Alternatively, the polymeric carbon compound may be used to fill both
cylinders of the divided preformer to form a single compound billet which is extruded to present a carbon containing polymeric graft
having uniform carbon polymeric material throughout the wall of the graft. A preformer having multiple dividers which thereby forms a
billet having multiple layers wherein one of the layers contains a carbon element way also be used as part of the inventive method. A
time-releasable bioactive substance may be incorporated into the vascular grafts resuiting from the inventive method.
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CARBON CONTAINING VASCULAR GRAFT AND METHOD FOR MAKING SAME

The present invention relates generally to vascular grafts.
More particularly, the present invention relates to a carbon
lined vascular graft which results from co-extruding a carbon
component and a polymer component to form a tubular graft which
comprises carbon as an integral part of the wall of the tubular
graft. The present invention further relates to a carbon/polymer
graft having a time releasable bioactive substance incorporated
within the carbon and a method for making the carbon/polymer

graft containing the biocactive substance.

Early studies of the electrochemistry occurring at the blood
synthetic interface of synthetic grafts and .in normal blood
vessels established that the inner surface of blood vessels are
electronegative when compared with their outer surfaces. This
evidence prompted the theory that a negative surface charge
prevents thrombosis while a positive surface charge promotes it.
Carbon is a versatile element which has been added to various
vascular synthetics to promote electrical conductivity. The
electronegative charge of carbon was found to act as a thrombosis

deterrent when used to coat the surfaces of grafts.

In addition, various forms of carbon have been shown to have
a high degree of biocompatability. Two specific forms of carbon,

namely vitreous carbon and turbostratic carbon, have drawn great
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interest in the field of biological implantations. Vitreous
carbons comprise a loose lattice configuration resulting from the
thermal degradation of organic materials. In contrast,
turbostratic carbons comprise an orderly lattice arrangement

which is formed by a heat process under pressure.

A vascular graft having a turbostratic carbon layer
comprising pyrolitic carbon is prepared by a chemical vapor-

deposition process which utilizes a vacuum apparatus for carbon

sputtering. This process has been disclosed in detail in the
prior art. Examples of this disclosure are evident in U.S.
Patent Numbers 4,537,791, 5,084,151 and 5,133,845. Three

particular pyrolytic carbons are defined by the temperature at
which they are deposited. High-temperature isotropic carbon
(HTI) is produced at temperatures greater than 2000° C, low-
temperature isotropic carbon (LTI) is deposited at temperatures
less than 1500° C, and ultra-low-temperature isotropic carbon
(ULTI) is deposited at temperatures less than 100°Cc. Of these
temperature defined pyrolytic carbons, the use of ULTI is
preferred because it can be applied to heat-sensitive fabrics and

polymers.

Carbon has also been incorporated into vascular prostheses
by coating the vascular prostheses with colloidal graphite. More
specifically, an anticoagulant, such as heparin is mixed with the
prosthesis material, typically a flexible polymeric resin, and

toluene or other aromatic solvent, and further combined with
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graphite to form a luminal layer of the vascular prosthesis. The
graphite functions as an adsorbent to hold the anticoagulant.
After treating the vascular prosthesis with toluene, the above-
described graphite coating is poured into the vascular
prosthesis, allowed to remain in contact with the luminal surface
of the prosthesis, and then drained from the prothesis. The
remaining coating on the luminal surface of the prosthesis is air
dried and then cured to the prosthesis with heat. An example of
such a method is described in U.S. Patent Number 3,585,647. Such
carbon coated vascular grafts are also disclosed and evaluated
in several scientific journal articles. Gott, V.L., Whiffen,
J.D., Dutton, R.C., "Heparin bonding on colloidal graphite
surfaces." Science, 142:1297, 1963.; Whiffen, J.D., Dutton, R.,
Young, W.P., Gott, V.L., "Heparin application to graphite coated
intravascular prostheses." Surgery, 56(2):404, 1964.; Gott, V.L.,
Whiffen, J.D., Koepke, D.E., Daggett, R.L., Beake, W.C., Young,
W.P., "Techniques of applying a graphite-benzalkonium-heparin

coating to various plastics and metals." Iransactions American

Society of Artificial Internal Organs, 10:213, 1964.

Studies of carbon coated vascular grafts, as described
above, have shown similar results. These results include the
finding that the carbon coated grafts exhibit reduced
thrombogenicity and improved patency over non carbon coated

grafts.
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Nevertheless, none of the foregoing carbon coated grafts

form an integral part of the wall of the graft. Consequently,
the previously described vascular grafts exhibit certain
undesirable characteristics when compared to a graft which is
impregnated with a carbon element during the production of the
graft. The high probability of carbon leaching into the tissues
surrounding the graft is one such characteristic. Furthermore,
those previously described carbon coated grafts may not exhibit
the same wall thickness, density, pore size, suture retention

strength, and tensile strength as their non-coated counterparts.

Accordingly, there is a need for a method to produce a
vascular graft having carbon as an integral part of the wall of
the graft in order to provide a vascular graft which exhibits a
less thrombogenic blood contact surface with a minimal amount of
carbon leaching. Such a graft should also exhibit continuity in
wall thickness, density, pore size, suture retention strength,
and tensile strength throughout the structure of the graft.
Furthermore, the electronegative charge of the carbon component
contained within such a carbon containing graft may facilitate
the binding of a time releasable bioactive substance, such as an

anticoagulant or anti-microbial agent, to the graft.
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Summary of the Invention

It is a principal object of the present invention to provide
a method for making a vascular graft which exhibits reduced

thrombogenicity and increased patency.

It is a further object of the present invention to provide
a method for making a carbon containing vascular graft wherein
the carbon component of the graft forms an integral portion of

the luminal wall of the graft.

It is still a further object of the present invention to
provide a method for making a carbon containing vascular graft
which exhibits a minimal amount of carbon leaching from the wall

of the graft into the tissue surrounding the graft.

It is yet a further object of the present invention to
provide a method for making a carbon containing vascular graft
which maintains continuity in wall thickness, density, pore size,
suture retention strength, and tensile strength throughout the

structure of the graft.

It is still a further object of the present invention to
provide a method for making a carbon containing vascular graft

which exhibits the desirable properties of expanded
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polytetrafluoroethylene (PTFE) with a less thrombogenic blood

contact surface.

It is still a further object of the present invention to
provide a method for making a carbon-lined vascular graft wherein
the carbon component of the graft forms an integral portion of
the luminal wall of the graft or, alternatively, an integral

portion of the outer wall of the graft.

It is yet a further object of the present invention to
provide a method for making a carbon-lined vascular graft, having
a polymer/carbon tubular extrudate and a polymer tubular
extrudate, which exhibits substantially uniform porosity
throughout the thickness of the graft's wall such that the carbon
containing layer of the graft has a porosity similar to the

polymer layer of the graft.

It is still a further object of the present invention to
provide a carbon containing vascular graft having a time
releasable bioactive substance loaded into the graft and a method

for making the bioactive loaded carbon containing graft.

According to a broad aspect of the invention, there is
provided a method for making a carbon containing vascular graft,
which is comprised primarily of polymers or a polymeric material,
which includes the following steps: 1) molding a preform billet

of material from a preform barrel wherein the preform tube of
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material contains an inner cylinder comprising a polymer compound
or a polymeric carbon compound and an outer cylinder comprising
a polymer compound or a polymeric carbon compound such that the
outer cylinder surrounds the inner cylinder, 2) extruding the
preform billet of material through a die to form a tubular
extrudate, 3) expanding the tubular extrudate, and 4) sintering

the expanded tubular extrudate.

The polymeric compound is comprised from a polymer resin,
preferably a polytetrafluoroethylene (PTFE) resin, and a suitable
lubricant such as mineral spirits. The polymeric carbon compound
is comprised from a polymer resin, preferably a PTFE resin, a
carbon element, such as activated charcoal powder or graphite
with activated charcoal powder, and a suitable lubricant such as
mineral spirits. The polymer element contained in the polymer
compound is preferably the same as the polymer element contained

in the polymeric carbon compound.

In order to form the preform billet, the preform barrel in
step 1 is divided into two hollow concentrical cylindrical
sections. This configuration is accomplished by placing a first
hollow tube within a second hollow tube having a greater diameter
than the first hollow tube. A polymer resin and lubricant are
combined to form the polymer compound and a polymer resin,
lubricant, and carbon component are combined to form the

polymeric carbon compound. Compounding is achieved by
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alternately sifting, shaking, and incubating the combined

components which make up the respective compounds.

If an intraluminal carbon lined vascular graft is desired,
the polymeric carbon compound is poured into the hollow inner
cylinder and the polymeric compound is poured into the hollow
outer cylinder. The preform barrel is compressed to compact the
respective compounds and then removed. The resulting structure
is a polymeric preform billet having a carbon component
comprising an inner cylindrical section of the billet. As
discussed above, this preform billet is then extruded, expanded,
and sintered to form a hollow polymeric tubular vascular graft
which has a carbon component forming an integral part of its

luninal wall.

Alternatively, if an exterior or outer carbon lined vascular
graft is desired, the polymeric compound is poured into the
hollow inner cylinder and the polymeric carbon compound is poured
into the hollow outer cylinder. compression of the preform
barrel, compaction of the respective compounds to form a dual
compound billet, extrusion of the preform billet, and expansion
and sintering of the resulting tubular vascular graft are then
performed as described above. The resulting product is a hollow
polymeric tubular vascular graft having an outer carbon layer
which forms an integral part of the outer wall of the vascular

graft.
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The above described method for co-extruding a dual compound
billet may also be carried out after placing the carbon polymeric
compound in both the inner and outer hollow cylinder sections of
the preform barrel. The process will then produce a carbon
containing polymeric tubular vascular graft having uniform carbon
polymeric material throughout the wall of the graft.
Alternatively, carbon polymeric compounds having different
percent weights of their carbon component may be loaded into the
inner and outer cylindrical sections, respectively, to produce
a vascular graft having two co-extruded carbon layers of

differing carbon percentages.

A uniform polymeric carbon compound may also be loaded into
an undivided preform barrel to form a single billet having a
uniform carbon composition throughout the billet. The billet may
then be extruded to form a vascular graft having a uniform carbon

polymeric material throughout the wall of the graft,.

Preformers having more than one divider may also be used as
part of the inventive method to form billets having multiple
layers (e.g. three, four, etc.) which can then be co-extruded to
form grafts having multiple layers of varying compounds wherein
at least one of the layers comprises a carbon containing

compound.

There is also provided a carbon containing vascular graft

comprising a carbon component and a polymer component, which form
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an integral carbon and polymer wall structure, wherein the
vascular graft contains a bioactive substance which is capable

of being time released from the vascular graft.

The objectives, features, and advantages of the present
invention will become more apparent to those skilled in the art
from the following more detailed description of the preferred
embodiment of the invention made in conjunction with the

accompanying drawings.

Brief I it f t) .

Fig. 1 is a diagrammatic representation of the preferred

method for making an intraluminal carbon lined vascular graft.

Fig. 2 is a perspective view of the divided preform barrel
which is used to form a preform billet during the inventive

process.

Fig. 3 is a perspective view of the press which is used to
compact the composition contained within the preform barrel

during the inventive process.

Fig. 4 is a diagrammatic cross-sectional view of a mandrel
and die assembly which is used to extrude the carbon containing

vascular graft during the inventive process.
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Fig. 5 is a cross-sectional view of a intraluminal carbon
lined vascular graft made in accordance with the inventive

process.

Fig. 6 is a scanning electron micrograph (SEM) of the inside
surface of a carbon lined vascular graft made in accordance with

the inventive process.

Fig. 7 is a SEM of the inside surface of a standard expanded

polytetrafluoroethylene (ePTFE) vascular graft.

Fig. 8 is a SEM of the outside surface of a carbon lined

vascular graft made in accordance with the inventive process.

Fig. 9 is a SEM of the outside surface of a standard ePTFE

vascular graft.

Fig. 10 is a SEM of a longitudinal cross section of a carbon
lined vascular graft made in accordance with the inventive

pProcess taken at 250X magnification.

Fig. 11 is a SEM of a longitudinal cross section of a

standard ePTFE vascular graft taken at 250X magnification.

Fig. 12 is a SEM of a longitudinal cross section of a carbon
lined vascular graft made in accordance with the inventive

Process taken at 150X magnification.
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Fig. 13 is a SEM of a longitudinal cross section of a

standard ePTFE vascular graft taken at 150X magnification.

cailed N erred Embodi

A flowchart depicting the inventive process 10 for making
an intraluminal carbon lined vascular graft is shown in Fig. 1.
The first four steps define the compounding of a polymeric
compound. PTFE resin is first sifted 12. A suitable amount of
lubricant, such as mineral spirits, is added 14 to enable the
PTFE to flow easily through extrusion equipment. The combined
PTFE resin and lubricant are then placed in a shaker device and
shaken 16 so that the lubricant coats and penetrates each of the
PTFE resin particles. The thoroughly mixed combination of PTFE
resin and lubricant is then incubated 18 in a warming cabinet
overnight which is maintained at a temperature of approximately
85°F. The incubation period allows for a further and more equal
dispersion of the lubricant throughout the PTFE resin. The
incubation step concludes the inventor's best mode for
efficiently and effectively compounding the polymeric compound
which comprises part of the inventive process. However, further
mixing and heating steps may be undertaken during the compounding

process.

Next, the compounding of a polymeric carbon compound 1is
performed by first sifting a carbon element 20, such as activated

charcoal powder or graphite with activated charcoal powder,
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through a number four-hundred (#400) sieve using a mechanical
sieve shaker. An amount of dry PTFE resin‘is then measured and
added 22 to the carbon element. This step is preferably
performed in a cold room. The carbon and PTFE resin combination
is shaken 24 in a cold storage room for approximately three
minutes. The carbon and PTFE resin combination is then passed
back into the cold room, and a lubricant is added 26 to the
composition. The resulting combination (carbon + PTFE resin +
lubricant) is shaken 28 and then sifted 30 through a number

twenty (#20) sieve.

The combination is then incubated 32 overnight in a warming
cabinet which is maintained at a temperature of approximately
85°F, and removed from the incubator at least twenty minutes
prior to preforming the mixture which is described subsequently.
The combination is then shaken 34 and subsequently sifted 36

through a number twenty (#20) sieve.
Example 1

The following amounts were used in compounding the polymeric
carbon compound and the polymeric compound as outlined in Fig.

1.

Polymeric carbon compound:
PTFE resin 230 grams

carbon (activated charcoal powder) 20 grams
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The activated carbon had a particle size wherein 97% of the
activated carbon passed through a 150 micron sieve. "NORIT"
activated carbon and "MALLINCKRODT" activated carbon both meet

this specification.

Polymeric compound:

PTFE resin 250 grams

The carbon component of the polymeric carbon compound is

preferably 3% to 20% by weight of the PTFE resin.

Following compounding, both the polymeric compound and the
carbon polymeric carbon compound are preformed into a compressed
cylinder by undertaking a series of short steps. First, the
polymeric carbon compound is poured 38 into the inner barrel of
a divided performer by directing it through a funnel which is fit
to the outside of the inner barrel. Fig. 2 illustrates the
divided preform barrel 40 which is used in preforming the
compounds into a compressed cylinder. The divided preform barrel
40 comprises an outer hollow cylindrical member 42, an inner
hollow cylindrical member 44, and a central solid cylindrical
member 46. The inner hollow cylindrical member 44 is
concentrically contained within the outer hollow cylindrical

member 42.

The polymeric carbon compound is poured 38 within a first

area 48 located between the inner hollow cylindrical member 44
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and the central solid cylindrical member 46. The polymeric
compound is then poured 50 within a second area 52 located
between the outer hollow cylindrical member 42 and the inner

hollow cylindrical member 44.

In a preferred embodiment, the outer hollow cylindrical
member 42 has a radius greater than the radius of the inner
hollow cylindrical member 44. The diameter of the components
which comprise the preform barrel will vary depending on the size
and type of vascular graft that is being produced. The preform
barrel 40 that was used with the composition parameters set out
in Example 1 had a radius of approximately two inches. The first
area 48 between the inner hollow cylindrical member 44 and the
central solid cylindrical member 46 had a radius of approximately
two-sixteenths inches, the inner hollow cylindrical member 44 had
a wall thickness of approximately one-sixteenth of an inch, and
the second area 50 located between the outer hollow cylindrical
member 42 and the inner hollow cylindrical member 44 had a radius

of approximately nine-sixteenths inches.

The materials contained in the divided preform barrel 40,
namely the polymeric compound and the polymeric carbon compound,
are then compressed 54. The materials are compressed 54 by
placing the divided preform barrel 40 on a press 56 such as that
shown in Fig. 3. After compressing the materials contained
within the divided preform barrel 40, the inner cylindrical

member 44, the outer cylindrical member 42, and the center solid
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cylindrical member 46 of the divided preform barrel 40 are
removed 57 to obtain a compressed cylinder of material 58. The
inner hollow cylindrical member 44 is removed without disturbing
the interface between the carbon polymeric compound and the

polymeric compound.

The press 56 used during the compression 54 of the polymeric
compound and the carbon polymeric compound is driven by a power
drive 60 which forces a top member 62 toward a bottom member 64
to compress the material 58 within the divided preform barrel 40.
Hollow cylindrical tubes 66 of varying thicknesses are used to
compress the material 58 within the divided preform barrel 40 by
slidably reciprocating around the inner hollow cylindrical member
44, the outer hollow cylindrical member 42, and the center solid

cylindrical member 46 of the divided preform barrel 40.

Alternatively, the dividers within the preform barrel may
be removed prior to compression, without disturbing the interface
pbetween the different compounds, and then compressed to form a
billet for extrusion. The compressed cylinder of material, or
billet, is co-extruded via a ram extruder assembly 70 such as
that illustrated in Fig. 4. The ram extruder assembly 70
consists of an extrusion barrel 72, an extrusion die 74, a

mandrel 76, and a ram 78.

The compressed cylinder of material is placed within the

extrusion barrel 72. Force is applied to ram 78 which in turn
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expels pressure on the compressed cylinder of material. The
pressure causes the compressed cylinder 6f material 79 to be
extruded around mandrel 76, through extrusion die 74, and issue
as a tubular extrudate 80. An arrow 82 shows the direction of
the extrusion. The tubular extrudate 80 is then expanded 84 and
sintered 86 (See Fig. 1) in accordance with the expansion and
sintering procedures undertaken with pure PTFE vascular grafts

which are well known in the art.

Fig. 5 illustrates a cross-section of the carbon-lined
vascular graft 88. The inner luminal layer 90 of the vascular
graft 88 is comprised of the pPreviously described polymeric
carbon compound and the outer layer 92 of the vascular graft 88
is comprised of the previously described polymeric compound. The
carbon contained in the polymeric carbon compound is now an
integral part of the luminal wall of the vascular graft 8s8.
Blood flowing through the lumen 94 of the vascular graft 88 is
in direct contact with the polymeric carbon compound which
results in a decreased incidence of thrombus formation on the
luminal wall of the carbon lined vascular graft 88 over non-
carbon lined vascular grafts. In addition, leaching of the carbon
from the graft into the bloodstream is minimal compared to other

carbon-lined grafts which are not co-extruded.

Physical tests were performed on three samples from three
different lots that were processed according to the method

depicted in Fig. 1.
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The results of the physical tests were as follows:

Lot Number 1 2 3
Inside Diameter 4.0 5.0 6.0
(mm) 4.0 5.0 6.0
4.0 5.0 6.0
wall Thickness 0.498 0.468 0.440
(mm) 0.542 0.475 0.474
0.486 0.481 0.468
Water Entry 3.8 3.4 3.4
Pressure (psi) 4.2 3.6 3.4
4.2 3.8 3.6

Water Entry Pressure was defined as the pressure at which water
passes from the inner wall to the outer wall of the graft. To
determine the Water Entry Pressure of a given graft, the graft
was filled with water and pressurized to an initial value. The
pressure was then increased gradually until water was observed
on the external surface of the graft. This pressure was recorded

as the Water Entry Pressure.

All characteristics of the grafts were in the acceptable
quality control range for non-carbon lined PTFE vascular grafts.

It was further determined that the sifting of the carbon and the
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use of higher 1lube levels aids the dispersion of the carbon

throughout the luminal layer of the graft.

Example 2

The following amounts were used in compounding the polymeric

5 carbon compound and the polymeric compound:

Polymeric carbon compound:
PTFE resin 460.5 grams
carbon (activated charcoal powder) 40.7 grams
The activated carbon had a particle size wherein 97% of the

10 activated carbon passed through a 150 micron sieve.

Polymeric compound:

PTFE resin 500 grams

The process outlined in Figure 1 was again carried out with

the above identified compositions. Physical tests were performed

15 on both the 6.0 mm standard IMPRA vascular grafts and the carbon
lined vascular grafts formed from the inventive process. PTFE

resin batches and lubricant batches were controlled. The results

were as follows:
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CARBON-LINED GRAFT STANDARD GRAFT

Avg. St.D. Avg. D
Inside Diameter
(mm) 6.00 0.000 5.98 a5
wall Thickness
(mm) 0.42 0.004 0.44 oay
Wwater Entry
Pressure (psi) 5.84 0.080 5.60 aB
suture Retention
strength (g) 1241.50 104.500 1272.50

111.500

Suture Retention Strength was defined as the force necessary to
pull a suture from the graft, or cause the wall of the graft to
fail. The graft was cut normal to the long axis and a suture was
inserted 2 millimeters (mm) from the end of the graft, through
one wall of the graft, to form a half loop. The graft and suture
were positioned on a tensile testing machine having a load cell
and gripping equipment. The suture was then pulled at the rate
of 150 + 50 mm per minute. The force required to pull the
suture through the graft or cause the wall of the graft to fail
was recorded as the suture retention strength. This force was

recorded in grams.
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All characteristics of the grafts were in the acceptable
quality control range for standard PTFE vascular grafts. Only
one characteristic showed a statistical significant difference

between the carbon lined grafts and the standard grafts.

I. TEST COMPARISON

Wall Thickness P value = 0.0003

Figures 6 and 7 are scanning electron micrographs taken at
150X magnification of the inside surfaces of a carbon 1lined
vascular graft and standard vascular graft, respectively, which
were processed in accordance with Example 2 above. Figures 8 and
9 represent scanning electron micrographs taken at 350X
magnification of the outside surfaces of the carbon 1lined
vascular graft and the standard vascular graft, respectively.
As can be seen from Figures 6-9, there are no visually
discernable differences in the internodal distances in the

scanning electron micrographs for the respective types of grafts.

Figures 10 and 11 represent scanning electron micrographs
taken at 250X magnification of a longitudinal cross section of
the carbon lined and standard vascular grafts shown in the
previous four figures and processed in accordance with Example
2 above. Figures 12 and 13 show scanning electron micrographs
taken at 150X magnification of a longitudinal cross-section of
the carbon 1lined vascular graft and the standard graft,

respectively. Again, no visually discernable differences were
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observed in the scanning electron micrographs of the graft cross-

sections.

In contrast to the above examples, an exterior or outer
carbon lined vascular graft may be produced using the process
outlined in Figure 1. However, instead of loading the polymeric
carbon compound into the first area 48 of the divided preformer
40, the carbon polymeric compound is loaded into the second area
52 of the divided preformer 40. The dimensions of the
cylindrical members 42, 44, 46 may change in order to produce a
billet that can be extruded to form a vascular graft having a

thin carbon lined exterior surface.

Further, a carbon containing vascular graft may be formed
which comprises a carbon containing monolithic layer. The carbon
containing graft can be formed from a single compound billet of
compressed carbon polymeric compound which is extruded to form
the monolithic graft. A carbon containing graft having carbon
throughout the entire wall of the graft may also be formed by
loading a carbon polymeric compound into both the inner and outer
areas 48, 52 of the divided preformer 40 and continuing the
remaining process outlined in Figure 1. The carbon polymeric
compounds loaded into both the inner and outer areas 48, 52 of
the divided preformer 40 may Or may not comprise the same %

weight of the carbon component.
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All of the previously described carbon containing vascular
grafts may further comprise a bioactive substance which is
capable of being time-released from the vascular grafts. The
bioactive substance may include anticoagulants, anti-microbial
agents, anti-inflammatories, growth factors, smooth muscle
contraction inhibitors, antithrombotics, antiplatelet agents, non
steroidal anti-inflammatory drugs, infectin, ticlopidene, or any
other substance which enhances the utility or value of the graft

for implant purposes.

The biocactive substance is incorporated into the carbon
containing graft by methods known in the art. For example, the
carbon containing vascular graft may be soaked in the desired
bioactive substance, post sintering of the graft, and then dried.
A negative or positive pressure may also be used to drive the
bioactive substance into the pores of the vascular graft. Other
methods for bonding a biocactive substance to the carbon
containing graft are described in U.S. Patent Nos. 4,229,838 and
4,749,585, and are herein incorporated by reference. As
previously stated, the electronegative charge of the carbon
component in the carbon containing vascular graft may facilitate

in binding the bioactive substance to the vascular graft.

While a preferred form of the invention has been shown in
the drawings and described, since variations in the preferred

form will be apparent to those skilled in the art, the invention
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should not be construed as limited to the specific form shown and

described, but instead is as set forth in the following claims.
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I _Claim:
1. A method for making a carbon containing vascular graft
comprising the steps of:

a) molding a preform billet having a solid inner
cylindrical portion and a solid outer cylindrical portion
surrounding said solid inner cylindrical portion;

b) extruding said preform billet through a die to form
a tubular extrudate;

c) expanding said tubular extrudate; and

d) sintering the expanded tubular extrudate.

2. The method of Claim 1 wherein said step of molding a
preform billet comprises the steps of:

a) providing a preform barrel which is divided into
inner and outer hollow cylindrical sections by a hollow
cylindrical divider;

b) compounding a polymer resin, a carbon component and
a lubricant to form a polymer-carbon admixture;

C) pouring an amount of said polymer-carbon admixture
into the inner cylindrical section of said preform barrel such
that it fills said inner cylindrical section;

d) pouring an amount of said polymer carbon admixture
into the outer cylindrical section of said preform barrel such

that it fills said outer cylindrical section;
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e) pressing said preform barrel to compact the polymer-
carbon admixture; and

f) removing said preform barrel.

3. The method of Claim 2 wherein said carbon component is

approximately 3% to 20% by weight of said polymer resin.

4. The method of Claim 2 wherein said carbon component is

an activated charcoal powder.

5. The method of Claim 2 further comprising the step of
incorporating a time-releasable bioactive substance within the
carbon containing vascular graft subsequent to the step of

sintering the expanded tubular extrudate.

6. The method of Claim 5 wherein said bioactive substance
comprises at least one of an anticoagulant, an anti-microbial
agent, an anti-inflammatory, a growth factor, a smooth muscle
inhibitor, an antithrombotic, an antiplatelet agent, and a non-

steroidal anti-inflammatory drug.

7. The method of Claim 1 wherein the carbon containing
vascular graft is a carbon lined graft and the step of molding

a preform billet comprises the steps of:
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a) providing a preform barrel which is divided into
inner and outer hollow concentrical cylindrical sections by a
hollow cylindrical divider;

b) compounding a polymer resin and a lubricant to form
a polymer compound;

C) pouring said polymer compound into at least one of
the inner and outer cylindrical sections of the preform barrel;

d) compounding a polymer resin, a carbon component and
a lubricant to form a polymer-carbon admixture;

e) pouring said polymer-carbon admixture into at least
one of the inner and outer cylindrical sections of the preform
barrel remaining empty such that it is not combined with said
polymer compound;

f) pressing said preform barrel to compact the polymer
compound and the polymer-carbon admixture; and

g) removing the preform barrel.

8. The method of Claim 7 wherein said carbon component is

approximately 3% to 20% by weight of said polymer resin.

9. The method of Claim 7 wherein said carbon component is

an activated charcoal powder.

10. The method of Claim 7 further comprising the step of
incorporating a time-releasable biocactive substance within the

carbon lined vascular graft.
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11. The method of Claim 10 wherein said bioactive substance
comprises at least one of an anticoagulant, an anti-microbial
agent, an anti-inflammatory, a growth factor, a smooth muscle
inhibitor, an antithrombotic, an antiplatelet agent, and a non-

steroidal anti-inflammatory drug.

12. A vascular graft comprising a carbon component and a
polymer component which form an integral carbon and polymer wall
structure wherein said vascular graft further comprises a

bioactive substance.

13. The vascular graft of Claim 12 wherein said bioactive
component is capable of being time released from the vascular

graft.

14. The vascular graft of Claim 12 wherein said bioactive
substance comprises at least one of an anticoagulant, an anti-
microbial agent, an anti-inflammatory, a growth factor, a smooth
muscle inhibitor, an antithrombotic, an antiplatelet agent, and

a non-steroidal anti-inflammatory drug.

15. A carbon containing vascular graft comprising:
a first layer forming an interior surface of the
tubular member and defining a flow passage therethrough, said
first layer comprising at least one of a polymer compound and a

polymeric carbon compound; and
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17. The carbon lined vascular graft of Claim 16 wherein
said carbon component is approximately 3% to 20% by weight of

said polymer resin.

18. The carbon lined vascular graft of Claim 16 wherein

said carbon component is an activated charcoal powder.

19. The carbon containing vascular graft of Claim 15
wherein at least one of said first and second layers further

comprises a bioactive substance.

20. The carbon containing vascular graft of Claim 19
wherein said bioactive substance is capable of being time

released from the vascular graft.

21. The carbon containing vascular graft of Claim 19
wherein said bioactive substance comprises at least one of an
anticoagulant, an anti-microbial agent, an anti-inflammatory, a
growth factor, a smooth muscle inhibitor, an antithrombotic, an

antiplatelet agent, and a non-steroidal anti-inflammatory drug.

22. The carbon lined vascular graft of Claim 16 further
comprising the step of incorporating a bioactive substance into

the carbon lined vascular graft.
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23. The carbon lined vascular graft of Claim 22 wherein the
biocactive substance is capable of being time released from the

vascular graft.

24. The carbon lined vascular graft of Claim 22 wherein the
biocactive substance comprises at least one of an anticoagulant,
an anti-microbial agent, an anti-inflammatory, a growth factor,
a smooth muscle inhibitor, an antithrombotic, an antiplatelet

agent, and a non-steroidal anti-inflammatory drug.

25. A method for making a carbon containing vascular graft
comprising the steps of:
a) molding a preform billet comprising the steps of:

(i) providing a preform barrel which is divided
into at least two cylindrical sections;

(ii) pouring a polymer-carbon admixture into at
least one of said at least two cylindrical sections;

(iii) pouring at least one of a polymeric compound
and said polymer-carbon admixture into any remaining unfilled
cylindrical sections of said at least two cylindrical sections;
and

(iv) compacting the polymer-carbon admixture and
the polymeric compound to form the preform billet;

b) extruding said preform billet through a
die to form a tubular extrudate;
c) expanding said tubular extrudate; and

d) sintering the expanded tubular extrudate.
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26. A carbon containing vascular graft made in accordance

with the method of Claim 25.
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