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VASCULAR GRAFT AND METHOD OF
FABRICATING THE SAMEL

FIELD OF THE INVENTION

[0001] The present invention relates generally to vascular
bypass procedures conducted for the treatment of severe
cardiovascular diseases, and in particular, to a synthetic,
vascular grait and method of fabricating the same which has
mechanical properties similar to native vascular materals.

BACKGROUND AND SUMMARY OF TH.
INVENTION

T

[0002] Polytetratluoroethylene (PTFE), more widely
known as Teflon®, 1s a polymer material renowned for its
unique properties, making 1t widely employed 1n industrial
applications. This special homopolymer 1s characterized by
its low surface energy, low coetlicient of friction, chemical
inertness, and biocompatibility. The versatility of PTFE can
be seen 1n many applications, such as additives, gaskets,
low-1riction matenials, and electronics. Stemming from this
polymer, a derivative form of PTFE called expanded poly-
tetrafluoroethylene (ePTFE), 1s produced by mechanically
stretching (expansion) of PI'FE to create a highly porous
structure. First pioneered by Gore, this version of PTFE
exhibits 1ncreased flexibility and porosity, making 1t attrac-
tive to many applications such as filtration and breathable
tabrics as well as medical devices and implants. Further, the
processibility and large-scale production of ePTFE have
many attractive qualities making 1t an appealing material of
choice 1n the idustry.

[0003] One of the fields 1n which ePTFE 1s used 1s 1n the
clinical treatment of severe cardiovascular diseases (CVDs),
which have emerged as a leading cause of global mortality.
For example, 1n order to treat CVDs, vascular bypass
procedures are widely performed. A vascular procedure 1s a
surgical procedure wherein blood flow 1s redirected around
a diseased artery by means of a vascular graft. Often times,
a surgeon will use someone’s own vein for the vascular
bypass. However, when the availability of suitable autolo-
gous conduits 1s unavailable, prosthetic grafts fabricated
from other types of materials must be used. Expanded
polytetrafluoroethylene (ePTFE) has demonstrated compat-
ibility as a synthetic substitute for vascular graits.

[0004] Heretofore, ePTFE graits have achieved commer-
cial success in large-diameter vascular grafts (LDVGs)
greater than 6 millimeters (mm). However, in small-diam-
eter vascular grafts (SDVGs) of less than 6 mm, the use of
cPTFE grafts for bypass surgeries still has shortcomings.
More specifically, SDVGs of less than 6 mm have a patency
of approximately 60% after one (1) year. This patency of
SDVGs of less than 6 mm falls far short of the patency of
autologous graits, which exhibit a notably higher patency
rate of approximately 95%. The viability of synthetic vas-
cular grafts 1s compromised by various significant factors,
including differences in compliance between the graft mate-
rial and native tissue, hemodynamic considerations at the
grait interface, and the madequacy of suflicient endotheli-
alization. These challenges are further exacerbated in the
case of SDVGs, leading to the diminished patency rates for
such graits.

[0005] One of the greatest drawbacks of synthetic grafts,
and particularly ePTFE vascular grafts, 1s the mechanical
mismatch between the synthetic materials, which lack com-
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pliance, and native vascular materials. The mismatch of
compliance between synthetic and native vasculature can
cause many 1ssues at the interface site, such as thrombosis
and 1ntimal hyperplasia. These factors significantly contrib-
ute to the failure rate of synthetic graits, by disrupting the
blood flow and creating zones of blood recirculation and low
wall shear stresses.

[0006] Therefore, 1t 1s a primary object and feature of the
present 1nvention to provide a vascular graft having a
microstructure and mechanical response closer to native
vasculature than prior synthetic, vascular grafts.

[0007] It 1s a further object and feature of the present
invention to provide a method of fabricating a vascular graft
from PTFE which 1s highly compliant, without the need for
supplementary additives or inherent material alterations.
[0008] It 1s a still further object and feature of the present
invention to provide a method of fabricating a vascular graft
which 1s simple and inexpensive to manufacture.

[0009] In accordance with the present invention, a vascu-
lar graft 1s provided. The vascular graft includes an elon-
gated tube fabricated from a maternial having a plurality of
nodes 1nterconnected by a plurality of fibrils. The elongated
tube extends along an axis and has been previously stretched
along the axis from an 1nitial length to a desired length. Each
of the plurality of fibrils has a length, and first and second
ends separated by a linear distance. The length of each of a
majority of the plurality of fibrils 1s greater than the linear
distance between the first and second ends of each of the
majority of the plurality of fibrils.

[0010] It 1s contemplated for the material to be expanded
polytetrafluoroethylene and to have porosity suflicient to
allow water vapor to pass therethrough, while limiting the
ability of liquid water to pass through the matenal. It 1s
intended the majority of the plurality of fibrils 1n the material
of the elongated tube to be nonparallel.

[0011] In accordance with a further aspect of the present
invention, a method of fabricating a vascular graft 1s pro-
vided. The method includes the step of providing an elon-
gated tube extending along an axis. The elongated tube 1s
stretched along the axis to an 1nitial length and subsequently
sintered. Thereafter, the elongated tube is stretched along the
axis to a final length.

[0012] The clongated tube has first and second ends and
the method may include the additional step of wrapping the
first and second ends of the elongated tube with tape prior to
stretching the elongated tube along the axis to the initial
length. The elongated tube may be heated prior to stretching
the elongated tube along the axis to the initial length, and in
addition, the elongated tube may be positioned within an
environmental chamber during the stretching the elongated
tube along the axis to the 1n 1nitial length. The environmental
chamber 1s maintained at a desired temperature.

[0013] The step of sintering the elongated tube includes
the step of rapidly heating the elongated to a selected
temperature for a selected time period. After rapidly heating
the clongated tube to the selected temperature for the
selected time period, the elongated tube 1s cooled to ambient
temperature. Once cooled, the elongated the elongated may
be heated prior to stretching the elongated tube along the
axis to the final length. Again, the elongated tube 1s posi-
tioned within an environmental chamber maintained at a
desired temperature during the stretching of the elongated
tube along the axis to the final length. The elongated tube of
final length 1s allowed to rest at ambient temperature after
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stretching. It 1s contemplated for the mitial length to be equal
to the final length and for the elongated tube to be sintered
at an intermediate length. The intermediate length 1s less
than the 1mitial length and the final length.

[0014] In accordance with a still further aspect of the
present invention, a method of fabricating a vascular graft 1s
provided. The method includes the step of providing a
specimen ol material. The matenal includes a plurality of
nodes interconnected by a plurality of fibrils. The specimen
1s stretched along an axis to a first extended configuration
and sintered. Thereatter, the specimen 1s stretched along the
axis to a second extended configuration and allowed to rest
at ambient temperature for a selected time period.

[0015] FEach of the plurality of fibrils has a length, and first
and second ends are separated by a linear distance. The
length of each of a majority of the plurality of fibrils 1s
greater than the linear distance between the first and second
ends of each of the majority of the plurality of fibrils after
the specimen 1s allowed to rest.

[0016] The specimen may be heated prior to stretching the
specimen to the first extended configuration and positioned
within an environmental chamber maintained at a desired
temperature during the stretching to the first extended con-
figuration. The step of sintering the specimen may include
rapidly heating the specimen to a selected temperature for a
selected time period. After rapidly heating the specimen at
the selected temperature for the selected time period, the
specimen 15 cooled to ambient temperature.

[0017] The specimen may be heated prior to stretching the
specimen to the second extended configuration. Thereatter,
the specimen 1s positioned within an environmental chamber
maintained at a desired temperature during the stretching of
the specimen to the second extended configuration. It 1s
contemplated for the first and second extended configura-
tions to be the same. In addition, 1t contemplated to sinter the
specimen at an mtermediate configuration which 1s small
than the first and second expanded configurations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The drawings furnished herewith illustrate a pre-
ferred construction of the present invention in which the
above advantages and features are clearly disclosed as well
as others which will be readily understood from the follow-
ing description of the illustrated embodiment.

[0019] In the drawings:

[0020] FIG. 1 1s an 1sometric view of a synthetic tube for
use as a vascular graft in accordance with the present
invention;

[0021] FIG. 2 1s a cross-sectional view of the synthetic
tube of the present invention taken along line 2-2 of FIG. 1;

[0022] FIG. 3 1s a schematic, side elevational view of the
synthetic tube of the present invention acting a vascular
grait;

[0023] FIG. 4 1s a schematic, side elevational view of an

expansion machine for effectuating an initial step 1n the
tabrication of the synthetic tube of the present invention;

[0024] FIG. SA 1s a front elevational view of the synthetic
tube of the present invention after a first expansion thereof
during the initial step depicted in FIG. 4;

[0025] FIG. 5B 1s a front elevational view of the synthetic
tube of the present invention after relaxation and an oven for
cllectuating a further 1n the fabrication of the synthetic tube
of the present invention;

Aug. 14, 2025

[0026] FIG. 6 1s an enlarged view showing the nodes and
fibrils of the synthetic tube of the present invention during
the fabrication process;

[0027] FIG. 7 1s a schematic, side elevational view of the
expansion machine of FIG. 4 effectuating a still further step
in the fabrication of the synthetic tube of the present
invention;

[0028] FIG. 8 15 a side elevational view of the synthetic
tube of the present invention after a second expansion
thereol and an enlarged view showing the nodes and fibrils
thereof:

[0029] FIG. 9 1s an enlarged view showing the nodes and
fibrils of the synthetic tube of the present invention;

[0030] FIG. 10 1s a chart showing various specimens
utilized during mechanical test process;

[0031] FIG. 11 1s a graphical representation of the strain of
a first set of specimens at various tensile stresses; and

[0032] FIG. 12 1s a graphical representation the strain of a
second set of specimens at various tensile stresses.

DETAILED DESCRIPTION OF THE DRAWINGS

[0033] Referring to FIGS. 1-3, a specimen, e.g. a synthetic
tube, 1s generally designated by the reference numeral 10. As
best seen 1n FIG. 2, 1t 1s intended for synthetic tube 10 (or
a portion thereof) to define a vascular grait for interconnect-

ing first portion 11a of a blood vessel 11 to second portion
1156 of blood vessel 11.

[0034] Synthetic tube 10 1s fabricated from a fluoropoly-
mer, e.g. polytetrafluoroethylene (PTFE). By way of
example, synthetic tube 10 may be fabricated from fine
PTFE powder particles sieved to produce particles having a
diameter 1n the range from 250 micrometers (um) to 2000
um. A lubricant may be provided to facilitate extrusion of the
synthetic tube 10, as hereinafter described. A PTFE paste
batch, comprising a mixture of 80 grams (g) of PTFE
powder particles and 25 g of lubricant, may be mixed in a
bottle roller for a selected time period, e.g., 1in the range of
30 minutes to an hour, at a selected temperature, e.g., less
than 19° Celsius (C) to prevent fibrillation among the
powder granules and attain even distribution of the PTFE
powder particles in the PTFE paste. The resultant mixture 1s
compressed 1nto a preformed cylinder possessing a prede-
termined diameter, e.g., 50 millimeters (mm) at selected
pressure, €.g., a maximum pressure of 2 megapascals (MPa).

[0035] The PTFE paste within the cylinder 1s subjected to
extrusion through a die with a desired reduction ratio (RR),
e.g., 90:1. The ram velocity may be kept constant, e.g., at 5
mm/min. The extruded PTFE paste defines synthetic tube 10
having an inner diameter of desired size, e.g., 6 mm, and a
uniform wall thickness, e.g., 1 mm. Synthetic tube 10
fabricated from the extruded PTFE paste may undergo a
vacuum-drying process, e.g., at 40° C., for a minimum

duration, e.g., 24 hours, to remove any remnant lubricant
from the extruded PTFE paste.

[0036] As best seen i FIGS. 1-2, synthetic tube 10
extends along an axis and 1s defined by a generally cylin-
drical wall 12 having an outer surface 14, an nner surface
16, first and second ends 18 and 20, respectively. Inner
surface 16 of cylindrical wall 12 defines passageway 22
through synthetic tube 10. As i1s known, the PTFE from
which cylindrical wall 12 1s fabricated a semi-crystalline
polymer defined by a plurality of nodes 38 interconnected by

fibrils 40, FIG. 6.
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[0037] Adfter fabrication, synthetic tube 10 1s cut to 1ts
initial length L1, e.g., 30 mm. Each of first and second ends
18 and 20, respectively, of cylindrical wall 12 1s wrapped,
c.g., with ePTFE tape, to prevent cracking during the
expansion process, as heremnafter described. Referring to
FIG. 4, an expansion machine, e.g., testing machine 24, 1s
provided for stretching synthetic tube 10, as heremafter
described. Testing machine 24 includes environmental
chamber 26 to facilitate the heating of synthetic tube 10, as
heremafter described. Synthetic tube 10 1s positioned with
environmental chamber 26. Thereafter, first end 18 of cylin-
drical wall 12 1s interconnected to base 28 of testing machine
24 1n any conventional matter and second end 20 of cylin-
drical wall 12 1s imterconnected to crosshead 30 of testing
machine 24 1n any conventional matter. As heremafter
described, crosshead 30 1s vertically movable at a user
selected stress level to stretch synthetic tube 10. Synthetic
tube 10 1s preheated within environmental chamber 26 of
testing machine 24 to a selected temperature, e.g., 80° C., for
a selected duration, e.g., 5 minutes, to allow synthetic tube
10 to establish a umiform material temperature.

[0038] Once synthetic tube 10 establishes a uniform mate-
rial temperature, environmental chamber 26 1s maintained at
the selected temperature, e.g., 80° C. and testing machine 24
draws crosshead 30 away from base 28 such that synthetic
tube 10 1s stretched or expanded under uniaxial tension
expansion at a selected rate, e.g., 100 mm/minute, to a first
extended length L2 (FIG. SA), thereby expanding the PTFE
maternial forming cylindrical wall 12 of synthetic tube 10. It
can be understood that as cylindrical wall 12 fabricated from
PTFE 1s expanded or stretched, the internodal distance
increases, thereby increasing the porosity of cylindrical wall
12. After cylindrical wall 12 of synthetic tube 10 has been
expanded, synthetic tube 10 1s allowed to relax for a selected
relaxation period to minimize the risk of damage to synthetic
tube 10 before subsequent manipulation, as hereimafter
described. During relaxation, synthetic tube 10 retracts
slightly after expansion, e.g., by approximately 10-20 mm,
to an intermediate length L3, FIG. 3B.

[0039] Following the relaxation period, synthetic tube 10
1s fixed at an intermediate length L3 by sintering or sub-
jecting synthetic tube 10 to a rapid heat treatment at a
selected temperature, e.g., 360° C., for a selected duration,
e.g., 90 seconds. This may be accomplished by transferring
synthetic tube 10 from environmental chamber 26 of testing
machine 24 1nto a preheated oven 34 or the like, FIG. 5B.
Once synthetic tube 10 has been sintered, synthetic tube 10
1s quickly removed from oven 34 to the ambient environ-
ment and exposed to flowing air in order to quench synthetic
tube to room temperature and prevent the formation of
crystalline structures therein. Referring to FIG. 6, 1t can be
seen that after synthetic tube 10 1s brought down to ambient/
room temperature, the vast majority of fibrils 40 1ntercon-
necting nodes 38 in the ePTFE material from which cylinder
wall 12 of synthetic tube 10 1s formed are generally parallel
to each other and generally perpendicular to their corre-
sponding nodes 38.

[0040] Referring to FIG. 7, after synthetic tube 10 1is
brought down to ambient/room temperature, synthetic tube
10 1s returned to environmental chamber 26 of testing
machine 24. Once again, first end 18 of cylindrical wall 12
1s interconnected to base 28 of testing machine 24 in any
conventional matter and second end 20 of cylindrical wall
12 1s mterconnected to crosshead 30 of testing machine 24
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in any conventional matter. Synthetic tube 10 1s preheated
within environmental chamber 26 of testing machine 24 to
a selected temperature, e.g., 80° C., for a selected duration,
¢.g., S minutes, to allow synthetic tube 10 to establish a
uniform material temperature.

[0041] Once synthetic tube 10 establishes a uniform mate-
rial temperature, with environmental chamber 26 maintained
the selected temperature, e.g., 80° C., testing machine 24
draws crosshead 30 away from base 28 such that synthetic
tube 10 1s stretched or expanded under umaxial tension
expansion at a second selected rate, e.g., 50 mm/minute, to
a second expanded length L4, FIG. 8. It 1s contemplated for
the second expanded length 1.4 to be generally equal to the
first expanded length L.2 and to be greater than the interme-
diate length 3. Again, 1t can be understood that as cylin-
drical wall 12 1s further expanded or stretched, the internodal
distance 1ncreases, thereby further increasing the porosity of
cylindrical wall 12. After cylindrical wall 12 of synthetic
tube 10 has been expanded, synthetic tube 10 1s removed
from environment chamber 26 of testing machine 24 and
allowed to relax at ambient/room temperature for a selected
relaxation period of at least 24 hours. This ensures the
cPTFE material from which synthetic tube 10 fabricated can
tully relax to 1ts natural state.

[0042] As synthetic tube 10 relaxes, fibrils 40 intercon-
necting nodes 38 in cylindrical wall 12 of synthetic tube 10
become wavy such that the length of at least a majority of
the fibrils 40 1s greater than the linear distance between the
first and second ends of the fibrils 40, FIG. 9. As hereinafter
described, the wavy nature of fibrils 40 contributes to the
increased compliance of synthetic tube 10. More specifi-
cally, when tensile stress 1s applied to synthetic tube 10, the
wavy flibrils 40 are allowed to extend before becoming
engaged 1n tension. Within the elastic limit of the matenal,
¢.g., ePTFE, these wavy fibrils 40 act like springs, thereby
allowing the material from which synthetic tube 10 1s
formed to elastically expand, without permanent deforma-
tion. In contrast, 1n prior synthetic tubes used as vascular
graits, the fibrils 1n the ePTFE material (after the single-
expansion process) do not have a wavy structure, FIG. 6. In
other words, the vast majority of the fibrils 1n prior synthetic
tubes used as vascular grafts are generally perpendicular to
the nodes and parallel to each other, thereby limiting the
clasticity of the maternal.

[0043] It can be appreciated that the introduction of the
second expansion step notably altered the morphology of
cylindrical wall 12 of synthetic tube 10. This transformation
may be attributed to the controlled contraction of certain
fibrils 40 during the sintering process, heretofore described.
Specifically, allowing some of fibrils 40 to retract facilitated
the formation of a disorganized crystal structure, while
concurrently, other fibrils 40 amorphously locked into place
due to the constrained conditions of the sintering process.
Upon re-expanding of synthetic tube 40, the primarily
amorphous fibrils 40 undergo plastic deformation and
develop residual stress, causing them to partially retract to
their sintered length. In contrast, the fibrils 40 that remained
structurally locked from the sintering step do not. As such,
the diflerent degrees ol plastic deformation and elastic
contraction among fibrils 40 defining cylindrical wall 12 of
synthetic tube 10 causes the fibrils 40 to form a distinctive
wavy structure, FIGS. 8-9. As noted above, the wavy
structure of fibrils 40 contributes to the increased compli-
ance of synthetic tube 10.
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[0044] In order to evaluate the mechanical properties of
synthetic tube 10, five (5) sets of sample specimens were
tabricated and tested. More specifically, each set of sample
specimens ncluded a control specimen which underwent a
single-expansion and six (6) samples made 1n accordance
with the fabrication process heretofore described (hereinai-
ter after referred to as the “double-expansion” process) were
tabricated. Referring to FIG. 10, as hereinafter described, a
schematic comparison between the control specimen which
underwent a single-expansion and six (6) samples made in
accordance with the fabrication process heretofore described
1s provided.

[0045] The synthetic tube 10 designated the control speci-
men (designated as “Standard” 1n FIG. 10) was fabricated by
preheating the control specimen within environmental
chamber 26 of testing machine 24 to 200° C., for a selected
duration, e.g., 5 minutes, to allow the control specimen to
establish a uniform material temperature. Once the control
specimen established a uniform material temperature, with
environmental chamber 26 maintained the selected tempera-
ture, namely, 200° C., testing machine 24 draws crosshead
30 away from base 28 such that the control specimen was
stretched or expanded under uniaxial tension expansion at a
selected rate, namely, 500 mm/minute, to a first extended
length L2 which had a length increase 4 times the mitial
length L1 of the control specimen. That 1s, L2 1s five times
the imtial length L 1. Thereatter, the control specimen under-

went quenching in a water bath to terminate any relaxation
of the fibrils 40.

[0046] FEach set of sample specimen also included a first
set of synthetic tubes 10 that were fabricated 1n accordance
with the double-expansion process heretofore described. A
first synthetic tube (designated as “D-80-4” 1n FIG. 10) of
the first set of synthetic tubes 10 was stretched or expanded
under uniaxial tension expansion at a rate of 100 mm/min-
ute, to the first extended length .2 which had a length
increase 4 times the 1mitial length L1 of synthetic tube 10.
After relaxation, the stretched set of synthetic tubes 10 was
sintered at intermediate length L3 which had a length
increase 2 times the mitial length L 1. After sintering, the first
synthetic tube of the first set of synthetic tubes 10 was
stretched or expanded under uniaxial tension expansion at
the second selected rate of 50 mm/minute, to second
expanded length .4 which had a length increase 4 times the
mnitial length LL1. A second synthetic tube (designated as
“D-80-6" 1n FIG. 10) of the first set of synthetic tubes 10 was
stretched or expanded under uniaxial tension expansion at a
rate of 100 mm/minute, to first extended length L2 which
had a length increase 6 times the imitial length L1 of
synthetic tube 10. After relaxation, the stretched set of
synthetic tubes 10 was sintered at intermediate length 1.3
which had a length increase 3 times the initial length L1.

After sintering, the second synthetic tube of the first set of
synthetic tubes 10 was stretched or expanded under uniaxial
tension expansion at the second selected rate of S0 mm/min-
ute, to second expanded length L4 which had a length
increase 6 times the 1mtial length LL1. A third synthetic tube
(designated as “D-80-8” i FIG. 10) of the first set of
synthetic tubes 10 was stretched or expanded under uniaxial
tension expansion at a rate of 100 mm/minute, to first
extended length 1.2 which had a length increase 8 times the
initial length L1 of synthetic tube 10. After relaxation, the
stretched set of synthetic tubes 10 was sintered at interme-
diate length L3 which had a length increase 4 times the
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initial length L1. After sintering, the third synthetic tube of
the first set of synthetic tubes 10 was stretched or expanded
under uniaxial tension expansion at the second selected rate

of 50 mm/minute, to second expanded length .4 which had
a length increase 8 times the initial length L1.

[0047] In addition, each set of sample specimen also
included a second set of synthetic tubes 10 (each designated
individually as “D-200-47, “D-200-6” and *“D-200-8” 1n
FIG. 10) was similarly formulated, maintaining identical
expansion ratios, albeit under an elevated preheating and
stretching/expansion temperatures of 200° C. and an
increased expansion rate of 500 mm/min. The sintering
procedure remained consistent with the first set of synthetic

tubes 10.

[0048] Referring to FIGS. 11-12, to evaluate the mechani-

cal properties of the sample specimens, tensile tests were
conducted using a universal testing machine equipped with
30 kilonewton (kN) and 50 newton (N) load cells. Each of
the five sets of sample specimens were used to obtain an
average ol values for each tensile test. For longitudinal
tensile tests, each synthetic tube 10 was fixed on both ends
and expanded until a maximum stress of 3 MPa was reached
or until there was premature failure of synthetic tube 10.

Each synthetic tube 10 was stretched at a constant tensile
rate of 10 mm/min.

[0049] The stress-strain response ol the synthetic tubes
fabricated 1n accordance with the double expansion process
of the present invention revealed a distinct non-linear behav-
10r consisting of a low-stress/high-strain linear region and a
steep, upward linear region, as visually depicted 1n FIGS.
11-12. The mitial low-stress/high-strain region (1dentified as
the toe region 44 1n FIG. 11 and toe region 46 in FIG. 12)
was a consequence of the wavy configuration of the fibrils
40 being allowed to extend before becoming engaged in
tension. Within the elastic limait of the material, e.g., ePTFE,
these wavy fibrils 40 act like springs, thereby allowing the
material from which synthetic tube 10 1s formed to elasti-
cally expand, without permanent deformation. The subse-
quent upward linear region corresponded to the plastic
deformation of synthetic tubes 10 occurred when all fibrils
40 were straightened and underwent plastic deformation. In
plastic deformation, the synthetic tubes 10 fabricated in
accordance with the double expansion process of the present
invention behaved relatively closely to the standard, single-

expanded control specimen.

[0050] In view of the foregoing, it can be appreciated that
under normal physiological and vascular conditions, the
synthetic tubes 10 fabricated 1n accordance with the double
expansion process of the present invention have drastically
greater compliance and strain than the control specimen
fabricated 1n accordance with standard single-expansion
process utilized to fabricate current synthetic vascular grafts.
Further, 1t can be understood that by adjusting the process
parameters, e.g., the length synthetic tube 10 1s stretched
prior to and after sintering, in the double expansion process
of the present mnvention, the mechanical properties of syn-
thetic tube 10 may be tuned, without sacrificing the benefi-
cial aspects of utilizing PTFE.

[0051] Various modes of carrying out the mnvention are
contemplated as being within the scope of the following
claims particularly pointing out and distinctly claiming the
subject matter that i1s regarded as the mvention.
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We claim:

1. A vascular graft comprising:

an elongated tube fabricated from a material having a

plurality of nodes interconnected by a plurality of
fibrils and extending along an axis, the tube being
previously stretched along the axis from an initial
length to a desired length;

wherein:

cach of the plurality of fibrils having a length and first and

second ends separated by a linear distance; and

the length of each of a majority of the plurality of fibrils

1s greater than the linear distance between the first and
second ends of each of the majority of the plurality of
{ibrils.

2. The vascular graft of claim 1 wherein the material 1s
expanded polytetratluoroethylene.

3. The vascular grait of claim 1 wherein the material has
a porosity, the porosity being suflicient to allow water vapor
to pass therethrough.

4. The vascular grait of claim 3 wherein the porosity of
the material limats the ability of liquid water to pass through
the matenial.

5. The vascular graft of claim 1 wherein the majority of
the plurality of fibrils are nonparallel.

6. A method of fabricating a vascular grait, comprising the
steps of:

providing an elongated tube extending along an axis;

stretching the elongated tube along the axis to an initial

length;

sintering the elongated tube; and

stretching the elongated tube along the axis to a final

length.

7. The method of claim 6 wherein the elongated tube has
first and second ends and wherein the method comprises the
additional step of wrapping the first and second ends of the
clongated tube with tape prior to stretching the elongated
tube along the axis to the mnitial length.

8. The method of claim 6 comprising the additional step
of heating the elongated tube prior to stretching the elon-
gated tube along the axis to the initial length.

9. The method of claim 6 comprising the additional step
of positioning the elongated tube within an environmental
chamber during the stretching the elongated tube along the
axis to the mitial length, the environmental chamber being
maintained at a desired temperature.

10. The method of claim 6 wherein the step of sintering
the elongated tube includes the step of rapidly heating the
clongated tube to a selected temperature for a selected time
period.

11. The method of claim 10 wherein after the step of
rapidly heating the elongated tube to the selected tempera-
ture for the selected time period, comprising the additional
step of cooling the elongated tube to ambient temperature.

12. The method of claim 6 comprising the additional step
of heating the elongated tube prior to stretching the elon-
gated tube along the axis to the final length.

13. The method of claim 12 comprising the additional step
of positioning the elongated tube within an environmental
chamber during the stretching of the elongated tube along
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the axis to the final length, the environmental chamber being
maintained at a desired temperature.

14. The method of claim 6 comprising the additional step
of allowing the elongated tube of final length to rest at
ambient temperature after stretching.

15. The method of claim 6 wherein the 1nitial length 1s the
same as the final length.

16. The method of claim 6 wherein the elongated tube 1s
sintered at an intermediate length, the intermediate length
being less than the 1mitial length and the final length.

17. A method of fabricating a vascular grait comprising
the steps of:

providing a specimen of material, the maternial including
a plurality of nodes interconnected by a plurality of

fibrils:

stretching the specimen along an axis to a first extended

coniiguration;

sintering the specimen;

stretching the specimen along the axis to a second

extended configuration; and

allowing the specimen to rest at ambient temperature for

a selected time period.

18. The method of claim 17 wherein:

cach of the plurality of fibrils has a length and first and

second ends separated by a linear distance; and

the length of each of a majority of the plurality of fibrils

1s greater than the linear distance between the first and
second ends of each of the majority of the plurality of
fibrils after the specimen 1s allowed to rest.

19. The method of claim 17 comprising the additional
steps:

heating the specimen prior to stretching the specimen to

the first extended configuration; and

positioning the specimen within an environmental cham-

ber during the stretching to the first extended configu-
ration, the environmental chamber being maintained at
a desired temperature.

20. The method of claim 17 wherein the step of sintering,
the specimen includes the step of rapidly heating the speci-
men to a selected temperature for a selected time period.

21. The method of claim 20 wherein after the step of
rapidly heating the specimen at the selected temperature for
the selected time period, comprising the additional step of
cooling the specimen to ambient temperature.

22. The method of claim 17 comprising the additional step
ol heating the specimen prior to stretching the specimen to
the second extended configuration.

23. The method of claim 22 comprising the additional step
of positioning the specimen within an environmental cham-
ber during the stretching of the specimen to the second
extended configuration, the environmental chamber being
maintained at a desired temperature.

24. The method of claim 17 wherein the first extended
configuration and the second extending configuration are the
same.

25. The method of claim 6 wherein the specimen 1s
sintered at an intermediate configuration, the intermediate
configuration being smaller than the first extended configu-
ration and the second extended configuration.
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