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METHOD FOR MAKING ePTFE AND STRUCTURE
CONTAINING SUCH ePTFE, SUCH AS A VASCULAR GRAFT

Cross-Reference to Related Application

This international application claims priority to U.S. Patent Application No.
11/026,657 filed December 31, 2004, the entire disclosure of which is hereby incorporated by

reference herein.

Field of the Invention

The present invention relates generally to a method for making structures including
expanded polytetrafluoroethylene (PTFE). More specifically, the present invention relates to
such a method in which a PTFE structure is expanded, partially sintered and further
expanded. The present invention further relates to a structure containing ePTFE made

according to the method, such as an ePTFE tube structure for a vascular graft.

Background of the Invention
It is well known to use extruded tube structures of polytetrafluoroethylene (PTFE) as

implantable intraluminal prostheses, particularly vascular grafts. PTFE is particularly
suitable as an implantable prosthesis as it exhibits superior biocompatibility. PTFE tube
structures may be used as vascular grafts in the replacement or repair of a blood vessel as
PTFE exhibits low thrombogenicity. In vascular applications, the grafts are manufactured
from expanded polytetrafluoroethylene (ePTFE) tube structures. These tube structures have a
microporous micro-structure which allows natural tissue ingrowth and cell endothelization
once implanted in the vascular system. This contributes to long term healing and patency of
the graft. Grafts formed of ePTFE have a fibrous state which is defined by the interspaced

nodes interconnected by elongated fibrils.

It is known to form an ePTFE tube structure from an extruded PTFE green tube
structure. Such a green tube structure can be longitudinally expanded into an ePTFE tube
structure which has a substantially larger longitudinal dimension in relation to the initial
longitudinal dimension of the green tube structure. Such longitudinal expansion creates a
node and fibril micro-structure which may be locked by sintering the ePTFE tube structure.
The sintered ePTFE tube structure may then be further expanded to further change the
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dimensions or other characteristics or properties of the ePTFE tube structure. For example,

the sintered ePTFE tube structure may be radially expanded to increase the diameter thereof.

One disadvantage of known methods of expanding an extruded PTFE green tube
structure is that such methods typically provide for the green tube structure to initially be
longitudinally expanded and then fully sintered. Further expansion of such a fully sintered
ePTFE tube structure, such as by radial expansion thereof, may be difficult. For example,
radial expansion of a fully sintered ePTFE tube structure typically requires very careful
application of radial forces to the tube structure to prevent damage thereto during such
expansion. More specifically, very precise force magnitudes and application rates thereof
may be required, for example, to prevent tearing of the tube structure. Such precise control
of the force application and possibly other conditions makes such further expansion difficult.
The difficulty of such further radial expansion increases as the magnitude of such expansion
increases. If further expansion of a fully sintered ePTFE tube structure is not properly
performed, then significant portions of the sintered ePTFE tube structures may be damaged
by such further expansion.

Thus, there is a need for a method for making PTFE tube structures for vascular grafts
to facilitate further expansion of longitudinally expanded ePTFE tube structures.
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Summary of the Invention

The method for making an ePTFE structure of the present invention includes
providing an extruded PTFE structure, referred to herein as PTFE extrudate, which is un-
sintered, and then initially expanding the un-sintered PTFE extrudate to produce an initial
node and fibril micro-structure therein. This is followed by heating the initially expanded
ePTFE structure to raise the temperature thereof for a time period of sufficient duration such
that the ePTFE structure is partially sintered. The partially sintered ePTFE structure
constitutes an intermediate which is subsequently expanded. The subsequent expansion
produces a subsequent node and fibril micro-structure in the ePTFE structure. The method
may be used to make ePTFE tube structures from PTFE green tube extrudate. Also, the
method may be used for making other ePTFE structures, such as a cover for a stent which
may be implanted in the body of a patient. Additionally, the method may be used for making
a sheet, plate and rod of ePTFE material. Moreover, the method may be used for making an
ePTFE mono-filament which may be incorporated into a fabric material, such as by weaving,
knitting or braiding. Each of these sheets, plates and fabric materials may be implanted in or

on the body of a patient.

The partial sintering of the ePTFE structure which has been initially expanded
facilitates the subsequent expansion thereof. For example, partial sintering of a
longitudinally expanded ePTFE tube structure facilitates subsequent radial expansion thereof.
This results from the node and fibril micro-structure produced from the initial longitudinal
expansion and the partial sintering being deformable and having an increased resistance to
tears and the like during such deformation. This provides higher useful product yields from

such subsequent radial expansion.

The partial sintering of an ePTFE tube structure which has been previously expanded
is particularly advantageous for subsequent expansions thereof which are substantial in
amount. In contrast, if an expanded ePTFE tube structure is fully sintered and then
subsequently expanded, then considerable amounts of tears and the like in the tube structure
can be expected. Accordingly, partial sintering of an ePTFE tube structure which has been
longitudinally expanded facilitates subsequent radial expansion thereof where such radial
expansion is desired to substantially increase the radial dimension of the tube structure. Also,
radial expansion of a longitudinally expanded ePTFE tube structure which has been partially

sintered is facilitated where such radial expansion is desired to produce a tapered portion of
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the tube structure between portions thereof which have different radial dimensions.
Additionally, a component of a bifurcated ePTFE tube structure, such as an ePTFE tube
structure which constitutes the trunk or one or more branches thereof, may be longitudinally
expanded and subsequently radially expanded before the component is assembled to the
bifurcated ePTFE tube structure. Such subsequent radial expansion is facilitated when the
component is partially sintered after the longitudinal expansion and before the radial

expansion thereof.

An alternative embodiment of the method of the present invention includes providing
a PTFE green tube extrudate which is un-sintered, longitudinally expanding the un-sintered
extrudate, and radially expanding the un-sintered, longitudinally expanded, extrudate. Radial
expansion of the longitudinally expanded, un-sintered tube structure, as compared to a
partially or fully sintered ePTFE tube structure, also results in higher yields because the
longitudinally expanded, un-sintered tube structure is deformable and has an increased

resistance to tears and the like during such deformation.

ePTFE which is made according to the method of the present invention may be
fabricated into various structures, such as the aforementioned tube structures. Additionally,
the ePTFE may be fabricated into filament structures which may be incorporated into a fabric
material. Also, the ePTFE may be fabricated into a sheet structure. Further, both the fabric

material and sheet structure may be formed into respective tube structures.
These and other features of the invention will be more fully understood from the
following description of specific embodiments of the invention taken together with the

accompanying drawings.

Brief Description of the Drawings

In the drawings:

Fig. 1 is a block diagram showing a method for making a vascular graft of the present
invention, the method including initially expanding an un-sintered extrudate, partially

sintering the extrudate, and subsequently expanding the extrudate;
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Fig. 2 is a photo-micrograph of an ePTFE tube which has been longitudinally

expanded;

Fig. 3 is a graph showing temperatures and corresponding time durations for partial

sintering of PTFE;

Fig. 4 is a schematic view of the range of rotation of carbon atoms in un-sintered

PTFE, partially sintered PTFE, and fully sintered PTFE;

Fig. 5 is a photo-micrograph of an ePTFE tube which has been longitudinally
expanded, partially sintered and radially expanded;

Fig. 6 is a block diagram showing an alternative embodiment of the method of Fig. 1,
the alternative embodiment including longitudinal expansion followed by radial expansion of

an un-sintered PTFE green tube extrudate;

Fig. 7 is a perspective view of a vascular graft of the present invention, the vascular
graft including an ePTFE tube structure and a stent therein, the ePTFE tube structure being

made according to a method of the present invention;

Fig. 8 is a cross-sectional view in the plane indicated by line 8-8 of Fig. 7 showing the

ePTFE tube structure and stent;

Fig. 9 is a longitudinal cross-sectional view of a vascular graft of the present
invention, the vascular graft including an ePTFE tube structure within a tube formed of
textile material, one or both of the tube structures being made according to a method of the

present invention;

Fig. 10 is an enlarged view of the portion contained in the enclosure 10 of Fig. 9

showing the bonding material between the tube structures;

Fig. 11 is a perspective view of a fabric material of the present invention, the fabric
material incorporating one or more ePTFE filament structures made according to a method of

the present invention;
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Fig. 12 is a perspective view of a vascular graft of the present invention, the vascular

graft including an ePTFE tube structure formed from the fabric material of Fig. 11;

Fig. 13 is a perspective view of an ePTFE sheet structure of the present invention, the

ePTFE sheet structure being made according to a method of the present invention; and

Fig. 14 is a perspective view of a vascular graft of the present invention, the vascular

graft including an ePTFE tube structure formed from the sheet structure of Fig. 13.

Corresponding reference characters indicate corresponding parts throughout the

several views of the drawings.

Detailed Description of the Invention

Referring to the drawings and more particularly to Fig. 1, a method 10 for making an
ePTFE structure is shown in the block diagram thereof. The ePTFE structure which is made
according to the method 10 is a vascular graft. Alternative embodiments of the method 10
may be used to make other ePTFE structures, such as a cover for a stent, sheet, plate, rod and
mono-filament. The method 10 for making a vascular graft includes providing PTFE green
tube extrudate which is un-sintered 12, and pre-heating the extrudate 15. The pre-heating 15
may be, for example, at a temperature of from approximately room temperature to 500

degrees F.

The pre-heated un-sintered PTFE green tube extrudate is longitudinally expanded
with continued heating thereof 17. The continued heating may be at temperatures of up to
approximately 600 degrees F, such as 500 degrees F. An expanded PTFE green tube
extrudate is referred to herein as an ePTFE tube structure. The longitudinal expansion 17
may increase the longitudinal dimension of the extrudate by between approximately 10% and
10,000%. In a preferred embodiment, the longitudinal dimension may be increased by
between approximately 200% and 6,000%. The rate of such expansion may be between
approximately 1 and 100 cm/sec., such as 35 cm/sec. The longitudinal expansion with

continued heating 17 produces an initial node and fibril micro-structure in the tube structure
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which is characterized by a longitudinal orientation of the ePTFE fibers and a radial

orientation of the nodes, an example of which is shown in Fig. 2.

Fig. 2 is a photo-micrograph of the inner surface of an ePTFE tube structure which
has been pre-heated, concurrently longitudinally expanded and heated, and subsequently fully
sintered. Before the longitudinal expansion, the inner diameter of the PTFE tube structure
was slightly greater than 11 mm. The inner diameter of the PTFE tube structure was reduced
by the longitudinal expansion. The microstructure of the ePTFE tube structure was locked by
the full sintering, but was otherwise not substantially affected as a result thereof.
Accordingly, the photo-micrograph of Fig. 2 illustrates the microstructure of an ePTFE tube
structure after the longitudinal expansion and heating thereof 17.

The longitudinally expanded ePTFE tube structure is partially sintered 20 by heating
thereof to raise the temperature of the tube structure for a time period of sufficient duration
such that at least a portion of the initial longitudinal expansion 17 is retained or “locked” in
the structure. The partial sintering further provides for limiting the temperature and time
duration such that the portion of the ePTFE tube structure in which at least a portion of the
initial longitudinal expansion 17 is retained is not fully sintered. In a preferred embodiment,
the PTFE tube structure remains in the same oven during both the initial longitudinal

expansion 17 and partial sintering 20.

Examples of the temperatures and corresponding time durations which may provide
the partial sintering 20 are shown in Fig. 3. The range of temperatures for the partial
sintering 20 is from approximately 600 degrees F, or possibly lower, to 700 degrees F. The
range of time durations for the partial sintering 20 is from approximately 1 minute to 1 hour.
Fig. 3 shows that the partial sintering 20 may be provided by subjecting the ePTFE tube
structure to a relatively low temperature for a relatively long time duration, or a relatively
high temperature for a relatively short time duration. Fig. 3 also shows that the partial
sintering 20 may occur at a temperature which exceeds the temperature at which full sintering
occurs, provided the time duration of such temperature is sufficiently short. Full sintering
occurs at temperatures between approximately 652 degrees F and 660 degrees F. It is
possible for the entire ePTFE tube structure to be partially sintered 20, or alternatively, the
partial sintering may be applied to selected portions of the structure, such as longitudinal

sections.
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The partial sintering 20 produces a semi-locked micro-structure of the ePTFE tube
structure. Fig. 4 shows a schematic view of the range of motion of carbon atoms provided by
the molecular bonds therebetween in un-sintered, partially sintered, and fully sintered PTFE
material. Without wishing to be bound by any one theory, it is believed that the partial
sintering provides for less molecular rotation range of the adjacent atoms as compared to
unsintered PTFE material, but more molecular rotational range as compared to fully sintered
PTFE material. The range of motion illustrated in Fig. 4 refers to three-dimensional relative

displacement between adjacent carbon atoms.

The term “partial sintering” means that the ePTFE material has been subjected to
conditions of time and temperature which are insufficient to cause a fully sintered material.
A “fully sintered” material means that the ePTFE material has been subjected to conditions of
time and temperature such that when cooled, the polymer “fully” crystallizes or returns to a
fully crystalline state. This full crystallization is to be considered “100%” crystallized or the
maximum amount of crystallization achievable for the material. Full crystallization is the

baseline for comparison of crystallization formed from partially sintered ePTFE material.

In order to fully sinter the ePTFE material, conditions of sufficient time and
temperature must be permitted to act thereon to allow sufficient molecular orientation of the
polymer such that when it is permitted to cool, a highly crystalline, i.e., fully crystallized,
material results. The highly crystalline form fully “locks-in” the micro-structure and requires
a high degree of mechanical or thermal energy to overcome this physical form. In contrast,
the partially sintered material is only partially crystallized, and thus, has a lesser degree of
“locked-in” structure, i.e., a partially locked-in structure which corresponds to the degree of
crystallinity.

In the fully crystallized form, there is less ability for relative molecular movement due
to the crystalline structure. Less crystalline structure permits a higher degree of relative

movement at the molecular level.

The degree of crystallinity reached upon subjecting the ePTFE material to appropriate
conditions of time and temperature, can be measured by a variety of methods including x-ray

diffraction and differential scanning calorimetry (DSC). DSC measures the heat energy
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absorption or heat capacity of a material as a function of temperature. An absorption peak is
measured which correlates with the amount of heat energy required to undergo a thermal
transition and change from the crystalline form to the melt form of the polymer. A fully
sintered material, which has a maximum crystallization structure, provides a base-line for
determining the degree of crystallinity achieved through partial sintering. Since the
parameters of time and temperature for partial sintering will generally be less than those
required for full sintering, there is less opportunity for full molecular orientation of the
polymer and concomitantly less crystalline morphology once the polymer is cooled. An
ePTFE structure which is partially sintered may have a micro-structure for which the degree
of crystalline structure is about 10% to 90% of a fully sintered and fully recrystallized micro-
structure.

Thus, an ePTFE structure which is partially sintered in accordance with the present
invention, can be subjected to further expansion with less likelihood of tearing of the ePTFE
material, since less of the crystalline structure is present, thereby requiring less force or
energy to produce the further expansion then would otherwise be required if the ePTFE
structure was fully sintered and fully crystallized.

Following the partial sintering 20, the ePTFE tube structure is again heated 22.
Subsequent to the heating 22, the ePTFE tube structure is radially expanded with continued
heating thereof 25 to increase the diameter thereof. The radial expansion 25 may increase the
radial dimension of the ePTFE tube structure by between approximately 10% and 600%.
Also, the radial expansion 25 may result in the inner diameter of an ePTFE tube structure
increasing from approximately 11mm to 36 mm. The radial expansion of the ePTFE tube
structure 25 produces a subsequent node and fibril micro-structure therein, an example of

which is shown in Fig. 5.

Fig. 5 is a photo-micrograph of the outer surface of an ePTFE tube structure which
has been longitudinally expanded, such as by step 17 in Fig. 1, partially sintered, such as by
step 20 in Fig. 1, and radially expanded, such as by step 25 in Fig. 1. Before the radial
expansion, the inner diameter of the PTFE tube structure was approximately 11 mm. The
inner diameter of the PTFE tube structure was increased by the radial expansion to
approximately 36 mm. Following the radial expansion 25, the ePTFE tube structure is
partially sintered 27 to partially lock the micro-structure thereof. Alternatively, it is possible
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for the ePTFE tube structure to be fully sintered to completely lock the micro-structure

thereof following the radial expansion 25.

Following the partial sintering 27 or possibly after the full sintering thereafter, the
ePTFE tube structure may have a stent assembled thereto such that the stent is within the tube
structure 30. The assembly 30 may include the insertion of the stent within the ePTFE tube
structure.

Alternatively, the partial sintering 27 or possibly the full sintering thereafter, may be
followed by arranging the ePTFE tube structure within a tube structure formed of textile
material. In a preferred embodiment, the tube structures are in coaxial relation to one another
and are bonded together. An alternative arrangement is possible in which the tube structure
formed of textile material is within the ePTFE tube structure such that the tube structures are

in coaxial relation to one another and bonded together.

Alternatives to the steps of the method 10 illustrated in Fig. 1 are possible within the
scope of the invention. For example, it is possible for the partial sintering 20 to be preceded
by a radial expansion of the PTFE green tube extrudate and followed by a longitudinal
expansion thereof. Radial expansion of an unexpanded PTFE green tube extrudate would
produce an initial node and fibril micro-structure therein characterized by a radial orientation
of ePTFE fibers and longitudinal orientation of the nodes. Also, the partial sintering 20 may

be preceded and followed by additional expansion or other processing steps.

An alternative embodiment for the method 10a is shown in Fig. 6. Steps illustrated in
Fig. 6 which correspond to steps in Fig. 1 have, in Fig. 6, the same reference numeral as in
Fig. 1 with the addition of the suffix "a". As shown in Fig. 6, the longitudinal expansion and
heating 17a is followed by continued heating of the un-sintered ePTFE tube structure 35 and
radial expansion and heating thereof 37. In a preferred embodiment, the tube structure is
contained in a first oven during the longitudinal expansion and heating thereof 17a, and
subsequently transferred to a second oven for the radial expansion and heating 37 of the tube
structure. It is also possible for the radial expansion of the tube structure to be performed
outside of an oven. In an alternative embodiment, it is possible for radial expansion and

heating, similar to step 37 in Fig. 6, to precede the longitudinal expansion and heating,

10
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similar to step 17a in Fig. 6. Accordingly, the method 10a provides for longitudinal and
radial expansion of the un-sintered PTFE green tube extrudate.

The methods 10, 10a provide for the manufacture of several embodiments of a
vascular graft. For example, a vascular graft including an integral ePTFE tube structure 40,
such as is shown in Fig. 7, may be made according to the methods 10, 10a. The ePTFE tube
structure 40 may be used in combination with a stent 42. The stent 42 is secured within the

tube structure 40, as shown in Figs. 7 and 8.

In an alternative embodiment, an ePTFE tube structure 45 may be assembled to a
second tube structure 47 formed of textile material in coaxial relation therewith. The ePTFE
tube structure 45 may be within the second tube structure 47, as shown in Fig. 9. The ePTFE
tube structure 45 may be un-sintered, partially sintered, or fully sintered before assembly
thereof to the second tube structure 47. The ePTFE tube structure 45 and second tube
structure 47 are bonded together, typically by the outer surface of the ePTFE tube structure,
being bonded to the inner surface of the second tube structure by an adhesive material 50, as

shown in Fig. 10.

In a preferred embodiment, the adhesive material 50 is Corethane ™ adhesive. The
adhesive material 50 may include a sealant material. The adhesive material 50 may be
applied to the tube structures 45, 47 by spraying. For example, a bonding material or sealant
may be sprayed on the outer surface of the ePTFE tube structure 45 after the longitudinal and
radial expansion thereof. In a further alternative embodiment, the second tube structure 47
may be within the ePTFE tube structure 45 in coaxial relation thereto and the tube structures

bonded together.

Embodiments of tube structures bonded together in coaxial relation to one another
which are related to the assembly of the ePTFE tube structure 45 and the second tube
structure 47 are disclosed in U.S. Patent Application Publication No. US2003/0204241, the

entire disclosure of which is hereby incorporated by reference herein.

The methods 10, 10a provide for the manufacture of one or more ePTFE filaments 52
which may be incorporated into a fabric material 55, as shown in Fig. 11, such as by knitting,

weaving or braiding. A portion of or all of the filaments 52 of the fabric material 55 may be

11
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made according to the methods 10, 10a. The fabric material 55 may be rolled into a
cylindrical structure such that the edges thereof abut one another in an orientation which may
be longitudinal or helical relative to the longitudinal axis of the cylindrical structure. The
edges are bonded together such that the fabric material 55 forms a tube structure 57, as shown
in Fig. 12. The tube structure 57 may be used individually, or in combination with a stent 42
as a cover therefor, such as is shown in Figs. 7 and 8. Alternatively, the tube structure 57
may be used as either one of the tube structures 45, 47 shown in Figs. 9 and 10. Additionally,
the fabric material 55 may be shaped to have non-cylindrical contours, such as a planar or

slightly curved, for use as an implant on the surface of or within the body of a patient.

The methods 10, 10a provide for the manufacture of an ePTFE sheet structure 60, as
shown in Fig. 13. The sheet structure 60 is an integral, continuous structure as compared to
the fabric material 55 which is formed by discrete filaments 52. The sheet structure 60 may
be rolled and formed into a tube structure 62 in generally the same manner as described
herein for the fabric material 55. The tube structure 62 may be used individually, or in
combination with a stent 42 as a cover therefor, such as is shown in Figs. 7 and 8.
Alternatively, the tube structure 62 may be used as either of the tube structures 45, 47 shown
in Figs. 9 and 10. Alternatively, the sheet structure 60 may be shaped to have non-cylindrical
contours, such as a planar or slightly curved, for use as an implant on the surface of or within

the body of a patient.

The methods 10, 10a provide for the manufacture of vascular grafts which are suitable
for use in devices for the treatment of abdominal and aortic aneurisms. Such devices may be
referred to as “AAA devices”. Vascular grafts made according to the methods 10, 10a are
also suitable for use in medical procedures in which the grafts are installed through an
opening in a patient’s body which is substantial in size. Devices used in such procedures
may be referred to as “open repair surgical products”. Vascular grafts made according to the
methods 10, 10a are also suitable for use in medical procedures in which the grafts are

installed through a small opening such as may be made in minimally invasive surgery.
While the invention has been described by reference to certain preferred

embodiments, it should be understood that numerous changes could be made within the spirit

and scope of the inventive concept described. Accordingly, it is intended that the invention

12
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not be limited to the disclosed embodiments, but that it have the full scope permitted by the

language of the following claims.

13



10

15

20

25

WO 2006/074002 PCT/US2005/047253

Claims

What is claimed is:

1. A method for making an ePTFE structure, said method comprising the steps
of:

providing an unexpanded PTFE extrudate which is un-sintered;

initially expanding the un-sintered extrudate to produce an ePTFE structure having an
initial node and fibril micro-structure therein; and

vheating the ePTFE structure to raise the temperature thereof for a time period of
sufficient duration such that at least a portion of the ePTFE structure is partially sintered, said
heating step providing for the ePTFE structure to retain at least a portion of the initial
expansion, said heating step further providing for limiting the temperature and time duration
such that the portion of the ePTFE structure in which at least a portion of the initial expansion

is retained is not fully sintered.

2. A method according to claim 1, wherein the unexpanded PTFE extrudate is
defined by an unexpanded PTFE green tube extrudate,

said providing step comprising the step of providing the unexpanded PTFE green tube
extrudate,

said initially expanding step producing an ePTFE tube structure from the unexpanded

PTFE green tube extrudate.

3. A method according to claim 2, wherein said heating of the ePTFE tube
structure comprises the step of raising the temperature thereof to between approximately 600
degrees F and approximately 700 degrees F, said raising step being for a time duration of

between approximately 1 minute and approximately 1 hour.
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4. A method according to claim 1, and further comprising the step of
subsequently expanding the partially sintered ePTFE structure to produce a subsequent node
and fibril micro-structure therein, said subsequently expanding step being after said heating

step.

5. A method according to claim 2, wherein said initially expanding step increases
the length of the PTFE green tube extrudate from between approximately 200% and

approximately 6,000%.

6. A method according to claim 4, wherein said subsequent expanding step

comprises the step of transversely expanding the partially sintered ePTFE structure.

7. A method according to claim 6, wherein the PTFE extrudate is defined by a
PTFE green tube extrudate,

said providing step comprising the step of providing the PTFE green tube extrudate,

said initially expanding step being defined by the step of longitudinally expanding the
PTFE green tube extrudate to produce an ePTFE tube structure,

said transversely expanding step being defined by the step of radially expanding the

partially sintered ePTFE tube structure.
8. A method according to claim 7, wherein said radially expanding step increases

the radial dimension of the partially sintered ePTFE tube structure from between

approximately 10% and approximately 600%.
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9. A method according to claim 1, wherein said heating of the ePTFE structure

results in a semi-locked micro-structure thereof.

10. A method according to claim 2, and further comprising the step of initially
heating the un-sintered PTFE green tube extrudate to a temperature of approximately 500

degrees F, said initially heating step being before said initially expanding step.

11. A method according to claim 2, and further comprising the step of assembling
the ePTFE structure to a tube structure formed of a textile material, said assembling step
being after said heating step, the ePTFE structure being in coaxial relation with the tube

structure formed of the textile material.

12. A method for making an ePTFE structure, said method comprising the steps

of:

providing an unexpanded PTFE extrudate which is un-sintered;

longitudinally expanding the un-sintered extrudate to produce an un-sintered ePTFE
structure; and

transversely expanding the un-sintered ePTFE structure.

13. A method according to claim 12, and further comprising the step of sintering
the ePTFE structure, said sintering step being after said longitudinally and transversely

expanding steps.

14. A method according to claim 12, wherein the PTFE extrudate is defined by a

PTFE green tube extrudate,

16
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said longitudinally expanding step being defined by the step of longitudinally
expanding the PTFE green tube extrudate to form an ePTFE tube structure,
said transversely expanding step being defined by the step of radially expanding the

ePTFE tube structure.

15. A PTFE structure having a degree of crystalline micro-structure which is less

than that of a fully sintered and fully recrystallized micro-structure.

16. A PTFE structure according to claim 15, said PTFE structure comprising a
10 micro-structure having a degree of crystalline structure which is about 10% to about 90% of a

fully sintered and fully recrystallized micro-structure.

17. A PTFE structure comprising a micro-structure having a degree of crystalline
as measured by DSC which is less than the maximum crystallization of said micro-structure.
15
18. A PTFE structure according to claim 17, wherein said PTFE structure

comprises a PTFE tube structure.

19. A method of forming a PTFE structure having a controlled crystalline polymer
20  micro-structure, said method comprising the steps of:
providing a PTFE extrudate;
heating at least a portion of the PTFE extrudate for a time and at a temperature
sufficient to partially sinter but insufficient to fully sinter the PTFE extrudate; and
permitting the PTFE extrudate to cool and assume a micro-structure which is partially

25  crystalline and which correlates to the conditions of partial sintering.
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20. A method according to claim 19, and further comprising the step of
determining the crystalline content of the micro-structure by DSC and comparing the
determined crystalline content to the DSC for a fully crystallized micro-structure of the PTFE

5  of'the PTFE extrudate.
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