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Abstract

The expandable stent-graft generally defined a cylindrical lumen made from a stent
5 (12) having a discontinuous wall that is at least substantially covered with an expanded
polytetrafluoroethylene material. The expanded polytetrafiuoroethylene covering (10)
may be a biaxially oriented, expanded polytetrafluoroethylene material having nodules (2)
and longitudinal and circumferential fibrils (4,4') or a uniaxially oriented, expanded
polytetrafluoroethylene material. The expandable stent-graft (20) expands and compresses

10 in association with the stent (12) structure as it is contracted and expanded.
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Expandable Stent-Graft Covered with Expanded
Polytetrafluoroethylene

Background of the Invention

The present invention is generally directed to an expandable stent-graft made from a
stent covered with expanded polytetrafluoroethylene.

The use of covered expandable stent-grafts for bodily lumen repair is known in the
art. Covered expandable stent-grafts may be implanted in a radially compressed state,
generally using a catheter, into blood vessels, urinary tracts, biliary tracts, esophageal,
femoralpopliteac, venous, iliac, arterial-venus, venus cava, tracheo bronchial, abdominal
aorta, thoracic aorta, coronary arteries, carotid arteries, colonic, fallopian, eustachian,
ureter, urethra, prostrate or virtually any duct, gorge, or body chamber in a body.

The expandable stent-graft is generally positioned and released from a delivery
catheter at a damaged area as desired. Expandable stent-grafts provide outward pressure
and support for the body lumen walls, thus creating improved passageways. The addition
of a covering on an expandable stent acts to reduce cell growth or occlusions in the
interior of the lumen.

Coverings and covered expandable stents that are known in the art are disclosed in
the following documents: U.S. Patent Nos. 3,953,566 to Gore; 4,655,771 to Wallsten;
5,061,275 to Wallsten et al; 5,112,900 to Buddenhagen et al; 5,123,917 to Lee;
5,282,823 to Schwartz et al; 5,282,824 to Gianturco, 4,850,999 to Planck, European
Patent Application No. 0 621 015 Al to Lukic, European Patent Application No. 0 551
179 Al to Palmaz, DE 3918736-A1 to Vallbracht, Patent Cooperation Treaty Application
WO 95/05131 to Gore, Patent Cooperation Treaty Application WO 95/05132 to Gore,
Patent Cooperation Treaty Application WO 95/05555 to Gore; Patent Cooperation Treaty
Application WO 87/04935 to Fischell. (All documents cited herein, including the
foregoing, are incorporated herein in their entireties for all purposes.)

[n:\libc]00626:MEF
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It is an object of the present invention to provide an expandable stent-graft
which is covered, at least in part, with expanded polytetrafluoroethylene (ePTFE).

Other objects of the invention will become apparent to those skilled in the
art through familiarization with the specification and claims herein. |

SUMMARY OF THE INVENTION

The expandable stent-graft of the present invention is designed to provide
an expanded polytetrafluoroethylene covering that expands and compresses in
association with the stent structure as the stent structure expands and contracts.
The expandable stent-graft of the present invention may be used for repair and
support of body vessel walls.

In preferred embodiments of the present invention, an expandable stent-
graft includes a bonded layer of expanded polytetrafluoroethylene covering a stent
so that the longitudinal fibrils of the cover are at least substantially extended to
adapt to the stent longitudinal expansion when the stent is radially compressed,;
circumferential fibrils are at least substantially folded to adapt to the stent radial
compression when the stent is longitudinally expanded; longitudinal fibrils are at
least substantially folded to adapt to the stent longitudinal compression when the
stent is radially expanded; and so the circumferential fibrils are at least
substantially extended to adapt to the stent radial expansion when the stent is
longitudinally compressed.

In other preferred embodiments of the present invention, an expandable
stent-graft includes a bonded layer of expanded polytetrafluoroethylene covering a
stent so that the inter-nodule distance measured in the longitudinal direction
between nodules is increased when the expandable stent-graft is radially
compressed; the inter-nodule distance measured in the longitudinal direction
between nodules is decreased when the expandable stent-graft is radially
expanded; the inter-nodule distance measured in the circumferential direction
between nodules is increased when the expandable stent-graft is longitudinally
compressed; and so the inter-nodule distance measured in the circumferential
direction between nodules is decreased when the expandable stent-graft is

longitudinally expanded.
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In sum, the present invention relates to an expandable prosthesis having (a) a discontinuous
wall defining a lumen adapted to assume a longitudinally contracted position and a longitudinally
expanded position; and (b) at least one layer of expanded polytetrafluoroethylene having a first
average longitudinal inter-nodule distance in a free state, the layer of polytetrafluoroethylene affixed to
the wall such that it has a second average longitudinal inter-nodule distance when the wall is in the
longitudinally contracted position, the second average longitudinal inter-nodule distance being less
than the first average longitudinal inter-nodule distance and wherein said expanded
polytetrafluoroethylene covering expands and compresses in association with said discontinuous wall.
The layer of expanded polytetrafluoroethylene may have (I) an average longitudinal inter-nodule
distance of between about 0 and about 50 microns, preferably between about 5 and about 45 or
between about 20 and about 30 microns, when the wall is in the longitudinally contracted position, and
(i) an average longitudinal inter-nodule distance of between about 50 and about 150 microns,
preferably between about 60 and about 140 or between about 80 and about 120 microns, when the
wall is in the longitudinally expanded position.

The present invention also relates to an expandable prosthesis having (a) a discontinuous wall
defining a lumen adapted to assume a radially contracted position and a radially expanded position;
and (b) at least one tubular layer of an expanded polytetrafluoroethylene having a first average
circumferential inter-nodule distance in a free state, the layer of polytetrafluoroethylene affixed to the
wall such that it has a second average circumferential inter-nodule distance when the wall is in the
radially contracted state, the second average circumferential inter-nodule distance being less than the
first average circumferential inter-nodule distance and wherein said expanded polytetrafluoroethylene
covering expands and compresses in association with said discontinuous wall. The tubular layer of
expanded polytetrafluoroethylene may have (i) an average circumferential inter-nodule distance of
between about 0 and about 75 microns, preferably between about 5 and about 70 or between about
20 and about 50 microns, when the wall is in the radially contracted position, and (i) an average
circumferential inter-nodule distance of between about 75 and about 150 microns, preferably between
about 80 and about 140 microns or between about 80 and about 120 microns, when the wall is in the
radially expanded position.

The present invention also relates to an expandable prosthesis having (a) a discontinuous wall
generally defining a lumen adapted to assume a longitudinally expanded position and a longitudinally
contracted position; and (b) at least one layer of expanded polytetrafluoroethylene having a first
average longitudinal inter-nodule distance in a free state, the layer of polytetrafluoroethylene affixed to
the wall such that the polytetrafluoroethylene has a second average longitudinal inter-nodule distance
between 0 and 99 percent of the first average longitudinal inter-nodule distance when the wall is in the
longitudinally contracted position and wherein said expanded polytetrafluoroethylene covering
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expands and compresses in association with said discontinuous wall. The second average
longitudinal inter-nodule distance may be between about 20 and about 50 percent of the first average
longitudinal inter-nodule distance when the wall is in the longitudinally contracted position.

The present invention also relates to an expandable prosthesis having (a) a discontinuous wall
generally defining a lumen adapted to assume a radially expanded position and radially contracted
position; and (b) at least one layer of expanded polytetrafluoroethylene having a first average
circumferential inter-nodule distance in a free state, the layer of polytetrafluoroethylene affixed to the
wall such that the polytetrafluoroethylene has a second average circumferential inter-nodule distance
less than about 50 percent of the first average circumferential inter-nodule distance when the wall is in
the radially contracted position and wherein said expanded polytetrafluoroethylene covering expands
and compresses in association with said discontinuous wall. The second average circumferential
inter-nodule distance may be less than about 25 percent of the first average circumferential inter-
nodule distance when the wall is in the radially contracted position.

The present invention also relates to an expandable prosthesis having (a) a discontinuous wall
defining a lumen adapted to assume a radially expanded position and a radially contracted position:
and (b) at least one layer of expanded polytetrafluoroethylene having a first average longitudinal inter-
nodule distance and a first average circumferential inter-nodule distance in a free state, the layer of
the polytetrafluoroethylene affixed to the wall such that the polytetrafluoroethylene has a second
average longitudinal inter-nodule distance between 0 and 99 percent of the first average longitudinal
inter-nodule distance when the wall is in the radially expanded position and a second average
circumferential inter-nodule distance less than about 50 percent of the first average circumferential
inter-nodule distance when the wall is in the radially contracted position and wherein said expanded
polytetrafluoroethylene covering expands and compresses in association with said discontinuous wall.
The second average longitudinal inter-nodule distance may be between about 20 and about 50
percent of the first average longitudinal inter-nodule distance, and the second average circumferential
inter-nodule distance may be less than about 25 percent of the first average circumferential inter-
nodule distance.

The present invention also relates to an expandable stent-graft having (a) a braided self-
expanding stent characterized by a longitudinal shortening upon radial expansion from a first
longitudinal stent length to a second longitudinal stent length; and (b) at least one tubular layer of
biaxially oriented expanded polytetrafluoroethylene comprising nodules and fibrils affixed to the stent
characterized by a shortening of average longitudinal inter-nodule distance upon radial expansion
from a first average longitudinal inter-nodule distance to a second average longitudinal inter-nodule
distance; wherein the ratio of first longitudinal stent length to second longitudinal stent length is within
about 25 percent of, and is preferably substantially the same as, the ratio of first average longitudinal

{1 \DayLib\LIBH]2124 doc KWW
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inter-nodule distance to a second average inter-nodule distance and wherein said expanded

polytetrafluoroethylene covering expands and compresses in association with said stent.

The present invention also relates to an expandable stent graft having (a) a braided self-
expanding stent characterized by a longitudinal shortening upon radial expansion; (b) at least one
layer of uniaxially oriented expanded polytetrafluoroethylene affixed to the stent, the
polytetrafluoroethylene characterized by having substantially no nodules and wherein said expanded
polytetrafluoroethylene covering expands and compresses in association with said stent.

The present invention also relates to a method of making an expandable prosthesis including
(a) providing a self-expanding braided stent having a longitudinal orientation in an at least partially
radially expanded state; (b) providing at least one layer of expanded polytetrafluoroethylene having a
longitudinal orientation and a first average longitudinal inter-nodule distance in a free state; (c)
longitudinally compressing the layer of expanded polytetrafluoroethylene so that the resulting
longitudinally compressed layer has a second average longitudinal inter-nodule distance which is less
than the first average longitudinal inter-nodule distance; and (d) affixing the longitudinally compressed
layer of expanded polytetrafluoroethylene to the self-expanding braided stent in the at least partially
radially expanded state such that the longitudinal orientations of the stent and layer of expanded

polytetrafluoroethylene substantially correspond with one another.
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BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing features, objects and advantages of the present invention will
become apparent to those skilled in the art from the following detailed description
of preferred embodiments, especially when considered in conjunction with the
accompanying drawings in which:

Figure 1 depicts a micrograph view showing the nodules and fibrils of a
biaxially oriented, expanded polytetrafluoroethylene material at a 2000X
magnification.

Figure 2 depicts an illustration of the nodule and fibril relationship and the
inter-nodule distances of a biaxially oriented, expanded polytetrafluoroethylene
material on a stent that is longitudinally compressed.

Figure 3 depicts a view of the nodule and fibril relationship and the inter-
nodule distances of a biaxially oriented, expanded polytetrafluoroethylene material
on a stent that is radially compressed.

Figures 4-12 illustrates steps of making the expandable stent-graft
according to the present invention, wherein:

Figure 4 depicts a mandrel;

Figure 5 depicts the biaxially oriented expanded polytetrafluoroethylene
(ePTFE) material (tube, sheet or strips or any combination of tube, sheet or strips)
at least partially covering the mandrel;

Figure 6 depicts the ePTFE material being longitudinally compressed onto
the mandrel and further illustrates the longitudinal fibrils being substantially folded
and the circumferential fibrils allowed to remain substantially extended;

Figure 7 depicts an expanded stent, having an inside diameter greater than
the combined outside diameter of the mandrel and the ePTFE material, being
positioned over the longitudinally compressed ePTFE material on the mandrel;

Figure 8 depicts a section view of the stent over the longitudinally
compressed ePTFE material;

Figure 9 depicts an end view of the stent over the longitudinally

compressed ePTFE material;
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Figure 10 depicts an outer layer of longitudinally compressed ePTFE

material positioned over the stent, an inner layer of longitudinally compressed
ePTFE material and the mandrel;

Figure 11 depicts a section view of an outer layer of longitudinally
compressed ePTFE material positioned over the stent and an inner layer of
longitudinally compressed ePTFE material. The ePTFE materials are bonded over
or throughout the outside surface, inside surface or throughout the discontinuous
wall of the stent; and

Figure 12 depicts an end view of an outer layer of longitudinally
compressed ePTFE material positioned over the stent and an inner layer of
longitudinally compressed ePTFE material. The ePTFE materials are bonded over
or throughout the outside surface, inside surface or throughout the discontinuous
wall of the stent.

Figure 13 depicts an illustration of the various states of the ePTFE on the
stent such as when the expandable stent- graft is radially compressed or radially
expanded.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring now to FIGS. 1-3, the present invention relates to a flexible and

generally cylindrical expandable stent-graft 20 that may be made from a stent 12

~and-a covering of biaxially oriented, expanded polytetrafluoroethylene material 3.

The biaxially oriented, expanded polytetrafluoroethylene material 3 has a
microstructure comprised of nodules 2 and fibrils 4, 4’ and inter-nodule distances
a,a’0,0°.

The term biaxial, expanded polytetrafluoroethylene material as used herein
means a biaxially oriented expanded polytetrafluoroethylene material. The term
uniaxial, expanded polytetrafluoroethylene material as used herein means a
uniaxially oriented expanded polytetrafluoroethylene material. The average
longitudinal inter-nodule distance of either uniaxial or biaxial expanded
polytetrafluoroethylene may be between about 5 and about 150 microns in the frée
state, preferably between about 20 and about 60 microns in the free state. The
longitudinal orientation and resulting longitudinal inter-nodule distances are based

on the orientation when the expanded polytetrafluoroethylene is placed on a stent,
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such that the longitudinal orientation of the stent and expanded
polytetrafluoroethylene substantially correspond with one another. The expanded
polytetrafluoroethylene is in a free state when no force is applied thereto.

A preferred embodiment of the expandable stent-graft 20 of the present
invention may be designed so that its expanded polytetrafluoroethylene covering
10’ is associated with the expansion or compression of the stent 12 (FIG. 13), as
the expandable stent-graft 20 is inserted in a delivery catheter or deployed into a
body lumen. The expandable stent-graft 20 is intended for repair and support of
body vessel walls.

A preferred embodiment of the expandable stent-graft 20 of the present
invention may be made from a braided stent 12 such as the one described in U.S.
Patent No. 5,061,275 to Wallsten. Such a self-expanding stent is characterized in
that the stent longitudinally contracts as it radially expands, and longitudinally
expands as it radially contracts. Other, non-braided stents are known in the art
which share this characteristic. This stent 12 may be at least partially covered,
individually or in combination, with at least one layer of tube, sheet, strips or film of
biaxial expanded polytetrafluoroethylene material 10 on the inside surface 14,
outside surface 18, inside surface 14 and outside surface 18, or between the inside
surface 14 and the outside surface 18 of the discontinuous wall of a stent 12
(FIGS. 7-13). The stent 12 and expanded polytetrafluoroethylene covering 10’
may be bonded together, for instance under heat and pressure, to form the
expandable stent-graft 20. Another method of bonding may include the use of
another polymer such as a polyurethane or FEP which has a lower melt point.

The expandable stent-graft 20 of the present invention offers the properties
of a Astent 12 and the benefits of an expanded polytetrafluoroethylene covering that
conforms to the compliance and distortion of the underlying stent 12. The
expanded polytetrafluoroethylene microstructure (FIGS. 1-3) and it's orientation on
the stent 12 (FIGS. 5-13) relate to the present invention. The expandable stent-
graft 20 has characteristics that may reduce the occlusion of the lumen and
improve healing of the damaged body vessels.

Another preferred embodiment of the expandable stent- graft 20 of the

present invention may comprise a uniaxial, expanded polytetrafluoroethylene
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covering on at least part of the inside surface 14, outside surface 18, inside surface

14 and outside surface 18 or between the inside surface 14 and the outside
surface 18 of the stent 12. The uniaxial, expanded polytetrafluoroethylene
covering may be comprised substantially of fibrils as the nodules have been
reduced substantially to zero. Other uniaxial, expanded polytetrafluoroethylene
coverings may have discrete nodules so that the nodules are substantially
unconnected to one another.

Another preferred embodiment of the expandable stent- graft 20 of the
present invention may comprise a uniaxial, expanded polytetrafluoroethylene
covering and a biaxial, expanded polytetrafluoroethylene covering 10’ on at least
part of the inside surface 14, outside surface 18, inside surface 14 and outside
surface 18, or between the inside surface 14 and the outside surface 18 of the
stent 12. The uniaxial, expanded polytetrafluoroethylene covering is comprised
substantially of fibrils and is longitudinally oriented on the stent.

In these preferred embodiments, the expanded polytetrafluoroethylene
covering may correspondingly expand and contract with the stent 12. As radial
and longitudinal forces are applied to the expandable stent-graft (FIG. 13), the
nodule and fibril relationship may change within the biaxial expanded
polytetrafluoroethylene material 10’ and the fibril relationship within the uniaxial
expanded polytetrafluoroethylene material and allows the covering to conform to
the shape to of the stent 12. FIG. 13 illustrates an expandable stent-graft of the
present invention with the end portions in at least partially radially expanded states
and the mid-section in an at least partially radially contracted state.

In the preferred embodiments of the expandable stent- graft 20 of the
present invention, the preferred nodule and fibril relationship of the biaxial,
expanded polytetrafluoroethylene or the preferred fibril relationship of the uniaxial
expanded polytetrafluoroethylene material is dependent on the dimensions of the
stent 12 being covered. However, the preferred nodule and fibril relationship of the
biaxial, expanded polytetrafluoroethylene in the free state or the preferred fibril
relationship of the uniaxial, expanded polytetrafluoroethylene in the free state may
have a circumferential fibril length ranging from about 5 microns to about 150

microns; an inter-nodule distance measured in the circumferential direction ranging
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from about 5 microns to about 150 microns; a longitudinal fibril length ranging from
about 5 microns to about 100 microns; or an inter-nodule distance measured in the
longitudinal direction ranging from about 5 microns to about 100 microns to be
sufficient to offer the desired range of performance for the present invention.

The nodules 2 and fibrils 4, 4’ within the biaxial, expanded
polytetrafluoroethylene material may be oriented onto the stent 12 so that the
longitudinal fibrils are at least substantially extended 4’ to adapt to the stent 12
longitudinal expansion when the stent 12 is radially compressed; the
circumferential fibrils are at least substantially folded 6’ to adapt to the stent radial
compression when the stent 12 is longitudinally expanded; the longitudinal fibrils
are at least substantially folded 4 to adapt to the stent 12 longitudinal compression
when the stent 12 is radially expanded; or the circumferential fibrils are at least
substantially extended 6 to adapt to the stent radial expansion when the stent 12 is
longitudinally compressed (FIGS. 6, 7, 10, and 13). The interaction of the nodules
2 and fibrils 4, 4’ within the biaxial, expanded polytetrafluoroethylene material 10’
allows the biaxial, expanded polytetrafluoroethylene material 10’ to substantially
conform to the radial and longitudinal expansion and compression of the stent 12.

The present invention also relates to a method of bonding an expanded
polytetrafluoroethylene material 10, 10’ onto a stent 12 so that the inter-nodule
distance measured in the longitudinal direction between nodules is increased when
the expandable stent-graft 20 is radially compressed; the inter-nodule distance
measured in the longitudinal direction between nodules is decreased when the
expandable stent-graft 20 is radially expanded; the inter-nodule distance measured
in the circumferential direction between nodules 2 is increased when the
expandable stent-graft 20 is longitudinally compressed; or the inter-nodule
distance measured in the circumferential direction between nodules 2 is decreased
when the expandable stent-graft is longitudinally expanded.

The stent 12 and expanded polytetrafluoroethylene covering 10’
substantially are bonded together and substantially coextensively compress,
expand or conform in shape, when radial and longitudinal forces expand or

compress the expandable stent-graft 20. For example, the expandable stent-graft
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20 may compress when inserted into a delivery catheter or the expandable stent-
graft 20 may expand when deployed from the catheter into a body vessel.

The biaxial, expanded polytetrafluoroethylene 10, 10’ or uniaxial, expanded
polytetrafluoroethylene covering are not elastomers, yet, they each expand and
contract with the radial or longitudinal expansion and compression forces on the
expandable stent-graft 20. Also, the biaxial expanded polytetrafluoroethylene or
uniaxial expanded polytetrafluoroethylene coverings may expand and compress on
the expandable stent-graft 20 and have reduced folds, flaps, pillowing or kinks,
thus, reducing the thrombogenic effect that may result from uneven or rough
vessel surfaces. The orientation of the ePTFE and the interaction of the nodules 2
and fibrils 4, 4’, 6, 6’ may allow the inside surface 14 and/or the outside surface 18
to be substantially smooth in both contracted and expanded states.

Another preferred embodiment of the expandable stent-graft 20 of the
present invention offers a substantially smooth covering during the radial and
longitudinal compression and expansion of the expandable stent-graft 20. Radial
compression and longitudinal expansion of the expandable stent-graft 20 occurs
when the expandable stent-graft 20 is inserted into a catheter. Radial expansion
and longitudinal compression of the expandable stent-graft 20 occurs when the
expandable stent-graft 20 is deployed into various sized body vessels.

The expandable stent-graft 20 of the present invention may provide a
surface that promotes increased fluid flow, reduced fluid turbulence, and overall
improved compliance properties when compared to conventional covered stents.
Many of the present invention characteristics are desired by medical practitioners,
when repairing and healing body vessels.

When compared to an uncovered stent 12, the expanded
polytetrafluoroethylene covering on the stent 12 requires little additional force to
expand or contract. The biaxial, expanded polytetrafluoroethylene material 10’ or
uniaxial expanded polytetrafluoroethylene material substantially adapts to the
radial and longitudinal expansion and compression of the stent 12. The expanded
polytetrafluoroethylene covering is intended to enhance the benefits of a
conventional stent 12 by adding graft capabilities, withéut, reducing the compliance

or performance of the expandable stent-graft 20.
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The expandable stent-graft 20 is generally made in the shape of a
cylindrical lumen having a discontinuous wall covered with expanded
polytetrafluoroethylene.

A preferred embodiment of the expandable stent-graft of the present
invention has a nodule and fibril relationship in the biaxial, expanded
polytetrafluoroethylene covering 10’ or a fibril relationship in the uniaxial, expanded
polytetrafluoroethylene covering, respectively, such that the expandable stent-graft
20 expands longitudinally up to about 300% when radially compressed as
compared to it's length when in a radially expanded state.

Another preferred embodiment of the expandable stent-graft 20 of the
present invention has a nodule and fibril relationship in the biaxial, expanded
polytetrafluoroethylene covering 10’ or a fibril relationship in the uniaxial, expanded
polytetrafluoroethylene covering such that the expandable stent-graft 20 expands
radially up to about 1000% of its fully radially compressed diameter measurement.

Another preferred embodiments of the expandable stent-graft 20 of the
present invention may comprise at least one partial layer of biaxial, expanded
polytetrafluoroethylene or a uniaxial 10’, expanded polytetrafluoroethylene or a
combination of a biaxial, expanded polytetrafluoroethylene 10’ and a uniaxial,
expanded polytetrafluoroethylene  material. The uniaxial, expanded
polytetrafluoroethylene material has a fibril relationship and is comprised
substantially of fibrils as the nodules 2 have been reduced essentially to nearly
zero. Each layer of biaxial or uniaxial, expanded polytetrafluoroethylene material
may have a thickness ranging from about 10 to about 500 microns and may be
made from tube, sheet, film or a plurality of strips disposed on the inner surface 14
of the discontinuous wall, outer surface 18 of the discontinuous wall, both the inner
surface 14 and outer surface 18 of the discontinuous wall of the stent or between
the inner surface 14 and outer surface 18 of the discontinuous wall of the stent 12
including the voids between the mesh of the walls. The discontinuous wall and the
expanded polytetrafluoroethylene material are bonded at a temperature range of
about 340°C to about 390°C.

In a further embodiment of the expandable stent-graft 20 of the present

invention, the discontinuous wall of the stent 12 may be coated with expanded



o

10

15

20

25

30

-13-

polytetrafluoroethylene, polytetrafluoroethylene or both expanded
polytetrafluoroethylene and polytetrafluoroethylene on at least part of its surface.

The preferred embodiments of the expandable stent-graft 20 of the present
invention, may be produced by the method of placing a biaxial expanded
polytetrafluoroethylene material 10 on a mandrel 8 in an at least partially expanded
state, and then longitudinally compressing the biaxial, expanded
polytetrafluoroethylene material 10 while it is positioned on the mandrel 8 so that
the longitudinal fibrils are at least substantially folded 4 and ’the circumferential
fibrils are at least substantially extended 6 or so that the inter-nodule distance
measured in the longitudinal direction between nodules 2 is decreased and the
inter-nodule distance measured in the circumferential direction between nodules 2
is increased. A stent 12 having an inside diameter greater than the combined
diameter of the expanded polytetrafluoroethylene material and the mandrel 8 is
then placed onto the outer surface of the expanded polytetrafluoroethylene
material. Contact is then maintained between the stent and the expanded
polytetrafluoroethylene material while the covering and the stent are heated to a
temperature ranging from about 340°C to about 390°C for a time ranging from
about 1 minute to about 15 minutes to bond the expanded polytetrafluoroethylene
material to the discontinuous wall of the stent. The expandable stent-graft is then
cooled and removed from the mandrel.

Additionally, the preferred embodiments of the expandable stent-graft of the
present invention may also be produced by the method of placing a biaxial
expanded polytetrafluoroethylene material on a mandrel and then longitudinally
expanding or stretching the biaxial, expanded polytetrafluoroethylene material
while it is positioned on the mandrel so that the longitudinal fibrils are at least
substantially extended and the circumferential fibrils are at least substantially
folded. Also, the inter-nodule distance measured in the longitudinal direction
between nodules 2 may be increased and the inter-nodule distance measured in
the circumferential direction between nodules 2 may be decreased. A stent having
a diameter greater than the combined diameter of the expanded
polytetrafluoroethylene material and the mandrel is then placed onto the outer

surface of the expanded polytetrafluoroethylene material. The expandable stent-
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graft is radially compressed and contact is then maintained between the stent and the

expanded polytetrafluoroethylene material while the covering and the stent are heated to a
temperature ranging from about 340°C to about 390°C for a time ranging from about 1
minute to about 15 minutes to bond the expanded polytetrafluoroethylene material to the
discontinuous wall of the stent. The expandable stent-graft is then cooled and removed
from the mandrel.

The preferred embodiment of the expandable stent-graft of the present invention
may also be produced by longitudinally compressing the expanded polytetrafluoroethylene
material, prior to the step of placing the expanded polytetrafluoroethylene material on the
mandrel.

The preferred embodiment of the expandable stent-graft of the present invention
may also be produced by longitudinally expanding or stretching the expanded
polytetrafluoroethylene material prior to the step of placing the expanded
polytetrafluoroethylene material on the mandrel. An expanded polytetrafluoroethylene
tape can be diagonally wound under tension about an at least partially expanded stent.
Additional compressible and expandable objects of varying size, shape, compliance or
dimension may also be able to take advantage of the expanded polytetrafluoroethylene
coverings.

This invention has been described herein in considerable detail to comply with theA'
Patent Statutes and to provide those skilled in the art with the information needed to apply
the novel principles and to construct and use such specialised components as are required.
However, it is to be understood that the invention can be carried out by specifically
different equipment and devices, and that various modifications, both as to the equipment
details and procedures, can be accomplished without departing from the scope of the
invention itself. Therefore, the spirit and scope of the claims should not be limited to the

description of the preferred versions contained herein.
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The claims defining the invention are as follows:

1. Anexpandable prosthesis comprising:

(a)  a discontinuous wall defining a lumen adapted to assume a longitudinally contracted
position and a longitudinally expanded position; and

(b)  atleast one layer of expanded polytetrafluoroethylene having a first average longitudinal
inter-nodule distance in a free state, the layer of polytetrafluoroethylene affixed to the wall such that it
has a second average longitudinal inter-nodule distance when the wall is in the longitudinally
contracted position, the second average longitudinal inter-nodule distance being less than the first
average longitudinal inter-nodule distance and wherein said expanded polytetrafluoroethylene
covering expands and compresses in association with said discontinuous wall.

2. The prosthesis of claim 1 wherein the layer of expanded polytetrafluoroethylene has (i)
an average longitudinal inter-nodule distance of between about 0 and about 50 microns when the wall
is in the longitudinally contracted position, and (i) an average longitudinal inter-nodule distance of
between about 50 and about 150 microns when the wall is in the longitudinally expanded position.

3. The prosthesis of claim 2 wherein the layer of expanded polytetrafluoroethylene has (i)
an average longitudinal inter-nodule distance when the wall is in the longitudinally contracted position
between about 5 and about 45 microns.

4. The prosthesis of claim 3 wherein the layer of expanded polytetrafluoroethylene has (i)
an average longitudinal inter-nodule distance when the wall is in the longitudinally contracted position
between about 20 and about 30 microns.

5. The prosthesis of claim 2 wherein the layer of expanded polytetrafluoroethylene has (ii)
an average longitudinal inter-nodule distance when the wall is in the longitudinally expanded position
of between about 60 and about 140 microns.

6. The prosthesis of claim 5 wherein the layer of expanded polytetrafluoroethylene has (ii)
an average longitudinal inter-nodule distance when the wall is in the longitudinally expanded position
of between about 80 and about 120 microns.

7. Anexpandable prosthesis comprising:

(a)  adiscontinuous wall defining a lumen adapted to assume a radially contracted position
and a radially expanded position; and

(b)  atleast one tubular layer of an expanded polytetrafluoroethylene having a first average
circumferential inter-nodule distance in a free state, the layer of polytetrafluoroethylene affixed to the
wall such that it has a second average circumferential inter-nodule distance when the wall is in the
radially contracted state, the second average circumferential inter-nodule distance being less than the
first average circumferential inter-nodule distance and wherein said expanded polytetrafluoroethylene
covering expands and compresses in association with said discontinuous wall.
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8. The prosthesis of claim 7 wherein the tubular layer of expanded polytetrafluoroethylene

has (i) an average circumferential inter-nodule distance of between about 0 and about 75 microns

when the wall is in the radially contracted position , and (ii) an average circumferential inter-nodule

distance of between about 75 and about 150 microns when the wall is in the radially expanded
s position.

9. The prosthesis of claim 8 wherein the tubular layer of expanded polytetrafluoroethylene
has (i) an average circumferential inter-nodule distance of between about 5 and about 70 microns
when the wall is in the radially contracted position.

10.  The prosthesis of claim 9 wherein the tubular layer of expanded polytetrafluoroethylene

10 has (i) an average circumferential inter-nodule distance of between about 20 and about 50 microns
when the wall is in the radially contracted position.

11. The prosthesis of claim 8 wherein the tubular layer of expanded polytetrafluoroethylene
has (i) an average circumferential inter-nodule distance of between about 80 and about 140 microns
when the wall is in the radially expanded position.

s 12. The prosthesis of claim 11 wherein the tubular layer of expanded polytetrafluoroethylene
has (ii) an average circumferential inter-nodule distance of between about 80 and about 120 microns

.. when the wall is in the radially expanded position.
- 13. An expandable prosthesis comprising:
(@) a discontinuous wall generally defining a lumen adapted to assume a longitudinally

* **. 20  expanded position and a longitudinally contracted position; and

. (b)  atleast one layer of expanded polytetrafluoroethylene having a first average longitudinal
inter-nodule distance in a free state, the layer of polytetrafluoroethylene affixed to the wall such that
the polytetrafluoroethylene has a second average longitudinal inter-nodule distance between 0 and 99
percent of the first average longitudinal inter-nodule distance when the wall is in the longitudinally

contracted position and wherein said expanded polytetrafluoroethylene covering expands and

-
7

compresses in association with said discontinuous wall.
14. The prosthesis of claim 13 wherein the second average longitudinal inter-nodule distance
. is between about 20 and about 50 percent of the first average longitudinal inter-nodule distance when
the wall is in the longitudinally contracted position.
30 156. An expandable prosthesis comprising:
(a)  adiscontinuous wall generally defining a lumen adapted to assume a radially expanded
position and a radially contracted position; and
(b) at least one layer of expanded polytetrafluoroethylene having a first average
circumferential inter-nodule distance in a free state, the layer of polytetrafluoroethylene affixed to the
s wall such that the polytetrafluoroethylene has a second average circumferential inter-nodule distance

TRA/
\369 /'77,
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less than about 50 percent of the first average circumferential inter-nodule distance when the wall is in
the radially contracted position and wherein said expanded polytetrafluoroethylene covering expands
and compresses in association with said discontinuous wall.

16.  The prosthesis of claim 15 wherein the second average circumferential inter-nodule
distance is less than about 25 percent of the first average circumferential inter-nodule distance when
the wall is in the radially contracted position.

17. An expandable prosthesis comprising:

(a)  a discontinuous wall defining a lumen adapted to assume a radially expanded position
and a radially contracted position; and

(b)  atleast one layer of expanded polytetrafluoroethylene having a first average longitudinal
inter-nodule distance and a first average circumferential inter-nodule distance in a free state, the layer
of the polytetrafluoroethylene affixed to the wall such that the polytetrafiuoroethylene had a second
average longitudinal inter-nodule distance between 0 and 99 percent of the first average longitudinal
inter-nodule distance when the wall is in the radially expanded position and a second average
circumferential inter-nodule distance less than about 50 percent of the first average circumferential
inter-nodule distance when the wall is in the radially contracted position and wherein said expanded
polytetrafluoroethylene covering expands and compresses in association with said discontinuous wall.

18.  The prosthesis of claim 17 wherein the second average longitudinal inter-nodule distance
is between about 20 and about 50 percent of the first average longitudinal inter-nodule distance, and
the second average circumferential inter-nodule distance is less than about 25 percent of the first
average circumferential inter-nodule distance.

19.  An expandable stent-graft comprising:

(@) a braided self-expanding stent characterized by a longitudinal shortening upon radial
expansion from a first longitudinal stent length to a second longitudinal stent length; and

(b) at least one tubular layer of biaxially oriented expanded polytetrafluoroethylene
comprising nodules and fibrils affixed to the stent characterized by a shortening of average
longitudinal inter-nodule distance upon radial expansion from a first average longitudinal inter-nodule
distance to a second average longitudinal inter-nodule distance;

wherein the ratio of first longitudinal stent length to second longitudinal stent length is within
about 25 percent of the ratio of first average longitudinal inter-nodule distance to a second average
inter-nodule distance and wherein said expanded polytetrafluoroethylene covering expands and
compresses in association with said stent.

20.  An expandable stent-graft comprising:

(a) a braided self-expanding stent characterized by a longitudinal shortening upon radial

expansion;
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(b) at least one layer of unaxially oriented expanded polytetrafluoroethylene affixed to the

stent, the polytetrafluoroethylene characterised by having substantially no nodules and wherein said
expanded polytetrafluoroethylene covering expands and compresses in association with said stent.

21. A 'method of making an expandable prosthesis comprising:

(a)  providing a self-expanding braided stent having a longitudinal orientation in at least
partially radially expanded state;

(b)  providing at least one layer of expanded polytetrafluoroethylene having a longitudinal
orientation and a first average longitudinal inter-nodule distance in a free state:

(c)  longitudinally compressing the layer of expanded polytetrafluoroethylene so that the
resulting longitudinally compressed layer has a second average longitudinal inter-nodule distance
which is less than the first average longitudinal inter-nodule distance; and

(d) affixing the longitudinally compressed layer of expanded polytetrafluoroethylene to the
self-expanding braided stent in the at least partially radially expanded state such that the longitudinal
orientations of the stent and layer of expanded polytetrafluoroethylene substantially correspond with

one another.
22.  An expandable prosthesis, substantially as hereinbefore described with reference to the

accompanying drawings.
23.  An expandable stent-graft, substantially as hereinbefore described with reference to the

accompanying drawings.
24. A method of making an expandable prosthesis, substantially as hereinbefore described

with reference to the accompanying drawings.

Dated 19 November, 1999
Schneider (USA) Inc.

Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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