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KINK RESISTANT STENT GRAFT
Robert G. LERDAHL, Chandrashekhar P. PATHAK, and
R. Michael CASANOVA
FIELD OF THE DISCLOSURE

The present disclosure relates generally to surgical devices. More
specifically, the present disclosure relates to grafts and stent grafts.
BACKGROUND

A human vascular system includes a heart and numerous veins and
arteries connected to the heart. The veins and arteries deliver blood to and
from the heart. Injuries can occur in which a vein or an artery is damaged. A
damaged artery or a damaged vein can be repaired, or replaced, using a
tubular member such as a graft or stent graft. The tubular member can be
deployed within the damaged artery or vein to span the damage portion.
Alternatively, the damaged portion of the artery or vein can be removed and
the tubular member can be sutured in place of the removed portion.

Despite continued improvements in stent graft designs, improved grafts
and improved stent grafts are desired. Particularly, stents and stent grafts that
have the capability of a wide range of deployment locations and which have
robust designs.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of a corrugated stent graft delivery device;

FIG. 2 is a plan view of an embodiment of a corrugated stent graftin a
collapsed configuration;

FIG. 3 is a plan view of the corrugated stent graft in an expanded
configuration;

FIG. 4 is a cross-section view of a portion of the first corrugated stent
graft;

FIG. 5 is a flow chart illustrating an embodiment of a method of making
a corrugated graft;

FIG. 6 is a flow chart illustrating a first embodiment of a method of
making a corrugated stent graft;

FIG. 7 is a flow chart illustrating a second embodiment of a method of
making a corrugated stent graft;
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FIG. 8 is a plan view of a first embodiment of a beaded stent graft in a
collapsed configuration;

FIG. 9 is a plan view of the first embodiment of the beaded stent graft in
an expanded configuration;

FIG. 10 is a cross-section view of a portion of the first beaded stent
graft;

FIG. 11 is a flow chart illustrating a first embodiment of a method of
making a beaded stent graft;

FIG. 12 is a plan view of a second embodiment of a beaded stent graft
in a collapsed configuration;

FIG. 13 is a plan view of the second embodiment of the beaded stent
graft in an expanded configuration;

FIG. 14 is a cross-section view of a portion of the second corrugated
stent graft; and

FIG. 15 is a flow chart illustrating a second embodiment of a method of
making a beaded stent graft.

DETAILED DESCRIPTION OF THE DRAWINGS

In general, a stent graft is disclosed and can include a stent and a graft
engaged with the stent. The graft can include an inner surface and an outer
surface. Further, at least one of the inner surface and the outer surface can
include a plurality of protrusions as viewed in cross section extending through
a longitudinal axis.

In another embodiment, a stent graft is disclosed and can include an
inner graft layer and a stent can circumscribe the inner graft layer. Further, an
outer graft layer can circumscribe the stent. At least one corrugation can be
formed in the inner graft layer and the outer graft layer.

In yet another embodiment, a stent graft is disclosed and can include
an inner graft layer and at least one bead can be wound around the inner graft
layer. Also, a stent can circumscribe the at least one bead and an outer stent
graft layer can circumscribe the stent.

In still another embodiment, a stent graft is disclosed and can include
an inner graft layer and a stent can circumscribe the inner graft layer. An
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outer graft layer can circumscribe the stent and at least one bead can be
wound around the outer graft layer.

In another embodiment, a method of making a stent graft is disclosed
and can include installing an inner tube on a mandrel and installing a stent
over the inner tube. Further, the method can include installing an outer tube
over the stent and sintering the outer tube to the inner tube.

In yet still another embodiment, a method of making a stent graft is
disclosed and can include installing a tube on a mandrel and installing a
coated stent over the tube. Moreover, the method can include sintering the
inner tube to the coated stent.

In another embodiment, a method of making a stent graft is disclosed
and can include installing an inner tube on a mandrel and winding at least one
bead around the inner tube. The method can also include installing a stent
over the at least one bead and installing an outer tube over the stent.
Additionally, the method can include sintering the outer tube to the inner tube.

In still another embodiment, a method of making a stent graft is
disclosed and can include installing an inner tube on a mandrel and installing
a stent over the inner tube. Also, the method can include installing an outer
tube over the stent and winding at least one bead around the outer tube.
Further, the method can include sintering the outer tube to the inner tube and
the bead to the outer tube.

DESCRIPTION OF A STENT DELIVERY DEVICE

Referring to FIG. 1, a stent delivery device is shown and is generally
designated 100. As shown, the stent delivery device 100 includes a body 102
having a proximal end 104 and a distal end 106. A first syringe attachment
108 can be formed in the body 102 between the proximal end 104 and the
distal end 106. In a particular embodiment, the first syringe attachment 108
can be a Luer syringe attachment. The first syringe attachment 108 can
provide fluid communication to a lumen formed within an outer sheath 112,
described below. Further, the first syringe attachment 108 can include a
stopcock 110.

FIG. 1 indicates that the stent delivery device 100 can include an outer
sheath 112. The outer sheath 112 can include a proximal end 114 and a
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distal end 116. Further, the outer sheath 112 can extend from the distal end
106 of the body 102 of the stent delivery device 100. In particular, the
proximal end 114 of the outer sheath 112 can be attached to the distal end
106 of the body 102 of the stent delivery device 100. The distal end 116 of the
outer sheath 112 can be relatively soft and rounded. The outer sheath 112
can include a lumen 118 formed therein.

As illustrated in FIG. 1, the stent delivery device 100 can further include
an inner carrier catheter 120. The inner carrier catheter 120 can extend
through the body 102 of the stent delivery device 100 and into the lumen 118
formed in the outer sheath 112. The inner carrier catheter 120 can be coaxial
with the outer sheath 112. Further, the inner carrier catheter 120 can include
a proximal end 122 and a distal end 124. The inner carrier catheter 120 can
be formed with a lumen (not shown) that can be sized to fit over a guide wire.
In particular, the lumen of the inner carrier catheter 120 can fit over a 0.035
inch guide wire,

As shown in FIG. 1, a corrugated stent graft 126 can be compressed
between the inner catheter 120, e.g., the distal end of the inner catheter 120,
and the outer sheath 112. The corrugated stent graft 126 can include a first
radiopaque band 128 and a second radiopaque band 130. With the aid of
fluoroscopy, the radiopaque bands 128, 130 can facilitate positioning of the
corrugated stent graft 126 within a patient.

A handle 132 can be attached to, or otherwise extend from, the
proximal end 122 of the inner carrier catheter 120. The handle 132 can
include a proximal end 134 and a distal end 136. The proximal end 134 of the
handle 132 can include a second syringe attachment 138. In a particular
embodiment, the second syringe attachment 138 can be a Luer syringe
attachment. The second syringe attachment 138 can provide fluid
communication with the lumen formed within the inner carrier catheter 120.

The stent delivery device 100 can also include a safety clip 140
installed between the body 102 of the stent delivery device 100 and the
handle 128 of the inner carrier catheter 120. The safety clip 140 caninclude a
proximal end 142 and a distal end 144. Further, the safety clip 140 can
include a ring handle 146 between the proximal end 142 of the safety clip 140

-4-
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and the distal end 144 of the safety clip 140. In a particular embodiment, the
safety clip 140 can be installed between the body 102 of the stent delivery
device 100 and the handle 128 of the inner carrier catheter 120 such that the
proximal end 142 of the safety clip 140 abuts the distal end 132 of the handle
128 and the distal end 144 of the safety clip 140 abuts the proximal end 104 of
the body 102.

The safety clip 140 can fit over the inner carrier catheter 120. Further,
the safety clip 140 can prevent the body 102 of the stent delivery device 100
from moving relative to the handle 128 of the inner carrier catheter 120.
Further, the safety clip 140 can prevent the outer sheath 112 from sliding
relative to the inner carrier catheter 120.

As shown in FIG. 1, the stent delivery device 100 can also include a
valve 150 engaged with, or installed on, the proximal end 104 of the body 102
of the stent delivery device 100. In a particular embodiment, the valve 150
can be a Tuohy-Borst valve. When the valve 150 is tightened, e.g., by turning
the valve 150 clockwise, the inner carrier catheter 120 cannot be moved
relative to the outer sheath 112. However, when the valve 150 is loosened,
e.g., by turning the valve 150 counterclockwise, the inner carrier catheter 120
can be moved relative to the outer sheath 112.

During use, the stent delivery device 100 can be threaded into a
cardiovascular system of a patient to a target area. The radiopaque bands
128, 130 on the corrugated stent graft 126 can be used to guide the stent
delivery device into the cardiovascular system of a patient, e.g., with the aid of
fluoroscopy. The safety clip 140 can be removed from the inner carrier
catheter 120 and the stent delivery device 100 and the valve 150 can be
loosened. Thereafter, the body 102 of the stent delivery device 100 can be
moved toward the handle of the inner carrier catheter 120 in order to slide the
outer sheath 112 off of the corrugated stent graft 126 and expose the
corrugated stent graft 126 inside the patient.

Once the corrugated stent graft 126 is exposed within the patient, the
corrugated stent graft 126 can automatically deploy due the body heat of the
patient. Further, the corrugated stent graft 126 can move to an expanded
shape memory configuration.

289-PDf-06-88 WO App.doc
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DESCRIPTION OF A CORRUGATED STENT GRAFT

Referring to FIG. 2 and FIG. 3, a corrugated stent graft is shown and is
generally designated 200. As shown, the corrugated stent graft 200 can
include a stent 202 and a graft 204. The stent 202 can be hollow and
generally cylindrical. Further, the stent 202 can include a proximal end 206
and a distal end 208. The graft 204 can also be hollow and generally
cylindrical. Also, the graft 204 can include a proximal end 210 and a distal
end 212.

As indicated in FIG. 2 and FIG. 3, the stent 202 can include a plurality
of struts 214. Further, the struts 214 can be arranged to establish a plurality of
cells 216 within the stent 202. FIG. 2 and FIG. 3 also show that the graft 204
can include a plurality of protrusions, e.g., a plurality of corrugations 218,
when viewed in cross section through a longitudinal axis of the stent graft 200.
In a particular embodiment, the corrugations 218 can be generally annular.
Further, each corrugation can form a closed loop. Alternatively, the
corrugations 218 can be generally helically shaped. In a particular
embodiment, the corrugations 218 can improve the flexibility of the corrugated
stent graft 200 and substantially minimize the likelihood of the corrugated
stent graft 200 kinking when it is bent, e.g., after the corrugated stent graft 200
is installed.

As shown in FIG. 2 and FIG. 3, the corrugations 218 can be formed in
the graft 206 so that each corrugation 218 is perpendicular to a longitudinal
axis of the stent graft 200. Further, each corrugation 218 can bisect a plurality
of cells 216 extending radially around the stent 202. In another embodiment,
the corrugations 218 can be angled with respect to a longitudinal axis and the
cells 216 can be oriented at an angle with respect to the longitudinal axis, so
that each cell 216 is bisected by a corrugation 218.

In a particular embodiment, the shape of the stent 202 can promote, or
facilitate, bending of the stent 202 within the cells 216, e.g., through groups of
cells 216 around the stent 202. The arrangement of each corrugation 218
through a group of cells 216, places each corrugation 218 in such locations
along the stent graft 200 to facilitate bending of the stent graft 200 while
substantially preventing the stent graft 200 from kinking.

-6-
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Further, due to the shape, or configuration, of the stent 202, each of the
corrugations 218 formed in the graft 206 may not be continuous around the
stent 202. For example, the graft 206 can be corrugated within a series of
adjacent cells 218, but the corrugation may be discontinuous over one or
more struts 214 that establish the cells 218.

In a particular embodiment, the corrugated stent graft 200 can include a
predetermined number of corrugations per inch (in) length of the corrugated
stent graft 200. For example, the corrugated stent graft 200 can include at
least forty corrugations per inch (40/in). In another embodiment, the
corrugated stent graft 200 can include at least fifty corrugations per inch
(50/in). In yet another embodiment, the corrugated stent graft 200 can include
at least sixty corrugations per inch (60/in). In another embodiment, the
corrugated stent graft 200 can include at least seventy corrugations per inch
(70/in). In another embodiment, the corrugated stent graft 200 can include at
least eighty corrugations per inch (80/in). In another embodiment, the
corrugated stent graft 200 can include at least ninety corrugations per inch
(90/in). In another embodiment, the corrugated stent graft 200 can include at
least one hundred corrugations per inch (100/in). In another embodiment, the
corrugated stent graft 200 can include at least one hundred and twenty
corrugations per inch (120/in). In another embodiment, the corrugated stent
graft 200 can include no more than one hundred and fifty corrugations per inch
(150/in).

As shown in FIG. 4, which is a cross-section of the corrugated stent
graft at a strut, the stent 202 can be sandwiched, or otherwise formed,
between a first graft layer 220 and a second graft layer 222. In another
embodiment, the stent 202 can be formed around a single graft layer. In yet
another embodiment, the stent 202 can be formed within a single graft layer.
In each embodiment, the stent 202 and graft 204 can form an integral
structure and as the stent 202 expands, as described below, the graft 204 can
expand therewith. Further, as the stent 202 is bent, the graft 204 can bend
therewith.

In a particular embodiment the corrugated stent graft 200 can be
formed without the stent 202. In such a case, the corrugated stent graft 200

-7-
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can be considered a corrugated graft. Further, such a corrugated graft can be
formed using one of the methods described herein.

In another particular embodiment, the corrugated stent graft 200 can be
movable between a collapsed configuration, shown in FIG. 2, and an
expanded configuration, shown in FIG. 3. FIG. 2 and FIG. 3 show that the
corrugated stent graft 200 can have a diameter 224. The diameter 224 of the
corrugated stent graft 200, in the collapsed configuration, is relatively smaller
than the diameter 224 of the corrugated stent graft 200 in the expanded
configuration. In the collapsed configuration, the cells 216 within the stent 202
can be collapsed, or otherwise compressed, as indicated in FIG. 2.
Conversely, in the expanded configuration the cells 216 within the stent body
202 can be expanded, as indicated in FIG. 3.

Further, the corrugated stent graft 200 can have a relatively low kink
radius. In other words, the corrugated stent graft 200 can be bent around a
particular radius without kinking. For example, the corrugated stent graft 200
can have a kink radius less than or equal to twenty millimeters (20 mm). In
another embodiment, the corrugated stent graft 200 can have a kink radius
less than or equal to fifteen millimeters (15 mm). In another embodiment, the
corrugated stent graft 200 can have a kink radius less than or equal to ten
millimeters (10 mm). In another embodiment, the corrugated stent graft 200
can have a kink radius less than or equal to five millimeters (5 mm). In
another embodiment, the corrugated stent graft 200 can have a kink radius
that is not less than three millimeters (3 mm).

In a particular embodiment, the stent 202 of the corrugated stent graft
200 can be made from a shape memory material. The shape memory
material can include a shape memory polymer, a shape memory metal, or a
combination thereof. Further, the shape memory metal can include a metal
alloy. The metal alloy can be a nickel titanium alloy, e.g., nitinol. Further, the
graft 204 of the corrugated stent graft 200 can be made from a polymer
material. In a particular embodiment, the polymer material can be a
fluoropolymer material. Moreover, the fluoropolymer material can be an
expanded polytetrafluoroethylene (ePTFE). In a particular embodiment, the

289-PDf-06-88 WO App.doc
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corrugated stent graft 200 can be formed using one of the methods described
in conjunction with FIG. 4 through FIG. 7.
DESCRIPTION OF A METHOD OF MAKING A CORRUGATED GRAFT

Referring now to FIG. 5, a method of making a corrugated graft is
shown and commences at block 500. At block 500, a tube is in installed on a
threaded or grooved mandrel. At block 502, the tube can be wrapped with
tape, e.g., polytetrafluoroethylene (PTFE) tape. The tape can force the tube
into the grooves or threads formed on the mandrel. In another embodiment, a
wire, a beading, or similar device can be wound around the tube in order to
force the tube into the grooves or threads formed on the mandrel. In yet
another embodiment, a mold can be placed around the assembly. The mold
can be a two-piece generally block shaped mold formed with a cylindrical bore
therein. The cylindrical bore can be formed with internal threads or grooves
that can fit into the threads or grooves formed on the mandrel. As such, the
mold can further move, or force, the material of the tube into the threads or
grooves on the mandrel.

Moving to block 504, the assembly can be sintered, or otherwise
heated. In a particular embodiment, the assembly can be sintered, or heated,
by placing the assembly in a furnace, or oven, that is initially heated to
approximately two hundred and seventy-five degrees Celsius (275° C).
Thereafter, the temperature can be increased to approximately three hundred
and twenty-five degrees Celsius (325° C). In another embodiment, the
temperature can be increased to approximately three hundred and thirty
degrees Celsius (330° C). In another embodiment, the temperature can be
increased to approximately three hundred and thirty-five degrees Celsius
(335° C). In yet another embodiment, the temperature can be increased to
approximately three hundred and forty degrees Celsius (340° C). In still
another embodiment, the temperature can be increased to approximately
three hundred and forty-five degrees Celsius (345° C). In still yet another
embodiment, the temperature can be increased to approximately three
hundred and fifty degrees Celsius (350° C). In another embodiment, the
temperature can be increased to approximately three hundred and fifty-five
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degrees Celsius (355° C). In yet another embodiment, the temperature can
be increased to approximately three hundred and sixty degrees Celsius (360°
C). In yet still another embodiment, the temperature can be increased to
approximately three hundred and sixty-five degrees Celsius (365° C). Ina
particular embodiment, the temperature does not exceed three hundred and
sixty-five degrees Celsius (365° C).

Returning to the description of the method, at block 506, the assembly
can be cooled. Further, at block 508, the tape can be unwrapped, or
otherwise removed, from the newly formed corrugated graft. If a mold is used,
the mold can be removed prior to removal of the tape. At block 510, the
corrugated graft can be removed from the mandrel. If the mandrel is
threaded, the corrugated graft can be removed from the mandrel by twisting
the corrugated graft relative to the mandrel to unthread the corrugated graft
from the mandrel. Thereafter, at block 512, the corrugated graft can be
sterilized. At block 514, the corrugated graft can be packaged for shipping.
The method can then end at state 516. In a particular embodiment, the
mandrel can be collapsible in order to facilitate removal of the assembly from
the mandrel.

DESCRIPTION OF A METHOD OF MAKING A CORRUGATED STENT
GRAFT

Referring now to FIG. 6, a first embodiment of a method of making a
corrugated graft is shown and commences at block 600. At block 600, an
inner tube is in installed on a threaded or grooved mandrel. At block 602, a
stent can be installed over the inner tube. In a particular embodiment, the
stent can be placed over the inner tube so that one or more grooves formed in
the mandrel bisect a corresponding group of cells formed in the stent.
Thereafter, at block 604, an outer tube can be installed over the stent.

At block 606, the assembly can be wrapped with tape, e.g.,
polytetrafiuoroethylene (PTFE) tape. Moving to block 608, the assembly can
be sintered, or otherwise heated. At block 610, the assembly can be cooled.
Further, at block 612, the tape can be removed, e.g., unwrapped, from the
newly formed corrugated stent graft. If a mold is used, the mold can be
removed prior to removal of the tape. At block 614, the corrugated stent graft
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can be removed from the mandrel. Thereafter, at block 616, the corrugated
stent graft can be sterilized. At block 618, the corrugated graft can be
packaged for shipping. The method can then end at state 620.

In an alternative embodiment, the inner tube can be formed with
corrugations before the stent is installed thereon. Further, the stent can be
stretched before it is installed over a corrugated inner tube. For example, the
stent can be stretched to increase its length by approximately five percent
(5%). Alternatively, the stent can be stretched to increase its length by
approximately ten percent (10%). In another embodiment, the stent is
stretched to increase its length by approximately fifteen percent (15%). In yet
another embodiment, the stent is not stretched more that than twenty percent
(20%). After the stent is stretched and placed over the inner tube, an outer
corrugated tube can be installed over the stent. Thereafter, the entire
assembly can be wrapped and sintered as described herein. After the
assembly is cooled, the stent can relax partially or completely to its original
length. The corrugations in the tubes can accommodate the relaxation of the
stent.

FIG. 7 illustrates a second embodiment of a method of making a
corrugated graft. Beginning at block 700, a tube is in installed on a threaded
or grooved mandrel. At block 702, a coated stent can be installed over the
inner tube. In a particular embodiment, the coated stent can be a nitinol stent
coated with a polymer material. In a particular embodiment, the coating has a
thickness in a range of five microns to one hundred microns. Further, in a
particular embodiment, the polymer material can withstand relatively high
temperatures and have a relative low coefficient of friction. For example, the
polymer can be a perfluoropolymer.

Moving to block 704, the assembly can be wrapped with tape, e.g.,
polytetrafluoroethylene (PTFE) tape. At block 706, the assembly can be
sintered, or otherwise heated. |n a particular embodiment, the assembly can
be sintered by placing the assembly in a furnace, or oven, that is heated to
approximately three hundred and twenty-five degrees Celsius (325° C) for

approximately ten and one half minutes (10.5 min). In another embodiment,
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the assembly can be sintered at approximately three hundred and thirty
degrees Celsius (330°). In another embodiment, the assembly can be
sintered at approximately three hundred and thirty-five degrees Celsius (335°
C). In yet another embodiment, the assembly can be sintered at
approximately three hundred and forty degrees Celsius (340° C). In another
embodiment, the assembly can be sintered at approximately three hundred
and forty-five degrees Celsius (345° C). In still another embodiment, the
assembly can be sintered at approximately three hundred and fifty degrees
Celsius (350° C). In another embodiment, the assembly can be sintered at
approximately three hundred and fifty-five degrees Celsius (355° C). In yet
still another embodiment, the assembly can be sintered at approximately three
hundred and sixty degrees Celsius (360° C). In still another embodiment, the
assembly can be sintered at approximately three hundred and sixty-five
degrees Celsius (365° C). In a particular embodiment, the sintering
temperature does not exceed three hundred and sixty-five degrees Celsius
(365° C).

Then, at block 708, the assembly can be cooled. At block 710, the tape
can be removed, e.g., unwrapped, from the newly formed corrugated stent
graft. If a mold is used, the mold can be removed prior to removal of the tape.
At block 712, the corrugated stent graft can be removed from the mandrel.
Thereafter, at block 714, the corrugated stent graft can be sterilized. At block
716, the corrugated stent graft can be packaged for shipping. The method
can then end at state 718.

DESCRIPTION OF A FIRST EMBODIMENT OF A BEADED STENT GRAFT

Referring to FIG. 8 and FIG. 9, a first embodiment of a beaded stent
graft is shown and is generally designated 800. As shown, the beaded stent
graft 800 can include a stent 802 and a graft 804. The stent 802 can be
hollow and generally cylindrical. Further, the stent 802 can include a proximal
end 806 and a distal end 808. The graft 804 can also be hollow and generally
cylindrical. Also, the graft 804 can include a proximal end 810 and a distal
end 812.

As indicated in FIG. 8 and FIG. 9, the stent 802 can include a plurality
of struts 814. Further, the struts 814 can be arranged to establish a plurality of
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cells 816 within the stent 802. FIG. 8 and FIG. 9 also show that the beaded
stent graft 800 can include a plurality of protrusions, e.g., formed by a bead
818 wound around the graft 804. In a particular embodiment, the bead 818
can be a generally flat, fiber, ribbon, tape, or filament. Alternatively, the bead
818 can have a cross-section that is round, elliptical, square, rectangular,
semi-circular, or a combination thereof.

In a particular embodiment, the bead 818 can be generally helically
shaped. In a particular embodiment, the bead 818 can improve the flexibility
of the beaded stent graft 800 and substantially minimize the likelihood of the
beaded stent graft 800 kinking when it is bent, e.g., after the beaded stent
graft 800 is installed within a patient.

In a particular embodiment, the beaded stent graft 800 can include a
predetermined number of windings per inch (in) length of the beaded stent
graft 800. For example, the beaded stent graft 800 can include at least ten
windings per inch (10/in). In another embodiment, the beaded stent graft 800
can include at least twenty windings per inch (20/in). In yet another
embodiment, the beaded stent graft 800 can include at least thirty windings
per inch (30/in). In another embodiment, the beaded stent graft 800 can
include at least forty windings per inch (40/in). In another embodiment, the
beaded stent graft 800 can include at least fifty windings per inch (50/in). In
another embodiment, the beaded stent graft 800 can include at least sixty
windings per inch (60/in). In another embodiment, the beaded stent graft 800
can include at least seventy windings per inch (70/in). In another
embodiment, the beaded stent graft 800 can include at least eighty windings
per inch (80/in). In another embodiment, the beaded stent graft 800 can
include at least ninety windings per inch (90/in). In another embodiment, the
beaded stent graft 800 can include at least one hundred windings per inch
(100/in).

As shown in FIG. 8 and FIG. 9, the bead 818 is wound at an angle with
respect to a longitudinal axis 820. As such, the bead 818 can form a bead
angle 822 with respect to the longitudinal axis 820. In a particular
embodiment, the bead angle 822 can be at least five degrees (5°). In another
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embodiment, the bead angle 822 can be at least ten degrees (10°). In yet
another embodiment, the bead angle 822 can be at least fifteen degrees (15°).
In still another embodiment, the bead angle 822 can be at least twenty
degrees (20°). In another embodiment, the bead angle 822 can be at least
twenty-five degrees (25°). In still yet another embodiment, the bead angle 822
can be at least thirty degrees (30°). In yet still another embodiment, the bead
angle 822 can be at least thirty-five degrees (35°). In another embodiment,
the bead angle 822 can be at least forty degrees (40°). In yet another
embodiment, the bead angle 822 is no greater than forty-five degrees (45°).

As shown in FIG. 10, which is a cross-section of the beaded stent graft
800 taken through a strut, the stent 802 can be sandwiched, or otherwise
formed, between a first graft layer 824 and a second graft layer 826. Further,
the bead 818 can be wound around the first graft layer 824. The stent 802
and graft 804 can form an integral structure and as the stent 802 expands, as
described below, the graft 804 can expand therewith. Further, as the stent
802 is bent, the graft 804 can bend therewith.

In a particular embodiment the beaded stent graft 800 can be formed
without the stent 802. In such a case, the beaded stent graft 800 can be
considered a beaded graft. Further, such a corrugated graft can be formed
using one of the methods described herein by omitting the stent 802 from the
assembled structure.

In another particular embodiment, the beaded stent graft 800 can be
movable between a collapsed configuration, shown in FIG. 8, and an
expanded configuration, shown in FIG. 9. FIG. 8 and FIG. 9 show that the
beaded stent graft 800 can have a diameter 828. The diameter 828 of the
beaded stent graft 800, in the collapsed configuration, is relatively smalier
than the diameter 828 of the beaded stent graft 800 in the expanded
configuration. In the collapsed configuration, the cells 816 within the stent 802
can be collapsed, or otherwise compressed, as indicated in FIG. 8.
Conversely, in the expanded configuration the cells 816 within the stent body
802 can be expanded, as indicated in FIG. 9.
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Further, the beaded stent graft 800 can have a relatively low kink
radius. In other words, the beaded stent graft 800 can be bent around a
particular radius without kinking. For example, the beaded stent graft 800 can
have a kink radius less than or equal to twenty millimeters (20 mm). In
another embodiment, the beaded stent graft 800 can have a kink radius less
than or equal to fifteen millimeters (15 mm). In another embodiment, the
beaded stent graft 800 can have a kink radius less than or equal to ten
millimeters (10 mm). In another embodiment, the beaded stent graft 800 can
have a kink radius less than or equal to five millimeters (5 mm). In another
embodiment, the beaded stent graft 800 can have a kink radius that is not less
than three millimeters (3 mm).

In a particular embodiment, the stent 802 of the beaded stent graft 800
can be made from a shape memory material. The shape memory material
can include a shape memory polymer, a shape memory metal, or a
combination thereof. Further, the shape memory metal can include a metal
alloy. The metal alloy can be a nickel titanium alloy, e.g., nitinol. Further, the
graft 804 of the beaded stent graft 800 can be made from a polymer material.
In a particular embodiment, the polymer material can be a fluoropolymer
material. Moreover, the fluoropolymer material can be an expanded
polytetrafluoroethylene (ePTFE). In a particular embodiment, the beaded
stent graft 800 can be formed using the method described in conjunction with
FIG. 11.

The graft 804 can be formed using an extrusion process. For example,
the ePTFE can be mixed with a lubricant, extruded, expanded, and then,
sintered. Alternatively, the graft 804 can be made using a wrapping method.
The internodal distance for the ePTFE can be in a range of ten to one hundred
microns. Alternatively, the internodal distance can be in a range of ten to forty
microns.

DESCRIPTION OF A METHOD OF MAKING A BEADED STENT GRAFT

Referring now to FIG. 11, a first embodiment of a method of making a
corrugated graft is shown and commences at block 1100. At block 1100, an
inner tube is in installed on a mandrel, e.g., a smooth mandrel. In a particular

embodiment, the inner tube has a thickness in a range of one hundred
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microns to one hundred and twenty-five microns. Atblock 1102, a bead can
be wound onto the inner tube. In a particular embodiment, the bead has a
thickness in a range of ten microns to thirty microns. Further, the bead is
substantially flat. The bead can be made from a metal, a polymer, a ceramic,
or a combination thereof. The polymer can include PTFE, ePTFE,
polyurethane, polyethylene, polypropylene, polyimide, polysulfone, or a
combination thereof. Additionally, the polymer can include a filler material
adjust the mechanical properties of the beading, e.g., to make the beading
stiffer. The filler material can include silica, titanium dioxide, barium sulfate,
hydroxyapatite, calcium carbonate, or a combination thereof. Other agents,
e.g., a radiopaque agent, an MRI contrast agent, etc., can be added to the
bead. Moreover, a bioactive compound can be added to the bead. For
example, the bioactive compound can include an anti-restenosis compound.
The anti-restenosis compound can include paclitaxel, rapamycin, or a
combination thereof.

Moreover, at block 1104, a stent can be installed over the inner tube
and the bead. Thereafter, at block 1106, an outer tube can be installed over
the stent. The outer tube can have a thickness in a range of one hundred
microns to one hundred and twenty-five microns.

At block 1108, the assembly can be wrapped with tape, e.g.,
polytetrafluoroethylene (PTFE) tape. Moving to block 1110, the assembly
can be sintered, or otherwise heated. At block 1112, the assembly can be
cooled. Further, at block 1114, the tape can be removed, e.g., unwrapped,
from the newly formed beaded stent graft. At block 1116, the beaded stent
graft can be removed from the mandrel. Thereafter, at block 1118, the
beaded stent graft can be sterilized. At block 1120, the beaded stent graft can
be packaged for shipping. The method can then end at state 1122.
DESCRIPTION OF A SECOND EMBODIMENT OF A BEADED STENT
GRAFT

Referring to FIG. 12 and FIG. 13, a second embodiment of a beaded
stent graft is shown and is generally designated 1200. As shown, the beaded
stent graft 1200 can include a stent 1202 and a graft 1204. The stent 1202
can be hollow and generally cylindrical. Further, the stent 1202 can include a
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proximal end 1206 and a distal end 1208. The graft 1204 can also be hollow
and generally cylindrical. Also, the graft 1204 can include a proximal end
1210 and a distal end 1212.

As indicated in FIG. 12 and FIG. 13, the stent 1202 can include a
plurality of struts 1214. Further, the struts 1214 can be arranged to establish a
plurality of cells 1216 within the stent 1202. FIG. 12 and FIG. 13 also show
that the beaded stent graft 1200 can include a bead 1218 wound around the
graft 1204. In a particular embodiment, the bead 1218 can be generally
helically shaped. In a particular embodiment, the bead 1218 can improve the
flexibility of the beaded stent graft 1200 and substantially minimize the
likelihood of the beaded stent graft 1200 kinking when it is bent, e.g., after the
beaded stent graft 1200 is installed within a patient.

In a particular embodiment, the beaded stent graft 1200 can include a
predetermined number of windings per inch (in) length of the beaded stent
graft 1200. For example, the beaded stent graft 1200 can include at least ten
winding per inch (10/in). In another embodiment, the beaded stent graft 1200
can include at least twenty windings per inch (20/in). In yet another
embodiment, the beaded stent graft 1200 can include at least thirty windings
per inch (30/in). In another embodiment, the beaded stent graft 1200 can
include at least forty windings per inch (40/in). In another embodiment, the
beaded stent graft 1200 can include at least fifty windings per inch (50/in). In
another embodiment, the beaded stent graft 1200 can include at least sixty
windings per inch (60/in). In another embodiment, the beaded stent graft
1200 can include at least seventy windings per inch (70/in). In another
embodiment, the beaded stent graft 1200 can include at least eighty windings
per inch (80/in). In another embodiment, the beaded stent graft 1200 can
include at least ninety windings per inch (90/in). In another embodiment, the
beaded stent graft 1200 can include at least one hundred windings per inch
(100/in).

As shown in FIG. 12 and FIG. 13, the bead 1218 is wound at an angle
with respect to a longitudinal axis 1220. As such, the bead 1218 can form a
bead angle 1222 with respect to the longitudinal axis 1220. In a particular
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embodiment, the bead angle 1222 can be at least five degrees (5°). In
another embodiment, the bead angle 1222 can be at least ten degrees (10°).
In yet another embodiment, the bead angle 1222 can be at least fifteen
degrees (15°). In still another embodiment, the bead angle 1222 can be at
least twenty degrees (20°). In another embodiment, the bead angle 1222 can
be at least twenty-five degrees (25°). In still yet another embodiment, the
bead angle 1222 can be at least thirty degrees (30°). In yet still another
embodiment, the bead angle 1222 can be at least thirty-five degrees (35°). In
another embodiment, the bead angle 1222 can be at least forty degrees (40°).
In yet another embodiment, the bead angle 1222 can be at least forty-five
degrees (45°).

As shown in FIG. 14, which is a cross-section taken through the
beaded stent graft 1200 at a strut, the stent 1202 can be sandwiched, or
otherwise formed, between a first graft layer 1224 and a second graft layer
1226. Further, the bead 1218 can be wound around the second graft layer
1226. The stent 1202 and graft 1204 can form an integral structure and as the
stent 1202 expands, as described below, the graft 1204 can expand therewith.
Further, as the stent 1202 is bent, the graft 1204 can bend therewith.

In another particular embodiment, the beaded stent graft 1200 can be
movable between a collapsed configuration, shown in FIG. 12, and an
expanded configuration, shown in FIG. 13. FIG. 12 and FIG. 13 show that the
beaded stent graft 1200 can have a diameter 1228. The diameter 1228 of the
beaded stent graft 1200, in the collapsed configuration, is relatively smaller
than the diameter 1228 of the beaded stent graft 1200 in the expanded
configuration. In the collapsed configuration, the cells 1216 within the stent
1202 can be collapsed, or otherwise compressed, as indicated in FIG. 12.
Conversely, in the expanded configuration the cells 1216 within the stent body
1202 can be expanded, as indicated in FIG. 13.

Further, the beaded stent graft 1200 can have a relatively low kink
radius. In other words, the beaded stent graft 1200 can be bent around a
particular radius without kinking. For example, the beaded stent graft 1200
can have a kink radius less than or equal to twenty millimeters (20 mm). In
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another embodiment, the beaded stent graft 1200 can have a kink radius less
than or equal to fifteen millimeters (15 mm). In another embodiment, the
beaded stent graft 1200 can have a kink radius less than or equal to ten
millimeters (10 mm). In another embodiment, the beaded stent graft 1200 can
have a kink radius less than or equal to five millimeters (5 mm). In ancther
embodiment, the beaded stent graft 1200 can have a kink radius that is not
less than three millimeters (3 mm).

In a particular embodiment, the stent 1202 of the beaded stent graft
1200 can be made from a shape memory material. The shape memory
material can include a shape memory polymer, a shape memory metal, or a
combination thereof. Further, the shape memory metal can include a metal
alloy. The metal alloy can be a nickel titanium alloy, e.g., nitinol. Further, the
graft 1204 of the beaded stent graft 1200 can be made from a polymer
material. In a particular embodiment, the polymer material can be a
fluoropolymer material. Moreover, the fluoropolymer material can be an
expanded polytetrafluoroethylene (ePTFE). In a particular embodiment, the
beaded stent graft 1200 can be formed using the method described in
conjunction with FIG. 15.

DESCRIPTION OF A METHOD OF MAKING A BEADED STENT

Referring now to FIG. 15, a second embodiment of a method of making
a corrugated graft is shown and commences at block 1500. At block 1500, an
inner tube is in installed on a mandrel, e.g., a smooth mandrel. At block 1502,
a stent can be installed over the inner tube. Further, at block 1504, an outer
tube can be installed over the stent. At block 1506, a bead can be wound
onto, or around, the outer tube.

At block 1508, the assembly can be wrapped with tape, e.g.,
polytetrafluoroethylene (PTFE) tape. Moving to block 1510, the assembly
can be sintered, or otherwise heated. At block 1512, the assembly can be
cooled. Further, at block 1514, the tape can be removed, e.g., unwrapped,
from the newly formed beaded stent graft. At block 1516, the beaded stent
graft can be removed from the mandrel. Thereafter, at block 1518, the
beaded stent graft can be sterilized. At block 1520, the beaded stent graft can
be packaged for shipping. The method can then end at state 1522.
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CONCLUSION

Embodiments described herein provide a stent graft that can be
installed or deployed in locations, which require a robust design. For
example, the stent graft can be installed within a joint, such as a knee or
elbow, which is subject to repeated bending. When installed in such a
location, embodiments described herein are configured to minimize kinking of
the stent graft. As such, blood flow through the stent graft will not be restricted
or cut-off due to kinking of the stent graft.

One or more embodiments herein can include a bead wound around a
stent, e.g., a layer disposed on a stent. Alternatively, the bead can be wound
around an inner layer and the stent can be disposed over the bead and the
inner layer. In yet another embodiment, the bead can be woven through the
stent, e.g., woven through the struts of the stent as the bead is helically wound
around the stent. Thereafter, the stent can be encapsulated between one or
more layers, as described herein. Further, as described herein, one or more
embodiments can include an inner layer and an outer layer with a stent
sandwiched there between. Alternative embodiments may only include an
outer layer or an inner layer. For example, a stent can be placed on an outer
layer and thereafter, a bead may be wound directly on the stent.

The above-disclosed subject matter is to be considered illustrative, and
not restrictive, and the appended claims are intended to cover all such
modifications, enhancements, and other embodiments that fall within the true
spirit and scope of the present invention. Thus, to the maximum extent
allowed by law, the scope of the present invention is to be determined by the
broadest permissible interpretation of the following claims and their
equivalents, and shall not be restricted or limited by the foregoing detailed
description.
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WHAT IS CLAIMED IS:
1. A stent graft, comprising:
a stent; and
a graft engaged with the stent, wherein the graft includes
an inner surface and an outer surface and wherein at
least one of the inner surface and the outer surface
includes a plurality of protrusions as viewed in cross
section extending through a longitudinal axis.
2. The stent graft of claim 1, wherein the graft comprises a first graft layer
and wherein the stent circumscribes the first graft layer.
3. The stent graft of claim 2, wherein the first graft layer is sintered to the
stent.
4, The stent graft of claim 3, wherein the stent further comprises a
polymer coating thereon.
5. The stent graft of claim 2, wherein the graft further comprises a second
graft layer circumscribing the stent.
6. The stent graft of claim 5, wherein the first graft layer and the second
graft layer are sintered around the stent to encapsulate at least a portion of the
stent.
7. The stent graft of claim 1, wherein the plurality of protrusions comprise
a plurality of corrugations formed in the graft.
8. The stent graft of claim 7, wherein each of the plurality of corrugations
is generally annular.
9. The stent graft of claim 8, wherein each of the plurality of corrugations
is perpendicular to a longitudinal axis of the stent graft.
10.  The stent graft of claim 9, wherein the stent comprises a plurality of
cells and wherein at least one of the plurality of corrugations bisects a portion
of the plurality of cells aligned radially around the stent.
11.  The stent graft of claim 10, wherein at least one of the plurality of
corrugations is discontinuous around the stent graft.
12.  The stent graft of claim 7, wherein the stent graft comprises at least
forty corrugations per inch length of the stent graft.
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13.  The stent graft of claim 12, wherein the stent graft comprises at least
one hundred corrugations per inch length of the stent graft.
14.  The stent graft of claim 13, wherein the stent graft comprises no more
than one hundred and fifty corrugations per inch length of the stent graft.
15.  The stent graft of claim 1, wherein the stent comprises a shape memory
material.
16.  The stent graft of claim 15, wherein the shape memory material
comprises a shape memory alloy.
17.  The stent graft of claim 16, wherein the shape memory alloy comprises
a nickel titanium alloy.
18.  The stent graft of claim 1, wherein the graft comprises a fluoropolymer
material.
19.  The stent graft of claim 18, wherein the fluoropolymer material
comprises expanded polytetrafluoroethylene (ePTFE).
20. The stent graft of claim 1, wherein the plurality of protrusions are
formed by at least one bead wound around the inner graft layer, the outer graft
layer, or a combination thereof.

21.  The stent graft of claim 20, wherein the at least one bead is
sintered to the inner graft layer, the outer graft layer, or a combination thereof.

22.  The stent graft of claim 21, wherein the at least one bead is
generally helically shaped.

23.  The stent graft of claim 22, wherein the at least one bead forms
a bead angle with respect to a longitudinal axis of the stent graft.

24.  The stent graft of claim 23, wherein the bead angle is at least
five degrees (5°).

25.  The stent graft of claim 24, wherein the bead angle is at least
fifteen degrees (15°).

26.  The stent graft of claim 25, wherein the bead angle is at least
thirty degrees (30°).

27. The stent graft of claim 26, wherein the bead angle is no more
than forty-five degrees (45°).
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28. The stent graft of claim 22, wherein the at least one bead comprises at
least twenty windings per inch length of the stent graft.
29. The stent graft of claim 28, wherein the at least one bead comprises at
least fifty windings per inch length of the stent graft.
30. The stent graft of claim 29, wherein the at least one bead comprises at
least one hundred windings per inch length of the stent graft.
31. A stent graft, comprising:
an inner graft layer;
a stent circumscribing the inner graft layer;
an outer graft layer circumscribing the stent; and
at least one corrugation formed in the inner graft layer
and the outer graft layer.
32.  The stent graft of claim 31, wherein the outer graft layer is
sintered to the inner graft layer.
33.  The stent graft of claim 32, wherein the inner graft layer and the
outer graft layer at least partially encapsulate the stent.
34. A stent graft, comprising:
an inner graft layer;
at least one bead wound around the inner graft layer;
a stent circumscribing the at least one bead; and
an outer stent graft layer circumscribing the stent.
35. A stent graft, comprising:
an inner graft layer;
a stent circumscribing the inner graft layer;
an outer graft layer circumscribing the stent; and
at least one bead wound around the outer graft layer.
36. A method of making a stent graft, the method comprising:
installing an inner tube on a mandrel;
installing a stent over the inner tube;
installing an outer tube over the stent; and
sintering the outer tube to the inner tube.
37. The method of claim 36, wherein the mandrel is formed with a
plurality of grooves.
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38. The method of claim 36, wherein the mandrel is formed with
external threads.
39. The method of claim 36, further comprising wrapping the outer
tube with tape before sintering the stent graft.
40. A method of making a stent graft, the method comprising:
installing a tube on a mandrel;
installing a coated stent over the tube; and
sintering the inner tube to the coated stent.
41. A method of making a stent graft, the method comprising:
installing an inner tube on a mandrel;
winding at least one bead around the inner tube;
installing a stent over the at least one bead;
installing an outer tube over the stent; and
sintering the outer tube to the inner tube.
42. A method of making a stent graft, the method comprising:
installing an inner tube on a mandrel;
installing a stent over the inner tube;
installing an outer tube over the stent;
winding at least one bead around the outer tube; and
sintering the outer tube to the inner tube and the bead to
the outer tube.
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