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STENT COMPRISING STRANDED WIRE
Description

TECHNICAL FIELD

[0001] This application claims the benefit of priority from U.S. Provisional
Application No. 61/094,627, filed September 5, 2008, which is incorporated by
reference.

[0002] This invention relates to endoluminal medical devices for implantation
within the human or animal body for treatment of endovascular disease. In
particular, this invention relates to stents and stent grafts for the treatment of

endovascular disease.

BACKGROUND

[0003] Stents may be inserted into an anatomical vessel or duct for various
purposes. Stents may maintain or restore patency in a formerly blocked or
constricted passageway, for example, following a balloon angioplasty procedure.
Other stents may be used for different procedures, for example, stents placed in or
about a graft have been used to hold the graft in an open configuration to treat an
aneurysm. Additionally, stents coupled to one or both ends of a graft may extend
proximally or distally away from the graft to engage a healthy portion of a vessel wall
away from a diseased portion of an aneurysm to provide endovascular graft fixation.
[0004] The material used to manufacture the stent must be capable of enduring
varying amounts of stress and strain once formed into a stent. Further, the stent
should have the capability of going from an expanded formation into a compressed
formation when the stent is placed within a delivery device. The stent must also be
capable of enduring constant cycling in a corrosive atmosphere with no fatigue or
weakening. One particularly useful type of stent is a z-stent. With z-stents, a given
radius is required at the apex of adjoining struts of the stent that will accommodate
the range of elastic deformation necessary to expand from a low profile when
compressed for introduction into the deployed configuration.

[0005] Stents manufactured with a smaller radius to lower the overall profile of the

stent may result in a shorter fatigue life. In addition, a stent made of a smaller
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diameter wire to lower the profile of the stent may have less radial force upon
deployment and a shorter fatigue life. Stents having shorter strut-lengths to increase
the amount of radial force may increase in the number of struts, which could lead to
the stent having a higher profile.

BRIEF SUMMARY

[0006] There is a need for an improved stent having a lower delivery profile and
that provides sufficient support to a diseased vessel, while having a longer fatigue
life.

[0007] In one aspect, a stent is provided including a stent wire comprising a
plurality of filaments twisted into a bundle having a helix, the stent wire bent into a
pattern having a plurality of substantially straight wire sections separated by a
~plurality of bends. The stent wire is bent into a pattern having a plurality of
substantially straight wire sections separated by a plurality of bends. The pattern of
the stent wire is spirally wound about a central axis in the same direction as the helix
formed by the plurality of filaments. The each of the filaments in a bend have a
cylindrical cross-section where at least one of the plurality of filaments is displaced
and spaced from an immediately adjacent filament in the bend. |

[0008] In another aspect, a stent is provided a stent wire comprising a plurality of
filaments twisted into a bundle having a helix, the stent wire bent into a pattern
having a plurality of substantially straight wire sections separated by a plurality of
bends. Each of the filaments in a bend have a cylindrical cross-section and where at
least one of the plurality of filaments is displaced and spaced from an immediately
adjacent strand in the bend

[0009] In yet another aspect, a prosthesis is provided having a graft composed of
biocompatible material formed into a tubular configuration having lumen disposed
therethrough. A stent is disposed about a surface of the graft comprising a plurality
of filaments twisted into a bundle having a helix, each filament having a cylindrical
cross-section, the plurality of filaments bent into a pattern having a plurality of
substantially straight wire sections separating a plurality of bends. At least one of
the plurality of filaments in a bend is displaced and uniformly spaced from an

immediately adjacent strand in the bend.
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[0010] In a further aspect, there is provided a method of producing a z-stent
comprising the steps of: providing a muitiple-filament stranded wire; bending the wire
into a z-pattern comprising a plurality of substantially straight wire sections separated
by a plurality of bends; winding a length of the patterned wire about a central axis,
untwisting or overtwisting the filaments of the stranded wire to a predetermined
extent; and connecting together the ends of the length of stranded wire. This has the
advantage that the flex of the section at the apex of adjoining struts or straight wire
sections takes place through a proportionally longer section, and may additionally
flex through multiple planes, thereby reducing the stress on the apex as it moves
through a given range of degrees. Furthermore, the degree of untwisting or
overtwisting serves to unload or pre-load induced stress respectively.

[0011]  During the method, the tensile strength of the strands may be optimized by
heat-treatment to give the most favorable characteristics so as to relieve strain
particularly at the apex of the adjoining struts.

[0012] In one example, the bundle of filaments is bent into a pattern having a
plurality of substantially straight sections separating a plurality of bends, where each
of the filaments is displaced and uniformly spaced from an immediately adjacent
filament about each bend.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The prosthesis of the present invention may be better understood with
reference to the following drawings and description. The components in the figures
are not necessarily to scale, emphasis instead being placed upon illustrating the
principle of the disclosure. Moreover in the figures, like referenced numerals
designate corresponding parts throughout the different views.

[0014] Figure 1 shows a stent wire formed by twisting a plurality of filaments into
a bundle;

[0015] Figure 2 shows a cross-section of the wire shown in Figure 1;

[0016] Figure 3 shows a partial side view of a straight section of the stent wire
shown in Figure 1;

[0017] Figure 4 shows a partial side view of a bend of the stent wire shown in
Figure 1,
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[0018] Figure 5 shows a partial perspective view of a stranded stent wire without
a central mandrel strand:;

[0019] Figure 6 shows a cross-sectional view of the stent of Figure 5;

[0020] Figure 7 shows an embodiment of a stent in accordance with the present
invention where the ends of the filaments are joined together by a welded/soldered
ball;

[0021] Figure 8 shows an embodiment a stent in accordance with the present
invention where the ends of the filaments are joined together by a piece of cannula;
[0022] Figure 9 shows the formation of an embodiment of a stent in accordance
with the present invention;

[0023] Figures 10a-10d show various embodiments of a stent in a spiral
configuration, and in a single-loop configuration;

[0024] Figure 11 shows a stent-graft including a spirally wound wire formed from
a stranded stent wire;

[0025] Figure 12 shows a partial view of a stranded stent wire where a suture is
placed between displaced filaments; and

[0026] Figure 13 shows another embodiment of a stent-graft having a stent

formed from a stranded stent wire.

DETAILED DESCRIPTION OF THE DRAWINGS AND THE PRESENTLY
PREFERRED EMBODIMENTS

[0027] Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood to one of ordinary skill in the art to
which this invention belongs.

[0028] The terms "distal" and "distally" are intended to refer to a location or
direction that is, or a portion of a device that when implanted is further downstream
in the direction of or with respect to blood flow. The terms "proximal' and
“proximally" are intended to refer to a location or direction that is, or a portion of a
device that when implanted is further upstream in the direction of or with respect to
blood flow.
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[0029] The term “prosthesis” means any replacement for a body part or function
of that body part. It can also mean a device that enhances or adds functionality to a
physiological system.

[0030] The term “tubular” refers to the general shape of an endoluminal device
which allows the module to carry fluid along a distance or fit within a tubular structure
such as an artery. Tubular prosthetic devices include single and both branched and
bifurcated devices.

[0031] The term “endoluminal” refers to or describes objects that can be placed
inside a lumen or a body passageway in a human or animal body. A lumen or a
body passageway can be an existing lumen or a lumen created by surgical
intervention. As used in this specification, the terms “lumen” or “body passageway”
are intended to have a broad meaning and encompasses any duct (e.g., natural or
iatrogenic) within the human body and can include a member selected from the
group comprising: blood vessels, respiratory ducts, gastrointestinal ducts, and the
like. “Endoluminal device” or “endoluminal prosthesis” thus describes devices that
can be placed inside one of these lumens.

[0032] The term “stent” means any device or structure that adds rigidity,
expansion force or support. A stent is used to obtain and maintain the patency of the
body passageway while maintaining the integrity of the passageway. The stent may
be located on the exterior of the device, the interior of the device, or both. A stent
may be self-expanding, balloon-expandable or may have characteristics of both. A
variety of other stent configurations are also contemplated by the use of the term
“stent."

[0033] The term “graft” or “graft material” describes an object, device, membrane,
or structure that is joined to or that is capable of being joined to a body part to
enhance, repair, or replace a portion or a function of that body part. A graft by itself
or with the addition of other elements, such as structural components, can be an
endoluminal prosthesis. The graft comprises a single material, a blend of materials,
a weave, a laminate, or a composite of two or more materials. The graft can also
comprise polymer material that may be layered onto the mandrel of the present
invention. Preferably, polymers of the present invention, although added in layers

onto the mandrel, after curing, result in one layer that encapsulates a stent or woven
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graft. This also aids in decreasing the incidence of delamination of the resulting
endovascular prosthesis. A stent may be attached to a graft to form a "stent graft."
[0034] The term “yarn” refers to a length of a continuous thread or strand of one
or more filaments or fibers, with or without twist, suitable for weaving, knitting or
otherwise intertwining to form a textile fabric.

[0035] The terms “patient,” “subject,” and “recipient” as used in this application
refer to any mammal, especially humans.

[0036] The present invention relates to a stent formed from a stent wire having a
plurality of filaments twisted in a coil formation. The coiled stent wire may be bent
into a pattern having a plurality of substantially straight wire sections separated by a
plurality of bends. The pattern also may be spirally wound about a central axis,
where it defines a tubular shape. Preferably each of the filaments has a cylindrical
cross-section at least in the area of the bends of the pattern. Also, preferably, the
filaments are displaced and spaced from an immediately adjacent filament about
each bend.

[0037] Figure 1 shows a stent wire 10 formed by twisting a plurality of individual
filaments 12 to form a coiled wire. As shown, each of the filaments 12 has a
substantially cylindrical cross-section. The stent wire 10 preferably includes at least
three individual filaments 12. As shown in Figure 1, the stent wire 10 includes seven
individual filaments 12. The stent wire 10 preferably is not drawn through a die. The
filaments 12 of the stent wire 10 may be twisted either in the “right hand” direction or
the “left hand” direction.

[0038] A stent may be formed of stent wire 10 forming the stranded stent wire 10
into a spiral having a repeating pattern of alternating straight sections 14, or struts,
and bends 16. For example, the stent wire 10 may be formed into a helix or spiral of
a repeating zig zag pattern such as those shown in Figures 10a-10d. In other
embodiments, the stent wire 10 may be formed into other configurations, including a
single crown stent or multiple crown stents.

[0039] When the stent wire 10 is formed into a pattern of alternating straight
sections 14, or struts, and bends 16, the plurality of individual filaments 12 preferably
have a uniform twist throughout struts 14, such that the individual filaments 12

remain in close proximity. The individual filaments 12 are of a biocompatible
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material. The materials used in the manufacture of the device may be selected from
a well-known list of suitable metals. Preferred materials include those materials that
can provide the desired functional characteristics with respect to mechanical load
bearing, biological compatibility, modulus of elasticity, or other desired properties. In
various embodiments, the stent wire 10 may include a metallic material selected
from stainless steel, silver, platinum, palladium, gold, titanium, tantalum, iridium,
tungsten, cobalt, chromium, cobalt-chromium alloy 1058, cobalt-based 35N alloy,
nickel-based alloy 625, a molybdenum alloy, a molybdenum alloy including about
0.4% to about 0.8% of lanthanum oxide (Li»O3), and a nickel-titanium alloy.

[0040] Figure 2 shows cross section of the stent wire 10 of Figure 1. As shown, a
central mandrel filament 20 is surrounded by six perimeter filaments 12. The central
mandrel filament 20 may be manufactured from the same material used for the
perimeter filaments 12, or from other materials. In some embodiments, the central
mandrel filament 20 may be manufactured from a different material than the
perimeter filaments 12, such a radiopaque material. In other embodiments, one of
the perimeter filaments may comprise a radiopaque material. Although Figure 2
shows a stent wire 10 having seven filaments twisted into a coil, other numbers of
filaments also may be used.

[0041] Figure 3 shows a partial side view of a straight section of the stent wire 10
shown in Figure 1. As shown in Figure 3, the six filaments 12 forming the stent wire
10 have minimal contact with the central mandrel filament 20 throughout the stent
10. In this embodiment, the central mandrel filament 20 is configured such that it is
equidistant from the perimeter filaments 12.

[0042] Figure 4 shows a partial side view of a bend 16 of a stent wire 10. As
shown, the individual filaments 12 have a substantially cylindrical profile at least
within the area of the bend 16. The cylindrical profile of the individual filaments 12
allows for the smallest possible surface area for a given cross-sectional area. In a
preferred embodiment, at least one of the individual filaments 12 is displaced from
the remaining strands in the area of the bend 16. An equal distribution of stress
along the surface of the individual filaments 12 is experienced as they are being
formed into a bend 16. The amount of stress present throughout the bend 16 is
greater upon the individual perimeter strands 12 of the stent 10 than the central
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mandrel strand 20. The cylindrical profile of individual filaments 12, when formed
into a stent, help prevent shearing upon the walls of the vessel of the patient.
Furthermore, the cylindrical profile of the individual filaments 12 help prevent the
effects of shearing upon another endovascular device, such as a graft, which will be
discussed below. In this embodiment, the individual perimeter filaments 12 have
minimal contact with the central mandrel strand 20.

[0043] An alternative embodiment of a stent wire 210 is shown in Figures 5 and 6,
which the stent wire 210 is formed without a central mandrel core wire. The stent
210 includes six individual perimeter filaments 212. An opening 222 is disposed
through the center of the perimeter filaments 212. Throughout the area of the bend
216, there is very little or no contact between any of the individual filaments 212.
Throughout the bend, adjacent filaments have very little or no contact with one
another regardless of the number of filaments, or the presence or absence of a
central filament.

[0044] As shown in Figures 7 and 8, the ends 18 of the stent wire 10 may be
joined together by a variety of different methods. In one embodiment, the ends of
the individual filaments 12 may be formed into a ball 18, as shown by Figure 7. The
ball 18 may be formed by suitable techniques known to one of ordinary skill in the
art, including laser welding or TIG welding. Figure 8 shows another embodiment
where the ends of the individual filaments 12 are joined together by a piece of
cannula soldered about its length.

[0045] In forming a stent made from stent wire 10, the individual filaments 12 are
formed into a bundle having a diameter of between about .250 mm to about .500
mm, and preferably between about .320 mm and about .410 mm and more
preferably between about .345 mm and about .355 mm. In one example the
diameter of the stent wire 10 is about 0.4064 mm.

[0046] As shown in Figure 9, to form a stent from stranded wire 10, stranded wire
10 is bent about a series of pins 22 having an average diameter of about 0.96 mm.
The stranded wire 10 is over-bent around each pin 22 to an included angle of about
20° + 10° in order to compensate for the effects of spring-back by the individual
filaments 12. The resulting stent 10 has an inner radius of about 0.51 mm. In one

embodiment, the resulting stent 10 consists of five apices per revolution and the
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struts 14 of the stent 10 average a length of about 8 mm. In forming a stent, such as
that shown in Figure 1, the stranded wire 10 is bent around the series of pins such
that they have an angular formation measuring from about 30° to about 60°,
preferably from about 37° to about 55°, and more preferably from about 45° to about
49° In one example, the struts 14 of the stent wire 10 are bent around the series of
pins such that they have an angular formation measuring about 47°.

[0047] In one embodiment, the individual filaments 12 are held under 1.8 kg/m-s®
of tension and not allowed to spin as they are twisted in a left-hand formation. When
the bending process is complete, the resulting stent is removed from the pins. In this
unconstrained state, the plurality of bends of the formed stent have an angular
formation measuring from about 75° to about 90°, preferably from about 80° to about
85°. In one example, each bend forms an angle of about 83°.

[0048] Referring now to Figures 10a-10d, the stent wire 10 may be formed into
various helical or spiral configurations. Preferably, the stent wire 10 is spirally wound
about a central axis to define a tubular shape. The stent is spirally wound in the
same direction the filaments 12 are twisted. Figures 10a-10d show separate stent
sections comprising multiple filament stranded wires 10 that may be used to form a
stent.

[0049] As shown in Figures 10a, 10b, and 10d, stent section 42 includes a
plurality of straight sections 43 and a plurality of bends 45, where the ends are joined
together by a cannula 48. In some preferred embodiments, before the ends are
fastened together, stent section 42 is untwisted to some degree or overtwisted to
some degree. This has the effect of the unloading or pre-loading induced stress
which has the advantage of permitting stress control.

[0050] In some preferred embodiments, before the ends are fastened together,
the bent stranded wire, and in particular in the region of each apex, is subjected to
heat treatment; this has the advantage of providing favorable characteristics for
strain relief.

[0051] Stent section 42 may be affixed within the ends of a graft (not shown) in
order to anchor the device within the vessel, and/or exert sealing force between
overlapping sections of individual grafts. Stent section 44 depicts a plurality of

individual filaments, where the struts are all the same different length. Stent section
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44 discloses a spiral formation that may be affixed about the outer surface of a graft
30. Figures 10a-10d depict a stent section 44 having a plurality of individual
filaments, as shown in Figure 1, where the struts are all the same length. Figure 10b
also includes a segment 46 configured to accommodate the transition from spiral-
stent with unequal-length legs, to loop-stents with equal-length legs. Figures 10a,
10b, and 10c show embodiments where a portion of the stent segment 44 is joined
to a portion of the stent segment 42 itself. Figure 10d shows an embodiment where
the stent section 44 is joined to itself by a piece of cannula.

[0052] Referring now to Figure 11, a stent 11 formed from stent wire 10 may be
affixed to another endovascular material, such as a graft 30. As shown in Figure 11,
the graft 30 has a tubular configuration forming a wall 32 having a first end 34 and a
second end 36. The wall 32 of the tubular graft 30 defines a central lumen that
generally is smooth in order to not inhibit the passage of the intended fluid. The
stent 11 may be secured to the graft 30 by suture material 40. When the stent 11 is
attached to the graft 30, the amount of displacement between at least one of the
individual filaments 12 may depend upon by the tautness of the attaching sutures 40.
In this embodiment, the suture material 40 is secured to the graft material about the
bundle of strands. In other embodiments, as shown in Figure 12, the suture material
40 may be placed within the displaced filaments at each bend 16, which helps to
distribute the spacing between each filament strand 12. Furthermore, placing that
attachment sutures between the individual filaments 12 prohibits movement between
the graft material 30 and the stent 11. Alternatively embodiments, the suture
material 40 may be placed between the individual filaments in the straight sections of
the stent 11.

[0053] The stent 11, which has individual filaments 12 twisted in a left-hand
direction, is sewn onto the graft 30 in a left-handed spiral, creating a plurality of stent
rows. Since the stent 11 is sewn onto the graft 30 in the spiral formation, there will
be a plurality of stent rows present. The rows are designed such that they have a
uniform amount of space between each row measuring from about 1 mm to about 7
mm, preferably from about 3 mm to about 5 mm. In one example, each row is
spaced about 4 mm apart from any other adjacent row. The stent 11 is sewn onto
the graft such that the struts of the stent have an angular formation measuring about
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measuring from about 45° to about 60°, preferably from about 50° to about 55°. In
one example, the stent 11 is sewn onto the graft such that the bends of the stent
have an angular formation measuring about 53°.

[0054] When the stent 11 is attached to the graft 30 to form a stent-graft,
advantages are found when the stent-graft is caused to take on a given curvature.
Generally, when a stent-graft is forced into a curved shape, the graft material is put
in tension on the outside of the curve, and may buckle on the inside of the curve and
form large folds. However, stent grafts incorporating a stent as described here will
tend to distribute stress amongst the plurality of rows created by the spiral formation,
which promotes a tendency for a greater multitude of smaller folds. This feature
allows the stent-graft to be more flexible when placed in damaged areas in curved
vessels. In addition, due to the individual filaments working together to provide the
radial force, the straight sections may be of a shorter length than those of a stent
constructed of only a larger, single wire.

[0055] Figure 13 another stent graft 130 having a stent formed from a coiled stent
wire. In this embodiment, the stent segment 144 extends to both a first end 134 and
a second end of the graft 130. Generally, a first end 134 of the graft 130 may be
required to seal against the interior wall of a vessel and maintain an anchorage
within the vessel. A second end 136 of the graft 130 may also be required to provide
a seal against the interior of a previous placed stent graft or at a distal end of the
vessel. As shown by Figure 13, the spiral pattern of the stent segment 144 may
begin within the interior surface 135 of the graft at the first end 134. The stent
segment 144 continues along the interior surface of the graft 130 for a pre-
determined distance. The tubular graft 130 is preferably comprised of woven
material, where the weave is tight enough to carry fluid while still maintaining
flexibility. A small perforation 146 is placed within the wall 132 of the graft 130 by a
device, such as an awl, which parts the individual yarns of the wall of the tubular
graft 130. This perforation 146 provides a passageway which may seal snugly
around the impenetrating stent segment 144. The stent segment 144 is then
continued along the outer surface of the tubular graft 130 until it approaches the
second end. A second perforation is placed within the wall and the stent segment

144 is passed through the second perforation and taken inside of the tubular graft
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130. The spiral stent pattern is continued without interruption until termination at the
second end.

[0056] The tubular graft material used to form a stent graft described here is
preferably constructed from a biocompatible material. The term “biocompatible”
refers to a material that is substantially non-toxic in the in vivo environment of its
intended use, and that is not substantially rejected by the patient’'s physiological
system (i.e., is non-antigenic). Examples of biocompatible materials from which
textile graft material can be formed include polyesters, such as poly(ethylene
terephthalate); fluorinated polymers, such as polytetrafiuoroethylene (PTFE) and
fibers of expanded PTFE; and polyurethanes. In addition, materials that are not
inherently biocompatible may be subjected to surface modifications in order to
render the materials biocompatible. Examples of surface modifications include graft
polymerization of biocompatible polymers from the material surface, coating of the
surface with a crosslinked biocompatible polymer, chemical modification with
biocompatible functional groups, and immobilization of a compatibilizing agent such
as heparin or other substances. Thus, any fibrous material may be used to form a
textile graft, provided the final textile is biocompatible. Textile materials that can be
formed into fibers suitable for making textile grafts include polyethylene,
polypropylene, polyaramids, polyacrylonitrile, nylons and cellulose, in addition to
polyesters, fluorinated polymers, and polyurethanes as listed above. Preferably the
textile is made of one or more polymers that do not require treatment or modification
to be biocompatible. The graft is preferably constructed from a material such as
woven multiflament polyester. One example of biocompatible polyester include
Dacron™ (DuPONT, Wilmington, DE), which is known to be sufficiently biologically
inert, non-biodegradable, and durable to permit safe insertion inside the human
body. Polyester is also known to excite fibrous ingrowth which will secure the graft
30 to the wall of the lumen within a few months of its insertion. Any material with
such qualities may be used, however.

[0057] In the various embodiments the strands or filaments may be of the same
or different materials. The strands or filaments may have the same or different

diameters. One or more of the strands or filaments may be of radiolucent material.
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One or more of the strands or filaments may be of shape-memory and/or
superelastic material.

[0058] It is therefore intended that the foregoing detailed description be regarded
as illustrative rather than limiting, and that it be understood that it is the following
claims, including all equivalents, that are intended to define the scope of this

invention.
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CLAIMS
1. A stent, comprising:

a stent wire comprising a plurality of filaments twisted into a bundle
having a helix, the stent wire bent into a pattern having a plurality of substantially
straight wire sections separated by a plurality of bends;

where each of the filaments in a bend have a cylihdrical cross-section
and where at least one of the plurality of filaments is displaced and spaced from an
immediately adjacent strand in the bend.

2. The stent of claim 1, where the stent comprises at least three filaments.

3. The stent of claim 1 or 2, where the plurality of filaments further
includes a central core wire.

4. The stent of any preceding claim, where the plurality of bends have an
angular formation measuring from about 75° to about 90°.

5. The stent of claim 4, where the plurality of bends of the formed stent
have an angular formation measuring about 83°.

6. The stent of claim 7, where each of the plurality of filaments has a
uniform cylindrical cross-section throughout its length.

7. The stent of any preceding claim, where the pattern is spirally wound
about a central axis.

8. The stent of claim 7, where the pattern is wound in the same direction
as the helix formed by the plurality of filaments.

9. The stent of any preceding claim, where the plurality of filaments are
evenly spaced and displaced apart from each adjacent filament.

10. A method of producing a z-stent comprising the steps of:

providing a multiple-filament stranded wire;

bending the wire into a z-pattern comprising a plurality of substantially
straight wire sections separated by a plurality of bends;

winding a length of the patterned wire about a central axis

untwisting or overtwisting the filaments of the stranded wire to a
predetermined extent; and

connecting together the ends of the length of stranded wire.
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11. A method according to claim 10, where the length of patterned wire is
spirally wound in the same direction as a helix formed by the filaments of the
stranded wire.

12. A prosthesis, comprising:

a graft composed of biocompatible material formed into a tubular
configuration having lumen disposed therethrough; and

a stent disposed about a surface of the graft comprising a plurality of
filaments twisted into a bundle having a helix, each filament having a cylindrical
cross-section, the plurality of filaments bent into a pattern having a plurality of
substantially straight wire sections separating a plurality of bends;

where at least one of the plurality of filaments in a bend is displaced
and uniformly spaced from an immediately adjacent strand in the bend.

13.  The prosthesis of claim 12, where the stent includes seven individual
filaments.

14.  The prosthesis of claim 12 or 13, where the stent and the individual
filaments are spirally wound such that the stent and the individual filaments have the
same chirality.

15.  The stent of any of claims 12 to 14, where a portion of the stent is
spirally wound within an inner surface of a proximal end and an inner surface of a

distal end of the graft.
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