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(57) Abstract: A coiled-sheet stent includes a tubular body having a longitudinal axis and a circumference, and a plurality of
cylindrical bands formed in the tubular body, each band having a zig-zag pattern including a series of sequential diagonal elements
connected to one another and extending about the circumference. A plurality of longitudinal connectors extend between and connect
adjacent bands. The diagonal elements have an arcuate shape, all diagonal elements in each band being oriented in either a clockwise
or counter-clockwise direction about the circumference. The tubular body is expandable between contracted and enlarged conditions,
and the zig-zag pattern is expandable between unstretched and unstretched conditions, the zig-zag pattern being biased towards the
stretched condition above a transition temperature, thereby at least partially defining the enlarged condition. A multi-cellular stent
structure is also provided that includes a plurality of bat shaped cells formed in a tubular body, each cell defining a head region, a
tail region and opposing curved wing regions, and a plurality of connectors extending between and connecting adjacent cells. The
head and tail regions of adjacent cells are directly connected to one another, and connectors extend between adjacent wing regions

of adjacent cells.
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FLEXIBLE, STRETCHABLE COILED-SHEET STENT

FIELD OF THE INVENTION

The present invention relates generally to prostheses for implantation within body

lumens, and more particularly to a coiled-sheet stent including a stretchable mesh design.

BACKGROUND

Tubular prostheses or “stents” are often implanted within blood vessels, for
example, within the coronary and carotid arteries, for treating atherosclerotic disease
which may involve one or more stenoses. Stents generally have a tubular shape capable of
assuming a radially contracted condition to facilitate introduction into a patient’s
vasculature, and an enlarged condition for engaging the vessel wall at a treatment location.
In its contracted condition, the stent may be placed on or in a delivery device, such as a
catheter, percutaneously introduced into a patient’s vasculature and advanced to a target
treatment location. Once at the treatment location, the stent may be deployed and
expanded to its enlarged condition, thereby engaging the wall of the vessel and
substantially anchoring the stent in place.

Plastically deformable stents have been suggested that are initially provided in
their contracted condition, and placed over a balloon on an angioplasty catheter. At the
treatment location, the balloon is inflated to plastically deform the stent until it is
expanded to its enlarged condition. Thus, the stent may be expanded to any size within a
specified range to ensure that the stent substantially engages the wall of the vessel.
Plastically deformable stents, however, may not expand uniformly and may not provide a
desired delivery profile because of the need for a balloon on the delivery device underlying
the stent.

Stents have also been suggested that are self-expanding, i.e., that are biased to
assume their enlarged condition but may be radially compressed to a contracted condition.
The stent may be mounted to a delivery device and constrained in a contracted condition
during delivery, for example, by an overlying sheath. At the treatment location, the stent

may be released, for example, by retracting the overlying sheath, the stent automatically



10

15

20

25

30

WO 01/01885 PCT/US00/17206
-2 -

resuming its enlarged condition to engage the vessel wall. Such stents, however, may not
provide as small a delivery profile as desired and may not anchor against the wall of a
vessel as securely as desired, which may lead to migration of the stent within the vessel.

In addition to tubular stents, coiled-sheet stents have been suggested. A flat sheet
is provided that is rolled into a spiral shape having overlapping inner and outer
longitudinal sections that defines a contracted condition. The coiled-up sheet may be
biased to at least partially unroll to assume an enlarged condition, and/or may be caused to
unroll and radially expand using a balloon. The coiled-sheet stent may have a
nondeformable lattice-like structure and a plurality of fingers or teeth along the inner
longitudinal section for engaging openings in the lattice.

Once the coiled-sheet stent is deployed at the treatment location and at least
partially expands, a balloon may be introduced within the stent and inflated to further
expand the stent to a desired enlarged condition. When the balloon is deflated, the stent
may try to radially contract, but the fingers on the inner longitudinal section may then
engage corresponding openings in the lattice to lock the stent in the'enlarged condition.

Coiled-sheet stents may provide enhanced anchoring within the blood vessel
because the size of the fully expanded stent may be more precisely controlled. A coiled-
sheet stent, however, may be more rigid transverse to its longitudinal axis than tubular
stents, potentially resulting in a less flexible stent, which may not be implanted as
effectively in tortuous anatomical conditions. Further, because the lattice-like structure of
coiled-sheet stents is substantially nondeformable, if the stent is subjected to radially
compressive forces, e.g., when the vessel wall attempts to contract, the stent may tend to
buckle rather than recoil from the stress.

Accordingly, there is a need for a stent that provides improved flexibility, while

still providing substantial anchoring within a blood vessel.

SUMMARY OF THE INVENTION

The present invention is directed to prostheses for implantation within body
lumens, and more particularly to stents including a stretchable mesh design. In accordance

with one aspect of the present invention, a stent is provided that includes a generally
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tubular body having a longitudinal axis and a circumference, and having a size adapted for
introduction into a body lumen. A plurality of cylindrical bahds are formed in the tubular
body, each band having a generally zig-zag pattern including a series of sequential
diagonal elements connected to one another and extending about the circumference. A
plurality of longitudinal connectors extend between and connect adjacent bands.

The diagonal elements have a generally arcuate shape, all diagonal elements in
each band being oriented in either a clockwise or counter-clockwise direction about the
circumference for facilitating packing of the diagonal elements in each band with one
another. In a preferred form, each diagonal element includes first and second generally
straight portions having first and second ends, the second ends being connected together
by a curved portion, the first ends being connected to preceding and succeeding diagonal
elements in the zig-zag pattern.

In a preferred form, the tubular body is a coiled-sheet, having overlapping inner
and outer longitudinal sections. A plurality of teeth or fingers extend from an edge of the
inner longitudinal section for engaging openings in the outer longitudinal section.
Alternatively, the tubular body may be a plastically deformable or self-expanding tube.

The tubular body is generally expandable between a contracted condition for
facilitating introduction into a body lumen, and an enlarged condition for engaging a wall
of a body lumen. Preferably, the tubular body is biased towards the enlarged condition.
More preferably, the zig-zag pattern is expandable between an unstretched condition and a
stretched condition, the zig-zag pattern being biased towards the stretched condition above
a transition temperature which is substantially below body temperature, thereby at least
partially defining the enlarged condition. Thus, ends of adjacent diagonal elements may
be arranged further away from one another about the circumference in the stretched
condition than in the unstretched condition. Further, the diagonal elements may have a
less arcuate shape in the stretched condition than in the unstretched condition such that the
diagonal elements at least partially straighten for minimizing foreshortening of the tubular

body along the longitudinal axis.
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In accordance with another aspect of the present invention, a stent is provided that
has a multi-cellular mesh structure. The stent includes a generally tubular body having a
longitudinal axis and a circumference, a plurality of generally bat shaped cells formed in
the tubular body, each cell defining a head region, a tail region and opposing curved wing
regions, and a plurality of connectors extending between and connecting adjacent cells.

Preferably, the head region of each cell is connected to the tail region of each
circumferentially adjacent cell. For example, the head and tail regions may be directly
connected together. Alternatively, a circumferential connector may be provided between
the head and tail regions of adjacent cells. The plurality of connectors preferably include a
connector extending between a wing region of a first cell and a wing region of an adjacent
cell. Alternatively, the wing regions of adjacent cells may be directly connected together.

The cells may be provided in a variety of arrangements both about the
circumference and along the longitudinal axis of the tubular body. For example, the head
and tail regions may be aligned about the circumference, and the wing regions may have a
generally “V” shape extending longitudinally away from the head and tail regions.
Preferably, the cells are arranged sequentially about the circumference, thereby defining a
cylindrical band. The tubular body may include a plurality of cylindrical bands, each
including a sequence of bat shaped cells, adjacent cylindrical bands being connected to one
another by longitudinal connectors.

In a preferred form, the wing regions are defined by first and second arcuate
members, the first and second arcuate members including a pair of generally straight
portions connected to one another by a curved portion. Each head region may then be
defined by a longitudinal connector extending between the first arcuate members of the
opposing wing regions of the respective cell, and the tail region may be defined by a
longitudinal connector extending between the second arcuate members of the opposing
wing regions of the respective cell. More preferably, the longitudinal connector of the tail
region also defines the longitudinal connector for the head region of an adjacent cell and
the longitudinal connector of the head region defines the longitudinal connector for the tail

region of an adjacent cell.
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The curved wing regions or arcuate diagonal elements are an important feature of a
stent in accordance with the present invention as they signiﬁéantly improve the flexibility
of the resulting stent. Conventional coiled-sheet stents, for example, have substantially
rigid lattice structures which may not be as flexible transverse to the longitudinal axis of
the stent as desired. In contrast, the arcuate diagonal elements of the present invention
facilitate flexing of the individual cells generally transverse to the longitudinal axis, the
arcuate diagonal elements extending or compressing as needed to facilitate bending of the
stent. Thus, the stent may conform more easily to tortuous body regions through which
the stent is directed or within which the stent is implanted. In addition, the arcuate
diagonal elements may also reduce foreshortening of the stent during expansion.

Other objects and features of the present invention will become apparent from
consideration of the following description taken in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a side view of an unrolled coiled-sheet for a stretchable coiled-sheet
stent, in accordance with one aspect of the present invention.
FIG. 1B is an end view of the coiled-sheet of FIG. 1A rolled into a coiled-sheet

stent.

FIG. 2 is a detail of a preferred embodiment of a stretchable cell structure.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Turning now to the drawings, FIGS. 1A and 1B show a preferred embodiment of a
coiled-sheet stent 10, in accordance with one aspect of the present invention. The coiled-
sheet stent 10 is formed from a substantially flat sheet 12 having first and second ends 14,
16 defining a longitudinal axis 18 therebetween. The sheet 12 also includes first and
second longitudinal edges 20, 22, the first edge 20 having a plurality of fingers or teeth 24

extending therefrom substantially perpendicular to the longitudinal axis 18.
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The sheet 12 also includes a plurality of stretchable elements 30 formed therein,
thereby defining a multi-cellular mesh structure capable of eXpanding and/or contracting in
a direction substantially perpendicular to the longitudinal axis 18. Preferably, the
stretchable elements 30 define a lattice-like structure providing a plurality of openings 32
for receiving the teeth 24, as described further below. The stretchable elements 30 may be
elastically deformable, i.e., biased to assume a first shape but temporarily deformable from
that first shape, and/or may be plastically deformable, i.e., assuming any shape to which
the stretchable elements 30 are deformed.

As best seen in FIG. 1B, the sheet 12 is preferably provided in a coiled-up
condition, defining overlapping inner and outer longitudinal sections 26, 28 that may slide
with respect to one another to allow radial expansion of the coiled-sheet 12 between a
contracted condition and one or more enlarged conditions. The coiled-up sheet 12 may be
biased to the contracted condition, thereby requiring a balloon or other expandable
member to radially expand the stent 10 to the enlarged condition, and/or the coiled-sheet
12 may be biased to at least partially unroll to allow radial expansion.

In a preferred form, the stretchable elements 30 have a temperature-activated shape
memory. For example, at a first temperature, the stretchable elements 30 may be biased to
assume a circumferentially contracted or “unstretched” shape, while at a higher second
temperature, €.g., above a transition temperature for the stent material, the stretchable
elements 30 may become biased to assume a circumferentially expanded or “stretched”
shape. Preferably, the first temperature is generally about ambient temperature, such as
about 25 degrees Celsius or less, and the second temperature is generally about body
temperature, such as about 37 degrees Celsius or higher.

To manufacture a coiled-sheet stent 10 as described, a relatively thin, substantially
flat sheet 12 is provided formed from a biocompatible material, such as stainless steel or a
polymer. More preferably, the sheet 12 is formed from a shape memory polymer or metal,
such as a nickel-titanium alloy (“Nitinol”), more preferably having a thermally-activated
shape memory. Alternatively, an elastic material, such as tantalum, platinum or tungsten
alloy, or a super-elastic material, such as Nitinol, may be used. The stretchable elements

30, the teeth 24 and/or any other openings in the sheet 12 may be formed using a number



10

15

20

25

30

WO 01/01885 PCT/US00/17206
-7 -

of conventional metal working processes, such as die and punch, laser cutting, or chemical
etching.

In one preferred method, the stretchable elements 30 are formed in their stretched
shape and the sheet 12 is subsequently heat treated, for example, to a temperature of about
500 degrees Celsius or higher, to activate the shape memory of the material. After the
sheet 12 has cooled, the stretchable elements 30 are compressed into their unstretched
shape, and the sheet 12 is rolled to provide a coiled-sheet stent 10.

Preferably, the sheet is formed from Nitinol which, when heat treated, is converted
substantially to its austenitic phase, i.e., set to assume its stretched shape. As it is cooled,
the Nitinol material preferably undergoes martensitic transformation. When the
stretchable elements 30 are compressed, for example, at ambient temperatures, into their
unstretched shape, the material is substantially martensite which is plastically deformed
into the unstretched condition. More preferably, a Nitinol alloy is selected such that
transformation back to austenite occurs by the time the material reaches body temperature,
e.g., about 37 degrees Celsius. Thus, the stretchable elements 30 may automatically
become biased to resume the stretched shape upon reaching body temperature.

In another preferred method, the stretchable elements 30 may be formed in their
unstretched shape, and then plastically deformed to their stretched shape, e.g., while the
Nitinol material is in its martensitic phase. The sheet 12 may then be heat treated, e.g., to
transform the material to its austenitic phase, thereby storing the stretched shape in the
material’s shape memory. Upon cooling, the material will transform back to martensite,
thereby returning to the unstretched shape. The sheet 12 may then be rolled into its
contracted condition for placement on a delivery device (not shown).

The coiled-sheet stent 10, in its contracted condition, may be placed over the distal
end of a delivery catheter (not shown) having a size adapted for percutaneous introduction
into a patient’s vasculature. A retractable sheath (not shown) may be advanced over the
distal end, thereby protecting the stent 10, preventing shifting and/or preventing premature
deployment. Alternatively, other mechanisms may be provided for constraining the stent
10 in its contracted condition, such as a wire or thread (not shown) which may be woven

through overlapping layers of the stent to prevent premature unrolling.
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The distal end of the catheter-sheath assembly may then be percutaneously
introduced into a patient’s vasculature, and advanced to a target treatment location, such as
a stenosis within the carotid or coronary arteries. As the stent 10 reaches body temperature
within the patient, the transition temperature of the stent material is surpassed, thereby
activating the temperature-activated shape memory of the material such that the stretchable
elements 30 become biased to assume their stretched shape, e.g., when the Nitinol
completes transformation back to austenite. Thus, the sheath constrains the stent 10 from
at least partially expanding because of the stretching of the stretchable elements 30. Once
the stent 10 is properly positioned at the treatment location, the sheath may be retracted,
thereby exposing the stent 10, which may then at least partially expand radially as the
stretchable elements 30 assume their stretched shape.

The catheter-sheath assembly may be withdrawn, and a balloon catheter (not
shown) may be introduced into the interior of the partially expanded stent 10.
Altemnatively, a balloon or other expandable member (not shown) may be provided on the
delivery catheter adjacent to the stent 10. The balloon may be inflated, thereby further
radially expanding the stent 10. Once a desired enlarged condition is achieved, the balloon
is deflated and withdrawn. Preferably, the teeth 24 on the inner longitudinal edge 20
engage a set of the openings 32 in the sheet 12, thereby substantially locking the stent 10
in its enlarged condition. Thus, the teeth 24 allow the stent 10 to be ratcheted to a number
of enlarged conditions as long as the inner and outer longitudinal sections 26, 28 overlap
and allow the teeth 24 to engage corresponding openings 32, as will be appreciated by
those skilled in the art.

In addition, the coiled-sheet stent may also include outwardly-oriented hooks or
barbs (not shown) for enhancing anchoring of the stent within a body passage. Pro-
thrombotic material (not shown) may be provided on the exterior surfaces of the coiled-
sheet stent to enhance sealing against the wall of the body passage. Additional
information on coiled-sheet stents appropriate for use with the present invention may be
found, for example, in U.S. Patent Nos. 4,577,631 issued March 25, 1986 in the name of
Kreamer, 5,007,926 issued April 16, 1991 in the name of Derbyshire, 5,158,548 issued
October 28, 1992 in the name of Lau et al., Re 34,327 reissued July 27, 1993 in the name
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of Kreamer, 5,423,885 issued June 13, 1995 in the name of Williams, 5,441,515 issued
August 15, 1995 in the name of Khosravi et al., and 5,443,500 issued August 22, 1995 in
the name of Sigwart. The disclosures of these references and any others cited therein are
expressly incorporated herein by reference.

The stretchable elements included in a coiled-sheet stent in accordance with the
present invention may take on a number of different forms. Generally, a plurality of
stretchable elements are provided in a predetermined arrangement, such as a longitudinal
or circumferential configuration, although a variety of arrangements providing a desired
recoil or flexibility characteristic may be provided. Application Serial No. 09/192,977,
filed November 16, 1998, the disclosure of which is expressly incorporated herein by
reference, discloses a number of such arrangements.

Thus, each stretchable element generally defines an individual “cell,” thereby
providing a multi-cellular structure when the individual cells are duplicated in a
predetermined pattern, as in the preferred embodiment described below. As used herein,
the terms “longitudinal” and “longitudinally” refer to those elements in each individual
cell oriented towards the ends of the stent, i.e., arranged generally along the longitudinal
axis. The terms “circumferential” and “circumferentially” refer to those elements oriented
about the periphery or circumference of the stent, i.e., arranged generally perpendicular to
the longitudinal axis.

Turning to FIG. 2, a preferred embodiment of a multi-cellular mesh structure 40 is
shown which includes a plurality of cells 42 having a shape which may be described as
similar to a bat. Each cell 42 defines a “head” region 44, a “tail” region 46, and first and
second curved “wing” regions 48, 50 which make up the bat shape. The head region 44 of
each cell is connected to the tail region 46° of the adjacent cell 42°. Preferably, the
adjacent cells 42, 42’ are directly connected, as shown, although alternatively, one or more
circumferential connectors (not shown) may be provided that extend circumferentially
between the adjacent head and tail regions.

The head and tail regions 44, 46 are preferably aligned circumferentially, i.e.,
defining a circumferential axis 52 substantially perpendicular to the longitudinal axis 18,

and the wing regions 48, 50 preferably have a generally “V” shape extending
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longitudinally away from the head and tail regions 46, 48, i.e., opposing one another about
the circumferential axis 52.

The wing regions 48, 50 are preferably defined by first and second arcuate
members 54, 56, the arcuate members 54, 56 each including first and second generally
straight portions 54a, 54c, 56a, 56¢ connected to one another by a curved portion 54b, 56b.
Preferably, the second straight portion 54c is substantially shorter than the first straight
portion 54c of the first arcuate member 54, and similarly, the first straight portion 56a is
substantially shorter than the second straight portion 56c of the second arcuate member 56,
as may be seen in FIG. 2. Each head region 44 is preferably defined by a longitudinal
connector 58 extending between the first generally straight portions 54a of the first arcuate
members 54 of the opposing wing regions 48, 50. Similarly, the tail region is preferably
defined by a longitudinal connector 60 extending between the first generally straight
portions 56a of the second arcuate members 56.

Preferably, the ends of the second generally straight portions 54c, 56¢ are
connected to one another opposite the curved portions 54b, 56b by curved loop portions
62, thereby defining tips of the wing regions 48, 50. In addition, the ends of the first
generally straight portions 54a, 56a may be connected opposite the curved portions 54b,
56b to first generally siraight portions 56a’, 54a’ of the circumferentially adjacent cells
42°, 42", respectively, by loop portions 64. This structure results in the longitudinal
connector 58 of the head region 44 also being the longitudinal connector for the tail region
46 of the adjacent cell 42” and the longitudinal connector 60 of the tail region 46 being
the longitudinal connector for the circumferentially adjacent head region 44°’.

As shown in FIGS. 1A and 1B, when a sheet 12 having bat shaped cells formed
therein (not shown) is rolled into a coiled-sheet stent 10, each circumferential sequence of
wing regions 48, 48’, etc. or 50, 50’, etc. defines a cylindrical band 70. Each cylindrical
band 70 has a generally zig-zag pattern defined by a series of sequential diagonal
elements, namely the alternating first and second arcuate members 54, 56, connected to
one another by loop portions 62, 64.

Within each cylindrical band, 70, all of the diagonal elements 54, 56 are preferably

oriented in either a “clockwise” or “counter-clockwise” direction about the circumference.
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Stated differently, the curved portions 54b, 56b are all aligned in each band 70 such that
they generally “point” in a single direction about the longitudinal axis 18, as viewed from
FIG. 1B, for example, or parallel to the circumferential axis 52, as viewed from FIG. 2.
Thus, the curved portions 54b, 56b define apices in the generally “V” shaped wing regions
48, 50 which point about the longitudinal axis 18 in either a clockwise or counter-
clockwise direction. This feature may be important to facilitate “packing” of the diagonal
elements 54, 56 in each cell with one another, i.e., for compressing the diagonal elements
54, 56 when the coiled-sheet stent is in its unstretched condition without causing
overlapping of the diagonal elements 54, 56.

More preferably, all of the diagonal elements 54, 56 in all of the cells of the stent
are preferably oriented clockwise, as viewed from FIG. 1B. Thus, the curved portions
54b, 56b of underlying diagonal elements 54, 56 may be oriented away from overlying
diagonal elements 54, 56, which may substantially reduce the risk of underlying diagonal
elements catching on overlying diagonal elements during expansion.

The arcuate diagonal elements (or curved wing regions) are an important feature of
the present invention, because of the flexibility they provide to the overall mesh structure
of the coiled-sheet stent. Coiled-sheet stents having rigid grid mesh structures may not
provide sufficient flexibility generally transverse to the longitudinal axis of the stent. In
contrast, the arcuate diagonal elements allow the individual cells to flex generally
transverse to the longitudinal axis, the arcuate diagonal elements extending or compressing
as needed. Thus, the stent may conform more easily to tortuous body regions through
which the stent is directed or within which the stent is implanted.

In addition, the arcuate diagonal elements may also reduce foreshortening of the
stent during expansion. Diamond shaped mesh structures, for example, may substantially
foreshorten longitudinally as they expand radially. The cell structure of the present
invention, in contrast, may substantially reduce such foreshortening. During expansion,
adjacent diagonal elements move away from one another in the circumferential direction,
i.e., parallel to the circumferential axis 52, thereby tending to reduce the longitudinal
component of the diagonal elements. To compensate for at least some of this reduction,

the curved portion 54b, 56b of the diagonal elements 54, 56 may yield, increasing an
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inside angle 66, 68 between the first and second straight portions 54a, 56a, 54c, 56¢ of the
respective diagonal elements 54, 56 and thereby increasing the longitudinal component of
the diagonal elements 54, 56.

In a preferred form, the longitudinal connectors 58, 60 have a length that is
substantially less than the longitudinal component of the arcuate diagonal elements 54, 56,
thereby ensuring effective scaffolding of the body lumen during expansion. Alternatively,
the longitudinal connectors 58, 60 may have a length as long as or greater than the
longitudinal component of the diagonal elements 54, 56, although this may be disfavored
because of the gaps that may occur within the multi-cellular structure.

In a further alternative, the longitudinal connectors may include curved portions
that may provide additional flexibility between the adjacent cylindrical cells. The flexible
nature of the arcuate diagonal elements and curved wing regions, however, preferably
provide sufficient flexibility such that substantially straight longitudinal connectors may
be provided that extend substantially parallel to the longitudinal axis. The longitudinal
connectors may bend, either where they connect to the diagonal elements or at an
intermediate point, when the stent is bent transverse to the longitudinal axis to provide
additional flexibility.

While the invention is susceptible to various modifications, and alternative forms,
specific examples thereof have been shown in the drawings and are herein described in
detail. It should be understood, however, that the invention is not to be limited to the
particular forms or methods disclosed, but to the contrary, the invention is to cover all
modifications, equivalents and alternatives falling within the spirit and scope of the

appended claims.
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WHAT IS CLAIMED IS:

1. A stent, comprising:

a generally tubular body having a longitudinal axis and a circumference, and
having a size adapted for introduction into a body lumen;

a plurality of cylindrical bands formed in the tubular body, each band comprising a
generally zig-zag pattern comprising a series of sequential diagonal elements connected to
one another and extending about the circumference, the diagonal elements having a
generally arcuate shape, all diagonal elements in each band being oriented in either a
clockwise or counter-clockwise direction about the circumference; and

a plurality of longitudinal connectors extending between and connecting adjacent

bands.

2. The stent of claim 1, wherein the tubular body comprises a coiled-sheet.

3. The stent of claim 1, wherein the tubular body is expandable between a
contracted condition for facilitating introduction into a body lumen and an enlarged

condition for engaging a wall of a body lumen.

4. The stent of claim 3, wherein the tubular body is biased towards the

enlarged condition.

5. The stent of claim 3, wherein the zig-zag pattern is expandable between an
unstretched condition and a stretched condition, the zig-zag pattern being biased towards
the stretched condition above a transition temperature which is substantially below body

temperature, thereby at least partially defining the enlarged condition.

6. The stent of claim 5, wherein ends of adjacent diagonal elements are
arranged further away from one another about the circumference in the stretched condition

than in the unstretched condition.
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7. The stent of claim 6, wherein the diagonal elements have a less arcuate
shape in the stretched condition than in the unstretched condition such that the diagonal
elements at least partially straighten for minimizing foreshortening of the tubular body

along the longitudinal axis.

8. The stent of claim 1, wherein all of the diagonal elements in all of the bands

comprising the tubular body are oriented in a clockwise direction about the circumference.

9. The stent of claim 1, wherein the longitudinal connectors have a
longitudinal dimension which is substantially smaller than a longitudinal dimension of the

diagonal elements.

10.  The stent of claim 1, wherein each diagonal element comprises first and
second generally straight portions having first and second ends, the second ends being
connected together by a curved portion, the first ends being connected to preceding and

succeeding diagonal elements.

11.  The stent of claim 1, wherein the diagonal elements of each cylindrical

band are out of phase with any adjacent cylindrical band.

12. A stent, comprising:

a generally tubular body having a longitudinal axis and a circumference, and
having a size adapted for introduction into a body lumen;

a plurality of generally bat shaped cells formed in the tubular body, each cell
defining a head region, a tail region and opposing curved wing regions, the head region of
each cell being connected to the tail region of an adjacent cell; and

a plurality of connectors extending between and connecting adjacent cells.
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13.  The stent of claim 12, wherein the head and tail regions are aligned about
the circumference, and the wing regions have a generally “V” shape extending

longitudinally away from the head and tail regions.

14.  The stent of claim 13, wherein the cells are arranged sequentially about the

circumference, thereby defining a cylindrical band.

15.  The stent of claim 14, wherein the tubular body comprises a plurality of
cylindrical bands, each cylindrical band comprising a sequence of bat shaped cells,

adjacent cylindrical bands being connected to one another.

16.  The stent of claim 15, wherein the plurality of connectors comprise a

plurality of longitudinal connectors extending between adjacent cylindrical bands.

17.  The stent of claim 12, wherein the wing regions are defined by first and
second arcuate members, the first and second arcuate members comprising a pair of

generally straight portions connected to one another by a curved portion.

18.  The stent of claim 17, wherein the curved portion defines an apex of the

“V” shaped curved wing regions, the apices all pointing substantially in a single direction.

19.  The stent of claim 17, wherein each head region is defined by a connector
extending between the first arcuate members of the opposing wing regions of the
respective cell, and the tail region is defined by a connector extending between the second

arcuate members of the opposing wing regions of the respective cell.

20.  The stent of claim 19, wherein one of the generally straight portions of each
of the first and second arcuate members is substantially shorter than the other generally

straight portion of the respective arcuate member.
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21. The stent of claim 19, wherein the connector defining the tail region also
defines the head region of an adjacent cell.
22.  The stent of claim 12, wherein the plurality of connectors comprise a

longitudinal connector extending between a wing region of a first cell and a wing region of

an adjacent cell.
23.  The stent of claim 11, wherein the tubular body comprises a coiled-sheet.
24.  The stent of claim 11, wherein the tubular body is expandable between a
contracted condition for facilitating introduction into a body lumen and an enlarged

condition for engaging a wall of a body lumen.

25. The stent of claim 24, wherein the tubular body is biased towards the

enlarged condition.
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