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STENT HAVING STRUTS WITH REVERSE DIRECTION CURVATURE

Field of the Invention
[0001] The present invention relates generally to a structure for lumenal prostheses.
More particularly, the present invention relates to a stent having a reduced compressed profile

and an enlarged expanded profile.

Background

[0002] Lumenal prostheses are used for a variety of medical purposes. Stents, for
example, can be placed in various body lumens, such as a blood vessel, biliary tract and

gastrointestinal tract, for maintaining patency.

[0003] Stents placed in a blood vessel or a coronary artery are typically used to
maintain the opening of the vessel wall. In order to do this, the stent must be deployed to the
site within the vessel where support is needed, which can be accomplished in a variety of
ways. In one common procedure, referred to as percutaneous transluminal coronary
angioplasty (PTCA), a balloon catheter is used to open the vessel walls for creating a
passageway. A stent is then placed in the newly opened passageway to prop open the vessel.
An alternative method of stenting is direct ste11tiné. Direct stenting is a medical technique in
which dilatation occurs following implantation of the stent. It is believed that direct stenting

may lead to less injury and result in less recurrent in-stent restenosis.

[0004] The stent may be self-expanding or balloon-expandable. Self-expanding and
balloon-expandable stents are positioned at the deployment site of a vessel via a stent
delivery system, which typically includes a delivery catheter. The self-expanding stents are

compressed around the outside of the delivery catheter. A retractactable sheath is typically
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utilized to deploy the self-expanding stent. The stent is then maneuvered through a tortuous
path of the patient’s vasculature to the deployment site. It is advantageous for the stent to
have a small outside diameter or profile in order to be maneuvered through and deployed in a

restricted area such as an atherosclerotic site of a blood vessel.

[0005] Stents are categorized by a so-called “ratio” that is a measure of the outside
diameter of the stent in its expanded state compared to the outside diameter of the stent in its
compressed state. Present day stents typically have an expanded to compressed stent
diameter ratio up to about 5:1. This relatively small ratio between the expanded and
compressed diameters restricts the applications of currently available stents. For example, a
stent having a profile small enough to permit the stent to be maneuvered through small
diameter vessels Would not have a large enough expanded diameter to be deployed in large

vessels.

[0006] Present day large diameter stents typically have larger strut lengths than small
diameter stents. The compressed diameter of current large diameter stents is limited due to
interference between adjacent struts. In addition, in self-expandable stents, interference
between adjacent struts may subject a portion of a strut to high stress/strain concentrations
which may prevent the stent from fully expanding when deployed. For example, if a self-
expanding stent is compressed beyond its elastic limit in an attempt to provide a smaller
outside diameter, the stent will not return to its desired deployed expanded diameter due to
permanent deformation. In addition, large strut lengths decrease the flexibility of the stent, as

well as the scaffolding and coverage of the vessel wall when deployed.

[0007] Therefore, a need exists for a stent that has a large ratio between expanded and
compressed diameters. This increased ratio will allow the stent to be used in more clinical
situations than a stent with a smaller ratio. In addition, a need exists for a stent with the
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capability of minimizing the compressed profile of the stent while achieving optimal strain
distribution. In tightly compressed stents, the distribution of strains to more suitable parts of
the stent is needed in order to provide a stent capable of expanding to its fully intended
diameter. Finally, a need exists for a stent that optimizes strut length to increase the
expanded or deployed stent diameter without the detrimental effects of increased strain or

compressed profile.

Summary of the Invention

[0008] The present invention provides a stent with an increased expansion to
compression ratio compared to currently available stents. Specifically, a self-expandable
stent of the present invention have an expansion/compression ratio of about 7:1, whereas
conventional self-expandable stents typically have an expansion/compression ratio up to
about 5:1. The increased expansion/compression ratio of the stents of the present invention
may be achieved by decreasing the compressed diameter of the stent when it is compressed
on or in the stent delivery system and/or increasing the expanded diameter of the stent when

it is deployed.

[0009] Stents of the present invention may be adapted to have a reduced compressed
profile compared to conventional stents by utilizing struts with reverse direction curvature.
Each strut has opposing arcuate curves or arches extending from each end to about its mid-
section. These opposing curves join together at about the midsection of the strut; but are not
necessarily limited to joining at this location. Each two adjacent struts in a circumferential
section of the stent are joined at an end by a loop. When the stent is compressed, the struts

straighten and extend. Due to this configuration, the largest circumferential width of each set
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of loop and adjoining struts of stent may be significantly reduced thereby reducing the overall

compressed diameter of the stent.

[0010] Utilizing variable length struts within a circumferential section of the stent
may further increase the expansion to compression ratio as shown in the various
embodiments of the stent of the present invention. By varying the lengths of the struts ina
circumferential section of the stent, the largest circumferential widths of adjacent sets of
loops and adjoining struts may be offset. Accordingly, the largest circumferential widths of
adjacent sets of loops and adjoining struts will not interfere with each other and impede the
compression of the stent. In addition, in\creasing the lengths of some of the struts will enable

the stent to have an increased expanded diameter when deployed.

[0011] The expansion to compression ratio may be further increased by a
redistribution of the stress/strain forces imparted in the stent, preferably toward the strut
sections, during stent compression to prevent permanent deformation of the stent or material
failure. When compressed, conventional stents experience high concentrations of
stress/strain in the loop sections of the stent. If the levels of stress/strain exceed the elastic
limits (reversible strain) of the self-expanding stent, the stent will become permanently
deformed and will not fully expand when deployed. The stress/strain imparted on the various
embodiments of the present invention may be redistributed by varying the relative strength or
flexibility of different portions of the stent. For example, the amount of material used to form
different portions of the stent can be varied to change the portions’ relative strength or
flexibility. This variation can be accomplished by increasing the thickness or width of the
loop portions to increase the strength of these portions relative to the strut portions.

Preferably, the strut width is also gradually decreased from both ends towards the strut’s
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midsection to further redistribute stress/strain forces away from the loop portions and toward

the midsection of the strut portion of the stent.

[0012] The reverse direction curvature design of the strut of the present invention also
increases the flexibility of the strut relative to that of the loop so that the stent can be further
compressed without exceeding its elastic limit. Specifically, the junction in the midsection of
the strut between opposing concave and convex curvatures in the strut has increased
flexibility relative to the other portions of the strut and the loop. Accordingly, when the stent
is compressed the compression forces are redistributed from the loop portions of the stent to

the midsection of the strut portions.

[0013] These aspects and other objects, features, and advantages of the present
invention is described in the following Detailed Description which is to be read in

conjunction with the accompanying drawings.

Brief Description of the Drawings

[0014]  The patent orapplication file contains at least one drawing executed in color.
Copies of this patent or patent application publication with color drawing(s) will be provided
by the Office upon request and payment of the nece;saw fee.

[0015] Figure 1 is a perspective view of a portion of a conventional stent in the
compressed state.

[0016] Figure 2 is an enlarged partial top view of Figure 1.

[0017] Figure 3 is a computer-generated analysis of the structure in Figure 2
illustrating the stress/strain distribution of the compressed stent.

[0018] Figure 4 is a perspective view of the stent in Figure 1 in the expanded state.
[0019] Figure 5 is an enlarged partial top view of Figure 4.
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[0020] Figure 6 is a perspective view of a stent portion of one embodiment of the
present invention in the compressed state.

[0021] Figure 7 is an enlarged partial top view of Figure 6.

[0022] Figure 8 a computer-generated analysis of the structure in Figure 7 illustrating

the stress/strain distribution of the compressed stent.

[0023] Figure 9 is a perspective view of the stent in Figure 6 in the expanded state.
[0024] Figure 10 is an enlarged partial top view of Figure 9.
[0025] Figure 11 is an enlarged top view of a computer-generated analysis of a strut

L

section from a conventional stent illustrating the stress/strain distribution when the stent is

exposed to an external force.

[0026] Figure 12 is an enlarged top view of a computer-generated analysis of a strut
section illustrating the stress/strain distribution of a stent having narrowing struts without

reverse curvature when the stent is exposed to an external force.

[0027] Figure 13 is a computer-generated analysis of a strut section from the structure
in Figure 12 illustrating optimal stress/strain distribution of a stent having narrowing struts

with reverse curvature when the stent is exposed to an external force.

Detailed Description

[0028] The present invention is preferably used with self-expanding stents, but is not
limited to applications involving only self-expanding stents. The following detailed
description will describe embodiments involving self-expanding stents, however, variations

of the invention may be used with balloon-expandable stents and the like.
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[0029] Self-expanding stents may be delivered to the deployment site using a delivery
catheter system balloon catheter. The self-expanding stent is typically placed within a tube
located at the distal end of the catheter that places physical limitations on the stent. The tube
places physical limitations on the stent and retains the stent in its compressed state until it
reaches the deployment site. It is desirable to compress the stent to its smallest possible
diameter to minimize the profile of the delivery system. This minimized profile allows the
delivery system to navigate the stent through narrow restrictions, where ultimately the stent is

deployed at the desired site.

[0030] Figures 1 illustrates a conventional stent 2 in the compressed state.
Conventional stent 2 includes serpentine sections 6 having struts 4 and loops 8. The stent has

an outside diameter 10 and an inside diameter 14.

[0031] The largest circumferential width 12 of a loop 8 and the adjoining struts 4 as
shown in Figure 1 determines the extent to which the stent may be compressed as measured
by outside diameter 10. In the compressed state, the adjacent sets of loop 8 and adjoining
struts 4 may or may not make contact with each other. An example of adjacent sets of loop
and adjoining struts in contact with each other is shown at contact site 16. If contact is made,
the interference of the adjacent sets of loop 8 and adjoining struts 4 prevent further reduction
in the outside diameter 10 of the stent. Accordingly, the extent to which a conventional stent
can be compressed is limited by the contact or interference between the bowed regions 18 of

adjacent sets of loop 8 and adjoining struts 4.

[0032] Figure 2 illustrates a fully compressed cell 20 of a conventional stent. As
shown in Figure 2, cell 20 comprises two serpentine sections 6 extending in the
circumferential direction. Cell 20 has a longitudinal length “L” between the apexes of
interior loops 8 of serpentine sections 6. As further shown in Figure 2, the apexes of adjacent

7
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loops 8 on the left-hand side of the cell are aligned along an axis “A”. Struts 4 on the left-
hand side of the cell have a uniform strut length denoted as “LS”. It will be appreciated that
because the left-hand side serpentine section 6 of cell 20 has uniform strut lengths “LS” and
loop apexes commonly aligned along axis “A” the largest circumferential widths 12 of
adjacent sets of loop 8 and adjoining struts 4 are aligned and form contact site 16 which

prevents further circumferential compression of cell 20.

[0033] Figure 3 illustrates a computer-generated analysis of associated stress/strain
imparted on a conventional stent when it is compressed. The color of the stent denotes the
amount of stress/strain imparted on various portions of the stent. High levels of siress/strain
are colored in red. Low levels are colored in blue. The remainder of the color code in
decreasing levels of stress/strain includes the colors orange, yellow, light green, green, light
blue and blue. As shown in Figure 3, the highest levels of stress/strain are concentrated in the
outside portions of loops 8 and contact sites 16 between adjacent struts 4. The portions of the
stent subjected to the highest levels of stress/strain may permanently deform if the
stress/strain levels exceed the elastic limits of the stent material. If any portion of the stent
becomes permanently deformed, the stent may not fully e;(par;d when deployed.r It will be
understood that the loop portions of the stent are more susceptible to deformation than the
strut portions when subjected to high levels of stress/strain. In contrast, the strut portions of
the stent can better accommodate high concentrations of stress/strain. This is because the
portions of the stent that can withstand higilcr levels of stress/strain are in the direction of
material rolling. It will be understood that the direction of material rolling means the
direction of the stent that exhibits the highest strength, either due to material orientation or
manufacturing direction of the stent, for example as in the rolling or calendaring 6f a flat

sheet of metal.
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[0034] In the expanded state, the conventional stent as illustrated in Figure 4 has an
outside diameter 22. The length “LS” of the struts 4 determines the extent to which the stent
will expand. Figure 5 illustrates a cell 20 of the expanded conventional stent to further
demonstrate that the stent’s expanded diameter is restricted by the struts length “LS”. It will
be understood that the longer the strut length “LS,” the longer the distance between adjacent
loops 8 as measured along axis A when the stent is expanded. Thus, a stent having cells 20
with longer strut length “LS” will have greater radial expansion than a stent having cells with

shorter strut length “LS.”

[0035] Figure 6 illustrates a stent utilizing features of the present invention. The
present invention is not limited to the structure of the stent shown in Figure 6, and can be
used with any stent structure that contains a serpentine section of any size or number of loops

and struts.

[0036] As shown in Figure 6, stent 2’ is in the compressed state. Due to the modified
strut structure 4°, the circumferential width 12° of each loop 8’ and adjoining struts 4’ is
reduced relative to that of the conventional stent shown in Figures 1-3. Accordingly, the
outside diameter 10 of stent 2’ is also reduced relative to that of the conventional stent of

Figures 1-3.

[0037] Figure 7 illustrates a cell 20 of a stent of the present invention in a
compressed state. The curved strut when the stent is compressed will straighten and the
largest circumferential width 12 formed by of each set of loop 8 and adjoining struts 4’ will
be significantly reduced compared to a conventional stent having bowed regions 18 as shown
in Figures 1-3. Therefore, the outside diameter of the stent 2° in the compressed state is
significantly less than the outside diameter of the conventional stent 2 in the compressed
state. In prototype testing, comparing the stent design of the conventional stent 2 and the

9
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modification in stent 2°, the outside diameter of the stent 2’ in the compressed state decreased
from 1.9 mm for the conventional stent to 1.3 mm for the modified stent with all other testing
parameters being equal. The conventional stent has an expanded to compressed outside
diameter ratio of up to about 5:1. The various embodiments of the stent of the present
invention can provide an expansion to compression ratio of about 7:1. Again, this
modification can be used in any stent design. The invention is not limited to these exemplary

stent structures. Further optimization is achieved in stent 2” as described below.

[0038] A comparison of Figure 2 and Figure 7 illustrates how optimization of the
strut length “LS” can be achieved to increase the expanded stent diameter of the stent 2’
without increasing either the stress/strain or the compressed diameter of the stent. As
illustrated in Figure 2, the adjacent struts 4 have the same strut length LS. Accordingly, the
largest circumferential width 12 of adjacent loops 8 is aligned with each other and interferes
with each other when the stent is fully compressed. This configuration in a conventional

stent limits the possibility of further reducing the compressed stent’s outside diameter.

[0039] As shown in Figure 7, the adjacent struts 4* having varying lengths “LS’” such
that the largest circumferential width 12” of one set of loop 8 and adjoining stfuts 4’ will be
offset from the largest circumferential width 12” of the adjacent sets of loop 8’ and struts 4°.
This is further shown by the axially offset positions of the apexes of adjacent loops 8’ of stent
2°. As shown in Figure 7, the apexes of adjacent loops 8’ now fall along axis “A’” and axis
“B,” respectively. This modification provides a decreased outside diameter of the stent in the
compressed state because the largest circumferential widths of adjacent sets of loop 8’ and
adjoining struts 4’ no longer interfere with each other and an increased expanded diameter

because some of the struts 4’ have been lengthened.

10
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[0040] As further illustrated in Figure 7, the increased and varied strut lengths “L.S”
can also result in an optimization of the area within cell 20°. The lengths “LS” of the struts
adjoining the interior loop of serpentine section 6’ forming the left-hand side of cell 20’ can
be increased to laterally offset the interior loop 8’ within cell 20°. As shown in Figure 7,
interior loop 12 is axially offset within cell 20” such that the largest circumferential width
12’ of the interior set of loop 8’ and adjoining struts 4’ is not laterally aligned with the largest
circumferential width of adjacent sets of loop 8” and adjoining struts 4°. Accordingly, the
cell 20’ of the embodiment of the present invention shown in Figure 7 will have a much
shorter length “L” than that of the conventional stent as shown in Figure 2. This, in turn,
further allows the compressed stent of the present invention to have a reduced outside

diameter compared to the compressed conventional stent illustrated in Figure 1.

[0041] Figure 8 illustrates a computer generated analysis of the stress/strain imparted
on a portion of stent 2’ when it is compressed. Referring back to Figure 3, it can be seen that
the high stress/strain levels of the conventional stent are concentrated in the loop portions 8
of the stent. Since the loop portions of the stent have the lowest elastic limits, this can lead to
permanent‘defoﬁnation .of the stent. As shown in“ Figure 8, the stress/strain levels imparted
on the stent of the present invention were significantly reduced. In addition, the highest
concentrations of stress/strain were redistributed from the loops 8 to the adjoining struts 4°,

which can accommodate higher stress/strain loads without deforming.

[0042] Various features of the stent of the present invention may contribute to the
redistribution of stress/strain loads from the loop portions to the strut portions of the stent.
First, the reverse direction curvature design of the struts 4’ provide the struts 4* with
increased flexibility compared to the loop portions 8 of stent 2°. According to this design, the

greatest flexibility of strut 4 is at the junction in the mid-section of the stent where opposing

11
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curved portions 24° join together. Therefore, when stent 2 is compressed the highest levels

of stress/strain will be redistributed from the loop portions toward the strut portions.

[0043] In addition, the properties of the material forming the loop 8’ and connecting
struts 4’ can be varied to redistribute the stress/strain to the strut portions of the stent. As
shown in Figure 11, in a conventional stent having a cell structure with loop and strut
portions of uniform dimensions, the high levels of stress/strain will be concentrated in the

. loop portions at areas M. If radial forces exceeding the elastic limit of the stent are applied to
stent when compressing the stent to the catheter balloon, the stent will be permanently
deformed and will not fully expand when deployed. Referring now to Figure 12, it can be
seen that by increasing the cross-section\al area in the loop section 8’ and gradually reducing
the cross-sectional area of struts 4°, the highest levels of stress/strain imparted on the stent

can be reduced and redistributed from the loop portion to the strut portions of the stent.

[0044] Figure 9 illustrates stent 2’ with the reverse direction curvature strut design in
the expanded state. Outside diameter 22 is maximized by increasing strut length “LS”, as
previously discussed, without compromising the compressed stent diameter or increasing
stress/strain. The longer strut length “LS™ allows a larger expanded outside diameter of the
stent and a smaller compressed diameter than a conventional stent. These comparisons are
illustrated in Figures 1 and 4 (compressed and expanded states respectively) for the

conventional stent, and Figures 6 and 9 for the stent with the reverse strut bend.

[0045] Figure 10 illustrates a portion of stent 2” in the expanded state. Strut 4’
contains the reverse strut bend design. Arcuate sections 24 are facing opposite each other and
become more curved when expanded as compared to its straighter configuration when strut 4’
is compressed. The strut 4’ is wider at its ends than its mid-section. See, for example, that
strut 4 is wider at location “C” than at location “D”. This reduced width assists in

12
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transferring the stress/strain distribution. The loops 8 of stent 2’ are made wider than
attached struts to further transfer maximal strains encountered by the stent to more suitable

parts of the stent, namely the strut sections. \

[0046] It should be understood that the above description is only representative of
illustrative examples of embodiments. For the reader's convenience, the above description
has focused on a representative sample of all possible embodiments, a sample that teaches the
principles of the invention. cher embodiments may result from a different combination of
portions of different embodiments. The description has not‘ attempted to exhaustively

enumerate all possible variations.

[0047] Furthermore, since numerous modifications and variations will readily occur
to those skilled in the art, it is not desired that the present invention be limited to the exact
construction and operation illustrated. Accordingly, all suitable modifications and

equivalents that may be resorted to are intended to fall within the scope of the claims.
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Claims

What is claimed is:
1. A stent, comprising:

a plurality of interconnected circumferential bands defining a cylindrical structure
having a longitudinal axis;

each of the circumferential bands having a generally serpentine pattern and
comprising a plurality of struts and a plurality of loops, wherein each end of a strut is coupled
to an end of a loop; and

at least one of the circumferential bands having at least two struts comprising a
plurality of arcuate sections, wherein each arcuate section in the strut has an opposite
curvature to that of an adjacent arcuate section in the strut.
2. The stent according to claim 1, wherein the plurality of arcuate sections in the strut
substantially straighten and extend when the stent is compressed.
3. The stent according to claim 1, wherein each strut with arcuate sections has a cross-
sectional area that gradually decreases in opposing diréctions from the ends of the strut, the
ends of the strut having greater cross-sectional area than the mid-section of the strut.
4. The stent according to claim 1, wherein said stent is self-expanding.
5. The stent according to claim 1, wherein said stent is balloon-expandable.
6. The stent according to claim 1, wherein the width of the loop is greater than the width
of the strut.
7. The stent according to claim 4, wherein the stent has an expanded to compressed
outside diameter ratio of greater than about 5:1.
8. The stent according to claim 4, wherein the stent has an expanded to compressed

outside diameter ratio of about 7:1.

14
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9. The stent according to claim 1, wherein maximal strain imparted on the stent when
the stent is compressed is distributed toward the mid-section of the struts.
10.  The stent according to claim 1, wherein said at least one circumferential band includes
at least one set of two struts with arcuate sections coupled to the ends of one loop, said set of
loop and struts having a maximum circumferential width when the stent is compressed, the
maximum circumferential width of each set of loop and struts being offset along the
longitudinal axis from maximum circumferential widths of adjacent sets of loop and struts
when the stent is compressed.
11.  The stent according to claim 10, wherein the maximum circumferential widths of
adjacent sets of loop and struts are offset along the longitudinal axis by varying the lengths of
the struts.
12. A stent, comprising:

a plurality of interconnected circumferential bands defining a cylindrical structure
having a longitudinal axis;

each of the circumferential bands having a generally serpentine pattern and
comprising a plurality of struts and a plurality of loops, ‘wherein each end of a loop is coupled
to an end of two adjacent struts; and

at least one circumferential band having struts comprising a plurality of arcuate
sections, wherein each arcuate section in the strut has an opposite curvature to that of an
adjacent arcuate section in the strut and each strut has a varying width wherein the width at

ends of the strut are larger than the width of the remainder of the strut.

13.  The stent according to claim 12, wherein the plurality of arcuate sections in the struts

substantially straighten and extend when the stent is compressed.

15



WO 2005/120394 PCT/IB2005/001569

14.  The stent according to claim 12, wherein each strut with arcuate sections has a cross-
sectional area that gradually decreases in opposing directions from the ends of the strut, the
ends of the strut having greater cross-sectional area than the mid-section of the strut.
15.  The stent according to claim 12, wherein said stent is self-expanding.
16.  The stent according to claim 12, wherein said stent is balloon-expandable.
17.  The stent according to claim 12, wherein said loop is wider than said strut.
18.  The stent according to claim 15, wherein the stent has an expanded to compressed
outside diameter ratio of greater than about 5:1.
19.  The stent according to claim 15, wherein the stent has an expanded to compressed
outer diameter ratio of about 7:1.
20.  The stent according to claim 12, wherein said at least one circumferential band
comprises a multiplicity of sets of two adjacent struts coupled to the ends of a loop, each set
of loop and struts having a maximum circumferential width when the stent is compressed, the
maximum circumferential widths of adjacent sets of loop and struts being offset along the
longitudinal axis when the stent is compressed.
21 The stent according to claim 20, wherein the maximum circumferential widths of
adjacent sets of loop and struts are offset along the longitudinal axis by varying the lengths of
the struts.
22. A stent defining a cylindrical structure having a longitudinal axis comprising a
plurality of cells, each of the plurality of cells comprising:

. a first circumferential section having a generally serpentine pattern and comprising a

plurality of struts and at least one loop, the struts and loops forming at least one set of two

struts coupled to the ends of one loop;

16
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a second circumferential section having a generally serpentine pattern and comprising
a plurality of struts and at least one loop; and

at least one of the sets of the first circumferential section having two struts comprising
a plurality of arcuate sections, wherein each arcuate section has an opposite curvature to that
of an adjacent arcuate section, and each strut has a varying width wherein the width at ends of
the strut are larger than the width of the remainder of the strut and the loop has a greater
widtﬁ than the strut.
23.  The stent according to claim 22, wherein the plurality of arcuate strut sections
substantially straighten when the stent is compressed.
24.  The stent according to claim 22, wherein each strut with arcuate sections has a cross-
sectional area that gradually decreases in opposing directions from the ends of the strut, the
ends of the strut having greater cross-sectional area than the mid-section of the strut.
25.  The stent according to claim 22, wherein the stent is self-expanding.
26.  The stent according to claim 22, wherein said stent is balloon-expandable.
27.  The stent according to claim 22, wherein said loop is wider than said strut.
28. The stent according to claim 25, wherein the stent has an expanded to compressed
outside diameter ratio of greater than about 5:1.
29.  The stent according to claim 25, wherein the stent has an expanded to compressed
outside diameter ratio of about 7:1.
30.  The stent according to claim 22, wherein each set of loop and struts in the first
circumferential section has a maximum circumferential width when the stent is compressed,
the maximum circumferential width of each set of loop and struts being offset along the

longitudinal axis from maximum circumferential widths of adjacent sets of loop and struts

when the stent is compressed.
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31.  The stent according to claim 30, wherein the maximum circumferential widths of

adjacent sets of loop and struts are offset along the longitudinal axis by varying the lengths of

the struts.
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