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STENT WITE VARIABLE FEATORES TO OPTIMIZE SUPPORT AND
METHEOD OF MARING SUCH STENT

KGRO OF THE ION
FIELD INVE
The present invention relates generally tc stents
for implanting into a living body. In particular, the
present invention relates to intraluminal stents espe-
cially suited for implanting in a variety of lumens.
having variable characteristics, such as variable curva-

. ture, side branching, variable diameter, variable wall

compliance or "end effects" of either the lumen, as
found, e.g., in ostia, or the stent as the parameters may

¢hange at its ends.

DESCRIPTION OF THE_PRIOR ART

It is well known to use a stent to expand and impart
support to different bodily conduits, such as blood
vessels, by expanding a tube-like gtructure inside the
vessel requiring support against collapse or closure.

U.S. Patenc No. 5,449,373 shows a stent preferably used

for vascular implancation as part of a balloon angio-
plasty procedure. The stent of U.S. Patent No. 5,449,373
may be delivered through, or implanted in, a curved
vessel. One shortcoming of conventional stents is that
they may have deficiencies due to “end effects" where the
ends of the stent tend to "flare out” during insertion or
afrer expansion or have a decreased radial forxce at the
end. Still another shortcoming of conventional stents is
they do not have different characteristics, (e.g., flexi-
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bility and rigidity), to accommodate any changing .
characteristics of the saction of the lumen requiring
different stent characteristics.

s TIMMARY AND JECTS OF ON

The present invention provides for various
embodiments of an intraluminal scenc which includes
varied or different mechanical properties along the axial
length of the stent in order to improve stent end

10 effects, or to accommodate variable vessel features. As
a result, the various embodiments of the present
invention allow for variable properties such as
flexibility or radial support between axial regions of
the scent. These varied properties can be accomplished

15 in a number of different ways; including decreasing or
increasing the thickness or width of elements of one or
more of the seccions relative to other sections and/or
increasing or decreasing the axial length of one or wore

'of the sections and/oxr changing the cell shape and size

20 and/or changing material properties (e.g., strength.

' elasticity, etc.) of the material in one section relative
to other sections. _

The various embodiments of the stents of the present
invention may be adapted to provide more flexibilicy at

25 the ends to allow the stent to accommodate the curvature

' of a vessel in which the stent is implanted. The degree
of f£lexibility and the distance from the end of the scenc
to which the extra flexibility is imparxted may be varied
as specific applications diccace. This flexibilicy at

30 the ends reduces the chance of a potential trauma point

' being created in the vessel by the stent tip pressing on
the wall ocutside of the curve if the stent is not
flexible enough along its longitudinal axis. In one
embodimeant of the present invention, flexibilicy of the

35 gstent ands is increased by reducing the gauge of the
material used in a section or sections at the stent ends.
In another embodiment the flexikility of the scentc ends
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is increased by changing the dimensions of a section or-
sections at che stent ends. In }et another embodimenc of
the invention, the flexibility of the stent ends is
increased by changing boch the dimensions and the gauge
of the material used in a section or sections at the
stent ends.

The varlous embodiments of the stencs of the present
invention may also be adapted to insure increased radial
strength at the ends. Radial strength is the resistance
of a section of the stent, in an expanded state, co
radial contraction. Increasing the radial strength of a
stent at the ends is particularly advancageous for stencs
supporting ostia. Because lesions at an ostium tend to
be more calcified or hardened, and therefore require more-
support, the secticn of the stent supporting the ostium
must be relatively strong. It is also the case that a
stent with uniform characteristics has a decreased radial
force at the end due to the "end effect" whereby the last
row has no support on one side. In one embodiment of the
pfesenc invent;on, the strength of the stent at the end

" supporcting, e.g., the ostium, is increased by reducing

the length of some seccions at the stent end.

The various embodiments of the stent of the present
invention alsc reduce the chance of "flare" at the end of
the stent while the stent is being fed into a vessel.
During insertion of the catheter delivery system inco a
curved vessel, the delivery system, including the stent
crimped on it, bend along the curvature of the vessel.
This bending of the stent can cause a hflaring out"” of
the leading edge of the stent. This flaring could cause
the stent to catch on the surface of the vessel which
could result in trauma to the vessel, could inhibit
further insertion and proper positioning in the target
area, and could cause plaque to break off, which could
embolize and clog the vessel. In one embodiment of the
present invention, flare is minimized by making the
gection at the stent end stronger by reducing its length,
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and by making sections adjacént to the stent end more -
flexible by reducing their widths, thus, decreasing the
bending strength of those sections. Bending strength is
the resistance of a section of the stent to axial
bending. As a result, the end of the stent remains
tightly crimped on the balloon, and the bending moment is
raken up by the deformation of the more flexible
sections. Upon expansion, the reduced bending strength
allows the end of the stent to curve and f£it better the
curvature of the vessel, thereby, reducing the pressure
of the tip of the stent on the internal wall of the
vessel being treated.

It is an object of this invention to provide a stent
which does not have sharp points or protrusions at its
end concentrating pressure on the vessel’s wall upon
expansion of the stent in a curved porcion of a vessel.

¢ ig another object of this invention to provide a
stent having a radial force at its distal end that is
greater than che radial force in the portion of the stentc
proximal to the distal end.

It is yet'another object of this invention to
provide an expandable stenc, comprising: a pluralicy of
interconnected flexible cells defining a stenc having a
proximal end and a discal end and a longitudinal axis,
the cells arranged in a plurality of interconnected
flexible rows disposed along the longitudinal axis of the
stent with a distal row disposad at the distal end of the
stent and a proximal row dispoged at the proximal end of
the stent, wherein the cells disposed in the distal row
of the stent are adapted to exert greater radial force
and are further adapted to be more flexible than cha
cells disposed in the 'rows disposed becween the distal
row and the proximal end of the stent.

It is still another object of this invention to
provide an expandable stent, comprising: a plurality of
interconnected flexible cells defining a stent having a
proximal end and a distal end and a longitudinal axis,
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the cells axranged in a plurality of interconnected
flexible rows disposed along the longitudinal axis of the
stent with a distal row disposed at the distal end of
said stent and a proximal row dispoged at the proximal
end of the stent, whexyein the cells in the distal row of
che sctent and the cells disposed in the proximal row of
the stent are adapted to exert greater radial force and
are furcher adapted to be more flexible than the cells
disposed in the rows disposed between the distal row and
the proximal row.

It is another object ¢of this invention to provide an
expandable stent, comprising: a) a plurality of '
interconnected flexible cells defining a stent having a
proximal end and a distal end and a longicudinal axis,
the cells axranged in a pluralicy of interconnecced
flexible rows disposed aloﬁg the longitudinal axis ¢of the
stent with a distal row disposed at the distal end of the
stent and a proximal row disposed at the proximal end of
the stent, each of the flexible cells comprising a first
ﬁgmber, a second member, a cthird member, and a fouxrth
membar; b) a first C-shaped loop disposed between the
first member and :hé third member; c) a second C-shaped
loop disposed between the second member and the fourth
membex; d) a first flexible connector disposed between
the first member and the second member; and e) a second

.flexible connector disposed between the chird member and

the fourth member, whersin the calls of the distal row
are provided with first and third members that are
shorter than the second and fourth members in the distal
row, and wherein the distal row is provided wich firsc

" and second flexible connectors that are more flexible

than the flexible connectors in the cells in the other
rows of the stenc. _

It is yet another object of this invention to
provide an expandable stent, comprising: a) a pluralicy
ef interconnecced flexible cells defining a longitudinal
stent having a proximal end and a discal end and a
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longitudinal axis, the cells arranged in a plurality of-
intexrconnected flexible rows diéﬁosed along the
longitudinal axis of the stent with a distal row disposed
at the discal end of the stent and a proximal row
disposed at the proximal end of the stent, each of the
flexible cells comprising a firsc member, a second
membexr, a third member, and a fourth member; b) a first
C-shaped loop disposed between the first member and the
third member; ¢) a second C-shaped loop disposed between
the second member and the fourth member; d) a fixst
flexible connector disposed between the first member and
the second member; and e) a second flexible connecrtor’
disposed between the rhird member and the fourth member,
wherein the cells of the distal row are provided with
first and third members that are shorter than the second
and fourth members in the discal row, and wherein che
distal xow, and the row proximal to the distal row, are
provided with first and second flexible connectors that
are more flexible than the flexible connectors in the
other rows of the stenc.

It is a further aspecc of this invention to provide

- an expandable stent comprising: a) a plurality of

fiexible cells defining a stent having a proximal end and
a distal end and a longitudinal axis, che cells arranged
in a plurality of flexible rows along the longitudinal
axis with a distal row disposed at the distal end of the
stent and a proximal row disposed at cthe proximal end of
the stent, each of the flexible cells comprising a firsc
member, a second member, a third member, and a fourch
member; b) a first C-shaped loop disposed between the
first member and the third member; c) a second C-shaped
loop disposed between the second membar and the fourth
member; d) a first flexible connector disposed between
the first member and the second member; and e) a second
Llexible connector disposed between the third member and
the fourth member, wherein the cells of the distal row
are provided with first and third membexrs that are
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shorter than the second and fourth members in the distal
row, and wherein the cells of tﬁe proximal row are
provided with second and fourth members that axe shorter
than the first and third members in the proximal row, and
wherein the distal row, and the row proximal to the
distal row, and the proximal row and the row distal to
the proximal row are provided with first and second
flexible connectors that are more flexible than the
flexible connectors in the other rows of the stent.

It is yet another object of this invention to
provide an expandable stent, comprising: a plurality of
flexible cells defining a stent having a proximal end and
a distal end, the stent provided with means for imparting
a radial force at its distal end that is greatex than the
radial force in the portion of the stent proximal to the
distal end.

It is yet a further objeact of this invention to
provide an expandable stent, comprising: a plurality of
flexible cells defining a stent having a proximal end and
a-‘distal end, the stent provided with means for imparting

- a radial force at its proximal and distal ends that is

greater than the radial force of that portion of the
stent disposed between che proximal and distal ends.

IL is another object of this invention to provide an
expandable stent for treating a lumen having a unique
characteristic along a portion of the lumen, comprising:
a plurality of intexconnected f£lexible cells, the cells
arranged in a plurality of incerconnected flexible rows
defining a stent having a proximal end and a distal end
and a longitudinal axis, wherein at least one of the rows

'is adapted to accommodate the unique characteristic of

that portion of the lumen in contact with the adapted row
or rows.,
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It is yet another.object of this invention to~
provide a single flexible s:enc'wi:h a unibody or one-
piece comstruction which is capable of imparting support
to a lumen or vessel along'the-entire length of the stent
and in which porcions of the stent are adapted or
modified so ae cto have characteristics, e.g., bending
strength or radial strength, that are differxent than the
characteristics or features in the rest of the stent
along it’s longitudinal axis or about its circumference.

655330690 #11

S4UZY P 11

The change in stent features will either accommodate non- |

uniformity in the treated lumen or may create different
environmental conditions in differenc areas in che lumen.
Non~uniformity in a treated vessel can be of marny
different types such as an ostium, change in diameter,

' change in curvature, non-continuous cross-section such as

triangular or square, or non-uniformity in surface
nature, etc. To accommodate such non-uniformicty,
portions of the stent may be adapted to provide changing
dimension, flexibility, rigidity, size of cells, shape of
cells, and response to pressure as dictated by specific
applications. Specific applications may dictate, e.g., a
desired higher radial force at one end while the other
portions of the stent provide a substantially continuous
support to the vessel wall with the gaps in the stent
sized small enough to reduce the likelihood of tissue
prolapse. Other applicacions may dictate a2 desired
degraee of stiffness in the center to reduce the
likelihood of breakage and impart the desired degree of
softness at the end to allow for the best fit with the
anatomy of the target area. Other applications may

‘dictate that one or more of the rows be provided with

cells that are sized larger than the cells in the
remaining rows of the stent so as to provide access to a
side branch in the lumen, e.g., for inrroducing a second
stent through one of the larger sized cells so as to
permit construction of a bifurcated srent within the
lumen. Still anocher applicacion may dictate that one or
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more of the rows be provided with cells which are adapted
or modified so that upon expansibn of the stent the
portion of the stent defined by the adaptad or modified
row or rows has a diameter that is either larger or
smaller than the remaining portions of the stent to
accommodate lumens with non-uniform diamecters. One or
more rows of cells may alsc be adapted or modified so as
to have varjing radial force, or varying longitudinal
flexibility, or to correct for a change in properties ac
the end of the stent.

ESCRIPTION OF D

Pig. 1 shows an illustration of the basic patcern of
an embodiment of the stent of the present invention,
shown in an unexpanded state;

Fig. 2 shows an illustration of the pattern of the
stent of Fig. 1, in a partially expanded scate;

Fig. 3 is a side view showing a conventional scent
and a scent manufactured in accordance with one
embodiment of the invention;

Fig. 4 shows the stents of Fig. 3 crimped on a
balloon catheter and bent prior to expansion;

Fig. § shows the stents of Fig. 4 aftex they have
been expanded in a curve;

Fig. 6 shows the scents of Fig. 3 partially expanded

. on a substantially straight balloon catheter;

Pig. 7 =shows an alternative embodiment of the
invention provided with a shortened C-shaped loop and in
which two rows of cells are provided with thinner gauge
U-shaped loops;

Fig. 8 shows the stent of Fig. 7 partially expanded
on a substantially straight balloon catheter;

Fig. 9 shows the stent of Fig. 7 after it has been
expanded on a curved catheter as ik would be when
insarted around a bend in a vessel;

Fig. 10 shows an alternative embodiment of a stent
constructed in accordance with the invencion; and
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Fig. 11 shows the "S" or "Z" shaped loops -
constructed in accordance with the invention.

DETAILED DESCRIPTION OF THE TNVENTTION

Fig. 1 shows the general configuration of one
embodiment of a stent 1 fabricated in accordance with the
present invention. The stent 1 may be fabricated of bio-
compatible materials such as stainless steel 316L, gold,
tantalum, nitinol or other materials well known to those
skilled in the art as suitable for this purpose. The
dimensions and gauge of material utilized may be varied
as specific applications dictate. The stents of thé
present invention generally may be constructed in a
manner. in accordance with the sctent described in U.S.
Patent Application Serial No. 08/457,354, filed June 1,
1995, the disclosure of which is incorporated herein by
reference.

Fig. 1 is a side view of the distal end 2 of stent 1
_of the present invention, shoﬁing the general pacttern of
the stent. As shown in Figs. 1 and 2 the pactern may be
described as a plurality of cells 3 and 3’. Each cell 3
is provided with a first member 4, a second member 5, a
chird member 6, and a fourth member 7. A first C-shaped ‘
loop 10 is disposed between the first member 4 and the
third member 6§ and a second C-shaped loop 1l is disposed

~between the second member 5 and the fourth member 7. In

each of :he'cells 31, first member 4, second member S,
third member &6, and fourth member 7 are substantially
equal. Thus, first C-shaped loop 10 is displaced a
distance D1 and second C-shaped loop 11 is displaced a
distance D2 from the center of cell 3. In a praferred
embodiment, D1 is substantially equal to D2. A first
flexible comnnector 8 is disposed between the first member
4 and the second member 5 and a second flexible connector
9 is disposed between third member 6 and fourch member 7.
The flexible connecrtors 8 and 9 may be made in a variecy
of shapes, e.g., an "S" or a "2" shape as shown in FIG.

10
This Sheet Has Been Replaced

TN

2F+5 -53&0696 #13




425+5288- 65-53306??{%14_
1

. PLE- 7497 L7 212+ ‘
SHOWCKERYON § KENYOR 217-223-0268 CUUURELIUL 16 91 220 T1/SL 220 1700, 3061 4202Y

10

15

20

25

‘30

35

11. In a preferred embodiment, a "U" shape is utilized-
as shown in Figs. 1 ko 10. '

Fig. 1 shows the pattern of stent 1 in an
unexpanded state, i.,e., that state in which the stenc 1
is first inserted in a particular vessel in which a2
balloon angioplasty procedure is to be performed, but
before balloon inflation. Fig. 2 shows the pattern of
stent 1 in a partially expanded state, i.e., that state
after the balloon has been expanded, g.g. by a ballcon, |
and the state in which the stent 1 remains in the vessel
which it supports. The plurality of interconnected cells
3 and 3 form a plurality of interconnected rows 25, 26,
27, and 28 of cells disposed along the longitudinal axis
of the stenet 1. Pigs. 1 and 2 show a distal row 25
disposed ac the distal end 2, a row 26 adjacent to and
proximal to distal row 2S5, a row 27 adjacent teo and
proximal to row 26, and a row 28 adjacent to and proximal
to row 27. It will be appreciated that the number of
rows, and the number of cells per row, and che shape of
each cell, may be varied as specific applicacions

require.

As shown in Pigs. 1 and 2, the cells 3° in distal
row 25 differ from the cells 3 in rows 26, 27, and 28.
The first member 4’ and the third member &' of the cells
37 in row 25 are shorter than the first member 4 and the

"third member & of the cells 3 in rows 26, 27 and 28. In

cell 3¢, first member 4’ is substantially equal co third
member 6’, however, first member 4' and third member 67
are shorter than second member 5’ and fourth member 7'.

. The shorter members 4’ and 6’ result in a firsc C~-shaped

loop 10’ that is not disposed as faxr away from the center
of the cell 3’ as second C-shaped loop 11’. Thus, first
C-shaped loop 10’ may be thought of as being “shorter"
than second C-shaped loop 11‘. As shown in FIG. 2, firsc
C-shaped loop 10‘ is disposed a distance Di’ that is less
than the distance D2’ that second C-shaped loop 11’ is
disposed from the center of the cell 3. 1In an
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especially preferred embodiment, DL’ is about 15% less -
than D2'. '

Figs. 1 and 2 also show that the distal row 25 of
the stent 1 is provided with a firsc U-shaped loop 8‘ and
a second U-shaped loop 9’ thac are more flexible than the
firsct U-shaped loop 8 and second U-shaped loop 9 of cells
3 in rows 26, 27, and 28 of the stenct 1. This greater
flexibility in the U-shaped loops 8’ and 9' may be
accomplished in a variety of ways, for example, by
utilizing a differenc material, by treacting the material
e.g., by uctilizing stainless steel annealing to impart
gelective degrees of hardness to the different portions
of the stent. Alternatively, if, e.g., NiTi (Nitinol) is
utilized, selected portions of the stent may be
selectively thermo-mechanically treated so that porticns
of the stent, e.g., the U-shaped members, will remain in
a marcensitic phase while other portions of the stent
will be transformed into austenitic phase in this section
to yield different properties. Greater flexibility may
also be achieved by changing the shape of the "U", for
example to a "Z" or an "S¢ (as shown in FIG. 11), or by
reducing the amount of material utilized to make the U-
shaped loops 8’ and 9‘. ' In the embodiment shown in Figs.
1 and 2, the U-shaped loops 8’ and 9° of row 25 are
provided with the same thickness of material as the -

. shaped loops 8 and 9 of the cells 3 in rows 26, 27, and

28, however, U-shaped loope 8' and 9' are noc as wide.
As shown in Figs. 1 and 2, U-shaped loops 8’ and 9’ have
a width Wl chat is less than che width W2 of U-shaped

loops B8 and 9 in the cells 3 of rows 26, 27, and 28. In

a preferxred embodiment, W1 is about 50% narrower than W2.
In an especially preferred embodiment, W1 is about 40%
narrowex than wW2.

Fig. 3 is a side-by-side comparison of two stent
sections and shows a conventional stenc 12 compared to
the stent 1, shown in Figs. 1 and 2. Fig. 4 shows scents
1 and 12 shown in Fig. 3 as they appear when they are

—
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crimped on a balloon and bent as they would be during -
insertion around & curve in a vessel. As shown in Fig.
4, convéntional stent 12 flares at its leading edge 13 in
contrast to stent 1 which does not. Fig. 5 shows che
stents of Fig. 4 after the stents have been expanded in a
curve. The tip of conventional stent 12 produces a
protrusion or sharp peint 13 which could cause local
pressure and possible trauma to the vessel wall. In
contrast, the stent 1 constructed in accordance with the
invention bends gently at its end 2 without forming a
protrusion or sharp point because the deformation of the
of U-shaped loops 8’ and 9/ in distal row 25 make the end
2 softer.

Fig. 6 shows the stents 1 and 12 of Fig. 3 ac
partial expansion (before reaching maximum pressure)
disposed on a substantially straight catheter. As shown,
although the two stents 1 and 12 are subjected to the
same outward force, the end 2 of stent 1 is less expanded
than the end 13 of conventional stent 12 demonstrating

the increased radial force of the end 2 of stent 1

constructed in accordance with the invention. At full
pressure the radii of the stencs 1 and 12 will be equal,
however, the end 2 of stent 1 will have greater radial

" resistance to collapse than the end 13 of stent 12.

Fig. 7 shows an alternative embodiment of the
invention. As shown in Fig. 7, the cells 3‘ in row 25
are provided with a firxst member 4' and third member 6
that are shorcer than second member S’ and fourth member
7'. The cells 3¢ in row 25 are provided with a first U-
shaped loop 8’ and a second U-shaped loop 9’ that are
thinner than the U-shaped loops 8 and 9 in the cells 3 in
rows 27 and 28. The cells 3" in row 26 are provided with
first U-shaped loops 8" and second U-shaped loops %" thac
are narrower than che U-shaped loops 8 and 9 in the cells
3 in rows 27 and 28.

Fig. 8 shows the stent 20 of Fig. 7 duxing partial
expansion of the stent showing the decreased expansion of

13

i i< i 5.,
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row 25 at partial expansion'because of the higher radial
force of the end 2 of the stent which results from
construction with shorter C-shaped loaps 10’ in row 25,
construction with narrower, i.e., more flaxible, U-shaped
loops 8’ and 9’ in row 25, and 8" and 9" in row 26.

Fig. 9 shows the stent 20 of Figs. 7 and 8 after it
has been expanded in a curved vessel and shows the bends
of the U-shaped loops 8' and $’ in row 25 and 8" and 9°
in row 26 which allows the end portion 2 of the stent 20
to more readily conform to the curve of the vessel,
creating smooth ends with no sharp points or projections
projecting into the vessel wall.

The changes can be made on one side only or on both
sides of the stent as specific applications dictate.
Additionally, different combinations of embodiments of
the invention may be mixed such as using thinner U-shaped
loops, longer U-shaped loops or different shaped loops,
e.q., "Z" or "s".

One example of how this may be achieved is shown in
Fig. 10. Fig. 10 shows how the stent shown in Fig. 7 may
be modified, if addicional flexibility is desired. As
shown in Fig. 10, the distal xrow 25, and the proximal row
29 of stent 30 are provided with first and second U- | 1
shaped loops that are more flexible than the U-shaped
loops in the other rows of the stent disposed between the

" distal and proximal rows 25 and 259. In the embodiment of

the invention shown in Fig. 10, the distal row 25 is
provided with shortened members 4’ and 6’ and more
flexible U-shaped loops 8‘ and 9, as previously
discussed, and the proximal row 29 is provided with
shortened second and fourth members 5'’ and 7'’ and more
flexible U-shaped loops 8’’’ and 9’'’’. This arrangement
imparts greater radial strength and greater flexibility
to both ends of the stent.

If even greater flexibilicy at the ends of the scenc
is desired, the stent shown in FIG. 10 may be modified by
replacing the U-shaped loops in rows 26 and 28 with more

14 - e
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flexible loops. Thus, the distal row, the row proximal -
to the distal xrow, the proximal-row, and the row distal
to the proximal vow are provided with U-shaped loops that
are more flexible than the U-shaped loops in the cells in
the remaining rows of the stent.

The present invention contemplates a number of
different variations and changes in differenc properties
to achieve other non uniform features such as, but not
limited to, cell size, cell shape, radio-opacity, etc. on
the above-described preferred embodiments. The specified
changes are brought only as an example for the
application of the general concept, which is the basis
for the present invention that stents with varying
machanical properties between sections along the stent
may correct undesired effects at singular points such as
stent ends and provide for a becter fit to a vessel with
properties changing along its axis. It is to be
understood that the above description is only of one
praferred embodiment, and that the scope of the invention

. is to be measured by the claims as set forth below.
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ELAIMS

What is claimed is:

1. A expandable stent, comprising: a plurality of
interconnected flexible cells defining a stent having a
proximal end and a distal end and a longitudinal axis,
the cells arranged in a plurality of interconnected
flexible rows disposed along the longitudinal axis of the
stent with a discal row disposed at the distal end of che
stent and a proximal row disposed ac che proximal end of
the stent, wherein the cells disposed in che discal row
of the stent are adapted to exert greatar radial force
and are adapted to be more flexible cthan the cells
disposed in the rows disposed between the distal row and
the proximal end of the stent.

2. The stent of claim 1, wherein che cells in the
distal row are of a different size than the cells
disposed in the rows disposed between the discal row and
the proximal end of the stent.

3. The stent of claim 1, wherein the cells in the
distal row are of a thinner gauge than the gauge of the
material utilized in the cells disposed between the
distal row and the proximal end of the stent.

4. The stent of claim 1, wherein che ¢alls in the

distal row are made of a material that is more flexible

than the material utilized in the cells disposed between
. the distal row and the proximal end of the stent.

5. An expandable stent, comprising: a pluralicy of
interconnected flexible cells defining a stent having a
proximal end and a discal end and = longitudinal axis,
the cells arranged in a plurality of incerconnected
flexible rows disposed along the longitudinal axis of tha
stent with a distal row disposed at the discal end of the

P
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stenc and a proximal row disposed at the proximal end of
the stent, wherein thea celle in the distal row of the
stent and tha cells disposed in the proximal row of the
stent are adapted to exert greater radial force and are
adapted to ba more flexible than the cells disposed in
the rows disposed between the distal row and the proximal

TOwW.,

6. The stent of claim 5, wherein the cells in the
distal row and the proximal row are of a different size
than the cells disposed in the rows disposed between che
distal row and the proximal row of the stenc. )

7. The stent of claim 5, wherein the cells in the
distal row and the proximal row are of a thinner gauge
than the gauge of the material utilized in the cells
disposed becween the distal row and the proximal row of
the stent.

8.. The stent of claim 5, wherein the cells in the
distal row and the proximal row are made of a material
that is more flexible than the material utilized in che
cells disposed between the discal row and the proximal
row of the sctent.

9. An expandable stent, comprising:

a) a plurality of interconnected flexible cells
defining a stent having a proximal end and a distal and
and a longitudinal axis, the cells arranged in a
. plurality of interconnected flexible rows disposed along
the longitudinal axis of the stent with a distal row
disposed at the distal end of the stent and a proximal
row disposed at the proximal end of the stent, each of
the flexible cells comprising a first member, a second
member, a third member and, a fourth member;

b) a first C-shaped loop disposed between the first
member and the third member;
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c) a second C-shaped loop disposed between the -
second member and tha fourth meﬁber;

d) a first flexible connector disposed between the
fixst member and che second member; and

e) a second flexible connactor disposed between
the third member and the fourth member, wherein the cells
of the distal row are provided with first and third
members that are shorter than the second and fourth
members in the distal row, and wherein the distal row is
provided with firsc and second flexible connectors that
are more flexible than the flexible connectors in the
cells in the other rows of the stent. ’

10. The stent of claim 9, wherein the first and the
second flexible connectors are U-shaped.

11. The stent of claim 9, wherein the first and the
second flexible connectors are S-shaped.

12. The stent of claim 9, wherein the firsc and the
second flexible connectors are Z-shaped.

13. The stent of claim 9, wherein the fixst and che
third membexs in the distal raw are about 15% shorter
than the second and the fourth members in the distal row.

l1da. The stent of claim 9, wherein the firsc and the
second flexible connactors in che distal row are narrower
than the first and the second flexible connectors in the
_cells in the other rows of the stent.

15. The stent of claim 14, wherein the first and the
second flexible connectors in the distal row are about
40% narrower than the firsc and the second flexible
connectors in che cells in the other rows of the stent.
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16. The stent of claim 9, wherein the firsc and the -

second flexible connectors in the distal row are annealed
to impart a hardneds that is different than tha hardness

of the flexible connectors in the other rows of the

stent.

17. The stent of claim 9, wherein the stent is comprised
of NiTi and the first and the second flexible connectors
in the distal row of the stent are in a martensitic phase
and the remaining portions of the stent are in the
austenitic phase.

18. The stent of claim 9, wherein the cells in the
distal row are of a thinner gauge than the gauge of the
material utilized in the cells disposed between the
discal row and the proximal end of the stenc.

19. The stent of claim 9, wherein the cells in the
discal row are made of a macerial that is more flexible
than the material ucilized in the cells disposed between
" the discal row and the proximal end of the stenc.

20. An expandable stent, comprising:

a) a plurality of interconmnected flexible cells
defining a longitudinal stent having a proximal end and a
- distal end and a longitudinal axis, the cells arranged in
a plurality of interconnected flexible rows disposed
along the longitudinal axis of the stent wich a distal
row disposed at the distal end of the stent and a
proximal row disposed at the proximal end of the stent,
each of the flexible cells comprising a first member, a
second member, a third wmember, and a fourth member;

b) a first C-shaped loop disposed between the
first member and the third member;

c) a second C-shaped loop disposed between the
second member and the fourth member;

44
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d) a first flexible connector disposed between the

first member and the second member; and

e) a second flexible connector disposed between
the third member and the fourth member, wherein the cells
of the distal row are provided with first and third
members that are shorter than the second and fourth
members in the distal row, and wherein the distal row,
and in the row proximal to the distal row, are pxovided
with first and second flexible connectors that are more
flexible than che flexible connectors in the other rows
of the stent. '

21. The stant of claim 20, wherein the first and the
second flexible connectors are U-shaped.

22. The stent of claim 20, wherein the first and che
second flexible connectors are S-shaped.

23. The stent of claim 20, wherein the first and the
second flexible connectors are Z-shaped.

24. The stent of claim 20, wherein che ﬁirst and the
third members in the distal row are about 15% shorter
than the second and the fourth members in the distal row.

'25. The stent of claim 20, wherein cthe first and the

second flexible connectors in the distal row and in the
row proximal to the distal row are narrower chan the
firast and second flexible connectors in the cells in the

. othar rows of the stent.

256. The stent of claim 25, wherein the first and the
second flexible connectors in the distal row and in the
row proximal to the distal row are about 40% narrower
than the flexible connectors in the calls in the other
rows of the stent.
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27. The stent of claim 20, wherein the first and che -
second flexible connectors in the distal row and in the
row proximal to the distal row are annealed to impart a
hardness that is different from the hardness of the
flexible connectors in the ather rows of the stent.

28. The stent of claim 20, wherxein the stent is
comprised of NiTi and the first and the second flexible
connectors in the distal row and the row proximal to the
distal row are in a martensitic phase and the remaining
portions of the stent are in the austenitic phase.

22. The stent of claim 20, wherein the cells in the
distal row and in the row proximal to the distal row are
of a thinner gauge than the gauge of the material
utilized in the cells disposed in the other rows of the
stent.

30. The stent of claim 20, wherein che cells in the
distal row and the row proximal to the distal row are

" made of a material that is more flexible than the
macerial utilized in the cells disposed 1n the ocher rows
of the stent.

31. An expandable stent comprising:

a) a plurality of flexible cells defining a scent
having a proximal end and a distal end and a longitudinal
- axis, the cells arranged in a plurality of flexible rows
along the longitudinal axis with a distal row disposed at
_the distal end of the stent and a proximal row disposed
at the proximal end of the stent, each of the flexible
cells comprising a first member, a second member, a third
member, and a fourth member;

b) a first C-shaped loop disposed becween the
first member and the third member;

c) a second C-shaped loop disposed between the
sacond member and the fourth membexr;

5+5288- 5-5330698;#24 . .
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d} a first flexible connector disposed between the
£irst member and the second member; and

e) a second flexible connector disposed between
the third member and the fourth member, wherein the cells
of the distal row are provided with first and third
members that are shorter than the second and fouxth
members in the distal row, and wherein the cells of the
proximal row are provided with second and fourth members
that are shorter than the first and third membexs in the
proximal row, and wherein the distal row, and the row
proximal to the distal row, and the proximal row and the
row distal to the proximal row are provided wich first
and second flexible connectors that are more flexible
than the flexible connectors in the other rows of the
stent.

32. The stent of claim 31, wharein the firsc and the
second flexible connectors are U-shaped.

33. The stent of claim 31, wherein the firsc and the
second flexible connectors are S-shaped.

34. The stent of claim 31, wherein the first and che
second flexible connectors are Z-shaped.

©35. The stent of claim 31, wherein the fixst and che
second flexible connectors in the distal row, the row
proximal to the distal row, the proximal row, and the row
distal to the proximal row are narrower than the first
and the second flexible connectors in the cells disposed
in the other rows of the stent.

36. The stent of claim 31, wherein the first and che
second flexible connectors in the distal row, the row
proximal to the distal row, the proximal row, and the row
distal to the proximal row are narrower than the first
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and the second flexible connectors in the cells disposed
in the other rows of the stent.

37. The stent of claim 36, wherein the first and the
second flexible connectors in the distal row, the row
proximal to the distal row, the proximal row, and the row
distal to the proximal row are about 40% narrower than
the first and the second flexible connectors in the cells
diéposed in the other rows of the stent.

38. The stent of claim 31, wherein the flexible
connectors in the distal row, the row proximal to the
distal zrow, the proximal row, and the row distal to the
proximal row are annealad to impart a hardness that is
different from the hardness of the first and the second
flexible connectors in the cells disposed in the othex
rows of the stent.

39. The stent of claim 31, wherein the stent is

 comprised of NiTi and the first and the second flexible
connectors in the distal row, the row proximal to the

distal row, the proximal row, and the row d1stal to the
proximal row are in a martensitic phase and the remaining
portions of the stent are in the austenicic phase.

" 40. The stent of claim 31, wherein the cells in the

distal row, the row proximal teo the discal row, the
proximal row, and the row distal to the proximal row are
of a thinner gauge than the gauge of the material

utilized in the celles disposed in the other rows of the

stent.

41. The stent of claim 31, wherain the cells in che
distal row, the row proximal to the distal row, the
proximal row, and the row distal to the proximal row of
the gtent are made of a material thac is more flexible
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than the material utilized in the cells disposed in the-
other rows of the stent. '

42. An expandable stent, comprising: a plurality of
flexible cells defining a stent having a proximal end and
a distal end, the stent provided with wmeans for imparting
a radial force at the distal end chat is greater than the
radial force in the portion of the stent proximal to the
distal end.

43. The stent of claim 42 further provided with means
for imparting flexibility to the distal end of the stent
that is greater than the flexibility of that portion of
the stent proximal toc the distal end. )

44. An expandable stent, comprising: a plurality of
flexible cells defining a stent having a proximal end and
a distal end, the stent provided with means for imparting
a radial force at its proximal and distal ends that is
greater than the radial force of that portion of the

f'sten: disposed between the proximal and distal ends.

45. The stent of claim 44 further provided with wneans
for imparting flexibility to the distal end of the stent
and the proximal end of the stent that is greacer than
the flexibility of chat portion of the stent disposed
between the proximal and distal ends.

46. An expandable stent for treating a lumen having a

unique characteristic along a portion of the lumen,

comprising: a plurality of interconnected flexible cells,
the cells arranged in a plurality of interconnected
flexible rows defining a stent having a proximal end and
a distal end and a longitudinal axis, wherein at least
one of the rows is adapted to accommodate the unique
characteristic of that portion of the lumen in contact
with the adapted row.
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47. An expandable stent for treating a lumen having a -
non-uniform diameter, comprising: a plurality of
interconnected flaxible cells, the cells arranged in a
plurality of interconnected flexible rows defining a
stent having a proximal end and a distal end and a2
longitudinal axis, wherein at least one of the rows is
adapted to accommodate the non-uniform diameter of the
portion of the lumen in contact with the adapced row.

48. An expandable stent for treating a lumen having a
non-uniform radial force, comprising: a plurality of
interconnected flexible cells, the cells arranged in a
plurality of incerconnected flexible rows defining a
stant having a proximal end and a distal end and a
longitudinal axis, wherein at least one of the rows is
adapted to accommodate the non-uniform radial force of
the portion of the lumen in contact with the adapted row.

49. An expandable stenc for treating a lumen having a

. non-uniform longitudinal flexibility, comprising: a
'plurali:y of interconnected flexible cells, che cells
arranged in a plurality of interxconnected flexible rows
defining a scent having a proximal end and a distal end
and a longitudinal axis, wherein at least one of the rows
is adapted to accommodate the non-uniform longitudinal
flexibility of cthe portion of the lumen in contact with
the adapted row.

50. The stent of claim 46, wherein one of the plurality
of rows disposed between the proximal end and the distal
end is provided with a cell size that is larger than the
cells in the remaining rows.

069.3 #28.
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