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(57) Abregé/Abstract:

A stent is described comprising a unit cell having a negative spring rate and a bistable function. The unit cell comprises first and

second segments, the first segment being more rigid than the second segment.

he second segment Is coupled to the first

segment, and the first segment comprises a substantially fixed sinusoidal shape. In the contracted state, the second segment is
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(57) Abrege(suite)/Abstract(continued):
held stable In a sinusoidal shape, but when a force Is applied the second segment bends out to a stable, convex-shaped deployed

state. The second segments withstand the application of radial forces In the convex-shaped deployed state, and diametral recoill of
the stent Is minimized.
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(57) Abstract: A stent is described comprising a unit cell having a negative spring rate and a bistable function. The unit cell com-
prises first and second segments, the first segment being more rigid than the second segment. The second segment is coupled to the
first segment, and the first segment comprises a substantially fixed sinusoidal shape. In the contracted state, the second segment is
held stable in a sinusoidal shape, but when a force is applied the second segment bends out to a stable, convex-shaped deployed state.
The second segments withstand the application of radial forces in the convex-shaped deployed state, and diametral recoil of the stent

1S minimized.
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APPARATUS FOR A ST ENT OR OTHER MED_ICAL DEVICE

L

HAVING A BISTABLE SPRING CONSTRUCTION

Field of the Invention

[0002] The present inwention relates o stents, and

more particularly, to a unit cell of a stent that 1s

configured to snap between contracted and deployed states

using a first relatively rigid segment coupled to a

second relatively flexib le segment.

Background of the Invention

i

[0003]' There are sevexal kinds of stemts on the market

with either balloon exparndable or self-expanding

function . Balloon expandable stents are generally made

from a material that can easily be plastacally deformed

into two directions. BeZfore insertion, tthe stent is

'l

placed around the balloom section at the distal end o:

|
Q)

catheter and pressed together to reduce tthe outer

dimensions.

[0004] When the stent is delivered intzo the body in a

desired location, ai't is expanded and theﬁ:eby plastically

deformed to a larger diameter by inflatimg the balloon.

Once expanded, the stent supports the suxrounding tissue

~and prevents at least local narrowing of . the vessel.

[0005] Such plastically deformable stents need to have

sufficient rigidity in the radial directzZion, but also
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i-some flexibility in the axial direction to enable

delivery through tortuous anatomy. Furthermore, the

amount of matexial should be as small as possible and the

inner surface of the stent éhould not obstruct the flow

through the channel (e.g., for Dblood) or cause too much

Turbulence.

[0006] Probldems that genera’llly occur after stent

implantation aixe several: Aftex crimping the stent onto

the balloon of the delivery catheter, the stent

experiences some elastic recoildl to a slightly larger

diameter, which can cause prob_lems, e.g., snagging, when

the catheter i1s advanced through the patient’s

vasculature. In addition, the engagement forces between

the balloon and stent can becorme so small that the stent

)

slips off the catheter. Moreower, a large stemt delivery

profile reduces the number of situations in which the

stent can be used.

[C0077] Another problem with balloon expandalle stents

1s recoll of these stents aftex deployment. Im this

case, after expansion by the balloon of the de livery

catheter, the stent outer diameter will shrink slightly

once the balloon 1s deflated. The peréentage change 1in

deployed stent diameter due to recoil can be a s much as

10%, and can cause migration oXf the stent.

[0008] A self-expanding stemt typilcally is mmade of a

more or less ellastically expanding structure, which is

affixed to the delivery catheter by some extermal means.

For example, this type of stent is held in its

constrained state by a deliversy sheath that is removed at

t 1)

the moment of stent deployment , so that the st ent sel:

—

expands to its preferred expanded form. Some o©f these

stents are made o0f shape memorsy material with either
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superelastic loehavior or temperature sensitive triggering

of the expansion function.

e

[0009] A disadvantage of self-expanding stents is the

need for the delivery sheath, thus resulting dn a larger

delivery profile. The removald of the sheath also

requires a sheath retraction mechanism, which has to be

activated at the proximal end-

[0010] Most balloon expandable and self expanding

experience large length changes during

stents further have the disadwantage of that they

expansdon and

g

exhibit a poor hydrodynamic behavior because of the shape

of the metal wires or struts.

[O011] Still further balloon expandable stents exhibilt

a positive spring rate, which means that further

diametral expansion can only loe achieved by hidgher

balloon pressure. Moreover, previously-known stents

typically are constructed so tthat external foxces,

working on the stent in the radial direction, may cause

bending forces on the struts or wires of the structure.

[0012] For example, a unit cell of a Palma=-Schatz

stent, as produced by the Cordis division of Johnson &

Johnson, or the ACT One Coronary stent, produced by

Progressive Angioplasty Systems, Inc. have in their

contracted delivery state a f£flat, rectangular shape and

in their expanded condition a more or less dliamond-shaped

form with almost straight struts (Palmaz-Schatz) or more

curved struts (ACT-One).

[0013] The shape of the unit cell of such stents is

typically symmetrical with four struts

each having the

same cross section. In additdion, the loading of the cell

in the axial direction will twvypically cause am elastic or

pl’astic deformation of all of the struw

Cs, resulting 1n an
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[0014] In view of theze drawvbacks of previously known

stents, Lt would be desiralhle to provide a stent having

minimal el astic spring back upon being compressed onto a

balloon catheter.

[bOlS] It also wounld he desirable Lo provide a stent
having mirniimal recell so that the stent remains at its
aglected Qeployed diameter aftexr expansion.

{0016] It further would be desirable to provide a
stent having a minimal length change during deployment of
the stent. |

{0017} Tt still further would be desirabble to provide
a stent that is not characterized by ‘a posi tive spring
rate, s¢ that achieving fui-ther expansion Goes not

require continually increasing balloon pressure.

Su:minarx of the Invention
(0018] In view of the foregoing, at is an object of some

aspects of the present invention to provide a stent having minimal

elastic spring back upon being compressed onto a balloon

catheter.

[0019] It 15 also an obiject of some aspects of the pregent
invention to provide a stent having minimal receoil so that the
stent remains at its selected deployed diameter after

A—

expanslon .
[0020] It 1s another object of some aspects of the present

invention to provide a stent having a minimal length change during

deployment of the stent,
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10021] It is another object of some aspects of the present

invention to provide a stent that is not characterized by a

positive spring rate, so that achieving further expansion
does not. reguire continually increasing balloon pressures,
g [0022] These and other objects of some aspects of the

present invention are achieved by providing a stent comprising a

unit cel l having a negative spring rate &nd a bistable
functiorn. In the context of the present invention, the
. phrase “bistable function” means that the unit cell has
10 only two configurations in which it is stable without thie
need for an external forxrce to hold it in that shape. Im
a preferred embodiment, the unit cell is Tformed using ato
least twao different segments, wherein a Eirst segment i
relatively rigid while & second segment is more flexible
15 than the first segment. |
{0023] The first segment preferably comprises a
sinusoidal shape and does not substantial ly change in
shape. .The second segment is coupled to the first
segment in such a way that the first segment inhibits
20 defomation of the second segment in one direction. The
second segment has only two stable positions, opne in a
contractted state and the other in a deployed state.
10024} In the contracted state, the g=cond segment i=s
held stable in a sinuscidal shape when a compressive
25 force i= applied against the second segmesnt in a
direction toward the f£irst segment. Whern a radially
outward Fforce iz applied to the unit cell that is
suffijcient to displace the sinusocidal profile of the
second Sebment, the sacond segment will IDuckle outward
30 irom the first segment to a deployed statce where it
Comprises a convex shape., When the secoryd segment is im

any other position between the contractecd and deployed



10

15

20

25

CA 02497519 2011-06-30

76124-24
-6 -

states it is unstable, and will return to either the contracted or deployed state.

[0025] The stent as a whole therefore is deployed when the radially outward
force, e.g., provided by a balloon, overcomes the resistance of one or more second
segments In one or more unit cells. The expansion of the second segments provides
radial expansion of the stent, as the first segments of the unit cells do not

substantially change in size or shape.

[0026] When a stent comprising the above-described unit cells is deployed to a
selected deployed diameter, it reaches its maximum stability against radial pressure.
This makes the construction stronger than prior stents because the second segments
may withstand considerable radial forces in their stable, convex-shaped deployed

states.

[0027] Methods of actuating the apparatus of some embodiments of the

present invention also are provided.

According to one aspect of the present invention, there is provided an
expandable tubular member comprising a plurality of unit cells, each unit cell
comprising a first segment having proximal and distal ends and a substantially
sinusoidal shape, and a second segment having proximal and distal ends, the
proximal end of the first segment coupled to the proximal end of the second segment,

the distal end of the first segment coupled to the distal end of the second segment,

the second segment being more flexible than the first segment, wherein the unit cell
has a stable contracted state in which the second segment substantially conforms to
the sinusoidal shape of the first segment, and a deployed state in which the second

segment has a convex shape bowed away from the first segment, wherein around a
circumference of the expandable tubular member, two second segments are

disposed between every two first segments.
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According to another aspect of the present invention, there is provided
a use of an expandable tubular member having two substantially stable states for
deploying in a vessel, the expandable tubular member comprising a plurality of unit
cells in a contracted state, wherein each unit cell comprises a first segment having
proximal and distal ends and a substantially sinusoidal shape, and a second segment
having a proximal end that is coupled to the proximal end of the first segment and a
distal end that is coupled to the distal end of the first segment, the second segment
being more flexible than the first segment, wherein the second segment substantially
conforms to the sinusoidal shape of the first segment in the contracted state, wherein
around a circumference of the expandable tubular member, two second segments
are disposed between every two first segments; wherein at least one of the unit cells
of the expandable tubular member is for deploying wherein the second segment of

the unit cell is for deploying to a convex shape bowed away from the first segment of

the unit cell.

Brief Description Of The Drawings

[0028] Further features of the invention, its nature and various advantages will
be more apparent from the accompanying drawings and the following detailed

description of the preferred embodiments, in which:

[0029] FIGS. 1A-1B show the principle of a bistable mechanism;

[0030] FIG. 2 depicts the force-displacement characteristic of the mechanism
of FIG. 1B;

[0031] FIG. 3 depicts a bistable unit cell in accordance with the present
invention;

[0032] FIG. 4 depicts the force-displacement characteristic of the mechanism
of FIG. 3;
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[0033] FTIGS. 5A-5B shows two adjacent unit cells 1in

accordance with the present invention in comtracted and

deployed states, respectivel y;

I

10034] FIG. 6 shows a single circumferenttial ring o:

unit cells of a stent in a stable, fully col.lapsed

configuration;

r

[0035] FPTG. 7 shows the circumferential ring of uni:

cells of FIG. 6 in a stable, fully expanded
configuration;

[0036] "FIGS. BA-8B depictts features of a plurality of

unit cells Hdn accordance with the present imavention 1in

contracted and deployed stattes, respectively; and

[00ﬂ3'7] FIGS. 9A~9B describe a preferred method ot

using a stent in accordance with the presentt invention.

Detailed Description Of The Inventlon

[0038] Referring to FIG. 1, the operative principles

of the stent of the present 1nvention are described. In

FIG. 1A, flexible rod 20 hawing a length L is affixed at
each end by external clamps 22. When flexilble rod 20 1s

compressed along central axis A-A by a distance AL, it

reaches its buckling stress and the central part of rod

20 then will bend out 1n a sidewards directdon, either to

position 24 or 26, as shown 1in FIG. 1B.

[00391] Because the ends of rod 20 are held stable by

external clamps 22, it is possible to move tthe central

section of xod 20 between two stable positions 24 and 26.

This movememnt is in a directtion X that i1s perpendicular

to central axis A-A of rod 20. All pbsitions between

stable positions 24 and 26 are unstable. Im FIG. 1B, the

central part of rod 20 must be displaced at least a

distance Ax before the rod can be transformed from stable
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position 24 to stable position 26.

[0040]

FIG. 2 shows the force-displacement

characteristics of rod 20 of FIG. 1B. As rod 20 is moved

from stable position 24, the force increases rapidly from

zero to Fmax. At that moment, rod 20 becomes unstable 1m

=

a position between stable positions 24 arad 26, for

example,

of rod 2

in the position depicted by the sinusoidal shape

0 in FIG. 1B. At this point, further

displacement in direction X requires less force because

this spring system has a negative spring rate. The force

even becomes zero in the mid position and further

movementc

occurs automatically. As seen 1n FIG. 2, the

gr—

system of FIG. 1B 1s symmetrical and the force needed to

move from lower position 26 back to upper position 24 has

[0041]

the same characteristic.

Referring to FIG. 3, unit cell 30 constructed

in accordance with the present invention comprises first

segment

than first segment 32. First segment 32 functions as a

32 and second segment 34 that is more flexible

relatively rigid clamp, like clamps 22 ima FIG. 1B. Firstc

segment

32 comprises a sinusoidal shape tthat does not

substantially deform. In contrast, secorad segment 34

acts as a flexible rod, like rod 20 of FILG. 1lB. Second

segment

34 is coupled to first segment 32 by first and

second hinges 31, which may be either plastic or elastic,

that are disposed at opposing ends of first segment 32.

[0042]

segment

TO move

FIG. 3) .

Like rod 20 of FIG. LB, when thhe ends of second

34 are held stalble by hinges 31, it is possible

the cent¢ral section of second segment 34 between

two stalble positions 36 and 38 (shown 1n dotted line in

The movement occurs 1n a directz—ion X that is

perpendicular to central axis A-A, and all positions




10

15

20

25

30

CA 02497519 2005-03-02
WO 2004/014255 PCT/EP2003/008384

between stable positions 36 and 38 are unstable. Second

segmerat 34 is held stable in lower position 38 because it

adapts to the sinusoidal profile of first segment 32 when

compressed, and is clamped in that position by the

gty

compressive forces exerted by coupling each end of second

segment 32 to hinges 31.

[0043 ] With respect to FIG. 4, second segment 34

displays an asymmetric force-displacement characterist-ic.

To initially displace second segment 34 from stable upper

position 36 requires a compressive starting force Fg. To

displace second segment 34 from stable lower position 38

requlxres deployment force Fp, which mavy be less than f orce

Fc.. Deployment force Fp may be made as small as desired,

even zZero or negative, but needs to have a positive value

1f lower position 38 1s to be stable.

[0044 ] The application of forces Fe and Fp serve to

transform second segment 34 between stable contracted and

deployed states. The force reguired to transform second

segment 34 between its two stable states defines the

force—displacement characteristic of wnit cell 30. As

will loe described herxreinbelow, a stent having a plural ity

of unit cells 30 may have different force-displacemen:

pnii—
ip——

characteristics for each individual urrit cell, to

selectively deploy certain unit cells while others remain

contracted.

[0045 ] First segment 32 of FIG. 3 preferably has a

larger cross—section than second segmeent 34 so that it is

more xrigild. Alternatively, instead off using segments o:

i

diffexrent cross-—section, the two segments in each units

cell 30 may have the same cross-secticns but exhibit

diffexrent strengths or rigidity and still accomplish tthe

same effect. One way to obtain such differences in
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strength or xigidity would be to use differemt materials

for the segments. Another way would be to use the same

material, such as a metal, for all the segments but

selectively strengthen (e.g., by heat treating) first

. 5  segment 32.

[0046] It should be noted that heat treatment will not

strengthen all materials. Nitinol, for example, becomes

more pliable as a result of hea

t treatment. This

property of INitinol can be exploited, however, to render

10 one section of Nitinol more pliable relative to a second,

non—-heat-treated section of Nitinol.

[0047] There are several ways to manufactuure unit cell

30 of a stent of the present invention. The device may

e d
—
e

be manufactuxred

from an arramagement of wire or strip,

LS5 welded together at specific places, e.g., himges 31.

Alternatively, metal may be deposited in the desired

pattern onto a substrate or prealloy powder may be

sintered. Alternatively, the device may comprises a

tubular matexial, and a pattern

of slits or slots may be

20 made in the wall by means of etching, grinding, cutting

(e.g., with & laser, water, etc

other suitable method. The pat

formed as a f£lat plate and th.en

.), sSpark erosion or any

tern also may be made.

welded, brazed or crimped

to a more or less cylindrical shape or a cylindrical mid

25 section with two conical ends o

[]0048] Materials that may be

comprising unit cell 30 inclu.de

conventional metals and shape m

superelastic behavior or with t

30 behavior, or a combination of t

materials.

r enlarged diameter.

used to consttruct a stent

polymers, composites,

emory alloys with

emperature serxsitive

WO Or more of these
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[0049]

of two adjacent unit cells in accor dance with the present

~11—=

With respect to FIG. 5, a preferred arrangement

invention 1s describbed, wherein hor izontal line A-A -Hs

parallel to the central axis of a stent. A first un-dt

cell comprises first segment 50 and second segment 40,

while the second adjacent unit cell comprises second

segment

42 and first segment 52. S econd segments 40 and

412 are more flexible than first segments 50 and 52,

respectively, and second segments 4 0 and 42 are couplled

to their respective first segments at hinges 46.

[0050]

These adjacent unit cells preferably are

arranged so that second segments 40 and 42 are disposed

between

first segmenits 50 and 52, as shown in FIG. 5A.

Second segments 40 and 42 preferably are connected bx

joint 44 that is disposed near a midpoint of second

segments 40 and 42. In FIG. 5A, the sinusoidal

configurations of riglid first segmemts 50 and 52 serwe to

hold flexible second segments 40 and 42 in stable,

sinuasoidally—shaped contracted states.

100511
of FIG.

Referring to FIG. 5B, the a,djacen':a unit cells

5A are depicted in a stable deployed state. The

unitt cells preferably are deployed by applyving unifozxm

radlially outward foxrce Fp, €.9., by in:

that is

.y

lating a balloon,

=

sufficient to overcome the Tresistance of second

segments 40 and 42 in their stable, sinusoidal-shaped

contracted states. Once force Fp haas overcome this

resi stance, second segments 40 and 42 will automatically

snap inf

-0 their respective stable, convex—-shaped dep-lovyed

positions, as shown in FIG. 5B.

[0052]

FIG. 6 shows the general appearance of a

circumferential ring of a tubular s-tent constructed -An

accordance with the present invention in its fully
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contracted configuration. Ring 60 comprises a plurality

p—r

of unit cells, each unit cell comprising se cond segment

62 That 1s more flexible thian first segment 64. First

and second segments 64 and 62 are éoupled t ogether by

flexible hinges 61, while adjacent second s egments are

connected by joints 63. In FIG. 7, circumf erential ring

/0 of an 1l lustrative stent is shown in a fully deployed

state. Second segments 72 of ring 70 have Deen deployed

and assume stable, convex shapes. Second segments 72

provide the radial expansion of ring 70, while first

segments 74 substantially maintain their or iginal shapes.

Hinges 71 of FIG. 7 couple first and second segments 74
and 72, while joints 73 connect adjacent second segments
72.

[0053] Referring to FIGS . 8, stent 80 comstructed of a

series of three circumferential rings 60 is depicted, for

1llustrative purposes, flattened. In three—dimensions,

stent 80 would extend circumferentially abowut central

axlis A-A to form an extended tubular shape similar to

comprising a series of circumferential rings as depicted

in FIGS. 6—7, such that segments 100 and 103 of stent 80

g
p—

are 1n effect the same segment.
[0054] In FIG. 8A, stent 80 is illustrated in a
contracted state. Stent 80 comprises first segments 100,

101, 102 and 103, and further comprises second segments

31, 82, 83, 84, 85 and 86 that are more flexible than

first segments 100-103. Fixrst segments 100—103

substantial 1y maintain theixr original shape . There

preferably are two second segments disposed between every

two first segments, as depicted in FIG. 8A. Joints 92

connect adjacent second segments, while hinges 93 connect

first and second segments. Joints 92 and hinges 93 are




CA 02497519 2005-03-02
WO 2004/014255 PCT/EP2003/008384

~-13-

diéposed at approximately the same distance apart as -they

longi tudinally alternate along axis A—A.

[0055] Stent 80 1s contracted by applying a

compressive force F;, e.g., the force applied by the

5 fingers of a physiciarny, as shown in EFIG. 8A. Compressive

force Fe contracts second segments 81 and 82 into stalble,

sinus oidal shapes between first segments 100 and 101.

Compressive force F. also contracts second segments 83 and

84 into stable, sinusoidal shapes between first segmemts

10 101 and 102, and further contracts second segments 85 and

86 1nto stable, sinusoidal shapes between first segmemts

102 and 103.

[0056 ] The resistivwe force that second segments 81—86

provide in their stable, sinusoidal-shaped contracted

15 state may be overcome by radially outward force Fp, whiich

is perpendicular to ax=xis A-A, as showmn in FIG. 8B.

Second segments 81-86 snap from thelr contracted states

to st able, convex-shaped deployed states when force Fp is

applied, as shown in E'IG. 8B.

20 [0057] Referring now to FIGS. 9, amn exemplary method

g—

of using stent 80 of EIGS. 8A-8B is described. In FIGS.

9A-9B, it should be noted that stent 80 is illustratiwely

deplcted from a side wiew as having a preferred geometry

and thickness, whereas the same stent in FIGS. 8A-8B was

25 deplcted as flattened for illustrative purposes.

[0058 ] - In a first method step showmy in FIG. 9A, stent
80 1s compressed onto balloon 122 of <onventional balloon

catheter 120, e.qg., by applying a .compressive force

manua lly. Catheter 120 is inserted imto a patient’s
30 vessel, preferably over guidewire 124, and a distal
region of catheter 120 having balloon 122 is positioned

within treatment vessel V. The distal region of catheter




10

15

20

2.

30

WO 2004/014255

CA 02497519 2005-03-02

~ 14—

PCT/EP2003/008384

120 preferably is positioned under fluoroscopy using at

least one radiopaque marker band (not shown

the distal region o:

[0059]

- cathetexr 120.

) disposed on

When catheter 120 is properly posittioned, e.g.,

within stenosed region 8, balloon 122 is infl ated to

cause one or more second segments 81-86 to deploy to a

convex shape bowed away from first segments

1 00-103, as

shown in FIG. 9B. Specifically, balloon 122 provides a

radially outward force, described hereinabove with

respect to FIG. 8B, that ovexcomes the resist-ive force

provided by one or

more secomnd segmen:

s 81-86 1n the

contracted state. Having flexible second segments 81-86

snap 1lnto expanded stable positions provides a stent with

an extremely rigid surface at all diameters

to better withstand

cells,

- stents.

[0060]

‘disconnecting several unit cells from their

Chat i1s able

external forces than prewviously known

The flexibility of stent 80 may be increased by

neighbor unit

p—

for example, by cuttimg the center of one or more

hinges 93. Another way to imcrease flexibility is to

change the geometry

of various segments within selected

unit cells along axis A-A. In other words,

referring to

FIG. 8B, one or more second segments 81-86 could be

constructed with larger and smaller dic

of second segmen-

cells, e.g., 1increasing or decreasing the d

Cc

force for speci:

after each hinge 93.

otherwise flexible and rigid) segments that

meter (or

a lternate

In adddtion, varying -

fic unit cells, stent 80 may

pable of attaining differemt diameters in

th e properties

s 81—-86 in one or more selected unit

e loyment

be made

the deployed

state, depending on the amoumnt and location of unit cells

That are trans:

cormed to the deployed state.
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[0061] Stent 80 may achieve a range of diameters by
deploying selected unit cells in a stepwise fashion. In

one scenario, the diameter of stent 80 may be increased

incrementally by varying the properties of second

segments 8l-86 to cause some rows of thhe stent to expand

preferentially before other rows. For example, as

balloon 122 1s inflated at a relatively low balloon

e ]

pressure, only unit cells in the row off second segment 81

will deploy. Then, as balloon 122 further i1s inflated,

only those unit cells in the row of second segment 82 may

deploy for a somewhat higher balloon pressure, and so

forth, until the desired number of rows have been

deployed to achieve the desired stent diameter. In this

manner, stent 80 may loe suitable for use in a wlde range

of ves sels.

[0062] Furthermore, stent 80 may comprise differen:

{1

external diameters along its length to conform to

particular cavities. This is achieved by wvarying the

properties of second segments 81-86 along central axis A-

A of stent 80. For example, hinges 93 may be used to

divide stent 80 into & plurality of distinct sections,

e.g., first end "110, second end 114 and 1ntermediate

section 112. The unit cells within fi st end 110

compri se second segmemnts 81 and 82 that exhibit a first

force—displacement characteristic. The unit cells within

second end 114 may comprise second segments 85 and 36

that exhibit second force—-displacement characteristics,

while the unit cells within intermediate section 112

compri se second segmemnts 83 and 84 having yet different

force—displacement characteristics.

S~

00637 The force-displacement characteristics of each

unit cell may be tailored, for example, such that second
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82 may easily deploy with little balloon

second segmentts 83-86 do not deploy for

This provides stent 80 having a

deployed first end 110 and comxtracted intermediate

section 112 and

progressively sme
configured to deploy within in
while second segment 84 is nott con:
the same force 1is applied.

deployment within intermedia:

an intermediate

second end 114.

cermedia

e Sel]

To provide a

diameter. Alternatively,

ller stent, second segment 83 may be

te section 112
"igured to deploy when
This provides part-ial

cion 112 and provides

all unit cells

within first end 110 and seconnd end 114 may be deployed

while unit cells within intermedia:

te gsection

112 remaln

partially or fully contracted to provide a gemnerally

hourglass-shaped stent along axis A-A.

[0064] The above examples describe a

characteristi cs

gl

of di1ndividual unit cells.

invention 1s ani

configurations that can be &
selectively deploy as ps
[0065] Additionally,

deployed state further may be wvs

and second segments having dif

few variations in

stent configurations by varying the force-displacement

The present

cended to cover the numerous ot-her stent

rticul ar forces =

ctained when the uyunit cells

re applied.

The overall stent diameter in the

ried by providing first

"erent lengths,

because

relatively long second segment s may bow away £rom their

respective fixs:

second segments.

varied when certain sections of the sten

sections.

C segments a gresz

ter diste

different number of unit cells relc

nce tthe

Also, stent characteristics me

n smaller

vy be

C comprise a

tive to other
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CLAIMS:
1. An expandable tubular member comprising a plurality of unit cells,

each unit cell comprising a first segment having proximal and distal ends and a
substantially sinusoidal shape, and a second segment having proximal and distal
ends, the proximal end of the first segment coupled to the proximal end of the
second segment, the distal end of the first segment coupled to the distal end of
the second segment, the second segment being more flexible than the first
segment, wherein the unit cell has a stable contracted state in which the second
segment substantially conforms to the sinusoidal shape of the first segment, and a
dtaployed state in which the second segment has a convex shape bowed away
from the first segment, wherein around a circumference of the expandable tubular
member, two second segments are disposed between every two first segments.

2. The expandable tubular member of claim 1 wherein the second
segment of each unit cell is coupled to the first segment so that the first segment
inhibits deformation of the second segment in the contracted state.

3. The expandable tubular member of claim 1 wherein the second
segment of each unit cell is stable only in the contracted and deployed states.

4. The expandable tubular member of claim 1 wherein the first segment
of each unit cell is substantially rigid.

5. The expandable tubular member of claim 1 wherein the first segment
of each unit cell comprises a larger cross-sectional area than the second segment.

6. The expandable tubular member of claim 1 wherein the first and
second segments of each unit cell are manufactured using different materials.

7. The: expandable tubular member of claim 1 wherein the proximal and

distal ends of the first and second segments of each unit cell are coupled together
by hinges.

8. The expandable tubular member of claim 7 wherein the hinges of
each unit cell are elastic hinges.
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9. The expandable tubular member of claim 7 wherein the hinges of
each unit cell are plastic hinges.
10. The expandable tubular member of claim 1 wherein the unit cells are

transformed from the contracted state to the deployed state by application of a

uniform radially outwardly directed force to an interior surface of the expandable
tubular member.

11. The expandable tubular member of claim 1 where a first subset of
the plurality of unit cells has a second segment with a first cross-sectional area

and a second subset of the plurality of unit cells has a second segment with a
second cross-sectional area.

12. The expandable tubular member of claim 1 wherein the plurality of
unit cells are arranged in a longitudinally arranged series of circumferential rings.

13. The expandable tubular member of claim 1 wherein the expandable
tubular member is capable of attaining different outer diameters depending on the
amount and location of unit cells that are transformed to the deployed state.

14, The expandable tubular member of ciaim 1 wherein the unit cells are

designed and arranged to provide a range of diameters for the expandable tubular
member in a stepwise fashion.

18. The expandable tubular member of claim 14 wherein the expandable
tubular member has an initial diameter at a first end, a final diameter at a second
end, and at least one intermediate diameter between the first and second ends,
the intermediate diameter differing from the initial and final diameters.

16. The expandable tubular member of claim 15 wherein the initial and
final diameters are the same.

17. The expandable tubular member of claim 12 wherein within a

circumferenhal ring, a first subset of unit cells has a different force-displacement
characteristic than a second subset of the plurality of unit cells.
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18. The expandable tubular member of claim 1 wherein the second segments

of adjacent unit cells are coupled to a common first segment.

19. The expandable tubular member of claim 18 wherein the second segment
of each unit cell is coupled to the second segment of an adjacent cell by a joint disposed

near a midpoint of the second segments.

20. The expandable tubular member of claim 1 wherein the expandable tubular
member is made from a polymer, a metal, a composite, a shape memory material with
superelastic behaviour, a shape memory material with temperature sensitive behaviour,

or a combination of two or more of these materials.

21. The expandable tubular member of claim 1 wherein the expandable tubular
member is configured such that the first segment of each unit cell substantially maintains

the sinusoidal shape when expanded from a contracted configuration to an expanded

configuration.

22. The expandable tubular member of claim 1 wherein the first segment has

two inflection points between the proximal end and the distal end of the first segment.

23. A use of an expandable tubular member having two substantially stable
states for deploying in a vessel, the expandable tubular member comprising a plurality of
unit cells in a contracted state, wherein each unit cell comprises a first segment having
proximal and distal ends and a substantially sinusoidal shape, and a second segment
having a proximal end that is coupled to the proximal end of the first segment and a distal
end that is coupled to the distal end of the first segment, the second segment being more
flexible than the first segment, wherein the second segment substantially conforms to the
sinusoidal shape of the first segment in the contracted state, wherein around a

circumference of the expandable tubular member, two second segments are disposed

between every two first segments;

wherein at least one of the unit cells of the expandable tubular member is
for deploying wherein the second segment of the unit cell is for deploying to a convex

shape bowed away from the first segment of the unit cell.



10

CA 02497519 2010-09-10

69666-208
- 20 -

24. The use of claim 23 wherein the expandable tubular member is for
providing the contracted state wherein the expandabie tubular member is for
compressing onto a gelivery device.

29. The use of claim 24 wherein at least one unit cell is for deploying
wherein the delivery device is for expanding in response to a radially outward
force.

26. The use of claim 23 wherein unit cells of the expandable tubular
member are for deploying in a stepwise fashion.

27 The use of claim 23 wherein the expandable tubular member is for
receiving a radially outward force and the number of unit cells that are for
deploying is proportionate to the radially outward force.

28, The use of claim 23 wherein unit cells are for selectively deploying in
response to second segments having varying diameters.

29. The use of claim 23 whereih the diameter of the expandable tubular

member in a deployed state is for varying in response to lengths of first and
second segments of a unit cell.

30. The use of claim 23 wherein the diameter of the expandable tubular
member in a deployed state is for varying in response to the number of unit cells
that are provided in the contracted state.
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