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of the adjacent loop, the bridge extending in a direction parallel to the longitudinal axis of the tube and with intervening free cusps
(46, 48), between any two bridge of a loop, not being connected to the adjacent loop the zigzag pattern exhibiting a lengthwise

staggering of circumferentially adjacent said slits to the extent that the lengths of two circumferentially ad

acent struts on the zigzag

pattern that flank a tied cusp are different and further such that, in the said stenting disposition, the free cusps of adjacent loops are

circumferentially displaced from each other; and characterized in that: a majority of the struts in any or

e of the successive loops

share a first common length X, and any remaining struts in said one loop share a second common length Y (42), wherein Y < X.
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(57) Abstract: A stent (10) formed by slitting a tube to create a matrix of struts which are separated from each other by no more
than the width of the slit and which lie more or less parallel to each other and to the longitudinal axis of the tube, the slitted tube
being radially expandable to a stenting disposition in which the struts exhibit a zigzag pattern in successive loops around the cir-
cumierence of the stent, the angle each strut makes with the longitudinal axis increasing as the stent diameter increases the zigzag
pattern exhibiting a cusp between any two adjacent struts with selected tied cusps of any one loop being connected by a bridge
(12) to a facing cusp of the adjacent loop, the bridge extending in a direction parallel to the longitudinal axis of the tube and with
intervening free cusps (46, 48), between any two bridge of a loop, not being connected to the adjacent loop the zigzag pattern ex-
hibiting a lengthwise staggering of circumierentially adjacent said slits to the extent that the lengths of two circumierentially adja-

cent struts on the zigzag patte:

'n that tlank a tied cusp are different and turther such that, in the said stenting disposition, the free

cusps of adjacent loops are circumierentially displaced from each other; and characterized in that: a majority of the struts in any
one of the successive loops share a first common length X, and any remaining struts in said one loop share a second common
length Y (42), wherein Y < X.
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sStent

Field of the Invention

This i1nvention relates to a stent formed by slitting a tube
to create a matraix of struts which are separated from each
other by no more than the width of the slit and which lie

parallel to each other and to the longitudinal axis of the
tube, the slitted tube being radially expandable to a

stenting disposition in which the struts exhibit a zigzag

rema

pattern in successive loops around the circumference of the

—

stent, the angle each strut makes with the longitudinal axis

increasing as the stent diameter increases, the zigzag

pattern exnibiting a cusp between any two adjacent struts,

i

with selected tied cusps of any cne loop being connected by a

bridge to a facing cusp of the adjacent loop, the bridge

extending in a direction parallel to the leongitudinal axis o:

i

the tube, and with intervening free cusps, between any two

I-

bridge of a loop, not being connected to the adjacent loop,
the zligzag pattern exhibiting a lengthwise staggering of

crrcumferentially adjacent sald slits to the extent that the

lengths of two clrcumferentially adjacent struts on the

zigzag pattern that flank a tied cusp are different and

-

further such that, in the said stenting disposition, the free

cusps of adjacent loops are circumferentially displaced from

each other.

Background Art

PJ

self~expanding stents for the arterio-vascular system need to

demonstrate a predictable and lengthy resistance to fatigue

tallure., Furthermore, the process used to manufacture self-

exXxpanding stents needs to be rigorous and competitive.

Applicant discloses in WO 2008/119837 an attractive stent



CA 02761759 2011-11-10
WO 2010/130788 PCT/EP2010/056557

a

design that lends itself to manufacture by laser cutting of a

-

tube 0 stent materlal such as nickel titanium shape memory

alloy. The slits that are cut in the tube by the laser are

all straight and parallel to the axis of the tube, leaving

the slits cut by the laser parallel with each other so that

the struts of the stent, that lie between adijacent slits, are

Chemselves also straight and parallel]l with the axis of the

tube (at least in the moment that they are formed).

Modelling of the stress distribution in the struts of the

stent matrix is therefore a task that is relatively simple,

by which we mean, simple when compared with a stent matrix in

which the struts are not straight or not of constant cross

sectlon.

Apart from fatigue performance, a stent design should be

amenable to delivery through a tortucus bodily lumen, and

then, for scme applications, competent to endure severe

pending, even after deployment, to follow without undue

f—

difficulty the changes of shape and configuration of the

podily lumen in which they are installed. Between adjacent

struts of a zigzag turn around the stented bodily lumen,

there are the “cusps” or “peaks” where two adiacent struts

ccme together. In axially adjacent zigzag loops of the

stent, alter deployment, 1t 1s desirable that the peaks of

the adjacent loops do not clash, “head-to-head” when the
bodily lumen bends, and the stent with it. The above-
menticned WO 2008/119837 coffers a stent design that, even

though 1t 1s simple, achieves a configuration, upon

deployment, in which the peaks of one ring face the valleys

-

of the adjacent stenting loop, rather than its peaks. As

stents are progressively installed, in ever more “bendy”

lumens of the human body, there is an increasing reguirement

for such stents to undergo severe bending, after deployment,

without that bending giving rise to any tissue damage in the

stented lumen. Head-to-head clashes of cusps ocught to be

scrupulcusly avoided,
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Applicant’s earlier WC 01/32102 provides capacity to bend, in

a simple linear strut matrix,

surface area of the cylinder to so-called “scrap portions” of

the cylinder that are cut out o:

F-

by sacrificing part of the

0

- 1t and discarded, to leave

significant end to end gaps between facing cusps of struts.

On the i1nside of the bend, when the stent cylinder takes up a

banana shape, the facing cusps a:

pproximate. The gap gets

smaller but does not close completely. It is time-consuming

and expensive to remove the scrap portions during manufacture

ana removing them conflicts with the objective of using the

maximum possible surface area of the stent to push on bodily

tissue to keep the stented bodily lumen patent.

W02009/003584 is another publication of a self-expanding

{1

stent matrix with gaps between end to end facing cusps of co-

linear struts, which therefore su:

F.

P
N

fers from the same

disadvantages of the stent matrices disclosed in Applicant’s

aforesaid WO 01/32102.

The present inventicn arises out o:

C an appreciation by the

present inventiocn that the stent architectures disclosed in

WO 2008/119837 are unexpected.

improvement. There is

y susceptibkble of further

a further design simplification, that

makes availlable enhanced design modelling, simpler

manufacture and the chance to secure yet further improvements

1n stent performance a:

F

‘ter implantation.

cummary of the Invention

According to the present invention there is provided a stent

1n the field of this invention,

in which a majority cf the

struts iIn any one of the successive loops share a first

common length X, and any remaining struts in said one loop

share a second common length Y, wherein Y < X.

The loops of the stent can be endless, which is tc say that

the stent matrix exhibits a stack of endless loops arranged
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along a longitudinal axils of the stent, and each -joined to

the axially adjacent lcop by one or more bridges.

Alternatively, the loops of the stent can be the successive

y—

turns of a spiral that runs all the way from one end of the

stent to the other. It is trite to observe that a chain is
only as streoeng as 1ts weakest link. With the invention,
there being in the matrix no struts having a length longer

than the common length X, there 1s present no individual

strut that can pull down the performance of the struts of the

strut majority. It 1s 1n this way that the difference

" o
Bl

between the stents of the present invention, and those of

Applicant’s earlier WO 2008/119837, can best be appreciated.

Typically, each l1oop of a stent exhibits one or more repeat

P

units that are constituted by a plurality of struts of the

ioop. Typically, with the present invention, there is only

e

one strut of length Y, in each such repeating unit.

The archetypal stent ¢f The present invention exhibits struts

that share a common thickness in the radial direction of the

stent, and a uniform width, transverse tc¢ their length and

thickness. However, stents in which the width of each strut

-

varies, along the length of the strut, are also envisaged,

" o}

One advantage o©f such architecture is that it can be used to

F

optimize the distribution of stress in each one of the

struts, the optimization being done by appropriate variation

of the widths of the struts. Thus, fcor example, one might

arrange for the level of stress after deployment, anywhere in

the strut, to be at the same level, by providing that the

struts are wider at their roots, close to a cusp of the

zlgzag ring, than they are along their length, midway between

the respective cusps at each end of the strut in view.

It may be desirable to provide the stent with end loops, one

at each end of the length of the stent, that differ from the

Loops Intermediate the two end loops. The case is also

contemplated, where the lcoop at one end cof the stent is a
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special end loop, but the loop at the other end of the stent

1s not special. Any such special end loops might exhibit a

strut length that 1s greater than in tThe intermediate loops,

T

resulting in the axial length of such an end loop of the

stent, as such, being greater than the axial length of each

of the intermediate loops of the stent.

Further, 1t will likely be attractive to provide the stent

with a plurality of radicpague markers, likely located on cne

o

or both of the oppeosed ends of the stent. It might be

r'-
p—

attractive to locate the markers within the axial length of

the end loop, so that they do not protrude beyond the length

-

of the stent as such. Any such markers within the length of

the stent can be asymmetric, in the sense that thev are

cantilevered from a cusp of the end loop of the stent, and

are asymmetric about a mirror plane, parallel to the length

of the stent and passing through the point where the marker

1s joined to the cusp of the end loop of the stent.

The radiopaque markers are intended to be readily detectable

py thne radiologist and so will benefit from a relatively

targe surface area. It will generally be attractive for this

large surface area to be part of the generally cylindrical

envelope 1n which the stent matrix is located. 1In other

words, each radiopaque marker will preferably have cpposed

major surfaces that are each part-cylindrical.

For a better understanding of the present invention, and to

show more clearly how the same may be carried into effect,

reference will now be made, by an example, to the

acceompanying drawlings.

Jr—

Brie:_Qgﬁgxiption of the Drawings

o

Fig. 1 is a plan view of part of a stent matrix, opened
out flat; and
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Fﬁ-

Fig. 2 18 a pian view ¢f the same matrix {but a larger

portion of it) after radial expansion, but again laid flat;

Fig. 3 18 a plan view like that of Fig. 1, but of a

different stent matrix;

Fig. 4 15 a further plan view, of an end portion of the

Fig. 3 matrix; and

i

Fig. 5 1s a plan view like that of Fig. 4, showing a

variation with radicpague markers;

Fig. © is a plan view like that of Fig. 2, but showing the
Fig. 3 matrix radially expanded; and

o
e

Fig. 7 shows the matrix of Fig. 6, radially expanded, but
not laid flat.

Considering first what 1s shown in Fig. 1, the drawing shows

P

a portion of the length of the stent (10), but the entirety

gr—
e

cf 1ts cilrcumference, yet laid out flat. The bridge (12) is

parted along a notional parting line 14, that appears at both
the top and the bottom of the drawing Figure, to divide the

F’fﬂ

pridge {1Z} into a porticn (12-1) on the top of the drawing

and a portion (l2~2) at the lower end of the drawing. Other
pridges along that line of the length of the stent, (16, 18

and 20), are similarliy split lengthwise notionally, for the

purpceses of the laid flat display in Fig. 1.

Fach endless loop (30, 32, 34, 36, 38 and 40) of the stent

portion shown in Fig. 1 exhibits a zigzag seguence of 24

-

struts, of which 8 ¢f the struts, designated 42, have a

shorter length Y than the length X of the remaining 16 struts

FJ.

(44) . There are 12 cusps (46} at one axial end of each zlgzag

ring, and a further 12 cusps (48) at the other axial end of
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each zigzag loop. Between any two adjacent cusps of each

it

zlgzag ring, there are three struts, two of these being of

L —

length X, and one of them being shorter, strut 42, of length

Y. Distriputed all over the stent matrix can be seen further

bridges {12) that tie together two facing cusps of two

adjacent zigzag rings, and which may be designated to

“bridges” to join together adiacent loops of the stent

matrix, with free cusps (46}, not attached to the adijacent

Zigzag iloop, lving in between any pailr of the set cof four

bridges that join together any particular adjacent zigzag

locops of the matrix.

As can be seen from Fig. Z, when the stent matrix of Fig. 1

' pamal

15 radially expanded, any free cusp of any zigzag loop lies

circumferentially in the gap between two cusps of the facing

axial end of the next adjacent zigzag loop of the matrix.

La

-

This effect is caused by the length di:

L

ferential of the

struts, the shorter struts Y peing somewhat more resistant to

bending, when the radial expansion takes place, than the

siightly longer struts {(44) of length Y.

F

Thinking about the performance in fatigue of the stent matrix

shown in Fig. 2, what will characterize the fatigue life is

the fatigue performance of the majority of struts {44) of

tength X. The shorter struts (42) enjoy a relatively

favourable fatigue environment, because they can more easily

carry the stress shared arcund the circumference of the

stent, and s0 they are not the factor that limits the fatigue

v

life of the matrix. Thus, calculation of the fatigue life

pased on the majority strut (44} will predict the fatigue

performance of the stent as a whole. The matrix lacks any

minority group of struts that have a poorer performance in

fatigue than the strut majority.

Moving on to Fig. 3, the difference to note is that the

circumference includes a greater number of lengthwise slits

cut by the laser, whereby each zigzag loop of the stent
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matrix exhibits 40 struts rather than 24. However, each

zlgzag ioop 18 connected to the axially adiacent zigzag

stenting loop by a set of four bridges (12), evenly

cistributed around the circumference of the stent, just as in

the embodiment of Figs. 1 and 2.

Figs. © and 7 show the Fig. 3 arrangement radially expanded,

with Fig. 6 corresponding to Fig. 2, and Fig. 7 being useful
in that it shows the stent in three dimensions whereby one
can readlly imagine the structure stenting surrounding bodily
tissue and keeping open (patterned) the lumen inside the

cylindrical stent matrix,

Turning to Figs. 4 and 5, the concern is with how to bring
tne stent matrix to a close, at one end of the gtent
cylinder. From Fig. 4, it 1s i1mmediately apparent that, in
the end locp (50), the axial ends of that loop differ. At the

axial end (52) all cusps lie in the same plane transverse to

the long axis of the stent. However, at the other axial end

of the end locp (50}, where it faces the next adjacent

stenting locp (56), the cusps are not all in the same plane

but, 1nstead, vary in axial position in order to face, head-

to-head, the cusps of the adiacent loop (56). Thus, a

—tre

minority of the struts of the end lcoop (50} are exhibiting a

longer length that the majority of struts in the end loop

(o0} . At a stenting site, there needs to be a transition

Fl

length ¢f the bodily lumen, between the stenosis, where the

stent 1s working at full power, and the lumen just bevond the

end of the stent, where 1t 1s not pressing on the lumen wall

o

at all. The longer struts ¢f the end loops provide such a

transition length, where the stent, thanks to the greater

length ¢f the struts, i1mposes less force on the lumen wall,

In this way, the stresses 1mposed on bodily tissue by the end

toop of a stent are deliberately made less than those

stenting loops nearer tc the center of the length of the

stent, which are doing the hard job c¢f hclding open the

podily lumen in that narrowed part of its length where it was
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stenosed and where the stent is needed o overcome the

stenosis.

ctents typically carry radiopague markers at theilr ends in

crder that the radiclogist may know with precision exactly

P

where are the ends of the stent in relation to the length of

Ll

the bodily lumen to be stented. Whereas such markers

'-I.l

typically protrude beyond the axial length of the stent

proper, Fig. 5 shows an embodiment in which the markers can

be set 1nto the length of the stent, located in

circumferential gaps between spaced apart cusps in the end

annulus (22) of the end ring (50).

Until now 1t has been typical for such radiopague markers to

P

be cantilevered from a cusp of a stent matrix, with the

marker being symmetrical about a mirror plane that passes

=

through the point of connection of the marker to the cusp.

This need not be the case, however, as can be seen from the

way 1in which the markers (60} in Fig. 5 are attached to a

cusp (62) which 1s not midway along the circumferential
length ¢f the marker (60).

Ihe present invention 1s not concerned with specific coatings

of stents, or applications of stents. The skilled reader will

not need to be told in this application what possibilities

exist for covering a stent matrix with a graft material, or a

medically actlve material, nor with what categories of bodily

lumen the stent may be useful for. The skilled reader will

e

also lmmediately appreciate the simplicity of the

arrangements illustrated in the accompanying drawings,

together with the performance characteristics evident from

Figs. 2, © and 7 and the opportunities evident from Figs. 1,

3 and 5> to provide radiopague markers as desired.

Whereas the present description is in relation to stent

F

matrices cut by laser from a starting tube of nickel titanium

shape memcry alloy, the principles of this invention are
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equally applicable to stents made of other materials (such as

stainless steel) and from flat sheet as opposed to tube

stock. There 1s a wealth ¢f published knowledge in the field

r-

of stent designs, and all of this knowledge is available to

those skilled in the art who wish to optimise the inventive

concept disclosed in the present application. However, as

stent matrix design becomes more sophisticated, and as

performance enhancements become ever more difficult to

achieve, a contribution that can enhance performance by vyet

another increment, however small, is not to be

underestimated, or dismissed lightly, for it is a worthwhile,

and non-obvious, contribution to the art.

The archetypal stent is cylindrical when relaxed. However,

the technical field of stents includes stent grafts and

includes many proposals for a stent matrix which is a relaxed

configuration is not strictly cylindrical. 1In particular,

those skilled in the art are familiar with the so-called

h%!

vy

flared” stents that exhibit at least a portion of the stent

length not of constant diameter. Stents with ocutwardly

flared ends are relatively common. All are within the scope

of thilis invention.
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Claims

1. A stent formed by slitting a tube to create a matrix

of struts which are separated from each other by no more

than the width of the slit and which lie parallel to each
other and to the longitudinal axis of the tube, the
slitted tube Dbeing radially expandable to a stenting
disposition in which the struts exhibit a zigzag pattern
1n successive loops around the circumference of the
stent, the angle each strut makes with the longitudinal
axls 1increasing as the stent diameter increases;

the zigzag pattern exhibiting a cusp between any two
adjacent struts;

with selected tied cusps of any one loop being
connected by a bridge to a facing cusp of the adjacent
loop, the bridge extending i1n a direction parallel to the
longitudinal axis of the tube;'

and with 1ntervening free cusps, between any two

bridge of a loop, not being connected to the adjacent
1Lo0op;
and with the matrix of struts being free of

P

significant end to end gaps between facing pairs of said

intervening free cusps;

the zigzag pattern exhibiting a lengthwise
staggering of circumferentially adjacent said slits to
the extent that the lengths of two c¢ircumferentially
adjacent struts on the zigzag pattern that flank a tied
cusp are different and further such that, in the said
stenting disposition, the free cusps of adjacent loops
are circumferentially displaced from each other;

and characterized in that:

a majority, but not all, of the struts in any one of

the successive loops share a first common length X, and
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all the remaining struts in said one loop share a second

common length Y, wherein Y < X.

2. Stent as claimed in claim 1, the 1loops being
endless.
3. Stent as claimed in c¢laim 1, the 1loops being

successive turns of a spiral.

4 . Stent as claimed in any one of claims 1 to 3,
wherein a calculated fatigue life of the sald remaining
struts, with common length Y, exceeds a calculated
fatigue life of the struts of the majority, with common

length X.

5. Stent as c¢laimed in any one of claims 1 to 4, 1in
which each loop exhibits one or more repeat unit
constituted by a plurality of struts of the loop, and

there is only one strut of length Y, per repeat unit.

6. Stent as claimed in any one of claims 1 to 5, 1in
which the struts of length X and the struts of length Y
share a common thickness in the radial direction of the

stent.

7. Stent as claimed 1in any one of claims 1 to 6, 1in
which the struts of length X and the struts of length Y

share a common width, transverse to their length.

8 . Stent as c¢laimed 1in any one of claims 1 to 7, and
including an end loop at one or both ends of the axial
length of the stent, 1n which end loop the strut length
18 greater than 1n the loops between the ends of the

strut, whereby the axial length of the end loop as such
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18 greater than the axial length of any other 1loops of

the stent.

9. Stent as claimed 1n any one of claims 1 to 8, and
including a plurality of radiopaque markers located on at

least one of the opposed ends of the stent.

10. Stent as claimed in claim 9, wherein the markers are
located on an annulus that lies within the length of the

end loop of the stent adjacent said markers.

11. Stent as claimed in claim 10, wherein each said

marker 1s an asymmetric cantilever.

12. Stent as claimed i1n any one of claims 9, 10 and 11,
wherein saild marker has opposed major surfaces that are

each part-cylindrical.
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