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Pushing a self-expanding stent from one of its ends, during release of the stent at a stenting site in a bodily lumen, by proximal
withdrawal of a surrounding sheath, can impose unacceptably high stresses on parts of the strut network of the stent. For location
of stents In a bodily lumen, It iIs customary to equip the end annulus of a stent with radiopaque markers. The present invention
Involves arranging the markers so that they share with non-marker portions of the end annulus the stresses imposed in the stent by
the end pushing, whereby the high stresses are shared more equally by all the struts of the stent in the end annulus.

SRR VNEEEN
R 5. sas ALy
O
A

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




09/030748 A3 IV 00 AP0 OO 0 IR 0

CA 02695153 2010-01-29

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization {2
International Bureau "

(43) International Publication Date
12 March 2009 (12.03.2009)

(51) International Patent Classification:
AG6IF 2/90 (2006.01) AG6IF 2/06 (2006.01)
AG61F 2/00 (2006.01)

(21) International Application Number:
PCT/EP2008/061775

(22) International Filing Date:
5 September 2008 (05.09.2008)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
0717481.6 7 September 2007 (07.09.2007) GB

(71) Applicant (for all designated States except US): AN-
GIOMED GMBH & CO. MEDIZINTECHNIK KG
[DE/DE]; Wachhausstrasse 6, 76227 Karlsruhe (DE).

(72) Inventors; and

(75) Inventors/Applicants (for US only): SCHLUN, Martin
|[DE/DE]; Ave-Maria-Strasse 9, 76863 Herxheim Bei Lan-
dau/pfalz (DE). WEISE, Pauline [ DE/DE]; Zdhringerallee
14, 75177 Pforzheim (DE).

(74) Agents: HOFFMANN . EITLE et al.; Arabellastrasse 4,
81925 Miinchen (DE).

(10) International Publication Number

WO 2009/030748 A3

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

AQO, Al, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EL,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, T1J,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
/W,

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, ELE, ES, FI,
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

(88) Date of publication of the international search report:
18 June 2009

(54) Title: SELF-EXPANSIBLE STENT WITH RADIOPAQUE MARKERS AND METHOD OF MAKING SUCH A STENT

B2
.- R
: h
;
¢
)
)

5
; -

v
0

N

10

& (57) Abstract: Pushing a self-expanding stent from one of its ends, during release of the stent at a stenting site in a bodily lumen,
e\ by proximal withdrawal of a surrounding sheath, can impose unacceptably high stresses on parts of the strut network of the stent.
For location of stents in a bodily lumen, it is customary to equip the end annulus of a stent with radiopaque markers. The present
invention involves arranging the markers so that they share with non-marker portions of the end annulus the stresses imposed in the
stent by the end pushing, whereby the high stresses are shared more equally by all the struts of the stent in the end annulus.
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self-expansible Stent with Radiopaque Markers

and Method of Making such a Stent

Field of the Invention

-
—

T'nls 1nventicon relates to a radially self-expansible stent

.nu

wlth a plurality of radiopague markers attached to at least

T

cne of 1ts ends, and to a methoed of making such a stent.

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

'&
-

Vascular stents are commonly used for the treatment of

various vessel diseases. They are implanted transluminally
using a catheter delivery system, to advance them to a
stenting site, where they expand in order to widen the

clogged or narrowed blcod vessel. During the implantation

procedure, the exact position of the stent within the wvessel

18 monitored, mainly using X-ray 1lmaging technigues. In

v

order To ensure accurate placement, a good visibility of the

stent 1is cruclial. In general, this is achieved by attaching

sultable markers which are made from materials with a

- radiopacilty larger than that of the stent material. In

addition, these markers have to be sufficiently large to

provide a good X-ray contrast. For a precise determination

f“—

of the stent position during delivery, it is advantageous to

place the markers at both ends of the stent.

F-.l

- radiopague markers

A tubular stent with a plurality o:

attached to selected inflection zones around its

clrcumference 1s disclosed in WO-A-2002/015820. The markers

are spoon-shaped in a way that almost a complete ring of

marker material is formed 1n the radially compressed state

.
PR
p—
T

of the stent, providing a particularly hich level of

radiopaclty during transluminal delivery. Thereby, an

increase 1n visibility to radiation is achieved without any

r“

increase 1n the wall thickness of the stent at the position

'&

of the markers, maintaining a large radial opening for fluid
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Flow as well as a small cross-—-sectional

the number of markers 1n such a ring of

above 1s to be kept small, so that each

e

PCT/EP2008/061775

profile. Ideally,
markers as described

marker is large

enough to facilitate sufficient visibility even in the

radially expanded state of the stent. Furthermore, the

—

number of marker/inflection zone -joints

S

should be kept at a

minimum 1n order to reduce the risk of loss of a marker in

the body followlng failure of such a joint after the stent

has been placed.

For the case of selif-expansible stents,

narrowed portion of the blood vessel is

delivery to the

performed with the

use of a co-axlal catheter delivery system. Hereby, the

stent 1s kept in 1ts radially compressed state by an outer

sheath. A co-axial cylinder inside the

sheath 1s used for

displacing the stent axially, relative to the ocuter sheath.

Once the stent has been placed at the desired position

wlthin the vessel, the outer sheath 1s withdrawn while the

'ﬁ

F

inner cylinder pushes against one end of the compressed

stent, precipitating the release of the

stent from the

delivery system. This procedure can impose on a stent such

as The one discleosed in WO-A-2002/015820 stresses

concentrated on the radiopague markers which protrude

o

axlially bevond the axial end of the matrix of struts of the

stent annulus. This stress, concentrating at the joints

between the markers and the Inflection zones from which they

are cantilevered, has been identified by the present

inventor as a feature that can and should be reduced or even

climinated.

Thls patent application declares the priority of

GB O 717 48i.6. In that GB priority application the search

F—

report conducted on the claims by the UK Patent Office cited
the folleowing documents: WO 2006/047977; DE-Ul-
20 2004 014 789; WC 2004/028408 and EP-A-1 433 438. The

.

-

dliscliosures of the first two citations are of the same

nvention from the same inventor.
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WO 2006/047977 discloses a stent with an end annulus that
carries radiopague marker material in recesses 1n receiving
eleménts of the stent metal. Thus, the marker material has
exposed luminal and abluminal part-cylindrical opposed major
surfaces and a thickness corresponding to that of the
receiving element that surrounds the entire peripheral edge
of the marker between 1ts major surfaces. The marker has a
width in the circumferential direction of the stent annulus,
that 1s smaller than the circumferential length of the
portion of the stent in which the marker i1s received. The
marker enters the recess from a position radially outside
the stent annulus, conical surface portions of the marker
and the receiving portion serving to guide the marker into a
snugly fitting disposition within the receiving portion,

supported in all sides by the receiving portion.

The disclosure of WO 2004/028408 is similar. As to EP-A-

1 433 438, 1t discloses other sorts of radiopagque markers on
stents, notably a wire of radiopague material wound around a
strut of the stent, or a sleeve of radiopaque material
crimped around a strut of the stent. Self-evidently, the
stent 1s locally thicker in the radial direction, where such

markers are located.

Summaxry of the Invention

The main objective of the present invention is to provide a
self-expansible stent with radiopaque markers attached to it
that offers a high degree of mechanical stability during
release of the stent from the delivery system while

maintaining a good visibility upon exposure to radiation.
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The present invention provides a radially self-expansible

stent with two end annull for delivery by a co-axial

catheter delivery system. The end annulus

T

to be pushed

during release of the stent has a plurality of spaced

inflection zones distributed 1n 1ts cilircumference, some of

whilch carry a radiopague marker. The idea

15 to get all the

inflection zones toe share the release stresses, not Jdust the

g

ocnes that carry a radlopagque marker. In general, The term

‘ﬂ'ﬂ'l

“1inflecticn zone” as used herein refers to

a reglion where

Two or more strut ends are connected or where TWo OF more

struts 1lntersect.

.

It is, however, not restricted to this

1nterpretation. A large number of different strut patterns

are being used, or have at least been proposed, for tubular

T

stents. kach of these patterns will have polints which

define an end to the stent tube and which allow for the

F‘h

attachment of & marker. Qur definition of

the Term

"inflectlion zone” is such that these end polints are

inciuded.

The radiopagque markers are shaped and located on the

selected inflection zones such that the compressive stress

exXxerted on the end annulus during release of the stent is

shared petween the markers and Lhe 1nflection zones that do

not carry a marker. In this way, The strain on the

marker/inflection zone Joints is minimised, reducing the

risk of physical damage, such as breakage or deformation.

This cconcept 1s applicable to any stent design and allows

—

stablility of the stent 1s secured. Keeping the number of

for the use of only a small number of markers while the

t

markers at a minimum has signlficant advantages. First,

having fewer marker/inflection zone joints

regquces The

danger of severed or bent markers. Self-expansible stents

are extremely eiastic pbut nevertheless not

i

Tnvulnerable to

distortion. Fatigue performance 1s of vital importance with

vascular stents, which flex with every heartbeat. Any

i
Frrr

stress that a stent matrix suffers locally, that exceeds the

maxinmum planned for 1n the Government regulatory faticue-
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testing protocel can adversely affect the fatigue life of

the stent. This fa

stent design, since
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L
aas

e

ct emphaslzes the 1mportance of a robust

even The slightest damage to the Joints

iy

occurring during the release of the stent may shorten the

service life of the

F

O —
i

stent. Furthermore, the circumference

the ring formed by tThe ensemble of markers 1n the

-

radlally compressed state of the stent is limited by the

crrcum:

rn

‘erence of The stent tube i1tself. Thus, keeping the

number of markers small allows for larger marker sizes and

consequently an improved visibility of the stent in the

radially expanded state.

-

So-called “ring stents” exhibit a plurality of rings

arranged along their axial length which are interconnected

between ring ends and have a plurality of inflection zones

™

distributed in the circumference of the ring ends. In one

1in:

A

embodiment, each of

these ring ends comprises more

“lectilon zones than the end annulus of the stent. Since,

1n the radially compressed state, the stent has a

homogenecus Cclrcum

ey

b
—r—
Fry

erence throughout 1ts siructure, the

e

cliroumference of the end annulus of the stent wlll be the

same as that of the ring encs, despiite comprising less

inflection zZones.

the inflection zone

allowing for the at

Therefore, tThe circumferential extent of

s that carry a marker can be 1ncreased,

'-I_

tachment of larger markers, which 1is

advantageous for reasons of visibility as discussed above.

Even more space f[or

[._"

orid annulus of the

annuius of The sten

smaller circumferen

the markers can be created within the

P

stent 1T the i1nflection zones of the end

t that do not carry a marker have a

rr1al extent than the i1nflection zones

distributed in The circumference of the ring ends.

Therefore, tThe above arrangement facilitates a possible

increase 1n marker size without changlng tThe number of

F

“lection zones of

in:

the stent rings which may affect the

mechanical properties of the stent, such as stability and

elastilcity.
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A further way o0f creating more space for the markers within

F—

the end annulus of the stent 1s given in another preferred

embodliment, where the inflection zones of the end annulus of

the stent that do not carry a marker have a larger axial

by

length parallel to the long axis of the stent than the

trhe

11}

inflectlion zones distributed in the circumference o

ring ends.

Preferably, the markers are bonded to the 1inflection zones

at a glue interface, more preferably, by a welid. The form

of the weld 1s hereby determined by the shape and the size

of tThe maerker.

In a preferred embodiment, the inflectlon zones that carry a

i

marker differ 1in shape, slze or both shape and size from the

inflection zones that do not carry a marker. The inflection

zones that carry a marker may, for example, have a smaller

size S0 as to leave more space for the attached markers or a

’.IL

shape particularly suilited for a certain type of weld

. —

{depending on the shape and size of the marker). In one

empodiment, each inflection zZone is present as & stem with

an axlal length parallel to the long axis of the stent.

Preferably, the Inflection zone stems that carry a marker

have a smaller lengthh than the inflection zone stems that do

not carry a marker. This arrangement allows for the

accommodation ¢of portions ¢of the markers (or even whole

markers) between the neighbouring longer inflection zones.

Preferably, the markers and the inflection zones have the
same thickness but markers with a greater radial thickness
are not excluded. On the one hand, an increase 1in marker

thickness pbevond the stent annulus wall thickness i1is not

deslrable, since a large radial opening for fluid flow as

well as a small cross—-sectional profile of the stent cught

to be maintained. On the other hand, bkoth the radiopacity

and the mechanical properties of the markers depend on their

thickness. Conseguently, tco thin a marker will give a poor
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contrast when exposed to radiation and may be prone to

deformation or even breakage.

In a preferred embodiment, each marker subtends a larger arc

P

of the circumference of The end annulus than each inflection

zone that dees not carry a marker, lmproving the visibility

~r

of the stent ends. In any event, the width of the marker,

in the circumferential direction, will generally be as

itarges as, or larger than, but not smaller than, the

circumferential width of the inflection zone to which the

marker 1s attached.

- d i
1 -

A number of ail:

ferent materials mav be used for the

fabrication of the stent and the radiopague markers.

Preferably, the stent 1s made from a nickel titanium shape

memory alloy. Such an alloy provides the mechanical

properties necessary for reliable stent operation, namely a

i

high degree of elasticity and physical stability. The

radlopague markers are preferably made from tantalum, gold,

or a ternary alloy made from nickel, titanium and a third,

P
—

radiopague metal. All these metals offer a high level of

radiopacity. Both the above stent and marker materials are

non-toxlc and provide a good biological compatibility with

-
—

the human body. For nickel titanium stenis, markers of

S

tantalum are of speclal 1nterest because theirx

electrochemical potentials are so similar.

In another preferred embodiment, tThe markers do not extend

axially beyond the inflection zones which do not carry a

marker, in the radially compressed state of the stent. This

arrangement can be accomplished, for example, by making the

inflection zones that carry a marker shorter than the ones

that do not carry a marker. Preferably, during release of

T

-

the stent from the delivery system, bcth the markers and the

inflection zones which do not carry a marker abut, or are

P

otherwise in physical contact with, the pushing part of the

delivery system, 1.e., The co-axial inner cvlinder. In such
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a configuration, the compressive stress exerted on the and

annulus during release of the stent 1s shared between the

markers and the inflection zones without markers, minimising

the risk of physical damage to the stent. A marker size

large enough for excellent visibility can still be

maintained by chooslng a

—tr

amall number of inflection zones 1in

the end annulus of the stent and by making the inflection

Zones tThat carry a marker sul

-

the radially compressed s

'-.
S —

ficiently short.

tate

In another preferred embodiment, portions of the periphery

of the markers rest on the neighbouring inflection zones in

of the stent, such that the

compressive stress exerted by the delivery system on the

markers during release of

T

the

neighbouring inflectlion zones

stent 1s delivered to the

by the markers. Preferably,

1n this configuration the markers stand axially proud of the

inflection zones that do not carry a marker. In this

configuration, an increase in marker size can be achieved,

while the distribution of the applied pressure between

markers and inflection zones without markers 1s sti1ll

malntaineq.

The markers can be welded to the inflection zones by methods

L

described in above-menticned WO-A-2002/015820. In a

varlation, however, the markers and inflection zones can be

advanced towards each other along the longltudinal axis of

1)

the stent wilithout any relative radial movement, for example

by provicding a form fit between the respective marker and

inflection zone faces that

Tace each other across the

welding zone. The form fit can be accomplished by co-

cperating ramp surfaces on

the marker and the inflection

zone, That work together to inhiblt any relative

clrcumferential sliding movement in the width direction of

1]

the marker and inflection zone. In this way, the markers

are gulded into a position circumferentially aligned with

Che respective inflectlion zone, prior to being welded to

that 1inflection zone.
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o

Brief Description of the Drawings

Figure 1 shows a laser cutting of a stent with radlopacgue

markers attached to 1%, according to a first preferred

embodiment ;

-

Figure 2 shows one end of a laser cutting of a stent with

radiopadgue markers attached to 1t, according to a second

oreferred embodiment;

Figure 3 shows a portion of the end annulus in the radially

expanded state of the stent, according to a second preferred

ambodiment; anac

r—' M el
T

Figure 4 1is a view of a fragment of one end of a stent, that

shows an inflection zone comprlsing a marker and flanked by

longer inflectlon zones that do not carry any marker.

Detalled Descriptlion of Preferred Embodiments

'”

Figure 1 shows a laser cutting of a radially self-expansible

stent 10 made from Nitinol with radilicpague markers 14 made

from Tantalium attached, according tc a first preferred

aempodiment. The markers 14 are welded to the inflection

zones 177 and extend as far as the inflection zones that do
not carry a marker 12. In this way, The compressive stress

exerted on the end annulus 11 by a stent pusher annulus P

quring release of the stent 1s shared between the markers 14

and the inflection zones 12 that do not carry a marker

pbecause what abuts the pusher P 1s not Jjust the markers 14

but also the inflection zones 12 that carry no marker 14.

The stent comprilses four interconnected rings 16 with

fourteen inflection zones 1277 1in the circumference of =ach

ring end. In contrast to this, the end annuli 11, 117 only

nave twelve inflection zones 12, 1Z2’7. This allows for a

larger circumferential extent of the inflection zones 127
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and the markers 14 attached thereto since the

F

clrcumferential extent of the inflection zones 12 1is

identical to that of the inflecticn zones 1277, in agdlition

to this, the axial length of inflection zones 12 is larger

than that of inflection zones 1277, allowing for longer

markers. Thus, the present embodiment 1s specifically

designed for accommodating large markers 14 in order to

cptimlse the visibillity of the stent 10.

—~ -
uas

Figure 2 shows one end c¢f a laser cutting of a stent 10 made

from Nitinol with radiopague markers 14 made from Tantalum

attached To 1t, accerding to a second preferred embodiment.

The markers 14 are welded tTo the inflection zones 12' and

stand axially proud of the inflection zones 12 that do not

carry a marker 14. As can be seen, the shape of inflection

zones 127 1s adapted in order to allow for a robust welded

[ | yite
e

connection with marker 14 and differs significantly from

that of 1nflection zones 12. The increased circumferential

extent of inflection zones 127 as compared to inflection

zones 12 1is facilitated by the difference in the number of

,-

inflection zones 12, 127, 12’7 between the ends of rings 16

and the end annulus 11, analogous to the first preferred

embodiment. Furthermore, i1nflection zones 12 have grooves
1t at their top endas which are shaped to accommodate the
peripheral portions of the T-shaped markers 14 in the

L

radlially compressed state of the stent 10. In this way,

cespite the fact that durlng the release of the stent 10

only the markers 14 are in physical contact with the pushing

part P of the delivery system, the compressive stress

exerted on the markers 1s shared between the markers and the

neighbouring inflection zones. The present configuration

allows for the accommodatlion of particularly large markers

14 while at the same time maintaining the stability of the

J—

stent 10. Figure 3 shows a portion of the end annulus 11 in

-

the radially expanded state ¢f the stent 10, according to

the present embodiment. Here, the grooves 18 are more

clearly visible.
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Turning to Figure 4, here we see a tantalum marker 14

located between twe long inflection zones 12 and to be

welded to a short inflection zcone 127, The marker is joined

by two small bridges 48, 50 to a tantalum tube 40. These

e

bridges 48, 50 facilitate separation of the marker 14 from

-

the tantalum tube 40 1n an uncomplicated manner by the

application ¢f an external force, once the welding has

been performed. However, the bridges 48, 50 are not

a reguired feature and other methods may be applied forx

separating the marker 14 from the tantalum tube 40. In
particular, a single laser may be used for both welding the
marker 14 to the inflection zone 12" and separating the

—

marker 14 from the tantalum tube 40. In this case, flrst

the welding step is performed and subseguently the

geparaticn step 1s carried out after 1ncreasing the output

power of the laser. Botnh these steps can be carried

s

out 1n a single operation, thus i1mproving the e:

ficiency of

e

the fabrication process. If the above described separation

method is used, the connection profile between tTantalum tube

40 and marker 14 may be of any conceivable form, for

example, a single wider bridge. As explained in WO
02/015820 mentioned above, the tantalum tube 40 and the tube

-

of nickel titanium shape menmcory alleoy of the stent and the

inflection zones 142 are approximated axially, whereupon the

P bl

facing surfaces 20 and ZZ of the inflectlon zone 12 and

marker 14 come 1nte facing relationship, ready for welding

together. The skilled reader will appreciate that during

this approximaticon by axial approach there is no need for

any relative radial movements between the Two work pieces.

As to cilrcumferential alignment between tThe marker 14 and

the inflection zone 1Z, we see In Figure 4 how the facing

surfaces 20, 22 incorporate form fit portions 24, 26, 28, 30
that work together to guide the advancing marker 14 into

alignment with the inflection zone so there is clearance 60,

62 between the marker 14 and the two flanking inflection

zones 12, respectively.
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The facing surfaces 20, 22 achieve a circumferential gulding

g

function through a mechanical “form fit”. As the nose 70 of

the marker 14 apprcaches the inflection zone 127 it can

slide along the facing surface 20 until it goes past the

axially aligned straight edge 24 when gstraight edge 26 of

the nose 70 will then be facing the straight edge 24.

By then, however, the V-shaped recess in the facing surface

22 of the marker, flanked by reverse-zngled surface 30, will

i

have received the V-shaped peak in the facing surface 20 of

the 1in:

“lection zone 127 flanked by reverse-angled surface

porticn 28 i1in the facing surface 20. Any widening in the

gap between suriaces 24 and 26 1s prevented by tThe abutment

~AR

of surfaces 28 and 30 (and vice versa). In this way, the

marker L4, approximated to the infiection zone 127 and ready

for welding to it, has no freedom any more toc move

circumferentially relative to the inflecticon zone 127.

Exactly in this “welding ready” disposition, the end surface

>0 of the marker 14 lies in the same plane, transverse to

,HJ

the axis of the stent, as the end surfaces 52 and 54 of the

fianking inflection zones 12. Thus, when the stent is

pushed by a pusher P, the pushing force i1s imposed equally

on ail of end surfaces 52, 54 and 56,

The i1liustrated embodiments are by way of example and the

skilled reader will appreciate that features can be isolated

from one empodiment and can pe taken and used in other

embodiments within the scope of the claims which follow.
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Claims:

1. A radially self-expansible stent having a thickness in the
radial direction and an axial length between end annuli for
delivery by a co-axial catheter delivery system, a part of
which during release of the stent from the delivery system
pushes on one end of the stent while withdrawing a sheath
from around the abluminal surface of the stent, whereupon the
stent expands from a radially compressed into a radially
expanded state,

the end annulus to be pushed having a circumference, with a
plurality of spaced inflection zones being distributed in the
circumference, selected inflection zones carrying a

radiopaque marker,

characterised in that

the markers are shaped and located on the selected inflection

zones such that the compressive stress exerted on the end

annulus durlng release of the stent is shared between the

markers and the inflection zones that do not carry a marker,

the markers are attached to the inflection zones in a

fastening position by a weld, and

the markers and the inflection zones exhibit respective
facing surfaces that face each other across the welding zone,

sald facing surfaces including a mechanical form fit that
inhibits relative circumferential sliding movement and allows
relative movement of the marker and the inflection zone into
the fastening position devoid of movement with a component in

a radial direction relative to the longitudinal axis of the

stent.
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2. A stent according to claim 1, wherein the stent comprises
a plurality of rings arranged along 1ts axial length, the
rings being interconnected between ring ends and having a
plurality of inflection zones distributed in the
circumference of the ring ends, each of said ring ends

comprising more inflection zones than the end annulus of the

stent.

3. A stent according to claim 2, wherein the inflection zones
of the end annulus of the stent that do not carry a marker
have a larger axial length parallel to the long axis of the
stent than the inflection zones distributed 1in the

circumference of the ring ends.

4., A stent according to any one of claims 2 and 3, whereiln
the inflection zones of the end annulus of the stent that do
not carry a marker have a smaller circumferential extent than

the inflection zones distributed in the circumference of the

ring ends.

5. A stent according to any one of claims 1 to 4, whereilin the

inflection zones that carry a marker are a different shape

from the inflection zones that do not carry a marker.

6. A stent according to any one of claims 1 to 5, whereiln the
inflection zones that carry a marker are a different size

from the inflection zones that do not carry a marker.

7. A stent according to any one of claims 1 to 6, whereiln
each inflection zone 1s present as a stem with an axial
length parallel to the long axis of the stent, wherein the

inflection zone stems that carry a marker have a smaller
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length than the inflection zone stems that do not carry a

marker.

8. A stent according to any one of claims 1 to 7, wherein the

markers and the inflection zones have the same thickness.

9. A stent according to any one of claims 1 to 8, wherein
each marker subtends a larger arc of the circumference of the
end annulus than each inflection zone that does not carry a

marker.

10. A stent according to any one of claims 1 to 9, wherein

the stent 1s made from a nickel titanium shape memory alloy.

11. A stent according to any one of claims 1 to 10, wherein
the radiopaque markers are made from tantalum, gold, or a

ternary alloy made from nickel, titanium and a third,

radlopagque metal.

12. A stent according to any one of claims 1 to 11, wherein,
in the radially compressed state of the stent, the markers do
not extend axially beyond the inflection zones which do not

carry a marker.

13. A stent according to any one of claims 1 to 12, wherein,
in the radially compressed state of the stent, during release
of the stent from the delivery system, the markers and the
inflection zones which do not carry a marker are both exposed
on the end annulus of the stent to receive directly a pushing

force from the pushing part of the delivery system.

14. A stent according to any one of claims 1 to 13, wherein,

in the radially compressed state of the stent, portions of



CA 02695153 2015-02-20

16

the periphery of the markers rest on the neighbouring
inflection zones such that the compressive stress exerted by
the delivery system on the markers during release of the

stent 1s delivered to the neighbouring inflection zones by

the markers.

15. A stent according to claim 14, wherein the markers stand
axially proud of the inflection zones that do not carry a

marker.

16. A stent as claimed in any one of claims 1 to 15 and
including a welded zone that extends across the full width of
each inflection zone that carries a radiopague marker and

lies between the i1inflection zone and the marker.

17. Method of fastening a radiopaque marker to an inflection
zone of a radially self-expanding stent, in which the marker
1s advanced 1nto a fastening position relative to the said
inflection zone and then welded to the inflection zone at a

welding zone between the inflection zone and the marker,

characterized in that:

the relative movement of the marker and inflection zone, 1nto

the fastening position, 1is devoid of movement with a

component 1in a radial direction, relative to the longitudinal

axls of the stent, and

in the fastening position an end surface of the marker lies
1n the same plane, transverse to the axis of the stent, as

end surfaces of inflection zones flanking the marker.
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18. Method according to claim 17, wherein the marker and the
inflection zone exhibit respective facing surfaces that face
each other across the welding zone, said facing surfaces
including a mechanical form fit that inhibits relative
circumferential sliding movement, once the marker is 1n the

fastening position.

19. Method according to claim 18, wherein the mechanical form
fit 1s provided by ramp surfaces on the marker and the
inflection zone which co-operate, as the marker approaches
axlally the inflection zone, to guide the marker and the
inflection zone into a circumferentially aligned disposition,
ready for welding together the marker and the inflection

zone, 1n the welding zone.

20. A stent delivery system carrying a stent as claimed in
any one of claims 1 to 16 or a stent made by a process
according to any one of claims 17 to 19, that includes a
stent pusher that abuts both the markers and the i1inflection

zones which do not carry a marker at one end of the stent.
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