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Title: STENT

(57) Abstract: A stent with a preferably cylindrical circumferential wall (1) designed as an open, lattice-like, expandable supporting
structure with a longitudinal axis (L) is provided, said stent comprising - helix webs (2.1, 2.2, 2.3) running around helically in wind -
ings (W) about the longitudinal axis (L) with a helical primary form and a meandering secondary form, which forms meander bends
(3.1, 3.2) with a direction of curvature alternating in the circumferential direction (U) and also forms sub-webs (4.1, 4.2) connecting
the meander bend (3.1, 3.2), and - connection webs (7) bridging the helix webs (2.1, 2.2, 2.3) of two adjacent windings (W) with a
primary direction of extension (H) parallel to the longitudinal axis (L), said connection webs being joined at their sub-web-side ends
(8) to adjacent sub-webs (4.1) of the respective helix web (2.1, 2.2, 2.3) and having a flat, zigzag-like shape with two end branches
(9.1, 9.2) and an intermediate central branch (10), wherein the end branches (9.1, 9.2) each lead via a termination bend (12) at least
approximately at right angles into the respective sub-web (4.1) and the comers in the mouth region (M) between the termination

bends (12) and the sub-webs (4.1) are provided with a recess (14).
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STENT

The invention relates to a stent comprising a preferably cylindrical circumferential wall
designed as an open, lattice-like, expandable supporting structure with a longitudinal axis,

having the features specified in the preamble of claim 1.

A stent of this type is known for example from EP 1 430 854 B1 and has helix webs run-
ning around helically in windings about the longitudinal axis with a helical primary shape
and a meandering secondary shape. The latter forms meander bends with alternating direc-
tion of curvature in the circumferential direction and also forms sub-webs connecting the
meander bends. The helix webs of two adjacent windings are bridged in this case by con-
necting webs with a primary direction of extension parallel to the longitudinal axis of the
circumferential wall, said connection webs being attached at their ends facing towards the
sub-webs to adjacent sub-webs of the corresponding helix web and have a flat, zigzag-like

shape with two end branches and an intermediate central branch.

Another type of stent with a lattice-like expandable supporting structure is known from EP
2 438 872 Al and is formed by a supporting structure lattice constructed from diamond-
shaped grid cells. The bends in the region of the acute-angled intersections of the respec-
tive sub-webs of this diamond-shaped grid structure are provided with recesses for produc-

ing an inner radius in these regions.

US 2011/0137407 discloses an implantable medical devices may be utilized to locally de-
livery one or more drugs or therapeutic agents to treat a wide variety of conditions, includ-
ing the treatment of the biological organism's reaction to the introduction of the implanta-

ble medical device. These therapeutic agents may be released under controlled and direc-
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tional conditions from a stent so that the one or more therapeutic agents reach the correct

target area, for example, the surrounding tissue.

US 2009/0163991 discloses a stent with strut bands and connectors, wherein the strut
bands have long and short struts with a junction positioned between the short struts. Each
junction defines a reservoir, wherein the reservoirs of a strut band are substantially circum-
ferentially aligned. The connectors each have arms, wherein each arm includes an oppos-
ing U-shaped link. The opposing links have a shared portion disposed between a peak on

one strut band and a longitudinally adjacent trough of an adjacent strut band.

WO 00/62710 discloses a medical device includes a catheter and a stent mounted on the
catheter, the stent having a hollow, cylindrical body made with a plurality of rings. The
rings each extend circumferentially around the cylindrical body and include an undulating
series of peaks and valleys. The rings are joined together by a series of links which are
shaped and arranged to promote longitudinal flexibility as the stent is delivered on the
catheter and effective scaffolding after deployment. In one embodiment, the rings are pro-
vided with inflection points on some portions of the rings which extend in a generally cir-
cumferential direction for a short distance. A link is joined at one end at the inflection
point on one ring and also joined at a second end at a second inflection point on an adja-
cent ring. This construction allows the crimped stent to flex longitudinally when it is sub-
jected to bending forces such as those encountered during delivery of the stent and catheter

through a tortuous coronary artery.

US 2004/0106985 discloses a stent comprises a first expansion strut column of first expan-
sion strut pairs and a second expansion strut column of second expansion strut pairs. Each
first expansion strut pair is connected to a second expansion strut pair by a connecting
strut. Each connecting strut comprises at least one wrap portion, the at least one wrap por-
tion being at least partially wrapped about at least one of the first joining portions of at

least one of the first expansion strut column and the second expansion strut column.

In relation to the background of the invention, the function of a stent is to be recapitulated,

said stent being intended to support the wall of a bodily vessel in a suitable manner, to ex-
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pand the vessel, or to bridge an aneurysm for example. To this end, stents are introduced
into the vessel in a compressed state, are expanded at the site to be treated, and are pressed
against the vessel wall. This expansion can be achieved with the aid of a balloon catheter

for example, however self-expanding stents are also known alternatively.

In principle, the desired properties of a stent are manifold. Basic requirements are as sim-
ple expandability of the stent as possible with simultaneously simple positionability. In the
case of balloon-expandable stents, it is also desirable for the stent to spring back resiliently
to a minimal extent after the expansion. Lastly, stents must have sufficient bearing capaci-
ty, but also a specific flexibility about their longitudinal axis in order to participate in con-

ventional vessel movements.

A broad range of various designs and microstructurings of the lattice-like supporting struc-
ture consistently target an optimal design of the stent with regard to the respective purpose

and the primarily desired property features.

In the present case, a homogeneous covering of the vessel wall with avoidance of signifi-
cant jumps in radial stiffness in the lateral surface supporting the vessel wall is ensured by
the helical structure of the stent design. Proceeding here from, the object of the invention is
to ensure a small crimp profile, that is to say an embodiment of the stent that is as compact
as possible in the contracted state, and also a high bending flexibility. In the case of bal-

loon-expandable stents, this is to be accompanied by a low opening pressure.

This object is achieved by the design, as specified in the characterizing part of claim 1, of
at least the end branch of the connection webs bridging the helix windings. The end
branches each lead via a termination bend at least approximately at right angles into the
respective sub-web and the corners in the mouth region between the termination bends and

the sub-webs are provided with a recess.

All specified diameters, orientations, angles, lengths, radii or other dimensional parameters
refer to the stent in the state before crimping, except explicitly stated otherwise. The state

of the stent before crimping onto a catheter is the state in which the production of the stent
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is concluded. In this state, it is applied (“crimped”) onto the respective catheter in order to
be introduced into the bodily vessel. There, it is then expanded to the respective diameter
of the bodily vessel. The form in the expanded state, in particular the alignment of the in-
dividual webs and bends, then corresponds substantially to the state before crimping,
wherein modifications due to the expansion and the adaptation to the bodily vessel are pos-

sible however.

In the state before crimping, the stent is independent of the used catheter and independent
of the body vessel to be implanted. Sometimes this state is referred as “cut out” or manu-

factured state or shortly within this application as the unexpanded state.

Within the frame of this application, the mouth region is understood as part of the sub-web
where the sub-web and the termination bend of the connector are joined. The center of the
mouth region is the intercept between the center of gravity line of the termination bend and
the center of gravity line of the sub-web. The width of the mouth region is between four

and six times the width of the termination bend.

The combination of the right angle and the recesses in the mouth region leads to a surpris-
ingly low crimping profile. A skilled person might expect a rectangular connection be-
tween the termination bends and the sub-webs would increase the crimping diameter. Sur-
prisingly the combination with the recess leads to a lower possible crimping profile. Addi-
tionally the combination of the right angle and the recess improves the axial flexibility of
the stent crimped on the catheter which improves the pushability of the stent-catheter sys-

tem through tortuous body vessels.

Each of the end branches of the connection webs leads at least approximately at right an-
gles via a termination bend into the respective sub-web. Here, the respective termination
bend and the deflection bend arranged therebefore of each connection branch is preferably
curved in the opposite direction. This microshaping also in turn optimizes the crimpability

of the stent for transfer into this contracted state.
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The termination bends of the end branches of the connection webs inherently form with the
sub-webs in the mouth region an approximately right-angled corner, which is provided
with a recess, which not only rounds out said mouth region, but also thins the meander
segment. Due to the recess, the width of the sub-webs in the region of the recess is reduced
preferably by 5 % to 50 %. In particular, the width is reduced preferably by 20 % to 30 %,
particularly preferably by 24 % to 28 %. Due to this arcuate recess and the associated sim-
plified horizontal placement of the connectors, a lower required opening force of the stent
in order to transfer from the contracted state into the expanded state is ensured. Due to this
recess and the inner radius created thereby, slit-shaped undercuts in the mouth region,
which could lead to the problems already mentioned above during a surface-finishing pro-

cess, are also avoided.

Further preferred developments of the subject of the invention are specified in the depend-

ent claims.

In a preferred embodiment of the invention the end branches have inherently a progression
with at least one deflection bend which is flat in such a way that the radius of said deflec-
tion bend corresponds to 1 to 15 times the radius of an adjacent meander bend and the in-
ner face of said deflection bend is arranged adjacently to the outer face of said meander
bend of the secondary shape of the helix webs in the unexpanded state of the stent. Due to
this “microshaping”, the connection webs can nestle optimally between the meander bends
during the crimping process, that is to say as the stent is transferred into its contracted
state, for insertion into the vessel. As the stent expands, the connection webs are aligned in
their primary direction of extension parallel to the longitudinal axis of the stent and thus
improve the structural stability of the stent per se and therefore also ensure a homogeneous

distribution of the supporting metal elements of the stent.

Within the scope of the invention, the center of gravity lines of the deflection bend and of
the meander bend are used in order to determine the ratio of the radii of the deflection bend
and of the meander bend. The center of gravity line connects the midpoint of the respective

cross-sectional areas of a deflection bend or a meander bend. The center of gravity line is
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therefore accordingly a curved line having the same center as the deflection bend or the

meander bend.

Here, within the scope of the application, “flat” is understood to mean that a flat wave has

a ratio of wavelength to amplitude of at least 13:1, preferably at least 20:1.

Furthermore, within the scope of this application, the phrase “inner face” or respectively
“outer face” is defined with respect to the curve of the respective bends. The side or face of
the bend closer to the origin or center point of the curve is referred as “inner face”. The

opposite side of the bend is referred as “outer face”.

Here, within the scope of the application a “deflection bend” is understood as web in form
of a bend, which is oriented in a direction around another structure to avoid contact with

another structure.

Due to the shaping according to this preferred embodiment with flat deflection bends in the
region of the end branch and preferably also the central branch of the connection webs, a
sufficient distance from the adjacent portion of the meandering secondary shape of the
helix webs is also achieved, such that a long, narrow undercut region is avoided, which
may lead to process problems when finishing the surface of the stent, for example by

means of electropolishing and coating.

In spite of the attachment of the connection webs from web center to web center of the
sub-webs of the helix webs, a compact crimp profile in the contracted state of the stent is
also achieved by the specifically recessed connection webs, which nestle optimally be-

tween the meander bends of the helix webs during the crimping process.

In a preferred embodiment of the invention, the radius of the flat deflection bend corre-
sponds to 1.3 to 12 times, preferably four to 11 times, particularly preferably six to 8 times,

the radius of an adjacent meander bend.



20

25

30

WO 2015/007435 PCT/EP2014/062190

In particular, the radius of the flat deflection bend is preferably 1.2 to 5 times or 6 to §

times the radius of the adjacent meander bend.

Due to the design of the central branch as an undulating deflection bend, an optimal adap-
tation of the connection web to the meander bends, arranged on either side thereof, of two
adjacent helix webs is thus possible. The central branch is designed in particular as a flat

undulating deflection bend.

Here, within the scope of the application, an undulating deflection band is understood as a
deflection band in the sense as mentioned above, which is undulated or corrugated.

In accordance with a preferred embodiment of the invention, the radius of the compensa-
tion bend of the central branch also corresponds to 1 to 15 times the radius of the adjacent
meander bend. For this embodiment, similar ratios for the radii as disclosed previously are
preferred. The ratio of the radii of the deflection bends of the end branch and/or of the cen-
tral branch to the radius of the adjacent meander bend meets the previously disclosed con-
ditions, wherein the ratio of the radii for the deflection bends of the end branch and of the

central branch can each be different.

In preferred embodiments of the invention, the ratio of the radius of the deflection bend of
the end branch to the radius of the adjacent meander bend is 11, and the ratio of the radius
of the deflection bend of the central branch to the radius of the adjacent meander bend is
2.3. Other expedient combinations of the ratios are, for example, 4.7 and 11, and 1.3 and

10.7, and also 2.6 and 6.2.

In the embodiments of the invention where both the radius of the deflection bend of the
end branch and also the radius of the deflection bend of the central branch meets the
above-mentioned conditions, the advantages of the invention are particularly effective. The
connectors nestle optimally against the adjacent meander bends, whereby a small and

compact state when crimping onto the balloon is achieved.

Since the deflection bends of the end branch and central branch merely have to imitate the

outer radius of the meander bends arranged adjacently thereto, a comparatively low bend
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angle, which is preferably 45° at most, is sufficient besides the relatively high radius of
curvature, as is provided in accordance with the invention, which for example may corre-
spond at least to three times the radius of curvature of the meander bend. The optimal
shape for nestling the connection branch between the meander bends arranged adjacently
thereto is thus found. The bend angle of the deflection bends of the end and/or central
branch is preferably between 4° and 30°. Here, the bend angle of the deflection bends of
the end branch and of the central branch within the specified range may advantageously

have a difference of up to 20°, preferably up to 15°, particularly preferably up to 10°.

For the formation of the cylindrical circumferential wall, three helix webs are preferably
provided, running around helically about the longitudinal axis of the stent in the manner of
a thread having three turns. Due to this basic construction in the primary form of the sup-
porting structure, a very homogeneous distribution of stiffness of the supporting structure
is obtained in the longitudinal direction of the stent. In order to form the pitch of the helix
webs, an asymmetrical meander structure can be provided here, in which each second sub-
web of a helix web following successively in the circumferential direction has a greater
length than the sub-webs arranged therebetween. The pitch of the helix webs can prefera-
bly be set by means of this difference in length. Further parameters for the pitch also in-
clude however the angle between the webs and the general angular alignment thereof rela-
tive to the longitudinal axis of the stent. With a formation of the helix structure with more
than three turns, the difference in length is likewise greater than with an embodiment hav-

ing three or two turns.

To further optimize the effect of the reciprocal nestling of the different webs of the sup-
porting structure, the longer sub-webs of the helix webs can be curved in a flat S-shaped

manncr.

In accordance with a preferred development of the invention, the connection webs of two
helix webs following successively in pairs are arranged offset in relation to the connection
webs of the adjacent pairs of helix webs, in such a way that one connection web at most

leads into a sub-web of the helix webs. Due to this design, no two connectors meet at a
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sub-web, and the mechanical load of the supporting structure during expansion is therefore

distributed more uniformly.

Further preferred embodiments concern the termination of the supporting structure at the
longitudinal ends of the cylindrical circumferential wall, where there is the problem that
the helix webs of the primary form running in diagonally to the end of the stent have to be
terminated in an “orderly” manner. On the one hand, this is optimized by arranging a pe-
ripheral edge segment with symmetrical meander structure at the two longitudinal ends of
the circumferential wall. The transition of the helix webs can then be implemented with
increasing reduction of the length of their sub-webs in this edge segment. Alternatively, in
accordance with a preferred embodiment, a transition segment with adapted radii of the
meander bends and suitably dimensioned lengths of the sub-webs is to be formed between
the edge segment and the helix webs, wherein the helix webs are then discontinued in this

transition segment without reduction of the length of their sub-webs.

In accordance with a further preferred formation of the micro structuring of the helix webs,
a widening of the sub-webs is provided between the meander bends and is caused by flat,
outwardly protruding ramps at the transition region between meander bend and sub-web.
The expansion behavior and the flexibility of the supporting structure are thus improved,

and the stress-strain state of said supporting structure is optimized.

To summarize, a large number of advantages are provided by the embodiment of the stent

according to the invention:

- Due to the specific design of the connection webs and variable web dimensioning, the

stent itself has high flexibility.

- Due to the at least triple helix, suitably shortened segments and therefore more mean-
der bends over the circumference of the stent supporting structure provide an im-

proved adaptability of the stent to the different purposes.
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- Due to the design according to the invention, in particular if the meander bends form a

triple helix structure, the stent can nestle particularly well against the vessel wall of the

surrounding bodily vessel. This is advantageous in particular if the stent according to

the invention is coated with a therapeutic active ingredient, since the active ingredient

can thus enter the bodily vessel effectively.

- The stent achieves a high radial force and a low opening pressure.

- On the whole, the stent design ensures an optimized stress-strain state and considera-

ble resistance to signs of fatigue caused by permanent dynamic load in clinical use.

Further features, details and advantages of the invention will emerge from the following

description of exemplary embodiments on the basis of the accompanying drawings, in

which;

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

shows a detail of a development of a lattice-like supporting structure of a

stent in the state before crimping onto a catheter,

shows the detail II according to figure 1 in the state before crimping onto a

catheter,

shows a detail similar to figure 2 in the contracted state of the supporting

structure,

shows a plan view, again enlarged, of a detail of a helix web in the state

before crimping onto a catheter,

shows a view similarly to figure 1 of a supporting structure in an alternative
embodiment of one of its longitudinal ends in the state before crimping onto

a catheter,
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Figure 6 shows a connection web of an alternative embodiment of the invention in

the state before crimping onto a catheter, and

Figure 7 shows a connection web of a further alternative embodiment of the inven-

tion in the state before crimping onto a catheter.

In figure 1, a detail of the cylindrical circumferential wall 1 of a stent designed as an open,
lattice-like, expandable supporting structure is illustrated in the region of a longitudinal
end of the stent extending in the plane of the drawing. The primary form of this supporting
structure generally produced in one piece by laser cutting from a tubular basic part is
formed by three parallel helix webs 2.1, 2.2, 2.3 running helically in windings W about the
longitudinal axis L of the cylindrical stent. Each of these helix webs 2.1, 2.2, 2.3 has a sec-
ondary form, which comprises meander bends 3.1, 3.2 with a direction of curvature alter-
nating in the circumferential direction U, and also sub-webs 4.1, 4.2 connecting said me-
ander bends 3.1, 3.2. The meander bends 3.1, 3.2 and sub-webs 4.1, 4.2 of this secondary
form are produced here in an asymmetrical meander structure, in which each second sub-
web 4.1 has a greater length than the sub-webs 4.2 arranged therebetween, as viewed in the
circumferential direction U. The helix webs 2.1, 2.2, 2.3 therefore run in the manner of a
thread having three turns with a pitch set by the difference in length between the sub-webs

4.1, 4.2 so as to form the circumferential wall 1 helically about the longitudinal axis L.

As can be seen from figure 4, the longer sub-webs 4.1 are curved inherently in a very flat
S-shaped manner, which is indicated in this drawing by the line 5. The shorter sub-webs
4.2 are widened compared to the meander bends 3.1, 3.2 since outwardly protruding, flat

ramps 6 are provided at the transition to these meander bends 3.1, 3.2.

Whereas the sub-webs 4.1, 4.2 are oriented at an angle to the direction of the longitudinal
axis L, for example at an angle from 5 to 40°, the three helix webs 2.1, 2.2, 2.3 are bridged
in the region of two adjacent windings by connection webs 7, which run with their primary
direction of extension H parallel to the longitudinal axis L of the stent structure. These
connection webs 7 are each attached at their web-side ends 8 to the adjacent longer sub-

webs 4.1 of the adjacent helix webs 2.1, 2.2 and 2.2, 2.3 and 2.3, 2.1 and have a flat, zig-
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zag-like shape with two end branches 9.1, 9.2 and an intermediate central branch 10. As
can be seen from figures 2 and 3, the two end branches 9.1, 9.2 have inherently a progres-
sion with a flat deflection bend 11 and, adjoining the sub-web 4.1, a termination bend 12,
which has a direction of curvature opposite that of the respective deflection bend 11. Here,
the radius R2 of the deflection bend 11 corresponds to approximately two to four times (in
the drawing according to figure 3 specifically approximately three times) the radius R1 of
the adjacent meander bend 3.1, 3.2. Both radii have a more or less common central point Z.
The bend angle W11 of the deflection bend 11 is roughly approximately 30° in the shown

exemplary embodiment. It is at most approximately 45°.

The central branch 10 has an undulating deflection bend 13, that is to say is inherently
curved in a slightly S-shaped manner. The undulation here is so flat that the lateral spread
of the two bends relative to one another does not go beyond the width b of the central
branch 10. Due to the associated large radius of the deflection bends 13, the bend angle

W13 thereof 1s likewise low and does not exceed 45°.

Lastly, the inner corners in the mouth region M between the termination bends 12 of the
end branches 9.1, 9.2 and the respective sub-web 4.1 are provided with a recess 14. This
leads to a reduction of the width B of the sub-webs 4.1 in the mouth region M by approxi-
mately 30 %. The dimensioning of the recess 14 can be selected on the whole such that

width reductions in the range from 5 % to 50 %, preferably 20 % to 30 %, are produced.

As can be seen from figure 1, the connection webs 7 of two helix webs 2.1, 2.2 and 2.2, 2.3
and 2.3, 2.1 following successively in pairs are offset from one another in the circumferen-
tial direction such that, in each case, only one connection web 7 at most leads into a re-

spective sub-web 4.1 of the helix webs 2.1, 2.2, 2.3.

The detailed view according to figure 2 shows the arrangement of the helix webs 2.1, 2.2
and of a connection web 7 of the stent in the state before crimping onto a catheter. The
primary direction of extension H of the connection web 7 is therefore parallel to the longi-

tudinal axis L of the stent.
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The state of the stent before crimping onto a catheter is the state in which the production of
the stent is concluded. In this state, it is applied (“crimped”) onto the respective catheter in
order to be introduced into the bodily vessel. There, it is then expanded to the respective
diameter of the bodily vessel. The form in the expanded state, in particular the alignment
of the individual webs and bends, then corresponds substantially to the state before crimp-
ing, wherein modifications due to the expansion and the adaptation to the bodily vessel are

possible however.

In contrast to the arrangement and reciprocal position of the helix webs 2.1, 2.2 and of the
connection web 7 relative to one another, the significance of the deflection bends 11 or
double deflection bends 13 is in particular clear from figure 3. From this illustration, it is
thus clear for example that the deflection bend 11 at the end branch 9.1 nestles around the
meander bend 3.2 of the helix web 2.1, said meander bend being illustrated in the bottom
left-hand corner in figure 3. The double deflection bend 13 of the central branch 10 is ar-
ranged with its sub-bend running in opposite directions in a nestling sweeping progression
around the meander bend 3.1 of the helix web 2.2 illustrated in the lower right-hand corner
and the meander bend 3.1 of the helix web 2.1 illustrated in the top, center region. The
deflection bend 11 of the end branch 9.2 again nestles around the meander bend 3.1 of the
helix web 2.2 illustrated in the upper right-hand corner. On the whole, the progression of
the connection webs 7 between the helix webs 2.1, 2.2, 2.3 in the contracted state of the
stent is thus optimized to such an extent that, due to the explained bend configurations, the
space available between the webs in the contracted state is utilized optimally whilst meet-
ing all demands that are placed on the behavior of the stent during crimping in the con-

tracted state and during expansion.

Lastly, a first embodiment of the termination of the cylindrical circumferential wall at the
longitudinal ends 15 thereof is to be explained with reference to figure 1. At both longitu-
dinal ends 15, an edge segment 16 running around in the circumferential direction U of the
circumferential wall 1 is thus provided and has a symmetrical meander structure with uni-
form end bends 17 and sub-webs 18 of equal length. In order to connect to the edge seg-
ment 16 the three helix webs 2.1, 2.2, 2.3 running diagonally into said edge segment 16 in

the manner of a thread having three turns in order to form the circumferential wall 1, the
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circumferential helix webs 2.1, 2.2, 2.3 are to be attached in the embodiment shown in fig-
ure 1 to the respective inner end bend 17 of the edge segment 16 with increasing reduction

of the length of their sub-webs 4.1, 4.2 as far as a coupling web 22.

In the embodiment shown in figure 5, a transition segment 19 is provided between the dis-
continuing helix webs 2.1, 2.2, 2.3 and the edge segment 16, said transition segment being
configured with matched radii of the meander bends 20 and suitably dimensioned length of
the sub-webs 21. The helix webs 2.1, 2.2, 2.3 run in their pitch into the transition segment
19, without modification of their meander bends 3.1, 3.2 and sub-webs 4.1, 4.2, wherein, at
a far projecting meander bend 20, the penultimate meander bend 3.1 pointing towards the
longitudinal end 15 is attached to the suitably far projecting meander bend 20 of the transi-
tion segment 19 via a coupling web 23. At the end of each helix web 2.1, 2.2, 2.3, said he-
lix web discontinues via a further short coupling web 24, running into a suitable adjacent

meander bend 20, protruding less far inwardly, of the transition segment 19.

Figure 6 shows an embodiment of a stent according to the invention in the state before
crimping, this embodiment being suitable in particular for use in very small bodily vessels.
In this embodiment of the invention, the end branches 9.1, 9.2 and the central branch 10
are oriented at a much larger angle to one another than in the previous embodiments. The
radius R2 of the deflection bends 11 to the radius R1 of the adjacent meander bend (not
illustrated) forms a ratio of 11. The deflection bend 11 of the end branch 9.1, 9.2 spans a
bend angle of approximately 9°, the deflection bend 13 of the central branch 10 spans a
bend angle of approximately 23°. The radius R3 of the deflection bend 13 of the central
branch to the radius R1 of the adjacent meander bend (not illustrated) forms a ratio of 2.3.
Due to the recess 14 between the termination bend 12 and the meander part 4.1, the width

of the part 4.1 is reduced by approximately 27 %.

Figure 7 shows another alternative embodiment of the stent according to the invention in
the state before crimping. In this embodiment, the end branches 9.1 and 9.2 have a much
smaller angle to the central branch 10. The central branch 10 in this embodiment has an
extremely flat undulating compensation bend 13, which is designed as a single deflection

bend 13 and not as a double deflection bend 13. The radius R2 of the deflection bend 11 of
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the end branches 9.1 and 9.2 is 5 times the radius R1 of the adjacent meander bend (not
illustrated). The radius R3 of the deflection bend 13 of the central branch to the radius R1
of the adjacent meander bend (not illustrated) forms a ratio of 11. Due to the recesses 14,
the width B of the sub-webs 4.1 reduces by 27 %. A stent according to this embodiment of
the invention has a greater rigidity in the axial direction than the embodiment illustrated in

figure 6.
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Patent claims

A stent with a preferably cylindrical circumferential wall (1) designed as an open,

lattice-like, expandable supporting structure with a longitudinal axis (L), said stent

comprising

- helix webs (2.1, 2.2, 2.3) running around helically in windings (W) about the
longitudinal axis (L) with a helical primary form and a meandering secondary
form, which forms meander bends (3.1, 3.2) with a direction of curvature alter-
nating in the circumferential direction (U) and also forms sub-webs (4.1, 4.2)
connecting the meander bends (3.1, 3.2), and

- connection webs (7) bridging the helix webs (2.1, 2.2, 2.3) of two adjacent
windings (W) with a primary direction of extension (H) parallel to the longitu-
dinal axis (L), said connection webs being joined at their sub-web-side ends (8)
to adjacent sub-webs (4.1) of the respective helix web (2.1, 2.2, 2.3) and hav-
ing a flat, zigzag-like shape with two end branches (9.1, 9.2) and an intermedi-
ate central branch (10),
characterized in that
the end branches (9.1, 9.2) each lead via a termination bend (12) at least ap-
proximately at right angles into the respective sub-web (4.1) and
the corners in the mouth region (M) between the termination bends (12) and

the sub-webs (4.1) are provided with a recess (14).

The stent as claimed in claim 1, characterized in that, due to the recess (14), the
width (B) of the sub-webs (4.1) is reduced in the region of the recess (14) by 5 % to
50 %, preferably by 20 % to 30 %, particularly preferably by 24 % to 28 %.

The stent as claimed in claim 1 or 2, characterized in that the termination bend (12)
and the deflection bend (11) arranged therebefore of each connection branch (7) are

curved in opposite directions.

The stent as claimed in any of the preceding claims, characterized in that the end
branches (9.1, 9.2) inherently have a progression with at least one deflection bend

(11) formed flat in such a way that the radius (R2) thereof corresponds to 1 to 15
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times the radius (R1) of an adjacent meander bend (3.1, 3.2) and the inner face of
said deflection bend in the unexpanded state of the stent is arranged adjacently to the
outer face of this meander bend (3.1, 3.2) of the secondary form of the helix webs

(2.1,2.2,2.3).

The stent as claimed in claim 4, characterized in that the radius (R2) of the flat de-
flection bend (11) corresponds to 1.3 to 12 times, preferably 4 to 11 times, particular-
ly preferably 6 to 8 times, the radius (R1) of an adjacent meander bend (3.1, 3.2).

The stent as claimed in in one of the preceding claims, characterized in that the

central branch (10) has an undulating deflection bend (13).

The stent as claimed in one of the preceding claims, characterized in that the de-
flection bends (11, 13) of the end branch and central branch (9.1, 9.2, 10) each span a
bend angle (W11, W13) that is 45° at most.

The stent as claimed in one of the preceding claims, characterized in that three he-
lix webs (2.1, 2.2, 2.3) run around helically about the longitudinal axis (L) in the

manner of a thread having three turns so as to form the circumferential wall (L).

The stent as claimed in one of the preceding claims, characterized in that, for di-
mensioning of the pitch of the helix webs (2.1, 2.2, 2.3), an asymmetrical meander
structure is provided, in which each second (4.1) of the sub-webs (4.1, 4.2) of a helix
web (2.1, 2.2, 2.3) following successively in the circumferential direction (U) has a

greater length than the sub-webs (4.2) arranged therebetween.

The stent as claimed in claim 9, characterized in that the longer sub-webs (4.1) are

cach curved inherently in a flat S-shaped manner.

The stent as claimed in one of the preceding claims, characterized in that the con-

nection webs (7) of two helix webs (2.1, 2.2, 2.3) following successively in pairs are
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offset from the connection webs (7) of the adjacent pairs of helix webs (2.1, 2.2, 2.3)

in such a way that one connection web (7) at most leads into a sub-web (4.1).

The stent as claimed in one of the preceding claims, characterized in that a periph-
eral edge segment (16) with a meander structure designed in such a way that the sup-
porting structure of the stent has a straight termination at right angles to its longitudi-

nal axis (L) is arranged at the two longitudinal ends (15) of the circumferential wall

(1),

The stent as claimed in claim 12, characterized in that the peripheral helix webs
(2.1,2.2,2.3) run in a discontinuing manner into the edge segment (16) with increas-

ing reduction of the length of their sub-webs (4.1, 4.2).

The stent as claimed in claim 13, characterized in that a transition segment (19)
with matched radii of its meander bends (20) and lengths of its sub-webs (21) is
formed between the edge segment (16) and the helix webs (2.1, 2.2, 2.3) of the cir-
cumferential wall (1), the helix webs (2.1, 2.2, 2.3) running in a discontinuing man-
ner into said transition segment, without reduction of the length of their sub-webs

(4.1,42).
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