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Description

TECHNICAL FIELD

[0001] The present invention relates generally to ap-
paratus for treating medical conditions, and more specif-
ically, to stent-grafts for use in body vessels to treat those
medical conditions. Particularly, the present invention re-
lates to stent-grafts as defined in claims 1 and 11.

BACKGROUND

[0002] Stents may be inserted into an anatomical ves-
sel or duct for various purposes. Stents may maintain or
restore patency in a formerly blocked or constricted pas-
sageway, for example, following a balloon angioplasty
procedure. Other stents may be used for different proce-
dures, for example, stents placed in or about a graft have
been used to hold the graft in an open configuration to
treat an aneurysm. Additionally, stents coupled to one or
both ends of a graft may extend proximally or distally
away from the graft to engage a healthy portion of a ves-
sel wall away from a diseased portion of an aneurysm to
provide endovascular graft fixation.
[0003] Stents may be either self-expanding or balloon-
expandable, or they can have characteristics of both
types of stents. Self-expanding stents may be delivered
to a target site in a compressed configuration and sub-
sequently expanded by removing a delivery sheath, re-
moving trigger wires and/or releasing diameter reducing
ties. With self-expanding stents, the stents expand pri-
marily based on their own expansive force without the
need for further mechanical expansion. In a stent made
of a shape-memory alloy such as nitinol, the shape-mem-
ory alloy may be employed to cause the stent to return
to a predetermined configuration upon removal of the
sheath or other device maintaining the stent in its prede-
ployment configuration.
[0004] When trigger wires are used as a deployment
control mechanism, the trigger wires may releasably cou-
ple the proximal and/or distal ends of a stent or stent-
graft to a delivery catheter. Typically, one or more trigger
wires are looped through a portion of the stent near a
vertex of the stent. For example, trigger wires may be
used to restrain a "Z-stent" or Gianturco stent comprising
a series of substantially straight segments interconnect-
ed by a series of bent segments. The trigger wires may
be disposed through, and pull upon, the bent segments
to pull the stent closely against the delivery catheter.
[0005] Trigger wires also may be used in conjunction
with different stent designs, such as cannula-cut stents
having relatively acute or pointed bends. The designs of
cannula-cut stents may facilitate compression of the stent
to a relatively small delivery profile due to the tight bends
of the apices. With such stents, the trigger wires may be
looped around one or more vertices formed beneath the
proximal and/or distal apices, e.g., a location where an
individual apex splits into two separate strut segments.

[0006] If trigger wires are threaded through the vertices
of such cannula-cut stents, the trigger wires may become
crimped at the vertices during compression of the stent
to a reduced diameter delivery profile. If the trigger wires
are crimped between the strut segments, the trigger wires
and/or stent segments may become damaged during de-
livery, particularly for nickel-titanium stents that may be
sensitive to surface imperfections. Furthermore, when
compressing a cannula-cut stent having relatively acute
bends to a significantly reduced radial profile, barbs dis-
posed near the apices of the stent may become entan-
gled with the stent struts and/or the trigger wires.
[0007] US-2009/204202 discloses a stent for use in a
medical procedure that comprises a series of proximal
apices disposed at a proximal end of the stent and a
series of distal apices disposed at a distal end of the
stent. A trigger wire is adapted to be coupled to at least
one of the proximal apices to restrain a proximal end of
the stent during delivery. In a first embodiment, a first
proximal apex comprises a bore for receiving the trigger
wire, and a second proximal apex, disposed adjacent to
the first proximal apex, comprises at least one barb. The
trigger wire therefore is only coupled to selected ones of
the proximal apices. In an alternative embodiment, a first
proximal apex comprises a first bore and a second, ad-
jacent proximal apex comprises a second bore, such that
a single trigger wire may be disposed through the first
and second bores to restrain the first and second proxi-
mal apices during delivery.
[0008] FR-2,747,912 discloses an endoprosthesis
made from at least one wire or strip of an alloy with a
shape memory effect, formed into a series of loops with
parallel sides and rounded ends. The loops are joined to
form cylindrical sleeves, of which the end ones are more
rigid than the others. The alloy wire used to make the
endoprosthesis is rectangular or triangular in cross sec-
tion. The sleeves can be made from segments of different
lengths. A large-diameter sleeve can be connected to
small-diameter sleeves at the confluence of body canals.
The endoprosthesis also incorporates a marker for en-
hanced radio-opacity.

SUMMARY OF THE INVENTION

[0009] The present seeks to provide improved stents
and stent-grafts for use in medical procedures.
[0010] According to an aspect of the present invention,
there is provided a stent-graft for use in a medical pro-
cedure as specified in claim 1.
[0011] According to an aspect of the present invention,
there is provided a stent graft for use in a medical pro-
cedure as specified in claim 11.
[0012] In one example, a stent for use in a medical
procedure comprises a series of proximal apices dis-
posed at a proximal end of the stent and a series of distal
apices disposed at a distal end of the stent. A plurality of
strut segments are disposed between the series of prox-
imal apices and the series of distal apices, where the
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strut segments enable expansion of the stent from a com-
pressed state to a deployed state. At least one barb is
disposed at a location between the series of proximal
apices and the series of distal apices. Further, an imaging
element is disposed at a location distal to the at least one
barb, and a first suture bore is disposed in a surface of
the stent at a location distal to the imaging bore. A distal
region of the stent, including the series of distal apices
and the first suture bore, overlaps with a graft material,
while a proximal region of the stent, including the series
of proximal apices and the at least one barb, is disposed
proximally beyond the graft material.
[0013] In one example, the distal region of the stent
that overlaps with the graft material accounts for between
about 20 to about 45 percent of the longitudinal length
of the stent, while the proximal region that is disposed
distally beyond the graft material accounts for between
about 55 to about 80 percent of the longitudinal length
of the stent. Further, the imaging bore may be disposed
at the location corresponding to an endpoint of a proximal
edge of the graft material.
[0014] In various examples, the stents described here-
in advantageously may reduce the number of trigger
wires required during delivery, as a single trigger wire is
not needed to restrain each individual apex. In one ex-
ample, the series of proximal apices comprise alternating
first and second proximal apices, where each of the first
proximal apices comprises an end region having a first
bore, and where each of the second proximal apices com-
prises a second bore, where at least one of the first prox-
imal apices is simultaneously restrained with an adjacent,
second proximal apex by a single trigger wire during de-
livery of the stent. The first bore formed in the first prox-
imal apex may directly overlap with the second bore in
the second proximal apex in a delivery state, where a
single trigger wire is configured to be simultaneously dis-
posed through the first and second bores.
[0015] In another embodiment, a stent-graft for use in
a medical procedure comprises a graft, a first stent and
a second stent. The first stent has a plurality of strut seg-
ments disposed between a series of proximal and distal
apices, and overlaps with the graft such that the series
of proximal apices are each disposed distal to a proximal
end of the graft. The second stent has a plurality of strut
segments disposed between a series of proximal apices
and a series of distal apices, where the series of distal
apices of the second stent are each disposed distal to
the proximal end of the graft, and the series of proximal
apices of the second stent are each disposed proximally
beyond the proximal end of the graft.
[0016] In various embodiments, at least one of the
proximal apices of the first stent may be circumferentially
aligned with a corresponding distal apex of the second
stent. At least one of the proximal apices of the first stent
may be sutured to one of the distal apices of the second
stent. The first stent and the second stent may comprise
different geometries.
[0017] Other systems, methods, features and advan-

tages of the teachings herein will be, or will become, ap-
parent to one with skill in the art upon examination of the
following figures and detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Embodiments of the present invention are de-
scribed below, by way of example only, with reference
to the accompanying drawings, in which:

FIG. 1 is a lower perspective view of an exemplary
cannula-cut stent;

FIG. 2 is a perspective view illustrating the attach-
ment of the stent of FIG. 1 to a delivery system;

FIG. 3 is an upper perspective view of another ex-
emplary stent;

FIG. 4 is a perspective view illustrating features of a
proximal apex of the stent of FIG. 3;

FIG. 5 is a perspective view showing a trigger wire
coupled to adjacent proximal apices of the stent of
FIGS. 3-4;

FIG. 6 is a perspective view showing the trigger wire
of FIG. 5 holding the stent in a delivery configuration;

FIG. 7 is a perspective view showing a distal apex
having a bore for receiving a radiopaque marker;

FIG. 8 is a lower perspective view of a cannula-cut
stent for a stent-graft in accordance with a first em-
bodiment of the present invention;

FIG. 9 is a side view of the stent of FIG. 8 coupled
to a graft material to constitute a stent-graft in ac-
cordance with a first embodiment of the present in-
vention;

FIG. 10 is a side view of an example of stent in a
flattened configuration;

FIG. 11 is a side view of a transition region of another
example of stent;

FIG. 12 is a side view illustrating features of proximal
apices of another example of stent;

FIG. 13 is a side view illustrating features of proximal
apices of a further example of stent;

FIG. 14 is of an embodiment of a stent-graft including
first and second stents and in accordance with a sec-
ond embodiment of the present invention; and

FIG. 15 is a modification of the stent-graft of FIG. 14;
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DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0019] The components in the drawings are not nec-
essarily to scale, emphasis instead being placed upon
illustrating the principles taught herein.
[0020] In the present application, the term "proximal"
refers to a direction that is generally closest to the heart
during a medical procedure, while the term "distal" refers
to a direction that is furthest from the heart during a med-
ical procedure.
[0021] The term "comprising" as used herein is intend-
ed to mean including.
[0022] Referring to FIG. 1, a stent 20 may be manu-
factured from a continuous cylinder into which a pattern
may be cut by a laser or by chemical etching to produce
slits in the wall of the cylinder. The resulting structure
may then be heat set to give it a desired final configura-
tion. The preferred final configuration includes a shape
having a series of proximal apices and a series of distal
apices, as generally shown in FIG. 1. Therefore, the prox-
imal end 22 of the stent 20 may comprise multiple adja-
cent proximal apices 22a and 22b, while the distal end
24 of the stent 20 may comprise multiple adjacent distal
apices 62a and 62b, as shown in FIG. 1.
[0023] In previously-known stents, one or more trigger
wires may have been disposed through a vertex 39 at
the proximal end 22 and/or through a vertex 69 at the
distal end 24 of the stent. When the stent is compressed
for delivery, if a trigger wire was disposed through the
vertices 39 and 69, the trigger wire may become pinched
against the struts of the stent, which may damage the
stent struts and/or the trigger wire itself. As explained
below, the present examples utilize a different approach
to coupling one or more trigger wires to the stent 20.
[0024] Referring still to FIGS. 1-2, at least one pair of
adjacent, proximal apices 22a and 22b comprises differ-
ent features. For example, as shown in FIG. 2, a first
proximal apex 22a may comprise an end region 30 having
a bore 31 formed therein, wherein the bore 31 is config-
ured to receive a trigger wire 84. A second, adjacent prox-
imal apex 22b comprises an end region 40 having an
integral barb 42 formed therein, as shown in FIGS. 1-2.
However, the second proximal apex 22b is not configured
to be restrained using a trigger wire, as explained and
shown in FIG. 2 below. By using adjacent proximal apices
22a and 22b having the different features shown herein,
an improved trigger wire attachment may be achieved
and barb entanglement may be reduced, as explained
further below.
[0025] As noted above, the stent 20 may comprise one
or more barbs 42 disposed in at least one of the end
regions 40 of the second proximal apices 22b. The barbs
42 may be formed by laser cutting a desired barb shape
into the end regions 40. A slit 41 therefore is formed into
each end region 40 after the desired barb shape is
formed, as shown in FIGS. 1-2. Once the desired barb
shape is cut, a main body of the barb 42 may be bent in

a radially outward direction with respect to the end region
40. The angle may comprise any acute angle, or may be
substantially orthogonal or obtuse. If desired, the barbs
42 may be sharpened, for example, by grinding the tip
of the barb, to facilitate engagement at a target tissue site.
[0026] Referring still to FIG. 1, the stent 20 may com-
prise at least one strut segment disposed between the
proximal and distal apices. For example, multiple angled
strut segments may be disposed between a first proximal
apex 22a and a corresponding distal apex 62a, and an
identical set of angled strut segments may be disposed
between an adjacent, second proximal apex 22b and a
corresponding distal apex 62b. By way of example, the
first proximal apex 22a extends distally and splits into
first and second angled strut segments 57 and 58, re-
spectively, thereby forming a proximal vertex 39, as
shown in FIG. 1. In a compressed state, the first and
second angled strut segments 57 and 58 may be com-
pressed such that they are substantially parallel to one
another. In the expanded state shown in FIG. 1, the first
and second angled strut segments 57 and 58 are dis-
posed an angle relative to a longitudinal axis L of the
stent 20. In the expanded state, the first and second an-
gled strut segments 57 and 58 may be disposed at an
angle of about 20-60 degrees relative to the longitudinal
axis L of the stent 20, as depicted in FIG. 1.
[0027] Similarly, each distal apex 62a may extend in a
proximal direction and splits into first and second angled
strut segments 67 and 68, respectively, thereby forming
a distal vertex 69. The first angled strut segments 57 and
67 of the proximal and distal apices 22a and 62a, respec-
tively, may meet with the second angled strut segments
58 and 68 of the adjacent proximal and distal apices 22b
and 62b, respectively, thereby forming a transition region
50. In this manner, the stent 20 may be formed into a
continuous, generally cylindrical shape, as shown in FIG.
1.
[0028] Expansion of the stent 20 is at least partly pro-
vided by the angled strut segments 57, 58, 67 and 68,
which may be substantially parallel to one another in a
compressed state, but may tend to bow outward away
from one another in the expanded state shown in FIG.
1. As explained further below, the stent 20 may be formed
from any suitable material, and preferably a laser-cut Niti-
nol cannula. If manufactured from Nitinol, the stent 20
may assume the expanded state shown in FIG. 1 upon
removal of a delivery sheath.
[0029] Each transition region 50 may be oriented in a
direction that is substantially parallel to the longitudinal
axis L of the stent 20, as shown in FIG. 1. Further, each
transition region 50 may comprise a larger surface area
relative to the angled segments, since the transition re-
gions may be composed substantially of multiple different
angled segments 57, 58, 67 and 68 meeting at a central
location.
[0030] Referring still to FIG. 1, the stent 20 may com-
prise at least one barb 52 disposed in at least one of the
transition regions 50. The barb 52 may be formed inte-
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grally, as part of the strut, or may comprise an external
barb that is adhered to a surface of the transition regions
50. Preferably, as shown in FIG. 1, multiple integral barbs
52 are provided. The barbs 52 may be formed by laser
cutting a desired barb shape into the transition regions
50. In this manner, the barbs are monolithic with the tran-
sition region 50. A slit 51 therefore is formed into the
transition region 50 after the desired barb shape is
formed, as shown in FIG. 1. Since the transition regions
50 may comprise an increased surface area relative to
other regions of the stent 20, it may be easier to perforate
portions of the transition regions 50 without adversely
affecting the structural integrity of the stent. Once the
desired barb shape is cut, a main body of the barb 52
may be bent in an outward direction at any angle with
respect to the transition region 50 and optionally may be
sharpened to facilitate engagement at a target tissue site.
[0031] Each of distal apices 62a and 62b may comprise
an end region 60 having a bore 61 formed therein, as
shown in FIG. 1. The distal end 24 of the stent 20 may
be coupled to a proximal end of graft material, such as
the graft material 300 of FIG. 9 below. The distal apices
62a and 62b may be coupled to the graft material, for
example, using one or more sutures that are looped
through the graft material and the bores 61 of the stent
20. In this manner, the stent 20 may be used as an at-
tachment stent for endovascular graft fixation. For exam-
ple, the graft material may overlap with an aneurysm to
seal off fluid flow into the aneurysm, while the proximal
end 22 of the stent 20 may extend in a proximal direction
away from the graft material, e.g., to engage a healthy
portion of a vessel wall away from a diseased portion of
the aneurysm.
[0032] The stent 20 has a reduced diameter delivery
state so that it may be advanced to a target location within
a vessel or duct. The stent 20 also has an expanded
deployed state to apply a radially outward force upon at
least a portion of a vessel or duct, e.g., to maintain pat-
ency within a passageway, or to hold open the lumen of
a graft. In the expanded state, fluid flow is allowed through
a central lumen of the stent 20. Further, the struts of the
stent 20 may comprise a substantially flat wire profile or
may comprise a rounded profile. As best seen in FIG. 2,
the struts of the stent 20 generally comprise a flat wire
profile.
[0033] The stent 20 may be manufactured from a su-
per-elastic material. Solely by way of example, the super-
elastic material may comprise a shape-memory alloy,
such as a nickel titanium alloy (Nitinol). If the stent 20
comprises a self-expanding material such as Nitinol, the
stent may be heat-set into the desired expanded state,
whereby the stent 20 can assume a relaxed configuration
in which it assumes the preconfigured first expanded in-
ner diameter upon application of a certain cold or hot
medium. The stent 20 may be made from other metals
and alloys that allow the stent 20 to return to its original,
expanded configuration upon deployment, without induc-
ing a permanent strain on the material due to compres-

sion. Solely by way of example, the stent 20 may com-
prise other materials such as stainless steel, cobalt-
chrome alloys, amorphous metals, tantalum, platinum,
gold and titanium. The stent 20 also may be made from
non-metallic materials, such as thermoplastics and other
polymers.
[0034] Referring now to FIG. 2, the stent 20 may be
delivered to a target site in a compressed configuration
using a pushing member 80 and a plurality of trigger wires
84. In FIG. 2, the exemplary pushing member 80 com-
prises a main body 81 and a tapered region 82, which is
disposed proximal to the main body 81. The tapered re-
gion 82 may subsequently transition into a smaller diam-
eter at a proximal location, such that the relatively small
diameter proximal region allows for atraumatic access
and delivery. The plurality of trigger wires 84 may be dis-
posed within the confines of the main body 81, and may
span the length of the pushing member 80. The triggers
wires 84 also may be activated by manipulating one or
more handles, with optional locking features, to control
deployment of the proximal end 22 of the stent 20.
[0035] A single trigger wire 84 may be looped through
the bore 31 of selected ones of the first proximal apices
22a to restrain the stent 20 during delivery. Trigger wires
are not coupled to the second proximal apices 22b, which
comprise the barbs 42. In the embodiment shown, the
trigger wires 84 are only disposed through alternating
proximal apices, as seen in FIG. 2. By restraining select-
ed ones of the first proximal apices, such as each first
proximal apex 22a, the adjacent second proximal apices
22b also may be indirectly pulled in a radially inward di-
rection during delivery. The configuration of the stent 20,
and in particular the angled segments 57, 58, 67 and 68
that meet up at transition regions 50, facilitates the indi-
rect compression of the adjacent second proximal apices
22b. Advantageously, since only selected ones of the
proximal apices are restrained during delivery, the
number of trigger wires may be reduced. Moreover, since
the barbs 42 are only disposed on every other apex, barb
entanglement may be reduced or eliminated, as depicted
in FIG. 2.
[0036] Another advantage associated with the design
of the stent 20 is that the trigger wires 84 are only dis-
posed through the bores 31 of the first proximal apices
22a, as opposed to being disposed through the vertices
39. Therefore, the trigger wires 84 may be less likely to
become damaged during compression of the stent 20.
Further, the stent struts themselves are less likely to be-
come damaged since the trigger wires 84 are isolated
within the bores 31 of the first proximal apices 22a.
[0037] Referring now to FIGS. 3-6, a stent design is
described. In FIG. 3, stent 120 also may be manufactured
from a continuous cylinder into which a pattern may be
cut by a laser or by chemical etching to produce slits in
the wall of the cylinder. The resulting structure may there-
after be heat set to give it a desired final configuration.
The preferred final configuration includes a shape having
a series of proximal apices and a series of distal apices,
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as generally shown in FIG. 3. Therefore, the proximal
end 122 of the stent 120 may comprise multiple adjacent
proximal apices 122a and 122b, while the distal end 124
of the stent 20 may comprise multiple adjacent distal ap-
ices 162a and 162b, as shown in FIG. 3.
[0038] One or more pairs of adjacent, proximal apices
122a and 122b may comprise different features. For ex-
ample, a first proximal apex 122a may comprise an end
region 130 having a first bore 131 formed therein, wherein
the first bore 131 is configured to receive a trigger wire
184, as shown in FIGS. 5-6 below. A second, adjacent
proximal apex 122b comprises an end region 140 having
an integral barb 142 formed therein, as shown in FIGS.
3-6. The second proximal apex 122b further comprises
a second bore 145 formed therein, as best seen in FIG.
4, which is configured to receive the same trigger wire
184 as the adjacent first proximal apex 122a, as ex-
plained and shown with respect to FIGS. 5-6 below. By
using adjacent proximal apices 122a and 122b having
the different features shown herein, an improved trigger
wire attachment may be achieved and barb entangle-
ment may be reduced, as explained further below.
[0039] Each of the second proximal apices 122b may
comprise first and second regions 147 and 148, as shown
in FIG. 4. A single barb 142 may be disposed in each of
the second proximal apices 122b generally in the first
region 147, while the second bore 145 may be disposed
generally in the second region 148, as shown in FIG. 4.
The barbs 142 may be formed by laser cutting a desired
barb shape into the end regions 140, thereby forming a
slit 141, as generally explained with respect to the stent
20 hereinabove. Once the desired barb shape is cut, a
main body of the barb 142 may be bent in a radially out-
ward direction and optionally may be sharpened, as gen-
erally set forth above.
[0040] The second proximal apices 122b further may
comprise a recessed portion 149 formed at a location
distal to the second bore 145, as best seen in FIG. 4. As
will be explained further below, during delivery of the stent
120, the first proximal apex 122a is configured to be
pulled towards the second proximal apex 122b and may
become nested within the recessed portion 149 of the
second proximal apex 122b when a trigger wire is dis-
posed through the first and second bores 131 and 145.
[0041] The first bores 131 of the first proximal apices
122a may be disposed slightly distal to the second bores
145 of an adjacent, second proximal apex 122b. Further,
a first longitudinal distance L1 between a distal edge h0
of the stent 120 and a proximal edge h1 of each proximal
apex 122a may be less than a second longitudinal dis-
tance L2 between the distal edge h0 of the stent and a
distal edge h2 of each recessed portion 149, as shown
in FIG. 3. This length differentiation may facilitate nesting
of the first proximal apices 122a within the recessed por-
tions 149 of the second proximal apices 122b during de-
livery of the stent, as explained further below with respect
to FIGS. 5-6.
[0042] Referring still to FIG. 3, the stent 120 may com-

prise at least one strut segment disposed between the
proximal and distal apices. In one configuration, the prox-
imal and distal apices are not directly aligned with one
another. For example, as shown in FIG. 3, a first angled
segment 157 may be disposed between a proximal apex
122a and a corresponding distal apex 162a, and a sec-
ond angled segment 158 may be disposed between the
same proximal apex 122a and an adjacent distal apex
162b. In effect, each proximal apex 122a and 122b ex-
tends distally and splits into the first and second angled
strut segments 157 and 158, respectively, thereby form-
ing a proximal vertex 139. Similarly, each distal apex
162a and 162b extends proximally and splits into the first
and second angled strut segments 157 and 158, respec-
tively, thereby forming a distal vertex 169. In this manner,
the stent 120 may be formed into a continuous, generally
cylindrical shape, as shown in FIG. 3.
[0043] In a compressed state, the first and second an-
gled strut segments 157 and 158 may be compressed
such that they are substantially parallel to one another.
In the expanded state shown in FIG. 3, the first and sec-
ond angled strut segments 157 and 158 may be disposed
at an angle relative to a longitudinal axis L of the stent
120, as shown in FIG. 3. In the expanded state, the first
and second angled strut segments 157 and 158 may be
disposed at an angle of about 20-60 degrees relative to
the longitudinal axis L of the stent 120. Expansion of the
stent 120 is at least partly provided by the angled strut
segments 157 and 158, which may be substantially par-
allel to one another in a compressed state, but may tend
to bow outward away from one another in the expanded
state shown in FIG. 3. Like the stent 20 noted above, the
stent 120 may be formed from any suitable material, and
preferably a nickel-titanium alloy, so that it may assume
the expanded state shown in FIG. 3 upon removal of a
delivery sheath.
[0044] The first and second angled strut segments 157
and 158 meet with one another distally to form a distal
transition region 150, which effectively is the same as
the distal end region 160 of the stent 120. Each end region
160 may be oriented in a direction that is substantially
parallel to the longitudinal axis L of the stent 120, as
shown in FIG. 3. Further, each end region 160 may com-
prise a larger surface area relative to the angled seg-
ments, since the end regions 160 are composed sub-
stantially of multiple different angled segments 157 and
158 meeting up together. At least one distal barb 152
may be formed integrally by laser cutting a desired barb
shape, thereby forming a slit 151 into the end region 160,
as shown in FIG. 3. Since the end regions 160 may com-
prise an increased surface area relative to other regions
of the stent 120, it may be easier to perforate portions of
the end regions 160 without adversely affecting the struc-
tural integrity of the stent. Further, a suture bore 161 may
be formed in the end regions 160 of each of the distal
apices 162a and 162b, as shown in FIG. 3. The distal
end 124 of the stent 120 may be coupled to a proximal
end of graft material, such as the graft material 300 of
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FIG. 9 below, by looping the suture through the bore 161
and the graft material, as generally explained above with
respect to the embodiment of FIGS. 1-2.
[0045] Referring now to FIGS. 5-6, the stent 120 may
be delivered to a target site in a compressed configuration
using a pushing member, such as pushing member 80
of FIG. 2, and a plurality of trigger wires. In accordance
with one aspect, a trigger wire 184 may be looped through
the first bore 131 of each first proximal apex 122a, and
further looped through the second bore of an adjacent,
second proximal apex 122b. Therefore, each individual
trigger wire may restrain two separate, adjacent proximal
apices during delivery. When the stent 120 is fully com-
pressed, as depicted in FIG. 6, the adjacent first and sec-
ond proximal apices 122a and 122b may be pulled closer
together in the circumferential direction. Due to the dif-
ference between lengths L1 and L2, each proximal apex
122a may become nested substantially within the re-
cessed portion 149 distal to the second region 148 of the
proximal apex 122b, as shown in FIG. 6. Further, the first
bore 131 may be positioned distal to the second bore
145, such that the first and second bores 131 and 145
are disposed substantially in longitudinal alignment with
one another when the single trigger wire 184 is disposed
through the first and second bores during delivery of the
stent.
[0046] Advantageously, one single trigger wire may be
used to restrain two separate, adjacent apices of the stent
120. Further, the trigger wires 184 are only disposed
through the bores 131 and 145, but not disposed around
the vertices 139, and therefore the trigger wires may be
less likely to become damaged during compression of
the stent 120. Further, the stent struts themselves are
less likely to become damaged since the trigger wires
184 are isolated within the bores 131 and 145.
[0047] Referring now to FIG. 7, one or more of the distal
apices 162a and 162b optionally may comprise an im-
aging bore 190, which may be disposed between the
suture bore 161 and the barb slit 151. The imaging bore
190 may receive any suitable radiopaque marker, such
as a gold marker. Preferably, the imaging bores 190 and
associated radiopaque markers are provided on alternat-
ing distal apices, e.g., only distal apices 162a. In some
embodiments the imaging bores 190 may be disposed
on each distal apex 162a and 162b, or disposed on every
third or fourth apex around the perimeter of the stent.
The imaging bores 190 may be bevelled, or may be sub-
stantially orthogonal to the strut of the end region 160.
[0048] In use, the imaging bores 190 may be aligned
with the distal edge of a graft material, for example, when
the stent 120 is used for endovascular graft fixation. More
specifically, the suture bore 161 overlaps with a proximal
region of the graft material, thereby allowing a suture to
couple the stent 120 to the graft material with some de-
sired degree of overlap. The proximal edge of the graft
material therefore may be aligned with the imaging bores
190. Advantageously, a physician may know exactly
where the proximal edge of the graft material is being

placed because he or she can view the position of the
radiopaque markers in the imaging bores 190. Therefore,
the chances of inadvertently overlapping the graft mate-
rial with a branch vessel, or another undesired location,
may be reduced.
[0049] Referring now to FIGS. 8-9, stent 220 for a stent-
graft in accordance with a first embodiment of the present
invention is shown and described . FIG. 9 shows a stent-
graft in accordance with a firstembodiment of the inven-
tion. The stent 220 is similar to the stent 20 of FIGS. 1-2,
with main exceptions noted below, and reference num-
bers of the stent 220 correspond to like reference num-
bers of the stent 20.
[0050] The stent 220 comprises a transition region 250,
where the first angled strut segments 57 and 67 of the
proximal and distal apices 22a and 62a, respectively,
may meet with the second angled strut segments 58 and
68 of the adjacent proximal and distal apices 22b and
62b. Like the stent 20 of FIGS. 1-2, the stent 220 com-
prises at least one barb 252 disposed in at least one of
the transition regions 250. As noted above with regard
to the transition regions 50, the barb 252 of the transition
regions 250 may be formed integrally, as part of the strut,
or may comprise an external barb that is adhered to a
surface of the transition regions 250. Preferably, as
shown in FIG. 1, multiple integral barbs 252 are provided,
e.g., by laser cutting a desired barb shape and forming
slits 251 into the transition regions 250.
[0051] Additionally, the transition regions 250 of FIGS.
8-9 comprise an imaging bore 290 and a first suture bore
292. The imaging bore 290 of the transition region 250
is disposed distal to the barb 252, and in turn, the first
suture bore 292 is disposed distal to the imaging bore
290, as shown in FIGS. 8-9.
[0052] Like the imaging bore 190 described in FIG. 7
above, the imaging bore 290 receives any suitable radi-
opaque marker, such as an imaging element 291, e.g.,
in the form of a gold marker, as depicted in FIG. 9. The
imaging bores 290 with the imaging element 291 dis-
posed therein align with a proximal edge 304 of a graft
material 300, as shown in FIG. 9, thereby allowing for
precise imaging of the proximal edge 304. Preferably,
the imaging bores 290 and associated imaging elements
291 are provided on each of the transition regions 250,
as shown in FIGS. 8-9. Therefore, in the example of
FIGS. 8-9 where ten different transition regions 250 are
provided between the proximal and distal apices, then
ten different imaging bores 290 and corresponding im-
aging elements 291 are provided at the proximal edge
304 of the graft material 300, thereby allowing for signif-
icantly enhanced visualization at the proximal edge 304,
particularly when the stent 220 is used for endovascular
graft fixation.
[0053] The first suture bore 292 overlaps with a prox-
imal region of the graft material 300, thereby allowing a
suture to couple the stent 220 to the graft material 300
with some desired degree of overlap. The proximal edge
304 of the graft material 300 therefore may be aligned
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with the imaging bores 290, as noted above.
[0054] In the embodiment of FIG. 9, due to the provi-
sion of the first suture bore 292 in the transition region
250, the bore 61 formed in the end region 60 of the distal
apices 62a and 62b becomes a second suture bore. In
other words, the graft material 300 is secured to the stent
220 via a suture disposed through the first suture bore
292, and additionally is secured to the stent 220 via a
suture disposed through the second suture bore 61. A
distal portion of the stent 220 therefore is secured to the
graft material 300 at multiple spaced-apart longitudinal
positions.
[0055] In the embodiment of FIG. 9, the stent 220 over-
laps with the graft material 300 in a manner such that the
stent 220 is capable of performing functions previously
performed by two separate stents. Specifically, the de-
sign of the stent 220 and its manner of overlap with the
graft material 300 allows the stent 220 to perform both a
sealing function for the proximal end of the graft material
300, and additionally to perform a bare attachment func-
tion to a vessel.
[0056] In particular, the stent 220 comprises a proximal
region 270, including the series of proximal apices 22a
and 22b and a proximal portion of the transition region
250 including the at least one barb 252, which spans a
length x1 and is disposed proximally beyond the graft
material 300, as shown in FIG. 9. The stent 220 also
comprises a distal region 280 including the series of distal
apices 62a and 62b and a distal portion of the transition
region 250 including the first suture bore 292, which
spans a length x2 and overlaps with the graft material
300. Notably, the imaging bore 290 with the correspond-
ing imaging element 291 is disposed at a location corre-
sponding to an endpoint of the proximal edge 304 of the
graft material 300.
[0057] In one embodiment, the length x1 of the proxi-
mal region 270 of the stent 220 that disposed proximally
beyond the graft material 300 accounts for between
about 55 to about 80 percent of the longitudinal length
of the stent 220, while the length x2 of distal region 280
of the stent that disposed within the graft material 300
accounts for between about 20 to about 45 percent of
the longitudinal length of the stent.
[0058] Advantageously, the proximal region 270 of the
stent 220 may be used as an attachment stent portion
for endovascular graft fixation, while the distal region 280
of the stent 220 overlaps with the graft material 300 a
sufficient distance to perform a sealing function for the
proximal end of the graft 300. This eliminates the need
to provide a first stent at the proximal end of the graft
material to provide a sealing function for the graft material
300 and a separate, substantially bare second stent at-
tached at the most proximal end of the graft material 300
and extending proximally therefrom to perform an en-
dovascular fixation function.
[0059] The stent 220 of FIGS. 8-9, which eliminates
the need for separate proximal graft sealing and bare
vessel attachment stents, is particularly suitable and ad-

vantageous in treatment of thoracic or abdominal aortic
aneurysms where there is a compromised anatomy al-
lowing for a relatively short stent attachment zone at a
proximal location. The stent 220 may be used with neck
lengths (i.e., a sealing zone of the healthy tissue disposed
between compromised tissue and/or side vessels) of be-
tween about 10mm to about 15mm. The stent 220 also
may be used with neck angles up to about 45 degrees
when disposed superior to the renal arteries and neck
lengths up to about 60 degrees when disposed inferior
to the renal arteries. The stent 220, when overlapping
the proximal end of a graft material 300 as shown, there-
fore is able to "land" in a neck region of a patient’s anat-
omy that is relatively short and angled, and where previ-
ous devices that utilized two separate stents at the prox-
imal end of a graft material could not "land" without over-
lapping compromised tissue and/or side vessels. Addi-
tionally, the stent 220, providing both graft sealing and
bare attachment functions, may provide a higher radial
force upon a vessel relative to separate sealing and bare
attachment stents.
[0060] In one embodiment, the graft material 300 may
comprise one or more stents coupled to distal and central
regions of the graft material 300, i.e., at locations distal
to the stent 220. The one or more stents coupled to distal
and central regions of the graft material 300 may com-
prise a zigzag shape formed from a single bent wire, or
other desired shapes, thereby maintaining patency along
a longitudinal length of the graft material 300 at locations
distal to the stent 220.
[0061] Referring now to FIG. 10, stent 220’ is similar
to the stent 220 of FIGS. 8-9, with a main exception that
the proximal region of the stent 220’ comprises the alter-
nating proximal apices 122a and 122b of FIGS. 3-6. Thus,
the stent 220’ of FIG. 10, like the stent 120 of FIGS. 3-6
above, permits a single trigger wire 184 to be disposed
through the first and second bores 131 and 145 of adja-
cent proximal apices 122a and 122b, respectively.
[0062] Referring now to FIG. 11, in an example, the
stents 220 or 220’ of FIGS. 8-10 may further comprising
a notched region 298 of reduced diameter disposed in a
transition region 250’ between the imaging bore 290 and
the at least one barb 252. The notched region 98 facili-
tates radial flaring of the proximal region 270 of the stents
220 and 220’, thereby allowing the proximal apices to
securely engage a vessel wall. While an exemplary
notched region 298 is shown in FIG. 11, other structures
may be used to promote flaring of the proximal 270 ra-
dially outward relative to the distal region 280.
[0063] Referring now to FIGS. 12-13, other arrange-
ments of proximal apices of a stent 320, which may re-
duce the number of trigger wires in accordance with the
principles above, are shown and described. In FIG. 12,
one or more pairs of adjacent, proximal apices 322a and
322b may comprise different features. For example, a
first proximal apex 322a may comprise an end region
330 having a first bore 331 formed therein, wherein the
first bore 331 is configured to receive the trigger wire 184
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of FIGS. 5-6 above. A second, adjacent proximal apex
322b comprises an end region 340 having an integral
barb 342 formed therein, as shown in FIG. 12. The sec-
ond proximal apex 322b further comprises a protruding
region 344 having a second bore 345 formed therein,
which is configured to receive the same trigger wire 184
as the adjacent first proximal apex 322a, in the manner
described and shown with respect to FIGS. 5-6 above.
[0064] The first proximal apices 322a further may com-
prise a recessed portion 333 formed at a location distal
to the first bore 331, as shown in FIG. 12. During delivery
of the stent 320, the second proximal apex 322b is con-
figured to be pulled towards the first proximal apex 322a,
such that the protruding region 344 of the second prox-
imal apex 322b may become nested within the recessed
portion 333 of the first proximal apex 322a when the trig-
ger wire 184 of FIGS. 5-6 is disposed through the first
and second bores 331 and 345. The first and second
bores 331 and 345 are disposed substantially in longitu-
dinal alignment with one another when the single trigger
wire 184 is disposed through the first and second bores
331 and 345 during delivery of the stent. Advantageously,
by using adjacent proximal apices 322a and 322b having
the different features shown herein, an improved trigger
wire attachment may be achieved and barb entangle-
ment may be reduced, as explained above.
[0065] Referring to FIG. 13, a stent 320’ having one or
more pairs of adjacent proximal apices 322a’ and 322b’
may comprise generally symmetrical features. The prox-
imal apices 322a’ comprise an end region 330’ having a
first bore 331’ formed therein, while the distal apices
322b’ comprise an end region 340’ having a second bore
345’ formed therein. The end regions 330’ and 340’ com-
prise protrusions, in which the first and second bores 331’
and 345’ are disposed, and where the protrusions gen-
erally face each other. Therefore, during delivery of the
stent 320’, the second proximal apex 322b’ is configured
to be pulled towards the first proximal apex 322a’, such
that the protrusions of the first and second proximal ap-
ices 322a’ and 322b’ overlap, and in turn, the first and
second bores 331’ and 345’ directly overlap as shown in
FIG. 13. Therefore, the trigger wire 184 of FIGS. 5-6 may
be disposed through the first and second bores 331’ and
345’.
[0066] Referring now to FIGS. 14-15, other embodi-
ments are shown and described. In FIG. 14, stent-graft
400 comprises first and second stents 410 and 420 and
a graft 492. The graft 492 has proximal and distal ends
and a lumen extending therebetween, though for illustra-
tive purposes only the proximal end 494 of the graft 492
is shown in FIGS. 14-15.
[0067] The first stent 410 has proximal and distal ends,
a series of proximal apices 412 disposed at the proximal
end of the first stent 410, a series of distal apices 414
disposed at the distal end of the first stent 410. A plurality
of strut segments 417 and 418 are disposed between the
series of proximal apices 412 and the series of distal
apices 414 of the first stent 410, as shown in FIGS. 14-15.

The first stent 410 overlaps with the graft 492 along a
longitudinal length between the proximal and distal ends
of the first stent 410, such that the series of proximal
apices 412 of the first stent 410 are each disposed distal
to the proximal end 494 of the graft 492, as shown in
FIGS. 14-15.
[0068] The second stent 420 has proximal and distal
ends, a series of proximal apices 422a and 422b dis-
posed at the proximal end of the second stent 420, and
a series of distal apices 460 disposed at the distal end
of the second stent 420. A plurality of strut segments 457
and 458 are disposed between the series of proximal
apices 422a and 422b and the series of distal apices 460
of the second stent 420, as shown in FIGS. 14-15. The
series of distal apices 460 of the second stent 420 are
each disposed distal to the proximal end 494 of the graft
492, and the series of proximal apices 422a and 422b of
the second stent 420 are each disposed proximally be-
yond the proximal end 494 of the graft 492.
[0069] At least one of the proximal apices 412 of the
first stent 410 is circumferentially aligned with a corre-
sponding distal apex 460 of the second stent 420. In one
embodiment, each of the proximal apices 412 of the first
stent 410 is circumferentially aligned with a correspond-
ing distal apex 460 of the second stent 420, as depicted
in FIGS. 14-15.
[0070] At least one of the proximal apices 412 of the
first stent 410 may be coupled to one of the distal apices
460 of the second stent 420 by a suture 475, as shown
in FIGS. 14-15. In one embodiment, each of the proximal
apices 412 of the first stent 410 is sutured to a corre-
sponding one of the distal apices 460 of the second stent
420 using a suture 475. The suture 475 may be disposed
through a portion of the graft 492, thereby simultaneously
coupling one of the proximal apices 412 of the first stent
410 to one of the distal apices 460 of the second stent
420 and also to the graft 492. If desired, multiple sutures
475 may be used to couple the adjacent stents together,
or one suture 475 may be used to couple the adjacent
stents together while one or more separate sutures are
used to couple the stents 410 and 420 to the graft 492.
[0071] In the embodiment of FIGS. 14-15, the first stent
410 and the second stent 420 comprise different ge-
ometries. In a non-limiting example, the first stent 410
comprises a zigzag stent shape as shown in FIGS. 14-15.
In contrast, the second stent 420 of FIG. 14 has features
of a stent that are similar to those described with respect
to the stent 120 of FIGS. 3-6 above. In particular, the
second stent 420 has a plurality of alternating first and
second proximal apices 422a and 422b, where each of
the first proximal apices 422a comprises an end region
430 having a first bore 431. Each of the second proximal
apices 422b may comprise first and second regions 447
and 448, as shown in FIG. 14. A single barb 442 may be
disposed in each of the second proximal apices 422b
generally in the first region 447, while a second bore 445
may be disposed generally in the second region 448, as
shown in FIG. 14. The barbs 442 may be formed by laser
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cutting a desired barb shape into the end regions, thereby
forming a slit 441, as generally explained with respect to
the stent 120 hereinabove. Once the desired barb shape
is cut, a main body of the barb 442 may be bent in a
radially outward direction and optionally may be sharp-
ened, as generally set forth above. The second proximal
apices 422b further may comprise a recessed portion
449 formed at a location distal to the second bore 445.
As generally explained above with respect to the embod-
iment of FIGS. 3-6, during delivery of the stent 420, the
first proximal apex 422a is configured to be pulled to-
wards the second proximal apex 422b and may become
nested within the recessed portion 449 of the second
proximal apex 422b when a trigger wire is disposed
through the first and second bores 431 and 445. The first
and second angled strut segments 457 and 458 meet
with one another distally to form a distal transition region
450. In the embodiment of FIGS. 14-15, each of the distal
apices 460 of the second stent 420 comprises a suture
bore 461 receiving a suture for coupling the distal end of
the second stent 420 to the graft 492. Further, the suture
bore 461 may be used to couple the distal end of the
second stent 420 to the proximal end of the first stent
410 via a suture 475, as noted above.
[0072] Further, each of the distal apices 460 of the sec-
ond stent 420 comprises an imaging bore 490 adapted
to receive a radiopaque marker 491. As described with
respect to the embodiment of FIGS. 7 and 9 above, the
imaging bore 490 is disposed proximal to the suture bore
461, and the imaging bore 490 is adapted to be aligned
with the proximal end 494 of the graft 492, thereby allow-
ing the imaging element 491 associated with the imaging
bore 490 to significantly enhance imaging directly at the
proximal end 494 of the graft 492. Further, the second
stent 420 may comprises at least one barb 452 that is
integrally formed along the distal transition region 450.
[0073] In FIG. 15, stent-graft 400’ is similar to the stent-
graft 400 of FIG. 14, with a main exception that second
stent 420’ comprises alternating first and second proxi-
mal apices 422a and 422b’. Each of the first proximal
apices 422a comprises the end region 430 having the
bore 431 as described in FIG. 14, while each of the sec-
ond proximal apices 422b’ comprises at least one barb
442 for engaging tissue in a manner described above
with respect to the embodiment of FIGS. 1-2.
[0074] In each of the embodiments of FIGS. 14-15, by
having separate first and second stents 410 and 420,
bending and flexibility along the proximal region of the
device may be enhanced while not compromising sealing
and attachment functions. It has been unexpectedly
found that by placing adjacent stents 410 and 420 in the
manner shown in FIGS. 14-15, particularly with one or
more apices aligned with one another, that the flexibility
of the stents relative to one another can be increased as
opposed to decreased. The use of a suture 475 to couple
apices of adjacent stents together may further provide
an increased flexibility of the adjacent stents 410 and 420
relative to one another. Accordingly, due to the enhanced

flexibility in the embodiments of FIGS. 14-15, the stent-
grafts 400 and 400’ may be useful for accommodating
highly angulated and shorter aneurysm necks, thereby
increasing the number of patients that can be treated.
Moreover, the designs of FIGS. 14-15 are expected to
reduce infolding along the proximal region of the device
and promote enhanced stability when positioned within
a bodily lumen.
[0075] While various embodiments of the invention
have been described, the invention is not to be restricted
except in light of the attached claims. Moreover, the ad-
vantages described herein are not necessarily the only
advantages of the invention and it is not necessarily ex-
pected that every embodiment of the invention will
achieve all of the advantages described.
[0076] It is to be understood that the features of the
various embodiments disclosed herein may be combined
with one another.

Claims

1. A stent-graft for use in a medical procedure, the
stent-graft comprising: a stent (220) and a graft ma-
terial (300), wherein said stent (220) includes:

a series of proximal apices (22a, 22b) disposed
at a proximal end of the stent;
a series of distal apices (62a, 62b) disposed at
a distal end of the stent;
a transition region (250) disposed between the
proximal and distal ends of the stent;
a plurality of first adjacent strut segments (57,
58) disposed between the proximal apices (22a,
22b) and the transition region (250), the first ad-
jacent strut segments (57, 58) each having a
distal end;
a plurality of second adjacent strut segments
(67, 68) disposed between the transition region
(250) and the distal apices (62a, 62b), the sec-
ond adjacent strut segments (67, 68) each hav-
ing a proximal end;
wherein the distal ends of the first adjacent strut
segments (57, 58) are joined at the transition
region (250), and wherein the proximal ends of
the second adjacent strut segments (67, 68) are
joined at the transition region (250);
at least one imaging element (291) disposed in
transition region (250); and
a first suture bore (292) disposed at a location
in the transition region (250) distal to the imaging
element (291), wherein the first suture bore
(292) receives a suture that couples a portion of
the stent to the graft material (300),
wherein a distal region (280) of the stent, includ-
ing the series of distal apices (62a, 62b) and a
distal part of the transition region (250) including
the first suture bore (292) overlaps with the graft
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material (300), and
wherein a proximal region (270) of the stent, in-
cluding the series of proximal apices (22a, 22b)
and a proximal portion of the transition (250), is
disposed proximally beyond the graft material
(300).

2. A stent-graft according to claim 1, wherein the im-
aging element (291) is disposed at a location corre-
sponding to an endpoint of a proximal edge (304) of
the graft material.

3. A stent-graft according to claim 1 or 2, wherein the
distal region (280) of the stent that overlaps with the
graft material (300) comprises between about 20 to
about 45 percent of the longitudinal length of the
stent, while the proximal region (270) that is disposed
distally beyond the graft material (300) comprises
between about 55 to about 80 percent of the longi-
tudinal length of the stent.

4. A stent-graft according to claim 1, 2 or 3, wherein
each of the distal apices (62a, 62b) comprises an
end region having a second suture bore (61), where-
in the second suture bore receives a suture that cou-
ples the distal apices (62a, 62b) to the graft material.

5. A stent-graft according to any preceding claim,
wherein the strut segments are adapted to enable
expansion of the stent (220) from a compressed
state to a deployed state.

6. A stent-graft according to claim 5, including at least
one barb (252) integrally formed in a surface of the
transition region (250) at a location proximal to the
imaging element (291).

7. A stent-graft according to claim 5 or 6, including a
notched region (298) of reduced diameter disposed
in the transition region (250) at a location proximal
to the imaging element (291), where the notched re-
gion (298) is adapted to facilitate radial flaring of the
proximal region (270) of the stent.

8. A stent-graft according to any preceding claim,
wherein the series of proximal apices includes alter-
nating first and second proximal apices, wherein
each of the first proximal apices includes an end re-
gion having a first bore (131, 331), and wherein each
of the second proximal apices includes a second
bore (145, 345), wherein the stent-graft is so adapted
that at least one of the first proximal apices is simul-
taneously restrained with an adjacent, second prox-
imal apex by a single trigger wire (184) disposed
through the first and second bores (131, 331, 145,
245) during delivery of the stent-graft.

9. A stent-graft according to claim 8, wherein it is so

adapted that the first bore (131, 331) formed in the
first proximal apex directly overlaps longitudinally
and circumferentially with the second bore (145, 345)
in the second proximal apex in a delivery state.

10. A stent-graft according to claim 8 or 9, including a
recessed portion (333) formed in the first proximal
apex at a location distal to the first bore (331), where-
in the second proximal apex is configured to be
pulled towards the first proximal apex to become
nested within the recessed portion of the first proxi-
mal apex, wherein the stent-graft is so adapted that
the first and second bores (331, 345) are disposed
substantially in longitudinal alignment with one an-
other when the single trigger wire (184) is disposed
through the first and second bores (331, 345) during
delivery of the stent-graft.

11. A stent-graft (400) for use in a medical procedure,
the stent-graft including:

a graft (492) having proximal and distal ends
and a lumen extending therebetween;
a first stent (410) having proximal and distal
ends, a series of proximal apices (412) disposed
at the proximal end of the first stent, a series of
distal apices (414) disposed at the distal end of
the first stent, and a plurality of strut segments
(417, 418) disposed between the series of prox-
imal apices and the series of distal apices of the
first stent, where the series of proximal apices
of the first stent are each disposed distal to the
proximal end of the graft; and a second stent
(420) having proximal and distal ends, a series
of proximal apices(422a, 422b) disposed at the
proximal end of the second stent, and a series
of distal apices (460) disposed at the distal end
of the second stent, and a plurality of strut seg-
ments (457,458) disposed between the series
of proximal apices and the series of distal apices
of the second stent, wherein the series of distal
apices of the second stent are each disposed
distal to the proximal end of the graft, and where-
in the series of proximal apices of the second
stent are each disposed proximally beyond the
proximal end of the graft,
at least one imaging element (491) disposed at
each distal apex of the second stent; and
a suture bore (461) disposed at a location distal
to the imaging element, wherein the suture bore
receives a suture that couples a portion of the
second stent to the graft, wherein at least one
of the proximal apices of the first stent is circum-
ferentially aligned with a corresponding distal
apex of the second stent, and
wherein the first stent and the second stent com-
prise different geometries.
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12. A stent-graft according to claim 11, wherein at least
one of the proximal apices (412) of the first stent
(410) is sutured to one of the distal apices (460) of
the second stent (420).

13. A stent-graft according to claim 11 or 12 wherein:

the first stent (410) has a zigzag stent shape; and
the series of proximal apices (422a, 422b) of the
second stent (420) includes a plurality of alter-
nating first and second proximal apices, wherein
each of the first proximal apices includes an end
region having a first bore (430), and wherein
each of the second proximal apices includes first
and second regions, wherein at least one inte-
gral barb (442) is formed in the first region and
wherein a second bore is formed in the second
region, and each of the second proximal apices
includes a recessed portion (449) formed in the
second proximal apex at a location distal to the
second bore, wherein the stent-graft is so adapt-
ed that at least one of the first proximal apices
is nested within the recessed portion of an ad-
jacent, second proximal apex during delivery of
the stent-graft.

Patentansprüche

1. Stent-Transplantat zur Verwendung bei einem me-
dizinischen Vorgang, wobei das Stent-Transplantat
Folgendes umfasst: einen Stent (220) und ein Trans-
plantatmaterial (300), wobei der Stent (220) Folgen-
des aufweist:

eine Reihe von proximalen Scheiteln (22a, 22b),
die an einem proximalen Ende des Stents an-
geordnet sind,
eine Reihe von distalen Scheiteln (62a, 62b),
die an einem distalen Ende des Stents angeord-
net sind, einen Übergangsbereich (250), der
zwischen dem proximalen und dem distalen En-
de des Stents angeordnet ist,
eine Vielzahl von ersten benachbarten Streben-
segmenten (57, 58), die zwischen den proxima-
len Scheiteln (22a, 22b) und dem Übergangs-
bereich (250) angeordnet sind, wobei die ersten
benachbarten Strebensegmente (57, 58) je-
weils ein distales Ende haben,
eine Vielzahl von zweiten benachbarten Stre-
bensegmenten (67, 68), die zwischen dem
Übergangsbereich (250) und den distalen
Scheiteln (62a, 62b) angeordnet sind, wobei die
zweiten benachbarten Strebensegmente (67,
68) jeweils ein proximales Ende haben,
wobei die distalen Enden der ersten benachbar-
ten Strebensegmente (57, 58) an dem Über-
gangsbereich (250) miteinander verbunden

sind und
wobei die proximalen Enden der zweiten be-
nachbarten Strebensegmente (67, 68) an dem
Übergangsbereich (250) miteinander verbun-
den sind, mindestens ein Abbildungselement
(291), das in dem Übergangsbereich (250) an-
geordnet ist, und
eine erste Nahtmaterialfadenbohrung (292), die
an einer distal zu dem Abbildungselement (291)
liegenden Stelle in dem Übergangsbereich
(250) angeordnet ist, wobei die erste Nahtma-
terialfadenbohrung (292) einen Nahtmaterialfa-
den aufnimmt, der einen Abschnitt des Stents
an das Transplantatmaterial (300) koppelt,
wobei ein distaler Bereich (280) des Stents ein-
schließlich der Reihe von distalen Scheiteln
(62a, 62b) und ein distaler Teil des Übergangs-
bereichs (250) einschließlich der ersten Naht-
materialfadenbohrung (292) das Transplantat-
material (300) überlappen und
wobei ein proximaler Bereich (270) des Stents
einschließlich der Reihe von proximalen Schei-
teln (22a, 22b) und ein proximaler Teil des Über-
gangsbereichs (250) proximal jenseits des
Transplantatmaterials (300) angeordnet sind.

2. Stent-Transplantat nach Anspruch 1, wobei das Ab-
bildungselement (291) an einer einem Endpunkt ei-
nes proximalen Rands (304) des Transplantatmate-
rials entsprechenden Stelle angeordnet ist.

3. Stent-Transplantat nach Anspruch 1 oder 2, wobei
der distale Bereich (280) des Stents, der das Trans-
plantatmaterial (300) überlappt, zwischen ungefähr
20 und ungefähr 45 Prozent der in Längsrichtung
gehenden Länge des Stents umfasst, während der
proximale Bereich (270), der distal jenseits des
Transplantatmaterials (300) angeordnet ist, zwi-
schen ungefähr 55 und ungefähr 80 Prozent der in
Längsrichtung gehenden Länge des Stents umfasst.

4. Stent-Transplantat nach Anspruch 1, 2 oder 3, wobei
jeder der distalen Scheitel (62a, 62b) einen Endbe-
reich mit einer zweiten Nahtmaterialfadenbohrung
(61) umfasst, wobei die zweite Nahtmaterialfaden-
bohrung einen Nahtmaterialfaden aufnimmt, der die
distalen Scheitel (62a, 62b) an das Transplantatma-
terial koppelt.

5. Stent-Transplantat nach einem der vorhergehenden
Ansprüche, wobei die Strebensegmente dazu aus-
geführt sind, die Expansion des Stents (220) aus ei-
nem zusammengedrückten Zustand in einen ausge-
brachten Zustand zu ermöglichen.

6. Stent-Transplantat nach Anspruch 5, aufweisend
mindestens einen Widerhaken (252), der integral in
einer Oberfläche des Übergangsbereichs (250) an
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einer proximal zu dem Abbildungselement (291) lie-
genden Stelle ausgebildet ist.

7. Stent-Transplantat nach Anspruch 5 oder 6, aufwei-
send einen eingekerbten Bereich (298) mit reduzier-
tem Durchmesser, der in dem Übergangsbereich
(250) an einer proximal zu dem Abbildungselement
(291) liegenden Stelle angeordnet ist, wo der einge-
kerbte Bereich (298) dazu ausgeführt ist, radiales
Aufweiten des proximalen Bereichs (270) des Stents
zu erleichtern.

8. Stent-Transplantat nach einem der vorhergehenden
Ansprüche, wobei die Reihe von proximalen Schei-
teln abwechselnde erste und zweite Scheitel auf-
weist, wobei jeder der ersten proximalen Scheitel
einen Endbereich mit einer ersten Bohrung (131,
331) aufweist und jeder der zweiten proximalen
Scheitel eine zweite Bohrung (145, 345) aufweist,
wobei das Stent-Transplantat so ausgeführt ist, dass
mindestens einer der ersten proximalen Scheitel
während des Zuführens des Stent-Transplantats
mittels eines einzelnen Auslöserdrahts (184), der
durch die erste und die zweite Bohrung (131, 331,
145, 245) hindurch angeordnet ist, gleichzeitig mit
einem benachbarten zweiten proximalen Scheitel
zurückgehalten wird.

9. Stent-Transplantat nach Anspruch 8, wobei er so
ausgeführt ist, dass die erste Bohrung (131, 331),
die in dem ersten proximalen Scheitel ausgebildet
ist, die zweite Bohrung (145, 345) in dem zweiten
proximalen Scheitel in einem Zuführungszustand in
Längs- und in Umfangsrichtung direkt überlappt.

10. Stent-Transplantat nach Anspruch 8 oder 9, aufwei-
send einen ausgesparten Abschnitt (333), der in dem
ersten proximalen Scheitel an einer distal zu der ers-
ten Bohrung (331) liegenden Stelle ausgebildet ist,
wobei der zweite proximale Scheitel dazu ausgestal-
tet ist, zu dem ersten proximalen Scheitel hin gezo-
gen zu werden, um in dem ausgesparten Abschnitt
des ersten proximalen Scheitels eingeschachtelt zu
werden, wobei das Stent-Transplantat so ausgeführt
ist, dass die erste und die zweite Bohrung (331, 345)
im Wesentlichen in länglicher Ausrichtung aufeinan-
der angeordnet sind, wenn der einzelne Auslöser-
draht (184) während der Zuführung des Stent-Trans-
plantats durch die erste und die zweite Bohrung
(331, 345) hindurch angeordnet ist.

11. Stent-Transplantat (400) zur Verwendung bei einem
medizinischen Vorgang, wobei das Stent-Trans-
plantat Folgendes umfasst:

ein Transplantat (492) mit einem proximalen
und einem distalen Ende und einem sich dazwi-
schen erstreckenden Lumen,

einen ersten Stent (410) mit einem proximalen
und einem distalen Ende, wobei eine Reihe von
proximalen Scheiteln (412) an dem proximalen
Ende des ersten Stents angeordnet ist, eine Rei-
he von distalen Scheiteln (414) an dem distalen
Ende des ersten Stents angeordnet ist und eine
Vielzahl von Strebensegmenten (417, 418) zwi-
schen der Reihe von proximalen Scheiteln und
der Reihe von distalen Scheiteln des ersten
Stents angeordnet sind, wobei die Reihe von
proximalen Scheiteln des ersten Stents jeweils
distal zu dem proximalen Ende des Transplan-
tats angeordnet ist, und
einen zweiten Stent (420) mit einem proximalen
und einem distalen Ende, wobei eine Reihe von
proximalen Scheiteln (422a, 422b) an dem pro-
ximalen Ende des zweiten Stents angeordnet
ist und eine Reihe von distalen Scheiteln (460)
an dem distalen Ende des zweiten Stents ange-
ordnet ist und eine Vielzahl von Strebenseg-
menten (457, 458) zwischen der Reihe von pro-
ximalen Scheiteln und der Reihe von distalen
Scheiteln des zweiten Stents angeordnet sind,
wobei die Reihe von distalen Scheiteln des zwei-
ten Stents jeweils distal zu dem proximalen En-
de des Transplantats angeordnet ist und wobei
die Reihe von proximalen Scheiteln des zweiten
Stents jeweils proximal jenseits des proximalen
Endes des Transplantats angeordnet ist,
mindestens ein Abbildungselement (491), das
an jedem distalen Scheitel des zweiten Stents
angeordnet ist, und
eine Nahtmaterialfadenbohrung (461), die an ei-
ner distal zu dem Abbildungselement liegenden
Stelle angeordnet ist,
wobei die Nahtmaterialfadenbohrung einen
Nahtmaterialfaden aufnimmt, der einen Ab-
schnitt des zweiten Stents an das Transplantat
koppelt,
wobei mindestens einer der proximalen Scheitel
des ersten Stents umfangsmäßig auf einen ent-
sprechenden distalen Scheitel des zweiten
Stents ausgerichtet ist, und
wobei der erste Stent und der zweite Stent ver-
schiedene Geometrien umfassen.

12. Stent-Transplantat nach Anspruch 11, wobei min-
destens einer der proximalen Scheitel (412) des ers-
ten Stents (410) an einen der distalen Scheitel (460)
des zweiten Stents (420) genäht ist.

13. Stent-Transplantat nach Anspruch 11 oder 12, wo-
bei:

der erste Stent (410) ein zickzackförmiger Stent
ist und
wobei die Reihe von proximalen Scheiteln
(422a, 422b) des zweiten Stents (420) eine Viel-
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zahl von abwechselnden ersten und zweiten
proximalen Scheiteln aufweist, wobei jeder der
ersten proximalen Scheitel einen Endbereich
mit einer ersten Bohrung (430) aufweist und wo-
bei jeder der zweiten proximalen Scheitel einen
ersten und einen zweiten Bereich aufweist, wo-
bei jeder der zweiten proximalen Scheitel einen
ersten und einen zweiten Bereich aufweist, wo-
bei mindestens ein integraler Widerhaken (442)
in dem ersten Bereich ausgebildet ist und wobei
eine zweite Bohrung in dem zweiten Bereich
ausgebildet ist und jeder der zweiten proximalen
Scheitel einen ausgesparten Abschnitt (449)
aufweist, der an einer distal zu der zweiten Boh-
rung liegenden Stelle in dem zweiten proxima-
len Scheitel ausgebildet ist, wobei das Stent-
Transplantat so ausgeführt ist, dass mindestens
einer der ersten proximalen Scheitel während
des Zuführens des Stent-Transplantats in dem
ausgesparten Abschnitt eines benachbarten
zweiten proximalen Scheitels eingeschachtelt
ist.

Revendications

1. Greffe d’endoprothèse pour l’utilisation dans une
procédure médicale, la greffe d’endoprothèse
comprenant : une endoprothèse (220) et un maté-
riau de greffe (300), ladite endoprothèse (220)
comportant :

une série de sommets proximaux (22a, 22b) dis-
posés à une extrémité proximale de
l’endoprothèse ;
une série de sommets distaux (62a, 62b) dispo-
sés à une extrémité distale de l’endoprothèse ;
une région de transition (250) disposée entre
les extrémités proximale et distale de
l’endoprothèse ;
une pluralité de premiers segments d’entretoi-
ses adjacents (57, 58) disposés entre les som-
mets proximaux (22a, 22b) et la région de tran-
sition (250), les premiers segments d’entretoi-
ses adjacents (57, 58) ayant chacun une extré-
mité distale ;
une pluralité de deuxièmes segments d’entre-
toises adjacents (67, 68) disposés entre la ré-
gion de transition (250) et les sommets distaux
(62a, 62b), les deuxièmes segments d’entretoi-
ses adjacents (67, 68) ayant chacun une extré-
mité proximale ;
les extrémités distales des premiers segments
d’entretoises adjacents (57, 58) étant réunies
au niveau de la région de transition (250), et
les extrémités proximales des deuxièmes seg-
ments d’entretoises adjacents (67, 68) étant
réunies au niveau de la région de transition

(250),
au moins un élément d’imagerie (291) disposé
dans la région de transition (250) ; et
un premier alésage de suture (292) disposé à
un emplacement dans la région de transition
(250) qui est distal par rapport à l’élément d’ima-
gerie (291), le premier alésage de suture (292)
recevant une suture qui accouple une portion
de l’endoprothèse au matériau de greffe (300),
une région distale (280) de l’endoprothèse, in-
cluant la série de sommets distaux (62a, 62b)
et une partie distale de la région de transition
(250) comportant le premier alésage de suture
(292), chevauchant le matériau de greffe (300),
et une région proximale (270) de l’endoprothè-
se, incluant la série de sommets proximaux
(22a, 22b) et une portion proximale de la tran-
sition (250), étant disposée proximalement au-
delà du matériau de greffe (300).

2. Greffe d’endoprothèse selon la revendication 1,
dans laquelle l’élément d’imagerie (291) est disposé
à un emplacement correspondant à un point d’ex-
trémité d’un bord proximal (304) du matériau de gref-
fe.

3. Greffe d’endoprothèse selon la revendication 1 ou
2, dans laquelle la région distale (280) de l’endopro-
thèse qui chevauche le matériau de greffe (300) re-
présente entre environ 20 et environ 45 pour cent
de la longueur longitudinale de l’endoprothèse, tan-
dis que la région proximale (270) qui est disposée
distalement au-delà du matériau de greffe (300)
comprend entre environ 55 et environ 80 pour cent
de la longueur longitudinale de l’endoprothèse.

4. Greffe d’endoprothèse selon la revendication 1, 2 ou
3, dans laquelle chacun des sommets distaux (62a,
62b) comprend une région d’extrémité ayant un
deuxième alésage de suture (61), le deuxième alé-
sage de suture recevant une suture qui accouple les
sommets distaux (62a, 62b) au matériau de greffe.

5. Greffe d’endoprothèse selon l’une quelconque des
revendications précédentes, dans laquelle les seg-
ments d’entretoises sont prévus pour permettre une
expansion de l’endoprothèse (220) d’un état com-
primé à un état déployé.

6. Greffe d’endoprothèse selon la revendication 5,
comportant au moins une barbelure (252) formée
intégralement dans une surface de la région de tran-
sition (250) à un emplacement proximal par rapport
à l’élément d’imagerie (291).

7. Greffe d’endoprothèse selon la revendication 5 ou
6, comportant une région encochée (298) de diamè-
tre réduit disposée dans la région de transition (250)
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à un emplacement proximal par rapport à l’élément
d’imagerie (291), la région encochée (298) étant pré-
vue pour faciliter un espacement radial de la région
proximale (270) de l’endoprothèse.

8. Greffe d’endoprothèse selon l’une quelconque des
revendications précédentes, dans laquelle la série
de sommets proximaux comporte une alternance de
premiers et deuxièmes sommets proximaux, chacun
des premiers sommets proximaux comportant une
région d’extrémité ayant un premier alésage (131,
331), et chacun des deuxièmes sommets proximaux
comportant un deuxième alésage (145, 345), la gref-
fe d’endoprothèse étant adaptée de manière à ce
qu’au moins l’un des premiers sommets proximaux
soit simultanément attaché à un deuxième sommet
proximal adjacent par un fil de déclenchement uni-
que (184) disposé à travers les premiers et deuxiè-
mes alésages (131, 331, 145, 245) au cours de l’in-
troduction de la greffe d’endoprothèse.

9. Greffe d’endoprothèse selon la revendication 8, la-
quelle est adaptée de manière à ce que le premier
alésage (131, 331) formé dans le premier sommet
proximal chevauche directement longitudinalement
et circonférentiellement le deuxième alésage (145,
345) dans le deuxième sommet proximal dans un
état d’introduction.

10. Greffe d’endoprothèse selon la revendication 8 ou
9, comportant une portion en retrait (333) formée
dans le premier sommet proximal à un emplacement
distal par rapport au premier alésage (331), le
deuxième sommet proximal étant configuré pour
être tiré vers le premier sommet proximal de manière
à s’emboîter à l’intérieur de la portion en retrait du
premier sommet proximal, la greffe d’endoprothèse
étant adaptée de manière à ce que les premier et
deuxième alésages (331, 345) soient disposés sen-
siblement en alignement longitudinal l’un avec
l’autre lorsque le fil de déclenchement unique (184)
est disposé à travers les premier et deuxième alé-
sages (331, 345) lors de l’introduction de la greffe
d’endoprothèse.

11. Greffe d’endoprothèse (400) pour l’utilisation dans
une procédure médicale, la greffe d’endoprothèse
comportant :

une greffe (492) ayant des extrémités proximale
et distale et une lumière s’étendant entre elles ;
une première endoprothèse (410) ayant des ex-
trémités proximale et distale, une série de som-
mets proximaux (412) disposés à l’extrémité
proximale de la première endoprothèse, une sé-
rie de sommets distaux (414) disposés à l’extré-
mité distale de la première endoprothèse, et une
pluralité de segments d’entretoises (417, 418)

disposés entre la série de sommets proximaux
et la série de sommets distaux de la première
endoprothèse, la série de sommets proximaux
de la première endoprothèse étant chacun dis-
posés distalement par rapport à l’extrémité
proximale de la greffe ; et
une deuxième endoprothèse (420) ayant des
extrémités proximale et distale, une série de
sommets proximaux (422a, 422b) disposés à
l’extrémité proximale de la deuxième endopro-
thèse, et une série de sommets distaux (460)
disposés à l’extrémité distale de la deuxième
endoprothèse, et une pluralité de segments
d’entretoises (457, 458) disposés entre la série
de sommets proximaux et la série de sommets
distaux de la deuxième endoprothèse, la série
de sommets distaux de la deuxième endopro-
thèse étant chacun disposés distalement par
rapport à l’extrémité proximale de la greffe, et la
série de sommets proximaux de la deuxième
endoprothèse étant chacun disposés proxima-
lement au-delà de l’extrémité proximale de la
greffe,
au moins un élément d’imagerie (491) disposé
à chaque sommet distal de la deuxième
endoprothèse ; et
un alésage de suture (461) disposé à un empla-
cement distal par rapport à l’élément d’imagerie,
l’alésage de suture recevant une suture qui ac-
couple une portion de la deuxième endoprothè-
se à la greffe,
au moins l’un des sommets proximaux de la pre-
mière endoprothèse étant aligné circonférentiel-
lement avec un sommet distal correspondant de
la deuxième endoprothèse, et
la première endoprothèse et la deuxième endo-
prothèse comprenant des géométries différen-
tes.

12. Greffe d’endoprothèse selon la revendication 11,
dans laquelle au moins l’un des sommets proximaux
(412) de la première endoprothèse (410) est suturé
à l’un des sommets distaux (460) de la deuxième
endoprothèse (420).

13. Greffe d’endoprothèse selon la revendication 11 ou
12, dans laquelle :

la première endoprothèse (410) présente une
forme d’endoprothèse en zigzag ; et
la série de sommets proximaux (422a, 422b) de
la deuxième endoprothèse (420) comportent
une pluralité de premiers et de deuxièmes som-
mets proximaux en alternance, chacun des pre-
miers sommets proximaux comportant une ré-
gion d’extrémité ayant un premier alésage
(430), et chacun des deuxièmes sommets proxi-
maux comportant des première et deuxième ré-
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gions, au moins une barbelure intégrale (442)
étant formée dans la première région et un
deuxième alésage étant formé dans la deuxiè-
me région, et chacun des deuxièmes sommets
proximaux comportant une portion en retrait
(449) formée dans le deuxième sommet proxi-
mal à un emplacement distal par rapport au
deuxième alésage, la greffe d’endoprothèse
étant adaptée de manière à ce qu’au moins l’un
des premiers sommets proximaux soit emboîté
à l’intérieur de la portion en retrait d’un deuxième
sommet proximal adjacent au cours de l’intro-
duction de la greffe d’endoprothèse.
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