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(57) Abregeé/Abstract:
The present embodiments provide systems and methods for deploying at least a portion of a stent. In one embodiment, the system

comprises a cannula having an outer surface, and at least one coilled member having proximal and distal ends and a plurality of
turns disposed therebetween. One of the proximal and distal ends of the colled member Is secured to the outer surface of the
cannula, and the other of the proximal and distal ends of the colled member Is unsecured relative to the outer surface of the
cannula. A portion of a stent Is looped around the unsecured end of the colled member and disposed within spacing between
adjacent turns of the coilled member. Rotation of the cannula subsequently causes the portion of the stent to disengage from the
colled member. A protective cage may encircle the coiled member.
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ABSTRACT

The present embodiments provide systems and methods for deploying at least a
portion of a stent. In one embodiment, the system comprises a cannula having an outer
surface, and at least one coiled member having proximal and distal ends and a plurality of
turns disposed therebetween. One of the proximal and distal ends of the coiled member is
secured to the outer surface of the cannula, and the other of the proximal and distal ends of
the coiled member is unsecured relative to the outer surface of the cannula. A portion of a
stent 1s looped around the unsecured end of the coiled member and disposed within spacing
between adjacent tufns of the colled member. Rotation of the cannula subsequently causes
the portion of the stent to disengage from the coiled member. A protective cage may encircle

the coiled member.
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SYSTEMS AND METHODS FOR DEPLOYING A PORTION OF A STENT
USING AT LEAST ONE COILED MEMBER

[0001] (Blank)

BACKGROUND

[0002] The present embodiments relate generally to apparatus and methods for treating
medical conditions, and more specifically, to systems and methods for deploying a portion of

a stent using at least one coiled member.

[0003] Stents may be inserted into an anatomical vessel or duct for various purposes. Stents
may maintain or restore patency in a formerly blocked or constricted passageway, for
example, following a balloon angioplasty procedure. Other stents may be used for different

procedures, for example, stents placed in or about a graft have been used to hold the gratt 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 vessel wall away from a diseased portion of an aneurysm to provide endovascular graft

fixation.
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[0004] 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 subsequently expanded by removing a delivery sheath,
removing trigger wires and/or releasing diameter reducing ties. With self-expanding stents,
the stents expand primarily 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-
memory 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 predeployment

configuration.

[0005] When trigger wires are used as a deployment control mechanism, the trigger wires

may releasably couple 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 interconnected 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.

[0006] Trigger wires also may be used in conjunction with difterent 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.

[0007] 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 delivery, 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 disposed near the apices of the stent may become entangled with the stent
struts and/or the trigger wires. Still further, in some instance, trigger wires may require a
relatively high deployment force when being retracted, and the provision of multiple trigger

wires may add to the profile of the delivery system.

2
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SUMMARY

[0008] The present embodiments provide systems and methods for deploying at least a
portion of a stent. In one embodiment, the system comprises a cannula having an outer
surface, and at least one coiled member having proximal and distal ends and a plurality of
turns disposed therebetween. One of the proximal and distal ends of the coiled member 1s
secured to the outer surface of the cannula, and the other of the proximal and distal ends of
the coiled member is unsecured relative to the outer surface of the cannula. A portion of a
stent is looped around the unsecured end of the coiled member and disposed within spacing
betw-een adjacent turns of the coiled member. Rotation of the cannula subsequently causes
the portion of the stent to disengage from the coiled member.

[0009] In one embodiment, the distal end of the coiled member is secured to the outer surface
of the cannula and the proximal end of the coiled member is unsecured relative to the outer
surface of the cannula. In this example, a portion of the stent is looped around the proximal
end of the coiled member and further is disposed within spacing between adjacent proximal

turns of the cotled member in the delivery state.

[0010] In an alternative embodiment, the proximal end of the coiled member is secured to the
outer surface of the cannula and the distal end of the coiled member is unsecured relative to
the outer surface of the cannula, and a portion of the stent is looped around the distal end of
the coiled member and further is disposed within spacing between adjacent distal turns of the
coiled member in the delivery state. In this embodiment, a distal series of turns of the coiled
member may be spaced apart further from one another relative to spacing between a proximal

series of turns. Further, a first diameter at the proximal end of the coiled member permits

attachment to the outer surface of the cannula, while a second diameter at the distal end of the
coiled member is greater than the first diameter and there is a gap disposed between the distal
end of the coiled member and the outer surface of the cannula.

[0011] In one embodiment, first and second coiled members are provided and are
longitudinally spaced apart from one another along a length of the cannula. In this example,

the first coiled member engages a first stent portion in the delivery state and the second coiled

member engages a second stent portion in the delivery state. The first coiled member may

comprise a greater number of turns that are unsecured relative to the cannula than the second

coiled member, thereby enabling the second stent portion to disengage from the second coiled
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member before the first stent portion disengages from the first coiled member when the
cannula 1s rotated 1n a uniform direction. In various embodiments, a ring portion may extend
from the stent and is dimensioned to be accommodated within the spacing between adjacent
turns of the coiled member 1n the delivery state.

[0012] In a further alternative embodiment, at least one suture loop comprises a proximal
region that is coupled to the cannula, and a distal region that is retained within one of the
plurality of turns of the coiled member in the delivery state. The suture [oop 1s further
coupled around a portion of a stent in the delivery state. Rotation of the cannula causes
longitudinal movement of the distal region of the suture loop relative to the proximal region
of the suture loop, thereby varying the slack in the suture loop and varying expansion of the
portion of the stent that 1s coupled to the suture loop.

[0013] A protective cage may encircle the coiled member. In one embodiment, the protective
cage 18 circumtferentially rotatable relative to the cannula. An atraumatic tip may be coupled
to the cannula, such that at least a portion of the atraumatic tip is disposed beneath the
protective cage, and the protective cage can rotate circumferentially relative to the atraumatic
tip and the cannula. A distal stop member may be coupled to the cannula and positioned
adjacent to a distal end of the protective cage. The distal stop member allows the protective
cage to rotate relative to the cannula, but prevents the protective cage from sliding distally
over the cannula.

[0014] The protective cage may comprise a plurality of struts separated by a plurality of slots.
A portion of the stent that is temporarily coupled to the coiled member extends through one of
the plurality of slots. In one embodiment, each of the plurality of struts and each of the
plurality of slots are generally parallel to each other in a direction running along a longitudinal
ax1s of the apparatus. Optionally, at least one of the plurality of slots has proximal and distal
regions and a width at the proximal region is greater than a width at the distal region.

[0014a] In a further alternative embodiment, the invention teaches a system for deploying at
least a portion of a stent. The system comprises: a cannula having an outer surface; at least
one coiled member having proximal and distal ends and a plurality of turns disposed

therebetween; and a stent disposed over the cannula. One of the proximal and distal ends of
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the colled member is secured to the outer surface of the cannula in a fixed relationship, and
the other of the proximal and distal ends of the coiled member is unsecured relative to the
outer surface of the cannula. A portion of the stent 1s looped around the unsecured end of the
colled member and further 1s disposed within spacing between adjacent turns of the coiled
member in a delivery state.

[0015] Other systems, methods, features and advantages of the invention will be, or wili
become, apparent to one with skill 1n the art upon examination of the following figures and
detailed description. It is intended that all such additional systems, methods, features and

advantages be within the scope of the mvention, and be encompassed by the following claims.

4a
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BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The invention can be better understood with reference to the following drawings and
description. The components in the figures are not necessarily to scale, emphasis instead
being placed upon illustrating the principles of the invention. Moreover, in the figures, like
referenced numerals designate corresponding parts throughout the different views.

[0017] FIG. 1 is a side view of a first embodiment of an apparatus for deploying a portion of
a stent using at least one coiled member.

[0018] FIG. 2 is an enlarged view of the coiled member of FIG. 1.

10019] FIG. 3 depicts an exemplary stént-graft having a portion that may be deployed using
the coiled member of FIGS. 1-2.

[0020] FIGS. 4-5 are side views depicting coupling of the stent-graft of FIG. 3 to the
apparatus of FIGS. 1-2.

[0021] FIG. 6 is a perspective view of a proximal apex of a stent that may be coupled to a
coiled member.

[0022] FIGS. 7-8 are side views depicting twisting of a portion of the proximal apex of the
stent of FIG. 6.

[0023] FIG. 9 is a perspective view of an alternative proximal apex of a stent that may be
coupled to a colled member.

[0024] FIGS. 10-11 are side views depicting a further alternative proximal apex of a stent
that may be coupled to a coiled member.

[0025] FIG. 12 is a side view of further alternative proximal apices of a stent that may be
coupled to a coiled member.

[0026] FIG. 13 is a side view of yet further alternative proximal apices of a stent that may be
coupled to a coiled member.

[0027] FIG. 14 is a side view of an alternative embodiment of an apparatus for deploying
stent portions using first and second coiled members.

[0028] FIG. 15 is a side view depicting coupling of a stent-graft to the apparatus of FIG. 14.
[0029] FIG. 16 is a side view of a portion of a stent suitable for use as an inner stent of the

stent-graft of FIG. 15.

[0030] FIG. 17 is a side view of a portion of an alternative stent suitable for use as an inner

stent of the stent-graft of FIG. 15.
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[0031] FIG. 18 is a side view of a further alternative embodiment of an apparatus for
deploying stent portions using first and second coiled members.

[0032] FIGS. 19-20 are side views of yet a further alternative embodiment of an apparatus
for deploying a portion of a stent using at least one coiled member in a delivery state and a
partially deployed state, respectively.

[0033] FIG. 21 is a side view of an embodiment of a protective cage that may be used in
conjunction with the coiled member.

[0034] FIG. 22 is a side view depicting a portion of a stent used with the apparatus of FIG.
21. '

[0035] FIGS. 23A-23C are, respectively, cross-sectional views of the protective cage of FIG.
21 as taken along lines A--A, B--B and C--C.

[0036] FIG. 24 is a side-sectional view of the protective cage of FIG. 21.

[0037] FIG. 25 is a side view of an alternative protective cage.

[0038] FIG. 26 is a side view of a further alternative protective cage.

[0039] FIG. 27 is a side view of a stent, shown in a flattened and compressed state, which 1s

suitable for deployment using a coiled member.

{0040} FIG. 28 is a side view of an alternative stent, shown in a flattened and compressed

state, which is suitable for deployment using a cotled member.
[0041] FIG. 29 is a side view of an alternative atraumatic tip and coiled member

arrangement.

[0042] FIG. 30 is a side view of a further alternative atraumatic tip and coiled member

arrangement.

[0043]) FIGS. 31-32 are, respectively, images depicting first and second states of the coiled
member of FIG. 30.

[0044) FIGS. 33-35 are, respectively, a side view of a further alternative atraumatic tip for

use with a coiled member arrangement, and end view of FIG. 33, and a side illustration of the

atraumatic tip of FIGS. 33-34 with a coiled member disposed in the vicinity.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0045] 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 medical procedure. _

[0046] Referring to FIGS. 1-2, a first embodiment of an apparatus 20 is shown for deploying
a portion of a stent using at least one coiled member. The apparatus 20 generally comprises a
cannula 30 having an outer surface 31, and at least one coiled member 40 having a region that
1s secured to the outer surface 31 of the cannula 30.

[0047] The cannula 30 may be incorporated as part of a broader stent or stent-graft delivery
system, and may span a longitudinal length in which a distal segment extends outside of a

patient’s body, and a proximal segmént 34, including the coiled member 40, is delivered

towards a target site inside of a patient’s body. The cannula 30 may be used as an inner

cannula, to the extent that one or more outer cannulas or sheaths are disposed coaxially over
the cannula 30. For example, a stent-graft may be disposed over an exterior surface of the
cannula 30 and within one or more outer cannulas or sheaths, thereby encompassing the
stent-graft during a delivery stage.

[0048] The cannula 30 may comprise a tubular member having a lumen sized to allow the
cannula 30 to be advanced over a wire guide during delivery. A proximal region of the
cannula 30 may be integrally formed with, or externally coupled to, an atraumatic tip 35. The
atraumatic tip 35 may comprise proximal and distal regions 36 and 37, respectively, and a
central region 38 disposed therebetween. The proximal and distal regions 36 and 37
comprise a smaller outer diameter relative to the central region 38, with a first taper allowing
for a smooth transition between the proximal region 36 and the central region 38, and a
second taper allowing for a smooth transition between the distal region 37 and the central
region 38.

[0049] The coiled member 40 comprises a proximal end 41, a distal end 42, and a plurality of
turns 43 disposed therebetween, as shown in FIGS. 1-2. In this non-limiting example, the
proximal end 41 of the coiled member 40 is secured to the outer surface 31 of the cannula 30
using a suitable mechanism, such as a solder, weld, mechanical attachment, friction fit,

crimp, or combination of these or other techniques and mechanisms. Accordingly, the

proximal end 41 of the coiled member 40 cannot move relative to the outer surface 31 of the
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cannula 30. The proximal end 41 of the coiled member 40 comprises a first diameter d;,
which may be approximately the same diameter, or slightly greater than, an outer diameter of
the cannula 30.

[0050] The distal end 42 of the coiled member 40 is unsecured relative to the outer surface 31
of the cannula 30, as shown in FIGS. 1-2. The distal end 42 of the coiled member 40 may
comprise a second diameter d;, which is greater than the first diameter d; of the proximal end
41 of the coiled member 40. There is a separation or gap 44 between the distal end 42 of the
coiled member 40 and the outer surface 31 of the cannula 30, as best seen in FIG. 2.

[0051] The plurality of turns 43 are divided into a proximal series of turns 43a, which have
the first diameter dy, and a distal series of turns 43b, which have the second diameter d;. The
proximal series of turns 43a may be disposed in close proximity or abutting one another, as
depicted in FIG. 2. By contrast, the distal series of turns 43b may be spaced apart from one
another a greater distance than the proximal series of turns 43a. In FIG. 2, the distal series of
turns 43b are spaced apart a predetermined distance denoted by spacing 45. As will be
described further in FIGS. 4-5 below, a portion of a stent 60 may be coupled to at least one of
the distal series of turns 43b, and secured within the spacing 45 between adjacent distal turns.
[0052] The exemplary coilled member 40 may be formed from stainless steel, nitinol,
titanium, or other suitable biocompatible materials. If manufactured from nitinol, the
unsecured end of the coiled member may be heat-set so that it contracts around the outer
surface 31 of the cannula 30 when disposed within the body, thereby reducing the likelihood
of the coiled member 40 snagging the stent 60 or other components. In one example, the

coiled member 40 is formed from a material that has radiopaque properties.
[0053] Referring now to FIG. 3, an exemplary stent-graft 50, having a proximally-located

stent 60 coupled to a graft material 90, may be deployed in a controlied manner using the
coiled member 40 of FIGS. 1-2, as shown further in the exemplary coupling sequence of
FIGS. 4-5 below. In this non-limiting embodiment, the stent 60 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 then be heat set to give
it a desired final configuration. As shown in FIG. 3, the final configuration may include a
shape having a series of proximal apices and a series of distal apices. A proximal end 62 of

the stent 60 may comprise multiple adjacent proximal apices 62a and 62b, while a distal end
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64 of the stent 66 may comprise multiple adjacent distal apices 64a and 64b, as shown in
FIG. 3.

[0054] In FIG. 3, at least one pair of adjacent, proximal apices 62a and 62b may comprise
different features. For example, as shown in FIG. 3, a first proximal apex 62a may comprise
an end region 70 having a bore 71 formed therein, wherein the bore 71 is configured to
receive a suture loop 65, as explained further below. A second, adjacent proximal apex 62b
may comprise an end region 75 having an integral barb 77 formed therein, as shown in FIG.
3. The barb 77 may be formed by laser cutting a desired barb shape into the end regions 75.
A slit 76 therefore is formed into each end region 75 after the desired barb shape is formed,
as shown in FIG. 3. Once the desired barb shape is cut, a main body of the barb 77 may be
bent in a radially outward direction with respect to the end region 75. The angle may
comprise any acute anglé, or alternatively may be substantially orthogonal or obtuse. If
desired, the barb 77 may be sharpened, for example, by grinding the tip of the barb, to
facilitate engagement at a target tissue site.

[0055] Referring still to FIG. 3, the stent 60 may comprise 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 62a and a corresponding distal apex 64a, and an
identical set of angled strut segments may be disposed between an adjacent, second proximal
apex 62b and a corresponding distal apex 64b. By way of example, a first proximal apex 62a
extends distally and splits into ﬁrsf and second angled strut segments 67 and 68, respectively,
thereby forming a proximal vertex 78, as shown in FIG. 3. In a compressed state, the first

and second angled strut segments 67 and 68 may be compressed such that they are

substantially parallel to one another. Similarly, each distal apex 64a and 64b may extend in a
proximal direction and split into the first and second angled strut segments 67 and 68,
respectively, thereby forming a distal vertex 79. A first .ang]ed strut segments 67 may meet
with an adjacent second angled strut segment 68, thereby forming a transition region 80. In

this manner, the stent 60 may be formed into a continuous, generally cylindrical shape, as

shown 1n FIG. 3.

[0056] Expansion of the stent 60 is at least partly provided by the angled strut segments 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. 3. The stent

60 may be formed from any suitable material, such as a laser-cut nitinol cannula. If

9
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manufactured from nitinol, the stent 60 may be inclined to assume the expanded state shown
in FIG. 3 upon removal of a delivery sheath or engagement with the coiled member 40, as
explained in FIGS. 4-5 below.

[0057] Each transition region 80 may comprise a larger surface area relative to the angled
segments, since the transition regions are composed substantially of multiple different angled
segments 67 and 68. The stent 60 may comprise at least one barb 82 disposed in at least one
of the transition regions 80. The barb 82 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 80. As
shown 1n FIG. 3, multiple integral barbs 82 are provided. Like the barbs 77 noted above, the
barbs 82 may be formed by laser cutting a desired barb shape into the transition regions 80.
A shit 81 therefore is formed into the transition region 80 after the desired barb shape is
formed, as shown in FIG. 3. Since the transition regions 80 may comprise an increased
surface area relative to other regions of the stent 60, it may be easier to perforate portions of
the transition regions 80 without adversely affecting the structural integrity of the stent. Once
the desired barb shape is cut, a main body of the barb 82 may be bent in an outward direction
at any angle with respect to the transition region 80 and optionally may be sharpened to
facilitate engagement at a target tissue site.

[00S8] Each of the distal apices 64a and 64b may comprise an end region 88 having a bore
89 formed therein, as shown in FIG. 3. The distal end 64 of the stent 60 may be coupled to a
proximal end 92 of the graft material 90. The distal apices 64a and 64b may be coupled to
the graft material, for example, using one or more sutures that are looped through the graft
material and the bores 89 of the stent 80. In this manner, the stent 60 may be used as an
attachment stent for endovascular graft fixation. For example, the graft material 90 may
overlap with an aneurysm to seal off fluid flow into the aneurysm, while the proximal end 62
of the stent 60 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. As
will be apparent, one or more additional stents may be coupled to an inner or outer surface of
the graft material 90, 1.e., at a location distal to the stent 60, to help maintain patency
throughout the graft material. While multiple exemplary zig-zag stents 95 are shown coupled
to the graft material 90 between the proximal and distal ends 92 and 94 of the graft material
90 in FIGS. 4-5, it will be apparent than any shape of stent may be used, and such stents may

be coupled to either the inner or outer surfaces of the graft material 90.

10
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]0059] The stent 60 has a reduced diameter delivery state so that it may be advanced to a
target location within a vessel or duct. The stent 60 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
patency 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 60. Further, the struts of the stent
60 may comprise a substantially flat wire profile or may comprise a rounded profile. As best
seen in FIG. 3, the struts of the stent 60 generally comprise a flat wire profile.

[0060] The stent 60 may be manufactured from a super-elastic material. Solely by way of
example, the super-elastic material may comprise a shape-memory alloy, such as a mckel
titanium alloy (nitinol). If the stent 60 comprises a self-expanding material such as nitinol,
the stent may be heat-set into the desired expanded state, whereby the stent 60 can assume a
relaxed configuration in which it assumes the preconfigured first expanded inner diameter
upon application of a certain cold or hot medium. Alternatively, the stent 60 may be made
from other metals and alloys that allow the stent 60 to return to its original, expanded
configuration upon deployment, without inducing a permanent strain on the material due to
compression. Solely by way of example, ';he stent 60 may comprise other materials such as
stainless steel, cobalt-chrome alloys, amorphous metals, tantalum, platinum, gold and
titanium. The stent 60 also may be made from non-metallic materials, such as thermoplastics
and other polymers.

[0061] While one exemplary stent 60 is shown in FIG. 3 and described in FIGS. 4-5 below,
various alternative stent configurations may be used in conjunction with the coiled member
40 of FIGS. 1-2. Moreover, the stent may be deployed alone, or as part of a stent-graft
system, as depicted herein.

[0062] Referring now to FIGS. 4-5, an exemplary coupling of the stent-graft 50 of FIG. 3 to
the deployment apparatus of FIGS. 1-2 is shown and described. The stent-graft 50 has an
uncoupled state in which the stent-graft 50 is positioned coaxially over the cannula 30 with
the proximal end 62 of the stent 60 in longitudinal proximity relative to the distal end 42 of
the coiled member 40, as shown in FIG. 4. During assembly, the suture loops 65 that are
coupled to the proximal apices 62a of the stent 60 are threaded around the distal end 42 of the
coiled member 40 one at a time, preferably until all of the suture loops 65 are coupled to the
coiled member 40. Such coupling may be achieved by rotating the cannula 30 in a clockwise

direction until the proximal end 62 of the stent 60 is sufficiently compressed in a radially

11
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inward direction, as depicted in FIG. 5. It should be noted that the gap 44 between the distal
end 42 of the coiled member 40 and the outer surface 31 of the cannula 30 permits
positioning of the suture loops 65 around the distal series of turns 43b.
[0063] The suture loops 65 are further accommodated within the spacing 45 between the
distal series of turns 43b. The suture loops 65 preferably are coupled to the coiled member
40 1in a manner 1n which at least one suture loop 63 is positioned around at least one full turn
of the distal series of turns 43b, and preferably around at least 1.5 turns at the distal end 42 of
the coiled member 40, thereby reducing the likelihood of inadvertent uncoupling of the suture
loops 65 from the coiled member 40.
[0064] The coupling shown in FIG. 5 secures the stent 60 to the cannula 30 via the coiled
member 40 1n a manner that may subsequently facilitate insertion of the subassembly
comprising the cannula 30 and the stent-graft 50 into an outer sheath. As will be apparent,
the outer sheath 1s configured to radially restrain other regions of the stent-graft 50 for
delivery to a target site within a patient’s anatomy.
[0065] In this embodiment, the suture loops 65 are coupled to every other proximal apex 62a
to restrain the stent 60 during delivery. The suture loops 65 are not coupled to the second
proximal apices 62b, which comprise the barbs 77. By restraining the alternating proximal
apices 62a using the suture loops 65 coupled to the cotled member 40, the adjacent second
proximal apices 62b also may be indirectly pulled in a radially inward direction during
delivery. The configuration of the stent 60, and in particular the angled segments 67 and 68
that meet up at transition regions 80, facilitates the indirect compression ot the adjacent
second proximal apices 62b. Since only selected ones of the proximal apices are restrained
during delivery, the number of suture loops 65 may be reduced. Moreover, since the barbs 77
are only disposed on every other apex, barb entanglement may be reduced or eliminated.
[0066] An introducer, similar to that described in PCT application WQO98/53761, entitled “A
Prosthesis and a Method and Means of Deploying a Prosthesis,”

may be used to deploy the stent-graft 50. PCT application
WQ098/53761 describes a deployment system for an endoluminal prosthesis whereby the
prosthesis is radially compressed onto a delivery catheter and 1s covered by an outer sheath.
To deploy the system, the operator slides or retracts the outer sheath over the delivery
catheter, thereby exposing the prosthesis. The prosthesis expands outwardly upon removal of

the sheath. The operator can directly manipulate the sheath and the delivery catheter, which
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provides the operator with a relatively high degree of control during the procedure. However,
in the current embodiments, trigger wir<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>