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STENT GRAFT DELIVERY SYSTEMS AND ASSOCIATED
METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to and the benefit of U.S. Provisional Patent
Application No. 61/384,669, filed September 20, 2010, entitled "STENT GRAFT
DELIVERY SYSTEMS AND METHODS," and U.S. Provisional Patent Application
No. 61/527,064, filed August 24, 2011, entitled "ENDOVASCULAR STENT GRAFT
DELIVERY SYSTEMS AND ASSOCIATED METHODS," both of which are incorporated

herein by reference in their entireties.

[0002] The following patent applications are also incorporated by reference herein in

their entireties:

[0003] (a)  U.S. Patent App. No. 12/466,044, filed May 14, 2009;

[0004] (b)  U.S. Patent App. No. 12/628,131, filed November 30, 2009;

[0005] © U.S. Provisional Pat. App. No. 61/265,713, filed December 1, 2009;
[0006] (d)  U.S. Provisional Pat. App. No. 61/293,581, filed January 11, 2010; and

[0007] (e) U.S. Provisional Pat. App. No. 61/320,646, filed April 2, 2010.
TECHNICAL FIELD

[0008] The present technology relates to treatment of abdominal aortic aneurysms.
More particularly, the present technology relates to stent graft delivery systems and associated

methods.
BACKGROUND
[0009] An aneurysm is a dilation of a blood vessel of at least 1.5 times above its

normal diameter. A dilated vessel forms a bulge known as an aneurysmal sac that can
weaken vessel walls and eventually rupture. Aneurysms are most common in the arteries at
the base of the brain (i.c., the Circle of Willis) and in the largest artery in the human body, the
aorta. The abdominal aorta, spanning from the diaphragm to the aortoiliac bifurcation, is the
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most common site for aortic aneurysms. Such abdominal aortic aneurysms (AAAs) typically
occur between the renal and iliac arteries, and are presently one of the leading causes of death

in the United States.

[0010] The two primary treatments for AAAs are open surgical repair and endovascular
aneurysm repair (EVAR). Surgical repair typically includes opening the dilated portion of the
aorta, inserting a synthetic tube, and closing the aneurysmal sac around the tube. Such AAA
surgical repairs are highly invasive, and are therefore associated with significant levels of
morbidity and operative mortality. In addition, surgical repair is not a viable option for many

patients due to their physical conditions.

[0011] Minimally invasive endovascular aneurysm repair (EVAR) treatments that
implant stent grafis across aneurysmal regions of the aorta have been developed as an
alternative or improvement to open surgery. EVAR typically includes inserting a delivery
catheter into the femoral artery, guiding the catheter to the site of the aneurysm via X-ray
visualization, and delivering a synthetic stent graft to the AAA via the catheter. The stent
graft reinforces the weakened section of the aorta to prevent rupture of the aneurysm, and
directs the flow of blood through the stent graft away from the aneurismal region.
Accordingly, the stent graft causes blood flow to bypass the aneurysm and allows the

aneurysm to shrink over time.

[0012] Conventional stent grafts are made from surgical grade materials that are
inherently thick and rigid, and therefore associated delivery systems typically have a size of
approximately 20 Fr (i.., approximately 6.7 mm in diameter) and greater. This size can be
intrusive when placed through small iliac vessels, and accordingly cut-down procedures are
used to introduce the delivery catheter. Cut-down procedures result in longer and more
uncomfortable healing processes than if the stent graft was implanted using a smaller,
percutaneously deliverable system. However, reducing the diameter of the delivery catheter
(e.g., to allow for percutaneous implantation) increases the force required to unsheathe and
expose the stent graft. This increased force also reduces control and precision during
deployment, making it more difficult for a physician to implant the stent graft and potentially

causing damage to the stent graft and/or the surrounding vessel walls.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Figure 1A is a partial cut-away, isometric view of a modular stent graft system

configured in accordance with an embodiment of the present technology.

[0014] Figure 1B is an isometric view of the modular stent graft system of Figure 1A

in a sealed configuration in accordance with an embodiment of the present technology.

[0015] Figure 2 is an enlarged view of a superior portion of a stent graft having

anchoring barbs configured in accordance with an embodiment of the present technology.

[0016] Figures 3-6 illustrate various stages of deploying a stent graft from a delivery

system configured in accordance with an embodiment of the present technology.

[0017] Figures 7A and 7B are side views of a stent graft and a stent frame, respectively,

configured in accordance with embodiments of the present technology.

[0018] Figure 8 and 9 are enlarged views of a superior portion of a stent frame having

medial turns configured in accordance with an embodiment of the present technology.

[0019] Figures 10 and 11 are partial side views of two stent frames interlocked by

medial turns in accordance with another embodiment of the present technology.

[0020] Figure 12 is an enlarged side view of a portion of a cover for a stent graft

configured in accordance with an embodiment of present technology.

[0021] Figure 13 is an exploded isometric view of a stent graft delivery system

configured in accordance with another embodiment of the present technology.

[0022] Figure 14 is an enlarged exploded isometric view of a distal portion of the stent

graft delivery system of Figure 13.

[0023] Figure 15 is an isometric view of the stent graft delivery system if Figures 13

and 14 assembled in accordance with an embodiment of the present technology.

[0024] Figures 16-18 are enlarged, isometric views of a stent graft delivery system as it
is being pushed through an introducer valve in accordance with an embodiment of the present

technology.
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DETAILED DESCRIPTION

[0025] The present technology is directed toward stent graft delivery systems and
associated methods. In several embodiments, for example, a stent graft delivery system
includes proximal and distal catheters that can be individually manipulated to deploy a stent
graft. In further embodiments, stent graft delivery systems configured in accordance with the
present technology can include a stent cover that houses at least a portion of a stent graft prior
to and during delivery of the stent graft to the aneurysm. The stent cover maintains the low
profile of the stent graft such that the stent graft can fit into smaller sized delivery introducers
(e.g., 14 Fr, 12 Fr, 10 Fr introducers), and also provides low stent deployment forces that

enable control and precision during deployment.

[0026] Certain specific details are set forth in the following description and in
Figures 1A-18 to provide a thorough understanding of various embodiments of the
technology. For example, many embodiments are described below with respect to the
delivery of stent grafts that at least partially repair AAAs. In other applications and other
embodiments, however, the technology can be used to repair aneurysms in other portions of
the vasculature. Other details describing well-known structures and systems often associated
with stent grafts and associated delivery devices and procedures have not been set forth in the
following disclosure to avoid unnecessarily obscuring the description of the various
embodiments of the technology. A person of ordinary skill in the art, therefore, will
accordingly understand that the technology may have other embodiments with additional
elements, or the technology may have other embodiments without several of the features

shown and described below with reference to Figures 1A-18.

[0027] In this application, the terms "distal" and "proximal" can reference a relative
position of the portions of an implantable stent graft device and/or a delivery device with
reference to an operator. Proximal refers to a position closer to the operator of the device,

and distal refers to a position that is more distant from the operator of the device.

Selected Stent Graft Structures

[0028] Figures 1A and 1B are isometric views of a modular stent graft system 100
("system 100") configured in accordance with an embodiment of the present technology. The
system 100 can include separate stent grafts 102 (identified individually as a first stent graft
102a and a second stent graft 102b) that can be coupled, mated, or otherwise substantially
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sealed together in situ. Each stent graft 102, for example, can include a braided or integrated
frame 104 ("frame 104") and an at least substantially impermeable sleeve or cover 106
("cover 106™) extending over at least a portion of the frame 104. The frame 104 and the cover
106 of an individual stent graft 102 can form a discrete lumen 116 through which blood can
flow to bypass an aneurysm. In operation, the stent grafts 102 are generally delivered

separately and positioned independently across the aneurysm.

[0029] As shown in Figures 1A and 1B, each stent graft 102 includes a superior
portion 108 and an inferior portion 110. The superior portion 108 can include a convexly
curved outer wall 112 and a septal wall 114. As shown in Figure 1A, the septal wall 114 can
be substantially flat such that the superior portion 108 forms a "D" shape at a superior portion
of the lumen 116. In other embodiments, the septal wall 114 can be convexly curved with a
larger radius of curvature than the outer wall 112 such that the superior portion 108 forms a
complex ellipsoid having another D-shaped cross-section at the superior portion of the lumen
116. In further embodiments, the superior portion 108 can have asymmetrical shapes or other
suitable cross-sectional configurations that can mate with each other in the septal region and
mate with an arterial wall around the periphery of the outer wall 112. The inferior portion
110 can have a circular cross-sectional shape, an elliptical shape, a rectangular shape, an
asymmetrical shape, and/or another suitable cross-sectional shape for an inferior portion of

the lumen 116.

[0030] The superior portions 108 of the stent grafts 102 are mated together and at
least substantially sealed along the septal walls 114 (e.g., as shown in Figure 1B) within the
aorta above an aneurysm. In some embodiments, the superior portion 108 can be
approximately 2-4 cm in length to adequately fix the outer walls 112 to the arterial walls such
that they are at least substantially sealed together. In other embodiments, the superior portion
108 can be longer or shorter. In one embodiment in accordance with the technology, the
inferior portions 110 can extend through an inferior portion of the aneurysm and into
corresponding iliac arteries to bypass the aneurysm. In another embodiment, one or both
inferior portions 110 can terminate within the aneurysm to form what is known to those
skilled in the art as a "gate," and limbs (not shown) can be attached to the proximal ends of

the inferior portions 110 and extended into the iliac arteries to bypass the aneurysm.

[0031] In the embodiment shown in Figures 1A and 1B, the frames 104 have bare end
portions 118 (identified individually as first end portions 118a and second end portions 118b)
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that extend beyond the covers 106. As shown in Figures 1A and 1B, the first end portion
118a can extend distally from the superior terminus of the cover 106, and the second end
portion 118b can extend proximally from the inferior terminus of the cover 106. In some
embodiments, the end portions 118 can be trumpeted or flared to interface with the arterial
walls of the aorta and/or the iliac arteries. This can promote cell ingrowth that strengthens the

seal between the endograft devices 102 and the adjacent arteries.

[0032] The end portions 118 can also increase the available structure for securing the
stent graft 102 to the artery and increase the surface area of the covers 106 for sealably fixing
the stent grafts 102 to arterial walls. This decreases the precision necessary to position the
stent grafts 102 and increases the reliability of the implanted system 100. For example, a
short infrarenal aortic neck (e.g., less than 2 cm) generally requires precise placement of the
stent grafts 102 to preserve blood flow to the renal arteries while still providing enough
surface area for the stent grafts 102 to be properly affixed with the aorta. In the embodiment
shown in Figures 1A and 1B, however, the first end portions 118a can be placed at the
entrance of the renal arteries to allow lateral blood flow into the renal arteries and provide a
larger structure for fixing the stent grafts 102 to the arterial wall and a larger sealing area with
the arterial wall. The end portions 118 can also provide accessible sites for recapture (e.g., by
guidewires, bead and collet, etc.) that enhance the accuracy of positioning the stent grafts 102

across the aneurysm.

[0033] During deployment of the system 100, each stent graft 102 can be delivered
independently to an aneurysmal region in a low-profile configuration. The low-profile
configuration has a first cross-sectional dimension and a first length that can facilitate
percutaneous endovascular delivery of the system 100. Because each stent graft 102 extends
around only a portion of the vessel periphery, the individual stent grafts 102 can be
constricted (i.e., radially collapsed) to a smaller diameter than conventional AAA stent grafts
with a single superior portion that extends around the complete periphery of the vessel wall.
In some embodiments, for example, each of the stent grafts 102 can have a diameter of 25
mm in the expanded configuration, and can be constricted to a diameter of 4 mm in the low-
profile configuration to be percutaneously deployed across the aneurysm through a 12 Fr
catheter. Additionally, because each stent graft 102 can be delivered independently, the end
portions 118 and fenestrations can facilitate staggering the stent grafts 102 to accommodate

asymmetrical anatomies.
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[0034] At a target site in the aneurysmal region, the stent grafts 102 can expand (e.g.,

manually or self-expand) to an expanded configuration (e.g., shown in Figures 1A and 1B).
The expanded configuration can have a second cross-sectional dimension greater than the first
cross-sectional dimension and a second length less than the first length. In the expanded
configuration shown in Figure 1B, the septal walls 114 (Figure 1A) of the stent grafts 102 can
be forced against one another. When in situ within the aorta, the forces between the opposing
septal walls 114 form a septum 120 in which the septal walls 114 are at least substantially
sealed together to prevent blood from flowing between the stent grafts 102 and into the
aneurysm. Additionally, as shown in Figure 1B, the texture (e.g., ribbing) on the covers 106
can mate at the septum 120 to further strengthen the seal between the septal walls 114.
Similarly, the texture of the cover 106 on the outer walls 112 can interface with the adjacent

vessel walls to strengthen the seal around the periphery of the stent grafts 102.

[0035] In other embodiments, a single stent graft can be used to direct blood flow
away from a diseased aneurismal portion of a blood vessel through the stent graft. Such a
stent graft can includes features generally similar to the features of the stent grafts 102 of the
dual stent graft system 100 described above with reference to Figures 1A and 1B. For
example, the single stent graft can include the intergrated frame 104 and the ribbed cover 106
that expand radially from a low-profile configuration used during delivery to an expanded
configuration at the site of the aneurysm. In this embodiment, however, the superior portion
of the stent graft can have a substantially circular cross-sectional shape to seal against the

circumference of the aorta.

[0036] Figure 2 is an enlarged isometric view of a superior portion 208 of a stent graft
202 configured in accordance with another embodiment of the present technology. The stent
graft 202 includes features generally similar to the features of the stent grafts 102 described
above with reference to Figures 1A and 1B. For example, the stent graft 202 includes the
integrated frame 104 and the cover 106. The stent graft 202 can be one of a pair of D-shaped

stent grafts as described above or a circular stent graft.

[0037] As shown in Figure 2, the stent graft 202 further includes one or more
anchoring barbs 222 that project radially outward from the frame 104 to engage the interior
surfaces of arterial walls. The anchoring barbs 222 can be "V" shaped projections as shown,
hooks, and/or other shapes that can penetrate into the arterial walls to resist migration of the

stent graft 202 within the artery and reduce the likelihood of endoleaks between the outer wall
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of the stent graft 202 and the arterial wall. . The anchoring barbs 222 can be made from

resilient metallic materials, polymeric materials (e.g., polyethylenes, polypropylenes, Nylons,
PTFEs), and/or other suitable materials that can anchor the stent graft 202 to arterial walls. In
the illustrated embodiment, the stent graft 202 includes two anchoring barbs 222. In other
embodiments, however, the stent graft 202 can include one anchoring barb 222 or more than
two anchoring barb 222 positioned on the superior and/or inferior portions of the stent graft

202

[0038] In various embodiments, the anchoring barbs 222 can be separate elements
that are attached to the frame 104. For example, the anchoring barbs 222 can be small wires
that are fastened to the frame 104 by winding another wire (e.g., a Nitinol wire) around the
anchoring barbs 222 and an adjacent wire 224 of the frame 104. In other embodiments, the
anchoring barbs are integrally formed with the wires 224 used in the braid of the frame 104.
Such integrated anchoring barbs 222 can deploy (i.e., project outwardly) and retract in a
manner responsive to at least one of elongation, shortening, contraction, and dilation of the
frame 104. For example, the anchoring barbs 222 can be deployed when the frame 104
expands and can retract when the frame 104 constricts. Accordingly, the anchoring barbs 222
do not inhibit movement of the stent graft 202 during delivery in the low-profile

configuration.

Stent Graft Delivery Systems

[0039] Figures 3-6 are top views a delivery system 300 in various stages of deploying a
stent graft and configured in accordance with an embodiment of the present technology. In
the illustrated embodiment, the delivery system 300 is shown deploying the stent graft 202 of
Figure 2. However, the delivery system 300 may be used to deliver any suitable stent graft.
Referring to Figure 3, the delivery system 300 can include a proximal sheath 326 that covers a
proximal portion of the stent graft 202 (not shown) and a distal sheath 328 that covers a distal
portion of the stent frame 202. The proximal sheath 326 and the distal sheath 328 may cover
contiguous portions of the stent frame, leave a medial portion uncovered, and/or overlap to
fully cover the stent graft 202. In other embodiments, the delivery system 300 can include

more than two delivery sheaths, each configured to cover at least a portion of a stent graft

[0040] In operation, the delivery system 300 is can deliver the stent graft 202 to a

deployment location in the vasculature of a patient. For example, the delivery system 300
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may be delivered percutaneously into a vessel (e.g., inserted in the femoral artery) and guided
to the site of an abdominal aortic aneurysm. As shown in Figures 4 and 5, upon arrival at the
deployment location, the proximal sheath 326 can be retracted relative to the stent graft 202
and relative to the distal sheath 328, thereby uncovering and deploying at least a proximal

portion of the stent graft 202.

[0041] As shown in Figures 4 and 5, in various embodiments, the distal sheath 328 may
continue to cover the distal portion of the stent graft 202 while the proximal sheath 326 is
retracted. For example, the distal sheath 328 may cover a portion of the stent graft 202
including the anchoring barbs 222 (Figure 6) while other portions of the stent graft 202 are
deployed. This allows the anchoring barbs 222 to remain unanchored to the surrounding
tissue (e.g., the arterial walls) during deployment of other portions of the stent graft 202 not
including anchoring barbs 222 such that the anchoring barbs 222 do not injure the
surrounding tissue during lateral or longitudinal adjustments to the position of the stent graft

202.

[0042] As shown in Figure 6, once the stent graft 202 is positioned in the desired
location, the distal sheath 328 can be advanced relative to the stent graft 202 to deploy the
distal portion of the stent graft 202 and the anchoring barbs 222 attached thereto. In the
illustrated embodiment, the distal sheath 328 is operable by a user via a central wire 330 (e.g.,
as shown in Figures 3, 4, and 5). The central wire 330 can be made from a material that is
flexible enough to navigate tortuous anatomy (e.g., the iliac arteries and/or other portions of
the vasculature), but still stiff enough to translate advancement thereof by a user to the distal
sheath 328, such as stainless steel, Nitinol, and/or other suitable materials. To navigate the
vasculature, the central wire 330 can be positioned through the lumen formed at least in part
by the proximal sheath 326 and the stent graft 202. Once the distal portion of the stent graft
202 is deployed, the central wire 330 can be used to remove the distal sheath 328 and any
other distal portions of the delivery system 300 through the central lumen of the stent graft
202.

[0043] In various aspects of the present technology, the delivery system 300 may be
used to deploy the stent graft 202 and/or other stent grafts using various other methods. For
example, in one embodiment, a distal portion of a stent graft can be deployed before a
proximal portion of the stent frame. As another example, one of the sheaths (e.g., the distal

sheath 328 or the proximal sheath 326) can be only partially removed from a stent graft
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before adjusting the other sheath. In further embodiments, the delivery system 300 can
include additional sheaths to further provide controllable deployment of portions of a stent
graft.

[0044] In further aspects of the present technology, the delivery system 300 can include
features that enhance expansion and/or constriction of stent grafts (e.g., to achieve full
expansion of the two D-shaped stent grafts 102 of Figures 1A and 1B). For example, the
delivery system 300 may include spur-shaped elements on telescoping coaxial tubes to engage
portions (e.g., proximal and/or distal portions) of a stent graft while it is constrained within
one or both of the sheaths 326 and 328. Engaging portions of the stent graft can provide axial
control at one or more points along the stent graft. For example, the delivery system 300 can
engage an aortic or distal end portion of a stent graft (i.e., the portion of the stent graft
eventually deployed within the aorta) to stabilize it, while another portion of the delivery
system 300 engages an iliac or proximal end portion of the stent graft to move it proximally
and constrain or constrict the stent graft 202 as it is exposed from the sheaths 326 and 328.
This coordinated motion can be used to achieve a controlled braid angle of the frame as the
stent graft is exposed. By grasping the distal and/or proximal end portions of the stent graft,
the delivery system 300 can also maintain the position of a stent graft relative to the
deployment location (e.g., an AAA). In other embodiments, the delivery system 300 can

include engagement features that connect to other portions of the stent graft.

[0045] In still further aspects of the present technology, the deployment system 300 can
be used to deliver an expandable stent graft, such as the expandable stent grafts 102 and 202
discussed above with reference to Figures 1A-2. For example, one or more sheaths (e.g., the
proximal sheath 326 and/or the distal sheath 328) can cover the stent graft during delivery
such that it is in a low-profile, sheathed configuration with an elongated length, and during
deployment the stent graft can be unsheathed such that it expands and shortens in length to a
deployed configuration. The sheath may be removed from the proximal or distal end of the

stent graft as described above.

[0046] In yet another aspect of the present technology, the delivery system 300 includes
a gear arrangement 331 (Figure 3) between or connecting one or more sheaths (e.g., the
proximal sheath 326, the distal sheath 328) to a stent graft positioned therein. The gear
arrangement 331 may be configured to advance the stent graft while simultaneously retracting

the sheath relative to the stent graft such that an end portion (e.g., a proximal end portion or a

10
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distal end portion) of the stent graft is held in a position (e.g., at a desired location relative to
the aneurysm) while the sheath is removed and the stent graft transitions from the sheathed
configuration to the deployed configuration. In other embodiments, the gear arrangement 331
may be configured to retract the stent graft (e.g., rather than the sheath) while simultaneously
advancing the sheath relative to the stent graft such that one of the proximal or distal end
portions of the stent graft is held in place while transitioning the stent graft from the sheathed
configuration to the deployed configuration.

[0047] When the stent graft includes anchoring barbs (e.g., the stent graft 202 of Figure
2 with anchoring barbs 222), the portion of the stent graft that includes the anchoring barbs
can be maintained at a single position while the stent graft transitions from the sheathed
configuration to the deployed configuration. When the anchoring barbs are deployed before
or during stent graft deployment, holding the stent graft in such a fixed location reduces,
mitigates, or eliminates damage to the arterial walls caused by the anchoring barbs during
deployment of the remainder of the stent graft (e.g., distally directed force as the sheath is

removed from the stent graft).

[0048] In various embodiments, the gear arrangement 331 can have a gear ratio
configured to correspond to a ratio of the shortened length of the stent graft to the elongated
length of the stent graft (i.e., the length of the stent graft in the sheathed configuration versus
the deployed configuration). This allows the gear arrangement 331 to compensate for
foreshortening of the stent graft during deployment. In other embodiments, the gear
arrangement 331 may have a gear ratio corresponding to a ratio of the shortened length to the
elongated length as it relates to the amount of the stent graft that is being deployed (e.g., when

the amount is less than all of the stent frame).

Selected Embodiments of Stent Frames and Covers

[0049] Figures 7A and 7B are side views of a stent graft 702 and a stent frame 704,
respectively, configured in accordance with embodiments of the present technology. The
stent graft 702 and stent frame 704 can include features generally similar to the features of the
stent grafts 102 and 202 described above with reference to Figures 1A-2. Referring to Figure
7B, the frame 704 can have a braided structure made from one or more continuous
interwoven wires 724 that provide continuous integrated support longitudinally along the

length of the frame 704.  For example, a single wire 724 can be interwoven to form a braid

11
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pattern and looped at the end portions of the frame 704 to form turns 725 (e.g., by looping the

wire partially around a pin or other structure) and reverse direction to continue weaving along
the length of the frame 704 toward the opposite end portion. In various embodiments, the
intersections of the wire 724 are not welded or otherwise fixed together such that they remain
unbound. As such, each area of the frame 704 influences the radial expansion or contraction
of an adjacent area of the frame 704. In further embodiments, the frame 704 can be
configured such that the wires 724 do not terminate at the end portions of the braid structure
(i.e., at the turns 725) where stress concentration may be highest. Instead, the ends of each
wire 724 in the braid structure can overlap an opposing end of the same wire or an adjacent
wire along the length of the braid structure, can be crimped in suitable splice tube, and/or

otherwise affixed to a medial portion of the braid structure.

[0050] Braid structures can include variations in the number of turns 725 (e.g., loops in
the wires 724 at the ends of the braid structure), in the thicknesses of the wires 724, and in the
geometries of the braid (e.g., different braid angles). The frame 704 shown in Figure 7A, for
example, is made from a wire 724a having a thickness of approximately 0.013 inch that forms
10 turns 725 at each end portion of the frame 704. The frame 704 shown in Figure 7B
includes a wire 724b having a thickness of approximately 0.012 inch that forms 8 turns 725 at
each end portion of the frame 704.

[0051] The frame 704 may be constructed from a variety of resilient metallic materials,
polymeric materials (e.g., polyethylenes, polypropylenes, Nylons, PTFEs, and the like), and
composites of materials. For example, the wires 724 can be made from biocompatible
stainless steels, highly elastic metallic alloys, and biocompatible shape setting materials (e.g.,

Nitinol) that exhibit shape memory properties.

[0052] In various embodiments, the frame 704 can be constrained (e.g., elongated and
contracted) to fit within a small sheath of a delivery system (e.g., the proximal sheath 326
and/or the distal sheath 328 of the delivery system 300 of Figures 3-6). To facilitate maximal
constriction of the frame 704, each longitudinal segment of the braided wire 724 (e.g.,
between opposing turns 725) can have a substantially equal length. When the frame 704 has
varying cross-sectional dimensions or shapes (e.g., a D-shaped superior portion and a circular
inferior portion as shown in Figures 1A and 1B), the frame 704 can be formed in two stages:

(1) the wire 724 can be braided on a dual-diameter mandrel, and (2) a portion of the braided
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wire 724 can be reshaped on a D-shaped mandrel. This allows the wire 724 to maintain

uniform end-to-end distances while conforming to the D-shaped cross section.

[0053] In various embodiments, the braid pattern of the stent frames 704 can be
interrupted to create V-shaped wire turnarounds or medial turns along the length of the braid
structure (e.g., midway through the length of the braid structure). Such medial turns can be
included in a braid structure that includes multiple wires. For example, in one embodiment, a
wire is braided into a first braid pattern (e.g., defining a body of the frame 704) having half of
the desired braid density and half of the desired turns at each end portion. A second wire is
then braided into the first braid pattern with a set of turnarounds near an end portion of the
first braid pattern and a second set of turnarounds between the two end portions (e.g., toward
the middle) of the first braid pattern. A third wire can then be braided into the remaining
portion of the first braided structure (i.e., the portion of the first braid pattern not already
integrated with the second braid pattern) with medial turns proximate the medial turns of the
second wire to "fill in" the frame, making the wire density is more uniform along the length
of the frame. The apex of individual medial turns may point generally toward one end of the

stent frame such that they are flush with the body of the frame.

[0054] Figures 8 and 9 are enlarged views of a distal portion of a stent frame 804
configured in accordance with another embodiment of the present technology. The stent
frames 804 include features generally similar to the features of the frames discussed above.
However, as shown in Figures 8 and 9, the stent frames 804 include medial turns 840 that are
bent or otherwise formed to extend or flare radially outward away from the center lumen of
the stent frame 804 beyond what would otherwise be defined as the body of the stent frame
804. As discussed in more detail below, the angle 0 at which the medial turns 840 project

relative to the body of the stent frame 804 may be defined according to desired attributes.

[0055] In operation, the medial turns 840 can provide a hook or other type of
engagement feature that catches on wire diamonds formed by the braid pattern of another
stent frame. For example, Figures 10 and 11 are side views of a first stent frame 1004a
having medial turns 840 that are disposed substantially concentrically within a second braided
stent frame 1004b. The first stent frame 1004a can be expanded within the second stent
frame 1004b such that the medial turns extend through the openings of the second stent frame
1004b. This resists rotation and axial movement of the two stent frames 1004 with respect to

one another. In various embodiments, the medial turns 804 are angled away from the body of
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the first stent frame 1004a (e.g., not orthogonal to or parallel with the body of the first stent
frame 1004a) such that vascular flow through the stent frames 1004 tends to push the fist
stent frame 1004a in the same general direction in which the medial turns are pointed (e.g.,
outward from the body of the first stent frame 1004a). Accordingly, the medial turns 804 can
increase the engagement force on the second stent frame 1004b as a result of the force of

vascular flow.

[0056] In further aspects of the present technology, one or more of the stent frames
1004 can include two sets of medial turns 804 with opposing orientations such that blow flow
and other forces in either direction on the stent frames 1004 cause one or both sets of medial
turns 804 to embed more deeply into the accompanying stent frame 1004. Such interlocking
stent frames 1004 (e.g., with one or more sets of medial turns 804) may be used to create a
continuous flow path through different portions of vascular anatomy. For example, a first
stent frame 1004a can be placed within an iliac artery or limb and connected to the second

stent frame 1004b placed above or within an AAA.

[0057] Figure 12 is an enlarged side view of a sleeve or cover 1206 for a stent graft
configured in accordance with an embodiment of the present technology. In various
embodiments, the cover 1206 can be positioned over a stent frame (e.g., as shown in Figures
1A and 1B) to define a flow path through one or more stent frames and facilitate the
interlocking of stent frames. In the illustrated embodiment, the cover 1206 includes a
plurality of circumferential ribs 1242 such that the cover 1206 has an undulating profile that
can extend and contract during delivery (e.g., extend to a low-profile, sheathed configuration)
and deployment (e.g., expand to a deployed configuration). During expansion, the ribs 1242
of the cover 1206 can mate with ribs 1242 of an opposing cover and interface with vessel
walls to enhance the seal and fixation between stent grafts (e.g., the stent grafts 102 of
Figures 1A and 1B) and between the stent graft and the arterial walls. For example, the
apices of the ribs 1242 at the septal wall of a stent graft can interface or mate with the troughs
of the corresponding ribs 1242 on a cover of an opposing stent graft. Additionally, the ribs 12
at the outer wall 112 can contact the arterial walls in a manner that at least substantially seals

them together.

[0058] The cover 1206 can be made from a substantially impermeable, biocompatible,
and flexible material. For example, the cover 1206 can be made from synthetic polymers,

polyurethanes, silicone materials, polyurethane/silicone combinations, rubber materials,
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woven and non-woven fabrics such as Dacron®, fluoropolymer compositions such as a
polytetrafluoroethylene (PTFE) materials, expanded PTFE materials (ePTFE) such as
TEFLON®, GORE-TEX®, SOFTFORM®, IMPRA®, and/or other suitable materials.
Additionally, in some embodiments, the cover 1206 can be made from a material that is
sufficiently porous to permit ingrowth of endothelial cells. Such a porous material can
provide more secure anchorages of stent grafts and potentially reduce flow resistance, sheer

forces, and leakage of blood around the stent grafts.

[0059] In various embodiments, the cover 1206 can be attached to a stent frame using a
suture material. For example, the zigzagged end portions of the cover 1206 can be sutured to
the stent frame. In other embodiments, the suture material may be distributed along the axial
length of the stent frame (e.g., following diamond braid pattern) such that the suture material

is not distributed in one cross section of the stent graft.

Stent Graft Delivery Systems Having Stent Covers

[0060] Figure 13 is an exploded isometric view of a stent graft delivery system 1300
("delivery system 1300") configured in accordance with another embodiment of the present
technology, and Figure 14 is an enlarged exploded, isometric view of a distal portion of the
delivery system 1300. Referring to Figures 13 and 14 together, the delivery system 1300 can
include an outer sheath 1350, a stent graft 1302 (e.g., the stent grafts 1350, 202 and 702
described above with reference to Figures 1A-7B) , a distal delivery component 1352, and a
stent cover 1354. During assembly of the delivery system 1300, the stent graft 1302 can be
held in place at both its proximal and distal end portions by the outer sheath 1350 and the
distal delivery component 1354, respectively. The outer sheath 1350 and the distal delivery
component 1354 can be referred to collectively as the delivery device. The distal delivery
component 1354 can include a distal outer sheath (not shown) configured to cover a distal
portion of the stent graft 1302 and/or a central wire 1356 positioned through the stent graft
1302 to navigate the vasculature and/or manipulate the distal outer sheath. In various
embodiments, the stent graft 1302 can be only partially sheathed, leaving a portion of the
stent graft 1302 (e.g., 3 inches of the stent graft 1302) exposed. The stent cover 1352 can be
placed over the stent graft 1302 after it is loaded in the delivery device (see, €.g., Figure 15).
The stent cover 1352 sheathes the stent graft 1302 and a portion of the delivery device during
shipping and storage, and assists in introducing the stent graft 1302 through an introducer

valve and sheath during clinical use.

15



WO 2012/040240 PCT/US2011/052412
[0061] As further shown in Figures 13 and 14, the stent cover 1352 can be a tubular
cylinder with a flared proximal end portion 1358. In selected embodiments, the stent cover
1352 can have an inner diameter of approximately 13 Fr and an outer diameter that fits into a
14 Fr introducer valve (e.g., approximately 0.220 inch). The stent cover 1352 can have
various lengths (e.g., approximately 4 inches) suitable for sheathing a portion or all of the
stent graft 1302. The flared proximal end portion 1358 can be approximately 0.260 inch in
diameter and 0.25 inch long. In other embodiments, the stent cover 1352 can have larger or
smaller inner and/or outer diameters, a differently sized flared proximal end portion 1358,

and/or longer or shorter lengths.

[0062] The stent cover 1352 can be made from high density polyethylene (HDPE), low
density polyethylene (LDPE), fluorinated ethylene propylene (FEP), polytetrafluoroethylene
(PTFE), ethylene tetrafluoroethylene (ETFE), combinations thereof, and/or other suitable
materials. In selected embodiments, the stent cover 1352 can include a liner along the inner
diameter made of a material having a low coefficient of friction, such as FEP and PTFE. This
can reduce frictional forces as the stent graft 1302 is loaded into the stent cover 1352 (e.g.,

during manufacturing) and during clinical use of the delivery system 1300.

[0063] The funnel shape of the flared proximal end portion 1358 can facilitate loading
the stent graft 1302 into the stent cover 1352 by gradually compressing fabric (e.g., Dacron®)
or other materials on the outer surface of the stent graft 1302 (e.g., a ribbed cover as shown in
Figure 12) as it is inserted into the stent cover 1352. Once positioned over the stent graft
1302 (e.g., as shown in Figure 15), the stent cover 1352 can maintain the sheathed size of the
stent graft 1302 before deployment. In various embodiments, for example, the stent cover
1352 can be positioned over the stent graft 1302 during manufacture to prevent an outer layer
of accordion-like folded Dacron®, PTFE, and/or other folded fabric from unfolding or
unwrapping over time. Accordingly, the stent cover 1352 maintains a low profile of the stent
graft 1302 such that it can be introduced into a small introducer sheath (e.g., a 10 Fr, 12 Fr,
14 Fr sheath), and therefore allows for percutaneous delivery of the stent graft 1302. By
maintaining the low profile of the stent graft 1302, the stent cover 1352 also decreases the
forces necessary to deploy the stent graft 1302, thereby increasing control and precision
during deployment. Additionally, the stent cover 1352 can be used to house different sizes of

stent grafts. This reduces or eliminates the need to increase the size of the introducer sheath
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for the larger stent grafts, and allows for the use of a 10 Fr, 12 Fr, 14 Fr, etc. introducer valve

and sheath even when the stent graft size increases.

[0064] Figures 16-18 are enlarged, isometric views of various stages of the delivery
system 1300 as it is being pushed through an introducer valve 1660 in accordance with an
embodiment of the present technology. As shown in Figures 16 and 17, the delivery system
1300 can be inserted into the introducer valve 1660 and introducer sheath 1662 via the distal
delivery component 1354 (Figure 16), and is pushed through the introducer valve 1660 into
the introducer sheath 1662 (Figure 17). As discussed above, the stent cover 1352 provides
sheathing for the stent graft as it is being delivered to the introducer valve 1660 such that the
stent graft 1302 maintains a low profile. As shown in Figures 17 and 18, the stent cover 1352
can stop inside the introducer valve 1660 (e.g., by abutting an inner surface of the introducer
valve 1660) to allow the stent graft 1302, the outer sheath 1350, and the distal delivery
component 1354 to continue through the introducer valve 1660 into the introducer sheath
1662 to the site of the aneurysm. The stent graft 1302 is, therefore, partially exposed (e.g.,
approximately 3 inches of the stent graft 1302) as it passes through the introducer valve 1660,
but the low profile provided by the stent cover 1352 allows it to be introduced into a small

introducer sheath (e.g., a 14 Fr introducer sheath, a 10 Fr introducer sheath, etc.).

[0065] From the foregoing, it will be appreciated that specific embodiments of the
technology have been described herein for purposes of illustration, but that various
modifications may be made without deviating from the disclosure. Certain aspects of the new
technology described in the context of particular embodiments may be combined or
eliminated in other embodiments. Additionally, while advantages associated with certain
embodiments of the new technology have been described in the context of those
embodiments, other embodiments may also exhibit such advantages, and not all embodiments
need necessarily exhibit such advantages to fall within the scope of the technology.
Accordingly, the disclosure and associated technology can encompass other embodiments not
expressly shown or described herein. Thus, the disclosure is not limited except as by the

appended claims.
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CLAIMS

I/We claim:

1. A stent graft delivery system, comprising:

a stent graft having a proximal portion and a distal portion;

a proximal sheath configured to cover the proximal portion of the stent graft; and

a distal sheath configured to cover the distal portion of the stent graft, wherein the
proximal sheath and the distal sheath are independently removable from
respective ends of the stent graft such that the proximal and distal portions of

the stent graft are independently deployable.

2. The delivery system of claim 1, further comprising a central wire connected to

the distal sheath and positioned within the proximal sheath.

3. The delivery system of claim 1 wherein the distal portion of the stent graft

comprises anchoring barbs deployable upon removal of the distal sheath.

4. The delivery system of claim 1, further comprising:

a proximal telescoping coaxial tube having spur-shaped elements, wherein the
proximal telescoping tube is configured to engage the proximal portion of the
stent graft; and

a distal telescoping coaxial tube having spur-shaped elements, wherein the distal
telescoping tube is configured to engage the distal portion of the stent graft,
wherein the proximal and distal telescoping coaxial tubes are configured to
move the proximal and axial portions of the stent graft axial relative to one

another.
5. The delivery system of claim 1, further comprising a stent cover having an

inner diameter of approximately 13 Fr and an outer diameter configured to fit into a 14 Fr

introducer valve, wherein the stent cover is positioned over at least a portion of the stent graft.
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6. The delivery system of claim 5 wherein the stent cover comprises a flared end

portion having an inner diameter greater than 13 Fr.

7. The delivery system of claim 1, further comprising a gear arrangement coupled

between the proximal sheath and the distal sheath.

8. The delivery system of claim 7 wherein the gear arrangement comprises a gear
ratio configured to move the stent graft and at least one of the proximal sheath and the distal

sheath relative to one another.

9. The delivery system of claim 7 wherein the gear arrangement comprises a gear
ratio configured to hold a portion of the stent graft in a position while removing at least one

of the proximal sheath and the distal sheath from the stent graft.

10.  The delivery system of claim 7 wherein:

the stent graft has a sheathed configuration and a deployed configuration, wherein the
stent graft has a first length in the sheathed configuration and a second length
shorter than the first length in the deployed configuration; and

the gear arrangement has a gear ratio equal to a ratio of the first and second lengths of

the stent graft.

11. A method of delivering a stent graft, the method comprising:

delivering to an aortic aneurysm a stent graft with a proximal sheath covering a
proximal portion of the stent graft and a distal sheath covering a distal portion
of the stent graft;

positioning the distal portion of the stent graft above the aortic aneurysm;

retracting the proximal sheath relative to the stent graft to deploy the proximal portion
of the stent graft;

advancing the distal sheath relative to the stent graft to deploy the distal portion of the
stent graft via a central wire; and

retracting the distal sheath through an inner lumen formed by the stent graft.
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12.  The method of claim 11 wherein retracting the proximal sheath further
comprises maintaining a constant position of the distal portion of the stent graft while the

proximal portion is deployed.

13.  The method of claim 11 wherein advancing the distal sheath further comprises
maintaining a constant position of the proximal portion of the stent graft while the distal

portion is deployed.

14.  The method of claim 11 wherein advancing the distal sheath relative to the

stent graft further comprises deploying anchoring barbs on the distal portion of the stent graft.

15. The method of claim 11 wherein retracting the proximal sheath comprises

retracting the proximal sheath with a gear arrangement.

16. The method of claim 15 wherein retracting the proximal sheath with a gear
arrangement comprises retracting the proximal sheath with the gear arrangement having a
gear ratio corresponding to a ratio of a sheathed length of the stent graft to the deployed
length of the stent graft.

17.  The method of claim 11, further comprising positioning the stent graft in a

stent cover having an inner diameter of at most 14 Fr.

18. The method of claim 17, further comprising:

positioning the stent cover in an introducer valve, wherein the introducer valve is no
greater than 14 Fr; and

advancing the stent graft from the stent cover into an introducer sheath via the

introducer valve.

19.  The method of claim 11 wherein the stent graft comprises a first stent frame,
and wherein the method further comprises:
delivering the first stent frame proximate an aneurysmal region, wherein the first tent

frame includes openings;
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delivering a second stent frame to the first stent frame, the second stent frame having
a braid pattern forming a body, the braid pattern having end turns at each of
two ends of the second stent frame, and the braid pattern further having medial
turns between the two ends of the second stent frame, wherein the medial turns
form protrusions extending outward from the body of the second stent frame;

positioning the medial turns of the second stent frame within the first stent frame; and

expanding the second stent frame concentrically within the first stent frame, whereby
the medial turns of the second stent frame interlock with the openings of the

first stent frame.

20.  An endograft deployment system, comprising:

a sheath selectably covering an expandable stent graft, the stent graft having a
proximal portion and a distal portion, an elongated length while in a sheathed
state, and a shortened length while in a deployed state; and

a deployment device having a gear arrangement with a gear ratio configured to
advance the stent graft while simultaneously retracting the sheath relative to
the stent graft such that the distal portion of the stent graft is maintained at a
single position while transitioning from the sheathed state to the deployed

state.

21. The endograft deployment system of claim 20 wherein the gear ratio
corresponds to a ratio of the shortened length to the elongated length.
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