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DEVICES AND METHODS FOR TREATING ANEURYSMS AND OTHER
VASCULAR CONDITIONS

RELATED APPLICATIONS
{6001] This application claims the benefit of U.5. Provisional Appilication

No. 682/074 499 filed on Novemnber 3, 2014, entitled "DEVICES AND METHODS
FOR TREATING ANEURYSMS AND OTHER VASCULAR CONDITIONS of Lee

Bolduc et al., which is incorporated herein by reference in its entirety.

BACKGROUND
{0602] The weakening of a vessel wall from damage or disease can lead to

vessel dilatation and the formation of an aneurysm. Lefl untreated, an ansurysm
can grow in size and may eventually rupture.

[6003] For example, aneurysms of the aorta occur in the abdominal region,
usually in the infrarenal area between the renal arteries and the aortic bifurcation.
Aneurysms can also occur in the tortuous thoracic region between the aortic arch
and renal arleries. The rupture of an aortic aneurysm resulls in massive
hemorrhaging and has a high rate of mortality.

{8004] Damage or disease of a vessel such as the aorta may alscresultin a
dissection of the vessel wall. Aorlic dissections are usually caused by a
connective tissue disorder and/or high blood pressure. Left untrealed, an aortic
dissection can rupture or critically reduce blood flow o the heart, the brain, the

spinal cord, the abdominal organs and the legs.

BRIEF DESCRIPTION OF DRAWINGS
{00051 FIGS. 1A and 1B are perspective and elevation views, respectively,

depiciing an example fenesirated cuff.

{0006] FIG. 2 depicts the example fenestrated cuff of FIGS. 1A and 18 implanted
within the abdominal aorta.

{0007 FIG. 3 depicts the fenestrated cuff of FIG. 1 with a covered renal stent.
[G008]FIG. 4 depicts the fenestrated cuff of FIG. 1 with a fenestration graft and
an uncovered renal stenl.

{0008 FIG. 5 is an elevation view depicting an alternative example fenesirated
cuff in accordance with this disclosure.

{60101 FIG. © is an elevation view depicting another example fenestrated cuff in

accordance with this disclosure.
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[BO111FIG. 7 is a perspective view depicting ancther example fenesirated cuff in
accordance with this disclosure.

[B012]FIGS. 8A and 8B are perspective views depicting ancther example
fenestrated cuff in accordance with this disclosure,

[0013] FIG. @ is a perspeclive view of an example helical fastener.

00141 FIGS. 10A, 108, and 10C depict another example fenesirated cuff in
accordance with this disclosure for implantation within the thoracic aorta.

{8015] FIG. 11 is a flowchart depicting a method of implanting a fenestrated cuff
in accordance with this disclosure.

G016 FIGS. 12A and 12B are perspective views depicling ancther example
fenestrated cuff in accordance with this disclosure.

[B017IFIG. 13 is a perspeciive view of a healthy aorta showing the extent of the
aorta from the aortic root, through the aortic arch, the descending thoracic aorta,
and {o the abdominal acrta and aortic bifurcation.

[GB] FIGS. 14A, 148, and 14C are perspeciive views of diseased aortas,
showing the extent to which aneurysms may deform the aoria.

[B0191FIGS. 18A and 15B are perspective views of diseased aortas, showing
aartic dissections.

{0020 FIG. 16 depicts an example of the abdominal aorta with an ansurysm in

the infrarenal area between the renal arteries and the aortic bifurcation.

DETAILED DESCRIPTION
[6021] Endovascular Aortic Aneuryam Repair (EVAR) is a procedure in which a

stent-graft prosthesis {(hereinafler endograft) is deployed endovascularly to treat
an aneurysm, while leaving the aneurysm sac in place. EVAR may be favored
over open surgical repair of aneurysms in order to, for example, shorien
operation, inlensive care, and total hospital times and lower postoperative
morbidity. EVAR has become & viable alternative 1o open repair Tor a significant
perceniage of abdominal aortic aneurysm patients. In some cases, i is desirable
to position the proximal end of the endograft as close (o the orifice of the renal
arteries as possible. In order to accomplish such positioning, endografls have
been employed with a bare stent crossing the renal arteries to anchor the device
in a suprarenal position. Additionally, aortic cuffs have been employed o

proximally extend the main body of the endograft.
2
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[0022] Some patients with aortic ansurysms present with what is somelimes
referred 1o as a short proximal neck. The proximal neck refers o the healthy
aortic tissue adjacent the aortic ansurysm sac in the infrarenal aorta. In
abdominal aortic aneurysm (AAA) palients, the neck is proximal to the
aneurysmail sac, between the aneurysm and the renal arteries. In thoracic agrtic
aneurysm {TAA) patients, there can be a proximal neck and a distal neck.
Typically the proximal neck is belween the aneurysm sac and the subclavian
artery and the distal neck is between the aneurysm sac and the renal arteries.
Currently, short proximal neck AAA and TAA patients are ireated sither through
open procedure, off-label use of commercially available endografls or through the
use of custom fenesiraled endografis. Patients with short proximal and distal
neck anatomy represent a significant challenge 1o proper reatment and exclusion
of the AAA or TAA. Alleast one reason short proximal and distal neck anatomy
patients present a significant chailenge o efficacious treaimaent is the limited
anatomical landing zone for the reparative endograft, which can equate (o a
limited seal and fixalion zone for the endografts. Most commercially available
endografls have a limitation on their neck length of 1010 15 mm. i the neck is
shorter than 10 mm, viable endograft options may be limited to custom
fenestrated endografts. Such custom fenestrated endografis can take an
extended time to produce and are expensive, require special training to correctly
deploy and require exiended procedure time to complete.

{0023] Examples according to this disclosure relate to a fenestrated aortic cuff to
be delivered endovascularly (o a target region, deploved, fastened, and sealed in
a neck region of an aocrtic aneurysm. Example fenestrated cuffs provide a
suitable landing zone for a commercially available endograft to be positioned
below or above the renal arteries or below the subclavian artery in order to
complete exclusion of an AAA or a TAA, respectively, from systematic circulation.
it will be undersiood that although the following examples are described in the
context of repair of aortic aneurysms, examples according to this disclosure may
be employed for and applied to other types of vascular treatments, including, e.g.,
treatment of aneurysms in or localized dilation of other vessels.

{0024] Example prostheses can provide clinicians with a bridging endograft for

commercially available endografts, including bifurcated grafts, in order to, e.g.,

3
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cormplete the exclusion of an AAA or a TAA from systematic blood flow. Example
prostheses can be deployed and sealed in relatively short aneurysmal necks,
while maintaining satisfactory fixation and sealing performance. Example
fenestrated prostheses are configured to work with and attach to commercially
available AAA or TAA endografis.

{6025] Fenestraled culfs in accordance with this disclosure can also be used as a
repair for previously implanted endografts, which have exhibited migration and or
endoleak. When endografts do not seal adequately at the proximal and/or distal
landing zones, biood flow leaking back into the aneurysm sac is described as an
endoleak. Endoleaks of this type would be considered a type 1 endoleak. The
fenestrated cuff may be deployed inside of the migrated/leaking endograft to
resolve a type 1 endoleak.

{0026] As noted, Tenestrated cuffs in accordance with this disclosure are
configured o provide a larger landing zone to deploy commercially available AAA
or TAA endografts. in some cases, such cuff function is facilitated and improved
by employing active fixation and sealing mechanisms, including helical fasteners
in accordance with the following examples, which may allow deployment of the
fenestrated cuff in short neck regions with limited sealing area. The combination
of aortic culf with helical fasteners, in accordance with examples of this
disclosure, may also function o limit and/or prevent the aortic neck from dilaling
overtime, as the helical fasteners engage with the tissue and grafi, which may
slow or halt the progress of ansurysmal disease (dilation).

{00271 In an example, the fenastrated cuff will include a fenestration for a first
vessel branching off the vessel in which the cuff is deployed and a scallop for a
second branch vessel. In use to treat an aortic aneurysm, the fenestrated cuff
can include a fenestration for the distal renal artery and a scallop for the superior
renal artery. By utilizing the distal renal artery as a datum for localing and/or
orienting the cuff in the aorta, the fenesirated aortic cuff may be able to
accommodate a relatively larger number of patients with an off-the-shelf system.
Currently, at least some custom fenesirated endografts use the superior
mesenteric artery (SMA)} as the datum and fenestrations in such endografls are
aligned with both the inferior and superior renal arteries. In addition, only

providing a fenestration for one renal artery and accommodating the opposite
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renal artery with a scallop may reduce the number of renal complicalions {acute
and long term). Employing such a fenestrated cuff with active fixation
mechanisms, e.g. helical fasteners, may also function (o secure the posilion of
the fenestration and scallop relative 1o the associated renal arteries.

{0028] Fenestraled cuffs in accordance with this disclosure can be fabricated in
different proximal diameters and sized {o the aortic neck to be treated. For
example, the proximal diameter of the fenestrate cuff can be in a range from
about 16 to about 46 millimeters {mm). In another example, the proximal
diameter of the fenestrate cuff can be in a range from about 18 to about 42 mm.
The overall length of the fenestrated cuff can be in a rangs from about 3 o about
8 centimeters {cm). In another example, the length of the cuff can be in a range
from about 4 o about 6 cm.

{8029] Example fenestrated cuffs include a generally cylindrical graft through
which the fenesiration and scallop are disposed and ong more stenl struciures.
In one example, the cuff includes a cylindrical graft including a fenestration
configured (o be aligned with the distal renal artery and a scallop configured o be
aligned with the superior renal artery. The cuff also includes a plurality of axially
offset stent rings coupled to the graft, which are configured to allow the cuff to
expand and contract. The slent rings are generally disposed circumferentially
around the graft. In an example, one or more of the stent rings also extend
axiaily. In the axial direction (&.g., in a direction generally parailel io the central
axis of the graft and/or ring}, one or more of the stent rings can include a triangle
wave-form shape including adjacent apices connected to one another by lingar
{or curved) stent segmenis. Adjacent apices of the stent ring alternate in axial
orientation from pointing toward the distal end of the cuff to pointing loward the
proximal end of the cuff. Such example stent rings can expand and contract
radially by being fabricaled from a flexible, resilient material that allows the stent
ring {o bend at the apices. bExample stent rings appropriate for use with
fenestrated cuffs in accordance with this disclosure are described in US. App.
No. 12/942 232, filed on November 9, 2010, entitied "DEVICES, SYSTEMS, AND
METHODS FOR PROSTHESIS DELIVERY AND IMPLANTATION, INCLUDING
A PROSTHESIS ASSEMBLY,” the enlire contents of which is incorporated herein

by reference.
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{0030] The proximal stent of example fenesirated cuffs may funclion to provide
sealing of the culf to the vessel wall and prevent or inhibit enfolding of the graft
material inlo the vessel lumen. Additionally, the distal stent may be used as a
mechanism to couple the fenesirated grafl o a commercially available endograft,
including bifurcated grafis, in order to complete the exclusion of an aneurysm
frorn systematic blood flow.

[6031] As noled, the fenestrated cuff can include stent rings disposed
circumferentially around the graft, which also exiend axially. The fenestrated cuff
may include al least one distal stent ring sewn or otherwise allached to the graft
material such that the stent ring is disposed within the lumen of the graft.

{6032] The proximal stent ring can also inciude exiernal protrusions to increase
the fixation of the cuff to the acrta. These can {ake the form of hooks andlor
pbarbs and can be fabricated from the stent itself or added to the stent through a
secondary manufaciuring process. As an alternative or in addition to enfoiding
stents, the grafl material may include loops of fabric, suture and/or different
textures of fabric to belter engage with retention features of the endograft (hooks
and or barbs). In addition these features could help increase the sealing area by
providing a gasket like effect. As noted, multiple, axially offset stent rings may be
emploved in Tenestrated cuffs in accordance with this disclosure. Additionally, a
single, continuous stent ring may be employed, which is arranged
circumferentially around the cuff {inside or outside the graft) along a helical path
such that the single stent ring wraps around the cuff between proximal and distal
ends thereof.

{0033] Fenestrated cuffs in accordance with this disclosure can include
radiopagque markers to assist in locating and fixating the cuffs. In one example, a
fenestrated cuff includes radiopaque markers for positioning the cuff within the
iumen of a vessel and for positioning the fenestration and scallop at the targeted
branch arteries. For example, the fenestraled culf can include one or more
radiopaque marker for positioning the cuff within the aorta and for aligning the
fenestration with the distal renal artery and aligning the scallop with the superior
rental artery. In addition, example fenestrated cuffs can include radiopaque
markers to guide placemaent of fixation mechanisms, e.g., helical fasieners and to

properly position commercially available endografis relative to the cuffs. In
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addition, the delivery system can include radiopague markers along the shaft and
or jacket {o help the user align the delivery system in the correct orientation within
the aorta.

{0034] The stents of fenestrated cuffs in accordance with this disciosure can be
self-expanding. For example, the stent structure, whatever the particular form,
can be fabricated from a shape-memory material, which is configured to change
shape based on some parameter like temperature. In one example, the stent
structure is fabricated from a nickel-titanium {also referred to as nitinol) and is
configured to expand from a contracted condition when released from the
delivery system. In another example, the stent rings may be fabricated from a
resilient material and configured to be biased foward a radially expanded state.
In such examples, the fenesirated cuff and associated stent can be conlracted
and retained by & delivery system and then released when the cuff has been
located within the target vessel In some examples, fenestrated cuffs can include
a balloon expandable {or some other separale expansion mechanism) stent.
{8035] The material from which the graft of example fenestrated cuffs are
fabricated may have the ability {o seal with all commercially available endografts
and may also be suitable for coupling the cuff and endografts through the use of
known fixation mechanisms, including, e.g., barbs, hooks, radial force.
Additionally, in some examples, the fenestrated cuff can be coupled to the
endografls and the vessel wall using separately deployed active fixalion
mechanisms, including, e.g., helical fasteners. Example materials for the graft of
a fenestrated cuff include polyesters, ePTFE and other suitable biccompatible
materials.

[0036]FIGS. 1A and 1B depict an example fenestrated cuff 100 including a
generaily cylindrical graft 110, stent rings 120, a fenestration 130, and a scallop
140. The entire fenestration 130 is shown in FIG. 1A for purposes of lllustration
although it is to be understood that only a portion of the fenestration 130 would
be visible through the scallop 140 and the remaining portion would be blocked
from visibility by the graft 110 in the view of FIG. 1A The fenestration 130 and
scallop 140 define openings in the graft 110. The fenestration 130 and scallop
140 are located such that when cuff 100 is positioned within, for example, the

aorta, the fenestration 130 can be aligned with the orifice to the distal renal artery
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and the superior renal artery orifice is within the opening in the graft 110 defined
by the scallop 140.

{8037] The material from which the graft 110 is fabricated may have the ability to
seal with commercially available endografts and may also be suitable for coupling
the cuff 100 and endograft through the use of one or more fikation mechanisms,
including, e.g., barbs, hooks, radial force. Additionally, in some examples, the
fenestrated cuff 100 can be coupled o an endograft and the wall of the vessel
using separately deployed aclive fixation mechanisms, including, e.g., helical
fasteners. Additionally, the fenestrated cuff 100 can be coupled to an endograft
{e.g., independent of fixating to the wall of the vessel) using separately deployed
active fixation mechanisms, including, €.g., helical fasteners. Example materials
for the graft 110 include polyasters, ePTFE and other suitable biocompatibie
materials.

{8838] In FIGS. 1A and 1B, cuff 100 includes three axially offset stent rings 120.
However, in other examples, fenestrated cuffs in accordance with this disclosure
could include more or fewer stent rings, including, e.g., one, two or four or more.
The stent rings 120 are generaily disposed circurferentiaily around the graft 110
and extend axially. In the axial direction {&.g., in a direction generally paraliel to
the central axis of the graft 110 and/or stent rings 120}, the stent rings 120
include a triangle wave-form shape including adjacent apices 150 connecled o
one another by linear stent segments 160. In some examples, the lingar sient
segments 160 connecting adjacent apices 150 of a stent ring 120 may all be the
same length. However, in other examples, the linear stent segments 160
connecting adjacent apices 150 of a stent ring 120 may have different lengths
{see the example of FIGS. 12A and 12B). The adjacent apices 150 of each stent
ring 120 alternate in axial orientation from pointing toward the distal end of the
cuff 100 o pointing toward the proximal end of the cuff 100. The stent rings 120
can be coupled to the graft 110 of culf 100 in a variety of ways, including, e.g., by
stitching the stent rings 120, or sandwiching the stent rings 120 between two
layers of material, utilizing adhesives and/or thermal operations to bond the stent
rings 120 to the graft 110.

[0038] Stent rings 120 can be configurad to expand and contract. For example,

the stent rings 120 can expand and contract radially by being fabricated from a
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flexible, resilient material that allows the stent ring 120 to bend al the apices 150.
The stent rings 120 can be self-expanding. For example, the stent ring 120 can
be fabricated from a shape-memory material, which is configured to change
shape based on some parameter, e.g., temperature. In one example, the stent
ring 120 is fabricated from a nickel-titanium (also referred 1o as nitinol} and is
configured to expand from a contracted condition when released from the
delivery system. In ancther example, the stent rings 120 may be fabricated from
a resilient material and configured to be biased toward a radially expanded slale.
In such examples, the fenestrated cuff 100 and stent rings 120 can be contracted
and retained by a delivery system and then released by a release mechanism of
the delivery system when the cuff 100 has been located within the target region
of the vessel. Examples of stent rings appropriate for use with fenestrated cuff
100 are described in U.S. App. No. 12/842,232, filed on November 8, 2010,
entitfed "DEVICES, SYSTEMS, AND METHODS FOR PROSTHESIS DELIVERY
AND IMPLANTATION, INCLUDING A PROSTHESIS ASSEMBLY,” the entire
contents of which is incorporated hersin by reference.

{00340] In the example of FIGS. 1A and 1B, the distal apices 150 of the proximal
stent ring 120 {the upper most stent ring 120 in FIGS. 1A and 1B)
circumferentially spanning scallop 140, extend axially to and are coupled with
graft 110. Coupling the proximal stent ring 120 to the graft 110 in this manner
may function to provide stability to the proximal stent ring 120 and increase the
sealing zone of the grait 110 to the wall of the vessel in which the cuff 100 is
implanted.

{6841] The fenestration 130 and scaliop 140 are arranged generally opposite one
ancther on graft 110 of cuff 100, In one example, the fenestration 130 is
generaily circular. However, in some examples, fenestration 130 may be oval or
elliptical shaped. In one example, the periphery of fenestration 130 is
approximately & mm by 8 mm. The size of scaliop 140 can be selected (o
accommodate different patient anatomies including different positions of the distal
renal artery relative to the superior renal artery. In one example, the scallop 140
defines an opening in graft 110 that is approximately 10 mm in the axial direction
and approximately 30 mm in the circumferential direction. In one example, the

scallop 140 defines an opening in graft 110 that is from about 10 mm to about 20
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mm in the axial direclion and spans a range of angles circumferentially from
about 20 degrees o about 70 degrees. In one exampie, scallop 140 defines an
opening from aboul 12 mm to about 15 mm in the axial direction. In one
axample, scallop 140 defines an opening that spans a range of angles
circumferentially from about 30 degrees o about 50 degrees.

[06042] FIG. 2 depicts example Tenestrated cuff 100 implanted within abdominal
aorta 200 to treat an AAA. Although fenestrated cuff 100 is described with
reference to treatment of disease of the aorta, and, in particular, treatment of an
AAA, cuff 100 and other fenestrated cuffs in accordance with this disclosure can
be emploved to treat the same or different conditions, in other locations,
including, e.g., treating disease in the thoracic aorta like TAA

[0043] In the example of FIG. 2, cuff 100 is implanted within the aorta 200, which
has a relatively short proximal neck 210. The proximal neck 210 of aorta 200 can
be, for example, less than 10 mm. The proximal end of cuff 100 is suprarenal, or,
in other words, proximal to the distal renal artery 220 and the superior renal
artery 230. The distal end of cuff 100 extends beyond the proximal neck 210 info
the sac 240 of the acrtic aneurysm. Fenestration 130 is aligned with distal renal
artery 220 and scallop 140 is aligned with the superior renal artery 230,

[6044] The Tenestrated cuff 100 is deployed within and coupled to aorta 200. A
commaercially available endograft 250 is connected to the cuff 100 to complete
exclusion of the aneurysm sac 240 from systematic blood flow. Depending on
the location of aneurysm sac 240, endograit 250 can include a single lumen, or,
in other cases, can be a bifurcated endograft that splits info two lumens for
branching blood flow at the sorlic bifurcation into the lliac arteries.

{0045] Endograft 250 can be coupled o cuff 100 in a variety of ways including
pbarbs, hooks, and/or a radially outward force of a stent of the endograft 250.
Additionally and as described in more detall below, endografts 250 and cuff 100
can be coupled by one or more separately delivered and deployed fasteners,
ncluding, e.g., distal helical fasteners 270 dlustrated in FIG. 2. Endograft 250
and cuff 100 can also be coupled, alone or in combination with other
mechanisms, using stent rings 120 of cuff 100 and similar stent rings included in
the endograft 250, In one exampie, the proximal stent ring 120 of cuff 100

includes external protrusions 1o increase the fixation of the cuff 100 to the aorta
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200. Such protrusions can {ake the form of hooks and/or barbs and can be
fabricated from the stent itself or added 1o the stent through a secondary
manufaciuring process. The graft 110 material may include loops of fabric,
suture and/or different textures of fabric to betfer engage with retention features
of the endograft (hooks and or barbs). In addition these features could help
increase the sealing area by providing a gasket like affect. Stent rings 120 may
be in the form of mulliple, axially offset stent rings. In other examples, a single
helical stent ring 120 may be employed. In such cases, the single stent ring 120
may be arranged circumferentially around graft 110 {(inside or outside) along a
helical path such that the single stent ring 120 wraps around the cuff 100
between proximal and distal ends thereof.

[8046] The examples of FIGS. 2-4 illustrate endograft 250 delivered and deployed
after cuff 100 and coupled telescopically within cuff 100. However, in other
examples, fenestrated cuffs in accordance with this disclosure may also be
delivered and deployed {o repair an endograft that is already implanted. In such
situations, the fenestrated cuff can be inserted within the lumen of the endograft
and deployed such that the distal end of the cuff is arranged within the lumen of
the endograft. After the cuff has been deployed and the stent of the cuff
expanded into engagement with the implanted endograft and vessel wall,
additional stabilizing and sealing measures can be taken. For example, an
endovascular Tastener applier in accordance with examples of this disclosure can
be delivered to the site and one or more fasteners, e.g., helical fasteners, can be
deployed to secure the cuff to the vessel and/or to couple the cuff and the
endograft to one another. Such fasteners can also be used to repair damage or
leaks in the previously implanted endografl.

{00471 In some cases, employing example fenesirated cuffs in this manner may
serve (o repair an endograft implanted in a short neck ansurysmal aorta, which
endograft has migrated and/or developed endoleaks. In such a case, the
fenestrated cuff may be emploved {o bridge the endograft {o the short neck of the
aneurysm to stabilize the endograft within the aorta and also to repair existing
endoleaks. The fenestrated cuff and/or the separately delivered and deployed
fasteners, e.g., helical fasteners can funclion o stabilize the endograft within the

aorta and also o repair existing endoleaks.
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{0048] Referring again (o the example of FIG. 2, a number of mechanisms are
included to assist in stabilizing the position of the cuff 100 within and sealing the
cuff 100 to the wall of aorta 200. The stent rings 120 are configured to expand
into engagement with and stabilize the location of cuff 100. Additionally, the stent
rings 120 and graft 110 can facilitate tissue growth into cuff 100 to facilitate
maintaining the position of the cufl 100 within aoria 200. Although not shown,
additional mechanisms may be included in cuff 100 {e.g., not separately delivered
and deployed) to stabilize the position of the cuff 100 within the aorta 200 and to
couple the cuff 100 to the wall of the aorta 200, including, e.g., barbs and hooks.
[0049] Also stabilizing the position of and assisting to seal the cuff 100 to the wall
of aorta 200 are proximal helical fasteners 260 and distal helical fasteners 270.
Proximal fasteners 260 are infrarenal and distal helical fasteners 270 are
implanted in the proximal neck of the aortic aneurysm. Both the proximal and the
distal fasteners 260, 270 are distributed circumferentially arcund cuff 100 and
peneatrate the cuff 100 and the wall of aorta 200, Additionally, distal fasteners
270 are employed to at least augment the connection belween cuff 100 and
endograft 250. Proximal fasteners 260 include posterior and anterior fasteners
and additional fastener(s) below and/or above the distal renal artery 220 at
approximately 90 degrees to the posterior and anterior fasteners {lo the left in the
view shown in FIG. 2). Distal fasteners 270 include a posterior and an anterior
fastener and two additional fasteners below the distal renal artery 220 at
approximately 80 degrees to the posterior and anterior Tasteners (fo the left in the
view shown in FIG. 2) and below the superior renal artery 230 at approximately
90 degrees to the posterior and anterior fasteners {fo the right in the view shown
in FIG. 2). Inthe example of FIG. 2, two sets of circumferentially disposed helical
fasteners 260 and 270 are employed to secure and seal cuff 100 and endograft
250. However, in other exampies, different numbers, arrangements, and types of
separately delivered and deploved fasieners may be used in combination with
fenestrated cuffs in accordance with this disclosure.

{0050] The example of FIG. 2 also includes fenestration graft or sleeve 280
defining a grafted lumen into distal renal artery 220 from the lumen of the graft
110 of cuff 100, Fenestration graft 280 includes an annular, and, in this example,

generally cylindrical sleeve that extends from fenestration 130 into distal renal
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artery 220. Although not shown in FIG. 2, fenestration graft 280 may also include
a stent structure to reinforce the graft and/or to facilitate inserting the fenestration
grafi 280 inte the renal artery 220, Fenestiration graft 280 may function to
increase the surface area of cuff 100 for sealing the cuff 100 to the vascular
wall{s} {e.g., aorta 200 and distal renal artery 220}, which, in turn, may reduce the
potential for endoleaks of the cuff 100.

[6051] The fenestralion graft 280 may also allow uncovered renal stenis o be
used for the fenestration instead of covered renal stents. Additionally, the
fenestration graft 280 may act as a buffer between the wall of distal renal artery
220 and such renal stent o reduce trauma to the vesse! during implantation
{60521 FIG. 3 lHlustrates fenestrated culf 100 implanted and emploved in
conjunction with a coverad renal stent 300. The covered renal stent 300 extends
into and through the fenestration 130 of cuff 100 and is flared radially outward
adjacent this junction. FIG. 3 illusirates the seal between the fenesiration 130
and the outer diameter (OD) of the covered stent 300 in this example.

{8053 FIG. 4 illustrates fenestrated cuff 100 including fenestration graft/slesve
280 coupled to and extending from fenestration 130, In this example, fenesirated
cuff 100 and fenestration graft 280 are employed in combination with an
uncovered stent 310, As illustrated, in the example of FIG. 4, a seal is provided
along the length of the uncovered stent 310 and fenestration graft 280 in a region
of overlap between the two struclures.

{0054] Fenestration graft 280 can be sized and shaped 1o accommodate different
patient anatomies. In one example, fenastration graft 280 is from about 1 mm to
about 20 mm long. In ancther example, fenestration graft 280 is from about 1
mm to about 5 mm long. In one example, the diameter of fenestration graft 280
is from about 4 mm to about 10 mm. in ancther example, the diameter of
fenestration graft 280 is from about § mm to about & mm.

[6055] The example of FIG. 2 includes expandable cavily 280, which may
funclion o provide additional sealing of cuff 100 within aorta 200 to reduce the
potential for blood flow leakage into the aneurysm sac 240. As iliustrated in FIG.
2, expandable cavity 290 can be connected around the outer surface of the distal
end of cuff 100 such that the cavity 290 can be expanded to fill the space

between the cuff 100 and the distal portion of proximal neck 210 and the proximal
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partion of the aneurysm sac 240. When deploved and expandead, cavity 290 can
include a toroid shape, surrounding the distal end of cuff 100. Expandable cavity
290 can be coupled to cuff 100 and collapsed before and during delivery of the
cuff 100 to the target site within aorta 200, after which the cavity 290 can be
expanded as shown in FIG. 2. In one example, the expandable cavity 280 can
be filled with a settable polymer. In ancther example, the expandable cavity 290
can be filled with saline.

{0056] In one example, expandable cavity 280 may be two layers of material,
which can be filled andfor expanded. For example, the area within the two layers
of material may filled with an expandable polymer or other material to take on a
predetermined shape or could simply fill a space o Tacilitate sealing the cuff 100
to the aorta 200.

{0057] Although the foregoing examples describe an example fenestrated cuff
including a fensstration and a scallop, other fenestrated cuffs are also possible.
FIG. B depicts an alternatlive example fenesirated cuff 500 in accordance with this
disclosure. The fenestrated cuff 500 includes a generally cylindrical graft 510,
stent rings 520, a first fenesiration 530, and a second fenestration 540. The first
and second fenestrations 530 and 540 define openings in the graft 510 and are
located such that when cuff 500 is positioned within, Tor example, the aorta, the
first fenestration 530 can be aligned with the orifice to the distal renal artery and
the superior renal arlery orifice is within the opening in the graft 510 defined by
the second fenestration 540. As illustrated in this example, first and second
fenesirations 530 and 540, respeciively, may be different sizes, e.g., the second
fenestration 540 may be larger than the first fenesiration 530.

[6058] The first fenestration 530 and the second fenestration 540 are arranged
generally opposite one another on graft 510 of cuff 500. In one example, the first
and second fenestrations 530 and 540 are generally circular. However, in some
examples, one or both of the first and second fenestrations 530 and 540 may be
oval or elliptical shaped. The sizes and shapes of the first and second
fenestrations 530 and 540 can be selecied to accommadate different patient
anatomies including different positions of the distal renal artery relative fo the

superior renal arlery.
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[0058] The structure, materials, functions, and features of the graft 510 and the
stent rings 520 (including adjacent apices 550 connected by stent segments 560}
of the fenestrated cuff 500 may be substantially similar those described above
with reference to the graft 110 and the stent rings 120 of fenestrated cuff 100.
{0080] FIG. € depicts an alternative example fenestrated cuff 600 in accordance
with this disclosure. The fenesirated cuff 600 includes a generally cylindrical
graft 610, stent rings 620, a first fenesiration 830, a second fenestration 640, and
a scailop 650. The first and second fenestrations 630 and 640, respectively, and
the scaliop 850 define openings in the graft 810. The first and second
fenestrations 630 and 640 are located such that when cuff 600 is positioned
within, for example, the aoria, the first fenestration 630 can be aligned with the
orifice to the distal renal artery and the superior renal artery orifice is within the
opening in the graft 810 defined by the second fenestration 640, As illustrated in
this example, first and second fenestrations 630 and 840, respectively, may be
different sizes, e.g., the second fenestration 640 may be larger than the first
fenestration 630.

{0061] The scallop 850 is arranged on the circumference of the graft 610 between
the first and second fenestrations 630 and 840. The scallop 650 can be
positioned relative to the first and second fenestrations 830 and 840 and sized
such that when cuff 800 is positioned within, for example, the aorta, the superior
mesenteric artery (SMA) is within the opening in the graft 610 defined by the
scallop 650.

[0062] The first fenesiration 830 and the second fenesiration 840 are arranged
generally opposite one another on graft 810 of cuff 600, In one example, the first
and second fenestrations 630 and 640 are generally circular. However, in some
axamples, one or both of the first and second fenestrations 830 and 640 may be
oval or elliptical shaped. The sizes and shapes of the first and second
fenesirations 630 and 640 can be selected 1o accommodate different patient
anatomies including different positions of the distal renal artery relalive {o the
superior renal artery.

{0063] The structure, materials, functions, and features of the graft 810 and the

stent rings 620 {including adjacent apices 660 conneciad by stent segments 670}
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of the fenestrated cuff 600 may be substantially similar those described above
with reference to the graft 110 and the stent rings 120 of fenestrated cutf 100.
{0064]FIG. 7 depicts an allernative example fenestrated cuff 700 in accordance
with this disclosure. The fenesirated cuff 700 includes a generally cylindrical
graft 710, stent rings 720, a fenestration 730, and a beveled edge 740. The
example of FIG. 7 also includes a fenestration graft 780 extending from
fenestration 730 into distal renal artery 220, The fenestration 730 and the
beveled edge 740 define openings in the graft 710. The example fenestrated cuff
700 is longer than some other example cuffs described above, including sbx stent
rings 720 and graft 710 that extends proximally further up the aorta from the
distal and superior renal arteries 220 and 230.

{8065] In some open surgical repairs of a diseased vessel like an aneurysmal
aorta, the physician may cut the graft material with a large beveled edge, which is
sometimes referred (o as a Coral pateh. The example fenestrated cuff 700
includes such a beveled edge 740 on the proxima!l end of the cuff. The beveled
edge 740 may be defined by a planar cut in the graft 710 in a plane that is angled
relative to the longitudinal axis of the cuftf 700. The increased length and
increased surface area of the cuff 700 may function to improve sealing the cuff
700 within a vessel, &.g., within the aoria. Additionally, the beveled edge 740
may define an opening in the graft 700 to accommaodate multiple branch vessels,
including, e.g., the superior renal artery 230 and the SMA 750, In one example,
the beveled edge 740 is at approximately 60 degrees to the axis of the cuff 700
and is from about 2 to about 2.5 (cm) long {e.g., from the proximal end of the cuff
700 to the distal end of the beveled edge 740).

[8066] The fenestration 730 is located such that when cuff 700 is positioned
within, for example, the aorta, the fenestration 730 can be aligned with the orifice
to the distal renal artery 220. In one example, the fenestration 730 is generally
circular. However, in some examples, the fenestration 730 may be oval or
glliptical shaped. The size and shape of the fenestration 730 can be selecied o
accommodate different patient anatomies including different positions of the distal
renal artery relative 1o the superior renal artery.

[0067] The beveled edge 740 is arranged on the circumference of the graft 710

generally opposite {o the fenestration 730. The beveled edge 740 can be
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positioned relative 1o the fenestration 730 and sized such that when cuff 700 is
positioned within, for example, the aorta, the superior renal artery 230 and the
SMA 750 are within the opening in the graft 710 defined by the beveled edge
740.

[8068] The example of FIG. 7 also includes a plurality of helical fasteners 760 o
stabilize the location of the cuff 700 and Tacilitate sealing the cutf 700 to the aorta
{or other vessel within which the cuff is implanted)}. In this example, the helical
fasteners 760 are arranged infrarenally, including along beveled edge 740.
Additionally, a number of helical fasteners 760 are arranged in the proximal neck
region.

{0063 FIGS. 8A and 8B depict another example fenestrated cuft 800 including a
generally cylindrical graft 810, stent rings 820, a fenestration 830, and a scallop
840. The example of FIGS. 8A and 8B also includes a fenestration graft 880
extending from fenesiration 830 into distal renal artery 220. Fenestrated cuff 800
may be similar in size, shape, components, and/or function as fenestrated cuff
100. However, in this example, the portion of the proximal stent ring 820
spanning the scallop 840 is not connecled to the graft 810 of the cuff 800. To
assist with stabilization and sealing, however, a number of helical fasteners 860
are deploved along the periphery of the scallop 840.

[0070] Fenestrated cuffs in accordance with this disclosure can be delivered and
deploved endovascularly using a variely of delivery systems/devices. In praclice,
the fenestrated cuff can be delivered and deploved prior to delivering a
commercially available endograft and coupling the endograft (o the cuff. In other
cases, the fenestrated cuff can be delivered o repair an endograft already
implanted within a vessel.

{80071} Iin one example, the fenestrated cuff delivery system includes multiple cuff
retention mechanisms and multiple associaled release mechanisms. For
example, the cuff delivery system may include a delivery catheter in which the
cuff is arranged and which includes one or more retention mechanisms for
connecting the proximal end of the cuif to the delivery catheter and at least one
retention mechanism for connecling the distal end of the cuff to the catheter.
Such deployment features of the cuff delivery system may allow the cuff to be

partially deployed, recovered, and fully deployed 1o aid in the positioning of the
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cuff within the aortic lumen {or ancther location) and positioning the
fenestration{s)} at the targeted renal artery {or other branch vessel}. In addition,
the delivery system may allow the cuff to be fully deploved but not released from
the delivery system until the fenestration is completed with the placement of a
renal grafi/stent and additional fixation mechanisms, e.g., helical fasteners have
been deployed.

[6072] In one example, the distal end of the delivery catheter includes a central
shaft around which the cuff is arranged and which funclions as a carrier for the
cuff, multiple proximal and/or distal refaining means, a cathetler tip component,
and a retraciable sleeve surrounding the cuff and central shaft. The sleeve
surrounding the cuff is configured to be retracted to expose the cuff within the
target region of a vessel. The proximal retaining means can include first and
second proximal retaining means. The first proximal retaining means which can
be attached and multiple argas of the cuff can function to retain al least a portion
of the cuff in a radially compressed, andfor partially radially expanded condition
prior to deployment. The second proximal retaining means can function to
stabilize the cuff by inhibiting or preventing longitudinal and rotational movement
of the cuff relative to the delivery catheter. Each of the first and second proximal
retaining means also include independent or co-acting releasing means for
releasing the first and second proximal retaining means and thereby partially or
completely releasing the cuff from the delivery catheter. The distal retaining
means can functlion to partiaily or completely retain the distal end of the cuff in a
compressed or partially expanded siate and connect the distal end of the cuff to
the catheter. The proximal and distal refaining means can include a releasing
means for activating/releasing the distal retaining means. Example releasing
means may include a wide variely of devices, such as wire or wires, sulures,
magnetics, or fluids, and may include sliding, pulling or pushing, for example.
The releasing means may be operatively connecied to/incorporated in and
actuated from a handle connecled to the proximal end of the delivery catheter.
Additional details and examples of delivery systems appropriate for use with
example fenestrated cuffs in accordance with this disclosure are described in
U.S. App. No. 12/942, 232, filed on November 9, 2010, entitled “DEVICES,
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SYSTEMS, AND METHODS FOR PROSTHESIS DELIVERY AND
IMPLANTATION, INCLUDING A PROSTHESIS ASSEMBLY

[0073] FIG. @ depicts an example helical fastener 900 in accordance with this
disclosure and appropriate for use in conjunction with fenestrated cuffs. The
helical fastener 800 includes a helical main body 810 including a plurality of coils.
Fastener 900 also includes a proximal cross-bar 920 and a sharp distal tip 930 at
gither end of helical main body 810, The cross-bar 920 spans the diameter of
fastener 800 and may be, in some examples, coupled to the main body 910 {e.g.,
by welding or some other coupling means).

[0074] Fastener 900 may be sized and configured to attach a prosthesis to a
vessel wall and/or to attach two or more prostheses to one ancther. For
example, fastener 900 may be sized and configured to attach a fenestrated cuff
to the wall of the aorta and/or to attach the cuff to a commercially available
endograft. As noted above, Tastener 800 includes a helical main body 910. The
helical main body 910 and sharp distal tip 930 allow the fastener 900 io pierce
and engage tissue in response to rotation of main body 810, thereby securing
attachment of, e.g., a fenesirated cuff to a vessel wall.

[8075] In one example, fastener 800 is manufactured from medical grade wire
having a diameter between about 8.1 mm and 1.0 mm. In one example, fastener
900 is approximately between about 2 mm and 12 mm in over-all length and
approximately between about 1.0 mm and 10 mm in maximum diamester. Disial
tip 930 of main body 810 can be sharpened io facilitate atraumatic deployment
through graft materials and vessel walls. Proximal end, including, cross-bar 920
of main body 810 can be closed to prevent over-penetration of fastener 800. In
some examples, cross-bar 820 extends across the entire inner diameter of the
proximal most coil of helical main body 910 and the extending end 920z of cross-
bar 920 is connecled to main body 8910 such that the proximal end of fastener
900 does not have a {erminating end, but, instead reconnects with iiself. In one
exarmple, extending end 820s of cross-bar 820 is welded to main body 810,
Structurally connecting cross-bar 920 to main body 910 in this or another similar
manner can provide the strength necessary for fastener 800 to withstand the
torgue applied by fastener applicator driver (o implant fastener 800 through a

prosthesis and partially or completely through a vessel wall.
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{0076] Example separately delivered and deployed fasteners used in combination
with fenestrated cuffs in accordance with this disclosure can be implanted using a
variety of different fastener delivery systems. In one example, helical fasteners
are delivered and deployed using a fastener delivery shaft with a fastener driver
al the distal end of the shafl. The delivery shafl can be delivered 1o the target
region of a vessel through the lumen of a steerable, e.q., deflectable distal end,
guide catheter. The fastener delivery shaft may be connecled at the proximai
end to a handle for manually rotating and deploying the helical fasieners or to a
handie including controls and a rotational drive mechanism for mechanically or
gleciromechanically deploying the helical fasieners. The driver at the distal end
of the delivery shafl is connecled to the handle and, in some cases, to a drive
mechanism such that rotation of the handle or actuation of the drive mechanism
causes the driver to rotate. The driver is configured to hold and deploy the helical
fastener 800 by imparling the rotational force from the handle or drive mechanism
onto the fastener 800, which, in turn, causes the fastener 800 to penetrate and
rotate into cuff and tissue.

{0077] Additional details and examples of fastener delivery and deployment
systermns appropriate for use with example fenestrated cufis in accordance with
this disclosure are described in U.S. App. No. 12/042,232, filed on November 9,
2010, entitled "RDEVICES, SYSTEMS, AND METHODS FOR PROSTHESIS
DELIVERY AND IMPLANTATION, INCLUDING A PROSTHESIS ASSEMBLY
Additional examples of fasteners and fastener applicator systems appropriate for
use with example fenestrated cuffs in accordance with this disclosure are also
described in U.S. Patent No. 8,075,570, filed Nov. 29, 2002, and entitled
INTRALUMINAL PROSTHESIS ATTACHMENT SYSTEMS AND METHODS”
and in U.5.Patent No. 8,231,639, filed Feb. 25, 2004, and entitled "SYSTEMS
AND METHODS FOR ATTACHING A PROSTHESIS WITHIN A BODY LUMEN
OR HOLLOW ORGAN,” the entire contents of each of which is incorporated
herein by reference.

{078IFIG. 10A-10C depict example fenestrated cuff 1000 positioned in the
thoracic region of gorfa 200 to treat a TAA. Cuff 1000 includes a generally
cylindrical graft 1010, stent rings 1020, a fenestration 1030, and a scaliop 10440,
The fenestration 1030 and scallop 1040 are located such that when cuff 1000 is
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positioned within the aorta 200, the fenestration 1030 can be aligned with the
orifice to the celiac trunk 1050 and the orifice of the SMA 750 is within the
opening in the graft 1010 defined by the scallop 1040.

{0079] Thus, employing a fenestrated cuff 1000 in accordance with this disclosure
to treat TAA, the celiac trunk 1050 may be employed as the datum for aligning
and deploying the cuff 1000. Once the fenestration 1030 is aligned with the
celiac trunk 1050, the orifice to the SMA 750 may be arranged within the opening
defined by the scallop 1040, As the relative positioning of the celiac trunk 1050
and the SMA 750 differs from the distal and superior renal arteries, so does the
relative position of fenestration 1030 and scallop 1040 of cuff 1000 differ from
fenestrated cuffs employed to treat AAA. In this example, fenestration 1030 and
scallop 1040 are axially offset and generally circumferentially aligned in graft
1010,

{0080] Although not shown in FIGS. 10A-10C, like in other examples in
accordance with this disclosure, fenestrated cuff 1000 may be employed in
combination with fixation mechanisms, including, e.g., helical fasteners to
stabilize the position of the cuff {(and endografl) and to facilitate sealing to aorta
200. For example, one or maore helical fasteners may be implanted through cuff
1000 and into the wall of aorta around the periphery of fenestration 1030 and/or
scallop 1040.

[BOB1IFIG. 11 is a flowchart depicting an example method of implanting a
fenestrated cuff. The method of FIG. 11 includes deploying a fenestrated cuff in
the acrta adjacent an aneurysm {1100}, aligning a fensstration of the cuff with the
distal renal artery (1110}, deploying a commercially available endograft into the
aorta {1120}, and connecting the cuff and the endograft {o one another (1130},
{0082] In one example, a fenesirated cuff in accordance with this disclosure is
delivered from a remote location to the aorta in the region of the aneurysm via an
endovascular delivery system. For example, the cuff delivery system may
include a delivery catheter in which the cuff is arranged and which includes one
or more retention mechanisms for connecting the cuff to the delivery catheter
and/or for retaining the cutf in a radially contracted state and/or a partially
expanded siate. Such deployment features of the cuff delivery systermn may allow

the cuff to be partially deployed, recovered, and fully deployed to aid in the
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pasitioning of the cuff within the aortic lumen {or ancther location) and positioning
the fenestration(s) at the targeted distal renal artery. In addition, the delivery
system may aliow the cuff to be partially or fully deploved but not released from
the delivery system until the cuff is sligned, the fenestration is completed with the
placement of a renal grafl/stent, and/or additiona! fixation mechanisms, e.g.,
helical Tasteners have been deployed.

[6083] Thus, in one example, a method of implanting a fenestrated culf may
include delivering a fenestrated cuff to a target region in the aorta adjacent an
aneurysm with an endovascular cuff delivery system, at least partially deploying
the cuff within the aorta, aligning a fenestration of the cuff with the distal renal
artery, delivering one or more fasteners to the target region with a fastener
applicator, implanting the one or more fasteners through the cuff and inlo the wall
of the aoria to stabilize the position of the cuff, and completing deployment of the
cuff and releasing the cuff from the cuff delivery system.

[6884] In addition to delivering and deploying the fenestraled cuff and fastening
the cuff within the vessel using a fixation mechanism like helical fasteners, such a
method can also include deploying a commercially available endograft into the
aarta and connecting the cuff and the endograft to one another. Connecling the
cutf and the endograft may include an additional step of delivering one or more
additional fasteners using the fastener applicator a second time and then
implanting the fasteners through the cuff and the endograft, and, in some cases,
into the wall of the aorta.

{0085] Additional positioning of the fenestrated cuff within the aorta or ancther
vessel may be facilitated with fasteners and fastener applicators in accordance
with the disclosed examples. For example, a helical fastener can be deployed
with an endovascular fastener applicator from the remote location o the aorta
and positioned within the lumen of the partially deploved fenestrated cuff. The
helical fastener can then be partially delivered into the graft and/or the stenf of
the cuff, while maintaining the connection of the helical fastener {o the distal end
of the fastener applicator. The distal end of the fastener applicator can then be
manipulated o rotate and/or move the fenestrated cuff axially within the aorta.
Additional details and examples of fastener delivery and deployment systems

appropriate for such techniques of positioning example fenesirated cufis in
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accordance with this disclosure are described in U.S. App. No. 12/942,232, filed
on Novemnber 8, 2010, entitled "DEVICES, SYSTEMS, AND METHODS FOR
PROSTHESIS DELIVERY AND IMPLANTATION, INCLUDING A PROSTHESIS
ASSEMBLY,” U.S. Patent No. 8,075,570, filed Nov. 28, 2002, and entilled
INTRALUMINAL PROSTHESIS ATTACHMENT SYSTEMS AND METHODS"
and in U.S. Patent No. 8,231,639, filed Feb. 25, 2004, and entitled "SYSTEMS
AND METHODS FOR ATTACHING A PROSTHESIS WITHIN A BODY LUMEN
OR HOLLOW ORGAN."

{0088] The fenestrated cuff positioned within the aocria is structured such that,
once the fenestration {or other aperture in the graft of the cufl) is aligned with the
distal renal artery and a fenestration graft/stent is deployed it needed, the
superior rental artery {and, in some cases the SMA or other branch vessel) s
positioned within the opening defined by the scallop {(or other aperture)} of the
fenesirated cuff. After such positioning has been established, the cuff can be
fully deployed {e.g., the stent structure can be fully expanded into engagement
with the aorta), additional sealing and fixalion mechanisms can be deployed {e.g.,
helical fasteners and/or an expandable cavity), and the commercially available
endograft can be deployed for connection with the cuff and for completing
exclusion of systernatic blood flow.

[6087] Sealing and fixation can occur prior to, after, and both prior {0 and after the
endograft is deployed and connected to the cuff. In examples in which separately
delivered and deploved fasteners, e.g., helical fasteners are employed, such
fasteners can be delivered via an endovascular fastener applicator as described
above and in U.S. App. No. 12/842,232, filed on November 8, 2010, entitled
‘DEVICES, SYSTEMS, AND METHODS FOR PROSTHESIS DELIVERY AND
IMPLANTATION, INCLUDING A PROSTHESIS ASBEMBLY," U.S. Patent No.
8,075,570, filed Nov. 29, 2002, and entitled "INTRALUMINAL PROSTHESIS
ATTACHMENT SYSTEMS AND METHODS” and in U8, Patent No. 8,231,839,
filed Feb. 25, 2004, and entitled "SYSTEMS AND METHODS FOR ATTACHING
A PROSTHESIS WITHIN A BODY LUMEN OR HOLLOW ORGAN.®

{0088] In one example, from the remote location and under image guidance, a
guide wire is advanced using a conventional intravascular approach into, e.g., the

contralateral lliac artery and to the descending aorta. However, other access sites
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and methods can be utilized. The guide wire desirably extends through the lumen
of the fenestrated cuff. Next, a steerable guide device iz navigated over the
guide wire to the desired location with respect to the fenestraled cuff. Once the
steerable guide device is in position, oblurator and guide wire can be removed
from the body.

{6889] The steerable guide can be deflectable away from and generally
perpendicular o the long axis of the guide. For example, the distal end of the
steerable guide can be deflected at approximately 90 degrees relative to the axis
of the guide. In practice, still employing fluoroscopy visualization, the clinician
actuates deflection of the steerable guide via a handle and actuation mechanism
at the proximal end of the guide catheter. The physician can then rotate the
handie {o rotate the flexible guide tube if necessary to orient and position the
distal end of the guide for introduction of a fastener at a target location.

[0080] A fastener applicator including shaft and driver is then inserted through the
lumen of the sieerable guide device, and advanced until g fastener, e.g., a helical
fastener, is located for deployment in relation to the now-orignted distal end of the
guide. The steerable guide and fastener applicator are configured o actin
concert {o generate the necessary implaniation force and o resolve this force (o
enable penelration of the cuff (and endograft) and tissue and implantation of the
helical fastener.

[0091] For example, as the fasiener applicator is advanced out of the distal end of
the steerable guide, contacts and is pushed against the wall of the cuff and aorta,
an equal and opposite resultant force pushes back on the Tastener applicator and
guide. The resultant force causes the steerable guide o deflect and retract
relative to the fastener applicator until the guide contacts the opposite wall of the
cuff and aorta. In this way, the force applied o the cuff and vascular wall from the
distal end of the fastener applicator is partially or completely resolved when the
steerable guide deflects and abuts the opposite wall of the cuff and aoria.

[6082] The fastener applicator can then be actuated {o apply a fastener through
the cuff {(and endograft) and into the surrounding tissue. If the Tastener applicator
is a single fire device, i.e., it carries only one fastener at-a-time, the fastener
applicator may be withdrawn through the lumen of the guide and a new fastener

can be loaded into the distal end of the applicator. The stserable guide may then
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be reoriented for an additional fastening sile, the fastener applicalor inserted
back through the lumen of the guide o apply an additional fastener to the new
site. This sequence can be repeated until a desired number and array of
fasteners are applied to the cuff (and endograft in some locations} and the wali of
the aorta.

[6093] In some cases, the fenestrated cuff delivery sysiem is configured to at
least partially retain the cuff even through portions or all of the forgoing fastener
delivery and deployment process. For example, while one or more of the helical
fasteners are delivered and implanted by a guide and applicator, the proximal,
distal, or proximal and distal ends of the cuff may be held and controlled,
respectively, by a retaining means of the cuff delivery system.

[6084] In instances in which a fenestration graft is employed, the fenestration
graft can aiso be delivered by an endovascular delivery systern. The delivery
system employed o deliver the fenestration graft may be the same or different
frorn the systemn employed to deliver the cuff and/or the endograft. In one
example, the fenesiration graft is deliverad, deployed, and connected to the
fenestration of the cuff afier the fenestration has been aligned with the distal renal
artery under fluorascopy.

[G095] FIGS. 124 and 12B depict another example fenestrated cuff 1200
ncluding a generally cylindrical graft 1210, stent rings 1220, & fenestration 1230,
and a scaliop 1240, The example of FIGS. 124 and 128 also includes a
fenestration graft 1280 extending from fenestration 1230 into the distal renal
artery and including stent 1280. Fenestrated cuff 1200 may be similar in size,
shape, components, and/or function as fenestrated cuff 100. Howsever, in this
example, the proximal stent ring 1220a does not extend across the opening
defined by the scallop 1240. Instead, the proximal stent ring 1220a is sized and
shaped o extend circumiferentially around the opening defined by the scallop
1240. As dlustraied in FIG. 128, for example, the apices and stent segments of
stent ring 1220a are arranged and sized such that the proximal stent ring 1220a
surrounds the periphery of scallop 1240,

{0096] In the example of cull 1200, proximal apices 1250a and 1250b are
arranged on either side of the scallop 1240 adjacent the proximal end of graft

1210. Proximal apex 1250c is arranged below and adjacent the circumierentially
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extending edge 1240z of scallop 1240, Finally, proximal apices 1250a, 1250b,
1250¢, and adjacent distal apices 1250d and 1250e are connecled by different
length slent segments 12680a-1260d. In the example of cuff 1200, slent
segments 1260b and 1260c¢ are shorter than stent segments 1260a and 1260d.
Excluding stent struls and apices from the opening defined by the scallop 1240
{or other apertures in example fenestrated cuffs in accordance with this
disclosure) may function to reduce the potential for renal emboli and/or vessel
trauma and may leave open the option of additional endovascular repairs and/or
renal fenestrations in 2 fultire operation/secondary intervention.

[6007] Fenestrated cuif 1200 also includes fenestration graft 1280 connecied to
and extending into the distal renal artery. This example llustrates that
fenestration grafts employed in examples according to this disclosure may
include a stent, e.g., fenestration graft stent 1280 connecled o fenestration graft
1280, Fixation and sealing of fenestrated cuff 1200 is facilitated and improved by
employing a plurality of helical fasteners 1270, In this example, helical fasteners
1270 are arranged and implanted around fenestration 1230 and a portion of
scallop 1240.

[0098] The devices, sysiems, and methods in accordance with this disclosure can
be employed for trealing aortic dissections and aneurysms of the aorta, including
those that occur in the thoracic region between the aortic arch and renal arteries,
as well as aneurysms that occur in the abdominal region, usually in the infrarenal
ares between the renal arteries and the sortic bifurcation. Some of the conditions
for which examples according to this disclosure can be used are described below
with reference fo FIGS. 13-16B. However, the disclosed devices, systems, and
methods are applicable for use in treating other dysfunctions elsewhere in the
body, which are not necessarily aorta-related or specifically described below and
flustrated in the associated figures.

[0089] A healthy aorta, the body's largest ariery, has a general shape like the
handie portion of a walking cane (see FIG. 13). FIG. 13 illustrates the
brachiocephalic trunk 1302, the left common carotid artery 1304, the left
subclavian artery 1306, the sortic arch 1308, the aortic valve 1310, the
descending sorta 1312, the abdominal acrta 1314, the aortic bifurcation 1318,

and the common iliac arteries 1318, The short length of the curved handie
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comes out of the heart and curls through the aortic arch 1308, Multiple smaller
arteries 1302, 1304, 1306 branch off at the aortic arch 1308 o serve the head
and arms. The aorta continues to descend through the chest cavily into the
abdomen and separates to provide blood to the abdominal organs and both legs.
Various abnormalities may affect the aorta, most of which are considered
potentially fe-threatening. Prevalent acrtic abnormalities include aortic
aneurysms and aortic dissections, as non-limiling examples.

{00100} Aneurysms may affect one or more segmenis of the thoracic aorta,
including the ascending aorts, the arch 1308, and the descending thoracic agrta.
A thoracic aortic aneurysm {TAA) can be described as an expanded (bulging}
section{s) of the wall of the aorta, and is considered a life-threatening condition.
Thoracic aortic aneurysms of any size can cause significant short- and long-term
mortality due o rupture and dissection. FIGS. 14A to 140 show examples of
acrtas having diseased tissues and difficult cases where the left subclavian artery
ostium is distal to the aortic arch. Relalive positions of the aneurysmal tissues in
the tortuous aortic arch can be seen, as can and relationship to the
brachiocephalic trunk 1302, left common carotid artery 1304, and the left
subclavian artery 13068, Often the left subclavian artery 1306 provides a
landmark for positioning of an endovascular graft (1o be described in greater
detail below).

{60101] Commaon causes of a thoracic aorlic ansurysm include hardening of
the arteries (atherosclerosis), degeneration of the media of the aortic wall, as well
as from local hemodynamic forces. Additional risk factors include various
connective tissue disorders such as Marfan syndrome, previous dissection of the
aorta, and trauma such as falls or motor vehicle accidents. They also somelimes
occur in people who have bicuspid aortic valves.

{00102} An aortic dissection is a perforation or tear in the lining of the aorta.
The tear aliows biood to flow between the layers of the aorlic wall, with the force
of the blood forcing the layers of the wall apart. FIGS. 15A and 158 show views
of aortic dissections including a vessel 1502, a true channel 1504, a false
channel 1506, and a tear 1508. An aortic dissection is a medical emergency and
can quickly lead to death. If the dissection {gars the aorlic wall completely open,

massive and rapid blood loss ocours.
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{60103] The tearing of the inner lining of the aorta causes the biood o
separate along the wall of the artery. This generally causes two channels in the
vessel, with one channel referred to as the true channel 1504 and the other
channel referred to as the false channel 1506. As can be seen in FIGS. 15A and
158, the tear 1508 aliows the blood 1o create the false channel 1506, With each
heartbeat, the artery may progressively tear more and more with blood
propagating down the faise channel 1506 blocking off the true channel 1504 and
the flow of blood to some or all of the branches of the aorta.

{00104} Agrtic dissections can be classified by the Stanford method into a
type A or type B depending on the location and the extent of the dissection. Type
A dissection, or proximal dissection, involves the ascending aorta and aortic arch,
and may or may not involve the descending aorta. Type B disseclion, or distal
dissection, usually begins just distal to the ostium of the lefl subdlavian artery,
extending distally into the descending and abdominal aorta. If left untreated, the
risk of death from aortic dissection can reach 30 percent within fifleen minutes
after onset of symptoms and 75 percent by one week.

{00105] FIG. 16 depicts an example of the abdominal aorta with an
aneurysm 1600 in the infrarenal area between the renal arteries and the aoriic
bifurcation. In this example, an endovascular delivery device 1610 is delivered to
the region via guidewire 1620 and is in the process of being positioned for
deploying a prosthesis within the aorta. The device 1610 may be used, for
example, to deliver and deploy a fenestrated cufl in accordance with this
disclosure. In such cases, the delivery device 1610 may include one or more
retention and release mechanisms, which may facilitate, among other functions,
aligning and deploying the cuff, as described above.

{00106] When referring to different structures in the examples according to
this disclosure, including, e.g., an endovascuiar prostheses and/or its
components and/or portions of a Tastener and/or prosthesis delivery system
and/or fastener delivery system, the terms “proximal,” “distal,” "anterior,”
“posterior,” “medial,” and "lateral” may be used {o describe the relation or
orientation of such structures with respect to a patient’s heart after implantation.
The term “proximal” will be used to describe a relation or orientation of a structure

that, when implanied and/or otherwise in sity, is toward the heart, and the term

28



WO 2016/073147 PCT/US2015/055198

“distal” will be used to describe a position or orientation of the structure that,
when implanted and/or otherwise in sity, is away from the heearl, Le., loward the
feat. "Anterior” refers to a relation or orientation of a structure that, when
implanted and/or otherwise in sifu, is generally toward the front of a patient, and
"nosterior” refers (o the opposite of anterior, i.e., loward the back of the patient.
“‘Medial” refers to a relation or orientation of a structure thai, when implanted
and/or otherwise in sifu, is closer to the midline of the body of a patient, and
“ateral” refers o the opposite of medial, i.e., Tarther away from the midline.
801077 When referring to implantation apparatus or devices that are
manipulated by a physician or operalor, the terms “proximal” and “distal” will be
used to describe the relation or orieniation of the apparatus or device with
respect to the operator as it is used. Therefore, the term “proximal” will be used to
describe a relation or orientation of the apparatus or device that, when in use, is
pasitioned toward the operator {i.e., at the handle end of the device), and the
terrn “distal” will be used to describe a position or orientation of the apparatus or
device that, when in use, is positioned away from the aperalor {i.e., at the other
end of a catheter or the like away from the handie).

{00108] Various examples have been described. These and other

examples are within the scope of the following claims.
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What iz claimed is:

1. A fenestrated cuff for implantation in the aorta, the cuff comprising:

a cylindrical graft comprising a fenestration and a scallop, the fenestration and
the scallop being arranged generally opposite one another in the graft and
sized and shaped such that, when the fenestration is aligned with the
distal renal artery, an orifice of the superior renal artery is within an
opening in the graft defined by the scaliop, the graft being sized to extend
from the distal renal artery into but not all the way across a sac of an
aneurysm in the aorta; and

at least one stent ring configured to expand into engagerment with an inner wall of

the aorta.

2. The fenestrated cuff of claim 1, wherein:

the scaliop is arranged at and defines an opening in one of first and second ends
of the graft; and

the at least one stent ring comprises a stent ring arranged adjacent the one of the
first and second ends of the graft spanning circumferentially across the

opening defined by the scallop.

3. The fenestrated cuff of claim 2, whersin:

the stent ring arranged adjacent the one of the first and second ends of the graft
comprises a continuous triangle wave-form shape comprising adjacent
apices connected to one ancther by linear stent segments, and

one or more of the apices adjacent an edge of the scallop are connected o the

graft.

4. The fenestrated cuff of claim 1, wherein:

the scaliop is arranged al and defings an opening in one of first and second ends
of the graft; and

the at least one stent ring comprises a stent ring arranged adjacent the one of the

first and second ends of the graft exiending circumferentially around and
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not into the opening defined by the scallop and is connected o the graft

adjacent the scallop.

& The fenestrated cuff of claim 1, wherein the lengths of two or more of

linear stent segments of at least one of the plurality of stent rings are different.

8. The fenestrated cuff of claim 1, further comprising a fenestration graft

connected to and extending radially outward from the fenestration.

7. A system for freating an aneurysm in the aorla, the system comprising:
a fenestrated cuff comprising:

a cylindrical graft comprising first and second apertures, the first aperture
being arranged generally opposite the second aperture in the graft,
the first and second aperiures being sized and shaped such that,
when one of the first and second apertures is aligned with the distal
renal artery, an orifice of the superior renal artery is within the other
of the first and second apertures; and

at least one stent ring configured o expand into engagement with an inner
wall of the aorta; and

a plurality of fasteners, at least one of the fasteners for deployment through the
fenestrated cuff and into a wall of the acrta above the distal renal artery,
and at least one other of the fasteners for deployment through the
fenestrated cuff and into the wall of the aorta between the distal renal

artery and a sac of the aneurysm.
8. The system of claim 7, wherein at least one of the fasteners comprises a
helical fastener comprising a sharp distal tip and cross-bar at the proximal end of

the fastener.

9. The system of claim 7, wherein the Tirst aperture comprises a fenestration.
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10, The system of claim 9, wherein the fenesirated cuff comprises a
fenestration graft connected to and exiending radially outward from the

fenestration.

11.  The system of claim 8, wherein the second aperiure comprises a scallop.

12.  The system of claim 11, wherein:

the scaliop is arranged at and defines an opening in one of first and second ends
of the graft; and

the at least one stent ring comprises a stent ring arranged adjacent the one of the
first and second ends of the graft spanning circumferentially across the

apening defined by the scallop.

13.  The system of claim 12, wherein:

the stent ring arranged adjacent the one of the first and second ends of the graft
comprises a continuous triangle wave-form shape comprising adjacent
apices connected to one another by linear stent segments, and

one or more of the apices adiacent an edge of the scallop are connected {o the

graft.

14, The system of claim 11, wherein:

the scaliop is arranged at and defines an opening in one of first and second ends
of the graft; and

the at least one stent ring comprises a stent ring arranged adjacent the one of the
first and second ends of the grafl extending circumferentially around and

not into the opening defined by the scallop.

15, The system of claim 14, wherein the stent ring arranged adjacent the one
of the first and second ends of the graft and extending circumferentially around

the opening defined by the scallop is connecied to the graft adjacent the scallop.

16. The system of claim 7, wherein the lengths of two or more of the linear

stent segments of at least one of the plurality of stent rings are different.
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17.  The system of claim 7, wherein the second aperture comprises a beveled
edge defined by a planar cut in the graft in a plane that is angled relative to a

longitudinal axis of the fenestrated cufl.

18. A method comprising:
delivering a fenestrated cuff in the aorta adjacent an aneurysm with an
endovascular delivery device, the Tenestrated cuff comprising:
a cylindrical graft comprising a fenestration and a scallop; and
at least one stent ring configured to expand into engagement with an inner
wall of the aorta;
at least parlially deploying the fenestrated cuff in the aortg;
aligning the fenestration with the distal renal artery or the celiac trunk, the scallop:
when the fenestration is aligned with the distal renal artery, being aligned
with the superior renal artery; and
when the fenestration is aligned with the celiac trunk, being alignad with
the superior mesenteric artery;
deploying one or more fasteners through the fenestrated cuff and inio lissue
using an endovascular fastener applicator; and

releasing the cuff from the endovascular delivery device.

19.  The method of claim 18, further comprising:
deploying a commercially available endograft into the aorta; and

connecting the cuff and the endogratft to one another.

20.  The method of claim 19, wherein connecting the cuff and the endograft to
one another comprises deploying one or more additional fasteners through the

fenesirated culf and the endograft using the endovascular Tastener applicator.
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