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(57) ABSTRACT

Some embodiments are directed to a deployment system for
deploying a stent graft within a passageway, including a
delivery catheter having an outer sheath, a proximal end, and
a distal end, a stent having a first end and a second end, a
graft having a first end and a second end, and at least one
connecting element extending from the second end of the
stent to the first end of the graft so as to connect the stent to
the graft. In some embodiments, the stent can be supported
within the outer sheath at a first axial position in a collapsed
state, and the graft can be supported within the outer sheath
at a second axial position different than the first axial
position in a collapsed state, such that the stent does not
overlap or substantially overlap the graft in the collapsed
state within the deployment system.
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1
STENT GRAFT

PRIORITY INFORMATION AND
INCORPORATION BY REFERENCE

This application is a divisional of U.S. patent application
Ser. No. 12/837,398, now U.S. Pat. No. 8,491,646, filed on
Jul. 15, 2010, which claims priority benefit under 35 U.S.C.
§119(e) of U.S. Provisional Application 61/225,817 filed
Jul. 15, 2009, each of which is incorporated by reference in
its entirety herein. Additionally, U.S. Pat. No. 6,077,296 and
U.S. patent application Ser. No. 12/101,863, filed on Apr. 11,
2008 (entitled “BIFURCATED GRAFT DEPLOYMENT
SYSTEMS AND METHODS”) are also hereby incorpo-
rated by reference in their entireties as if fully set forth
herein.

BACKGROUND

Technical Field

The present disclosure relates to a stent graft or stent graft
system that can be delivered in a low-profile catheter.

Background

Treatment of aortic diseases such as aneurysms and
dissections include the placement of stent grafts to support
the diseased vessel. Typically, these devices are delivered
through a surgical incision into the femoral artery and
advanced through the iliac artery into the aorta. The diam-
eter of the aorta can range from approximately 15 mm to
approximately 40 mm. Stent grafts of this diameter typically
require delivery systems having an 18 Fr to a 25 Fr profile.
Difficulties often are experienced in advancing these devices
into the aorta because of the small access vessels including,
for example, the iliac and femoral artery.

Thus, there is a clear need for a stent graft system that can
be delivered by a low-profile delivery system.

SUMMARY OF SOME EMBODIMENTS

Some embodiments described herein are directed to sys-
tems, methods and apparatuses for treating endovascular
aneurysms or other endovascular defects (collectively
referred to as “aneurysms” or “defects”). However, it will be
appreciated that the systems, methods and apparatuses can
be used in other fields. In some embodiments, the defects
being treated may include, but are not limited to, abdominal
aortic aneurysms, subclavian aneurysms, thoracic aortic
aneurysms, dissections, perforations, ulcers, and hemato-
mas, to name a few.

In some embodiments, such defects can be treated with a
deployment system for deploying an endoluminal prosthesis
within a passageway comprising a graft supported in a first
position within a catheter and a stent supported in a second
position within the catheter and configured to be expandable
within the graft, wherein the first position does not overlap
the second position. The stent can be self-expandable, bal-
loon expandable, or expandable by other suitable means.

Some embodiments are directed to an endoluminal pros-
thesis comprising a stent, a graft, and at least one connecting
element in communication with the stent and the graft, the
connecting element being supported by the stent and the
graft, and being configured to provide axial support to the
graft so that the graft is supported in a predetermined axial
position relative to the stent. The stent can be self-expand-
able, balloon expandable, or expandable by other suitable
means. In some embodiments, the stent and the graft can
each be supportable in a collapsed position within the
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2

delivery catheter at different positions so that no portion of
the stent overlaps any portion of the graft while the stent and
graft are in the collapsed position within the delivery cath-
eter.

In some embodiments, such defects can be treated using
a method of making a endoluminal prosthesis delivery
system, comprising supporting an endoluminal prosthesis in
a collapsed position within a delivery catheter, the endolu-
minal prosthesis comprising a stent, a graft, and an axial
support in communication with the stent and graft and
configured to provide axial support at least between the stent
and graft, and positioning the endoluminal prosthesis in the
catheter body such that the stent is in a first position within
the catheter and the graft is in a second position within the
catheter, wherein the first position does not overlap the
second position. Any stent disclosed herein can be self-
expandable, balloon expandable, or expandable by other
suitable means.

In some embodiments, such defects can be treated using
a method of deploying an endoluminal prosthesis in a
passageway, comprising supporting the endoluminal pros-
thesis in a collapsed position within an outer sleeve of a
delivery catheter, the endoluminal prosthesis comprising a
stent and a graft, positioning the stent and graft in the
catheter such that the stent is in a first position within the
catheter and the graft is in a second position within the
catheter, wherein the first position does not overlap the
second position, deploying the stent and graft from the
catheter by axially retracting the outer sleeve of the catheter
relative to the stent and graft so that at least the stent expands
against a wall of the passageway, and axially supporting the
graft with the stent so that the graft is supported in a
predetermined axial position relative to the stent.

Some embodiments are directed to a deployment system
for deploying a stent graft within a passageway, comprising
a delivery catheter comprising an outer sheath, a proximal
end, and a distal end, and a stent, a graft, and at least one
connecting element in communication with the stent and the
graft, the connecting element being supported by the stent
and being configured to provide axial support to the graft so
that the graft is supported in a predetermined axial position
relative to the stent, wherein the stent and the graft are each
supported in a collapsed position within the delivery catheter
at different positions so that no portion of the stent overlaps
any portion of the graft while the stent and graft are in the
collapsed position within the delivery catheter.

Some embodiments are directed to a method of making a
stent graft delivery system, comprising forming a stent and
a graft, supporting the stent and the graft in a collapsed
position in a delivery catheter such that no portion of the
stent overlaps any portion of the graft. The stent can be
self-expandable, balloon expandable, or expandable by
other suitable means.

Some embodiments are directed to a deployment system
for deploying a stent graft within a passageway, comprising
a delivery catheter comprising an outer sheath, a proximal
end, and a distal end, a stent having a first end and a second
end, the stent being supported within the outer sheath at a
first axial position in a collapsed state within the deployment
system, a graft having a first end and a second end, the graft
being supported within the outer sheath at a second axial
position in a collapsed state within the deployment system,
and at least one connecting element extending from the
second end of the stent to the first end of the graft so as to
connect the second end of the stent to the first end of the
graft. In some embodiments, the second axial position can
be different than the first axial position such that no sub-
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stantial portion of the stent overlaps any portion of the graft
while the stent and graft are in the collapsed state within the
deployment system.

Some embodiments are directed to a deployment system
for deploying a stent graft within a passageway, comprising
a graft supported in a first axial position within a catheter,
and a stent supported in a second axial position within the
catheter and configured to be expandable within at least a
portion of the graft. In some embodiments, the deployment
system can be configured such that the graft in the first
position does not axially overlap the stent in the second
position when loaded within the catheter.

Some embodiments are directed to a method of deploying
a stent graft comprising a stent and a graft in a passageway,
comprising supporting the stent in a collapsed position in a
first position within an outer sleeve of a delivery catheter,
supporting the graft in a collapsed position in a second
position within an outer sleeve of a delivery catheter, the
second position being different than the first position such
that no portion of the graft overlaps the stent, overlapping at
least a portion of the stent with the graft, and expanding the
stent against an inside surface of the graft within the
passageway.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects and advantages of the
present disclosure will now be described in connection with
non-exclusive embodiments, in reference to the accompa-
nying drawings. The illustrated embodiments, however, are
merely examples and are not intended to be limiting. The
following are brief descriptions of the drawings. The draw-
ings may not be drawn to scale.

FIG. 1A is shows a conventional stent graft.

FIG. 1B is a section view of the conventional stent graft
shown in FIG. 1A, taken through line 1B-1B of FIG. 1A.

FIG. 2A shows an embodiment of a low profile stent graft.

FIG. 2B is a section view of the embodiment of the stent
graft shown in FIG. 2A, taken through line 2B-2B of FIG.
2A.

FIG. 2C is a section view of the embodiment of the stent
graft shown in FIG. 2A, taken through line 2C-2C of FIG.
2A.

FIG. 3A shows an embodiment of a stent graft comprising
a tubular stent and a tubular graft, before the stent and graft
have been collapsed within the delivery catheter.

FIG. 3B shows the embodiment of the stent graft of FIG.
3A, after the stent and graft have been collapsed and
supported within the delivery catheter.

FIG. 4A illustrates the embodiment of the stent graft
deployment system of FIG. 3 before the outer sheath has
been substantially retracted.

FIG. 4B illustrates the embodiment of the stent graft
deployment system of FIG. 3 after the outer sheath has been
partially retracted and the graft has been partially withdrawn
from within the outer sheath by retracting the retraction
elements of the deployment system.

FIG. 4C illustrates the embodiment of the stent graft
deployment system of FIG. 3 after the outer sheath has been
retracted proximally past the connecting elements and the
graft has been substantially fully withdrawn from within the
outer sheath by retracting the retraction elements.

FIG. 5A illustrates the embodiment of the stent graft
deployment system of FIG. 3 after the retraction elements
have been disconnected from the graft.

FIG. 5B illustrates the deployment of the embodiment of
the stent of FIG. 3 within the graft.
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FIG. 5C illustrates the embodiment of the stent of FIG. 3
fully deployed within the graft.

FIG. 6A illustrates an embodiment of the retractable tip
extended distally away from the stent.

FIG. 6B illustrates the embodiment of the retractable tip
retracted so as to be adjacent to the stent.

FIGS. 7A-7B illustrate another embodiment of stent graft.

FIGS. 8A-8B illustrate another embodiment of a stent
graft.

FIGS. 9A-9C illustrate another embodiment of a stent
graft.

FIG. 10 illustrates another embodiment of a stent graft.

FIGS. 11A-11B illustrate another embodiment of a stent

graft.

FIGS. 12A-12C illustrate another embodiment of a stent
graft.

FIG. 13 illustrate an embodiment of a bifurcated stent
graft.

FIGS. 14A-14B illustrate another embodiment of a bifur-
cated stent graft.

FIGS. 15A-15B and FIGS. 16A-16B illustrate the place-
ment of the embodiment of the bifurcated stent graft in an
abdominal aortic aneurysm.

DETAILED DESCRIPTION OF SOME
EXEMPLIFYING EMBODIMENTS

The following detailed description is now directed to
some exemplifying embodiments. In this description, refer-
ence is made to the drawings wherein like parts are desig-
nated with like numerals throughout the description and the
drawings.

Some embodiments described herein are directed to sys-
tems, methods, and apparatuses to treat lesions, aneurysms,
or other defects (collectively referred to as “defects” or
“aneurysms”) in a patient’s vasculature, including but not
limited to the thoracic, ascending, and abdominal aorta, to
name a few, or any other passageways, vessels, or areas of
the body. In particular, some embodiments of this disclosure
relate to novel designs of stent grafts or endoluminal pros-
theses that can be deployed by a low-profile or compact
catheter based delivery system. Some embodiments of this
disclosure pertain to a novel design of a stent graft catheter
delivery system, and to methods of deploying the embodi-
ments of the stent grafts or making the stent graft and stent
graft delivery systems disclosed herein.

However, the systems, methods, and apparatuses dis-
closed herein can have application to other areas of the body
or to other fields, and such additional applications are
intended to form a part of this disclosure. For example, it
will be appreciated that the systems, methods, and appara-
tuses may have application to the treatment of blood vessels
in animals. In short, the embodiments and/or aspects of the
stent grafts (also referred to herein as endoluminal prosthesis
systems), methods, and apparatuses described herein can be
applied to other parts of the body or may have other
applications apart from the treatment of the thoracic, ascend-
ing, and abdominal aorta. Thus, while specific embodiments
may be described herein with regard to particular portions of
the aorta, it is to be understood that the embodiments
described can be adapted for use in other portions of the
aorta or other portions of the body or other applications
altogether and are not limited to the aortic portions
described.

FIG. 1A shows a conventional stent graft 20, and FIG. 1B
is a section view of the conventional stent graft shown in
FIG. 1A, taken through line 1B-1B of FIG. 1A. As illustrated
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therein, the stent graft 20 can have a tubular stent 22 which
can be covered with a tubular graft 24. Such a stent is
typically connected to the graft 24 on at least both ends of
the stent 22, or along stent elements. Alternatively, the stent
can be imbedded between two layers of graft material. The
stent graft 20 is illustrated in an expanded state relative to a
catheter with a shaft or core 26 and a tip 28 connected to the
shaft 26 with a tube 29. When the stent graft 20 is crimped
s0 as to be collapsed into a compressed state for delivery by
the catheter, the graft 24 and stent 22 are typically co-located
in the same space within the catheter so as to be axially
aligned. Delivery catheters for conventional aortic stent
grafts typically have a diameter of approximately 6-8 mm to
accommodate the collapsed stent graft.

FIG. 2A shows an embodiment of a low profile stent graft
30. The stent graft 30 is illustrated in an expanded state
relative to a catheter with a shaft or core 36 and a tip 38
connected to the shaft 36 with a tube 39. FIG. 2B is a section
view of the embodiment of the stent graft 30 shown in FIG.
2A, taken through line 2B-2B of FIG. 2A. FIG. 2C is a
section view of the embodiment of the stent graft 30 shown
in FIG. 2A, taken through line 2C-2C of FIG. 2A. In the
illustrated embodiment, or any other embodiment disclosed
herein, the graft can be a straight tubular graft, a curved
tubular graft, a multi-lumen graft, a bifurcated graft, a
fenestrated graft, or any other suitable graft. Any of the
configurations and details described with respect to the stent
graft 30 can be applied to any of the other stent graft
embodiments disclosed herein.

As illustrated therein, the stent 32 and the graft 34 can be
separated and occupy different segments or axial portions of
the delivery system between the shaft 36 and the tip 38. In
some embodiments, the graft 34 can be loaded within the
catheter so that no portion of the graft is radially supported
by the stent 32. In some embodiments (not illustrated), a
portion of the stent 32 and the graft 34 can overlap so that
only a portion of the graft 34 is radially supported by the
stent 32. For example, without limitation, in some embodi-
ments, approximately 5% or less of the length of the graft
can be supported by the stent 32. In some embodiments,
from approximately 5% to approximately 10%, or from
approximately 10% to approximately 25%, or more than
approximately 25% of the length of the graft can be sup-
ported by the stent 32.

Accordingly, in some embodiments, the stent 32 and the
graft 34 can be positioned in series in the delivery catheter.
In some embodiments, the stent 32 and the graft 34 can be
positioned within the catheter such that no substantial por-
tion of the stent 32 overlaps a substantial portion of the graft
34. In some embodiments, as in the illustrated embodiment,
the stent 32 and the graft 34 can be positioned within the
catheter such that no portion of the stent 32 overlaps any
portion of the graft 34. As a result, the diameter of the
delivery system can be reduced for embodiments where the
stent and graft are not overlapping or co-located within the
delivery catheter. This basic design arrangement is applied
to at least some of the following embodiments to create a
low-profile stent graft system.

FIGS. 3A and 3B shows an embodiment of a stent graft
deployment system 40 comprising a tubular stent 42 and a
tubular graft 44. The stent 42 or any other stent or stent
segment disclosed herein can be self-expandable, balloon
expandable, or expandable by other suitable means. FIG. 3A
shows the stent 42 and graft 44 before the stent 42 and graft
44 have been collapsed within the delivery catheter, and
FIG. 3B shows the stent 42 and graft 44 after the stent 42 and
graft 44 have been collapsed and supported within the
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delivery catheter. The stent 42 can be made from metal,
preferably a memory alloy, or plastic, or any other material
suitable for an expandable vascular stent. The graft 44 can
be made from polyester, PTFE, ePTFE, polyurethane, silk,
or any other material suitable for the vascular graft.

In some embodiments, the two components of the stent
graft can be connected by connecting elements 46a, 465
(also referred to herein as axial supports). In some embodi-
ments, the two components can be connected by two ele-
ments 46a, 465 as shown in FIGS. 3A and 3B, or, in some
embodiments, only one element, or in some embodiments
more than two elements. The connecting elements 46a, 465
can be at least laterally flexible and can comprise sutures,
wires, strands, metal or plastic struts, or any other suitable
components or materials. One or more retraction elements
48a, 485 can be connected to the proximal end of the graft
44 (i.e., the end of the graft 44 closest to the tip 50). The graft
44 can be attached to at least one retraction element 48a,
48b. In some embodiments, as shown in FIGS. 3A and 3B,
the graft 44 preferably has at least two retraction elements.
The retraction elements 48a, 485 can be sutures, cables,
wires, or other similar or suitable components. To deliver the
stent graft system into the body, the stent 44 and the graft 42
can be collapsed onto the catheter having a tip 50, a shaft 52
and a core or tubular wire 54. The stent 42 and graft 44 can
be restrained by an outer sheath 56. In some embodiments,
the one or more retraction elements 48a and 485 can be
routed outside the outer sheath 56 to the proximal end of the
catheter. In some embodiments, the one or more retraction
elements 48a and 485 can through the main lumen within the
outer sheath and/or through channels formed in an inner core
of the catheter. Alternatively, the one or more retraction
elements 48a and 484 can extend through lumen formed in
the wall of the outer sheath 56 to the proximal end of the
catheter.

FIGS. 4A to 5C illustrate the deployment of the embodi-
ment of the stent graft deployment system 40 illustrated in
FIGS. 3A and 3B. In particular, FIG. 4A illustrates the stent
graft deployment system 40 before the outer sheath 56 has
been substantially retracted. As illustrated, substantially all
of'the graft 44 is contained within the outer sheath 56 in FIG.
4A. FIG. 4B illustrates the stent graft deployment system 40
after the outer sheath 56 has been partially retracted and the
graft 44 has been partially withdrawn from within the outer
sheath 56 by retracting the retraction elements 48a, 48b.
FIG. 4C illustrates the stent graft deployment system 40
after the outer sheath 56 has been retracted proximally past
the connecting elements 46a, 465, and the graft 44 has been
substantially fully withdrawn from within the outer sheath
56 by retracting the retraction elements 48a, 485.

With reference to FIGS. 4A-4C, once the catheter is
inserted in the body, the outer sheath 56 can be retracted to
release the graft 44. In some embodiments, the retraction
elements 48a, 485 can be simultaneously retracted with the
retraction of the sheath 56. The retraction elements 48a, 485
can pull the graft 44 over the sheath 56. In the process, in
some embodiments, as in the illustrated embodiment, the
graft 44 can be inverted as the graft 44 is being pulled over
the sheath 56. When the graft 44 is fully released from the
sheath 56, it can be positioned coaxial to the stent 42. In
some embodiments, the connecting elements 46a, 466 can
be configured to prevent the graft 44 from being pulled back
beyond the tip of the stent 42. Additionally, in some embodi-
ments, the stent 42 can have sufficient radial and axial
strength or rigidity so as to prevent the graft 44 from being
further retracted beyond the tip of the stent 42.
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FIG. 5A illustrates the stent graft deployment system 40
after the retraction elements 48a, 485 have been discon-
nected from the graft 44. In some embodiments, the retrac-
tion elements 48a, 485 can be disconnected from the graft 44
by axially retracting the retraction elements 48a, 486 with
sufficient force to sever the connection between the retrac-
tion elements 48a, 4856. For example, in some embodiments,
the retraction elements 48a, 485 can be secured to the graft
44 using adhesive, sutures, or other similar materials or
means, which can be configured to break or sever when a
threshold axial force is exerted on the retraction elements
48a, 485 relative to the graft 44. In some embodiments, the
retraction elements 48a, 485 may consist of sutures extend-
ing from the proximal end of the delivery system to the graft,
looped through the end of the graft, and extending back to
the proximal end of the delivery system. Release of one end
of' the suture and pulling on the other end of the suture allows
the suture to release from the graft. In some embodiments,
the retraction elements can be released from the graft 44
after completion of the procedure.

FIG. 5B illustrates the deployment of the stent 42 within
the graft 44, after the graft 44 has been released from the
outer sheath 56. In some embodiments, the stent 42 or any
other stent embodiment disclosed herein can be self-expand-
able, mechanically expandable (such as a balloon expand-
able stent), or any other suitable stent. The stent 42 can
expand to the diameter of the graft 44 and/or target vessel or
passageway. The stent embodiment 42 illustrated in FIGS.
5A to 5C is self-expandable, self-expanding against the
inside surface of the graft 44 as the outer sheath 56 is
retracted in the direction indicated by the arrow. FIG. 5C
illustrates the stent 42 fully deployed within the graft 44,
which can be performed in a patient’s aortic, thoracic,
carotid, renal, or other suitable arteries or passageways
within the body, including the cranial passageways. Once
the stent 42 is completely expanded, the stent 42 and the
graft 44 form a stent graft, and the some or all portions of
the stent graft deployment system 40 can be removed from
the patient.

FIGS. 6A and 6B illustrates an embodiment of a retract-
able tip for use with some embodiments of the deployment
catheters disclosed herein. FIG. 6A illustrates the embodi-
ment of the retractable tip 50 extended distally away from
the stent 42. FIG. 6B illustrates the embodiment of the
retractable tip 50 retracted so as to be adjacent to the stent
42. With reference to these figures, in some embodiments,
the tip 50 can be positioned substantially in front of (i.e.,
distally of) the stent 42. For placement of the stent in the
thoracic aorta, the tip 50 can be advanced into the arch or the
ascending aorta. To avoid potential complications from
contact by the tip 50 or the leading edge of the stent 42 with
a patient’s vasculature, as illustrated in FIG. 6B, the tip 50
can be retracted to the stent 42 prior to advancing the stent
to the target site.

The embodiments of the stent graft delivery system
disclosed herein can have a lower-profile than those used for
traditional stent graft designs. Another advantage of the
proposed stent graft relates to the precise deployment of the
stent graft, particularly in a high-flow environment. When
traditional stent grafts are deployed, the flow can be
obstructed by the graft during deployment. This is often
referred to as “windsocking.” Specifically, in the thoracic
aorta, the fluid forces may push the graft distally, which can
make it difficult to precisely deploy the stent graft. By first
deploying the graft, the blood can pass through the graft
unobstructed while the stent is being deployed, such as by
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the method of deployment of the embodiment of the stent
graft illustrated in FIGS. 5A to 5C.

FIG. 7A illustrates another embodiment of a low-profile
stent graft 60, before the illustrated components comprising
the stent graft 60 have been combined. FIG. 7B illustrates
the stent graft 60 shown in FIG. 7A after the illustrated
components of the stent graft 60 have been combined. In
some embodiments, a stent or stent segment 62 (also
referred to herein as a first stent or stent element) can be
connected to a graft 64 by means of connecting elements
66a, 665, 66c. The stent or stent segment 62 can be self-
expandable, balloon expandable, or expandable by other
suitable means. Similar to the embodiment of the stent graft
30 discussed above, the stent 62 and graft 64 can be loaded
into a catheter and restrained by a single sheath. In some
embodiments, the stent 62 can be deployed before the graft
64 is deployed. The stent 62 can be deployed distally relative
to the location of the graft 64 (i.e., further away from the end
of the delivery catheter). The graft 64 can be deployed
thereafter. The connecting elements 66a, 665, 66¢ can be
configured to support the graft 64 in a predetermined axial
position relative to the stent 62 to prevent the graft from
being displaced by the blood flow. In some embodiments,
the connecting elements 66a, 665, 66¢ can also provide
radial support to the graft 64.

In some embodiments, one or more struts 68 or other
suitable features (or any other struts disclosed herein) can be
integrated in the graft 64 or attached thereto, such as by
adhesive, sutures, or by other suitable means, to ensure that
the graft 64 does not compress axially. In some embodi-
ments, the struts 68 or any other struts disclosed herein can
comprise sutures, wires, rods, or any other suitable compo-
nents made from a polymer, metal, or other suitable material.
In some embodiments, a second stent 70 can be delivered
and deployed separately as compared to the stent 62 and
graft 64 using a second delivery catheter, or can be delivered
and deployed using the same delivery catheter as used to
deploy the stent 62 and graft 64. The stent 70 can be
deployed inside the graft 64 to further support the graft 64,
thus forming the embodiment of the stent graft 60 shown in
FIG. 7B.

FIG. 8A illustrates another embodiment of a low-profile
stent graft 80, before all of the illustrated components of the
stent graft 80 have been combined. FIG. 8B illustrates the
stent graft 80 shown in FIG. 8A after all of the illustrated
components of the stent graft 80 have been combined. In
some embodiments, two stent segments 82a and 825 can be
connected by axial struts 86a, 865, 86¢. The stent segments
82a and 825 can be self-expandable, balloon expandable, or
expandable by other suitable means. The graft 84 can be
mounted on the axial struts 86a, 865, 86¢ to prevent the graft
84 from moving axially and to, in some embodiments,
provide radial support. In some embodiments, the two stent
segments 82a and 825 and the struts 86a, 865, 86¢ can be
manufactured from a single piece of metal tubing. Alterna-
tively, in some embodiments, the struts 86a, 865, 86¢ can be
formed separately and supported by the stent segments 82a
and 825 at any desired position relative to the stent segments
82a, 82b. The stent graft 80 can be deployed similarly to the
previous embodiments, or by any suitable method.

The two stent segments 82a and 825 and struts 86a, 865,
86¢ can support the graft 84 inside the blood vessel. In some
embodiments, the axial struts 86a, 865, 86¢ can expand the
graft 84 to allow blood flow to pass through the lumen in the
graft 84. In some embodiments, a second stent 88 can be
deployed inside the graft 84 to effectively form the embodi-
ment of the stent graft 80 shown in FIG. 8B. The second
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stent 88 can be delivered and deployed using the same
delivery catheter as used to deploy the stent segments 82a,
82b, or can be deployed using a second delivery catheter.

FIG. 9 illustrates another embodiment of a stent system
100. In some embodiments, the stent system 100 can be
placed in curved blood vessels. As illustrated in FIG. 9A, the
stent segments 102a, 1025 can be directly connected by
three struts 104a, 1045, 104¢. The stent segments 102a and
1026 can be self-expandable, balloon expandable, or
expandable by other suitable means. In some embodiments,
any number of struts 104 can be used, including one, two,
three, four, or more struts. The struts 104 can be flexible so
that the stent system 100 can bend to conform with curved
vasculature.

In some embodiments, as illustrated in FIG. 9B, the stent
system 100 can be configured such that one, two, or less than
all of the struts 104 (two being shown) are not directly
connected to the stent segment 102a. The two struts 104a
and 1045 can terminate inside tubular struts 106a and 1065
that can be connected to stent segment 1024. The struts 104a
and 1045 can move axially inside the tubular struts 106a and
1064, allowing the strut system to telescope. When the stent
system 100 is placed in a curved vessel as shown in FIG. 9C,
the telescoping struts can adjust their length and can arch
between the two stent segments 102a, 1025. The stent
system 100 can be deployed within any suitable graft.
Furthermore, in some embodiments, the struts and tubular
struts can have stops or otherwise can be configured so that
the struts do not become inadvertently disengaged from the
tubular struts after the stent system 100 has been deployed
in the patient’s vasculature. In some embodiments, the stent
system 100 can be deployed within a graft, or can be
deployed so as to have a graft supported thereon. In some
embodiments, a graft (not illustrated) can be positioned over
all or a portion of the stent system 100. A second stent (not
illustrated) can be deployed within the stent system 100 after
the stent system 100 has been deployed within a graft

FIG. 10 illustrates another embodiment of a stent graft
120. The stent segments 122a and 1225 can be connected by
helical-shaped struts 124a-124d. The helical shape can
allow the struts to conform to the curvatures in the blood
vessel. Furthermore, the diameter of the stent graft at the
location of the struts can be adjusted by rotating the stent
segments 122a and 1226 with respect to each other. The
stent segments 122a and 1226 can be self-expandable.
Rotation in one direction can unwind the helical struts so as
to increase the diameter of the helical segment. Rotation in
the opposite direction can tighten the helical struts so as to
decrease the diameter of the helical segment. The stent graft
120 can be deployed within any suitable grafts.

FIG. 11 A illustrates another embodiment of a low-profile
stent graft 140, before all of the illustrated components of
the stent graft 140 have been combined. FIG. 11B illustrates
the stent graft 140 shown in FIG. 11A after all of the
illustrated components of the stent graft 140 have been
combined. In some embodiments, the stent graft 140 can be
similar to the stent graft 80 illustrated in FIGS. 8A and 8B,
except as follows. Instead of one continuous stent, such as
stent 88 in FIGS. 8A and 8B, being deployed within the stent
graft 140, individual stent segments 148a, 1485 can be
placed inside the graft 144 to seal the ends of the graft 144
against the vessel wall. The stent segments 148a and 1485
can be self-expandable, balloon expandable, or expandable
by other suitable means. In some embodiments, the stent
segments 1484, 14856 can be deployed inside the graft 144
after the stents 142a, 1425 have been deployed. In some
embodiments, the stent segments 148a, 148b can be
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deployed inside the struts 146a, 1465, 146¢ after the stents
142a, 142b have been deployed so as to apply a radial
outward force on the graft 144 and the struts 146a, 1465,
146¢.

FIG. 12 illustrates another embodiment of a stent graft
160. In particular, FIG. 12A illustrates an embodiment of the
stent graft 160 with stent segments in a first position, FIG.
12B illustrates an embodiment of the stent graft 160 with
stent segments in a second position, and FIG. 12C illustrates
an embodiment of the stent graft 160 with stent segments in
a third position. In some embodiments, the stent graft 160
can be the same as or similar to the stent graft 140, except
as follows. As illustrated in FIG. 12A, the individual stent
segments 1684 and 1685 can be pre-mounted onto the struts
166a, 1665, 166¢. The stent segments 1684 and 1685 can be
self-expandable, balloon expandable, or expandable by
other suitable means. The struts 166a, 1665, and 166C can
also function as a guide for the deployment of the individual
stent segments 168a and 1685b. The struts 166a, 1665, and
166C can be configured to keep the individual stent seg-
ments 168a and 1686 aligned with the central axis of the
stent graft and prevent the individual stent segments 168a
and 1685 from tilting during deployment.

The struts 166 or any other struts disclosed herein can be
positioned at any desired location relative to the stents 168a,
1684 or any other stents disclosed herein. In some embodi-
ments, the stent segments 168a, 1685 can be supported by
the struts 1664, 1665, 166¢ so that the stent segments 168a,
1684 are positioned on the outside of the struts 1664, 1665,
166¢. Alternatively, the stent segments 168a, 1685 can be
supported by the struts 166a, 1665, 166¢ so that the stent
segments 1684, 1685 are positioned on the inside of the
struts 166a, 1665, 166¢, or so that at least a portion of each
of the stent segments 1684, 1685 is positioned on the inside
of'the struts 1664, 1665, 166¢ and such that at least a portion
of'each of the stent segments 168a, 1685 is positioned on the
outside of the struts 166a, 1665, 166¢.

In some embodiments, at least a portion of the graft 164
can be axially and/or radially supported by the struts 166a,
1664, 166¢ so that the graft 164 is maintained in a fixed axial
position relative to the struts 166a, 1665, 166¢. Alterna-
tively, in some embodiments, at least a portion of the graft
164 can be supported by the stent 162a and/or by one or
more connecting elements or other suitable connecting
means so that the graft 164 is maintained in a fixed axial
position relative to the stent 162a. The stent segments 168a,
1685 can be supported by the struts 1664, 1665, 166¢ so that
the stent segments 168a, 1685 are axially moveable relative
to the struts 1664, 1665, 166¢ and relative to the graft 164.
In some embodiments, the stent segments 168a, 1685 can be
loaded into and deployed from the same delivery system as
the graft 164 and the stent graft 162a, 1625, 1664, 1665,
166¢. In some embodiments, the stent segments 168a, 1685
can be axially positioned and deployed inside the graft 164
after the stents 162a, 1625 have been deployed in the target
vessel. Furthermore, the stent segments 168a, 1685 can be
deployed in a controlled fashion by restraining and then
releasing the struts 166a, 1665, 166¢.

The proposed concept of a low-profile stent graft or stent
graft system can also be applied to bifurcated stent grafts.
Accordingly, any of the embodiments of the stent systems or
stent graft systems disclosed above can be modified so as to
be a bifurcated stent or stent graft system. Bifurcated stent
grafts can be used for the treatment of aorto-iliac aneurysms
that require a proximal seal in the infrarenal aorta and distal
seals in the iliac arteries. FIG. 13 illustrates an embodiment
of a typical bifurcated stent graft 170 having a bifurcated
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graft having a main body graft 172 and two branch grafts
174, 176. As illustrated, a bifurcated stent 178 can be
deployed inside the bifurcated graft.

FIGS. 14A and 14B illustrates another embodiment of a
bifurcated stent graft 180. In particular, FIG. 14A illustrates
the components of an embodiment of a stent graft 180 before
the components of the stent graft 180 have been merged.
FIG. 14B illustrates the embodiment of a stent graft 180
after the components of the stent graft 180 have been
merged. In some embodiments, initially, the bifurcated graft
181, which can comprise a main graft body 182, a first
branch portion 183, and a second branch portion 185, can be
supported by three separate stent segments or elements 184,
187, 188. Stent segment or element 184 can be connected to
the proximal end of the main graft body 182 similarly as
compared to the embodiment of the straight stent graft
shown in FIGS. 7A and 7B. Similarly, a second stent
segment or element 187 can be connected to the distal end
of a first or an ipsilateral branch graft 183 of the graft 181.
A third stent segment or element 188 can be supported inside
a second or a contralateral branch graft 185. The stent
segments 184, 187, 188 or any stents, stent segments, or
stent elements disclosed herein can be self-expandable,
balloon expandable, or expandable by other suitable means.

The stent graft 180 can be configured such that, when the
stent graft is collapsed into a crimped state for loading into
a delivery catheter, the stents 184, 187, 188 are positioned at
non-overlapping axial positions in the delivery catheter so
that the stents 184, 187, 188 will not compete with each user
for space in the catheter. In some embodiments, after the
bifurcated graft 182 and the stents 184, 187, 188 are
deployed in the target location, a second stent 190 having a
main body stent 192 and a branch stent 194 can be deployed
inside the bifurcated graft 182 to provide support along the
entire length of the graft 182, as shown in FIG. 14B. The
stent graft 180 can be configured such that the stent graft 180
comprises any of a wide varying combination or configu-
ration of stents, stent segments, or graft segments.

FIGS. 15A to 16B illustrate the deployment of an embodi-
ment of the bifurcated stent graft 180 in an abdominal aortic
aneurysm. Two renal arteries 200a, 2005, iliac arteries 202a,
202b, an aortic aneurysm 206, and an aortic bifurcation 204
are illustrated. The illustrated aortic aneurysm 206 extends
between the renal arteries 200a, 2005 and the iliac arteries
202a, 2025. In some embodiments, the bifurcated stent graft
can be delivered from a first artery, which can be the
ipsilateral iliac artery 2025, and placed on the aortic bifur-
cation 204. The main stent segment 184 and connecting
elements 186 supported by the main stent segment 184 can
support the main graft body 182 in the target location.
Additionally, in some embodiments, as illustrated in FIGS.
15Ato 16B, the main graft body 182 can be positioned in the
patient’s vasculature so as to not obstruct the renal arteries
200a, 20056, so that blood can freely flow into the renal
arteries 200a, 2005.

The main body of the graft and the two branch grafts can
be deployed using any suitable delivery systems, including
but not limited to the delivery systems described in U.S. Pat.
No. 6,077,296 and/or U.S. patent application Ser. No.
12/101,863, which references are incorporated by reference
in their entireties as if fully set forth herein. Because, in
some embodiments, at least the proximal portion of the main
body graft 182 is not axially supported by a stent, the graft
182 can be axially compressed to accommodate different
lengths between the aortic bifurcation 204 and renal arteries
200a, 2005, as shown in FIG. 15B. As illustrated in FIGS.
16A and 16B, once the primary stent graft system has been
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deployed, the stent 190 can be introduced from the ipsilat-
eral iliac artery 2026 and deployed inside the graft 182 to
provide additional support and fixation of the main body
graft 182 and the ipsilateral branch graft.

While the above detailed description has shown,
described, and pointed out novel features as applied to
various embodiments, it will be understood that various
omissions, substitutions, and changes in the form and details
of the device or process illustrated can be made without
departing from the spirit of the disclosure. Additionally, the
various features and processes described above can be used
independently of one another, or can be combined in various
ways. All possible combinations and subcombinations are
intended to fall within the scope of this disclosure.

As will be recognized, certain embodiments described
herein can be embodied within a form that does not provide
all of the features and benefits set forth herein, as some
features can be used or practiced separately from others. The
scope of the inventions is indicated by the appended claims
rather than by the foregoing description. All changes which
come within the meaning and range of equivalency of the
claims are to be embraced within their scope.

For example, while some embodiments of the stent graft
and delivery systems are described herein with respect to the
abdominal aortic artery, the delivery and graft systems can
be used for repairing vasculature in other portions of the
body, including but not limited to the SMA, the inferior
mesenteric artery, the thoracic artery, or any other arteries or
blood vessels in the body suitable for such procedures or
apparatuses.

What is claimed is:

1. A deployment system for deploying a stent graft within
a passageway, comprising:

a delivery catheter comprising an outer sheath, a proximal

end, and a distal end;

a stent having a first end and a second end, the stent being
supported within the outer sheath at a first axial posi-
tion in a collapsed state within the deployment system;

a graft having a first end and a second end, the graft being
supported within the outer sheath at a second axial
position in a collapsed state within the deployment
system,

at least one connecting element extending from the sec-
ond end of the stent to the first end of the graft so as to
connect the second end of the stent to the first end of the
graft; and

one or more retraction elements attached to the graft, the
one or more retraction elements extending to the proxi-
mal end of the delivery catheter, the one or more
retraction elements being releasably attached to the
second end of the graft;

wherein the second axial position is different than the first
axial position such that no substantial portion of the
stent overlaps any portion of the graft while the stent
and graft are in the collapsed state within the deploy-
ment system,

wherein as the one or more retraction elements are
retracted in a proximal direction the graft inverts and
retracts so that at least a portion of the graft overlaps a
portion of the stent in a deployed state.

2. The deployment system of claim 1, wherein the at least
one connecting element comprises sutures, wires, strands,
metal struts, or plastic struts.

3. The deployment system of claim 1, further comprising
a second stent configured to be expandable within the graft.



US 9,757,262 B2

13

4. The deployment system of claim 3, further comprising
a third stent or stent segment configured to be expandable at
least partially within the graft.

5. The deployment system of claim 1, wherein the graft is
a bifurcated graft.

6. The deployment system of claim 1, wherein the one or
more retraction elements are configured to invert and retract
the graft before the stent is deployed within the passageway.

7. The deployment system of claim 1, wherein the one or
more retraction elements are configured to invert and retract
the graft so that substantially all of the graft overlaps the
stent in the deployed state.

8. The deployment system of claim 1, wherein the graft is
coaxially positioned relative to the stent.

9. The deployment system of claim 1, wherein at least one
of the graft and the stent is tubular.

10. The deployment system of claim 1, wherein the graft
comprises a main body, a first branch segment, and a second
branch segment.

11. The deployment system of claim 10, further compris-
ing a second stent supported in at least one of the first branch
segment and the second branch segment.

12. The deployment system of claim 1, wherein the
catheter further comprises an inner core, the inner core
extending through the outer sheath and being axially move-
able with respect to the outer sheath.

13. The deployment system of claim 1, wherein the stent
is self-expandable.

14. The deployment system of claim 1, wherein the stent
is balloon expandable.
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