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nected to corresponding ends of the native blood vessel. The
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end, to an extended configuration, in which the secondary body
is extended distally from the main body and the free end is on a
distal side of the fixed end to address defects in the aorta
downstream of the hemiarch.
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INTRAVASCULAR DEVICE FOR HEMIARCH REPAIR
AND ASSOCIATED METHOD

CROSS REFERENCE TO RELATED APPLICATION
[0001] This application claims priority pursuant to 35 U.S.C. § 119(e) to U.S.
Provisional Patent Application Ser. No. 62/026,875, filed on July 21, 2014, which is

hereby incorporated by reference in its entirety.

FIELD
[0002] The present disclosure relates generally to methods and apparatuses for
therapy of aortic pathology. More specifically, methods and apparatuses are described
for treating vascular abnormalities in the aorta, including in cases where hemiarch
resection is needed. Methods and apparatuses are also described for addressing target

sites in other areas of the aorta following hemiarch replacement.

BACKGROUND
[0003] Vascular abnormalities can be serious medical conditions that require prompt
and effective treatment. An aneurysm, for example, is a bulging or ballooning portion of
the wall of a blood vessel, usually an artery, that is the result of a weakened area of the
artery wall. As the aneurysm enlarges, the walls of the artery become thinner, and the
risk of rupture increases. A ruptured aneurysm can cause severe hemorrhaging, other
complications, and death. Weakened walls of the arteries can be hereditary or can be
caused by disease, such as arteriosclerosis.
[0004] In some cases, a tear may develop in the inner layer of the aorta, and blood
may flow through the tear into the middle layer of the aorta, as shown in Fig. 1. This
blood flow may cause the inner and middle layers of the aorta to separate and create a
false lumen. This is known as a dissection. Dissections can be fatal if the false lumen
ruptures the outside aortic wall. Moreover, a dissection may cause malperfusion, which
may limit or cut off blood flow through the aorta or its branches to one or more organs.
[0005] In such cases, prompt and effective medical attention is necessary to reduce

the risk of patient mortality. Conventional methods of treating vascular conditions such
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as aortic dissections, however, carry with them additional risks to the health of the
patient, especially in the elderly.

[0006] Accordingly, there is a need for a method and apparatus for treating aortic
abnormalities in a way that minimizes the risks to the patient, is reproducible, and is

simple to administer.

BRIEF SUMMARY
[0007] A device and method are provided in accordance with an example
embodiment for treating aortic abnormalities, in particular abnormalities that require
resection of a portion of the aorta, such as in the region of the hemiarch. In oné
embodiment, a vascular device that replaces at least part of a patient’s hemiarch is
described. The vascular device comprises a main body and a secondary body. The main
body has a first end and a second end, and each of the first and second ends attaches to a
corresponding end of a native blood vessel to provide a pathway for blood flow from the
patient’s heart to vasculature distal to the heart. The secondary body has a free end and a
fixed end, and the fixed end is engaged with an inner surface of the main body to limit
movement of the fixed end in an axial direction. The vascular device moves from a
retracted configuration, in which the secondary body is at least partially or fully
contained within the main body and the free end is on a proximal side of the fixed end, to
an extended configuration, in which the secondary body is extended distally from the
main body and the free end is on a distal side of the fixed end. In the extended
configuration, the secondary body engages downstream portions of the patient’s aorta
with respect to a position of the main body.
[0008] In some cases, the secondary body may have or define an opening through an
outer surface thereof. The opening may surround one or more aortic branches of the
patient’s aortic arch. The fixed end of the secondary body may be engaged with the inner
surface of the main body so as to allow the secondary body to rotate about a longitudinal
axis of the main body. The inner surface of the main body may comprise a track, and the
fixed end of the secondary body may comprise a guide configured to ride within the track
such that the secondary body is rotatable with respect to the main body. In some

embodiments, the vascular device may further comprise a lock. The lock may be
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actuated by a user from outside the vascular device and may maintain the secondary body
in a rotationally fixed position with respect to the main body.

[0009] In some embodiments, at least one of the first and second ends of the main
body may comprise a flare, such that the respective flare is trimmable by a user to adjust
a diameter of the respective first or second end to correspond to and accommodate a
diameter of the corresponding end of the native blood vessel to be joined to the respective
end of the main body. The vascular device may further comprise at least one sleeve
configured to extend over a seam defined between a respective end of the main body and
the corresponding end of the native blood vessel. The at least one sleeve may be attached
to an outer surface of the main body. The at least one sleeve may move between a first
position and a second position. In the first position, the at least one sleeve may have or
be biased toward a rolled configuration, such that a respective one of the first or second
end of the main body is exposed for connection to the corresponding end of the native
blood vessel. In the second position, the sleeve may have or be biased toward an
extended configuration, such that a surface of the sleeve is disposed opposite an outer
surface of the main body proximate the respective one of the first or second ends and
engages the seam. In some cases, the vascular device may comprise a first sleeve
proximate the first end and a second sleeve proximate the second end.

[0010] In some embodiments, the secondary body may have a length that is longer
than a length of the main body, such that, in the retracted configuration, the free end of
the secondary body extends past a corresponding end of the main body.

[0011] In still other embodiments, a method is described for replacing at least part of
a patient’s hemiarch using a vascular device. The method may include disposing a
vascular device in a patient’s body for replacing a hemiarch portion of the patient’s aorta,
wherein the vascular device comprises a main body having a first end and a second end
and a secondary body having a free end and a fixed end, wherein the fixed end of the
secondary body is engaged with an inner surface of the main body to limit movement of
the fixed end in an axial direction. The first end of the main body may be connected with
a corresponding end of a native blood vessel. The vascular device may be moved from a
retracted configuration, in which the secondary body is at least partially contained within

the main body and the free end is on a proximal side of the fixed end, to an extended
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configuration, in which the secondary body is extended distally from the main body and
the ‘free end is on a distal side of the fixed end. The second end of the main body may be
connected with a corresponding end of the native blood vessel.

[0012] In some embodiments, the secondary body may be rotated about a -
longitudinal axis of the main body to align an opening defined through an outer surface
of the secondary body with one or more aortic branches of the patient’s aortic arch. The
secondary body may be rotated while the vascular device is in the retracted configuration.
In some cases, a lock may be actuated from outside the vascular device to maintain the
secondary body in a rotationally fixed position with respect to the main body once the
secondary body is rotated to a desired alignment with respect to the aortic branches of the
patient’s aortic arch.

[0013] In some embodiments, at least one of the first and second ends of the main
body may comprise a flare, and the method may further comprise trimming a portion of
the respective flare to adjust a diameter of the respective first or second end to correspond
to and accommodate a diameter of the corresponding end of the native blood vessel to be
joined to the respective end of the main body. Furthermore, in some cases, a portion of
the free end of the secondary body may be trimmed.

[0014] In some cases, a sleeve of the vascular device may be moved from a first
position, in which the sleeve is biased toward a rolled configuration such that a respective
one of the first or second ends of the main body is exposed for connection to the
respective end of the native blood vessel, to a second position, in which the sleeve is
biased toward an extended configuration such that a surface of the sleeve is disposed
opposite an outer surface of the main body proximate the respective one of the first or
second ends and engages a seam defined between a respective end of the main body and
the corresponding end of the native blood vessel. Moving a sleeve of the vascular device
may comprise moving a first sleeve disposed proximate the first end of the main body to
engage a seam defined between the first end of the main body and the corresponding end
of the native blood vessel. The second end of the main body may be connected with a
corresponding end of the native blood vessel, such that a pathway is provided for blood
flow from the patient’s heart to vasculature distal to the heart via the main body and the

secondary body.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0015] Having thus described the invention in general terms, reference will now be
made to the accompanying drawings, which are not necessarily drawn to scale, and
wherein:
[0016] FIG. 1 shows a schematic representation of a dissection in the aortic arch;
[0017] FIG. 2A shows a schematic perspective representation of a vascular device in
a retracted configuration in accordance with an exemplary embodiment of the present
disclosure;
[0018] FIG. 2B shows a schematic perspective representation of the vascular device
of Fig. 2A in an intermediate configuration between the retracted configuration of Fig.
2A and an extended configuration shown in Fig. 2C in accordance with an exemplary
embodiment of the present disclosure;
[0019] FIG. 2C shows a schematic perspective representation of the vascular device
of Fig. 2A and Fig. 2B in the extended configuration in accordance with an exemplary
embodiment of the present disclosure; 4
[0020] FIG. 3A shows a cross-sectional representation of the vascular device of
Fig. 2A in accordance with an exemplary embodiment of the present disclosure;
[0021] FIG. 3B shows a cross-sectional representation of the vascular device of
Fig. 3A in the extended configuration in accordance with an exemplary embodiment of
the present disclosure;
[0022] FIG. 4A shows a schematic perspective representation of a vascular device in
a retracted configuration with sleeves in a first position in accordance with another
exemplary embodiment of the present disclosure;
[0023] FIG. 4B shows a schematic perspective representation of a vascular device in
an extended configuration with sleeves in a first position in accordance with another
exemplary embodiment of the present disclosure;
[0024] FIG. 4C shows a schematic perspective representation of a vascular device in
an extended configuration with sleeves in a second position in accordance with another

exemplary embodiment of the present disclosure;
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[0025] FIG. 5A shows a cross-sectional representation of a vascular device in the
retracted configuration in accordance with another exemplary embodiment of the present
disclosure;

[0026] FIG. 5B shows a cross-sectional representation of the vascular device of Fig.
5A in the extended configuration in accordance with an exemplary embodiment of the
present disclosure;

[0027] FIG. 6A shows a cross-sectional representation of a vascular device in the
retracted configuration with a section of the first end trimmed in accordance with an
exemplary embodiment of the present disclosure;

[0028] FIG. 6B shows a cross-sectional representation of the vascular device of Fig.
6A in the retracted configuration sutured to a corresponding end of the native vessel in
accordance with an exemplary embodiment of the present disclosure;

[0029] FIG. 6C shows a cross-sectional representation of the vascular device of Fig.
6B in an intermediate configuration between the retracted configuration and the extended
configuration in accordance with an exemplary embodiment of the present disclosure;
[0030] FIG. 6D shows a cross-sectional representation of the vascular device of Fig,
6C in the extended configuration in accordance with an exemplary embodiment of the
present disclosure;

[0031] FIG. 6E shows a cross-sectional representation of the vascular device of Fig.
6D in the extended configuration with the first sleeve moved to the second position in
accordance with an exemplary embodiment of the present disclosure;

[0032] FIG. 7A shows a schematic perspective representation of the vascular device
of Figs. 6A-6E illustrating rotation and locking of the secondary body in accordance with
an exemplary embodiment of the present disclosure;

[0033] FIG. 7B shows a schematic perspective representation of the vascular device
of Fig. 7A showing the opening of the secondary body aligned with the aortic branches in
accordance with an exemplary embodiment of the present disclosure;

[0034] FIG. 8A shows a cross-sectional representation of the second end of the main
body of the vascular device of Figs. 6A-6E connected to the corresponding end of the

native vessel in accordance with an exemplary embodiment of the present disclosure;
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[0035] FIG. 8B shows a cross-sectional representation of the second end of the main
body of the vascular device of Fig. 8A with the second sleeve in an intermediate position
between the first position of Fig. 8A and the second position of Fig. 8C in accordance
with an exemplary embodiment of the present disclosure;

[0036] FIG. 8C shows a cross-sectional representation of the second end of the main
body of the vascular device of Fig. 8A with the second sleeve in the second position in
accordance with an exemplary embodiment of the present disclosure; and |

[0037] FIG. 9 shows a sleeve that is separate from the vascular device in accordance

with an exemplary embodiment of the present disclosure.

DETAILED DESCRIPTION
[0038] Some embodiments of the present disclosure will now be described more fully
hereinafter with reference to the accompanying drawings, in which some, but not all,
embodiments of the invention are shown. Indeed, various embodiments of the invention
may be embodied in many different forms and should not be construed as limited to the
embodiments set forth herein; rather, these embodiments are provided so that this
disclosure will satisfy applicable legal requirements. Like reference numerals refer to
like elements throughout.
[0039] As used herein, the terms “distal” and “distally” to the heart refer to a location
farthest from the heart; the terms “proximal” and “proximally” refer to a location closest
to the heart. Furthermore, although the examples described herein refer to a dissection in
the aortic arch, embodiments of the devices and methods described herein may be used to
treat various vascular abnormalities requiring resection of a portion of the aorta,
including aneurysms, type A dissections, and type B dissections, and in particular may be
used to treat abnormalities that require resection of the hemiarch or a portion thereof.
[0040] Thoracoabdominal aortic pathologies are often considered some of the most
difficult aortic pathologies to treat. A schematic illustration of the aorta 10 is shown in
Fig. 1. The ascending aorta and the aortic arch 12, for example, are sections that include
a high degree of curvature, as well as arteries that branch up to feed oxygenated blood to
the head, neck, and arms. Such arteries include the innominate artery 14, the left

common carotid artery 15, and the left subclavian artery 16.
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[0041] Aortic abnormalities, such as dissections 11, are some of the most serious
conditions that can affect the aorta and often must be addressed immediately and
effectively to minimize the patient’s risk of death. In fact, it may be said that 50% of
patients suffering from acute type A aortic dissections (i.e., dissections 11 involving the
aortic arch 12, an example of which is shown in Fig. 1) are dead within 48 hours of the
occurrence of the dissection.

[0042] Conditions such as dissections often require that the damaged section of the
aorta be cut out and removed and that a prosthetic graft be sutured to the sections of
native aorta that remain to take the place of the resected section. For example, in a case
such as the one pictured in Fig. 1, a section of the aorta extending from just above the
aortic root 17 (proximate the junction of the aorta with the heart 18) to the aortic arch,
proximate the innominate artery 14, known as the hemiarch, may need to be removed to
address the dissection 11. Preoperative procedures including intravascular ultrasound
(IVUS) measurements and/or computerized tomography (CT) or computerized axial
tomography (CAT) scans may be used to allow the surgeon to select an appropriate
prosthetic graft (e.g., one having the correct size and shape). It is often difficult in a
preoperative setting, however, to obtain an accurate assessment of the condition of the
vessel portion to be resected, the extent (e.g., length) of the resection, the diameter of the
remaining portions of the native vessels, etc., such that a conventional prosthetic graft
selected based on preoperative measurements may not be sized appropriately to address
the actual condition as observed during the operative procedure.

[0043] Moreover, in conventional hemiarch procedures, multiple intravascular
devices may need to be used in combination to repair the damaged portion of the
patient’s aorta. For example, a graft may be needed to replace the patient’s hemiarch,
and another device (e.g., an endograft) may be attached to a distal end of the graft to
address conditions in the aortic arch and/or descending aorta. In some cases, the patient
may require multiple surgeries, as issues may arise in other portions of the aorta
following hemiarch replacement that were not present during the initial surgery to repair
the hemiarch. Such post-operative surgeries may present new risks to the patient and
increase the likelihood of medical complications, including risks of endoleaks and tearing

of the native vessels.
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[0044] Accordingly, embodiments of the present disclosure provide for a vascular
device and method for addressing aortic pathologies that are configured to address a
dissection originating in the hemiarch, and are at the same time flexible enough for
addressing conditions in the aortic arch and other regions distal of the aortic arch, as
necessary. In addition, embodiments of the present disclosure may be configured to
allow a user (e.g., a surgeon) to adjust the size of a vascular device described herein (e.g.,
diameter and length) to adequately correspond to the actual size of the patient’s
vasculature in real time and as observed during the operative procedure. In still other
aspects, embodiments of the present disclosure are configured to facilitate hemostasis at
the junctions of the ends of a vascular device described herein with the native aorta to
minimize or eliminate the risk of endoleaks.

[0045] With reference now to Figs. 2A-2C, embodiments of a vascular device 100
configured for replacing at least part of a patient’s hemiarch are shown. The vascular
device 100 comprises a main body 110 and a secondary body 120. The main body 110
may have a first end 112 and a second end 114, where each of the first and second ends is
configured to be attached to a corresponding end of a native blood vessel to provide a
pathway for blood flow from the patient’s heart to vasculature distal to the heart. The
secondary body 120 may have a free end 122 and a fixed end 124. The fixed end 124
may be engaged with an inner surface 111 of the main body 110 to limit movement of the
fixed end in an axial direction (e.g., in a direction along the central axis A4 of the main
body 110). The fixed end 124 may be engaged with an inner surface 111 of the main
body 110 in any manner not inconsistent with the objectives of the present disclosure,
including with an adhesive or fastener. The fixed end 124 may also have or define a
unitary structure with the inner surface 111 of the main body 110.

[0046] As such, some embodiments of the vascular device 100 may be configured to
be moved from a retracted configuration, in which the secondary body 120 is at least
partially contained within the main body 110 and the free end 122 of the secondary body
120 is on a proximal side of the fixed end 124, as shown in Fig. 2A, to an extended
configuration, in which the secondary body 120 is extended distally from the main body
(e.g., in a direction away from the heart) and the free end 122 is on a distal side of the

fixed end 124. The vascular device 100 is shown in the extended configuration in Fig.
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2C, with Fig. 2B showing an intermediate position of the vascular device 100, in which
the secondary body 120 is partially everted.

[0047] For example, in the embodiment depicted in Figs. 2A-2C and 3A-3B, the
secondary body 120 is configured such that the free end 122 may be pushed (e.g., by a
user) in a direction B, toward the fixed end 124, creating a folded edge 126 (shown in
Fig. 2B) about which the secondary body 120 is turned outside-in. In other words, a
surface 121 of the secondary body 120 that is the outer surface when the secondary body
120 is being held within the main body 110 and the vascular device 100 is in the retracted
configuration, as shown in Figs. 2A and 3A, may become an inner surface of the
secondary body 120 once the vascular device 100 is in the extended (e.g., everted)
configuration shown in Figs. 2C and 3B. Likewise, the surface 123 of the secondary
body 120 that is the inner surface when the vascular device 100 is in the retracted
configuration of Figs. 2A and 3A may become the outer surface of the secondary body
120 when the vascular device 100 has been moved to the extended conﬁguratibn of Figs.
2C and 3B.

[0048] Thus, in the retracted configuration of Figs. 2A and 3A, the inner surface 111
of the main body 110 (as contrasted with an outer surface 113 of the main body 110) may
be disposed proximate the surface 121 of the secondary body 120 that forms the outer
surface in that position. Moreover, although Fig. 3A depicts a space between the inner
surface 111 of the main body 110 and the surface 121 of the secondary body 120, in some
cases the surfaces 111, 121 or at least a portion of those surfaces may be contacting each
other, such as when the secondary body 120 is made of self-expandable material (e.g.,
Nitinol) and expands radially within the main body 110.

[0049] Embodiments of the vascular device 100 may be configured such that the first
and second ends 112, 114 of the main body 110 can be connected to (e.g., sutured to)
ends of the corresponding native vessel formed by resection of the patient’s hemiarch. In
this way, eversion of the secondary body 120 to move the secondary body 120 to the
extended configuration shown in Figs. 2C and 3B may serve to position the secondary
body 120, or at least a portion of the secondary body, proximate the branch arteries 14,
15, 16 of the aortic arch 12 (shown in Fig. 1). Accordingly, to allow proper blood flow
through the branch arteries 14, 15, 16, the secondary body 120 may, in some cases, define

10
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an opening 150 through the outer surface of the secondary body that is configured to
surround one or more aortic branches 14, 15, 16 of the patient’s aortic arch 12. In this
way, the opening 150 according to some embodiments may be positioned at the junction
of the aortic branches 14, 15, 16 with the aortic arch 12 and may provide a pathway for
the blood to flow from the heart, through the main body 110 of the vascular device 100,
into the secondary body 120 (when the vascular device is in the extended configuration),
through the opening 150, and into each branch 14, 15, 16.

[0050] In some embodiments, the opening 150 may be configured to define a seal
with the inner surface of the patient’s blood vessel in the area of the aortic branches 14,
15, 16, so as to minimize or stop the leakage of blood into the space between the outer
surface of the secondary body 120 and the inner surface of the blood vessel. For
example, the opening 150 may define, in some cases, a rim, a bumper, or some other
radially protruding feature (not shown) that is configured to contact the inner surface of
the patient’s blood vessel in the area of the aortic branches 14, 15, 16 and minimize the
passage of blood into the space surrounding the outer surface of the secondary body 120.
In still other cases, however, the area of the secondary body 120 surrounding and
defining the opening 150 may be made of a mesh material (e.g., similar to a stent) so as
to facilitate clotting, such that the blood clots formed may serve to promote a natural seal
between the secondary body and the inner surface of the blood vessel.

[0051] To facilitate proper alignment of the opening 150 of the secondary body 120
with the aortic branches 14, 15, 16 shown in Fig. 1, in some embodiments the fixed end
124 of the secondary body 120 may be engaged with the inner surface 11 of the main
body 110 in such a manner so as to allow the secondary body 120 to rotate about a
longitudinal axis of the main body (e.g., central axis 4 of Fig. 2A). Figs. 4A-7B, for
example, depict another embodiment of a vascular device 200 that includes a main body
210 and a secondary body 220, similar to the main body 110 and secondary body 120
described above with reference to Figs. 2A-3B.

[0052] In this regard, with reference to Figs. 4A-5B, the main body 210 may have a
first end 212 and a second end 214, where each of the first and second ends is configured
to be attached to a corresponding end of a native blood vessel to provide a pathway for

blood flow from the patient’s heart to vasculature distal to the heart. The secondary body

11
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220 may have a free end 222 and a fixed end 224. The fixed end 224 may be engaged
with an inner surface 211 of the main body 210 (shown in Figs. 4A and 5A) to limit
movement of the fixed end in an axial direction (e.g., in a direction along the central axis
A of the main body 210, shown in Fig. 4A). i
[0053] As described above with respect to the vascular device 100, embodiments of
the vascular device 200 may also be configured to be moved from a retracted
configuration, in which the secondary body 220 is at least partially contained within the
main body 210 and the free end 222 of the secondary body 220 is on a proximal side of
the fixed end 224, as shown in Figs. 4A and 5A, to an extended configuration, in which
the secondary body 220 is extended distally from the main body (e.g., in a direction away
from the heart) and the free end 222 is on a distal side of the fixed end 224, as shown in
Figs. 4B and 5B.

[0054] In some embodiments, the fixed end 224 of the secondary body 220 may be
engaged with the inner surface 211 of the main body 210 so as to allow the secondary
body 220 to rotate about a longitudinal axis of the main body 210 (e.g., the central axis
A). For example, the inner surface 211 of the main body 210 may comprise a track 260,
and the fixed end 224 of the secondary body 220 may include a guide 265 configured to
be received by and ride within the track, such that the secondary body is rotatable with
respect to the main body.

[0055] In Figs. 5A and 5B, for example, the track 260 is depicted as being'a groove
circumferentially defined in the inner surface 211, and the guide 265 is an extension of
the fixed end 224 of the secondary body 220 that is configured to fit within and be
movable with respect to the groove of the track 260. In other embodiments, such as the
embodiment depicted in Figs. 6A-7B, the track 260 is defined by two parallel protruding
ridges 262 that are formed by or attached to the inner surface 211 of the main body 210
and that extend along the circumference of the main body. In this case, the guide 265
may be a lip or ledge defined by or extending from the fixed end 224 of the secondary
body 220 that is configured to fit within the space between the two ridges 262 and be
movable with respect to the inner surface 211 of the main body 210. In still other
embodiments, other types of engagements and mechanisms may be used to allow the

secondary body 220 to rotate with respect to the main body 210, while maintaining the
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position of the fixed end 224 of the secondary body fixed with respect to the longitudinal
axis of the main body, as described above.

[0056] In some cases, a locking mechanism may be provided to allow the rotational
position of the secondary body 220 to be fixed, along with the axial position, with respect
to the main body 210. The locking mechanism may be configured to be actuatable by a
user from outside the vascular device 200 and may be configured to maintain the
secondary body 220 in a rotationally fixed position with respect to the main body 210. In
this way, once the secondary body 220 has been rotated to achieve proper alignment of
the opening 250 with the arterial branches 14, 15, 16, the position of the secondary body
can be locked in place.

[0057] With reference to Fig. 7A, for example, one embodiment of a lock 270 is
shown that includes an actuating portion 272 and a locking extension 274. The actuating
portion 272 may extend between two locking extensions 274 in some cases, and a user
(e.g., the surgeon) may be able to move the locking extensions 274 into and out of
engagement with the guide 265 (shown, e.g., in Fig. 6E) to fix the rotational position of
the secondary body 220 with respect to the main body 210. In this regard, the locking
extensions 274 may initially be engaged with the main body 210 (e.g., via holes formed
in the main body), but may be spaced from and disengaged with respect to the guide 265
of the fixed end 224 of the secondary body 220, as shown in Fig. 7A. When a user has
achieved the appropriate rotational position of the secondary body 220 (depicted by an
arrow in Fig. 7A), the user may push on the actuating portion 272 of the lock 270 to
move the locking extensions 274 into engagement with the guide 265 to lock it in place.
In some embodiments, multiple locks 270 may be provided, distributed along an outer
circumference of the vascular device 200, such that a user may need to actuate 2, 3, 4, or
more locks 270 to effect rotational fixation of the position of the secondary body 220
with respect to the main body 210.

[0058] Turning again to Figs. 4A-7B, in some embodiments the vascular device 200
may comprise at least one sleeve 280 that is configured to extend over a seam 290
(shown, e.g., in Fig. 6B) defined between a respective end of the main body 210 and the
corresponding end of the native blood vessel. The sleeves 280 may be attached to an

outer surface 213 of the main body 210, for example, such that they form part of the main
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body. In other cases, however, separate sleeves 300 may be provided, as shown in Fig. 9
and described in greater detail below.

[0059] The sleeves 280 shown in Figs. 4A-7B may be configured to be moved
between a first position (shown in Figs. 4A, 4B, 5A, 6A-6D, and 7A) and a second
position (shown in Figs. 4C, 5B, 6E, and 7B). In the first position, the sleeves 280 may
be biased toward a rolled configuration, such that a respective one of the first or second
end of the main body 210 is exposed for connection to the corresponding end of the
native blood vessel. In the second position, the sleeves 280 may be biased toward an
extended configuration, such that a surface 281 of the sleeve 280 (shown in Fig. 6E) is
disposed opposite the outer surface 213 of the main body 210 proximate the respective
one of the first or second ends and engages the seam 290. In some cases, the vascular
device may include a first sleeve proximate the first end of the main body 210 and a
second sleeve proximate the second end, as depicted in Figs. 4A-6E.

[0060] The sleeves 280 may be configured to promote hemostasis of the suture line
or seam 190 for minimizing endoleaks proximate the respective end, for example, as a
result of the sleeve resting against the seam once the vascular device is in place. For
example, blood may have a tendency to leak through gaps between the end of the main
body and the corresponding end of the aorta after the two are sutured together. Due to
the presence of the sleeve 280 against the seam 290, however, any such blood seepage is
slowed down, and eventually blood that has seeped through the seam 290 toward the
sleeve 280 should clot and, in turn, serve to further protect against any additional leakage,
in essence sealing the seam 290 against endoleaks. Thus, in some embodiments, the
sleeves 280 may be configured to extend past the respective end of the main body 210, so
as to provide coverage for the area of the seam 290.

[0061] Moreover, in some cases, the sleeve 280 may be biased inwardly (e.g., toward
the seam 290) or may otherwise exert a clamping force (by itself or when used‘ in
conjunction with a separate tie or lasso disposed circumferentially on an exterior of the
sleeve) once the sleeve is in the second position shown, for example in Fig. 6E.
Accordingly, in the second position, the sleeve 280 may be configured to apply pressure
in a direction toward the seam 290, so as to promote hemostasis for minimizing

endoleaks, as well as to resist returning to the first position (Figs. 6A-6D).
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[0062] Similarly, with reference to Fig. 9, in embodiments in which a sleeve 300 is
provided that is separate from the vascular device 200, the sleeve may initially be in a
ring-like rolled up configuration and may be passed over the outer surface of the main
body of a vascular device (such as the device 100 shown in Figs. 2A-2C). Once in place
near a respective end of the main body 110, the sleeve 300 of Fig. 9 may be unrolled to
extend over and cover a suture line, such as the seam 290 shown in Figs. 7A-7B. The
sleeve 300 may be configured to include one or more ties 310, which may be wires or
sutures embedded in or otherwise affixed to the sleeve 300, such as via panels 320
provided on the surface of the sleeve 300 through which the ties 310 are threaded. After
the sleeve 300 is in place and unrolled over the relevant seam, the ties 310 may be
cinched by a user to apply pressure to the area of the seam and promote clotting to
minimize the likelihood or extent of endoleaks.

[0063] In either case, the sleeve 280, 300 may be made of Gore-Tex® fabric,
polymer, or other material that can be configured to achieve the first and second positions
described above and is also configured to hug the seam 290 in the second position so as
to reduce the occurrence or extent of endoleaks at the seam.

[0064]  Turning now to Figs. 6A-6E, in some embodiments, at least one of the first
212 or second 214 ends of the main body 210 may comprise a flare. The flare may be a
section of the main body 210 at the respective end 212, 214 that has a gradually
increasing diameter in the direction of the respective end, as shown. For example, in the
depicted embodiment in which the vascular device 200 has a tubular configuration, the
respective flares may be trimmable by a user (e.g., the surgeon) so as to adjust.a diameter
of the respective first or second end to correspond to and accommodate a diameter of the
corresponding end of the native blood vessel to be joined to the respective end of the
main body.

[0065] In some embodiments, each flared end of the main body 210 may extend away
from a central axis 4 of the vascular device 200 (shown in Fig. 2A). As a result of the
flare, the diameter of the main body 210 at a central location with respect to the two ends
(e.g., between the sleeves 280 in Fig. 6A) may be less than the diameter of the main body
at either end. For example, in some embodiments, the diameter of the main body 210 at

the central location may be approximately between 20 mm and 40 mm, while the
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diameter of the flares at the ends 212, 214 of the main body may be approximately
between 30 mm and 60 mm.

[0066] Providing flares at the first and second ends 212, 214 of the main body 210 in
the manner described above may allow for a “one-size-fits-all” vascular device, or at least
may minimize the number of different sizes of devices that need to be made available to
accommodate patients with different anatomies. In this regard, the physician may be able
to customize the vascular device 200 to fit a particular patient’s anatomy by trimming one
or both ends 212, 214 of the device to effectively reduce the diameter of the main body at
the respective end of the device to match the diameter of the corresponding end of the
native blood vessel to which it will be attached. For example, in a patient with a
relatively large diameter aorta, a very small portion of the respective ends 212, 214 of the
device 200 may be trimmed (or not at all) to allow the diameter of the main body 210 to
correspond to the diameter of the native aorta, whereas in a patient with a relatively small
diameter aorta, a larger portion of the respective ends of the device may be trimmed to
allow the device to achieve a proper fit. Accordingly, in the example depicted in Fig. 6A,
a section X of the first end 212 of the main body 210 has been trimmed by the surgeon to
adjust a diameter of the first end and accommodate a diameter of the corresponding end
of the native blood vessel to be joined to the first end. In this example, the trimmed
section X will be discarded.

[0067] Thus, in the embodiment of Figs. 6A-6E, the vascular device 200 is disposed
in a patient’s body (e.g., during open heart surgery) to replace a hemiarch portion of the
patient’s aorta. As described above, embodiments of the vascular device 200 (as depicted
in Fig. 4A, for example) include a main body 210 having a first end 212 and a second end
214 and a secondary body 220 having a free end 222 and a fixed end 224, where the fixed
end of the secondary body is engaged with an inner surface of the main body to limit
movement of the fixed end in an axial direction.

[0068] In some cases, the surgeon may connect the first end 212 of the main body
210 with a corresponding end of a native blood vessel, as shown in Fig. 6B. Because the
end 212 of the main body 210 in some embodiments is flared, in some cases the surgeon
may trim a portion of the respective flare (section X in Fig. 6A) to adjust the diameter of

the respective end to correspond to and accommodate the diameter of the corresponding
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end of the native blood vessel to be joined to the respective end of the main body, as
shown in Fig. 6A.

[0069] Once the first end 212 of the main body 210 has been connected with a
corresponding end of the native blood vessel, such as via suturing at the seam 290 as
shown in Fig. 6B, the vascular device 200 may be moved from a retracted configuration,
in which the secondary body 220 is at least partially contained within the main body 210
and the free end 222 is on a proximal side of the fixed end 224 (as shown in Fig. 6B) to
an extended configuration, in which the secondary body 220 is extended distally from the
main body 210 and the free end 222 is on a distal side of the fixed end 224 (as shown in
Fig. 6D, with Fig. 6C illustrating an intermediate step in the process of everting the
secondary body 220). The secondary body 220 may be pushed through the main body
210, from the position shown in Fig. 6B to the position shown in Fig. 6C to the position
shown in Fig. 6D, by a surgeon using his finger or a surgical tool to apply a longitudinal
force on the free end 222 of the secondary body 220 (e.g., in the direction B shown in
Fig. 2A with respect to the free end 122).

[0070] After the secondary body 220 has been everted and the vascular device 200 is
in the extended configuration, in some embodiments a sleeve 280 of the vascular device
may be moved from a first position, in which the sleeve 280 is biased toward a rolled
configuration such that a respective one of the first or second ends of the main body 210
is exposed for connection to the respective end of the native blood vessel (as shown in
Figs. 6A-6D), to a second position (shown in Fig. 6E). In the second position, the sleeve
280 is biased toward an extended configuration such that a surface of the sleeve is
disposed opposite an outer surface of the main body 210 proximate the respective one of
the first or second ends and engages the seam 290 defined between the respecﬁve end of
the main body and the corresponding end of the native blood vessel, as described above.
Thus, in the embodiment depicted in Fig. 6E, a first sleeve 280 disposed proximate the
first end of the main body 210 is moved to engage the seam 290 defined between the first
end of the main body and the corresponding end of the native blood vessel (e.g., while
the other sleeve 280 proximate the second end of the main body is left in the first position

for the time being).
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[0071] Turning to Fig. 7A, in some embodiments, as described above, the secondary
body 220 may be rotated by the surgeon about a longitudinal axis of the main body 210
to align an opening 250 defined through an outer surface of the secondary body with one
or more aortic branches 14, 15, 16 of the patient’s aortic arch. For example, in Fig. 7A,
the secondary body 220 needs to be rotated in the direction of the arrow with respect to
the main body 210 in order to achieve an appropriate alignment between the opening 250
and the opening of each of the three branches 14, 15, 16 shown. The rotation in this
example would position the opening 250 at the base of the three branches 14, 15, 16, as
shown in Fig. 7B, such that blood is able to flow from the heart, through the main body
210, into the secondary body 220, out the opening 250, and into each of the three
branches 14, 15, 16 to perfuse distal regions of the patient’s body.

[0072] Although rotation of the secondary body 220 shown in Figs. 7A and 7B, and
described above, is depicted as occurring while the vascular device 200 is in the extended
configuration (e.g., after the secondary body has been everted), in some cases, the
secondary body may be rotated while the vascular device is in the retracted configuration
shown in Fig. 6B (e.g., before eversion), either instead of rotation after eversion or in
addition to rotation after eversion. Moreover, in some cases, a lock 270 (shown in Fig.
7A) may be actuated from outside the vascular device to maintain the secondary body
220 in a rotationally fixed position with respect to the main body once the secondary
body is rotated to a desired alignment with respect to the aortic branches of the patient’s
aortic arch, as described above. In such cases, rotation of the secondary body 220 may
occur before the sleeve 280 is moved to the second position in which it overlies the seam
290, as the location of the lock 270 may be such that once the sleeve 280 is extended
from the rolled configuration, as shown in Fig. 7B, the lock 270 is covered by the sleeve
and is no longer accessible. In this regard, in some cases, the sleeve 280 may be
configured to serve the additional purpose of keeping the lock 270 engaged with the
secondary body 220, thereby maintaining the rotational position of the secondary body
fixed with respect to the main body 210.

[0073] In some embodiments, the secondary body 220 may be configured such that it
has a length that is longer than a length of the main body 210. In this way, in the

retracted configuration shown in Fig. 6A, for example, the free end of the secondary body
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220 (shown here in broken lines) may extend past a corresponding end (e.g., the second
end 214) of the main body 210). Accordingly, the surgeon may in such cases have the
flexibility of customizing the length of the secondary body 220 to achieve a length that is
appropriate for addressing conditions in a corresponding portion of the aorta downstream
of the location of the main body 210. In other words, the surgeon may, in some
embodiments, be able to trim a portion of the free end of the secondary body 220 (e.g.,
while the vascular device is in the retracted configuration) so as to achieve a desired
length of the secondary body that can be extended to engage a corresponding length of
the aorta downstream and distal to the location of the main body 210, as indicated by the
broken lines in Fig. 6E, for example. Moreover, with reference to Fig. 7B, once the
secondary body 220 is in place and aligned with the aortic branches 14, 15, 16, the
secondary body may be balloon expanded to further adjust a diameter of the secondary
body to correspond to the diameter of the native blood vessel within which it is
positioned so as to achieve a good fit within the walls of the vessel, thereby supporting
the walls of the vessel and minimizing the risk of endoleaks (e.g., in the area of the
branches).

[0074] Once the first end of the main body 210 has been connected to the
corresponding end of the blood vessel and the secondary body 220 has been appropriately
engaged with the blood vessel and any aortic branches, as described above, the second
end 214 of the main body 210 may be connected to the corresponding end of the blood
vessel, proximate the heart, as shown in Figs. 8 A-8C. Thus, as described above with
respect to the first end of the main body 210, the second end 214 may also comprise a
flare and may be trimmed to achieve an appropriate diameter suitable for joining to the
diameter of the corresponding end of the blood vessel. The trimmed end 214 may then
be sutured to the corresponding end of the blood vessel at the seam 290, as shown in Fig.
8A, and in some embodiments a sleeve 280 proximate the second end 214 may be moved
from a first position, in which it is in a rolled configuration (Fig. 8B), to a second,
extended configuration, in which it overlies the seam 290 (Fig. 8C). In this way, a
pathway may be provided for blood flow from the patient’s heart to vasculature distal to

the heart via the main body 210 and the secondary body 220 of the vascular device.
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[0075] Embodiments of the vascular device 100, 200 described above may be made
of various materials and may be configured (e.g., have a length, diameter, cross-sectional
shape, etc.) in different ways based on the particular condition of the patient, the
application, the procedure to be used, the surgeon’s preferences, etc. In some cases, for
example, the main body 110, 210 may have an end-to-end length of between
approximately 3 cm to approximately 15 cm, and this length may be trimmable by the
surgeon at the time of the procedure via trimming of the ends, as described above. The
secondary body 120, 220 may be configured to have a length (e.g., from the free end 122,
222 to the fixed end 124, 224) of approximately 5 cm to approximately 40 cm, and this
length may also be trimmable by the surgeon as described above. Furthermore, in some
cases, vascular devices may be available with a secondary body having a length in
increments of 5 cm from approximately 5 cm to approximately 40 cm, such that the
surgeon may choose an appropriate length based on the expected condition of the
patient’s vasculature (e.g., a vascular device with a secondary body that is about 30 cm
long) and may be able to adjust the length by trimming the free end of the secondary
body down to the appropriate length at the time of the procedure.

[0076] The main body 110, 210 of the vascular device 100, 200 may be configured to
have a diameter of between approximately 30 mm to approximately 45 mm and, in some
embodiments, may be available in sizes within this range in increments of 5 mm (e.g., 30
mm, 35 mm, 40 mm, 45 mm). The secondary body 120, 220 may be configured to have
a diameter of approximately 25 mm to approximately 45 mm and, in some embodiments,
may be available in sizes within this range in increments of 5 mm or 10 mm (e.g., 25 mm,
35 mm, 45 mm).

[0077] In some cases, the main body 110, 210 and the secondary body 120, 220 of
the vascular device 100, 200 may be made of the same material, for example, a polymer
material, such as polyester, Dacron® material, polytetrafluoroethylene (PTFE), and/or
Gore-Tex® fabric. The polymer material may, in some cases, be structurally reinforced
via a metal mesh, such as via stainless steel, Nitinol, or other biocompatible metal.

[0078] In other cases, the main body 110, 210 and the secondary body 120, 220 of the
vascular device 100, 200 may be made of different materials, and sections of the main

body or the secondary body may also be made of different materials (e.g., more than one
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material or structure may be used for the main body and/or the secondary body). For
example, the main body 110, 210 may be a graft made of a polymer material, such as
polyester, Dacron® material, polytetrafluoroethylene (PTFE), and/or Gore-Tex® fabric.
The polymer material of the main body 110, 210 may, in some cases, be structurally
reinforced via a metal mesh, such as via stainless steel, Nitinol, or other biocompatible
metal. The secondary body 120, 220 may, in some cases, be a stent made of a metal
mesh (e.g., stainless steel, Nitinol, or other biocompatible metal), or in other cases may
be an endograft made of a metal mesh (e.g., stainless steel, Nitinol, or other
biocompatible metal) that is surrounded by a polymer fabric, such as Gore-Tex® fabric.
In still other embodiments, the secondary body 120, 220 may be configured to have a
stent section (e.g., a section made of a metal mesh) in the region of the opening 150, 250
shown in the figures. In this way, the stent section may be configured to be balloon
expandable, such that the region of the opening 150, 250 can be balloon expanded to
engage the inner wall of the blood vessel in which the stent section is placed and achieve
better engagement with the aortic branches surrounded by the opening. Moreover, the
mesh may be configured to promote thrombosis, such that blood may clot in the areas
surrounding the hole and promote a better seal between the opening 150, 250 and the
native vessel in the area of the aortic branches. Other sections of the secondary body
120, 220, however, may be endograft sections made of metal mesh that is surrounded by
a polymer fabric.

[0079] In still other embodiments, some or all of the main body 110, 210 and/or the
secondary body 120, 220 may be made of a layered material. For example, the material
may have an inner layer closest to the central axis of the vascular device (e.g., contacting
the flow of blood), a middle layer, and an outer layer (e.g., serving as or contacting the
wall of the native vessel). In such embodiments, the inner layer may be made of a
relatively thin Gore-Tex® fabric or PTFE. The inner layer may be configured to be
biocompatible and to promote generation of a new vascular wall (e.g., neoentima). The
middle layer may be made of a metal mesh or other supportive structure and may be
configured to provide structural support to the respective portion of the device. The outer
layer may be made of a Gore-Tex® fabric (e.g., thicker than the inner layer) in some

embodiments. In some cases, trimmable areas of the main body 110, 210 and/or the
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secondary body 120, 220 may include bare portions of mesh (e.g., ring patches of mesh
between portions of the three layer material), such that the surgeon may trim the main
body and/or the second body by cutting in the mesh portions.

[0080] One example of a method for treating a vascular abnormality in a patient’s
hemiarch using embodiments of the vascular device 100, 200 is provided above, although
different variations of the described method may be used depending on the anatomy and
condition of the patient, the particular vascular pathology being treated, and the surgeon’s
preferences.

[0081] Moreover, although the description herein uses the example of a device that is
configured for treatment of a target site in the hemiarch (e.g., extending to the area of the
innominate artery, the left common carotid artery, and the left subclavian artery),
conditions in other areas of the aorta may also be addressed using embodiments of the
vascular device, such as in other areas of the aorta where a portion of the aorta must be
resected and replaced.

[0082] Embodiments of the vascular device described above may provide several
advantages for the treatment of vascular abnormalities such as aneurysms and dissections,
including abnormalities requiring resection of the hemiarch and treatment of the patient’s
vasculature downstream of the resected portion. For example, embodiments of the device
may be provided that are configured to fit a greater patient population without the need
for multiple sizes of devices, such as when flared ends are provided that can be
customized at the time of the procedure to accommodate the particular patient’s anatomy.
Moreover, embodiments of the device may be used to replace a portion of the hemiarch
and address conditions downstream of the hemiarch (e.g., in the aortic arch or descending
aorta) with a single integrated device and without the need for multiple devices or
multiple surgical procedures. In addition, bleeding at the interface between the device
and the native vessels (e.g., where the device is sutured to the native vessels) may be
significantly reduced, as described above, allowing for a more hemostatic procedure.
[0083] The devices and methods depicted in the figures and described above
represent only certain configurations of the vascular device and method of using the
device. The particular configurations and methods of delivery will depend on the

patient’s anatomy, the condition and location of the target site, the preferences of the
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practitioner, and other considerations. Moreover, features and aspects described above
with respect to one of the depicted embodiments of the vascular devices 100, 200 may be
used in combination with or instead of other features or aspects described above with
respect to the other of the depicted embodiments of the vascular devices 100, 200. In
general, it is to be understood that a vascular device described herein can have any
combination of properties or features described herein not inconsistent with the
objectives of the present disclosure. Similarly, a method described herein can also
include any combination of steps and/or use any vascular device described herein not
inconsistent with the objectives of the present disclosure.

[0084] Many modifications and other embodiments of the invention will come to
mind to one skilled in the art to which this disclosure pertains having the benefit of the
teachings presented in the foregoing descriptions and the associated drawings. Therefore,
it is to be understood that the invention is not to be limited to the specific embodiments
disclosed and that modifications and other embodiments are intended to be included
within the scope of the appended claims. Although specific terms are employed herein,

they are used in a generic and descriptive sense only and not for purposes of limitation.
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WHAT IS CLAIMED IS:

1. A vascular device configured for replacing at least part of a patient’s hemiarch,
the vascular device comprising:

a main body having a first end and a second end, wherein each of the first and
second ends is configured to be attached to a corresponding end of a native blood vessel
to provide a pathway for blood flow from the patient’s heart to vasculature distal to the
heart;

a secondary body having a free end and a fixed end, wherein the fixed end is
engaged with an inner surface of the main body to limit movement of the fixed end in an
axial direction; and

wherein the vascular device is configured to be moved from a retracted
configuration, in which the secondary body is at least partially contained within the main
body and the free end is on a proximal side of the fixed end, to an extended
configuration, in which the secondary body is extended distally from the main body and
the free end is on a distal side of the fixed end, and

wherein, in the extended configuration, the secondary body is configured to
engage downstream portions of the patient’s aorta with respect to a position of the main

body.

2. The vascular device of Claim 1, wherein the secondary body defines an opening
through an outer surface thereof configured to surround one or more aortic branches of

the patient’s aortic arch.
3. The vascular device of Claim 1, wherein the fixed end of the secondary body is
engaged with the inner surface of the main body so as to allow the secondary body to

rotate about a longitudinal axis of the main body.

4. The vascular device of Claim 3, wherein the inner surface of the main body

comprises a track, and wherein the fixed end of the secondary body comprises a guide
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configured to ride within the track such that the secondary body is rotatable with respect
to the main body.

5. The vascular device of Claim 3 further comprising a lock, wherein the lock is
configured to be actuatable by a user from outside the vascular device and wherein the
lock is configured to maintain the secondary body in a rotationally fixed position with

respect to the main body.

6. The vascular device of Claim 1, wherein at least one of the first end and the
second end of the main body comprises a flare, such that the respective flare is trimmable
by a user to adjust a diameter of the respective first end or second end to correspond to
and accommodate a diameter of the corresponding end of the native blood vessel to be

joined to the respective end of the main body.

7. The vascular device of Claim 1 further comprising at least one sleeve configured
to extend over a seam defined between a respective end of the main body and the

corresponding end of the native blood vessel.

8. The vascular device of Claim 7, wherein the at least one sleeve is attached to an

outer surface of the main body.

9. The vascular device of Claim 7, wherein the at least one sleeve is configured to be
moved between a first position and a second position, wherein in the first position the at
least one sleeve is biased toward a rolled configuration, such that a respective one of the
first or second end of the main body is exposed for connection to the corresponding end
of the native blood vessel, and in the second position the sleeve is biased toward an
extended configuration, such that a surface of the sleeve is disposed opposite an outer
surface of the main body proximate the respective one of the first or second ends and

engages the seam.
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10.  The vascular device of Claim 7, wherein the vascular device comprises a first

sleeve proximate the first end and a second sleeve proximate the second end.

11. The vascular device of Claim 1, wherein the secondary body has a length that is
longer than a length of the main body, such that, in the retracted configuration, the free

end of the secondary body extends past a corresponding end of the main body.

12. A method for replacing at least part of a patient’s hemiarch using a vascular
device, the method comprising:

disposing a vascular device in a patient’s body for replacing a hemiarch portion of
the patient’s aorta, wherein the vascular device comprises a main body having a first end
and a second end and a secondary body having a free end and a fixed end, wherein the
fixed end of the secondary body is engaged with an inner surface of the main body to
limit movement of the fixed end in an axial direction;

connecting the first end of the main body to a corresponding end of a native blood
vessel;

moving the vascular device from a retracted configuration, in which the secondary
body is at least partially contained within the main body and the free end is on a proximal
side of the fixed end, to an extended configuration, in which the secondary body is
extended distally from the main body and the free end is on a distal side of the fixed end;
and

connecting the second end of the main body to a corresponding end of the native

blood vessel.
13. The method of Claim 12 further comprising rotating the secondary body about a
longitudinal axis of the main body to align an opening defined through an outer surface

of the secondary body with one or more aortic branches of the patient’s aortic arch.

14. The method of Claim 13, wherein the secondary body is rotated while the

vascular device is in the retracted configuration.
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15.  The method of Claim 13 further comprising actuating a lock from outside the
vascular device to maintain the secondary body in a rotationally fixed position with
respect to the main body once the secondary body is rotated to a desired alignment with

respect to the aortic branches of the patient’s aortic arch.

16. The method of Claim 12, wherein at least one of the first end and the second end
of the main body comprises a flare, the method further comprising trimming a portion of
the respective flare to adjust a diameter of the respective first or second end to correspond
to and accommodate a diameter of the corresponding end of the native blood vessel to be

joined to the respective end of the main body.

17.  The method of Claim 12 further comprising trimming a portion of the free end of
the secondary body.

18.  The method of Claim 12 further comprising moving a sleeve of the vascular
device from a first position, in which the sleeve is biased toward a rolled configuration
such that a respective one of the first or second ends of the main body is exposed for
connection to the respective end of the native blood vessel, to a second position, in which
the sleeve is biased toward an extended configuration such that a surface of the sleeve is
disposed opposite an outer surface of the main body proximate the respective one of the
first or second ends and engages a seam defined between a respective end of the main

body and the corresponding end of the native blood vessel.

19.  The method of Claim 18, wherein moving a sleeve of the vascular device
comprises moving a first sleeve disposed proximate the first end of the main body to
engage a seam defined between the first end of the main body and the corresponding end

of the native blood vessel.

20.  The method of Claim 19 further comprising connecting the second end of the

main body with a corresponding end of the native blood vessel, such that a pathway is

27
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provided for blood flow from the patient’s heart to vasculature distal to the heart via the

main body and the secondary body.

28



000000000000000000000000000000




WO 2016/014452 PCT/US2015/041228

2/12

FIG. 2A

100

126

FIG. 2B



WO 2016/014452 PCT/US2015/041228

3/12

\ 100

114

120

FIG. 3A



WO 2016/014452 PCT/US2015/041228

4/12

e a— I ( \

222

21




00000000000000000000000000000




WO 2016/014452 PCT/US2015/041228

6/12

265

A LD T

222 250

-211

FIG.5B



WO 2016/014452 PCT/US2015/041228

214 /
\ 13 280
D 2N

O ™
Z

4

214 /
\ 280 213 290

FIG.6B



WO 2016/014452 PCT/US2015/041228

214 212

290
\& 213

4
250 oy
.s\\\\\\\\\%\\
aNa ;
L y
210
212
214 290
\\ 213 280
7 oA
RN 7
250
% N/



PCT/US2015/041228

WO 2016/014452

9/12

21

290

280

213

250

265

210

FIG. 7A



PCT/US2015/041228

WO 2016/014452

10/12

FIG.7/B

210 280

290

To Heart

FIG.8A



WO 2016/014452 PCT/US2015/041228

280 /214 210
N
o /
<2Z 25

To Heart

290 2
7N




WO 2016/014452 PCT/US2015/041228

12/12




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2015/041228
A. CLASSIFICATION OF SUBJECT MATTER
INV. A61F2/06
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

DE 201 00 443 Ul (FRESENIUS MEDICAL CARE 1
DE GMBH [DE]) 28 June 2001 (2001-06-28)

page 5, line 1 - page 7, last line; figure 6-9

2

paragraphs [0041] - [0043],
[0049], [0054], [0057],
[0061], [0066]; figures 3-6

30 May 2007 (2007-05-30)
the whole document

the whole document

US 2013/282103 Al (MADJAROV JEKO METODIEV
[US] ET AL) 24 October 2013 (2013-10-24)

[0060] ,

EP 1 788 977 Al (MED INST INC [US])

US 2009/088833 Al (SOETERMANS MAXIMILIANO
[US]) 2 April 2009 (2009-04-02)

1,6
[0045] - 6-9
1,2

3-5

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

29 September 2015

Date of mailing of the international search report

09/10/2015

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Prechtel, A

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2015/041228

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

[US]) 27 October 1999 (1999-10-27)
figures 37,38

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2006/217796 Al (DIMATTEO KRISTIAN [US] 1

ET AL) 28 September 2006 (2006-09-28)

the whole document
A EP 0 951 251 A2 (VASCULAR SCIENCE INC 1

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




International application No.
INTERNATIONAL SEARCH REPORT PLT/US2015/041228
BoxNo.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.: 12-20

because they relate to subject matter not required to be searched by this Authority, namely:

Rule 39.1(iv) PCT - Method for treatment of the human or animal body by
surgery

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2015/041228
Patent document Publication Patent family Publication

cited in search report date member(s) date

DE 20100443 ul 28-06-2001  NONE

US 2013282103 Al 24-10-2013 CA 2871661 Al 31-10-2013
CN 104394798 A 04-03-2015
EP 2841011 A2 04-03-2015
JP 2015517850 A 25-06-2015
US 2013282103 Al 24-10-2013
WO 2013163140 A2 31-10-2013

EP 1788977 Al 30-05-2007 AT 389370 T 15-04-2008
AU 2005282782 Al 16-03-2006
CA 2578287 Al 16-03-2006
DE 602005005495 T2 16-04-2009
EP 1788977 Al 30-05-2007
JP 4575451 B2 04-11-2010
JP 2008511419 A 17-04-2008
WO 2006028925 Al 16-03-2006

US 2009088833 Al 02-04-2009 AU 2008304442 Al 02-04-2009
CA 2700554 Al 02-04-2009
EP 2194932 Al 16-06-2010
JP 2010540107 A 24-12-2010
US 2009088833 Al 02-04-2009
WO 2009042736 Al 02-04-2009

US 2006217796 Al 28-09-2006 AT 555749 T 15-05-2012
CA 2602909 Al 05-10-2006
EP 1868531 Al 26-12-2007
JP 2008534073 A 28-08-2008
US 2006217796 Al 28-09-2006
US 2010256745 Al 07-10-2010
WO 2006104859 Al 05-10-2006

EP 0951251 A2 27-10-1999 AT 290831 T 15-04-2005
AU 5102198 A 29-05-1998
DE 69732791 D1 21-04-2005
DE 69732791 T2 15-09-2005
EP 0951251 A2 27-10-1999
JP 4082736 B2 30-04-2008
JP 2001504365 A 03-04-2001
WO 9819629 A2 14-05-1998

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - wo-search-report
	Page 44 - wo-search-report
	Page 45 - wo-search-report
	Page 46 - wo-search-report

