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(57) ABSTRACT

Reinforcing sleeves for medical device lumens are dis-
closed. In some embodiments reinforcing sleeves may pro-
vide resistance to crushing, kinking, or other deformation of
the lumen. Reinforcing sleeves within the scope of this
disclosure may be displaceable along an outer diameter of a
reinforced lumen. Some reinforcing sleeves within the scope
of this disclosure comprise metal alloys.
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SUBCUTANEOUS VASCULAR ASSEMBLIES
FOR IMPROVING BLOOD FLOW AND
RELATED DEVICES AND METHODS

RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Application No. 62/579,228, filed on Oct. 31, 2017 and
titled, “SUBCUTANEOUS VASCULAR ASSEMBLIES
FOR IMPROVING BLOOD FLOW AND RELATED
DEVICES AND METHODS,” which is hereby incorporated
by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates generally to the field
of medical devices. More particularly, some embodiments
relate to medical assemblies and devices for improving
blood flow to regions of a patient’s body.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] The written disclosure herein describes illustrative
embodiments that are non-limiting and non-exhaustive. Ref-
erence is made to certain of such illustrative embodiments
that are depicted in the figures, in which:

[0004] FIG. 1 is a perspective view of a medical device,
according to an embodiment.

[0005] FIG. 2 is cross-sectional side view of the medical
device of FIG. 1.

[0006] FIG. 3 is a perspective view of a reinforcing sleeve
of the medical device of FIG. 1, according to an embodi-
ment.

[0007] FIG. 4 is a side view of the medical device of FIG.
1 in a bent configuration.

[0008] FIG. 5 is a side view of the medical device of FIG.
1 with a push force being applied to the reinforcing sleeve.
[0009] FIG. 6 is a side view of the medical device of FIG.
1 with a pull force being applied to the reinforcing sleeve.
[0010] FIG. 7 is a side view of the medical device of FIG.
1 with a plurality of reinforcing sleeves.

[0011] FIG. 8 is a posterior view of a leg of a patient into
whom the medical device of FIG. 1 has been implanted.
[0012] FIG. 9 is a perspective view of a medical device,
according to an embodiment.

[0013] FIG. 10 is a cross-sectional side view of the medi-
cal device of FIG. 9.

[0014] FIG. 11 is a perspective view of adjusting the
length of a reinforcing sleeve of the medical device of FIG.
9.

[0015] FIG. 12 is a perspective of the medical device of
FIG. 9 with attachable end caps according to an embodi-
ment.

[0016] FIG. 13 is a side view of an embodiment of a
medical device with a plurality of reinforcing sleeves.

DETAILED DESCRIPTION

[0017] Many individuals suffer from insufficient blood
flow to regions (e.g., peripheral regions) of their body. For
example, some individuals suffering from peripheral artery
disease experience narrowing of one or more peripheral
arteries (e.g., a superficial femoral artery) to their leg(s) or
arm(s). Such narrowing of the arteries may reduce blood
flow to one or more peripheral regions. Insufficient blood
flow to the extremities of the body can lead to critical limb
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ischemia, gangrene, and/or amputation. Diabetes is known
to increase the risk of peripheral artery disease.

[0018] Insufficient blood flow to peripheral regions of a
body may result from other causes as well. For example, in
addition to atherosclerosis in peripheral arteries, blood flow
to a peripheral region may be impeded by some other
blockage. In other cases, a portion of an artery may be
punctured or weakened, thereby rendering the artery (or a
portion of the artery) unsuitable for providing long-term
blood flow to a peripheral region.

[0019] Embodiments described herein may be used to
form a non-natural flow path that improves blood flow to
regions of a patient. For example, in some embodiments, a
medical device that includes a first graft portion, a second
graft portion, and a catheter portion that is coupled to and
disposed between the first graft portion and the second graft
portion may be inserted into a patient such that the first graft
portion is coupled to the vasculature at a first location that
is above the knee of a patient, and the second graft portion
is coupled to the vasculature at a second location that is
below the knee of the patient. The new flow path that is
established between the first location and the second loca-
tion may improve blood flow to a region (e.g., the lower leg
or foot) of the patient.

[0020] The components described herein may additionally
or alternatively be used to establish other non-natural flow
paths within a patient. In some embodiments, both ends of
the non-natural flow path are coupled to vasculature of the
patient. In other embodiments, only one end of the non-
natural flow path is coupled to vasculature of the patient. In
some embodiments, the non-natural flow path is disposed
within the torso region of the patient. In other embodiments,
the non-natural flow path is disposed below the waist. In
some embodiments, the non-natural flow path extends from
above the waist to below the waist. In some embodiments,
the non-natural flow path traverses the knee (i.e., connects
the upper leg with the lower leg). In some embodiments, one
end of the non-natural flow path empties directly into a
chamber of the heart. Other suitable locations for non-
natural flow paths formed by medical devices described
herein are possible and within the scope of this disclosure.
[0021] The components of the embodiments as generally
described and illustrated in the figures herein can be
arranged and designed in a wide variety of different con-
figurations. Thus, the following more detailed description of
various embodiments, as represented in the figures, is not
intended to limit the scope of the present disclosure, but is
merely representative of various embodiments. While vari-
ous aspects of the embodiments are presented in drawings,
the drawings are not necessarily drawn to scale unless
specifically indicated.

[0022] The phrase “coupled to” is broad enough to refer to
any suitable coupling or other form of interaction between
two or more entities. Thus, two components may be coupled
to each other even though they are not in direct contact with
each other. For example, two components may be coupled to
one another through an intermediate component. The phrase
“attached to” refers to interaction between two or more
entities which are in direct contact with each other and/or are
separated from each other only by a fastener of any suitable
variety (e.g., an adhesive).

[0023] As used herein, the term “crush force” refers to the
magnitude of a two-dimensional force (e.g., pinch force) that
is applied perpendicular to the longitudinal axis of a tube
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that causes deformation of the tube from an unconstrained
state to a constrained state in which the distance between
opposite sides of the tube is three-quarters of the distance
between opposite sides of the tube when the tube is uncon-
strained. As used herein, the term “hoop force” refers to the
magnitude of a force that is uniformly applied around a
circumference of a tube to compress the tube to three-
quarters of its initial diameter. A “porous tube” is considered
to be porous even if the porous tubular structure is coated,
disposed between, or embedded within a non-porous poly-
mer. For example, a tubular wire structure that includes
openings between adjacent elements of wire is porous even
if the tubular wire structure is coated, disposed between, or
embedded within a non-porous polymer.

[0024] FIGS. 1-7 provide alternative views of a medical
device 100 (or a portion thereof) that establishes a non-
natural flow path for improving blood flow to a region of a
patient, such as a lower leg, a foot, an arm, or a hand. More
specifically, FIG. 1 provides a perspective view of medical
device 100. FIG. 2 provides a cross-sectional view of
medical device 100. FIG. 3 provides a perspective view of
a reinforcing sleeve 120. FIG. 4 provides a perspective view
of medical device 100 with reinforcing sleeve 120 in a bent
configuration. FIG. 5 provides a side view of medical device
100 with a push force being applied to reinforcing sleeve
120. FIG. 6 illustrates a side view of medical device 100
with a pull force being applied to reinforcing sleeve 120.
FIG. 7 illustrates medical device 100 with multiple reinforc-
ing sleeves 120.

[0025] As shown in FIGS. 1-7, medical device 100
includes a lumen 110 that has a tubular structure and a
reinforcing sleeve 120. A first end 112 of lumen 110 is
configured to couple by anastomosis to a first portion of a
vasculature of a patient, such as a vein or artery, and a
second end 114 of lumen 110 is configured to couple by
anastomosis to a second portion of the vasculature of the
patient. Lumen 110 provides a flow path 116 from the first
portion of the vasculature to the second portion of the
vasculature to bypass a narrowed, obstructed, damaged,
and/or diseased portion of the vasculature. Lumen 110 may
have an inner lining 118 that provides a continuous and
smooth luminal surface for blood flow. Such a luminal
surface may reduce blood turbulence and clotting in lumen
110. In some embodiments, inner lining 118 is made of a
porous material. In some embodiments, inner lining 118 of
lumen 110 is configured to permit tissue ingrowth. In some
embodiments, inner lining 118 of lumen 110 is configured to
provide an antithrombotic surface and/or an anti-inflamma-
tory surface.

[0026] Lumen 110 may be synthetic, biologic, or a native
vessel. In some embodiments, lumen 110 may be formed
from a relatively flexible material. In addition, lumen 110
may be formed from a material that is suitable for anasto-
mosis to a vein or artery of a patient. Suitable materials
include, but are not limited to Polytetrafluoroethylene
(PTFE), silicone, polyurethane, fluoroelastomers, fluorosili-
cone, PEBAX, and the like.

[0027] In some embodiments, lumen 110 may comprise
multiple layers. For example, lumen 110 may have an inner
layer formed from a polymer, such as porous PTFE. More
specifically, the inner layer may be formed from expanded
PTFE or fibrous PTFE. In embodiments that use fibrous
PTFE, the fibrous PTFE may be formed by rotation of a
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spinneret (i.e., rotational spun PTFE) and/or by subjecting a
solution or dispersion comprising PTFE to an electric field
(i.e., electrospun PTFE).

[0028] Lumen 110 may also include an outer (i.e., ablu-
minal) layer. Like the inner layer, the outer layer may be
formed from a polymer such as porous PTFE. In some
embodiments, the outer layer is configured to permit tissue
ingrowth. In some embodiments, the outer layer is identical
in composition to the inner layer. In other embodiments, the
outer layer and the inner layer differ in composition.
[0029] In some embodiments, lumen 110 may include an
intervening layer that is disposed between the inner layer
and the outer layer. For example, in some embodiments, the
intervening layer comprises one or more of silicone, fluo-
rinated ethylene propylene (FEP), and polyether block
amide (e.g., PEBAX). In some embodiments, the interven-
ing layer may be an elastomeric material, such as silicone,
that allows for resealing of lumen 110 after puncture. In
other words, in some embodiments, at least a portion of
lumen 110 may be pierced by a needle or other sharp object.
Once the needle or other sharp object is retracted from
lumen 110, the intervening layer may reseal about the
aperture formed by the inserted needle or sharp object,
thereby preventing the leakage of blood or other fluid across
a wall of lumen 110. Such resealability may permit early
cannulation of lumen 110 (e.g., cannulation within one week
of implantation). In some embodiments, the silicone layer
may be extruded silicone, and form an extruded silicone
tube. Extruded silicone may have residual stresses that
increase the resealability of the intervening layer. In some
embodiments, the silicone layer may be the outer layer of
lumen 110. In some embodiments, the silicone layer may be
the inner layer of the lumen 110. The elastomeric material
may provide increased durability after cannulation resulting
in increased life and a smaller biological response. The
self-sealing nature of the layer may provide several benefits,
such as, reduced thrombus production, increased mechanical
integrity of lumen 110, and reduced flow disturbances within
lumen 110.

[0030] The length of lumen 110 is dependent on the
situation in which lumen 110 is used to create a non-natural
flow path. As discussed previously, lumen 110 enables a
bypass of a narrowed, obstructed, damaged, and/or diseased
portion of the patient’s vasculature. The length of lumen 110
may be determined by (1) the desired location for placement
in the patient and/or (2) the particular anatomy of the patient.
The length of lumen 110 may be customizable, and a
medical professional may trim the length of lumen 110 to
meet the specific situation of a particular patient.

[0031] FIG. 3 illustrates reinforcing sleeve 120. Reinforc-
ing sleeve 120 is configured to slide along lumen 110 to
enable a medical professional to position reinforcing sleeve
120 to a desired location to reinforce and strengthen lumen
110. Reinforcing sleeve 120 may strengthen various types of
lumens 110, such as synthetic, biologic, and native vessels,
as previously discussed. The length of lumen 110 may vary
depending on the situation of the patient. Since lumen 110
may be made from a relative flexible material, lumen 110
may be susceptible to damage or tearing. Reinforcing sleeve
120 is designed to increase the hoop strength, crush resis-
tance, and longitudinal strength of lumen 110. In some
embodiments, reinforcing sleeve 120 has a crush force that
is greater than lumen 110. The high crush force of reinforc-
ing sleeve 120 may prevent or reduce the risk of collapse of
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lumen 110. In some embodiments, reinforcing sleeve 120
has a hoop force that is greater than lumen 110. Due to the
relatively high crush force and/or hoop force of reinforcing
sleeve 120, reinforcing sleeve 120 may be suited for posi-
tioning within a patient where strength and/or crush resis-
tance is warranted. For example, reinforcing sleeve 120 may
be designed to be positioned adjacent to bones or ligaments
that might cause the collapse of lumen 110, which is formed
from weaker materials. In some embodiments, reinforcing
sleeve 120 is positioned adjacent relatively sharp anatomy or
in locations in which there is significant movement, such as
joints like knees, ankles, hips, wrists, elbows, etc. In some
embodiments, reinforcing sleeve 120 is designed to traverse
a relatively sharp bend without kinking. The reinforcing
sleeve 120 may additionally or alternatively be designed to
be positioned at a relatively exposed location that is likely to
be subjected to compression forces with some frequency. In
other words, reinforcing sleeve 120 may be positioned along
lumen 110 within the patient at a location where strength is
warranted and/or along the portion of the flow path that is
most likely to fail or necessitate replacement.

[0032] Reinforcing sleeve 120 includes a reinforcing
structure 122 that is designed to increase the hoop strength,
crush resistance, and longitudinal strength of lumen 110.
Reinforcing structure 122 may be formed by braiding, as
illustrated in FIG. 3. The braided structure may provide a
crush force greater than the crush force of lumen 110.
[0033] Reinforcing structure 122 may comprise and/or
consist of a metal alloy that is inert in the human body. For
example, in some embodiments, reinforcing structure 122
comprises and/or consists of a nickel-titanium alloy, such as
nitinol.

[0034] Reinforcing sleeve 120 may further include end
caps 124 and 126 to prevent fraying of reinforcing structure
122. End caps 124 and 126 may also provide a location for
the medical professional to grip reinforcing sleeve 120 and
to slide reinforcing sleeve 120 along lumen 110. End caps
124 and 126 may comprise an inert material in a human
body, such as silicone, PTFE, etc.

[0035] FIG. 4 illustrates medical device 100 and reinforc-
ing sleeve 120 in a bent configuration. In some situations,
medical device 100 is bent in order to create a flow path from
a first portion of the vasculature to a second portion of the
vasculature. In these situations, there is the possibility that
lumen 110 may become kinked and substantially limit or
decrease the flow through lumen 110. In these situations,
reinforcing sleeve 120 may be positioned at the bending
location to reinforce the bend and also prevent kinking of
lumen 110. Reinforcing sleeve 120 may bend up to at least
180 degrees, as illustrated in FIG. 4, and prevent kinking of
lumen 110. This may be beneficial if lumen 110 needs to
make a sharp turn in order to create a non-natural flow path.
[0036] As discussed previously, reinforcing sleeve 120
may be placed on lumen 110 and the position of reinforcing
sleeve 120 may be adjusted by sliding reinforcing sleeve 120
relative to lumen 110. To slide reinforcing sleeve 120 along
lumen 110, a push force may be applied to reinforcing sleeve
120. FIG. 5 illustrates a force F1 being applied to lumen 110
in a first direction and a force F2 applied to end cap 124
closest to force F1 in a second direction, resulting in a net
push force on the reinforcing sleeve 120. Accordingly, when
the push force is applied to reinforcing sleeve 120, the
medical professional may slide reinforcing sleeve 120 rela-
tive to lumen 110 to a predetermined location. The prede-
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termined location may be determined by the medical pro-
fessional to reinforce lumen 110 at specific locations where
lumen 110 may be susceptible to damage or tearing.
[0037] Alternatively, if a pull force is applied to reinforc-
ing sleeve 120, reinforcing sleeve 120 locks up and secures
to lumen 110. For example, if a force F3 is applied to end cap
126 in the second direction farthest from force F1 applied in
the first direction, as illustrated in FIG. 6 and resulting in a
net pull force on the reinforcing sleeve 120, the reinforcing
sleeve 120 locks to lumen 110. The structure of reinforcing
sleeve 120 may determine how reinforcing sleeve 120 locks
or secures to lumen 110. The structure of braided reinforcing
structure 122 of reinforcing sleeve 120 clamps to lumen 110
when a pull force is applied to reinforcing sleeve 120. The
braids of reinforcing structure 122 tighten and clamp against
lumen 110 to lock reinforcing sleeve 120 in place.

[0038] Reinforcing sleeve 120 may be secured to lumen
110 by a number of different methods. After reinforcing
sleeve 120 is positioned by the medical professional along
lumen 110 to the predetermined position, the medical pro-
fessional may secure or lock reinforcing sleeve 120 to lumen
110. For example, reinforcing sleeve 120 may be secured to
lumen 110 by adhesives, fasteners, and the like. Alternately,
reinforcing sleeve 120 may be simply be placed in the
predetermined position and secured in place by the braids of
reinforcing sleeve 120. In some embodiments, reinforcing
structure 122 is configured to allow tissue ingrowth to secure
reinforcing sleeve 120 in place. In some embodiments,
reinforcing sleeve 120 is not secured to lumen 110, but is
simply secured by tissue ingrowth.

[0039] In some embodiments, the diameter of end caps
124 and 126 is slightly smaller than the outer diameter of
lumen 110. Because the inner diameter of end caps 124 and
126 is slightly smaller than the outer diameter of lumen 110,
reinforcing sleeve 120 is secured in the predetermined
location. Further, because the inner diameter of end caps 124
and 126 is only slightly smaller than the outer diameter of
lumen 110, flow through lumen 110 is only slightly affected
or not impacted at all. In some embodiments, end caps 124
and 126 may include an enlarging ring 130. FIGS. 1 and 2
illustrate enlarging ring 130 placed inside the inner diameter
of'end cap 124, which enlarges the diameter of end cap 124
because enlarging ring 130 has a diameter slightly larger
than the outer diameter of lumen 110 and larger than the
natural diameter of end cap 124. Accordingly, the medical
professional may slide reinforcing sleeve 120 to the prede-
termined location, and once reinforcing sleeve 120 is in the
predetermined location, the medical professional may
remove enlarging ring 130 by pulling on enlarging ring tab
132. Once enlarging ring 130 is removed, end cap 124 may
restrict to its natural diameter, which is slightly smaller than
the outer diameter of lumen 110, allowing end cap 124 to
slightly grip lumen 110.

[0040] In some embodiments, medical device 100 may
include multiple reinforcing sleeves 120 along lumen 110, as
illustrated in FIG. 7. For example, if the flow path includes
multiple locations that may be susceptible to crushing or
tearing and where strength and/or crush resistance is war-
ranted, multiple reinforcing sleeves 120 may be used in
various locations along lumen 110 to reinforce lumen 110.
[0041] FIG. 8 illustrates medical device 100 implanted
into a leg 12 of a patient 10. First end 112 of lumen 110 is
coupled to the femoral artery 14 above the knee 16 of patient
10, while second end 114 of lumen 110 is coupled to femoral
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artery 14 below the knee 16 of patient 10, thereby bypassing
a damaged portion of femoral artery 14. Reinforcing sleeve
120 is positioned along lumen 110 above the knee 16 of
patient 10. Since the knee 16 undergoes a lot of movement,
lumen 110 may be susceptible to damage. Accordingly, the
medical professional may reinforce lumen 110 by adjusting
the position of reinforcing sleeve 120. Additionally, more
reinforcing sleeves 120 may be placed along lumen 110 to
ensure that the flow path is protected. In other embodiments,
medical device 100 is implanted at another location within
patient 10, such as a foot, arm, or hand.

[0042] FIGS. 9-11 depict an embodiment of a medical
device 200 that resembles medical device 100 described
above in certain respects. Accordingly, like features are
designated with like reference numerals, with the leading
digits incremented to “2.” For example, the embodiment
depicted in FIGS. 9-11 include a lumen 210 that may, in
some respects, resemble the lumen 110 of FIGS. 1-7. Rel-
evant disclosure set forth above regarding similarly identi-
fied features thus may not be repeated hereafter. Moreover,
specific features of medical device 100 and related compo-
nents shown in FIGS. 9-11 may not be shown or identified
by a reference numeral in the drawings or specifically
discussed in the written description that follows. However,
such features may clearly be the same, or substantially the
same, as features depicted in other embodiments and/or
described with respect to such embodiments. Accordingly,
the relevant descriptions of such features apply equally to
the features of the medical device 200 and related compo-
nents depicted in FIGS. 9-11. Any suitable combination of
the features, and variations of the same, described with
respect to the medical device 100 and related components
illustrated in FIGS. 1-7 can be employed with the medical
device 200 and related components of FIGS. 9-11, and vice
versa. This pattern of disclosure applies equally to further
embodiments depicted in subsequent figures and described
hereafter, wherein the leading digits may be further incre-
mented.

[0043] FIGS. 9-11 provide alternative views of medical
device 200 (or a portion thereof) for improving blood flow
to a region of a patient, such as a lower leg, a foot, an arm,
or a hand. FIG. 9 illustrates medical device 200 with a lumen
210 and a reinforcing sleeve 220. Reinforcing sleeve 220
may include a reinforcing structure 222 that may be formed
by winding (e.g., helically winding or coiling) a metal alloy.
Reinforcing structure 222 may comprise and/or consist of a
metal alloy that is inert in the human body. For example, in
some embodiments, reinforcing structure 222 comprises
and/or consists of a nickel-titanium alloy, such as nitinol.
FIG. 10 illustrates a cross-sectional side view of medical
device 200. Reinforcing structure 222 winds around lumen
210 to increase the crush resistance of lumen 210.

[0044] Insome embodiments, similar to reinforcing sleeve
120, reinforcing sleeve 220 is configured to slide over lumen
210 and may be positioned to a predetermined location. In
some embodiments, reinforcing sleeve 220 may be secured
to lumen 210 by clamping, suturing, adhesive, and the like.
In some embodiments, reinforcing sleeve 220 may be
stretched and tightened on lumen 210 to secure reinforcing
sleeve 220. In some embodiments, reinforcing sleeve 220
may be configured to allow tissue ingrowth to help secure
reinforcing sleeve 220 in place. In some embodiments,
reinforcing sleeve 220 is not secured to lumen 210 but is
simply secured by tissue ingrowth. In other embodiments,
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end caps 224 and 226 (shown on FIG. 12) may have a
slightly smaller diameter than the outer diameter of lumen
110.

[0045] The length of reinforcing sleeve 220 may be
adjusted in a number of different ways. In some embodi-
ments the length of reinforcing sleeve 220 may be adjusted
by stretching reinforcing sleeve 220 to make reinforcing
sleeve 220 longer. In some embodiments, reinforcing sleeve
may be cut or trimmed by a cutting element 230 (scissors,
scalpel, etc.), as illustrated in FIG. 11. The medical profes-
sional may remove a trimmed portion 223 to shorten the
length of reinforcing structure 222 and reinforcing sleeve
220.

[0046] In some embodiments, as illustrated in FIG. 12,
reinforcing sleeve 220 may further include end caps 224 and
226. End caps 224 and 226 may also provide a location for
the medical professional to grip reinforcing sleeve 220 and
to slide reinforcing sleeve 220 along lumen 210. As dis-
cussed previously, the medical professional may stretch
reinforcing sleeve 220 by gripping end caps 224 and 226.

[0047] In some embodiments, end caps 224 and 226 may
be attachable and detachable from reinforcing structure 222.
For example, the medical professional may cut reinforcing
structure 222 and remove end cap 224 attached to the trim
portion 223 and replace end cap 224 on the uncapped end of
reinforcing structure 222. End caps 224 and 226 may
comprise an inert material in a human body, such as silicone,
PTFE, etc.

[0048] In some embodiments, reinforcing sleeve 220 may
be bent similar to reinforcing sleeve 120 illustrated in FIG.
4. Reinforcing sleeve 220 may bend up to at least 180
degrees and may prevent kinking of lumen 210. In addition,
coiled reinforcing structure 222 may be as flexible as lumen
110.

[0049] In some embodiments, medical device 200 may
include multiple reinforcing sleeves 220 along lumen 210.
In some embodiments, medical device 200 may include
different types of reinforcing sleeves, such as a reinforcing
sleeve 120 with a braided reinforcing structure and a rein-
forcing sleeve 220 with a coiled reinforcing structure, as
illustrated in FIG. 13. As each reinforcing sleeve 120 and
220 provides different benefits, the medical professional
may decide to use reinforcing sleeve 120 in certain situa-
tions and reinforcing sleeve 220 in other situations.

[0050] Insome embodiments, lumens 110 and 210 may be
cannulated through reinforcing sleeves 120 and 220 as
braided reinforcing structure 122 and coiled reinforcing
structure 222 moves out of the way to enable the needle to
pass through lumen 110.

[0051] In some embodiments, coiled reinforcing structure
222 may have a higher hoop force than braided reinforcing
structure 122. In some embodiments, coiled reinforcing
structure 222 may have a higher crush force than braided
reinforcing structure 122.

[0052] The above disclosure has disclosed braided rein-
forcing structures 122 and wound reinforcing structures 222.
However, the present disclosure is not so limited. Reinforc-
ing sleeves may have a number of different structures to
reinforce lumen 110, and it would be apparent to those
having skill in the art that changes may be made to the
structure of the reinforcing sleeves without departing from
the underlying principles of the present disclosure.

[0053] Some embodiments relate to a kit for establishing
a non-natural flow path within a patient. The kit may
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include, inter alia, the following components: a lumen 110,
a plurality of reinforcing sleeves (e.g., 120, 220, etc.) with
avariety of different reinforcing structures (122, 222, etc.) of
varying length, cutting element 230, and instructions for
creating a non-natural flow path within the patient. Cutting
element 230 may be used to adjust the length of lumen 110,
210 or adjust the length of reinforcing sleeves 120 and 220.
[0054] In some embodiments, medical device 100, 200,
etc., may be inserted into the patient (either percutaneously
or through an “open” surgical procedure) and then coupled
to the vasculature of the patient via anastomosis at the lateral
ends of lumen 110.

[0055] Any methods disclosed herein include one or more
steps or actions for performing the described method. The
method steps and/or actions may be interchanged with one
another. In other words, unless a specific order of steps or
actions is required for proper operation of the embodiment,
the order and/or use of specific steps and/or actions may be
modified. Moreover, sub-routines or only a portion of a
method described herein may be a separate method within
the scope of this disclosure. Stated otherwise, some methods
may include only a portion of the steps described in a more
detailed method.

[0056] Reference throughout this specification to “an
embodiment” or “the embodiment” means that a particular
feature, structure, or characteristic described in connection
with that embodiment is included in at least one embodi-
ment. Thus, the quoted phrases, or variations thereof, as
recited throughout this specification are not necessarily all
referring to the same embodiment.

[0057] Similarly, it should be appreciated by one of skill
in the art with the benefit of this disclosure that in the above
description of embodiments, various features are sometimes
grouped together in a single embodiment, figure, or descrip-
tion thereof for the purpose of streamlining the disclosure.
This method of disclosure, however, is not to be interpreted
as reflecting an intention that any claim requires more
features than those expressly recited in that claim. Rather, as
the following claims reflect, inventive aspects lic in a
combination of fewer than all features of any single fore-
going disclosed embodiment. Thus, the claims following
this Detailed Description are hereby expressly incorporated
into this Detailed Description, with each claim standing on
its own as a separate embodiment. This disclosure includes
all permutations of the independent claims with their depen-
dent claims.

[0058] Recitation in the claims of the term “first” with
respect to a feature or element does not necessarily imply the
existence of a second or additional such feature or element.
It will be apparent to those having skill in the art that
changes may be made to the details of the above-described
embodiments without departing from the underlying prin-
ciples of the present disclosure.

We claim:

1. A method of reinforcing a non-natural flow path
between a first portion of a vasculature and a second portion
of the vasculature, the method comprising:

obtaining a reinforcing sleeve that is configured to slide

over a lumen;
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sliding the reinforcing sleeve along the lumen to a pre-
determined location.

2. The method of claim 1, further comprising coupling a

first end of the lumen to the first portion of the vasculature.

3. The method of claim 2, further comprising coupling a
second end of the lumen to the second portion of the
vasculature.

4. The method of claim 1, further comprising:

providing a second reinforcing sleeve that is configured to
slide over the lumen; and

sliding the second reinforcing sleeve along the lumen to
a second predetermined location.

5. The method of claim 1, further comprising applying a
push force to the reinforcing sleeve to slide the reinforcing
sleeve along the lumen to the predetermined location.

6. The method of claim 1, further comprising adjusting a
length of the reinforcing sleeve.

7. A non-natural flow path system between a first portion
of'a vasculature and a second portion of the vasculature, the
system comprising:

a lumen, wherein a first end of the lumen is configured to
couple to the first portion of the vasculature and a
second end of the lumen is configured to couple to the
second portion of the vasculature; and

a reinforcing sleeve configured to slide along the lumen to
a predetermined position.

8. The system of claim 7, wherein a crush force of the

reinforcing sleeve is greater than a crush force of the lumen.

9. The system of claim 7, wherein the reinforcing sleeve
is bendable at least up to 180 degrees.

10. The system of claim 7, wherein the reinforcing sleeve
comprises a metal alloy.

11. The system of claim 10, wherein the reinforcing sleeve
is braided.

12. The system of claim 10, wherein the reinforcing
sleeve is helically wound.

13. The system of claim 10, wherein the reinforcing
sleeve opens when accessed with a needle.

14. The system of claim 10, wherein the reinforcing
sleeve further comprises a pair of end caps at opposing ends
of the reinforcing sleeve.

15. The system of claim 14, wherein the end caps are
silicone.

16. The system of claim 7, wherein the lumen comprises
a layer that is an extruded elastomeric tube.

17. The system of claim 7, wherein the lumen comprises
porous PTFE.

18. The system of claim 7, further comprising a second
reinforcing sleeve.

19. A non-natural flow path system between a first portion
of'a vasculature and a second portion of the vasculature, the
system comprising:

a lumen, wherein a first end of the lumen is configured to
couple to the first portion of the vasculature, and a
second end of the lumen is configured to couple to the
second portion of the vasculature,

wherein the lumen comprises a layer that is an extruded
elastomeric tube.

20. The system of claim 19, wherein the layer self-seals.
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