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FLOW RESTRICTING STENT-GRAFT
PRIORITY CLAIM

[0001] The present application claims priority to and the benefit of U.S. Provisional
Application 62/806,855, filed February 17, 2019; U.S. Provisional Application 62/816,395,
filed March 11, 2019; U.S. Provisional Application 62/837,324, filed April 23, 2019; U.S. Provisional
Application  62/899,914,  filed  September 13, 2019; and U.S.  Provisional
Application 62/902,462, filed September 19, 2019.

[0001a] The present application relates to implantable flow restricting medical devices.

BACKGROUND

[0002] A significant portion of the population is diagnosed annually with congestive
heart failure. Congestive heart failure (CHF) is a chronic progressive condition that affects the
pumping power of a patient’s heart muscles. It develops when a patient’s heart cannot pump enough
blood volume to the patient’s body, eventually causing blood and other fluids to back
up inside the patient’s lungs, abdomen, liver, and/or lower body. Congestive heart failure specifically
refers to the stage in which fluid builds up around the heart and causes it to pump inefficiently.
Congestive heart failure can progress through various stages, of which the early stages can be managed
by lifestyle changes and medications. Left untreated, however,
congestive heart failure can progress to be life-threatening and thus various treatment methods may be
prescribed to a patient for managing congestive heart failure.

[0003] One way to help treat CHF 1is with renin-angiotensin-aldosterone-system
(RAAYS) antagonist medication, which improves the survival of patients with chronic CHF. However,

CHF’s progression and associated decline in cardiac output causes a decreased
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glomerular filtration rate (GFR), a calculation that determines how well blood is filtered by the
kidneys, due to falling intra-aortic pressure and aortic branch hypoperfusion in the heart. Once
the GFR reaches a threshold level due to the decreased kidney function, a significant amount
of aldosterone and/or Angiotensin II residues may remain in a patient’s blood circulation
despite maximal pharmaceutical ACE-inhibitor and ARB activity. Pharmaceutically-driven
renin inhibitors have been shown to cause markedly limited improvement in CHF patients
compared with placebos and have been shown to cause significantly more adverse effects in
CHF patients including hyperkalemia, hypotension and renal failure when compared to ACE-
inhibitor use.

[0004] Another way to help manage CHF, particularly end-stage CHF, is with
conventional intra-aortic balloon pumps as well as other percutaneous ventricular unloading
devices (e.g., TandemHeart® and Impella®). Such conventional percutaneous ventricular
unloading devices are minimally-invasive and helpful in stabilizing patients presenting
cardiogenic shock; however, they are only designed for short-term usage. For instance, such
devices are dependent on external console triggers for intervention via a femoral catheter.
Thereflore, conventional percutaneous ventricular unloading devices may be helpful for the
treatment of acute cardiac decompensation, but are ineffective for chronic, long-term CHF
management.

[0005] Another way to help manage CHF is with a non-invasive pump device that may
be deployed at a heart’s descending aorta level to provide long-term circulatory support by
assisting the heart in pumping blood. Such a pump device does not require open surgery, but
does require a battery that is connected through a patient’s skin and needs consistent
recharging. Therefore, such a device may be cumbersome for a patient to have to consistently
recharge the battery, which also requires the patient be in an area that provides access to

electrical power for charging the battery. Having such consistent access to electrical power is
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not available for all patients. In addition, patients who have significant cognitive disabilities,
such as due to stroke, Alzheimer’s or dementia, are unable to be treated long-term with these
devices because of the patients’ inability to properly control and maintain the device. Such
patients are therefore left with limited treatment options.

[0006] Additionally, a significant portion of the population may experience urinary
incontinence. Urinary incontinence is the involuntary leakage of urine, meaning a person
urinates when they do not want to, and may be the result of a patient’s urinary sphincter control
being either lost or weakened. An example of urinary incontinence is stress incontinence,
which is an involuntary leakage of urine due to increased pressure, such as a person coughing
or sneezing. One method of treating urinary stress incontinence is a sling surgical procedure,
which involves a surgeon creating a “sling” implant out of xenograft mesh or human tissue.
The surgeon positions the “sling” implant under a patient’s urethra to lift and support the
urethra and the neck of the patient’s bladder to help prevent urine leakage. The sling procedure,
however, is a considerably lengthy procedure. The “sling™ implant is also not easily removable
should a situation arise in which the “sling” implant is no longer needed or it is otherwise
desired for it to be removed. A patient must undergo open invasive surgery to remove the
xenograft mesh, and may require hospitalization post-surgery and/or additional surgical
procedures. Additionally, there has been a high incidence rate of patient complications from
the mesh “sling™ implants. For instance, the xenograft mesh may erode and fuse with a

patient’s nerves in the pelvic area, which can result in chronic, debilitating pain.

BRIEF SUMMARY OF THE INVENTION

[0007] The present disclosure provides a new and innovative stent-graft. The stent-
graft may be tapered in order to help create a controlled, proximal perfusion gradient of aortic

blood to achieve more complete renal artery filling and direct a larger volume of blood to the
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kidneys. The stent-graft may also be tapered in order to help prevent urinary incontinence. In
light of the disclosures herein, and without limiting the scope of the invention in any way, in a
first aspect of the present disclosure, which may be combined with any other aspect listed
herein unless specified otherwise, a stent includes a stent frame forming a cavity and a plurality
of frame wires extending around a perimeter of the stent frame. The cavity extends from a
proximal opening of the stent to a distal opening of the stent, and the stent frame is adapted for
a fluid to flow through the cavity from the proximal opening to the distal opening. The stent
frame is formed such that the cavity cross sectional area decreases along a first length of a flow
restricting section to a crescent-shaped cavity minimum cross sectional area and increases
along a second length of the flow restricting section. The first length extends from a cavity
proximal cross sectional area to the crescent-shaped cavity minimum cross sectional area and
the second length extends from the crescent-shaped cavity minimum cross sectional area to a
cavity distal cross sectional area.

[0008] In a second aspect of the present disclosure, which may be combined with any
other aspect listed herein unless specified otherwise, the perimeter of the stent frame along the
flow restricting section includes a concave surface extending into the cavity.

[0009] In a third aspect of the present disclosure, which may be combined with any
other aspect listed herein unless specified otherwise, one or more of the plurality of frame wires
includes a curved portion extending along the concave surface.

[0010] In a fourth aspect of the present disclosure, which may be combined with any
other aspect listed herein unless specified otherwise, the concave surface of the stent frame
perimeter includes a first piece of fabric and the remaining perimeter includes a second piece
of fabric, wherein the first piece is connected to the second piece.

[0011] In a fifth aspect of the present disclosure, which may be combined with any

other aspect listed herein unless specified otherwise, the stent-graft is configured such that the
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stent frame and the plurality of frame wires expand and contract to increase and decrease the
cross sectional area of the cavity.

[0012] In a sixth aspect of the present disclosure, which may be combined with any
other aspect listed herein unless specified otherwise, the stent frame is configured such that the
minimum cross sectional area of the cavity is equal to between 2% to 40% of the proximal
cross sectional area of the cavity.

[0013] In a seventh aspect of the present disclosure, which may be combined with any
other aspect listed herein unless specified otherwise, the stent frame is configured such that the
minimum cross sectional area of the cavity includes a left flow end, a central flow portion, and
aright flow end, and the left flow end and the right flow end each respectively having a width
greater than the central flow portion.

[0014] In an eighth aspect of the present disclosure, which may be combined with any
other aspect listed herein unless specified otherwise, the stent frame includes an outer wall and
an inner wall and the outer wall is connected to the inner wall along a line such that fluid
flowing from the proximal opening through the cavity is directed to the left flow end and the
right flow end and prevented {rom reaching the central flow portion.

[0015] In a ninth aspect of the present disclosure, which may be combined with any
other aspect listed herein unless specified otherwise, the stent frame is configured such that the
minimum cross sectional area of the cavity includes a left flow end, a central flow portion, and
aright flow end, and the left flow end and the right flow end each respectively having a width
less than the central flow portion.

[0016] In a tenth aspect of the present disclosure, which may be combined with any
other aspect listed herein unless specified otherwise, the stent frame at the minimum cross

sectional area of the cavity includes an outer wall and an inner wall, and the stent frame is
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configured such that the inner wall of the central flow portion curves away from the outer wall
of the central flow portion.

[0017] In an eleventh aspect of the present disclosure, which may be combined with
any other aspect listed herein unless specified otherwise, the stent frame at the minimum cross
sectional area of the cavity includes an outer wall and an inner wall, and a first bridge connects
the outer wall to the inner wall where the left flow end meets the central flow portion, and a
second bridge connects the outer wall to the inner wall where the right flow end meets the
central flow portion.

[0018] In a twelfth aspect of the present disclosure, which may be combined with any
other aspect listed herein unless specified otherwise, the stent frame at the minimum cross
sectional area of the cavity includes an outer wall and an inner wall, and the outer wall and the
inner wall at the left flow end, and the outer wall and the inner wall at the right flow end, are
respectively sutured together such that fluid is prevented from flowing through the left flow
end and the right flow end.

[0019] In a thirteenth aspect of the present disclosure, which may be combined with
any other aspect listed herein unless specified otherwise, the stent frame includes an outer wall
and an inner wall and the outer wall is connected to the inner wall along a line such that fluid
flowing from the proximal opening through the cavity is directed to the central flow portion
and prevented from reaching the left flow end and the right flow end.

[0020] In a fourteenth aspect of the present disclosure, which may be combined with
any other aspect listed herein unless specified otherwise, each respective frame wire of the
plurality of frame wires includes an undulating portion.

[0021] In a fifteenth aspect of the present disclosure, which may be combined with any
other aspect listed herein unless specified otherwise, the plurality of frame wires includes a

plurality of flow-restricting frame wires within the flow restricting section of the stent frame.
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[0022] In asixteenth aspect of the present disclosure, which may be combined with any
other aspect listed herein unless specified otherwise, each respective flow-restricting frame
wire includes an undulating portion and a curved portion.

[0023] In a seventeenth aspect of the present disclosure, which may be combined with
any other aspect listed herein unless specified otherwise, a radius of curvature between the
undulating portion and the curved portion of each respective flow-restricting frame wire is
between 0.1 to 1.0 millimeters.

[0024] In an eighteenth aspect of the present disclosure, which may be combined with
any other aspect listed herein unless specified otherwise, at least one of the plurality of flow-
restricting frame wires is configured to contact, when disposed within an abdominal aorta, at
least 40% of the perimeter of the abdominal aorta, at least some of the time.

[0025] In a nineteenth aspect of the present disclosure, which may be combined with
any other aspect listed herein unless specified otherwise, the plurality of flow-restricting frame
wires have equal perimeter lengths.

[0026] In a twentieth aspect of the present disclosure, which may be combined with
any other aspect listed herein unless specified otherwise, each respective flow-restricting frame
wire of the plurality of frame wires is configured from a shape-memory material.

[0027] In a twenty-first aspect of the present disclosure, which may be combined with
any other aspect listed herein unless specified otherwise, the shape-memory material is nitinol.

[0028] In a twenty-second aspect of the present disclosure, which may be combined
with any other aspect listed herein unless specified otherwise, the plurality of flow-restricting
frame wires includes a first flow-restricting frame wire extending around the perimeter of the
stent frame at the minimum cross sectional area of the cavity and a second flow-restricting

frame wire disposed around the first flow-restricting frame wire, and the second flow-
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restricting frame wire has a shape memory transition temperature greater than the first flow-
restricting frame wire.

[0029] In a twenty-third aspect of the present disclosure, which may be combined with
any other aspect listed herein unless specified otherwise, each respective flow-restricting frame
wire includes a second flow-restricting frame wire disposed around a first flow-restricting
frame wire, and wherein the second flow-restricting frame wire has a shape memory transition
temperature greater than the first flow-restricting frame wire.

[0030] In a twenty-fourth aspect of the present disclosure, which may be combined
with any other aspect listed herein unless specified otherwise, the plurality of frame wires
includes a fixation frame wire at the proximal opening of the stent, the fixation frame wire
configured to fix the stent to an artery wall.

[0031] In a twenty-fifth aspect of the present disclosure, which may be combined with
any other aspect listed herein unless specified otherwise, the stent frame is constructed of one
or more fabrics selected from the group consisting of polyurethane, polyester, and
polytetrafluoroethylene.

[0032] In a twenty-sixth aspect of the present disclosure, which may be combined with
any other aspect listed herein unless specified otherwise, the stent further includes a wireless
percutaneous pressure monitor near at least one of the proximal or distal opening.

[0033] In a twenty-seventh aspect of the present disclosure, which may be combined
with any other aspect listed herein unless specified otherwise, the wireless percutaneous
pressure monitor is integrated with the stent-graft based on at least one of suturing, magnets,
or a mechanical clip.

[0034] In a twenty-eighth aspect of the present disclosure, which may be combined
with any other aspect listed herein unless specified otherwise, the stent further includes two

kidney graft branches in fluid communication with the cavity.
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[0035] In a twenty-ninth aspect of the present disclosure, which may be combined with
any other aspect listed herein unless specified otherwise, the stent further includes at least one
secondary graft branch in fluid communication with the cavity, and the at least one secondary
graft branch includes a fluid volume reducing portion that reduces the cross-sectional area of
the at least one secondary graft branch.

[0036] In a thirtieth aspect of the present disclosure, which may be combined with any
other aspect listed herein unless specified otherwise, the stent is configured such that each
respective kidney graft branch of the two kidney graft branches may be inserted within a
respective renal artery while the at least one secondary graft branch is inserted within a superior
mesenteric artery or a coeliac trunk artery.

[0037] In a thirty-first aspect of the present disclosure, which may be combined with
any other aspect listed herein unless specified otherwise, the stent is configured such that the
proximal opening resides in the thoracic aorta while each respective kidney graft branch of the
two kidney graft branches is inserted within a respective renal artery. The stent additionally
includes a blocking sleeve configured to block fluid flow from the intercostal artery branches
when the stent is disposed within an aorta of a patient.

[0038] In a thirty-second aspect of the present disclosure, which may be combined with
any other aspect listed herein unless specified otherwise, the stent frame 1s formed with more
than one flow restricting section.

[0039] In a thirty-third aspect of the present disclosure, which may be combined with
any other aspect listed herein unless specified otherwise, a stent graft includes a stent frame
forming a cavity, a fixation frame wire, a seal frame wire, and a flow-restricting frame wire.
The cavity extends from a proximal opening of the stent to a distal opening of the stent. The
stent frame is adapted for a fluid to flow through the cavity from the proximal opening to the

distal opening. The fixation frame wire extends around a perimeter of the stent frame at the



proximal opening. The seal frame wire extends around the perimeter of the stent frame. The
flow-restricting frame wire extends around the perimeter of the stent frame at the distal
opening. The stent frame is formed such that a cross sectional area of the cavity decreases
from the proximal opening to a crescent-shaped minimum cross sectional area of the cavity at
the distal opening.

[0040] In a thirty-fourth aspect of the present disclosure, which may be combined
with any other aspect listed herein unless specified otherwise, the flow-restricting frame wire
prevents fluid below a threshold fluid pressure from flowing through the distal opening.

[0041] In a thirty-fifth aspect of the present disclosure, which may be combined with
any other aspect listed herein unless specified otherwise, the stent frame is formed such that
the crescent-shaped minimum cross sectional area includes curled portions.

[0042] In a thirty-sixth aspect of the present disclosure, which may be combined
with any other aspect listed herein unless specified otherwise, the stent frame has a length
such that when placed within a patient’s urethra, the proximal opening and the distal opening
are between a bladder neck sphincter and a secondary sphincter.

[0043] In a thirty-seventh aspect of the present disclosure, which may be combined
with any other aspect listed herein unless specified otherwise, the stent frame has a length
such that when placed within a patient’s urethra, the fixation frame wire and the seal frame
wire are between a bladder neck sphincter and a secondary sphincter, and the flow-restricting
frame wire is between the secondary sphincter and a urethral opening.

[0043a] In accordance with another aspect, there is a stent-graft comprising:

a stent frame forming a cavity, the cavity extending from a proximal opening of the

10
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stent frame to a distal opening of the stent frame, wherein the stent frame is adapted for a fluid
to flow through the cavity from the proximal opening to the distal opening; and

a plurality of frame wires extending around a perimeter of the stent frame,

wherein the stent frame is formed such that a cross sectional area of the cavity
decreases along a first length of a flow restricting section to a crescent-shaped minimum cross
sectional area of the cavity and increases along a second length of the flow restricting section,
wherein the first length extends from a proximal cross sectional area of the cavity to the
crescent-shaped minimum cross sectional area of the cavity and the second length extends
from the crescent-shaped minimum cross sectional area of the cavity to a distal cross sectional
area of the cavity.

[0043b] In accordance with a further aspect, there is a stent-graft comprising:

a stent frame forming a cavity, the cavity extending from a proximal opening of the
stent frame to a distal opening of the stent frame, wherein the stent frame is adapted for a fluid
to flow through the cavity from the proximal opening to the distal opening;

a fixation frame wire extending around a perimeter of the stent frame at the proximal
opening;

a seal frame wire extending around the perimeter of the stent frame; and

a flow-restricting frame wire extending around the perimeter of the stent frame at the
distal opening,

wherein the stent frame is formed such that a cross sectional area of the cavity
decreases from the proximal opening to a crescent-shaped minimum cross sectional area of

the cavity at the distal opening.

10a

Date Regue/Date Received 2021-09-29



BRIEF DESCRIPTION OF THE FIGURES

[0044] Figs. 1A and 1B show an isometric and side view, respectively, of an

example stent-graft, according to an aspect of the present disclosure.

10b
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[0045] Fig. 2 shows a cross section at the minimum cross sectional area of the example
stent-graft of Figs. 1A and 1B within an aortic vessel, according to an aspect of the present
disclosure.

[0046] Figs. 3A and 3B show an isometric and side view, respectively, of an example
stent-graft with a minimum cross sectional area that includes flow ends, according to an aspect
of the present disclosure.

[0047] Fig. 4A illustrates a cross section of a stent-graft having flow ends, within an
aortic vessel, illustrating an example crescent-shaped minimum cross sectional area with flow
ends wider than a central flow portion, according to an aspect of the present disclosure.

[0048] Fig. 4B illustrates a cross section of a stent-graft having flow ends, within an
aortic vessel, illustrating an example crescent-shaped minimum cross sectional area with a
central flow portion wider than the flow ends, according to an aspect of the present disclosure.

[0049] Fig. 4C illustrates a cross section of a stent-graft having flow ends, within an
aortic vessel, illustrating an example crescent-shaped minimum cross sectional area with
bridges, according to an aspect of the present disclosure.

[0050] Fig. 4D illustrates a cross section of a stent-graft having flow ends, within an
aortic vessel, illustrating an example crescent-shaped minimum cross sectional area with
sutured-closed flow ends, according to an aspect of the present disclosure.

[0051] Fig. 5A illustrates an example stent-graft that includes suture lines to funnel
blood to a central flow portion, according to an aspect of the present disclosure.

[0052] Fig. 5B illustrates an example stent-graft that includes suture lines to funnel
blood to flow ends, according to an aspect of the present disclosure.

[0053] Fig. 6 illustrates an isometric view of an example stent frame wire, according to

an aspect of the present disclosure.
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[0054] Fig. 7 illustrates a front view of an example stent-graft that includes two stent
frame wires around the minimum cross sectional area of the cavity, according to an aspect of
the present disclosure.

[0055] Fig. 8 illustrates a patient with a stent-graft of the present disclosure inserted
within the patient’s abdominal aorta, according to an aspect of the present disclosure.

[0056] Figs. 9A and 9B illustrate a front view and isometric view, respectively, of an
example stent-graft including graft branches, according to an aspect of the present disclosure.

[0057] Fig. 10 illustrates an isometric view of an example stent graft for urethral
applications, according to an aspect of the present disclosure.

[0058] Fig. 11 illustrates an example cross section at the minimum cross sectional area
of the example stent-graft in an expanded state within a urethra, according to an aspect of the

present disclosure.

DETAILED DESCRIPTION

[0059] The present disclosure, in part, provides a long-term, minimally-invasive
treatment to help lengthen the survival time of a patient with end-stage CHF. In particular, the
present disclosure provides a mechanical, interventional approach to upstream renin inhibition
as a patient’s resistance develops towards downstream RAAS antagonist medication in end-
stage CHF patients. More specifically, the present disclosure provides a tapered flow
modulator stent that may be placed in a patient’s abdominal aorta to modulate systemic
perfusion levels in order to improve a CHF patient’s blood distribution efficiency and help
prevent further systemic fluid retention triggered by RAAS hyperactivity. As low cardiac
output in CHF patients contributes to excessive RAAS stimulation and thus systemic edema
and hypervolemia, the provided stent-graft’s infrarenal segment is tapered in order to help

create a controlled, proximal perfusion gradient of aortic blood to achieve more complete renal
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artery filling and ultimately direct a larger volume of blood to the kidneys. Thus, the tapered
configuration to create the perfusion gradient may bring about inhibition of the RAAS as well
as systemic decongestion via mechanically increased diuresis.

[0060] A major step in the pathophysiology of heart failure is hypoperfusion of a
patient’s renal organs due to their subsequent secretion of harmful hormones that cause
remodeling of the patient’s heart muscle and ultimately causes reduction in its efficiency and
thus further reduction in volume output. When placed in a patient’s abdominal aorta, the
presently disclosed stent-graft helps redistribute blood in the patient’s body such that blood
flow bound for the patient’s lower extremities is diverted to the patient’s kidneys in order to
inhibit the secretion of the harmful hormones. Diverting blood flow to the patient’s kidneys
also helps enhance patient diuresis and reduce symptoms of volume overload typically
observed in heart failure patients.

[0061] Additionally, the provided stent has an overall structure that may enhance the
stent’s fixation to a patient’s aortic wall or other cavity to counteract long-term displacement
forces more effectively than conventional stent-grafts. Conventional endovascular stent-grafts
typically treat aneurysms, and the middle portion of such grafts typically exert little 1o no radial
force on a patient’s aortic wall because the luminal diameter of the aorta widens at the level of
the aneurysm. Thus, only the proximal and distal ends of conventional stent-grafts typically
prevent dislodgment of the stent viaradial force. Conversely, the configuration of the presently
disclosed stent-graft with a consistent outer diameter enables a greater portion of the stent-graft
body to be in contact with the aortic wall circumference, and thus allows a greater portion of
the stent-graft body to contribute to preventing migration of the stent and endoleak occurrence.
In addition, the presently disclosed stent-graft has a substantially consistent perimeter, enabling

a greater ease of manufacturing as compared to other typical tapered stents used in different
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treatment applications. The provided stent-graft is also a passive device that does not require
a battery or any other power source.

[0062] In some example implementations, to help maximize the benefit to the renal
organs, the provided stent may be used in combination with two balloon-expandable peripheral
stents that are deployed at the proximal segments of both renal arteries. Such example
implementations may increase the renal arteries’ respective baseline diameters for enhanced
blood flow accommodation. Accordingly, in view of the above advantages, by implementing
the provided stent with conventional clinical regimen protocol, the provided stent may
complement current standards of care for more effective hemodynamic stabilization in CHF
patients over the short and long term.

[0063] The present disclosure also provides a treatment to help prevent urinary
incontinence. Some embodiments of the provided stent-graft are adapted to be inserted within
a patient’s urethra. Such embodiments of the stent-graft prevent fluid from passing through
the stent-graft until the fluid pressure upstream the stent-graft meets a threshold. The stent-
graft may therefore replace the function of a patient’s urethral sphincter that may have
weakened or that the patient has lost control of, leading to the patient’s urinary incontinence.
For instance, when a patient does not have to urinate, the stent-graft is closed and prevents
urine from passing through. As a patient’s bladder fills with urine and the patient needs to
urinate, however, the urine’s hydrostatic pressure increases causing the stent-graft to open and
allow urine to pass through. In this way, the provided stent-graft may help prevent urinary
incontinence.

[0064] The surgical procedure to insert the provided stent-graft into a patient’s urethra
is significantly shorter in duration than the sling surgical procedure. The provided stent-graft
is also more easily removable if it is no longer needed or otherwise needs to be explanted.

Additionally, the provided stent-graft may be constructed of a fabric with metal frame wires,
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or other suitable, medical-grade materials, thus eliminating the complications that may arise
with mesh implants.

[0065] Figs. 1A and 1B show a perspective and side view, respectively, of an example
stent-graft, according to an aspect of the present disclosure. The example stent-graft 100
includes a stent frame 130 that forms a cavity 132 extending from an opening at a proximal
end 104 of the stent-graft 100 to an opening at a distal end 102 of the stent-graft 100. Thus, a
fluid (e.g., blood) may flow into the proximal opening, through the cavity, and out the distal
opening. The stent frame 130 may be formed from a single piece of fabric or other suitable,
medical-grade material. The stent-frame 130 may alternatively be formed from more than one
piece of fabric or other suitable, medical-grade material that are connected to one another. For
instance, in some examples, the stent frame 130 may be formed from one of polyurethane,
polyester, or polytetrafluoroethylene, or a combination thereof. In some examples, the stent
frame 130 material may have a thickness between 0.05 and 0.90mm. The example stent-graft
100 may have alength from the proximal end 104 to the distal end 102 in a range of 15-100mm,
in various examples.

[0066] The example stent-graft 100 may also include one or more seal frame wires
110A, 110B extending around the perimeter of the stent frame 130. The one or more seal frame
wires 110A, 110B may extend around the stent frame 130 at its largest perimeter, for instance,
outside of the flow restricting section 118 described below. The example stent-graft 100 may
include one or more fixation frame wires 116, which will be described in more detail below.
For instance, the stent-graft 100 may include a fixation frame wire 116 at one or both of the
proximal end 104 and the distal end 102 of the stent-graft 100. The example stent-graft 100
may also include a plurality of flow-restricting frame wires 112A, 112B, 114 extending around
the perimeter of the stent frame 130 within the flow restricting section 118. The flow-

restricting frame wires 112A, 112B, 114 will be described in more detail below as well. It
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should be appreciated that only some of the frame wires within the flow restricting section 118
have been indicated with reference numerals on the illustrated figures for the sake of clarity.

[0067] The example stent frame 130 is formed to include a flow restricting section 118
or lobular obstruction. Within the flow restricting section 118, the cross sectional area of the
cavity 132 decreases from a proximal cross sectional area (e.g., having a diameter between 20-
42 mm) equal to the cross sectional area at the proximal end 104 opening to a minimum ¢ross
sectional area 120, and increases from the minimum cross sectional area 120 to a distal cross
sectional area equal to the cross sectional area at the distal end 102 opening. The cross sectional
area of the cavity 132 may decrease upstream the minimum cross sectional area 120 such that,
in some examples, half way between the proximal end 104 and the minimum cross sectional
area 120 the cross sectional area of the cavity is between 40-90% (e.g., 80%) of the cross
sectional area at the proximal end 104. In other examples, such half-way cavity cross sectional
area may be between 40-75% (e.g., 60%).

[0068] The minimum cross sectional area 120 may be equal to between 2-40% (e.g.,
20%) of the cross sectional area at the proximal end 104, in some aspects. In such aspects, the
stent-graft 100 obstructs blood from flowing through between 60-98% (e.g., 80%) of the cross
sectional area of the patient’s abdominal aorta at the minimum cross sectional area 120 of the
stent-graft 100. In other aspects, the minimum cross sectional area 120 may be equal to
between 5-20% (e.g., 6%) of the cross sectional area at the proximal end 104,

[0069] The cross sectional area of the cavity 132 may increase downstream the
minimum cross sectional area 120 such that, in some examples, half way between the minimum
cross sectional area 120 and the distal end 102 the cross sectional area of the cavity is between
40-90% (e.g., 80%) of the cross sectional area at the distal end 102. In other examples, such
half-way cavity cross sectional area may be between 40-75% (e.g., 50%). The cross sectional

area of the cavity 132 half way between the proximal end 104 and the minimum cross sectional

16



CA 03129454 2021-08-06

WO 2020/168216 PCT/US2020/018323

area 120 may, in various instances, be equal to the cross sectional area of the cavity 132 half
way between the minimum cross sectional area 120 and the distal end 102. The cross sectional
area of the cavity 132 may decrease and increase symmetrically along the length of the stent-
graft 100. In some aspects, the cross sectional area of the proximal end 104 opening may be
equal to the cross sectional area of the distal end 102 opening.

[0070] The decrease in cross sectional area of the cavity 132 causes the fluid pressure
of a fluid flowing through the cavity 132 to increase upstream the minimum cross sectional
area 120 as less fluid is able to pass through the decreasingly smaller cavity opening. The
increased fluid pressure upstream the minimum cross sectional area 120 may help increase the
amount of blood directed to the renal arteries when the example stent-graft 100 is inserted
within a patient’s abdominal aorta. The increase in the cross sectional area of the cavity 132
downstream the minimum cross sectional area 120 helps the example stent-graft 100 remain
fixed to a patient’s aorta walls.

[0071] In some aspects of the present disclosure, the example stent frame 130 may be
formed to include more than one flow restricting section 118 or lobular obstruction. For
instance, the stent frame 130 may be formed with two flow restricting sections 118 such that
the cross sectional area of the cavity 132 decreases from a first cross sectional area (e.g.. the
proximal end 104 cross sectional area) to a second cross sectional area (e.g., a first minimum
cross sectional area), increases to a third cross sectional area, decreases to a fourth cross
sectional area (e.g., a second minimum cross sectional area), and increases to a fifth cross
sectional area (e.g., the distal end 102 cross sectional area). The third cross sectional area may
be equal to or less than the first cross sectional area. In some examples, the second cross
sectional area may be equal to the fourth cross sectional area. A stent frame 130 formed with

more than one flow restricting section 118 may help reduce the turbulent flow of blood through
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the stent-graft 100. More than one flow restricting section 118 may also help reduce the
degradation of red blood cells.

[0072] As a patient’s heart cyclically pumps blood through systolic and diastolic
phases, the blood pressure cycles in the patient’s aorta. In various aspects, the example stent-
graft 100 is formed such that the cavity 132 is expandable at the minimum cross sectional area
120. For instance, the stent frame 130 may be formed from a material capable of flexing in
response to changes in fluid pressure (e.g., polyurethane and polyester). The frame wires 110A,
110B, 112A, 112B, 114 may be formed from a material capable of flexing and retaining its
shape, such as a shape-memory material (e.g., nitinol). In various examples, the example stent-
graft 100 may be formed such that, when placed within a patient’s aorta, the minimum cross
sectional area 120 (e.g., 45 mm?) is equal to between 2-30% (e.g., 20%) of the cross sectional
area of the proximal opening (e.g., 225 mm?) during systole. During diastole, however, the
minimum cross sectional area 120 (e.g., 67.5 mm?) is equal to between 4-40% (e.g., 30%) of
the cross sectional area of the proximal opening. In various examples, the stent-graft 100 may
be formed such that, when placed within a patient’s aorta, the blood pressure inside the stent-
graft 100 upstream the minimum cross sectional area 120 is between 90-150 mmHg during
systole and between 50-100 mmHg during diastole.

[0073] In various aspects of the present disclosure, the stent frame 130 of the example
stent-graft 100 is formed with a concave surface 106 gradually extending into the cavity 132
along the flow restricting portion 118 to decrease the cross sectional area of the cavity 132. As
illustrated in Figs. 1A and 1B, in some examples, the stent frame 130 may be formed with an
indentation 134 so that fluid flowing through the cavity 132 is funneled to the minimum cross
sectional area 120 of the cavity 132. However, in other examples (e.g., Figs. 3A and 3B), the

stent frame 130 may be formed without such an indentation 134,
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[0074] As a patient moves around, such as engaging in physical activity, the patient’s
blood accordingly moves around within the patient’s body as well. Thus, when a stent is placed
within a patient’s aorta, the displacement forces that the patient’s blood applies on the stent can
vary based on the patient’s movements. In various aspects, to help limit undesired axial
movement of the stent within the patient, the example stent-graft 100 is configured such that
the stent frame 130, and the frame wires (e.g., 112A, 112B), within the flow restricting portion
118 have crescent shapes. The crescent configuration allows for a gradually tapered stent-graft
100 decreasing from the proximal end 104 to the minimum cross sectional area 120 and
increasing to the distal end 102. The crescent configuration also helps maintain contact
between the outer surface of the stent-graft 100 and the aortic wall to assist in fixing the stent-
graft 100 in place. For example, the crescent configuration may enable at least portions of the
stent-graft 100 within the flow restricting portion 118 to contact equal to or greater than 50%
of the aortic wall’s circumference. In such examples, the stent-graft 100 may exert opposing
forces on opposite ends of the aortic wall. The opposing forces may help fix the stent-graft
100 in place and prevent undesired axial movement.

[0075] Fig. 2 shows a cross section 200 at the minimum cross sectional area 202 of the
example stent-graft 100 within an aortic vessel 204, according to an aspect of the present
disclosure. The minimum cross sectional area 202 has a crescent shape, for example,
maintained by the crescent-shaped frame wire 114. Because the crescent shape of the minimum
cross sectional area 202 does not contact equal to or greater than 50% of the wall of the aortic
vessel 204, it does not place opposing forces on opposite sides of the wall of the aortic vessel.
The example stent-graft 100 instead relies upon the stent frame 130, and frame wires (e.g.,
112A, 112B) upstream and downstream the minimum cross sectional area 120, which do
contact equal to or greater than 50% of the wall of the aortic vessel 204, to help fix the stent-

graft 100 and prevent undesired axial movement. Also shown is an area 206 of the aortic vessel
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204 in which blood is obstructed from flowing. Instead, the blood flows through the minimum
cross sectional area 202 of the cavity of the example stent-graft 100.

[0076] Figs. 3A and 3B show a perspective and side view, respectively, of an example
stent-graft with a minimum cross sectional area that includes flow ends, according to an aspect
of the present disclosure. The example stent-graft 300 includes a stent frame 316 that forms a
cavity 318 extending from an opening at a proximal end 304 of the stent-graft 300 to an opening
at a distal end 302 of the stent-graft 300. The example stent frame 316 may also include a
concave surface 306 extending within the cavity 318 to form a flow restricting portion 320.
The flow restricting portion 320 reduces the cross sectional area of the cavity 318 to a minimum
cross sectional area 308. The example stent-graft 300 may also include a plurality of frame
wires 310, 314, a seal frame wire 322, and a fixation frame wire 312, which will be described
in more detail below.

[0077] As is shown in Figs. 3A and 3B, the example stent frame 316 is formed such
that the minimum cross sectional area 308 of the cavity 318 extends half of the outer perimeter
of the proximal end 304 of the stent frame 316. For instance, the side view shown in Fig. 3B
illustrates that the stent frame 316 is formed such that one is prevented from viewing the
concave surface 306 when viewing the example stent-graft 300 from the side. Stated
differently, the example stent frame 316 is formed without the indentations 134 that the
example stent frame 130 is formed with, and instead has flow ends 324. In other examples, the
stent-graft 300 may be formed such that the minimum cross sectional area 308 of the cavity
extends more than half of the outer perimeter of the proximal end 304 of the stent frame 316.
The configuration of the example stent frame 316 to include the flow ends 324, instead of the
indentation, enables the stent frame 316 at the minimum cross sectional area 308 to place

outward fixation force on at least 50% of the aorta circumference. The added fixation force,
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as compared to the example stent-graft 100 with indentations 134, further helps limit movement
of the example stent-graft 300 when placed within a patient’s aorta.

[0078] Additionally, the frame wires 310 surrounding the stent-graft 300 within the
flow restricting portion 320 may have a radius of curvature between the portion of the frame
wire 310 that contacts the outer perimeter of the stent-graft 300 and the portion that contacts
the concave surface 306. Stated differently, each of the frame wires 310 within the flow
restricting portion 320 bend around the flow end 324 with a radius of curvature. In various
instances, such radius of curvature of the frame wires 310 within the flow restricting portion
320 may be between 0.1 to 1.0 millimeters.

[0079] The consistent outer perimeter of the stent frame 316 that the flow ends 324
provide increases manufacturing efficiency. For instance, the indentations of the example
stent-graft 100 may require more complicated folding patterns for manufacturing. By
eliminating the indentations, the example stent-graft 300 may be manufactured with increased
ease and speed.

[0080] Fig. 4A illustrates a cross section of a stent-graft 400 having flow ends, within
an aortic vessel 406, illustrating an example crescent-shaped minimum cross sectional area,
according to an aspect of the present disclosure. The aortic vessel 406 includes an area 408 in
which blood is obstructed from flowing because the stent-graft 400 directs blood to the
minimum cross sectional area of its cavity. The example stent-graft 400 is formed such that
the example minimum cross sectional area of the cavity includes a left flow end 404 A, a central
flow portion 402, and a right flow end 404B. As illustrated in the figure, each of the left flow
end 404 A and the right flow end 404B are wider than the central flow portion 402. The greater
width of the left and right flow ends 404A, 404B results in blood flow being directed to the left
and right flow ends 404 A, 404B due to blood’s tendency to flow to the path of least resistance.

In some aspects of such an example stent-graft 400, the combined cross sectional area of the
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left flow end 404A and the right flow end 404B equals between 60-90% of the total minimum
cross sectional area. For example, in some instances, at least one of the left flow end 404A or
the right flow end 404B has a cross sectional area equal to between 2.1 to 21 mm?.

[0081] The wide curvature at the ends of the right and left flow ends 404 A, 404B may
help increase the fatigue life of the stent-graft 400 as compared to sharp corners at the left and
right flow ends 404A, 404B. Fatigue life at the crescent corners of the stent-graft 400 is of
particular importance because increasing such fatigue life may help reduce the risk of frame
wire fracture. If frame wire fracture occurs, one of the broken ends of the frame wire can
puncture the material of the stent frame, thus causing leakage. Additionally or alternatively,
one of the broken ends of the frame wire can puncture the wall of a patient’s aorta, which could
be life-threatening because blood would leak out of the aortic vessel lumen, clinically referred
to as aortic dissection.

[0082] In various instances, however, an example stent-graft 400 having a minimum
cross sectional area illustrated in Fig. 4A may result in more blood flowing through the left
flow end 404A as compared to the right flow end 404B, or vice versa. In such an instance,
more blood may flow to one of a patient’s legs as compared to the other, which is not desired
as it could lead to blood circulation complications for the leg receiving less blood.

[0083] In various aspects, the provided stent-graft may include a central portion that is
wider than the left and right flow portions in order to help more evenly distribute blood between
each of the patient’s legs. Fig. 4B illustrates a cross section of an example stent-graft 420
having flow ends, within an aortic vessel 430, illustrating an example crescent-shaped
minimum cross sectional area, according to an aspect of the present disclosure. The aortic
vessel 430 includes an area 432 in which blood is obstructed from flowing because the stent-
graft 420 directs blood to the minimum cross sectional area of its cavity. The stent-graft 420

is formed such that the example minimum cross sectional area of the cavity includes a left flow
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end 424 A, a central flow portion 422, and a right flow end 424B. As illustrated in the figure,
the central flow portion 422 is wider than each of the left flow end 424 A and the right flow end
424B. The greater width of the central flow portion 422 results in blood flow being directed
to the central flow portion 422 due to blood’s tendency to flow to the path of least resistance.
Directing blood flow to the central flow portion may help limit the issues described above that
may occur with regard to uneven blood distribution to the legs. For instance, by directing the
blood to a single central portion, the blood may more evenly distribute between each of the
patient’s legs. The even blood distribution may also be aided by how the example stent-graft
420 is oriented within a patient, which will be described in more detail below.

[0084] In various aspects, the portion of the stent frame forming the central flow
portion 422 may include an inner wall 426 that curves away from the outer perimeter of the
stent frame that contacts the wall of the aortic vessel 430. The inner wall 426 curving away
from the stent frame outer perimeter enables the central flow portion 422 to be wider than the
left flow end 424A and the right flow end 424B. In some examples, the inner wall 426 may
have a radius of curvature between 0.01 to 3.00mm. The inner wall 426 may also be formed
integrally with, or connected to, each respective inner wall of the portion of the stent [rame
forming the left flow end 424 A and the right flow end 424B, respectively. The stent frame
may be folded at each fold axis 428A, 428B where the inner wall 426 meets the inner wall of
the left flow end 424 A and the right flow end 424B, respectively. The folds enable the central
flow portion 422 to expand wider than the left flow end 424A and the right flow end 424B. In
some instances, the angle of the respective folds may be between 60 to 270 degrees, such that
the greater the angle, the more narrow the central flow portion 422.

[0085] In various instances, however, as a patient’s blood pressure pulses between
systolic and diastolic phases, blood flow may be inconsistent through the minimum cross

sectional area of the cavity of the example stent-graft 420. For example, because the cavity
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may expand in some instances, blood may sometimes flow into the left flow end 424 A and/or
the right flow end 424B more than intended, or may flow unevenly between the left and right
flow ends 424 A and 424B as described above. The inconsistent blood flow, in some instances,
through the example stent-graft 420 may result in an inconsistent volume of blood being
redirected to the kidneys and/or being directed to the patient’s legs.

[0086] In various aspects, the provided stent-graft may include bridges connecting the
inner wall of the cavity to the outer stent frame perimeter at the minimum cross sectional area.
The bridges may help provide blood flow consistency by helping the stent-graft consistently
expand evenly at its minimum cross sectional area. Fig. 4C illustrates a cross section of a stent-
graft 440 having flow ends, within an aortic vessel 448, illustrating an example crescent-shaped
minimum cross sectional area with bridges, according to an aspect of the present disclosure.
The aortic vessel 448 includes an area 450 in which blood is obstructed from flowing because
the stent-graft 440 directs blood to the minimum cross sectional area of its cavity. The stent-
graft 440 is formed such that the example minimum cross sectional area of the cavity includes
a left flow end 444A, a central flow portion 442, and a right flow end 444B. Each of the left
flow end 444 A and the right flow end 444B have softer folds from the outer perimeter stent
frame perimeter as compared to the sharp folds of the left flow end 424A and the right flow
end 424B of the example stent-graft 420. In other examples, the example stent-graft 440 may
include the sharp folds illustrated with regard to the example stent-graft 420, or the example
stent-graft 420 may include the softer folds illustrated with regard to the example stent-graft
440.

[0087] The example stent-graft 440 additionally includes bridges 446A and 446B. The
bridges 446 A, 446B connect the outer perimeter of the stent frame, which contacts the wall of
the aortic vessel 448, to the inner wall 452 of the stent frame. The inner wall 452 forms the

cavity with the stent frame outer perimeter. In some instances, the example stent-graft 440
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may include two bridges 446A, 446B, as illustrated. For example, the bridge 446A may
connect the inner wall 452 to the stent frame outer perimeter at a fold axis between the left flow
end 444 A and the central flow portion 442. Similarly, the bridge 446B may connect the inner
wall 452 to the stent frame outer perimeter at a fold axis between the right flow end 444B and
the central flow portion 442. In other examples, the stent-graft 440 may include a single bridge
or more than two bridges. In some aspects, the bridges 446A, 446B only connect the inner
wall 452 to the stent frame outer perimeter at the minimum cross sectional area of the cavity.
In other aspects, the bridges 446A, 446B may extend a larger portion of the stent (e.g., the
entire length of the stent) and may connect the inner wall 452 to the stent frame outer perimeter
along the length the bridges 446A, 446B extend.

[0088] The inclusion of the bridges 446A, 446B fixing the inner wall 452 to the stent
frame outer perimeter may help the cavity of the example stent-graft 440 expand more
consistently and uniformly at the minimum cross sectional area. The more consistent and
uniform expansion may help limit the inconsistent and/or uneven blood flow issues described
above that may occur in connection with the example stent-graft 420. For instance, the bridges
446 A, 446B more consistently maintain the cross sectional area of the cavity by preventing one
side of the cavity from expanding to a much larger degree than the other side, while still
allowing the stent material to flex. In some instances, however, the shear stress placed on the
blood flowing through long, thin spaces, such as the left flow end 444A and the right flow end
444B may create an increased risk of hemolysis.

[0089] Additionally, because the presently disclosed stent-graft (e.g., the stent graft
440) is reducing the blood volume flowing to the patient’s legs, the body may cause the
patient’s abdominal aorta to dilate in response. Stated differently, the body attempts to correct
what it perceives as an unbalanced distribution of blood flow between the upper body over the

lower body, caused by the disclosed stent-graft, by dilating the abdominal aorta to attempt to
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increase the blood flow to the lower body. As the abdominal aorta dilates, the disclosed stent-
graft, which exerts radial pressure against the aortic walls, undergoes a conformational change
(e.g., expands) so that it maintains contact with the aortic walls. The conformational change
may cause the space between the inner and outer walls of the disclosed stent frame cavity to
become thinner and thinner as the disclosed stent-graft stretches to conform to the aortic walls.
The cavity may become particularly thin at the minimum cross sectional area, and even more
particularly thin at the flow ends (e.g., the flow ends 444A and 444B). The increasingly thin
cavity at the minimum cross sectional area may further increase the shear stress placed on the
blood flowing through presently disclosed stent-graft, and accordingly may further increase the
risk of hemolysis.

[0090] In various aspects, the provided stent may include left and right flow ends that
are sutured closed to help reduce the risk of hemolysis. Fig. 4D illustrates a cross section of a
stent-graft 460 having flow ends, within an aortic vessel 466, illustrating an example crescent-
shaped minimum cross sectional area with sutured-closed flow ends, according to an aspect of
the present disclosure. The aortic vessel 466 includes an area 468 in which blood is obstructed
from flowing because the stent-graft 460 directs blood to the minimum cross sectional area of
its cavity. The stent-graft 460 is formed such that the example minimum cross sectional area
of the cavity includes a left flow end 464A, a central flow portion 462, and a right flow end
464B. As illustrated, the left flow end 464A is sutured closed such that blood is prevented
from flowing through the left flow end 464A. Similarly, the right flow end 464B is sutured
closed such that blood is prevented from flowing through the right flow end 464B. For
instance, the inner wall 470 of the stent frame may be sutured to the outer perimeter of the stent
frame, which contacts the wall of the aortic vessel 466, at each of the left flow end 464A and
the right flow end 464B, respectively. In various examples, the sutures used may be formed of

a suitable fabric (e.g., polyurethane or polyester).

26



CA 03129454 2021-08-06

WO 2020/168216 PCT/US2020/018323

[0091] By suturing the left and right flow ends 464 A, 464B closed, preventing blood
from flowing through them, blood is directed solely to the central flow portion 462. Thus,
blood is prevented from flowing through long, thin spaces that may create an increased risk of
hemolysis. Accordingly, the configuration of the example stent-graft 460 may help decrease
the risk of hemolysis. Additionally, the sutured-closed left and right flow ends 464 A, 464B
may help stabilize the central flow portion 462 within a patient’s aorta by providing radial force
against the aorta walls. The provided radial force may help prevent the stent from being
displaced due to forces from the flowing blood. Thus, rather than eliminate the left and right
flow ends 464 A, 464B entirely, the example stent-graft 460 with sutured-closed left and right
flow ends 464 A, 464B may be more stabilized within an aorta than stents without left and right
flow ends 464 A, 464B. Stated differently, including the sutured-closed left and right flow ends
464 A, 464B enables the outer perimeter of the example stent-graft 460 at its minimum cross
sectional area to contact at least 50% of the aortic wall to provide fixation forces that help
prevent undesired axial movement, as described in more detail above.

[0092] In some instances, however, the sutured-closed left and right flow ends 464 A,
464B may cause blood to pool at the sutured-closed left and right flow ends 464A, 464B. For
instance, blood flowing through the cavity to the sutured-closed left and right flow ends 464 A,
464B 1s prevented from continuing, but may also be prevented to a degree from flowing
through the central flow portion 462 by the forces exerted by blood flowing through the cavity
and straight through the central flow portion 462. Thus, the blood may pool at the sutured-
closed left and right flow ends 464 A, 464B, which may cause a greater than desired increase
in blood pressure upstream the minimum cross sectional area of the cavity. The blood pooling
may also cause fatigue of the fabric of the stent-graft 460 that is connected to a stent frame

wire at the location of the pooling. For instance, the pooled blood applies stress to the fabric
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at that location. The fabric fatigue may, in some situations, lead to tears in the fabric and failure
of the stent-graft 460.

[0093] In various aspects, the provided stent-graft may include suture lines upstream
the minimum cross sectional area of the cavity to help prevent blood pooling at the sutured-
closed left and right flow ends. The suture lines may help gradually direct or funnel blood
flowing through the cavity to the central flow portion of the cavity’s minimum cross sectional
area so that the blood is prevented from reaching the sutured-closed left and right flow ends.
Fig. 5A illustrates an example stent-graft S00A that includes a suture line 510A to funnel blood
to a central flow portion, according to an aspect of the present disclosure. The example stent-
graft 500 includes a proximal end 504 and a distal end 502. The example stent-graft 500 may
include a suture line 510A that connects the outer wall 514 of the stent frame material to the
inner wall 512 of the stent frame material. It should be appreciated that while only one suture
line 510A is illustrated, preventing blood from reaching the left flow end, the example stent-
graft 500A may also include a suture line 510A on its other side, preventing blood from
reaching the right flow end. The outer wall 514 of material and the inner wall 512 of material
may be connected such that fluid is prevented from passing through the suture line 510A. In
some examples, the outer wall 514 and the inner wall 512 may be connected by a material that
sutures them together. In other examples, the outer wall 514 and the inner wall 512 may be
connected along the suture line 510A by other suitable means, such as adhesive material,
staples, etc. In other examples still, the outer wall 514 and the inner wall 512 may be integral
with one another, rather than connected, at the suture line 510A. For example, the suture line
510A may be a fold between the outer wall 514 and the inner wall 512.

[0094] In various aspects, such as the one illustrated in the figure, the suture line 510A
may extend between the frame wire 506 at the minimum cross sectional area of the cavity and

the next adjacent frame wire 508 upstream the frame wire 506. In other aspects, the suture line
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510A may extend a greater portion of the stent frame, for example, to the next frame wire
upstream the frame wire 508. The suture line S10A may also extend less than the full distance
between adjacent frame wires. The suture line S10A may extend in a straight line from the
edge of the stent frame to a point where a flow end meets the central flow portion, such as in
the illustrated example. In other examples, the suture line 510A may take other suitable shapes,
such as a convex or concave curve.

[0095] In other aspects of the present disclosure, the provided stent-graft may include
a suture line upstream the minimum cross sectional area of the cavity to help direct blood to a
stent-graft’s left and right flow ends. For instance, in aspects in which the stent-graft includes
a crescent-shaped minimum cross sectional area with flow ends (e.g., Fig. 4A), it may be
desirable to direct blood flow to the flow ends, which have a larger cross sectional area than
the cavity’s central portion. Directing the blood flow in this way may help reduce the shear
stress placed on the blood, and thus may help reduce the risk of hemolysis in such stent-graft
configurations. Fig. 5B illustrates a stent-graft S00B that includes an example suture line 510B
to funnel blood to the flow ends, according to an aspect of the present disclosure. The example
suture line 510B is in the shape of an upside down “V” with the point of the “V” at the midline
of the stent-graft 500B. In other examples, suture line 510B may take other suitable shapes,
such as an upside down “V” with two concave lines, or a single convex line.

[0096] The outer wall 514 of material and the inner wall 512 of material may be
connected such that fluid is prevented from passing through the suture line 510B. In some
examples, the outer wall 514 and the inner wall 512 may be connected by a material that sutures
them together. In other examples, the outer wall 514 and the inner wall 512 may be connected
along the suture line 510B by other suitable means, such as adhesive material, staples, etc. In
other examples still, the outer wall 514 and the inner wall 512 may be integral with one another,

rather than connected, at the suture line 510AB. For example, the suture line 510B may be a
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fold between the outer wall 514 and the inner wall 512. In various aspects, such as the one
illustrated in the figure, the suture line 510B may extend between the frame wire 506 at the
minimum cross sectional area of the cavity and the next adjacent frame wire 508 upstream the
frame wire 506. In other aspects, the suture line 510B may extend a greater portion of the stent
frame, for example, to the next frame wire upstream the frame wire 508. The suture line 510B
may also extend less than the full distance between adjacent frame wires.

[0097] As mentioned above, the provided stent-graft may include a plurality of frame
wires extending around the stent-graft frame’s perimeter. Fig. 6 illustrates a perspective view
of an example stent frame wire 600, according to an aspect of the present disclosure. The
example stent frame wire 600 1s shown having undulating or sinusoidal waves. In various
examples, the stent frame wire 600 may be formed to take the shape of any of the described
frame wires (e.g., the fixation frame wires 116, 312 the seal frame wires 110A, 110B, 322 or
the flow-restricting frame wires 112A, 112B, 114, 310, 314). In some instances, each
respective stent frame wire 600 on the provided stent-graft has a diameter between 0.3 to 0.8
mm. The stent frame wire 600 may be composed of a shape-memory material, such as nitinol.
The shape memory-material enables the provided stent-graft to expand and return to its resting
shape during the blood pressure changes of a patient’s heart cycling through systolic and
diastolic phases.

[0098] In some aspects, each of the respective frame wires on the provided stent-graft
includes at least a portion that is undulating. For example, with reference to Figs. 1A and 1B,
the example stent-graft 100 may include seal frame wires 110A and 110B that undulate in the
direction of the axis along the length of the example stent-graft 100. The seal frame wires
110A and 110B may undulate along their entire perimeter as they extend around the stent frame
130. The seal frame wires 110A and 110B may help prevent any peritubular leakage from

taking place whereby blood may seep between the stent and the patient’s aortic wall. For
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instance, the seal frame wires 110A and 110B may move with the cyclic expansion and
contraction of the aorta, which is due to the cyclic blood pressure/flow coming from the heart
as it pumps blood. The same description may apply equally to the seal frame wires 322 in
reference to Figs. 3A and 3B.

[0099] The example stent-graft 100 may also include flow-restricting frame wires
112A, 112B, and 114 that extend around the stent frame 130 perimeter within the flow
restricting portion 118. The flow-restricting frame wires 112A, 112B, and 114 may undulate
in the direction of the axis along the length of the example stent-graft 100 while extending
around the outer perimeter of the stent frame 130, but may include a curved portion (e.g., the
curved portion 136) that curves perpendicularly to that direction while extending along the
concave surface 106. For instance, the concave surface 106 extends into the cavity, and thus
to extend along the perimeter of the stent frame 130, the curved portion of the flow-restricting
frame wires 112A, 112B, and 114 may also extend in that direction. The flow-restricting frame
wires 112A, 112B, 114 are accordingly crescent-shaped when viewed down the axis along the
length of the example stent-graft 100. For example, the undulating portion and the curved
portion form the crescent shape. In some examples, the curved portion of the flow-restricting
frame wires 112A, 112B, and 114 that extends along the concave surface 106 may additionally
undulate along the perimeter of the stent frame 130. The stent frame wires 112A, 112B, and
114 may provide support to maintain the reduced cross sectional area of the cavity 132 within
the flow restricting section 118 of the example stent-graft 100. The undulating portion of each
flow-restricting frame wire 112A, 112B, 114 may also cause the provided stent-graft to radially
expand against a patient’s aortic wall.

[0100] In some aspects, the one or more flow-restricting frame wires 112A, 112B, 114
may have a static configuration in which their shapes remain constant in response to changes

in blood pressure. In other aspects, one or more flow-restricting frame wires 112A, 112B, 114
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may be configured to expand and contract in response to changes in blood pressure. For
instance, because the undulating portion of each flow-restricting frame wire 112A, 112B, 114
is fixed against the patient’s aortic wall, the curved portion of each flow-restricting frame wire
112A, 112B, 114 may alter its curvature in response to changes in blood pressure, which
increases and decreases the cross sectional area of the cavity. For example, a curved portion
may become flatter in response to increased blood pressure and may return to its resting
curvature in response to decreased blood flow and pressure. When the curved portion becomes
flatter, the space between the undulating portion and the curved portion, and thus the cavity,
becomes larger. The amount that a curved portion alters its curvature may depend on the
diameter of the flow-restricting frame wires. For instance, a thicker frame wire may be stiffer
and thus may require a greater blood pressure to cause the frame wire to alter its shape.

[0101] In some instances, one or more flow-restricting frame wires 112A, 112B, 114
may be configured such that in its resting state, the undulating portion and the curved portion
close the cavity completely. In such instances, blood may not flow through the flow restricting
section until blood pressure equal to or greater than a threshold pressure forces the undulating
portion and the curved portion of the flow-restricting {rame wire 112A, 112B, 114 apart. In
some examples, the flow-restricting frame wire 114 at the minimum cross sectional area 120
may be the only flow-restricting frame wire that completely closes the cavity. The above-
described configuration of flow-restricting frame wires including shape-altering curved
portions has a more valvular nature to it and can be applied to manage patient conditions that
are contributed to or caused by chronic hypotension where upper body hypotension is more
pronounced and in more urgent need of long-term correction. The above description regarding
the flow-restricting frame wires 112A, 112B, 114 may apply equally to the flow-restricting

frame wires 310, 314 in reference in Figs. 3A and 3B.
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[0102] In some examples, the provided stent-graft, may include more than one flow-
restricting frame wire 114 extending around the stent frame perimeter at the minimum cross
sectional area of the cavity. Fig 7 illustrates a front view of an example stent-graft 700 that
includes two flow-restricting frame wires around the minimum cross sectional area of the
cavity, according to an aspect of the present disclosure. The example stent-graft 700 includes
a concave surface 702 forming a flow restricting section and a minimum cross sectional area
704 of the cavity. The example stent-graft 700 may also include an inner stent frame wire 706
and an outer stent frame wire 708 disposed around the inner stent frame wire 706. For instance,
the inner stent frame wire 706 and the outer stent frame wire 708 may undulate as illustrated
such that they intersect at a number of points. In an example, the inner stent frame wire 706
and the outer stent frame wire 708 may intersect at substantially ninety degree angles. It should
be appreciated that Fig. 7 only illustrates the inner stent frame wire 706 and the outer stent
frame wire 708 on the example stent-graft 700 for the sake of clarity and that the example stent-
graft 700 may include all of the various aspects discussed in the present disclosure.

[0103] In other instances, the example stent-graft 700 may include more than two frame
wires at the minimum cross sectional area 704 of the cavity, for example, a third {rame wire
disposed around the outer stent frame wire 708. In some aspects, the stent-graft 700 may have
an inner stent frame wire 706 and an outer stent frame wire 708 at more than just the minimum
cross section area 704 of the cavity. For example, multiple or all of the flow-restricting frame
wires within the flow-restricting section of the concave surface 702 may include an inner stent
frame wire 706 and an outer stent frame wire 708. Such flow-restricting frame wires may also
include more than two frame wires, such as a third frame wire disposed around the outer stent
frame wire 708.

[0104] In various aspects, the inner stent frame wire 706 and the outer stent frame wire

708 may both be composed of a shape-memory material, such as nitinol. The shape-memory
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transition temperature of the outer stent frame wire 708 (e.g., 40°C) may be greater than the
shape-memory transition temperature of the inner stent frame wire 706 (e.g., 35°C). In some
instances, a patient’s congestive heart failure may progress resulting in even less blood flow to
the patient’s kidneys than when the provided stent-graft was first inserted within the patient’s
aorta. The different shape-memory transition temperatures of the inner and outer stent frame
wires 706 and 708 may help constrict the minimum cross sectional area 704 of the cavity even
further so as to increase further the blood pressure upstream the minimum cross sectional area
704 and cause additional blood to flow to the renal arteries and the kidneys. In examples in
which the stent-graft 700 includes more than two stent frame wires surrounding the minimum
cross sectional area 704, the third stent frame wire surrounding the outer stent frame wire 708
may have a transition temperature (e.g., 42°C) greater than the transition temperature of the
outer stent frame wire 708. A fourth stent frame wire surrounding the third stent frame wire
may have a transition temperature (e.g., 45°C) greater than the third stent frame wire, and so
forth.

[0105] For example, a patient’s average body temperature may be 37.5°C, which is
above the shape-memory transition temperature of the inner stent frame wire 706 (e.g., 35°C),
but below the shape-memory transition temperature of the outer stent frame wire 708 (e.g.,
40°C). Thus, the shape-memory characteristics of the inner stent frame wire 706 have been
activated, but they have not been activated for the outer stent frame wire 708. If a patient’s
congestive heart failure progress, as described above, heat may be applied to the outer stent
frame wire 708 to a temperature at or above 40°C to activate its shape-memory characteristics.
For instance, activating the shape-memory characteristics of the outer stent frame wire 708
may cause the outer stent frame wire 708 to constrict to a desired shape such that it constricts
the inner stent frame wire 706 and the stent frame, therefore decreasing the minimum cross

sectional area 704 of the cavity. The outer stent frame wire 708 then remains in the desired,
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constricted shape until a very low temperature (e.g., 15°C) is reached, which is unlikely to
occur. Heat may be applied to the outer stent frame wire 708 by catheter-based heat ablation
via an expandable balloon for example or by other suitable methods that allow the example
stent-graft 700 to remain within the patient.

[0106] In some aspects of the present disclosure, the provided stent-graft may include
a fixation frame wire, such as the fixation frame wire 116 of the example stent-graft 100 (Fig.
1) and the fixation frame wire 312 of the example stent-graft 300 (Fig. 3). Reference will be
made to the fixation frame wire 312 and the example stent-graft 300 as illustrated in Fig. 3,
though it should be appreciated that the description applies to the fixation frame wire 116 as
well. The fixation frame wire 312 may undulate and extend outward beyond the outer
perimeter of the stent frame 316. The outward extension of the fixation frame wire 312 may
help fix the stent-graft 300 to an aorta wall and prevent it from being displaced by blood
displacement forces. In the illustrated example, the stent-graft 300 includes the fixation frame
wire 312 at its proximal end 304. In some examples, the stent-graft 300 may additionally or
alternatively include a fixation frame wire 312 at its distal end 302.

[0107] In some aspects of the present disclosure, the provided stent-graft may include
a wireless percutaneous pressure monitor. The wireless percutaneous pressure monitor may
help a medical professional gauge how the stent-graft is affecting the patient, for instance, if
the stent-graft is generating desired blood pressure upstream the stent-graft and/or is causing a
satisfactory blood pressure downstream the stent-graft. The medical professional may use such
information to make decisions regarding the patient’s treatment plan, such as whether to
activate an outer stent frame and further restrict the stent-graft, as described above.

[0108] The wireless percutaneous pressure monitor may be wireless. It may also be
powered by radiofrequency energy from an external device. The pressure monitor may be

integrated with the provided stent-graft near its proximal and/or its distal end. In some
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instances, the pressure monitor may be integrated with the stent-graft based on fabric or metal
suturing, magnets, or a mechanical clip holder. The mechanical clip holder may anchor to a
frame wire on the stent-graft on one end of the holder and may attach to the pressure monitor
on the other end of the holder.

[0109] Fig. 8 illustrates a patient 800 with a provided stent-graft inserted within the
abdominal aorta of the patient 800, according to an aspect of the present disclosure. The
example stent-graft 820 is shown inserted within the abdominal aorta 802 below the renal
arteries 804A, 804B and above the branching out of the common iliac arteries 808A, 808B.
The renal arteries 804A and 804B lead to the kidneys 806A and 806B, respectively. Also
shown, are the celiac trunk artery 810 and the superior mesenteric artery 812. The example
positioning of the stent-graft 820 enables blood pressure to increase upstream the stent-graft
820. The increased blood pressure may help cause more complete filling of the renal arteries
804A, 804B so that an increased volume of blood is directed to the kidneys 806A, 806B as
compared to a patient 800 without the stent-graft 820,

[0110] The stent-graft 820 may be oriented within the abdominal aorta 802, as
llustrated, with the minimum cross sectional area of the cavity evenly distributed between the
left and right sides of the patient 800. For instance, if the minimum cross sectional area of the
cavity is oriented towards the left side of the patient 800, blood may be more likely to flow to
the common iliac artery 808B of the left side of the patient 800, accordingly resulting in an
uneven distribution of blood to the legs. The stent-graft 820 may also be oriented, as illustrated,
with the central flow portion of the minimum cross sectional area of the cavity oriented towards
the posterior of the abdominal aorta. The posterior orientation may help direct blood flow to
the kidneys 806A, 806B. For instance, if the central flow portion is oriented towards the
anterior of the abdominal aorta, blood may be more likely to flow to the celiac trunk artery 810

and/or the superior mesenteric artery 812, which are located on the anterior portion of the
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abdominal aorta. In some examples, the stent-graft 820 may include a radiopaque marker to
help assist a medical professional in properly aligning the stent-graft 820 within the abdominal
aorta 802 of the patient 800.

[0111] Insome instances of the present disclosure, the provided stent-graft may include
graft branches for directing blood flow. Figs. 9A and 9B illustrate a front view and perspective
view, respectively, of an example stent including graft branches, according to an aspect of the
present disclosure. The example stent-graft 900 includes a stent frame 932 with a proximal
end 904 and a distal end 902. The example stent-graft 900 may also include a minimum cross
sectional area 915 of a cavity extending through the stent-graft 900. Kidney graft branches
930A and 930B in fluid communication with the cavity may extend from the stent frame 932.
In such examples, the stent-graft 900 may be positioned within a patient’s abdominal aorta
such that each respective kidney graft branch 930A and 930B are positioned within a respective
renal artery. The kidney graft branches 930A and 930B may help more definitively direct
blood flow to the kidneys because the kidney graft branches 930A and 930B are inserted within
the renal arteries. The kidney graft branches 930A and 930B may also help fix the main body
of the stent-graft 900 within the abdominal aorta.

[0112] The stent-graft 900 may additionally include one or more secondary graft
branches that are in fluid communication with the cavity. For instance, the stent-graft 900 may
include the secondary graft branch 925A and the secondary graft branch 925B. A secondary
graft branch may include a fluid volume reducing portion. The fluid volume reducing portion
may create an increased fluid pressure downstream the secondary graft branch so that more
blood flows to the kidney graft branches 930A, 930B than if the secondary graft branch did not
have the fluid volume reducing portion. For example, the fluid volume reducing portion may

be a portion of the secondary graft branch that reduces in cross-sectional area along the
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secondary graft branch, such as the fluid volume reducing portion 934 of the secondary graft
branch 925B.

[0113] In such instances in which the stent-graft 900 includes secondary graft branches,
the stent-graft 900 may be configured such that when the kidney graft branches 930A and 930B
are positioned within respective renal arteries, the secondary graft branch 925A may be
positioned within the superior mesenteric artery and the secondary graft branch 925B may be
positioned within the celiac trunk artery. In some examples, the stent-graft 900 may include
only one of the secondary graft branches 925A, 925B. The secondary graft branches 925A,
925B may help more definitively direct blood flow to the superior mesenteric artery and the
celiac trunk artery. The secondary graft branches 925A, 925B may also help fix the stent-graft
900 within the abdominal aorta.

[0114] A patient may, in some instances, have an undesired volume of blood flow to
the patient’s intercostal artery branches in the patient’s thoracic aorta. For example, the
increased blood pressure created by the provided stent-graft upstream the cavity’s minimum
cross sectional area may create an undesired volume of blood flow to the patient’s intercostal
artery branches. In some examples, to help prevent the undesired volume of blood flow to the
intercostal artery branches, the provided stent-graft may extend from a patient’s thoracic aorta
to the patient’s abdominal aorta. In such examples, the stent-graft may include a blocking
sleeve that prevents blood from flowing into the intercostal artery branches.

[0115] In various aspects of the present disclosure, the provided stent-graft may be
adapted to help treat patients with urinary incontinence. Fig. 10 illustrates an isometric view
of an example stent-graft 1000 adapted for placement within a patient’s urethra, according to
an aspect of the present disclosure. The example stent-graft 1000 includes a stent frame 1118

that forms a cavity 1116 extending from an opening at a proximal end 1004 of the stent-graft
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1000 to an opening at a distal end 1002 of the stent-graft 1000. Thus, a fluid (e.g., urine) may
flow into the proximal opening, through the cavity, and out the distal opening.

[0116] The stent-graft 1000 may include a fixation frame wire 1012 that extends around
the perimeter of the stent frame 1118 at the proximal opening 1004. The description above
with respect to the fixation frame wires 116 and 312 may apply equally to the fixation frame
wire 1012, except adapted to fixing the stent-graft 1000 within a patient’s urethra. The stent-
graft 1000 may also include a seal frame wire 1010 that extends around the perimeter of the
stent frame 1118. The description above with respect to the seal frame wires 110A, 110B, and
322 may apply equally to the seal frame wire 1010, except adapted to preventing urine leakage
between the stent-graft 1000 and the urethral wall.

[0117] The stent-graft 1000 may also include a flow-restricting frame wire 1008
extending around the perimeter of the stent frame 1118 at the distal opening 1002. The flow-
restricting frame wire 1008 1s configured expand and contract in response to changes in fluid
(e.g., urine) pressure, as described above in connection with the flow-restricting frame wires
112A, 112B, 114, 310, and 314. The flow-restricting frame wire 1008 is also configured to
close the cavity completely when in a resting state, as described above as well in connection
with the flow-restricting frame wires 112A, 112B, 114, 310, and 314. Fluid (e.g., urine) is
prevented from flowing through the cavity of the stent graft 1000 until fluid pressure equal to
or greater than a threshold pressure (e.g., 20mmHg) forces apart the undulating portion and the
curved portion of the flow-restricting frame wire 1008. The threshold pressure, in various
instances, may be between approximately 10-40mmHg. The flow-restricting frame wire 1008
therefore has a valvular nature to it that can be applied to prevent urine from passing through
when a patient does not have to urinate, but allow urine to pass through when a patient’s bladder

is sufficiently full and the patient does need to urinate.
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[0118] The threshold pressure needed to open the flow-restricting frame wire 1008 may
depend on the diameter of the flow-restricting frame wire 1008. For instance, a thicker frame
wire may be stiffer and thus may require a greater fluid pressure to cause the flow-restricting
frame wire 1008 to alter its shape. The diameter of the flow-restricting frame wire 1008 may
therefore be adapted to be suitable for a particular patient. In various instances, the diameter
of the flow-restricting frame wire 1008 may be between 0.05-0.5 millimeters. For example,
the flow-restricting frame wire 1008 may have a diameter of 0.1 millimeters.

[0119] Additionally, in the above-described configuration, the undulating portion of
the flow-restricting frame wire 1008 contacts a patient’s urethral wall. The curved portion of
the flow-restricting frame wire 1008, however, does not contact the patient’s urethral wall.
This configuration enables a medical professional to use an instrument (e.g., tweezers) to grab
the curved portion of the flow-restricting frame wire 1008 when removing the stent-graft 1000
in situations in which it is desired that the stent-graft 1000 be removed. Enabling the medical
professional to grab the curved portion, which does not contact the urethral wall helps prevent
incidental damage to the patient’s urethral wall from an instrument.

[0120] The example stent-graft 1000 may be structured such that a cross sectional area
of the cavity 1116 decreases from a cross sectional area at the proximal end 1004 to a minimum
cross sectional area 1114 at the distal end 1002. In various examples, the diameter of the stent-
graft 1000 at the proximal end 1004 may be between approximately 9.5-17 millimeters. The
diameter of the stent-graft 1000 may be approximately 20-30% larger compared to the diameter
of a patient’s urethra in order to utilize outward radial force to prevent displacement of the
stent-graft 1000 within the patient’s urethra. The minimum cross sectional area 1114 may be
crescent-shaped, such as the crescent-shaped configurations of the minimum cross sectional
areas described above. In such aspects, the stent frame 1118 includes a concave surface 1006

extending into the cavity 1116 to decrease the cross sectional area of the cavity 1116. As

40



CA 03129454 2021-08-06

WO 2020/168216 PCT/US2020/018323

described above, the flow-restricting frame wire 1008 may close the cavity of the stent-graft
1000 completely in a resting state and thus the minimum cross sectional area of the stent-graft
1000 in a resting state is equal to zero. When a threshold hydrostatic pressure expands the
flow-restricting frame wire 1008, the minimum cross sectional area may, in various instances,
expand to a cross sectional area equal to approximately 8-530mm’ to allow urine to pass
through and exit the patient’s body.

[0121] Unlike blood, urine does not coagulate, and therefore urine does not share the
same shear stress concerns described above with respect to blood. Because urine is not
susceptible to shear stress complications, the stent-graft 1000 may, in various instances, be
structured with a different minimum cross sectional area than the congestive heart failure
adaptations described above. For instance, Fig. 11 illustrates an example cross section 1100 at
the minimum cross sectional area 1102 of the example stent-graft 1000 in an expanded state
within a urethra 1104, according to an aspect of the present disclosure. Urine may flow through
thin spaces without the shear stress concerns and risk of hemolysis associated with blood, and
therefore a stent-graft structured with a cavity as illustrated in Fig. 11 does not pose a risk to
patients in adaptations of the present disclosure to help treat urinary incontinence.

[0122] The example stent-graft 1000 may also be configured such that the cavity at the
minimum cross sectional area 1102 includes curled portions 1106A, 1106B. Without the curled
portions 1106A, 1106B, arisk of puncturing the wall of the urethra 1104 may be increased due
to the sharp edges of the stent-graft 1000. For instance, when urine’s fluid pressure is sufficient
to expand the stent-graft 1000, the fluid pressure also expands the diameter of the urethra 1104.
When the urine’s fluid pressure decreases, the diameter of the urethra 1104 decreases and the
stent-graft 1000 contracts, which may cause the sharp ends of the stent-graft 1000 to puncture

the wall of the urethra 1104. The curled portions 1106A, 1106B help prevent puncturing the
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wall of the urethra 1104 by preventing the sharp ends of the stent-graft 1000 from contacting
the wall of the urethra 1104 as the stent-graft 1000 expands and contracts.

[0123] Additionally, because urine does not present shear stress concerns, the example
stent-graft 1000 may be configured without the gradual tapering described above with respect
to the provided stent-graft’s congestive heart failure adaptations. Stated differently, the stent-
graft 1000 is constructed without the cross sectional area of the cavity 1116 gradually
decreasing to the minimum cross sectional area 1114 and without gradually increasing, or
increasing at all, after the minimum cross sectional area 1114, Instead, the stent-graft 1000
may be constructed such that the cross sectional area of the cavity 1116 decreases abruptly
from the cross sectional area at the proximal end 1004 to the minimum cross sectional area
1114 at the distal end 1002. This is advantageous because to be inserted within a patient’s
urethra, the example stent-graft 1000 is smaller than the stent-grafts (e.g., the stent-grafts 100
and 300) adapted for placement in the abdominal aorta to treat congestive heart failure. For
example, urinary incontinence is most common in females and the average length of a urethra
in a female patient is approximately four centimeters. Female patients have shorter urethral
lengths than male patients. Therefore, the abrupt decrease in cross sectional area of the cavity
1116 enables the stent-graft 1000 to be shorter and able to fit within a patient’s urethra. In
various examples, the stent-graft 1000 may be between five and forty millimeters in length.

[0124] An additional advantage of the example stent-graft 1000 may particularly help
patients with an overactive bladder, one type of urinary incontinence. Patients have two urinary
sphincters, one at the bladder neck and a second further down the urethra. The first urinary
sphincter opens to allow urine to pass through after urine builds up a sufficient degree in the
bladder. The second urinary sphincter opens when a patient consciously chooses to open it
because the patient desires to urinate. Adjacent to the urethral wall in between the two

sphincters is a rich nerve plexus that includes the sensory pudendal nerves, which sense that
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urine is present and send signals to the bladder. Patients with overactive bladders have bladders
that overreact to the signals received from the pudendal nerves. This overreaction from the
bladder causes the patients to feel like they have to urinate more often than they should and
may cause a patient to involuntarily leak urine when the patient does not desire to urinate.

[0125] To help treat patients with an overactive bladder, the example stent-graft 1000
may be configured with a length that extends the length of a patient’s urethra between the two
sphincters. In such instances, the example stent-graft 1000 prevents urine from direct exposure
to the urethral wall between the two sphincters and thus moderates stimulation of the pudendal
nerves by allowing passage of urine through the stent-graft 1000 during micturition. By
subsiding stimulation of the pudendal nerves, the stent-graft 1000 helps prevent
overstimulation of a patient’s bladder.

[0126] In some instances, the distance between a patient’s two urinary sphincters may
not be large enough to accommodate the stent-graft 1000. In such instances, the stent-graft
1000 may be configured such that the stent frame 1118 extends an additional distance between
the seal frame wire 1010 and the flow-restricting frame wire 1008. For example, when the
stent-graft 1000 is positioned within a patient’s urethra, such additional distance enables the
fixation frame wire 1012 and the seal frame wire 1010 to reside within the urethra between the
two urinary sphincters and the flow-restricting frame wire 1008 to reside on the other side of
the second urinary sphincter, further down the patient’s urethra.

[0127] This configuration avoids having the flow-restricting frame wire 1008 interface
with the second urinary sphincter’s residual function if it were to be positioned within the
urinary sphincter. If the flow-restricting frame wire 1008 were positioned within the urinary
sphincter, the sphincter’s residual contractions may cause the flow-restricting frame 1008, and
thus the stent-graft 1000, to shift out of position. The additional distance in the stent frame

1118 between the seal frame wire 1010 and the flow-restricting frame wire 1008 therefore helps
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prevent interference between the flow-restricting frame wire 1008 and the second urinary
sphincter by positioning the flow-restricting frame 1008 further down the patient’s urethra than
the second urinary sphincter.

[0128] As used herein, “about,” “approximately™ and “‘substantially’” are understood to
refer to numbers in a range of numerals, for example the range of -10% to +10% of the
referenced number, preferably -5% to +5% of the referenced number, more preferably -1% to
+1% of the referenced number, most preferably -0.1% to +0.1% of the referenced number.

[0129] Furthermore, all numerical ranges herein should be understood to include all
integers, whole or fractions, within the range. Moreover, these numerical ranges should be
construed as providing support for a claim directed to any number or subset of numbers in that
range. For example, a disclosure of from 1 to 10 should be construed as supporting a range of
from1to 8 from3to 7, from1to 9, from 3.6 to 4.6, from 3.5 t0 9.9, and so forth.

[0130] Without further elaboration, it is believed that one skilled in the art can use the
preceding description to utilize the claimed inventions to their fullest extent. The examples
and embodiments disclosed herein are to be construed as merely illustrative and not a limitation
of the scope of the present disclosure in any way. 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 principles discussed. In other words, various modifications and
improvements of the embodiments specifically disclosed in the description above are within
the scope of the appended claims. For example, any suitable combination of features of the
various embodiments described is contemplated. The scope of the invention is therefore

defined by the following claims.
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The invention is claimed as follows:

1. A stent-graft comprising:

a stent frame forming a cavity, the cavity extending from a proximal opening of the stent
frame to a distal opening of the stent frame, wherein the stent frame is adapted for a fluid to flow
through the cavity from the proximal opening to the distal opening; and

a plurality of frame wires extending around a perimeter of the stent frame,

wherein the stent frame is formed such that a cross sectional area of the cavity decreases
along a first length of a flow restricting section to a crescent-shaped minimum cross sectional area
of the cavity and increases along a second length of the flow restricting section, wherein the first
length extends from a proximal cross sectional area of the cavity to the crescent-shaped minimum
cross sectional area of the cavity and the second length extends from the crescent-shaped minimum

cross sectional area of the cavity to a distal cross sectional area of the cavity.

2.  The stent-graft according to claim 1, wherein a perimeter of the stent frame along the flow

restricting section includes a concave surface extending into the cavity.

3. The stent-graft according to claim 2, wherein one or more of the plurality of frame wires

includes a curved portion extending along the concave surface.

4. The stent-graft according to claim 2, wherein the concave surface of the stent frame
perimeter includes a first piece of fabric and the remaining perimeter includes a second piece of

fabric, wherein the first piece is connected to the second piece.
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5. The stent-graft according to any one of claims 1 to 4, wherein the stent-graft is configured
such that the stent frame and the plurality of frame wires expand and contract to increase and

decrease the cross sectional area of the cavity.

6. The stent-graft according to any one of claims 1 to 5, wherein the stent frame is configured
such that the minimum cross sectional area of the cavity is equal to between 2% to 40% of the

proximal cross sectional area of the cavity.

7. The stent-graft according to any one of claims 1 to 5, wherein the stent frame is configured
such that the minimum cross sectional area of the cavity is equal to between 2% to 20% of the

proximal cross sectional area of the cavity.

8. The stent-graft according to any one of claims 1 to 7, wherein the stent frame is configured
such that the minimum cross sectional area of the cavity includes a left flow end, a central flow
portion, and a right flow end, the left flow end and the right flow end each respectively having a

width greater than the central flow portion.

9. The stent-graft according to claim 8, wherein the stent frame includes an outer wall and
an inner wall and the outer wall is connected to the inner wall along a line such that fluid flowing
from the proximal opening through the cavity is directed to the left flow end and the right flow

end and prevented from reaching the central flow portion.
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10. The stent-graft according to any one of claims 1 to 7, wherein the stent frame is
configured such that the minimum cross sectional area of the cavity includes a left flow end, a
central flow portion, and a right flow end, the left flow end and the right flow end each respectively

having a width less than the central flow portion.

11. The stent-graft according to claim 10, wherein the stent frame at the minimum cross
sectional area of the cavity includes an outer wall and an inner wall, and wherein the stent frame
is configured such that the inner wall of the central flow portion curves away from the outer wall

of the central flow portion.

12. The stent-graft according to claim 10, wherein the stent frame at the minimum cross
sectional area of the cavity includes an outer wall and an inner wall, and wherein a first bridge
connects the outer wall to the inner wall where the left flow end meets the central flow portion and
a second bridge connects the outer wall to the inner wall where the right flow end meets the central

flow portion.

13. The stent-graft according to claim 10, wherein the stent frame at the minimum cross
sectional area of the cavity includes an outer wall and an inner wall, wherein the outer wall and
the inner wall at the left flow end, and the outer wall and the inner wall at the right flow end, are
respectively connected together such that fluid is prevented from flowing through the left flow end

and the right flow end.
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14. The stent-graft according to claim 10, wherein the stent frame includes an outer wall and
an inner wall and the outer wall is connected to the inner wall along a line such that fluid flowing
from the proximal opening through the cavity is directed to the central flow portion and prevented

from reaching the left flow end and the right flow end.

15. The stent-graft according to any one of claims 1 to 14, wherein each respective frame

wire of the plurality of frame wires includes an undulating portion.

16. The stent-graft according to any one of claims 1 to 14, wherein the plurality of frame
wires includes a plurality of flow-restricting frame wires within the flow restricting section of the

stent frame.

17. The stent-graft according to claim 16, wherein each respective flow-restricting frame wire

includes an undulating portion and a curved portion.

18. The stent-graft according to claim 17, wherein a radius of curvature between the
undulating portion and the curved portion of each respective flow-restricting frame wire is between

0.1 to 1.0 millimeters.

19. The stent-graft according to claim 16, wherein at least one of the plurality of flow-
restricting frame wires is configured to contact, when disposed within an abdominal aorta, at least

40% of a perimeter of the abdominal aorta.
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20. The stent-graft according to claim 16, wherein the plurality of flow-restricting frame

wires have equal perimeter lengths.

21. The stent-graft according to claim 16, wherein each respective flow-restricting frame wire

is constructed from a shape-memory material.

22. The stent-graft according to claim 21, wherein the shape-memory material is nitinol.

23. The stent-graft according to claim 16, wherein the plurality of flow-restricting frame
wires includes a first flow-restricting frame wire extending around the perimeter of the stent frame
at the minimum cross sectional area of the cavity and a second flow-restricting frame wire disposed
around the first flow-restricting frame wire, and wherein the second flow-restricting frame wire

has a shape memory transition temperature greater than the first flow-restricting frame wire.

24. The stent-graft according to claim 16, wherein each respective flow-restricting frame wire
includes a second flow-restricting frame wire disposed around a first flow-restricting frame wire,
and wherein the second flow-restricting frame wire has a shape memory transition temperature

greater than the first flow-restricting frame wire.

25. The stent-graft according to any one of claims 1 to 24, wherein the plurality of frame
wires includes a fixation frame wire at the proximal opening of the stent, the fixation frame wire

configured to fix the stent to an artery wall.
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26. The stent-graft according to any one of claims 1 to 25, wherein the stent frame is
constructed of one or more fabrics selected from the group consisting of polyurethane, polyester,

and polytetrafluoroethylene.

27. The stent-graft according to any one of claims 1 to 26, further comprising a wireless

percutaneous pressure monitor near at least one of the proximal opening or the distal opening.

28. The stent-graft according to claim 27, wherein the wireless percutaneous pressure monitor

is integrated with the stent-graft based on at least one of suturing, magnets, or a mechanical clip.

29. The stent-graft according to any one of claims 1 to 28, further comprising two kidney

graft branches in fluid communication with the cavity.

30. The stent-graft according to claim 29, further comprising at least one secondary graft
branch in fluid communication with the cavity, wherein the at least one secondary graft branch
includes a fluid volume reducing portion that reduces the cross-sectional area of the at least one

secondary graft branch.

31. The stent-graft according to claim 30, wherein the stent-graft is configured such that each
respective kidney graft branch is inserted within a respective renal artery while the at least one

secondary graft branch is inserted within a superior mesenteric artery or a coeliac trunk artery.
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32. The stent-graft according to claim 30, wherein the stent-graft is configured such that the
proximal opening resides in a thoracic aorta while each respective kidney graft branch of the two
kidney graft branches is inserted within a respective renal artery, and wherein the stent-graft further
includes a blocking sleeve configured to block fluid flow from the intercostal artery branches when

the stent-graft is disposed within an aorta of a patient.

33. The stent-graft according to any one of claims 1 to 32, wherein the stent frame is formed

with more than one flow restricting section.

34. The stent-graft according to claim 1, wherein the plurality of frame wires includes
a single frame wire that conforms to the perimeter of the stent frame at the crescent-shaped
minimum cross sectional area, wherein the single frame wire is configured to: (1) maintain the
crescent-shaped minimum cross sectional area of the cavity of the stent frame when fluid below a
threshold pressure flows through the cavity, and (2) deform when fluid meeting the threshold
pressure flows through the cavity, thereby enabling the stent frame to expand at the crescent-

shaped minimum cross sectional area.

35. A stent-graft comprising:

a stent frame forming a cavity, the cavity extending from a proximal opening of the stent
frame to a distal opening of the stent frame, wherein the stent frame is adapted for a fluid to flow
through the cavity from the proximal opening to the distal opening;

a fixation frame wire extending around a perimeter of the stent frame at the proximal

opening;
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a seal frame wire extending around the perimeter of the stent frame; and

a flow-restricting frame wire extending around the perimeter of the stent frame at the distal
opening,

wherein the stent frame is formed such that a cross sectional area of the cavity decreases
from the proximal opening to a crescent-shaped minimum cross sectional area of the cavity at the

distal opening.

36. The stent-graft of claim 35, wherein the flow-restricting frame wire prevents fluid below

a threshold fluid pressure from flowing through the distal opening.

37. The stent-graft of claim 35, wherein the flow-restricting frame wire is configured to

prevent any fluid from flowing through the distal opening that is below a threshold fluid pressure.

38. The stent-graft of any one of claims 35 to 37, wherein the stent frame is formed such that

the crescent-shaped minimum cross sectional area includes curled portions.

39. The stent-graft of any one of claims 35 to 38, wherein the stent frame has a length such
that when placed within a patient’s urethra, the proximal opening and the distal opening are

between a bladder neck sphincter and a secondary sphincter.

40. The stent-graft of any one of claims 35 to 38, wherein the stent frame has a length such

that when placed within a patient’s urethra, the fixation frame wire and the seal frame wire are
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between a bladder neck sphincter and a secondary sphincter, and the flow-restricting frame wire

is between the secondary sphincter and a urethral opening.

41. The stent-graft according to any one of claims 35 to 40, wherein the flow-restricting

frame wire is constructed from a shape-memory material comprising nitinol.
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