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COVERED FLOW MODIFYING APPARATUS

CLAIM OF PRIORITY
[0001]  This patent application claims the benefit of priority of U.S. Provisional Patent
Application Serial Number 62/795,836 filed on January 23, 2019 (Attorney Docket No.
5130.020PRV), and U.S. Provisional Patent Application Serial Number 62/868,356 filed on
June 28, 2019 (Attorney Docket No. 5130.020PV2); each of which is hereby incorporated by

reference herein in its entirety

CROSS-REFERENCE TO RELATED PATENT DOCUMENTS
[0002] The present application is related to US Patent No. 9,364,354; the entire contents

of which are incorporated herein by reference.

BACKGROUND
[0003]  Occlusion and/or narrowing of coronary arteries can result in chronic pain known
as angina. While not life threatening, angina can result in a modified quality of life. Various
treatments exist to address angina such as medications, stent implantation, balloon
angioplasty, coronary artery bypass grafting (CABG). Angina pectoris, refractory to medical
and interventional therapies, is a common and disabling medical condition, and a major
public health problem that affects millions of patients worldwide. It is common not only in
patients who are not good candidates for revascularization, but also in patients following
successful revascularization. The prevalence of angina is as high as 25% after 1 year, and up
to 45% after 3 years following revascularization. Various treatments for angina are currently
available. Each treatment is promising but may be limited to certain indications for use and

thus new treatments are desirable.

BRIEF DESCRIPTION OF THE DRAWINGS
[0004] In the drawings, which are not necessarily drawn to scale, like numerals may
describe similar components in different views. Like numerals having different letter suffixes
may represent different instances of similar components. The drawings illustrate generally,
by way of example, but not by way of limitation, various examples discussed in the present

document.
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[0005] FIG. 1is a schematic showing a flow modifying implant implanted in a coronary
sinus vein.

[0006] FIG. 2is a schematic side view of a flow modifying implant.

[0007] FIGS. 3A-3B illustrate an example of a flow modifying implant.

[0008] FIG. 3C is an isometric view of the flow modifying implant of FIG. 3A mounted
on a delivery catheter.

[0009] FIGS. 4A-4B illustrate plan layouts of a slit-type flow modifying implant.

[0010] FIGS. 4C-4D are a plan layout and isometric view, respectively, of a slit-type flow
modifying implant with a smooth rim.

[0011] FIG. 5is a vascular path to a coronary sinus.

[0012] FIG. 61is an isometric view of a dual layer flow modifying implant.

[0013] FIGS. 7A-7G are examples of flow modifying implants.

[0014] FIGS. 8A-8B are an isometric view and detail, respectively, of a ringed mesh-type
flow modifying implant.

[0015]  FIG. 9is an isometric view of a partially covered mesh type flow modifying
implant.

[0016] FIG. 10 illustrates an example of a flow and modifying implant.

[0017] FIGS. 11A1-11A3 illustrate examples of flow modifying implants.

[0018] FIGS. 11B1-11B3 illustrate a delivery system and delivery sequence for a flow
modifying apparatus.

[0019] FIG. 11C illustrates an example of a flow modifying implant.

[0020] FIG. 11D illustrates a flow modifying implant deployed in a blood vessel.

[0021]  FIG. 12 illustrates an example of a flow modifying implant.

[0022] FIGS. 13A-13B illustrate basic human heart anatomy.

[0023] FIGS. 14A-14C illustrate an example of a method of delivering a flow modifying
device to a treatment site.

[0024]  FIGS. 15A-15F illustrate examples of a flow modifying implant with a cover on

various portions of the implant.

DETAILED DESCRIPTION
[0025] In the drawings, which are not necessarily drawn to scale, like numerals may
describe similar components in different views. Like numerals having different letter suffixes

may represent different instances of similar components. The drawings illustrate generally,



CA 03127324 2021-07-20

WO 2020/154517 PCT/US2020/014816

by way of example, but not by way of limitation, various examples discussed in the present
document.
[0026] FIG. 1 is a schematic showing a flow modifying implant 100 installed in a
coronary sinus vein 102. Coronary sinus 102 drains a plurality of cardiac veins 106 into a
right atrium 104. The cardiac circulation is generally hierarchical and comprises stages of
reducing (or increasing) diameter vessels. Thus, veins 106, in turn, drain a plurality of thin
venules 108, which, after a few stages, drain a plurality of capillaries 110. Capillaries 110 are
fed by a plurality of arterioles 112, which, after a few stages, are fed by a plurality of
coronary arteries 114 and 120. A stenosis 116 is shown in a coronary artery 114. While the
cardiac circulation is generally hierarchical, some connection exists between different
branches. Occasionally, the existence of stenosis 116 will cause a collateral connection 118 to
spontaneously form (or widen an existing connection) between coronaries 114 and 120,
bypassing stenosis 116.
[0027] In some cases, however, this spontaneous formation does not occur. In any
example, a flow modifying implant 100 is placed in coronary sinus 102 and has a narrowing
significant enough to encourage the formation of collateral connection 118. Without being
bound by any theory it is hypothesized that collateral connection 118 is caused by an increase
in venous blood pressure, which, in turn, increases the pressure in the capillaries and/or
causes retrograde flow in the capillaries and/or causes drainage of the capillaries directly into
the heart. However, even if this hypothesis is incorrect, several studies that included
numerous experiments and actual procedures have shown that constriction of the coronary
sinus 102 will generally cause the formation of collateral circulation and/or otherwise
improve the condition of patients with blocked coronary arteries. Alternative or additional
hypotheses that are optionally used to select the constrictive effect of flow modifying implant
100 include:

(a) Flow modifying implant 100 increases the pressure upstream of the implant in the
coronary capillaries, thus increasing perfusion duration.

(b) An increase in resistance of the venous system causes redistribution of blood flow
in coronary arteries.

(c) An increase in resistance of venous system increases intra-myocardial perfusion
pressure and/or intra-myocardial pressure.

(d) Increasing the arterial diastolic pressure (by restricting venous drainage) causes

the arterial auto-regulation to start working again, for example, such an auto regulation as
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described in Braunwald "Heart Disease: A Textbook of Cardiovascular Medicine, 5th
Edition, 1997, W B. Saunders Company, Chapter 36, pages 1168-1169.

[0028] It should be noted that the selection of flow modifying implant 100 may be made to
achieve one or more of the above suggested effects, optionally to a desired degree and/or
accounting for safety issues, such as allowing some drainage and maximum pressure allowed
by the coronary venous drainage system.

[0029] FIG. 2is a schematic side view of flow modifying implant 100, which may be used
in any example herein. Flow modifying implant 100 comprises a narrowed section 204 and at
least one flared section 200 (and optionally the opposite end 202 is also flared) leading into
narrowed section 204. Section 200 (and optionally 202) includes sections 210 and 206 that
are inclined relative to the wall of coronary sinus 102 and sections 212 and 208 that are
substantially parallel to the vessel wall.

[0030] In the example and measurements shown or any example herein, flow modifying
implant 100 is radially expandable and may foreshorten somewhat during expansion: the
implant may have a length of 20 mm before expansion and about 18.8 mm after expansion.
Optionally in any example, a non-shortening design may be is used, for example a mesh as in
peristaltic stents, such as described in U.S. Pat. No. 5,662,713, the disclosure of which is
incorporated herein by reference. An example of material thickness that may be used is 0.15
mm, however, thinner or thicker materials may be used. Other examples of implant lengths
are 5 mm, 12 mm, 24 mm, 35 mm 45 mm and any smaller, intermediate or larger size may be
used. The length is optionally selected to match a physiological size of the target vein (e.g.,
length and curves) and/or to ensure good contact with vein walls. The length of narrowed
section 204 may be, for example, 0.5 mm, 1 mm, 2 mm, 3 mm, 5 mm or any smaller,
intermediate or larger length may be used to achieve desired flow dynamics. An example
inner diameter of the flared sections is between 2 mm and 30 mm, for example, 5 mm, 10
mm, 15 mm, 20 mm or any larger, smaller or intermediate diameter may be used in any
example, to match the vein or vessel diameter. The inner diameter of the narrowed section
may be, for example, ] mm, 2 mm, 3 mm, 5 mm, 10 mm or any smaller, larger or
intermediate diameter may be used in any example to achieve desired flow dynamics and/or a
desired pressure differential across the flow modifying implant.

[0031] In any example of a flow modifying implant, the ratio between the cross-section of
narrowed section 204 and the flares of flow modifying implant 100 may be 0.9, 0.8,
0.6,0.4,0.2 or any larger, smaller or intermediate ratio may be used to achieve desired flow

dynamics and/or a desired pressure differential across the flow modifying implant.
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[0032] While a circular cross-section is shown, any other cross-section may be used, for
example, polygonal, oval, and ellipsoid. A potential advantage of non-circular cross-sections
is that the implant is less likely to migrate axially and/or rotate. Alternatively, or additionally
in any example, the outside of the flow modifying implant is roughened and/or otherwise
adapted to adhere to the vein wall. The cross-section shape and/or orientation in any example
may optionally change along the length of flow modifying implant 100.

[0033] FIG. 3Ais a flat layout of a cut pattern of a slit-type flow modifying implant and
FIG. 3B is a detail of FIG. 3A. In this plan layout, the ends of sections 200 and 202 are
caused to be parallel to the vessel wall when flow modifying implant 100 is expanded.
[0034] In any example, the outside flare of flow modifying implant 100 is defined by
sections 340 and 342, shown in FIG. 3B. Optionally, in any example the total length of these
sections defines the maximum flare length. Alternatively, or additionally in any example, the
bending areas in and between these sections define the relative force required to expand the
flare region relative to the area near the rim. If the rim region is more difficult to expand
and/or is expanded less than the adjacent regions, the expansion of flow modifying implant
100 will tend to cause the rim to be bent in, or at least not flare out. Alternatively, in a self-
expanding flow modifying implant, the existence of sections 340 and 342 can be used to
determine the final shape of the flare. Optionally in any example, additional sections 346 are
provided around the circumference of flow modifying implant 100, which define outer slits in
flow modifying implant 100, which outer slits may have a maximum expansion that is the
same or smaller than nearby (axially inwards) slits. This design can also be used to control
the shape of the flare.

[0035] The implant may be cut from hypodermic needle tubing with a laser or by
electrical discharge machining so as to have a plurality of elongate axial oriented slots that
are substantially parallel to the longitudinal axis of the device. Each slot is defined by a
plurality of struts which are axially oriented struts and are connected together with a
circumferentially oriented connector element thereby forming a series of rectangular slots in
the collapsed configuration. The slots may exist on either side of the flat layout of the cut
pattern 100, and an intermediate portion 204 with or without slots. The opposite ends of the
device may have smooth edges formed from a connector element that joins the elongate
struts. The connector element may have an arcuate region forming an enlarged head region at
the end. When a radial force such as from a balloon is applied to the inner diameter of the
device, the device expands radially outward into an expanded configuration forming the

flares.
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[0036] In any example of the flow modifying implant, the implant may be characterized
by this maximum diameter, which may be used, for example, for selecting a particular flow
modifying implant to match a patient. Optionally in any example of the implant, during
expansion, the balloon is aligned with flow modifying implant 100 so that it only contacts the
flare region or only contacts the non-flare regions of flow modifying implant 100.

[0037] FIG. 3C is an isometric view of flow modifying implant 100 (FIG. 3A), mounted
on a balloon catheter delivery system 302, in accordance with an example of the invention.
[0038] In any example of the implant, flow modifying implant 100 is formed by cutting
out of a sheet of metal or a tube, for example, using laser, water cutting, chemical erosion or
metal stamping (e.g., with the result being welded to form a tube). Alternatively, flow
modifying implant 100 is woven (e.g. of metal or plastic fiber), for example, using methods
as well known in the art. Optionally in any example, narrowed section 204 is made using a
different method from flared sections 200 and 202, for example, the flared sections being
woven, and the narrowed section being cut from sheet metal. In any example, the flow
modifying implant may include a constraining ring that prevents the expansion of narrowed
section 204. Optionally in any example, the restraining ring is plastically expandable,
possibly under a higher pressure than the rest of flow modifying implant 100, which may be
plastically deformable or self-expanding. Alternatively, or additionally in any example, the
restraining ring is selected to set the desired degree of narrowing, and then mounted on a flow
modifying implant, a stent or a stent graft, for implantation. In a sleeve flow modifying
implant (FIG. 7G) a similar effect may be achieved by suturing the stent graft.

[0039] Upon delivering of the implant to a target treatment site, a standard balloon
catheter with a single expansion area, for example the Fox Catheter™ by Jomed, Inc., may be
used to encourage the implant to attain its contoured shape. As the balloon presses against
lumen of the implant, the narrowed section is prevented from expanding while flared sections
200 and 202 expand under pressure. Various methods for preventing the narrow section from
expanding are described below, for example, providing different mechanical properties,
different designs or additional elements at the narrowed sections relative to the non-narrowed
sections.

[0040] In any example of the implant, flow modifying implant 100 may be cut out of a
sheet and then spirally twisted around a mandrel to form the shape of flow modifying implant
100. Alternatively, flow modifying implant 100 is cut out of a tube, with the flared parts
being spiral cuts and the narrowing part being a ring cut. Alternatively, flow modifying

implant 100 is formed as a coil spring, with axially varying relaxation positions.
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[0041] In any example of the implant, flow modifying implant 100 may be adapted for use
in a coronary sinus or other coronary vein or other veins having non-muscular walls. Veins
are typified by having a low degree of elasticity and being relatively sensitive to tears (as
compared to arteries). In any example, the edges of flow modifying implant 100 are curved
inwards or curled, for example as shown by reference 130 in FIG. 1. Alternatively, or
additionally in any example in any example, the edges are folded back and/or smoothed to
remove sharp edges. Alternatively, the parallel sections 208 and 212 (FIG. 2) are made long
enough to support flow modifying implant 100 without harming coronary sinus 102.
Alternatively, or additionally in any example, flow modifying implant 100 or at least a larger
diameter portion thereof, is made soft enough and/or with a low spring constant, to prevent
flow modifying implant 100 from applying too much pressure on the coronary flow
modifying implant wall. Alternatively, or additionally in any example, the flares of flow
modifying implant 100 are coated with a biologically inert flexible coating, for example, a
soft silicone elastomer or another soft plastic or rubber material such as Latex, Teflon and/or
polyurethane (for example Angioflex, a biologically inert polyurethane plastic).

[0042] FIGS. 4A-4B are plan layouts of slit-type flow modifying implant 100. In FIG. 4B,
rim 402 is defined by sections 440 and 446. As shown, these sections are designed to provide
a relatively smooth rim, possibly with small amounts of distortion (so rim 402 remains
smooth) where the sections connect to sections 442 and 444. Together, sections 442, 444 and
446 define outer slits for rim 402. The structure of the implant such as the struts, slots, and
connector elements generally take the same form as previously described in FIG. 3A-3C.
Optionally or additionally, in any example, there may be a connector 446 which may be in a
“V” shape in a collapsed configuration. When expanded, the “V” shape may become a linear
and circumferentially oriented strut that defines the rim as best seen in FIG. 4C.

[0043] Patients that are candidates for an angiogenesis-promoting procedure may have
significant vascular compromise of the coronary circulation with constriction and/or lack of
flow in one or more coronary arteries that supply blood to the coronary tissue. An invasive
surgical procedure, even to percutaneously introduce and/or position a reducing implant 100
into the coronary sinus, may trigger a cardiovascular accident with untoward sequella. Hence,
averting and/or limiting the amount of time that the vasculature is invaded, for example,
during use of a balloon catheter is desirable in some individuals.

[0044] FIGS. 4C-4D are a plan layout and isometric view, respectively of a slit-type flow

modifying implant 1100 with a smooth rim.
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[0045] In any example, slit-type flow-modifying implant 1100 comprises shape memory
materials (e.g. Nitinol) that automatically achieve a final configuration state upon exiting, for
example, a delivery catheter or sheath, thereby averting the use of a balloon catheter for
initial deployment and implantation of slit-type flow-modifying implant 1100. Alternatively,
a balloon expandable material, for example one that plastically deforms by expansion, may
be used.

[0046] In any example, slit-type coronary flow-modifying implant 1100, shown in a plan
view in FIG. 4C, contains preformed slits 1102. Slits 1102 (and optionally a set of slits 1104
in a second or further row) define a row 1122 (and a row 1124) along an outer edge 1132 of
slit-type flow modifying implant 1100 that, in the unexpanded state comprise at least one
edge 1132 that has a scalloped configuration. Upon expansion, for example shown in FIG.
4D, edge 1132 becomes smooth and linear while slits 1102 assume a rectangular appearance,
with edge 1132 transverse to a slit 1126, for example. In any example of the invention, the
slits of the rim are wider than the slits of the rest of implant 1100, thereby affecting its final
expanded configuration.

[0047] In any example, slit-type coronary flow-modifying implant 1100 is transferred to
its deployment site in the coronary sinus using a guide sheath without accompaniment by a
balloon catheter. As slit-type coronary flow-modifying implant 1100 reaches its destination
and exits its guide sheath, coronary flow-modifying implant 1100 automatically expands into
its final shape, shown in FIG. 4D. In this manner, slit-type coronary flow-modifying implant
1100 does not require manipulation and/or expansion using, for example, a balloon catheter.
[0048]  Alternatively, or additionally in any example, a balloon catheter may be used to
facilitate expansion of slit-type flow-modifying implant 1100, for example, when it is made
of materials that do not automatically attain a memorized shape. In any example, rows of slits
1122 and/or 1124 have lengths and/or orientations that promote flow-modifying implant 1100
to form into a final shape under pressure of a balloon catheter, therefore, installing with a
minimal amount of time and/or stress to the surrounding tissue.

[0049] In any example, the implant may have an hourglass shaped body where there are
enlarged opposite ends and a constricted intermediate section. The enlarged ends may include
a flared section and a rim section. The flared section may be a monotonically increasing
flared section and a constant diameter rim section. The intermediate section may be
substantially cylindrical. In the flared section, there are a plurality of elongate axially oriented
slots which are generally parallel to the longitudinal axis of the device. Each slot is

surrounded by several struts including a plurality of axially oriented struts, substantially
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parallel to the longitudinal axis and connected together with one or more circumferentially
oriented connector elements thereby defining a rectangular slot. In the rim section, there are a
plurality of elongate circumferentially oriented slots which are generally transverse to the
longitudinal axis of the device. For example, the circumferentially oriented slots may be
perpendicular to the longitudinal axis of the device. Each slot is surrounded by several struts
including a plurality of circumferentially oriented struts, substantially transverse to the
longitudinal axis and connected together with one or more connector element that is axially
oriented and substantially parallel to the longitudinal axis of the device, thereby defining a
rectangular slot. In the intermediate section, there are a plurality of elongate axially oriented
slots which are generally parallel to the longitudinal axis of the device. Each slot is
surrounded by several struts including a plurality of axially oriented struts, substantially
parallel to the longitudinal axis and connected together with one or more circumferentially
oriented connector elements thereby defining a rectangular slot. The struts in the intermediate
region may be wider than the struts in either the flared region, or the rim region, or both, in
order to create a more rigid region that does not radially expand as much as the flared region.
Similarly, the length of the struts may be longer, or shorter, or adjusted to the struts in the
flared region to control radial expansion. Optionally or additionally, in the flared region, the
slots may be of a plurality of sizes with varying lengths and widths and therefore the slots
may be the same or different.

[0050] In any example, slit-type coronary flow-modifying implant 1100 is designed to
alter its shape in response to manipulation and/or expansion following installation. In any
example, slits 1138 expand so that a narrow passage 1168 automatically attains a first
diameter during installation. In any example, following installation of slit-type coronary
flow-modifying implant 1100, a balloon catheter is introduced into narrow passage 1168 and
inflated to press radially outward on narrow passage 1168. In any example, a pressure of
between 7 and 8 atmospheres, or less than 7 or greater than 8 atmospheres, depending on the
stiffness of the component materials, causes expansion slits 1138 to expand to a larger cross
section. This causes narrow section 1168 to have a larger diameter than it had immediately
following installation.

[0051] While not shown, some of the slits, for example slits 1138 may be oblique relative
to the longitudinal axis of the implant, thus possibly requiring a different degree of force to
expand and/or providing a twisting of the deployed implant. Providing opposing oblique slits
may be used in any example to control foreshortening of the implant. Oblique slits may be

used to bias the implant to foreshorten on expansion.
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[0052] In any example, when flow-modifying implant 1100 is installed, little or no blood
migrates through the walls of narrow passage 1168 and/or a flare 1160 to contact the walls of
the coronary sinus. This may be achieved by a narrow configuration of the slits.
Alternatively, or additionally, the length of the slits decreases near narrowing 1168.

[0053] In any example discussed herein, narrowing 1168 remains unexpanded or only
partially expanded while one or more flares 1160 on either end may be expanded into
engagement with the vessel walls to anchor the device. A typical coronary sinus may be 4
mm to 16 mm in diameter, therefore the flared ends of the implant may be expanded
approximately 4mm to 16mm in diameter, although this is not intended to be limiting. The
flared ends may be expanded to any size to engage and anchor the implant into the treatment
area tissue. Similarly, the narrowing 1168 may have a diameter approximately 2mm-4mm in
diameter in order to provide desired flow characteristics, although this is not intended to be
limiting. Therefore, upon expansion, the narrowing 1168 may have a diameter 10%-50%, or
15%-45%, or 20%-40%, or 25%-35% of the flare diameter, although this is not intended to be
limiting. In any example the narrow section maybe 15%, 20%, 25%, 30%, 35%, 40%, or
45% of the flared diameter, although this is not intended to be limiting.

[0054] In any example, to achieve limitation and/or cessation of blood flow through the
implant walls, the slits (e.g., not only slits 1102 and 1104 at the rim) are increased in number,
while their width is modified. The viscosity of the blood impedes its flow through the
decreased width of the slits while the increased number of slits may foster expansion of
implant 1100. This may result in a net reduction in blood flow through the implant walls.
[0055]  Alternatively, or additionally in any example, the slit width may be used to help
define the device geometry. For example, slits (actually spaces) 1104 are wider than the other
slits. If slits 1104 are made wider than slits 1102, a curved in rim may result.

[0056] Also shown is an optional design in which slits are arranged in alternating rows of
long and short slits. Alternatively, or additionally in any example and as shown, the size
and/or density of slits is larger near the rims than near the center of implant 1100.
Alternatively, or additionally in any example and as shown, the length of the slits increases as
a function of the distance from narrowing 1168.

[0057]  As shown in FIG. 4D, the material of implant 1168 is distorted by the expansion.
Alternatively, or additionally in any example, the slits are distorted and the material is
distorted to conform to these distortions. For example, the short axial slit nearest the rim

achieves a trapezoid rather than rectangular shape. In general, the expanded configurations
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are idealized, with an actual expanded shape possibly including step-like distortions caused
by the discrete pattern of the slits in the implant.

[0058] FIG. 5 shows a vascular path to coronary sinus 102, which may be used with any
example of flow modifying implant. The flow modifying implant 100 may be implanted
using a trans-vascular approach, for example, from the venous system or by crossing through
an intra-chamber wall in the heart. In any example of the method, the delivery system is
inserted through a jugular vein 510 or a subclavian vein 512 to a right atrium 506 of a heart
500 via a superior vena cava 508 and/or a femoral vein 502, via an inferior vena cava 504.
Once in right atrium 506, the delivery system is guided (e.g., through a sharp bend) to an
opening 514 into coronary sinus 102. In some patients, a valve exists at the entrance to
coronary sinus 102.

[0059] FIG. 61is an isometric view of a dual layer flow-modifying implant 1400 In this
example, dual layer flow-modifying implant 1400 comprises a first flared section 1450 and/or
a second flared section 1460. For purposes of clarity, the components of flare 1460, alone,
will be focused on, though similar features can be applied to flared section 1450.

[0060] In any example, dual layer flow-modifying implant 1400 comprises a flared section
1460 comprising an external cone 1420 and an internal cone 1410. For example, the dual
layer flow-modifying implant may be formed by disposing any of the flow modifying
implants disclosed herein inside a second flow modifying implant which may be any
examples disclosed herein. Internal cone 1420, for example, comprises slits 1422 and 1426
and external cone 1410 comprises slits 1412 and 1416 so that cones 1410 and 1420 can be
delivered to an implantation site in a non-expanded state and expanded at the implantation
site. The flared portion of any example disclosed herein may be linear and monotonically
increasing with or without a flat linear plateau section, or it may be a curved flare with a
linear plateau section. The struts, slots, and cross sections generally take the same form as in
FIG. 4D.

[0061]  Further expansion of cone 1410 and/or 1420 may be desirable and can be
incorporated into their respective designs so that cone 1410 and/or 1420 expand to a first
diameter when pressed radially outward by a balloon catheter at a first expansion pressure.
Cone 1410 and/or 1420 can then expand to a second, greater, diameter when pressed radially
outward by a balloon catheter at a second, greater, expansion pressure.

[0062] In any example, when slits 1422 and 1426 are aligned circumferentially with slits
1412 and 1416 respectively, blood flows in a direction 1454 (e.g., in a space 132 shown in
FIG. 1) and through slits 1432 and 1436. With alignment of slits 1412 with 1422 and/or slits
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1416 with 1426, flow-modifying implant 1400 may be implanted into a vessel with a
relatively slow flow speed and/or low pressure. For example, with implantation in the
coronary sinus narrow area 1440 may fill with tissue (e.g. endothelialization) that aids in
anchoring implant 1400 without risk of an embolism.

[0063] Alternatively, or additionally, as there is limited or cessation of flow into space 132
(best seen in FIG. 1), a clot may form in area 1440 and stabilizes in its position. Stabilized
clot in area 1440 becomes incorporated into the surrounding tissue and against dual cone
flow-modifying implant 1400 so that it is further stabilized in its position.

[0064] In any example, slits 1422 and 1426 can be rotated, prior to implantation, in
relation to slits 1412 and 1416 so that blood flow in direction 1451 is substantially stopped to
various degrees. With misalignment of slits 1422 and 1426, reducing implant 1400 may be
implanted into a vessel with a relatively higher flow speed and/or higher pressure, for
example a main trunk of an artery thereby protecting the patient against the dangers of
embolism migration.

[0065] In any of the examples described herein, the flow modifying implant has flared
ends with a larger cross-sectional area than the intermediate portion. Due to continuity of
flow, the flow rate must be the same across the entirety of the flow modifying implant
discussed herein. Therefore, due to the smaller cross-sectional area of the intermediate
portion, there is a higher fluid velocity and a lower pressure in the intermediate portion
thereby resulting in a lower velocity and higher pressure in the inflow and outflow regions of
the flared ends.

[0066] The alignment of slits 1422 and 1426 is optionally set prior to implantation in a
blood vessel in relation to slits 1412 and 1416, in order to establish a pre-defined blood flow
pattern, and the two layers expanded or allowed to expand, together. To ensure that cones
1410 and 1420 remain fixed in position in relation to each other, cones 1410 and/or 1420
have, for example, may include in any example a friction surface interface and/or
interdigitation. Alternatively, or additionally in any example, the two layers may be deployed
in different ways, for example, the inner layer may be plastically deployed and the outer layer
self-deployed. Possibly, the profile of the two layers does not match along its entire length.
Alternatively, or additionally in any example, the outer layer is plastically deformed by a self-
deploying inner layer (which self-deployment may also provide the friction for locking).
Alternatively, or additionally in any example, cone 1420 may be rotated, for example using a

suitable internal engaging catheter, after implantation.
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[0067] The flared sections 1450 and 1460 may be symmetric or they need not be
symmetric. For example, the implant may also select between flow blockage at one section,
the other and optionally both. Flow only into space 132, may assist in clot formation. Flow
only out of space 132 may assist in collapsing a surrounding blood vessel.

[0068] FIGS. 7A-7G illustrate various flow-modifying implant variations. While a
sigmoid-like flare is shown, a linear or other flared design may also be provided.

[0069] FIG. 7A is a flow-modifying implant 900 with having a narrowed section 902 and
a single flared section 904. Narrowed section 902 may point upstream or downstream. One
potential advantage of this design is that the delivery system is less likely to get caught inside
narrowed section 902. Another potential advantage is that a completely obstructing implant
can be provided. In any example however, even such a completely obstructing implant has
smooth sides, to prevent damage to the coronary sinus. Possibly, the outer diameter of the
completely obstructing implant or a nearly complete flow-modifying implant is increased
beyond that of the coronary sinus, to prevent dislodgment of the implant. Alternatively, or
additionally in any example, one or more barbs (not illustrated) on the outside of the implant
may be provided. Optionally, a cone shaped flow-modifying implant is provided with one or
more openings for blood flow on the face of the cone, rather than at its apex as shown. For
example, there may be one or more apertures on the side wall of the device.

[0070]  Alternately to a plain flow-modifying implant, the narrowing may be a valve, for
example, a valve that opens, to a full or partial diameter, after a suitable pressure is achieved
in the coronary sinus distal from the right atrium. For example, a leaflet valve or other type of
vascular valve as known in the heart may be provided.

[0071] FIG. 7B shows an alternative flow-modifying implant 910; with two narrowed
sections 912 and 916 sandwiching a flared section 914 between them. Optionally, the
different narrowed sections have a different inner diameter so one may be larger than the
other. Optionally, the narrowed sections are selectively expanded using a balloon to achieve a
desired pressure profile.

[0072] FIG. 7C is an alternative flow-modifying implant 920 with three narrowed sections
922, 926 and 929 and two flared sections 924 and 928 between the narrowed sections.

[0073]  Certain blood vessels may exhibit a taper along their length, for example forming
an angle 1310, shown in FIG. 7D. Vessels that change in size along their length may occur,
for example, in the coronary sinus as it joins into the right atrium. In a tapered blood vessel, it
may be desirable to utilize a tapered-type flow-modifying implant 930 (FIG. 7E), seen in

detail in FIG. 7D, in accordance with examples of the implant.
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[0074] FIG. 7D is an isometric view of an example of a tapered flow-modifying implant
1300, (with a similar configuration to implant 930). Tapered flow-modifying implant
comprises a smaller flared section 1330, a narrowed section 1340 and larger flared section
1320. The size of smaller flared section 1330, for example, is governed one or more slits
1342 that are transverse to the axis of narrowed section 1340 and one or more slits 1346 that
are substantially parallel to the longitudinal axis.

[0075] The size of larger section 1320 is governed, for example, by two or more slits 1322
that are transverse to the axis of narrowed section 1340 and/or two or more slits 1320 that are
substantially parallel to the longitudinal axis.

[0076] Optionally, slits 1342, 1346, 1322 and/or 1326, may be varied in size and/or
geometrical configuration to govern the shape of flared sections 1320 and/or 1330.
Alternatively, or additionally in any example, slits 1342, 1346, 1322 and/or 1326 may be
have various arrangements to provide different contours to flared sections 1320 and/or 1330
and/or narrowed section 1340.

[0077]  While openings 1330 and 1320 are shown as being round, they may have a variety
of configurations to conform to different vessel configurations as noted above. Further, the
ratio between opening 1330 and 1320 may be varied to conform to any vessel diameter where
flow modifying implant 1300 is implanted. As in other figures, the material of the implant is
shown distorted, while in some examples, it may be the slits, possibly in addition to the
material, which is distorted.

[0078] FIG. 7E is a tapered flow-modifying implant 930 in which one flared section 932
has a smaller diameter than a second flared section 936, but larger than an intermediate
narrowed section 934.

[0079] In FIG. 7F is a flow-modifying implant 940 that is not axially and/or rotationally
symmetric around its axis. In any example, a first flared section 946 is distorted relative to an
axis defined by a second flared section 942 and a narrowed section 944.

[0080] Optionally, flow-modifying implant 940 is curved. Here, asymmetric or curved
flow-modifying implants include special markings, for example, radio-opaque or radio-
transparent areas, to assist correct orientation of flow-modifying implant 940 in a blood
vessel.

[0081] FIG. 7Gis a flow-modifying implant 950, in which a narrowed section 954 is a
sleeve 954. Sleeve 954, for example, is formed of a flexible graft material. Such as DACRON
or GORTEX. Flow-modifying implant 950 further comprises at least one of two outer rings
952 and 956 that serve to anchor flow-modifying implant 950 in the blood vessel. A potential
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advantage of using a sleeve is that it can bend to conform to the vein geometry and/or
dynamics. Other flow-modifying implant designs can also bend. Optionally, the graft material
is elastic, so it can serve as a pressure limiting valve, to better control coronary sinus
pressure. Optionally, a constraining ring is provided on the outside of section 954, to restrict
the lumen of flow-modifying implant 950. Optionally, the ring is placed on flow-modifying
implant 950 during the procedure, to achieve a desired narrowing effect. Alternatively, or
additionally in any example, the ring is expandable, for example using a balloon, to allow
controlling the narrowed section of flow-modifying implant 950. Optionally, the ring is
sutured to narrowed section 954. Optionally, section 954 is stiffened, for example, using a
wire, as known in the art of stent-grafts. The flow modifying implant may be any of the
implants disclosed herein with a cover disposed thereover. In any example, the cover may be
porous, semi-porous, or NON-porous.

[0082] In any example, flow-modifying implant 100 is provided in kit form, possibly with
a delivery system, a flow-modifying implant diameter control system, additional flow-
modifying implants, external bands and/or other means for reducing its inner diameter and
including instructions for use and/or size markings. Optionally, flow-modifying implant 940
is provided inserted into a delivery system or packaged with a delivery system.

[0083] As noted above, in any example, the flow modifying implant may be constrained
by providing a band on the outside of the implant.

[0084] FIGS. 8A-8B are an isometric view and detail, respectively, of a ringed mesh-type
flow modifying implant example. In any example, mesh-type flow modifying implant 1500
(FIG. 8A) comprises a flare shoulder 1502 and/or a flare shoulder 1504 that are relatively
long in length, for example, to increase the area of contact between flow-modifying implant
1500 and surrounding vessel walls. Alternatively, or additionally in any example, tissue may
grow through the mesh of flare shoulders 1502 and/or 1504, providing good anchorage of
mesh-type flow-modifying implant 1500. Optionally, mesh-type flow-modifying implant
1500 comprises and/or is coated with materials that promote tissue ingrowth. A rim 1620,
which may be, for example jagged (e.g. scalloped edge) or smooth is also optionally provided
on each shoulder.

[0085]  Optionally, the initial shape of mesh-type flow-modifying implant 1500 is
governed by one or more bands 1522 and/or 1524 that constrict an area 1528 of mesh-type
flow-modifying implant 1500. In any example, the surrounding tissue collapses onto mesh-

type flow-modifying implant 1500 to modify blood flow through the walls of constriction
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area 1528. While two bands 1522 and 1524 are shown, a single band, for example band 1522
alone, may be used to create constriction area 1528.

[0086] In any example, an operator manually tying their ends together, prior to
implantation, adjusts the rings formed by band 1522 and/or 1524 in circumference, for
example. Adjustment of band 1522 and/or 1524 prior to implantation allows the operator to
establish constriction area 1528 with a specific size to modify blood flow and thereby
promote angiogenesis or otherwise redirect blood flow. Alternatively, or additionally in any
example, a balloon catheter, for example, is expanded in area 1562 to cause expansion of
bands 1522 and/or 1524, thereby expanding area 1562 to increase blood flow there through.
In this fashion, blood modification through flow-modifying implant 1500 can be regulated
prior to placement and/or following placement of flow-modifying implant 1500 in a blood
vessel.

[0087] In any example, band 1524 may be fragile and rips when a large expansion force is
placed against it. To adjust the diameter of area 1528 following implantation, a balloon
catheter is positioned inside area 1562 and expanded until the pressure exceeds that which is
required to rip band 1524. With band 1524 ripped, the area of mesh area 1562 directly under
it expands so that area 1562 expands in diameter so that it has the diameter of ring 1522.
[0088] Optionally, in any example, band 1524 has a smaller diameter than band 1522,
providing two levels of expansion. For example, so that as a balloon catheter is expanded to a
first diameter, it expands smaller diameter band 1524, increasing the diameter of constriction
area 1528 to a first expanded diameter. Should further increase in flow be desired, a balloon
catheter is expanded to a second diameter and expands larger diameter band 1524 and/or
smaller diameter band 1524, increasing the diameter of constriction area 1528 to a second
expanded diameter.

[0089] Ring 1524 has, for example, a diameter of 6 millimeters while ring 1522 has a
diameter of 8 millimeters so that area 1562 has flow passage of 6 millimeters. By expanding
an expansion balloon inside area 1562 and causing ring 1524 to rip, the area under ring 1524
expands. However, ring 1522, with its diameter of 8 millimeters, maintains its integrity.
Hence area 1562 now has a flow passage of 8 millimeters (less the thickness of the mesh or
other material from which the implant is formed.

[0090] FIG. 8B is a detail of an example of ring 1522 comprising an adjustable band 1540
that forms ring 1522 and is held at a specific diameter by a clasp 1544. Alternatively, or
additionally in any example, adjustable band 1540 is maintained at a specific diameter by a

clasp 1546. In any example, clasps 1544 and/or 1546 hold adjustable band 1540 so that
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during implantation, ring 1522 remains at a specific diameter until, for example, an
expanding balloon catheter is expanded against adjustable band 1540 and the diameter of ring
1522 is expanded. In any example, clips 1544 and 1546 comprise, for example, a nylon
material that holds band 1522 at a specific diameter and allow expansion of the diameter only
under expansion pressure from, for example, a balloon catheter. Optionally, two clasps are
provided, so no part of band 1540 sticks out from the ring. In any example of the invention,
the clasps are “C” shaped and band 1540 optionally include bumps that prevent sliding of the
band through the clasps. Alternatively, or additionally in any example, friction prevents such
sliding.

[0091] In any example, flare shoulders 1504 and/or 1502 are 0.5 centimeters to 1
centimeter in length through they could be less than 0.5 centimeters or greater than 1
centimeter in length, for example, depending upon vessel configuration.

[0092] In any example, mesh-type flow-modifying implant 1500 comprises strands that
form its mesh comprising GORTEX, DACRON and/or steel. Further, the material comprising
the mesh can be configured to be flexible or rigid, depending, for example, on the materials,
its thickness, based upon, for example the flow dynamic dynamics desired.

[0093] FIG. 9is an isometric view of a partially covered mesh type flow modifying
implant 1600. Mesh-type flow modifying implant 1600 comprises a covering 1614 over or
inside narrow section 1624, implanted in a blood vessel 1680, shown in cross section. In any
example, mesh-type flow modifying implant 1600 comprises one or more flare shoulders
1602 that contact blood vessel 1680 to provide anchoring. A rim 1620, which may be, for
example jagged or smooth is also optionally provided on each shoulder.

[0094]  Alternatively, or additionally in any example, mesh-type flow modifying implant
1600 comprises a covering 1614 that restricts blood flow through the wall surface of flow
modifying implant 1600 and/or blood turbulence in an area of constriction 1624, thereby
reducing danger of embolic migration problems.

[0095] In any example, covering 1614 comprises a separate, flexible layer, that is attached
to flow modifying implant 1600 at several points (e.g., at constriction area 1624 and/or flare
shoulders 1602) to prevent tearing when implant 1600 expands. Prior to expansion, for
example, covering 1614 is folded and/or pleated. Alternatively, or additionally in any
example, covering 1614 has a low bulk and, for example, is integrated into flow modifying
implant 1600 structure, for example, so that it substantially spans the open areas of the mesh.
Examples of materials comprising covering 1614, include GORTEX, latex and/or silicone, on

the inside and/or outside of flow modifying implant 1600. Additional details about various
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configurations of the cover that may be applied to any example of a flow modifying implant
disclosed herein are disclosed later in this application.

[0096] FIG. 10 illustrates a flow modifying apparatus 2000 known in the art. It is a
radially expandable implantable device. In some examples the device is formed from a
plurality of connected struts 2040 and 2030. The struts are generally axially oriented and
parallel with the longitudinal axis of the device. When the device is in its radially collapsed
configuration, it has a low profile and may be delivered with a catheter to a target treatment
site. The interconnected struts generally form a plurality of rectangular shaped cells 2040
with a rectangular window passing therethrough. When the device is radially expanded, the
rectangular cells radially expand into diamond shaped cells 2030 at the proximal end 2010
and distal end 2020 of the device. In the middle section 2050 therebetween, the rectangular
cells 2040 may remain substantially rectangular or they may form small diamond shaped
cells depending on how much the middle section expands. The expanded diameter of the
middle section 2050 maybe any diameter but may be between 2 mm and 4 mm in diameter.
Also, in any example, the cells in the proximal 2010 and distal ends 2020 have a length and a
height. The height generally decreases from the proximal 2010 and distal ends 2020 inward
toward the middle section 2050. Additionally, the length of the cells may decrease from the
proximal 2010 and distal ends 2020 inward toward the middle section 2050 due to the
foreshortening of the cells during radial expansion. Thus, the proximal 2010 and distal ends
2020 are generally flared to form trumpet shaped ends and may be monotonically increasing
in diameter from the middle section 2050 outward toward the proximal or distal sections. The
middle section 2050 has a significantly modified diameter relative to the expanded proximal
and distal flared ends. Also, over the entire length of the device, the proximal 2010 or
downstream end may have a larger diameter than that of the distal end 2020 or upstream end
assuming placement in a coronary sinus retrogradely via the right atrium. In another example,
the proximal 2010 or downstream end may have a smaller diameter than that of the distal end
2020 or upstream end, possibly if delivered in an antegrade direction. The larger diameter
proximal end tapers to a modified diameter toward the center region where diameter may be
minimal and then diameter increases toward the smaller diameter distal end. Or, described
another way the diameter tapers down from either end of the apparatus toward the middle
section. The proximal 2010 or distal end 2020 diameters can be either pre-determined sizes or
made to expand to a variable size.

[0097] The flow modifying apparatus may be balloon expandable or it may be self-

expanding. Once deployed in a body lumen, the larger diameter flared ends engage adjacent
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tissue and anchor the device to the vessel wall. The frame may be expanded 10% to 20%, or
10% - 15%, or 15% - 20% larger in size than the vessel diameter to help ensure proper
engagement and embedding within the adjacent tissue. Fluid flows into the device and due to
the smaller diameter middle region, cross sectional area decreases, and flow velocity is
accelerated creating a pressure gradient across the device. Moreover, over time the device
will become endothelialized and tissue will ingrow into or onto the metal struts of the device
thereby further helping to anchor the device as well as to modify flow therethrough and
establishing the pressure gradient across the device. The high back pressure may in fact force
blood flow into other vessels which supply heart muscle which requires more blood supply
thereby helping to alleviate ischemia and angina. Additionally, the pressure gradient creates a
back pressure which also may help new blood vessel formation due to collateral opening,
collateral formation, vasculogenesis and angiogenesis. In any example, the proximal end
2010 of the device which is closer to the right atrium has a larger diameter than the distal end
of the device in order to accommodate the natural tapering of a lumen, such as in a blood
vessel like the coronary sinus. However, one of skill in the art will appreciate that the
proximal end 2010 may have the same diameter as the distal end 2020, or the distal end 2020
may have a larger diameter than the proximal end 2010. Further details about the pressure
and flow modifying apparatus are disclosed in US Patent No. 9,364,354; the entire contents
of which are incorporated herein by reference. Any aspects of the expandable frame in FIG.
10 of the present application may be applied to any example of a flow modifying implant
described herein.

[0098] FIGS. 11A1, 11A2, and 11A3 illustrate several examples of covered flow
modifying apparatuses. The covering allows instantaneous flow modification upon
implantation unlike the uncovered example in FIG. 10 where tissue ingrowth takes time and
therefore full modification of flow is not seen for several weeks until tissue ingrowth occurs.
FIG. 11A1 includes a fully covered flow modifying apparatus. The radially expandable frame
may be the same frame as disclosed in FIG. 10 above, a frame in US 9,364,354 incorporated
by reference, or any other frame disclosed herein or known in the art. In this example, the
cover 2060 may be any material such as a fabric, a synthetic such as PTFE, ePTFE,
DACRON, or any other polymer, or it may be any tissue such as pericardial or other
biological tissue. The cover 2060 may be attached to the frame using sutures, adhesives, or
any other techniques known in the art. The cover 2060 may be disposed on the outer surface

of the frame, on the inner surface, only in the open cell regions, or any combination thereof.
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Having a fully covered device modifies flow immediately upon implantation and may
alleviate angina right away.

[0099] The middle example seen in FIG. 11A2 illustrates a partially covered flow
modifying apparatus. In this example, the middle section 2095 of the flow modifying
apparatus remains uncovered while the flared ends have a proximal cover 2065 and a distal
cover 2070. The ends of the frame in the flared regions may be fully covered or they remain
partially uncovered as illustrated. An end of the proximal flared end may be uncovered 2090,
or an end of the distal flared end may be uncovered 2080. This may have clinical advantages
because the pressure gradient across the device will occur immediately after implantation,
and so will be the anti-anginal and anti-ischemic effect which will start immediately after
implantation of the device. In some instances, leaving the flared ends at least partially
uncovered may be advantageous since having the bare metal struts of the device which are in
direct contact with the vessel wall may have less of an inflammatory response than having the
covered material engage the tissue.

[00100] The bottom illustration in FIG. 11A3 shows an example where the covered portion
of the frame is only in the middle section 2100 and the upstream 2120 and downstream ends
2110 such as the flared trumpet ends remain uncovered so that bare metal engages the
adjacent tissue. One of skill in the art will appreciate that the amount of covering may be
adjusted in order to provide the desired flow velocity, pressure gradient or back pressure. In
any example, the cover may cover the central 1/3, Y2, or 2/3 of the apparatus. Other aspects of
the examples shown in FIG. 11A may generally take the same form as disclosed elsewhere in
this specification.

[00101] The sequence of sketches in FIGS. 11B1-11B3 illustrate a delivery system for a
flow modifying apparatus. The top sketch in FIG. 11B1 shows a delivery catheter which may
include an outer sheath 2130 and an inner shaft. The flow modifying device may be crimped
or otherwise loaded onto the inner shaft and then the outer sheath is advanced over the flow
modifying device to constrain it. In FIG. 11B2, the sheath 2130 is retracted once the
apparatus is delivered to the desired target treatment site. This removes the constraint from
the flow modifying apparatus allowing it to self-expand into the treatment site. The flared
ends help anchor the apparatus into position. In FIG. 11B3, the sheath 2130 is fully retraced
allowing full radial expansion of the flow modifying device 2140 into position. The catheter
may then be removed from the patient leaving the flow modifying implant 2140 in the
treatment region. This method of delivering the flow modifying implant may be used with

any of the flow modifying apparatuses disclosed herein. In other examples of delivery
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systems, the delivery system may include an expandable member such as a balloon which is
configured to balloon expand the flow modifying implant instead of self-expanding,

[00102] FIG. 11C illustrates another example of a flow modifying implant that generally
takes the same form as in FIG. 10, except instead of a plurality of interconnecting struts, the
implant is formed from a plurality of interwoven filaments that form a mesh which is then
formed into the flow modifying apparatus, and which is generally the same as previously
described in FIG. 10. The mesh may comprise of a narrow middle region 2050 and two flared
region, a proximal flared region 2010 and a distal flared region 2020. It may be delivered
using any of the methods disclosed herein and also has similar results on modifying flow and
treating angina as previously disclosed.

[00103] FIG. 11D illustrates a flow modifying apparatus implanted into a blood vessel
2150. The flow modifying apparatus may be any of those disclosed herein and the blood
vessel is the coronary sinus, the main vein which drains venous blood from the heart. As
illustrated, the apparatus modifies flow through the device thereby forming a pressure
gradient with a higher pressure upstream than downstream by utilizing a smaller diameter
middle region 2165. As discussed previously this may create back pressure which helps
redistribute the blood to more in-need areas of the heart muscle or may stimulate collateral
blood vessel formation, or angiogenesis thereby alleviating angina. The proximal flared end
2160 may have a larger diameter than the distal flared end 2155, or the distal flared end 2155
may have a larger diameter than the proximal flared end 2160, or the proximal flared end
2160 and distal flared end 2155 may have the same diameter. The apparatus may be delivered
using any of the delivery systems and methods disclosed herein.

[00104] FIG. 12 illustrates an example of a flow modifying implant. The expandable frame
is substantially the same as FIG. 10 but may be any of those disclosed herein. Covers 2185
and 2190 are then coupled to the frame at the proximal and distal ends. The cover may be any
material including but not limited to fabric, a polymer, tissue or anything else. Examples of
polymers include but are not limited to PTFE, ePTFE, DACRON, polyurethane, etc.
Examples of tissue include but are not limited to pericardial tissue or other tissues. The
middle section 2200 of the frame remains uncovered and the proximal 2170 and distal ends
2180 of the device also remain uncovered. Composite implants maybe also be provided and
implanted. For example, a plurality of rings or tubular elements may be coupled together to
form a flow modifying implant. Each ring or tubular element may have a different geometry
or structure or may be formed from a different material. For example, Fig. 12 may be

modified so that cover 2190 may be different in material and structure from that of cover
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2185 and there may or may not be a tubular support ring disposed under the sections.
Additionally, covering 2190 or 2185 may not be porous and therefore there is no risk of
blood flow through side apertures in these sections, and hence no “cover” is actually required.
Alternatively, or additionally, covering 2190 and cover 2185 may not be covers, but part of
the structure of the device. For example, covers 2190 and 2180 may be ring sections coupled
together by middle section 2200 and also joined to the proximal-most and distal-most rings.
Covers 2190 and 2180 acting as ring sections may be fabric, metal, or a combination thereof.
Alternatively, or additionally, ring components 2180, 2200, and 2170 may be fabric, metal, or
a combination thereof. The implant may comprise different materials and sections coupled
together. For example, ring 2180 may be metal ring components coupled together to ring
2190 which may be a fabric component, coupled together with ring 2200 which may also be a
metal component. In any example discussed herein, a material that forms the cover 2190,
2185 or composite ring section may be porous, semi-porous, or non-porous. Optionally, in
any example, the cover 2190, 2185 may have discrete sections within a single ring that are
porous, semi-porous, or non-porous so that the material has multiple properties. It should be
understood that in any of these examples, a material forming the cover may itself comprise
more than one material. In this example, the upstream end has a smaller flared diameter than
the downstream flared diameter in order to accommodate the natural blood vessel taper.
However, this not intended to be limiting and the upstream end may have a larger diameter or
equivalent diameter than the downstream end. This flow modifying implant may be delivered
using any of the delivery devices or methods disclosed herein, and other aspects of the device
are generally the same as those described in FIG. 10.

[00105] FIGS. 15A-15F illustrate examples of a cover disposed on the inflow or outflow
end of a flow modifying device including any of those disclosed herein. In FIG. 15A, a cover
602 is disposed on the inflow end 606 of device 600. Here the cover 602 extends from the
edge 604 of the inflow end toward the opposite end of the device but ends while on the
tapered portion of the inflow end and does not extend past the midway point of the device
along its longitudinal axis.

[00106] In FIG. 15B the cover 602 is still disposed on the inflow end 606 of the device 600,
however, here the cover does not extend all the way to the edge of the inflow end and thus
there the edge of the inflow end remains uncovered. The cover then extends toward the
opposite end of the device but stops while still on the tapered portion of the inflow end and

does not extend past the midway point of the device along its longitudinal axis.
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[00107] The cover may extend from any point on the inflow end and extend toward any
point along the device. FIG. 15C shows that the cover may begin from the edge 604 of the
inflow end of the device 600 or it may begin anywhere along the taper 608 and extend toward
the midway point 610 the device along its longitudinal axis or even past 612 the midway
point.

[00108] In FIG. 15D a cover 614 is disposed on an outflow of the device 600. It may begin
from an edge 616 and extend toward the opposite end of the device but the terminating edge
may still be on the tapered portion 616a of the outflow end.

[00109] In FIG. 15E the cover 614 is disposed on the outflow end of the device 600 but the
cover does not extend all the way to the edge 616 of the outflow end, and the opposite end
extends toward the midpoint of the device along the device’s longitudinal axis but ends while
still on the tapered portion 616a of the outflow end.

[00110] The cover may extend from any point on the outflow end of the device 600 as
illustrated in FIG. 15F. For example, the cover may be disposed on the edge 616 of the
outflow end or it may begin while on the tapered portion 616a of the outflow end and extend
toward the midpoint 618 of the device along its longitudinal axis or may extend past 620 the
midpoint.

[00111] In any of the examples disclosed herein, the cover may be a fabric such as
DACRON, or a polymer such as silicone, or it may be tissue such as pericardial tissue. The
cover may be coupled to the device with suture, adhesive, or other techniques known in the
art.

[00112] FIGS. 13A-13B illustrate basic human heart anatomy. In FIG. 13A the left atrium
LA, right atrium RA, left ventricle are shown along with the coronary sinus CS. The coronary
sinus is the main vein which drains venous blood from the heart.

[00113] FIG. 13B highlights the area around the left atrium LA and right atrium RA and
left ventricle LV including the coronary sinus CS and inferior vena cava IVC.

[00114] FIGS. 14A-14C illustrate an example of a method of delivering a flow modifying
implant to the coronary sinus CS as a treatment for angina using any of the implants disclosed
herein.

[00115] In FIG. 14A adelivery catheter 2300 such as any one of those disclosed herein is
used to advance the flow modifying implant (any of those disclosed herein) to the coronary
sinus CS. The delivery catheter 2300 has a crimped flow modifying implant 2320 coupled to

the delivery catheter. The flow modifying implant may be any of those disclosed herein.
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[00116] In FIG. 14B a balloon 2330 on the delivery catheter 2300 is radially expanded
thereby expanding the flow modifying implant 2310. The flow modifying implant 2310 takes
a similar size and shape as the balloon expanding the flow modifying implant 2310.

[00117] In FIG. 14C the balloon expands the flow modifying apparatus into engagement
with the coronary sinus vessel walls. The balloon is then deflated and removed from the
vessel thereby leaving the flow modifying apparatus 2310 at the target treatment site.

[00118] Any of the flow modifying apparatuses described herein may be balloon
expandable or self-expanding. They may be placed in any target treatment region such as a

blood vessel like the coronary sinus.

NOTES AND EXAMPLES
[00119] The following, non-limiting examples, detail certain aspects of the present subject
matter to solve the challenges and provide the benefits discussed herein, among others.
[00120] Example 1 is a flow modifying apparatus comprising: a plurality of struts coupled
together to form a radially expandable frame having a proximal and distal end, wherein the
proximal and distal ends are radially expandable into expanded proximal and distal ends; a
reduced diameter portion of the expandable frame disposed between the expanded proximal
and distal ends, wherein the reduced diameter portion comprises a fluid flow through
passage; and a cover disposed over at least a portion of the radially expandable frame,
wherein the reduced diameter portion modifies fluid flow therethrough immediately upon
implantation thereof and forms a pressure gradient between an inflow end and the reduced
diameter portion.
[00121] Example 2 is the apparatus of Example 1, wherein the pressure gradient is greatest
between an inflow end of the apparatus and the reduced diameter portion.
[00122] Example 3 is any of the apparatuses of Examples 1-2, wherein a velocity of the
fluid flow is greatest in the reduced diameter portion.
[00123] Example 4 is any of the apparatuses of Examples 1-3, wherein the expanded
proximal and distal ends are flared ends.
[00124] Example 5 is any of the apparatuses of Examples 1-4, wherein the radially
expandable frame has an outer surface and wherein the cover is disposed over only a portion
of the outer surface.
[00125] Example 6 is any of the apparatuses of Examples 1-5, wherein the radially
expandable frame has an outer surface and wherein the cover is disposed over all of the outer

surface.
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[00126] Example 7 is any of the apparatuses of Examples 1-6, wherein the cover is
disposed only over the reduced diameter portion.

[00127] Example 8 is any of the apparatuses of Examples 1-7, wherein the expanded
proximal and distal ends remain at least partially uncovered.

[00128] Example 9 is any of the apparatuses of Examples 1-8, wherein the cover comprises
a polymer, a fabric, a synthetic material, tissue, or combinations thereof.

[00129] Example 10 is any of the apparatuses of Examples 1-9, wherein the cover is
disposed centrally over at least 2/3 of the expandable frame.

[00130] Example 11 is any of the apparatuses of Examples 1-10, wherein the cover is
positioned over the reduced diameter portion such that when the flow modifying implant is
radially expanded into engagement with a blood vessel, the cover does not directly contact
the blood vessel thereby modifying or preventing an inflammatory reaction.

[00131] Example 12 is any of the apparatuses of Examples 1-11, The apparatus of claim 1,
wherein the cover is configured to prevent or minimize an inflammatory response by a vessel
wall.

[00132] Example 13 is any of the apparatuses of Examples 1-12, The apparatus of claim 1,
wherein the reduced diameter portion comprises a diameter between 2 to 4 mm.

[00133] Example 14 is any of the apparatuses of Examples 1-13, wherein the plurality of
struts form a plurality of rectangular slots when the expandable frame is in a collapsed
configuration, and wherein the plurality of rectangular slots expand into diamond shapes
when the expandable frame is in a radially expanded configuration, and wherein the diamond
shapes have a height and a length, and wherein the height decreases from the proximal and
distal ends toward a center point disposed therebetween.

[00134] Example 15 is any of the apparatuses of Examples 1-14, wherein the length
decreases from the proximal and distal ends toward the center point.

[00135] Example 16 is any of the apparatuses of Examples 1-15, wherein the flow
modifying apparatus is self-expanding or balloon expandable.

[00136] Example 17 is any of the apparatuses of Examples 1-16, further comprising an
inflow end and an outflow end, and wherein the cover is disposed only on the inflow end, or
only on the outflow end.

[00137] Example 18 is a system for delivering a flow modifying implant, said system
comprising: the flow modifying implant of any of Examples 1-17; and a delivery catheter.
[00138] Example 19 is a method for modifying flow in a blood vessel, said method

comprising: providing a flow modifying apparatus comprising proximal and distal ends;
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delivering the flow modifying apparatus to a target treatment region in the blood vessel,
radially expanding the flow modifying apparatus such that the proximal and distal ends are
larger in diameter than a reduced diameter portion disposed therebetween; immediately
modifying blood flow through the flow modifying apparatus upon delivery of the flow
modifying apparatus thereby forming a pressure gradient between an inflow end of the flow
modifying apparatus and the reduced diameter portion, and wherein a cover disposed over the
flow modifying apparatus facilitates the modification in blood flow.

[00139] Example 20 is the method of Example 19, further comprising causing a velocity of
the fluid flow to be greatest in the reduced diameter portion.

[00140] Example 21 is any of the methods of Examples 19-20, wherein radially expanding
the flow modifying apparatus comprises forming flared regions at the proximal and distal
ends.

[00141] Example 22 is any of the methods of Examples 19-21, wherein radially expanding
the flow modifying apparatus comprises expanding the cover, the cover disposed over only a
portion of an outer surface of the flow modifying apparatus.

[00142] Example 23 is any of the methods of Examples 19-22, wherein radially expanding
the flow modifying apparatus comprises expanding the cover, the cover disposed over all of
an outer surface of the flow modifying apparatus.

[00143] Example 24 is any of the methods of Examples 19-23, wherein radially expanding
the flow modifying apparatus comprises expanding the cover, the cover disposed over only
the center region.

[00144] Example 25 is any of the methods of Examples 19-24, wherein radially expanding
the flow modifying apparatus comprises expanding the cover, wherein the proximal and
distal ends remain at least partially uncovered.

[00145] Example 26 is any of the methods of Examples 19-25, wherein radially expanding
the flow modifying apparatus comprises expanding the cover without directly contacting the
blood vessel thereby modifying or preventing an inflammatory reaction.

[00146] Example 27 is any of the methods of Examples 19-26, wherein radially expanding
the flow modifying apparatus comprises forming diamond-shaped cells from rectangular
shaped cells, and wherein a height of the diamond-shaped cells decreases from the proximal
end and distal end toward a center point disposed therebetween.

[00147] Example 28 the method of any of the methods of Examples 19-27, wherein the
diamond-shaped cells have a length and the length decreases from the proximal and distal

ends toward the center point.
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[00148] In Example 29, the apparatuses or methods of any one or any combination of
Examples 1-28 can optionally be configured such that all elements of options recited are
available to use or select from.

[00149] The above detailed description includes references to the accompanying drawings,
which form a part of the detailed description. The drawings show, by way of illustration,
specific examples in which the invention can be practiced. These examples are also referred
to herein as “examples.” Such examples can include elements in addition to those shown or
described. However, the present inventors also contemplate examples in which only those
elements shown or described are provided. Moreover, the present inventors also contemplate
examples using any combination or permutation of those elements shown or described (or
one or more aspects thereof), either with respect to a particular example (or one or more
aspects thereof), or with respect to other examples (or one or more aspects thereof) shown or
described herein.

[00150] In the event of inconsistent usages between this document and any documents so
incorporated by reference, the usage in this document controls.

[00151] In this document, the terms “a” or “an” are used, as is common in patent
documents, to include one or more than one, independent of any other instances or usages of
“at least one” or “one or more.” In this document, the term “or” is used to refer to a
nonexclusive or, such that “A or B” includes “A but not B,” “B but not A,” and “A and B,”
unless otherwise indicated. In this document, the terms “including” and “in which” are used
as the plain-English equivalents of the respective terms “comprising” and “wherein.” Also,
in the following claims, the terms “including” and “comprising” are open-ended, that is, a
system, device, article, composition, formulation, or process that includes elements in
addition to those listed after such a term in a claim are still deemed to fall within the scope of

2%

that claim. Moreover, in the following claims, the terms “first,” “second,” and “third,” etc.
are used merely as labels, and are not intended to impose numerical requirements on their
objects.

[00152] The above description is intended to be illustrative, and not restrictive. For
example, the above-described examples (or one or more aspects thereof) may be used in
combination with each other. Other examples can be used, such as by one of ordinary skill in
the art upon reviewing the above description. The Abstract is provided to allow the reader to
quickly ascertain the nature of the technical disclosure. It is submitted with the understanding

that it will not be used to interpret or limit the scope or meaning of the claims. Also, in the

above Detailed Description, various features may be grouped together to streamline the

27



CA 03127324 2021-07-20

WO 2020/154517 PCT/US2020/014816

disclosure. This should not be interpreted as intending that an unclaimed disclosed feature is
essential to any claim. Rather, inventive subject matter may lie in less than all features of a
particular disclosed example. Thus, the following claims are hereby incorporated into the
Detailed Description as examples or examples, with each claim standing on its own as a
separate example, and it is contemplated that such examples can be combined with each other
in various combinations or permutations. The scope of the invention should be determined
with reference to the appended claims, along with the full scope of equivalents to which such

claims are entitled.
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CLAIMS:
1. A flow modifying apparatus comprising;

a plurality of struts coupled together to form a radially expandable frame having a
proximal and distal end, wherein the proximal and distal ends are radially expandable into
expanded proximal and distal ends;

a reduced diameter portion of the expandable frame disposed between the expanded
proximal and distal ends, wherein the reduced diameter portion comprises a fluid flow
through passage; and

a cover disposed over at least a portion of the radially expandable frame,
wherein the reduced diameter portion modifies fluid flow therethrough immediately upon
implantation thereof and forms a pressure gradient between an inflow end and the reduced

diameter portion.

2. The apparatus of claim 1, wherein the pressure gradient is greatest between an inflow

end of the apparatus and the reduced diameter portion.

3. The apparatus of claim 1, wherein a velocity of the fluid flow is greatest in the

reduced diameter portion.

4. The apparatus of claim 1, wherein the expanded proximal and distal ends are flared
ends.
5. The apparatus of claim 1, wherein the radially expandable frame has an outer surface

and wherein the cover is disposed over only a portion of the outer surface.

6. The apparatus of claim 1, wherein the radially expandable frame has an outer surface

and wherein the cover is disposed over all of the outer surface.

7. The apparatus of claim 1, wherein the cover is disposed only over the reduced

diameter portion.

8. The apparatus of claim 1, wherein the expanded proximal and distal ends remain at

least partially uncovered.
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9. The apparatus of claim 1, wherein the cover comprises a polymer, a fabric, a synthetic

material, tissue, or combinations thereof.

10.  The apparatus of claim 1, wherein the cover is disposed centrally over at least 2/3 of

the expandable frame.

11.  The apparatus of claim 1, wherein the cover is positioned over the reduced diameter
portion such that when the flow modifying implant is radially expanded into engagement
with a blood vessel, the cover does not directly contact the blood vessel thereby modifying or

preventing an inflammatory reaction.

12.  The apparatus of claim 1, wherein the cover is configured to prevent or minimize an

inflammatory response by a vessel wall.

13.  The apparatus of claim 1, wherein the reduced diameter portion comprises a diameter

between 2 to 4 mm.

14.  The apparatus of claim 1, wherein the plurality of struts form a plurality of
rectangular slots when the expandable frame is in a collapsed configuration, and wherein the
plurality of rectangular slots expand into diamond shapes when the expandable frame is in a
radially expanded configuration, and wherein the diamond shapes have a height and a length,
and wherein the height decreases from the proximal and distal ends toward a center point

disposed therebetween.

15.  The apparatus of claim 14, wherein the length decreases from the proximal and distal

ends toward the center point.

16.  The apparatus of claim 1, wherein the flow modifying apparatus is self-expanding or

balloon expandable.

17.  The apparatus of claim 1, further comprising an inflow end and an outflow end, and

wherein the cover is disposed only on the inflow end, or only on the outflow end.

30



CA 03127324 2021-07-20

WO 2020/154517 PCT/US2020/014816

18. A system for delivering a flow modifying implant, said system comprising:
the flow modifying implant of claim 1; and

a delivery catheter.

19. A method for modifying flow in a blood vessel, said method comprising:
providing a flow modifying apparatus comprising proximal and distal ends;
delivering the flow modifying apparatus to a target treatment region in the blood
vessel;
radially expanding the flow modifying apparatus such that the proximal and distal
ends are larger in diameter than a reduced diameter portion disposed therebetween;
immediately modifying blood flow through the flow modifying apparatus upon
delivery of the flow modifying apparatus thereby forming a pressure gradient between an
inflow end of the flow modifying apparatus and the reduced diameter portion, and wherein a

cover disposed over the flow modifying apparatus facilitates the modification in blood flow.

20. The method of claim 19, wherein causing a velocity of the fluid flow to be greatest in

the reduced diameter portion.

21. The method of claim 19, wherein radially expanding the flow modifying apparatus

comprises forming flared regions at the proximal and distal ends.

22. The method of claim 19, wherein radially expanding the flow modifying apparatus
comprises expanding the cover, the cover disposed over only a portion of an outer surface of

the flow modifying apparatus.
23. The method of claim 19, wherein radially expanding the flow modifying apparatus
comprises expanding the cover, the cover disposed over all of an outer surface of the flow

modifying apparatus.

24, The method of claim 19, wherein radially expanding the flow modifying apparatus

comprises expanding the cover, the cover disposed over only the reduced diameter region.
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25. The method of claim 19, wherein radially expanding the flow modifying apparatus
comprises expanding the cover, wherein the proximal and distal ends remain at least partially

uncovered.

26. The method of claim 19, wherein radially expanding the flow modifying apparatus
comprises expanding the cover without directly contacting the blood vessel thereby

modifying or preventing an inflammatory reaction.

27. The method of claim 19, wherein radially expanding the flow modifying apparatus
comprises forming diamond-shaped cells from rectangular shaped cells, and wherein a height
of the diamond-shaped cells decreases from the proximal end and distal end toward a center

point disposed therebetween.

28. The method of claim 27, wherein the diamond-shaped cells have a length and the

length decreases from the proximal and distal ends toward the reduced diameter region.
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