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DEPLOYMENT TOOLS AND METHODS FOR DELIVERING A DEVICE TO A
NATIVE HEART VALVE

RELATED APPLICATION
[0001] The present application claims the benefit of US Provisional Patent Application Serial
No. 62/770,071, filed on November 20, 2018, titled “Deployment Tools and Methods for
Delivering a Device to a Native Heart Valve.” The foregoing application is incorporated

herein by reference in its entirety for all purposes.

BACKGROUND OF THE INVENTION
[0002] The native heart valves (i.e., the aortic, pulmonary, tricuspid, and mitral valves) serve
critical functions in assuring the forward flow of an adequate supply of blood through the
cardiovascular system. These heart valves can be damaged, and thus rendered less effective,
by congenital malformations, inflammatory processes, infectious conditions, disease, etc.
Such damage to the valves can result in serious cardiovascular compromise or death.
Damaged valves can be surgically repaired or replaced during open heart surgery. However,
open heart surgeries are highly invasive and complications may occur. Transvascular
techniques can be used to introduce and implant prosthetic devices in a manner that is much
less invasive than open heart surgery. As one example, a transvascular technique useable for
accessing the native mitral and aortic valves is the trans-septal technique. The trans-septal
technique comprises advancing a catheter into the right atrium (e.g., inserting a catheter into
the right femoral vein, up the inferior vena cava and into the right atrium). The septum is then
punctured, and the catheter passed into the left atrium. A similar transvascular technique can
be used to implant a prosthetic device within the tricuspid valve that begins similarly to the
trans-septal technique but stops short of puncturing the septum and instead turns the delivery

catheter toward the tricuspid valve in the right atrium.

[0003] A healthy heart has a generally conical shape that tapers to a lower apex. The heart is
four-chambered and comprises the left atrium, right atrium, left ventricle, and right ventricle.
The left and right sides of the heart are separated by a wall generally referred to as the
septum. The native mitral valve of the human heart connects the left atrium to the left
ventricle. The mitral valve has a very different anatomy than other native heart valves. The
mitral valve includes an annulus portion, which is an annular portion of the native valve
tissue surrounding the mitral valve orifice, and a pair of cusps, or leaflets, extending
downward from the annulus into the left ventricle. The mitral valve annulus can form a “D”-

shaped, oval, or otherwise out-of-round cross-sectional shape having major and minor axes.
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The anterior leaflet can be larger than the posterior leaflet, forming a generally “C”-shaped

boundary between the abutting sides of the leaflets when they are closed together.

[0004] When operating properly, the anterior leaflet and the posterior leaflet function
together as a one-way valve to allow blood to flow only from the left atrium to the left
ventricle. The left atrium receives oxygenated blood from the pulmonary veins. When the
muscles of the left atrium contract and the left ventricle dilates (also referred to as
“ventricular diastole” or “diastole”), the oxygenated blood that is collected in the left atrium
flows into the left ventricle. When the muscles of the left atrium relax and the muscles of the
left ventricle contract (also referred to as “ventricular systole” or “systole”), the increased
blood pressure in the left ventricle urges the sides of the two leaflets together, thereby closing
the one-way mitral valve so that blood cannot flow back to the left atrium and is instead
expelled out of the left ventricle through the aortic valve. To prevent the two leaflets from
prolapsing under pressure and folding back through the mitral annulus toward the left atrium,
a plurality of fibrous cords called chordae tendineae tether the leaflets to papillary muscles in

the left ventricle.

[0005]  Valvular regurgitation involves the valve improperly allowing some blood to flow in
the wrong direction through the valve. For example, mitral regurgitation occurs when the
native mitral valve fails to close properly and blood flows into the left atrium from the left
ventricle during the systolic phase of heart contraction. Mitral regurgitation is one of the most
common forms of valvular heart disease. Mitral regurgitation can have many different causes,
such as leaflet prolapse, dysfunctional papillary muscles, stretching of the mitral valve
annulus resulting from dilation of the left ventricle, more than one of these, etc. Mitral
regurgitation at a central portion of the leaflets can be referred to as central jet mitral
regurgitation and mitral regurgitation nearer to one commissure (i.e., location where the
leaflets meet) of the leaflets can be referred to as eccentric jet mitral regurgitation. Central jet
regurgitation occurs when the edges of the leaflets do not meet in the middle and thus the

valve does not close, and regurgitation is present.

SUMMARY
[0006] This summary is meant to provide some examples and is not intended to be limiting
of the scope of the invention in any way. For example, any feature included in an example of
this summary is not required by the claims, unless the claims explicitly recite the features.
Also, the features, components, steps, concepts, etc. described in examples in this summary

and elsewhere in this disclosure can be combined in a variety of ways. Various features and
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steps as described elsewhere in this disclosure may be included in the examples summarized

here.

[0007] A flexible delivery catheter can be used to deploy valve repair and replacement
devices at an implant site for the repair or replacement of poorly functioning native heart
valves. Such a catheter can include a flexible tube having a plurality of links. A control wire
(e.g., a pull wire, etc.) can be connected to the plurality of links, such that applying tension to

the control wire causes the flexible tube to bend.

[0008] In one example embodiment, a delivery catheter includes a having a main lumen, a
control wire lumen, a plurality of links, and a control wire. Each link is aligned with and
connected to at least one adjacent link with a slot formed between each pair of adjacent links.
A top portion of each link is narrower than a bottom portion of each link when the links are
viewed from a side. Each link includes an orifice at the bottom of the link. Each link includes
at least one slit. Each slit begins at and extends upward along at least a portion of the link.
The control wire is connected to the plurality of links. Applying tension to the control wire

causes the distal region of the catheter to bend.

[0009] In one example embodiment, a delivery catheter includes a flexible tube, a first ring, a
second ring, a single control wire, a coil sleeve, and a plurality of links. The flexible tube
includes a main lumen and a control wire lumen. The first ring is in a distal region of the
flexible tube. The second ring is in the distal region of the flexible tube and is spaced apart
from the first ring. The single control wire is in the control wire lumen and is connected to
the first ring. The plurality of links are between the first ring and the second ring. The coil
sleeve is in the control wire lumen around the control wire. A portion of the single control
wire that extends from the second ring and to the first ring is not covered by the coil slecve.
Applying tension to the single control wire causes the distal region of the flexible tube to
bend.

[0010] A delivery catheter includes a flexible tube, a first ring, a second ring, a single control
wire, a plurality of links, and a coil sleeve. The flexible tube has a main lumen and a control
wire lumen. The first and second rings are spaced apart in a distal region of the flexible tube.
The single control wire is in the control wire lumen and is connected to the first ring. The
plurality of links are disposed in the distal region of the flexible tube between the first ring
and the second ring. The links are cut from a single piece of material, such that each link is
aligned with and connected to at least one adjacent link with a slot formed between each pair

of adjacent links, an orifice at the bottom of each link, and at least one slit in each link. The
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slit begins at the orifice and extends upward along at least a portion of the link. The coil
sleeve is disposed in the control wire lumen around the control wire in a proximal region of
the flexible tube. A portion of the control wire that extends from the second ring and to the
first ring is not covered by the coil sleeve. Applying tension to the control wire causes the

distal region of the flexible tube to bend.

[0011] In one example embodiment, a sheet is used to form a flexible catheter tube. The
sheet has a plurality of spaced apart aligned cutouts each having a central portion between
two end portions. A width of the central portion of each cutout is wider than the width of the
two end portions of each cutout. The cutouts form a corresponding plurality of spaced apart
aligned strips each having a central portion and two end portions. A width of the central
portion of each strip is narrower than the width of the two end portions of each strip. The
spaced apart aligned strips each have a second cutout along a first edge of the flat sheet.

Each of the spaced apart aligned strips has at least one slit which begins at the second cutout
and extends toward a center of the aligned strip. The sheet is configured to be rolled into a
cylindrical shape (e.g., a substantially cylindrical shape) having a plurality of links with a slot
formed between each pair of adjacent links, a bottom orifice for each link, and at least one slit
extending upward from the bottom orifice. Top portions of the links correspond to the central
portions of the strips. Bottom portions of the links correspond to the end portions of the
strips. The bottom orifices correspond to the second cutouts. A side of the cylindrical shape

(e.g., substantially cylindrical shape) corresponds to ends of the slits.

[0012] In one example embodiment, a delivery catheter includes a flexible tube, a plurality of
links, a coiled tube, and a control wire. The flexible tube has a main lumen and a control
wire lumen. Each of the links have a slit along a bottom region of the flexible tube. In a first
configuration, the distal region of the flexible tube is straight, a top of each link is spaced
apart from an adjacent link by a distance. In a second configuration, the distal region of the
flexible tube is curved, the slits of each link are opened, and the distance between the top of
each link has decreased such that the top of the distal region of the flexible tube defines a

curve.

[0013] In one example embodiment, a delivery catheter has a first flexible portion, a second
flexible portion, and a control wire. The first flexible portion has a first stiffness. The second
flexible portion has a second stiffness that is different from the first stiffness. The control
wire extends along the first flexible portion and the second flexible portion to a distal end of
the second flexible portion. Applying tension to the control wire causes the first and second

flexible portions of the flexible tube to bend to different radii.

-4 -



WO 2020/106705 PCT/US2019/062194

[0014] In one example embodiment, a delivery catheter includes a first flexible portion, a
second flexible portion, and a control wire. The first flexible portion has a first flexible frame
with a first stiffness. The second flexible portion has a second flexible frame with a second
stiffness that is different from the first stiffness. Applying tension to the control wire causes

the first and second flexible portions of the flexible tube to bend to different radii.

[0015] In one embodiment, a delivery catheter usable for delivering a device to a native valve
of a patient’s heart comprises a flexible tube having a main lumen and a control wire lumen,
and a plurality of links disposed in a distal region of the flexible tube. In some embodiments,
each link is aligned with and connected to at least one adjacent link with a slot formed
between each pair of adjacent links, wherein a top portion of each link is narrower than a
bottom portion of each link when the links are viewed from a side, and wherein each link
includes an orifice at the bottom of the link. In some embodiments, each link includes at least
one slit, wherein the slit begins at the orifice and extends upward along at least a portion of
the link. The delivery catheter includes a control wire in the control wire lumen that is
connected to the plurality of links, such that applying tension to the control wire causes the

distal region of the flexible tube to bend.

[0016] In one embodiments, a delivery catheter usable for delivering a device to a native
valve of a patient’s heart comprises a flexible tube having a main lumen and a control wire
lumen. The delivery catheter can also include a first ring in a distal region of the flexible tube
and a second ring in the distal region of the flexible tube that is spaced apart from the first
ring. In one embodiment, the delivery catheter includes a single control wire in a control
wire lumen that is connected to the first ring. A plurality of links can be disposed in the distal
region of the flexible tube between the first ring and the second ring. In some embodiments,
a coil sleeve is at least partially disposed in the control wire lumen around the control wire.
The coil sleeve can be configured to extend proximally from the distal region of the flexible
tube such that a portion of the single control wire that extends from the second ring and to the
first ring is not covered by the coil sleeve. The delivery catheter can be configured such that
applying tension to the single control wire causes the distal region of the flexible tube to
bend.

[0017] In one embodiment, a delivery catheter for delivering a device to a native valve of a
patient’s heart comprises a flexible tube having a centered main lumen and a control wire
Iumen and a first ring in a distal region of the flexible tube. In some embodiments, a second
ring is in the distal region of the flexible tube spaced apart from the first ring. The delivery

catheter includes a single control wire in the control wire lumen that is connected to the first
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ring. In some embodiments, the delivery catheter further includes a plurality of cylindrically
shaped links disposed in the distal region of the flexible tube between the first ring and the
second ring. The plurality of cylindrically shaped links can be cut from a single piece of
material, such that each link is aligned with and connected to at least one adjacent link with a
slot formed between each pair of adjacent links. An orifice can be at the bottom of each link,
and at least one slit can be in each link. The slit can be configured to begin at the orifice and
extend upward along at least a portion of the link. The delivery catheter is configured such

that applying tension to the control wire causes the distal region of the flexible tube to bend.

[0018] In some embodiments, the delivery catheter also includes a coil sleeve disposed in the
control wire lumen around the control wire in a proximal region of the flexible tube. The coil
sleeve can be configured to extend proximally from the distal region of the flexible tube such
that a portion of the control wire that extends from the second ring and to the first ring is not

covered by the coil sleeve.

[0019] In one embodiment, a sheet (e.g., a flat sheet) formable into a flexible catheter tube
comprises a plurality of spaced apart aligned cutouts each having a central portion between
two end portions, wherein a width of the central portion of each cutout is wider than the
width of the two end portions of each cutout. The cutouts can be configured to form a
corresponding plurality of spaced apart aligned strips each having a central portion and two
end portions. A width of the central portion of each strip can be narrower than the width of
the two end portions of each strip. In some embodiments, the spaced apart aligned strips each
have a second cutout along a first edge of the flat sheet. Each of the spaced apart aligned
strips can comprise at least one slit which begins at the second cutout and extends toward a
center of the aligned strip. The sheet is configured to be rolled into a cylindrical shape (e.g., a
substantially cylindrical shape) having a plurality of links with a slot formed between each
pair of adjacent links. The cylindrical shape (e.g., substantially cylindrical shape) can also
include a bottom orifice for each link, and at least one slit extending upward from the bottom
orifice, wherein top portions of the links correspond to the central portions of the strips,
bottom portions of the links correspond to the end portions of the strips, the bottom orifices
correspond to the second cutouts, and a side of the cylindrical shape corresponds to ends of

the slits.

[0020] In some embodiments, each of the spaced apart aligned strips comprises a third cutout
along a second edge of the flat sheet, and each of the spaced apart flat strips comprises
another slit that begins at the third cutout. The bottom orifices can further correspond to the

third cutouts aligning with the second cutouts.
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[0021] In one embodiment, a method of making a flexible catheter tube comprises providing
a flat sheet and/or a hypotube and cutting a plurality of spaced apart aligned cutouts in to the
sheet and/or hypotube. In some embodiments, each cutout has a central portion between two
end portions, wherein a width of the central portion of each cutout is wider than the width of
the two end portions of each cutout and wherein the cutouts form a corresponding plurality of
spaced apart aligned strips each having a central portion and two end portions. A width of the
central portion of each strip can be configured to be narrower than the width of the two end
portions of each strip. With a flat sheet, the method can further include cutting a plurality of
cutouts along a first edge of the flat sheet such that each edge of the aligned strips has a
corresponding cutout along a first edge of the sheet. The method can further include cutting a
plurality of slits, wherein each slit begins at one of the cutouts along the first edge and
extends toward a center of the aligned strip. The method can further include rolling the sheet
into a cylindrical shape (e.g., a substantially cylindrical shape) having (and/or configuring the
hypotube such that it includes) a plurality of links with a slot formed between each pair of
adjacent links, a bottom orifice for each link, and at least one slit extending upward from the
bottom orifice, wherein top portions of the links correspond to the central portions of the
strips, bottom portions of the links correspond to the end portions of the strips, the bottom
orifices correspond to the second cutouts. A side of the cylindrical shape (e.g., substantially

cylindrical shape) can correspond to the ends of the slits.

[0022] In some embodiments, ecach of the spaced apart aligned strips comprises a third cutout
along a second edge of the flat sheet, and each of the spaced apart flat strips comprises
another slit that begins at the third cutout, and the bottom orifices further correspond to the

third cutouts aligning with the second cutouts.

[0023] In one embodiments, a delivery catheter usable for delivering a device to a native
valve of a patient’s heart comprises a flexible tube having a main lumen and a control wire
lumen, and a plurality of links disposed in a distal region of the flexible tube, each link
having a slit along a bottom region of the flexible tube. The delivery catheter can also
include a coiled tube having a coiled tube lumen. A control wire can be positioned/located in
the control wire lumen, be fixedly connected to a distal end of the plurality of links and

extend through the coiled tube lumen.

[0024] In some embodiments, in a first configuration: the distal region of the flexible tube is
straight, a length of the control wire extends distal to the coiled tube, another length of the
control wire extends proximal to the coiled tube, and a top of each link is spaced apart from

an adjacent link by a distance.
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[0025] In some embodiments, in a second configuration: the distal region of the flexible tube
is curved, the slits of each link are opened, a shorter length of the control wire extends distal
to the coiled tube than in the first configuration, a longer length of the control wire extends
proximal to the coiled tube than in the first configuration, and the distance between the top of
each link has decreased such that the top of the distal region of the flexible tube defines a

curve.

[0026] In some embodiments, the delivery catheter is configured such that applying tension
to the control wire causes the distal region of the flexible tube to bend from the first
configuration to the second configuration. In some embodiments, the delivery catheter is
configured such that releasing tension from the control wire causes the distal region of the

flexible tube to return to the first configuration.

[0027] In some embodiments, a delivery catheter for delivering a device to a native valve of a
patient’s heart comprises a flexible tube having a main lumen and a control wire lumen and a
first flexible portion in a distal region of the flexible tube comprising a first flexible frame,
wherein the first flexible portion has a first stiffness. In some embodiments, the delivery
catheter includes a second flexible portion in the distal region of the flexible tube comprising
a second flexible frame, wherein the second flexible portion has a second stiffness that is
different from the first stiffness. In some embodiments, the delivery catheter includes a
control wire extending through the control wire lumen of the first flexible portion and the
second flexible portion to a distal end of the second flexible portion, such that applying
tension to the control wire causes the first and second flexible portions of the flexible tube to
bend.

[0028] In some embodiments, the first and second flexible frames comprise a plurality of
links, and each of the plurality of links is aligned with and connected to at least one adjacent

link to form a slot between each pair of adjacent links.

[0029] In some embodiments, each of the plurality of links comprises a top portion and a
bottom portion, wherein the top portion is narrower than the bottom portion. In some
embodiments, each of the plurality of links includes an orifice at the bottom of the link. In
some embodiments, each of the plurality of links includes at least one slit, wherein the slit

begins at the orifice and extends upward along at least a portion of the link.

[0030] In some embodiments, the second stiffness is less than the first stiffness and the slots
between the links of the first flexible portion are narrower than the slots between the links of

the second flexible portion. In some embodiments, the second stiffness is less than the first
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stiffness and the links of the first flexible portion are wider than the links of the second
flexible portion. In some embodiments, the second stiffness is less than the first stiffness and
the links of the first flexible portion are wider than the links of the second flexible portion. In
some embodiments, the first flexible portion and the second flexible portion can form an

about 90-degree bend in a bent condition.

[0031] In some embodiments, the first flexible portion has a first length that is about equal to
a second length of the second flexible portion. In some embodiments, the first flexible portion
has a first length that is about half as long as a second length of the second flexible portion. In
some embodiments, the first flexible portion has a first length that is about one-third as long
as a second length of the second flexible portion. In some embodiments, the first flexible
portion has a first length that is about twice as long as a second length of the second flexible
portion. In some embodiments, the first flexible portion has a first length that is about three

times as long as a second length of the second flexible portion.

[0032] In some embodiments the first flexible portion is formed from a first polymer
material, and the second flexible portion is formed from a second polymer material. In some
embodiments, the second polymer material has a second durometer that is less than a first

durometer of the first polymer material.

[0033] In one embodiment, a delivery catheter comprises a flexible tube having a main lumen
and a control wire lumen. A first flexible portion in a distal region of the flexible tube
comprises a first flexible frame, wherein the first flexible portion has a first stiffness. In
some embodiments, a second flexible portion in the distal region of the flexible tube
comprises a second flexible frame, wherein the second flexible portion has a second stiffness
that is different from the first stiffness. In some embodiments, a third flexible portion in the
distal region of the flexible tube comprises a third flexible frame, wherein the third flexible
portion has a second stiffness that is different from the second stiffness. In some
embodiments, a control wire extends through the control wire lumen of the first flexible
portion, the second flexible portion, and the third flexible portion to a distal end of the third
flexible portion, such that applying tension to the control wire causes the first, second, and

third flexible portions of the flexible tube to bend.

[0034] In some embodiments, the first, second, and third flexible frames comprise a plurality
of links, and each of the plurality of links is aligned with and connected to at least one

adjacent link to form a slot between each pair of adjacent links.
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[0035] In some embodiments, each of the plurality of links comprises a top portion and a
bottom portion, wherein the top portion is narrower than the bottom portion. In some
embodiments, each of the plurality of links includes an orifice at the bottom of the link. In
some embodiments, each of the plurality of links includes at least one slit, wherein the slit

begins at the orifice and extends upward along at least a portion of the link.

[0036] In some embodiments, the first stiffness and the third stiffness are less than the second
stiffness and the slots between the links of the second flexible portion are narrower than the
slots between the links of the first and third flexible portions. In some embodiments, the first
stiffness and the third stiffness are less than the second stiffness and the links of the second
flexible portion are wider than the links of the first and third flexible portions. In some
embodiments, the first stiffness and the third stiffness are less than the second stiffness, the
links of the second flexible portion are wider than the links of the first and third flexible
portions, and the slots between the links of the second flexible portion are narrower than the
slots between the links of the first and third flexible portions. In some embodiments, the first
flexible portion, the second flexible portion, and the third flexible portion can form an about

90-degree bend in a bent condition.

[0037] In some embodiments, the first flexible portion has a first length that is about equal to
a second length of the second flexible portion and a third length of the third flexible portion.
In some embodiments, the first flexible portion has a first length and the third flexible portion
has a third length and the first and third lengths are about half as long as a second length of
the second flexible portion. In some embodiments, the first flexible portion has a first length
and the third flexible portion has a third length and the first and third lengths are about one-
third as long as a second length of the second flexible portion. In some embodiments, the first
flexible portion has a first length and the third flexible portion has a third length and the first

and third lengths are about twice as long as a second length of the second flexible portion.

[6038] In some embodiments, the first flexible portion is formed from a first polymer
material, the second flexible portion is formed from a second polymer material, and the third

flexible portion is formed from a third polymer material.

[0039] A further understanding of the nature and advantages of the present invention are set
forth in the following description and claims, particularly when considered in conjunction

with the accompanying drawings in which like parts bear like reference numerals.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0040]  To further clarify various aspects of embodiments of the present disclosure, a more
particular description of the certain embodiments will be made by reference to various
aspects of the appended drawings. It is appreciated that these drawings depict only typical
embodiments of the present disclosure and are therefore not to be considered limiting of the
scope of the disclosure. Moreover, while the figures can be drawn to scale for some
embodiments, the figures are not necessarily drawn to scale for all embodiments.
Embodiments and other features and advantages of the present disclosure will be described
and explained with additional specificity and detail through the use of the accompanying

drawings in which:
[0041] Figure 1 illustrates a cutaway view of the human heart in a diastolic phase;
[0042] Figure 2 illustrates a cutaway view of the human heart in a systolic phase;

[0043] Figure 3 illustrates a cutaway view of the human heart in a diastolic phase, in which
the chordae tendineae are shown attaching the leaflets of the mitral and tricuspid valves to

ventricle walls;

[0044] Figure 4 illustrates a healthy mitral valve with the leaflets closed as viewed from an

atrial side of the mitral valve;

[0045]  Figure 5 illustrates a dysfunctional mitral valve with a visible gap between the leaflets

as viewed from an atrial side of the mitral valve;

[0046]  Figure 6 illustrates a mitral valve having a wide gap between the posterior leaflet and

the anterior leaflet;
[0047]  Figure 7 illustrates a tricuspid valve viewed from an atrial side of the tricuspid valve;

[0048] Figure 8A shows a perspective view of an example distal section of (or usable in) a
delivery catheter as part of a delivery device or system for implanting a valve repair or

replacement device;
[0049] Figure 8B is a cross-sectional view of several links of the distal section of Figure 8A,;

[0050] Figure 9 is a perspective view of an example distal section of (or usable in) a delivery

catheter, the distal section in a bent configuration;
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[0051] Figure 10 is a flat view of an example laser cut sheet usable to make the distal section

of Figures 8A-8B;

[0052] Figure 11 is a flat view of an example laser cut sheet usable to make the distal section

of Figure 9;

[0053] Figure 12 is a flat view of an example laser cut sheet useable to make a distal section

for a delivery catheter;

[0054] Figure 13 shows a perspective view of a curved configuration of a distal section of (or
usable in) a delivery catheter used for implanting a valve repair or replacement device at a

native valve, which can be used in a trans-septal technique;

[0055] Figure 14 shows a schematic side view of an example distal section of (or usable in) a
delivery catheter with a two-control wire system, which can be used in the delivery catheter

of Figure 13;

[0056]  Figure 15 shows a cross-sectional view of a multi-lumen extrusion portion of the
delivery catheter of Figures 13 and 14, the cross-section taken in a plane perpendicular to a

longitudinal axis of the delivery catheter;

[0057]  Figure 16 shows a schematic perspective view of the delivery catheter of Figures 13-

15 in a partially actuated state;

[0058] Figure 17 shows a schematic perspective view of the delivery catheter of Figures 13-

15 in a fully actuated state;

[0059] Figure 18A shows a top view of an example distal section of (or usable in) a delivery
catheter as part of a delivery device or system for implanting a valve repair or replacement

device;
[0060] Figure 18B shows a side view of the example distal section illustrated in Figure 18A;

[0061] Figure 18C shows a bottom view of the example distal section illustrated in Figure
18A;

>

[0062] Figure 18D shows an end view of the example distal section illustrated in Figure 18A;

[0063] Figure 19A shows a flat view of a laser cut sheet usable to make the distal section of
Figure 18A-D,;
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[0064]  Figure 19B shows a close-up view of a portion of the laser cut sheet of Figure 19A,;

[0065] Figure 20A shows a top view of an example distal section of (or usable in) a delivery

catheter with a control wire running therethrough;

[0066] Figure 20B shows a side view of the example distal section of (or usable in) a delivery

catheter with a control wire running therethrough illustrated in Figure 20A;

[0067]  Figure 20C shows a side view of the example distal section of (or usable in) a delivery

catheter of Figure 20B and how it moves when a control wire is pulled;
[0068] Figure 21A shows a top view of an example distal pull ring attached to a control wire;

[0069] Figure 21B shows a side view of the example distal pull ring attached to a control

wire of Figure 21A,;

[0070]  Figure 21C shows a bottom view of the example distal pull ring attached to a control

wire of Figure 21A,;
[0071] Figure 22A shows a side view of an example shaft of a steerable catheter;

[0072]  Figure 22B shows an end view of the example shaft of the stecrable catheter of Figure
22A;

>

[0073] Figure 23 A shows a cross-section view of the example shaft of the steerable catheter,
taken along line A-A of Figure 22B;

[0074] Figure 23B shows a close-up view of a portion of the cross-section view of the

example shaft of the steerable catheter of Figure 23A,;

[0075]  Figure 24 shows a cross-section view of the example shaft of the steerable catheter of

Figure 22 A taken along line B-B of Figure 23 A,

[0076] Figure 25A shows a cross-section view of the example shaft of the steerable catheter
of Figure 22 A taken along line C-C of Figure 23A;

[0077] Figure 25B shows a close up of a portion of the cross-section view of Figure 25A,

having a control wire;

[0078] Figure 26 shows a cross-section view of the example shaft of the steerable catheter of
Figure 22 A taken along line D-D of Figure 23A;
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[0079] Figure 27 shows a cross-section view of the example shaft of the steerable catheter of

Figure 22 A taken along line E-E of Figure 22A;

[0080] Figure 28 A shows a flat view of an example anchor ring for a distal portion of a

delivery catheter;

[0081] Figure 28B shows a close-up view of a portion of the anchor ring of Figure 28A,

having weld holes;

[0082]  Figure 29A shows a top view of the example anchor ring of Figure 28 A with a

hypotube according to an example embodiment;

[0083] Figure 29B shows a side view of the example anchor ring of Figure 29A;

[0084]  Figure 29C shows an end view of the example anchor ring of Figure 29A;

[0085]  Figure 30A shows a flat view of an example coil stopper;

(0086]  Figure 30B shows a close-up of weld holes in the example coil stopper of Figure 30A;
[0087] Figure 31 A shows a top view of an example coil stopper with a portion of a coil;

[0088] Figure 31B shows a cross-section view of the example coil stopper and coil taken

along line X-X of Figure 31A according to an example embodiment;

[0089]  Figure 31C shows an end view of the proximal end of the example coil stopper and

coil of Figure 31A;

[0090] Figure 32 is a schematic side view of an example distal end of a delivery catheter in a

bent configuration according to one embodiment;

[6091] Figure 33 is a schematic side view of an example distal end of a delivery catheter in a

bent configuration according to one embodiment;

[0092] Figures 34-36 show schematic side views of example distal ends of a delivery

catheter in bent configurations for comparison of the three shown embodiments;

[0093] Figure 37 shows a top view of an example distal section of (or usable in) a delivery
catheter as part of a delivery device or system for implanting a valve repair or replacement

device, according to an example embodiment;

[0094] Figure 38 shows a side view of the distal section of Figure 37,
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[0095] Figure 39 shows a bottom view of the distal section of Figure 37;
[0096] Figure 40 shows an end view of the distal section of Figure 37;

[0097] Figure 41 shows a flat view of a laser cut sheet usable to form the example distal

section of Figure 37,

[0098] Figure 42 shows a top view of the example distal section of Figure 37 with a control

wire running therethrough;

[0099] Figure 43 shows a side view of the example distal section with a control wire of

Figure 42;

[0100] Figure 44 shows a top view of an example distal section of (or usable in) a delivery
catheter as part of a delivery device or system for implanting a valve repair or replacement

device, according to an example embodiment;

[0101] Figure 45 shows a side view of the example distal section of Figure 44;
[0102] Figure 46 shows a bottom view of the example distal section of Figure 44;
[0103] Figure 47 shows an end view of the example distal section of Figure 44;

[0104] Figure 48 shows a flat view of a laser cut sheet usable to make the distal section of

Figure 44;

[0105]  Figure 49 shows a top view of the distal section of Figure 44 with a control wire

running therethrough; and

[0106]  Figure 50 shows a side view of the distal section with a control wire shown in Figure
49.

DETAILED DESCRIPTION
[0107] The following description refers to the accompanying drawings, which illustrate
specific embodiments of the present disclosure. Other embodiments having different

structures and operation do not depart from the scope of the present disclosure.

[0108] Example embodiments of the present disclosure are directed to devices and methods
for repairing a defective heart valve. It should be noted that various embodiments of native
valve reparation devices and systems for delivery are disclosed herein, and any combination

of these options can be made unless specifically excluded. In other words, individual
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components of the disclosed devices and systems can be combined unless mutually exclusive
or otherwise physically impossible. Further, the treatment methods and steps shown,
discussed, and/or suggested herein can be performed on a living animal or on a simulation,
such as on a cadaver, cadaver heart, simulator (e.g. with the body parts, heart, tissue, etc.

being simulated), etc.

[0109]  As described herein, when one or more components are described as being connected,
joined, affixed, coupled, attached, or otherwise interconnected, such interconnection may be
direct as between the components or may be indirect such as through the use of one or more

" <

intermediary components. Also as described herein, reference to a "member," “component,”
or “portion” shall not be limited to a single structural member, component, or element but can
include an assembly of components, members, or elements. Also as described herein, the
terms “substantially” and “about” are defined as at least close to (and includes) a given value
or state (preferably within 10% of, more preferably within 1% of, and most preferably within

0.1% of).

[0110] The present disclosure generally concerns deployment tools for delivering valve
repair and replacement devices and methods of using the same. More specifically, the
disclosure relates to a flexible delivery catheter used to deploy valve repair and replacement
devices at an implant site for the repair or replacement of heart valves that have
malformations and/or dysfunctions, and methods of using the delivery catheter to implant

such repair or replacement devices.

[0111] Described herein are embodiments of deployment tools that are intended to facilitate
implantation of prosthetic devices at one of the native mitral, aortic, tricuspid, or pulmonary
valve regions of a human heart, as well as methods for using the same. For example, the
deployment tools can be used to deploy valve repair or replacement devices that serve as a
docking site to position and secure a prosthetic heart valve at a native valve region. The
details of the example embodiments of deployment tools described herein can be used to

deploy a wide variety of valve repair and/or replacement devices.

[0112] The valve repair and/or replacement devices and methods involved can take a wide
variety of forms, including but not limited to valves, docks, devices, systems, methods, etc.
disclosed in U.S. Patent Application Serial No. 15/912,971, filed on March 6, 2018 and
published as US 2018/0193139, those disclosed in U.S. Patent Application Serial No.
15/902,956, filed on February 22, 2019 and published as US 2018/0177594, and/or those
disclosed in U.S. Patent Application Serial No. 62/908,402, filed on September 30, 2019, the
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disclosures of which are each herein incorporated by reference in their entirety. The valve
repair or replacement device can be a transcatheter heart valve that is placed in a docking
station. The valve repair or replacement device can also be a heart valve sealing device such
as described in, and the systems and methods used can be the same as or similar to those
described in, PCT Patent Application No. PCT/US2019/055320, filed on October 9, 2019,
and U.S. Patent Application Serial No. 62/744,031, filed on October 10, 2018, the disclosures
of which are each herein incorporated by reference in their entirety. The deployment tools
herein can be used to more accurately place such valve repair or replacement devices, so that
the valve repair or replacement devices and prosthetic heart valves anchored thereto function
properly after implantation. The methods and steps shown and/or discussed here and/or in
the incorporated references can be performed on a living animal or on a simulation, such as
on a cadaver, cadaver heart, simulator (e.g. with the body parts, heart, tissue, etc. being

simulated), etc.

[0113] Figures 1 and 2 are cutaway views of the human heart H in diastolic and systolic
phases, respectively. The right ventricle RV and left ventricle LV are separated from the right
atrium RA and left atrium LA, respectively, by the tricuspid valve TV and mitral valve MV,
i.e., the atrioventricular valves. Additionally, the aortic valve AV separates the left ventricle
LV from the ascending aorta AA, and the pulmonary valve PV separates the right ventricle
from the pulmonary artery PA. Each of these valves has flexible leaflets (e.g., leaflets 20, 22
shown in Figures 4 and 5) extending inward across the respective orifices that come together
or "coapt” in the flowstream to form the one-way, fluid-occluding surfaces. The native valve
repair systems of the present application are described primarily with respect to the mitral
valve MV. Therefore, anatomical structures of the left atrium LA and left ventricle LV will be
explained in greater detail. It should be understood that the devices described herein may also
be used in repairing other native valves, e.g., the devices can be used in repairing the

tricuspid valve TV, the aortic valve AV, and the pulmonary valve PV.

[0114] The left atrium LA receives oxygenated blood from the lungs. During the diastolic
phase, or diastole, seen in Figure 1, the blood that was previously collected in the left atrium
LA (during the systolic phase) moves through the mitral valve MV and into the left ventricle
LV by expansion of the left ventricle LV. In the systolic phase, or systole, seen in Figure 2,
the left ventricle LV contracts to force the blood through the aortic valve AV and ascending
aorta AA into the body. During systole, the leaflets of the mitral valve MV close to prevent
the blood from regurgitating from the left ventricle LV and back into the left atrium LA, and
blood is collected in the left atrium from the pulmonary vein. In one example embodiment,

the devices described by the present application are used to repair the function of a defective
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mitral valve MV. That is, the devices are configured to help close the leaflets of the mitral
valve to prevent blood from regurgitating from the left ventricle LV and back into the left

atrium LA.

[0115] Referring now to Figures 1-7, the mitral valve MV includes two leaflets, the anterior
leaflet 20 and the posterior leaflet 22. The mitral valve MV also includes an annulus 24,
which is a variably dense fibrous ring of tissues that encircles the leaflets 20, 22. Referring to
Figure 3, the mitral valve MV is anchored to the wall of the left ventricle LV by chordae
tendineae 10. The chordae tendineae 10 are cord-like tendons that connect the papillary
muscles 12 (i.e., the muscles located at the base of the chordae tendineae and within the walls
of the left ventricle) to the leaflets 20, 22 of the mitral valve MV. The papillary muscles 12
serve to limit the movements of the mitral valve MV and prevent the mitral valve from being
reverted. The mitral valve MV opens and closes in response to pressure changes in the left
atrium LA and the left ventricle LV. The papillary muscles do not open or close the mitral
valve MV. Rather, the papillary muscles brace the mitral valve MV against the high pressure
needed to circulate blood throughout the body. Together the papillary muscles and the
chordae tendineae are known as the subvalvular apparatus, which functions to keep the mitral

valve MV from prolapsing into the left atrium LA when the mitral valve closes.

[0116] Various disease processes can impair proper function of one or more of the native
valves of the heart H. These disease processes include degenerative processes (e.g., Barlow’s
Disease, fibroelastic deficiency), inflammatory processes (e.g., Rheumatic Heart Disease),
and infectious processes (e.g., endocarditis). In addition, damage to the left ventricle LV or
the right ventricle RV from prior heart attacks (i.e., myocardial infarction secondary to
coronary artery discase) or other heart diseases (e.g., cardiomyopathy) can distort a native
valve’s geomeltry, which can cause the native valve to dysfunction. However, the vast
majority of patients undergoing valve surgery, such as surgery to the mitral valve MV, suffer
from a degenerative disease that causes a malfunction in a leaflet (e.g., leaflets 20, 22) of a

native valve (e.g., the mitral valve MV), which results in prolapse and regurgitation.

[0117] Generally, a native valve may malfunction in two different ways: (1) valve stenosis;
and (2) valve regurgitation. Valve stenosis occurs when a native valve does not open
completely and thereby causes an obstruction of blood flow. Typically, valve stenosis results
from buildup of calcified material on the leaflets of a valve, which causes the leaflets to

thicken and impairs the ability of the valve to fully open to permit forward blood flow.
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[0118] The second type of valve malfunction, valve regurgitation, occurs when the leaflets of
the valve do not close completely thereby causing blood to leak back into the prior chamber
(e.g., causing blood to leak from the left ventricle to the left atrium). There are three main
mechanisms by which a native valve becomes regurgitant—or incompetent—which include
Carpentier’s type I, type II, and type III malfunctions. A Carpentier type I malfunction
involves the dilation of the annulus such that normally functioning leaflets are distracted from
each other and fail to form a tight seal (e.g., the leaflets do not coapt properly). Included in a
type I mechanism malfunction are perforations of the leaflets, as are present in endocarditis.
A Carpentier’s type II malfunction involves prolapse of one or more leaflets of a native valve
above a plane of coaptation. A Carpentier’s type III malfunction involves restriction of the
motion of one or more leaflets of a native valve such that the leaflets are abnormally
constrained below the plane of the annulus. Leaflet restriction can be caused by rheumatic

disease (Ma) or dilation of a ventricle (ITIb).

[0119] Referring to Figure 4, when a healthy mitral valve MV is in a closed position, the
anterior leaflet 20 and the posterior leaflet 22 coapt, which prevents blood from leaking from
the left ventricle LV to the left atrium LA. Referring to Figure 5, regurgitation occurs when
the anterior leaflet 20 and/or the posterior leaflet 22 of the mitral valve MV is displaced into
the left atrium LA during systole. This failure to coapt causes a gap 26 between the anterior
leaflet 20 and the posterior leaflet 22, which allows blood to flow back into the left atrium LA
from the left ventricle LV during systole. As set forth above, there are several different ways
that a leaflet (e.g. leaflets 20, 22 of mitral valve MV) may malfunction, which can thereby

lead to regurgitation.

[0120] Referring to Figure 6, in certain situations, the mitral valve MV of a patient can have
a wide gap 26 between the anterior leaflet 20 and the posterior leaflet 22 when the mitral
valve is in a closed position (i.e., during the systolic phase). For example, the gap 26 can have
a width W between about 2.5 mm and about 17.5 mm, such as between about 5 mm and
about 15 mm, such as between about 7.5 mm and about 12.5 mm, such as about 10 mm. In
some situations, the gap 26 can have a width W greater than 15 mm. In any of the above-
mentioned situations, a valve repair device is desired that is capable of engaging the anterior
leaflet 20 and the posterior leaflet 22 to close the gap 26 and prevent regurgitation of blood
through the mitral valve MV.

[0121] When mitral valve regurgitation occurs, blood enters the left atrium from the left
ventricle during systole. In a healthy heart, blood should only enter the left atrium from the

pulmonary veins, not the left ventricle. But when mitral valve regurgitation occurs the left
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atrial pressure then increases above the pressure it should be, throughout the cardiac cycle,

and is most noticeable at the end of systole.

[0122]  Although stenosis or regurgitation can affect any valve, stenosis is predominantly
found to affect either the aortic valve AV or the pulmonary valve PV, and regurgitation is
predominantly found to affect either the mitral valve MV or the tricuspid valve TV. Both
valve stenosis and valve regurgitation increase the workload of the heart H and may lead to
very serious conditions if left un-treated; such as endocarditis, congestive heart failure,
permanent heart damage, cardiac arrest, and ultimately death. Because the left side of the
heart (i.e., the left atrium LA, the left ventricle LV, the mitral valve MV, and the aortic valve
AV) is primarily responsible for circulating the flow of blood throughout the body,
malfunction of the mitral valve MV or the aortic valve AV is particularly problematic and
often life threatening. Accordingly, because of the substantially higher pressures on the left
side of the heart, dysfunction of the mitral valve MV or the aortic valve AV is much more

problematic.

[0123] Malfunctioning native heart valves may either be repaired or replaced. Repair
typically involves the preservation and correction of the patient’s native valve. Replacement
typically involves replacing the patient’s native valve with a biological or mechanical
substitute. Typically, the aortic valve AV and pulmonary valve PV are more prone to stenosis.
Because stenotic damage sustained by the leaflets is irreversible, the most conventional
treatments for a stenotic aortic valve or stenotic pulmonary valve are removal and
replacement of the valve with a surgically implanted heart valve, or displacement of the valve
with a transcatheter heart valve. As noted above, the various valves of the heart can be
repaired using transvascular techniques wherein a delivery catheter enters the heart through,
for example, the inferior vena cava IVC and is then directed toward the valve needing repair.
Different paths through the heart are required to reach different valves. As an example,
reaching the tricuspid valve TV from the inferior vena cava IVC requires tight turns or bends
to be made in the catheter almost immediately after entry into the right atrium RA from the
inferior vena cava IVC (see Figures 2 and 3). In contrast, reaching the mitral valve MV from
the inferior vena cava IVC requires that the septum be punctured so that the catheter can pass

from the right atrium RA to the left atrium LA before bending toward the mitral valve MV.

[0124] Referring now to Figures 8A-31C, example embodiments of delivery catheters
having a steerable distal end and components thereof (e.g., flexible tube frames and one or
more control wires (e.g., pull wires, etc.) to control the curvature of the distal region of the

delivery catheter, etc.) are illustrated and described in detail.
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[0125] Figure 8 A shows a perspective view of a component of a distal section 25 of a
delivery catheter 224 (See Figure 9), according to an example embodiment. The delivery
device can have features such as those described in U.S. Patent Application Serial No.
15/984661, filed on May 21, 2018 and published as US 2018/0318079, the disclosure of
which is herein incorporated by reference in its entirety. The distal section includes two
opposite ends and sides 226, 27, a top 28, and a bottom 29 extending between the two ends.
These have been labelled for ease of understanding and are not intended to limit the
orientation of the distal section 25. The flexible tube frame in the distal section 25 of the
delivery catheter forms a generally cylindrical hollow tube including a plurality of links 38.
The distal section and/or flexible tube can be covered, coated, and/or include additional
elements in the final configuration of the delivery catheter. Each link 38 has the shape of a
cylindrical segment and each link 38 is aligned with and connected to adjacent links 38 to
form the cylindrical tube shape of the distal section 25. While the distal section 25 is
cylindrical in this embodiment, other shapes, such as ovular distal sections, are also possible.
Each link 38 of the distal section 25 has a greater width at the bottom 29 than at the top 28,
giving the links 38 the general shape of an acute trapezoid when viewed from the side, as best
seen in Figure 8B. The bottom of each link 38 has slits 39 to allow for more flexing of the

links 38 relative to one another.

[0126] The distal section 25 also includes an optional double guiding pattern forming a
hybrid bending section that incorporates both side teeth 31, 32 and top teeth 33. To this effect,
each link 38 includes two side teeth 31, 32 on opposite sides of the link 38 and a top tooth 33.
With respect to the distal section 25, the two rows of side teeth 31, 32 of the links 38 run the
length of the sides 226, 27 of the distal section 25, respectively, and the top teeth 33 run the
length of the distal section 25 on the top 28, as best seen in Figure 8A. While the rows of side
teeth 31, 32 and top teeth 33 are shown to run straight along the length of the distal section 25
in this illustrated embodiment, other embodiments can have different configurations. For
example, in some embodiments, the rows of side teeth 31, 32 and top teeth 33 can spiral
around the tube of the distal section 25, for example, as shown in Figure 9, to effect specific
bending shapes of the distal section 25 when the distal section 25 is actuated. In some
embodiments, the side teeth 31, 32 can be mirror images of each other to allow analogous
bending on opposite sides 226, 27 of the distal section 25. In some embodiments, the side
teeth 31, 32 can have different shapes and/or sizes in comparison to each other. The teeth 31,
32, 33 can take any other suitable shape and/or size that allows the distal section 25 to move
to a flexed configuration while delivering a valve repair or replacement device. While the

teeth 31, 32, 33 are all right-facing teeth in the illustrated embodiment (e.g., directed to the
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right in the view shown in Figure 8B), in other embodiments, the tecth can be left-facing
teeth (see, for example, Figure 9) or the top and side teeth can face different directions, for

example.

[0127]  Adjacent to each side tooth 31, 32 and each top tooth 33 is a corresponding side slot
or groove 34, 35 and top slot or groove 36, respectively, on an adjacent link 38. Each slot 34,
35, 36 can have a shape complementary to the side tooth 31, 32 or top tooth 33 to which it is
adjacent. When the distal section 25 is in a straightened configuration, the side teeth 31, 32
are partially inserted into the side slots 34, 35 and the top teeth 33 are separated from their
adjacent top slots 36 by a gap. Having the side teeth 31, 32 partially within the side slots 34,
35 in this straightened configuration provides additional torque resistance to the distal section
25 when the distal section 25 of the delivery catheter 224 is not fully flexed. However, in
some embodiments, the side teeth 31, 32 may not be positioned partially within the side slots

34, 35 when the distal section 25 is in the straightened configuration.

[0128] When the distal section 25 is bent, each side tooth 31, 32 moves further into its
corresponding side slot 34, 35 and each top tooth 33 moves closer to and then into its
corresponding top slot 36. The addition of the top teeth 33 and top slots 36 provides enhanced
torqueability and torque resistance to the distal section 25 when it is in the fully flexed
configuration. Further, having both side teeth 31, 32 and top teeth 33 provides additional
guiding control and structural support when adjusting the distal section 25 from its

straightened to its flexed configuration.

[0129] Figure 8B is a detailed cross-sectional view of several links 38 of the distal section 25
of Figure 8A. While Figure 8B is described with respect to the side teeth 32, this description
equally applies to side tecth 31 on the opposite side of the distal section 25. Side teeth 32 are
positioned along a tooth line 40 that is low relative to the top 28 of the distal section 25. This
positioning causes the side teeth 32 to have a smaller displacement, i.e., the distance the side
teeth 32 move into the adjacent slot 35 is much shorter or less than if the side teeth 32 were
positioned closer to the top 28 of the distal section 25. For example, in the illustrated
embodiment, the distance that the side teeth 31, 32 move during flexing is smaller compared
to the distance that the top teeth 33 move. In other words, the top teeth 33 move a greater
distance relative to adjacent links 38 when the distal section 25 is adjusted to a fully bent
configuration, as compared to the side teeth 31, 32. This arrangement allows the use of
shorter side teeth 31, 32 (e.g., to have side teeth with shorter longitudinal lengths), which can

in turn be incorporated into shorter bending sections in the distal section 25.

-22 -



WO 2020/106705 PCT/US2019/062194

[0130]  Further, the low tooth line also provides more space for wider tooth slots 34, 35 to
accommodate, for example, even larger side teeth since the tooth slots 34, 35 are located at
the wider lower portions of the links 38. Having more space to house larger and/or more
appropriate or robust tooth slots 34, 35 for the side teeth 31, 32 can enhance guiding of the
teeth 31, 32 into the slots 34, 35, for example, during bending. The low tooth line also allows
for the above discussed robust tooth design that can still provide structural support while
bending the links away from each other, i.¢., in the opposite direction of the bending
configuration. Therefore, when bending the links away from each other, the side teeth can
still maintain their interface with the adjacent side slots, and this maintained tooth-slot

interface can provide for more structural support and torqueability.

[0131] Figure 9 is a perspective view of a distal section 25’ in a bent configuration according
to a modification of the first embodiment. The distal section 25” in Figure 9 is similar to the
distal section 25 of Figure 8A, except that in Figure 9, the rows of top teeth 33’ and the rows
of side teeth 31°, 32’ are shifted laterally around the tube-shaped distal section 25° instead of
continuing in a straight line down the length of the distal section. This positioning of the rows
of teeth 31°, 32°, 33’ along, for example, a spiral line allows the distal section 25’ to bend in
three dimensions, as opposed to a single plane as would occur in Figure 8A. As seen in
Figure 9, the example distal section 25’ has a three-dimensional curved shape. Various
embodiments of distal sections can be laser cut so that the top and side teeth follow a pattern
that will form a desired shape during bending. For example, patterns can be cut that create a
distal section having a bent shape that, when used in surgery, allows the distal section to be
positioned at the mitral or other valve, such that a valve repair or replacement device can be

advanced from the distal section and accurately positioned at the valve.

[0132] Distal sections 25, 25’ can be manufactured by cutting, for example, by laser cutting a
flat metal strip or sheet with the desired pattern and then rolling the patterned metal strip or
sheet into a hypotube or by cutting a pre-formed hypotube. As one example, Figure 10 is a
flat view of a laser cut file or sheet 30 for the distal section 25 of Figure 8 A. This laser cut
sheet 30 includes both the top teeth 33 and their associated slots 36 and the side teeth 31, 32
and their associated slots 34, 35 arranged in straight rows along the length of the distal
section 25. However, as noted above, this laser cut sheet 30 can be modified to have the teeth
31, 32, 33 and their associated slots 34, 35, 36 arranged in other different paths or
configurations, for example, in rows of spiral lines, in order to create a curved or spiral bent
distal section 25’ similar to the one shown in Figure 9. In some embodiments, various
patterns can be cut that provide distal sections that can bend in other shapes or configurations

that help accurately navigate and deploy a valve repair or replacement device into position at
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the implant site during surgery. For example, Figures 11-12 and 18 A—19B illustrate example
embodiments of slots and/or grooves, slits, and cut-outs that help accurately navigate and
deploy a mitral valve implant. The various patterns can be cut into sheets and formed into

tubes or can be cut directly into a pre-formed tube, e.g., a hypotube.

[0133] Many types of sheets capable of being folded into tubing and/or many types of tubes
can be used for making the cut distal sections. For example, Nitinol and stainless steel can be
used, as well as various other suitable metals known in the art, as materials for the sheets

and/or tubes.

[0134] While the above embodiments include both top and side teeth, such that each link 38
has three teeth total, other embodiments may only include one of either the top or side teeth,

or no teeth at all.

[0135]  Various sheath and catheter designs can be used to effectively deploy the valve repair
or replacement device at the implant site. For example, for deployment at the mitral position,
the delivery catheter can be shaped and/or positioned to point towards commissure A3P3
and/or to point downward into the center of the mitral valve, between the leaflets of the mitral
valve. In still further embodiments, the catheter itself can also be positioned to pass through
the mitral valve, below the mitral plane, and to extend into the left ventricle (e.g., through one
of the commissures). The catheter can be positioned in any suitable manner that allows a
valve repair or replacement device to be deployed at an implant site. In some embodiments,
the catheter itself can have an atraumatic tip design, to provide atraumatic access to the
implant site, for example, by reducing or eliminating any damage that could potentially be
caused by the advancement and/or shape manipulation of the catheter while it is positioned at

the implant site.

[0136] Figure 13 shows a perspective view of a curved configuration, multiple-curve
configuration, or a “hockey stick” configuration of a distal section 65 of a delivery catheter
64. This configuration can be used for implanting a valve repair or replacement device at a
native mitral valve using, for example, a trans-septal technique. In the illustrated
configuration, the distal end 65 of the delivery catheter 64 extending from a guide sheath 220
(e.g., a trans-septal sheath) has four main subsections: a shallow curved portion 66, a circular
planar portion 67, a turn 68 and a flexible end portion 69. The shapes of these subsections
allow the distal section 65 to navigate the delivery catheter 64 into position at a native valve,
e.g., at a native mitral valve, and accurately deploy a valve repair or replacement device at the

native valve. The distal section 65 can take any suitable form that allows the distal section to
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take the flexed configuration described above, such as, for example, any form described in
the present application. While, in the illustrated embodiment, the distal section 65 of the
delivery catheter 64 curves in a clockwise direction, in other embodiments, the distal section
65 can instead curve in an opposite, counter-clockwise direction. In embodiments where the
delivery device is configured to deploy an implantable device in the tricuspid valve, as is
described above, different bend profiles and radii can be selected to navigate the delivery

catheter into position at the native tricuspid valve.

[0137] In some embodiments, the flexible tube frame can be a full laser cut hypotube (similar
to the laser cut catheter described in Figures 9—-12 above) where the cuts are arranged in a
pattern such that, when bent, the distal section forms the spiral configuration. In some
embodiments, the spiral configuration of the laser cut hypotube is allowed to be shape set to a
spiral that stretches or extends from the FO to a position that is lower than the mitral plane.
Respective gaps between the top teeth and their associated slots (e.g., where the slots are
radially wider than the teeth to provide a space for the teeth to move radially when they are in
their respective slots) allows the vertical stretching of the catheter to occur. The distal section
can be shape set with this vertically stretched configuration. Then when the spiral is in the
mitral anatomy, the distal tip of the catheter can be pulled up to position it along or just above
the mitral plane, for example, by flexing or tensioning the flex wire in or otherwise attached
to the distal section of the catheter as previously discussed. This feature allows the spiral to

be adjusted to varying heights to accommodate different patient anatomies.

[0138] Referring to Figures 1417, in one example embodiment, the distal region 117 of the
delivery catheter 114 (which can be the same as or similar to delivery catheter 64 and/or be
used to make delivery catheter 64) can be constructed of a hypotube having slits to provide
controlled flexibility. The delivery catheter also has a two-control wire system that includes a
first control wire 135 and a second control wire 136. Figure 14 shows a schematic side view
of a distal section 117 of an example embodiment of a delivery catheter 114. Figure 15 shows
a cross-sectional view of a multi-lumen extrusion portion of the delivery catheter 114, the
cross-section taken in a plane perpendicular to a longitudinal axis of the delivery catheter, and
Figures 16 and 17 respectively show schematic perspective views of the delivery catheter 114
in partial and fully actuated states. In some embodiments, other similar and/or different two

control wire systems can be used. In some embodiments, only one control wire is used.

[0139] In certain embodiments, each of the sections 115, 116 can have an associated control
wire 135, 136, for respectively controlling the bending of the sections 115, 116. The control
wire 135 can extend distally past the slots 125 and can be attached to the distal region 117,
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for example, via welding or other attachment means at connection point 135a. Similarly, the
control wire 136 can extend distally past the slots 126 and can be welded or otherwise
attached to the distal region 117 at connection point 136a. In one example embodiment, the
control wire 136 and corresponding slots 126 are omitted, leaving only the control wire 135
and slots 125.

[0140] Meanwhile, on a proximal side of the distal region 117, the delivery catheter 114
includes a proximal section 140 that can be formed as a braided multi-lumen tube extrusion.
As can best be seen in the cross-section of Figure 15, the proximal section 140 of the delivery
catheter 114 has one or more central lumens through which the control wires 135, 136 extend
to reach the distal region 117. The control wires 135, 136 can be arranged to extend side-by-
side through a central region of proximal section 140 and can then exit distally from the
proximal section 140 and attached to the side walls of the distal region 117, as previously
described. The central positioning of the control wires 135, 136 through the proximal section
140 can provide for an anti-whipping or anti-bending effect through the delivery catheter 114
when the control wires 135, 136 are used, allowing the delivery catheter 114 to maintain full

torqueability.

[0141] In addition, the proximal section 140 has a main lumen 141 that is offset from the
center of the extrusion. The main lumen 141 is sufficiently sized for the valve repair or
replacement device to pass and be delivered therethrough. The main lumen 141 can have, for
example, an ovoid cross-section, a circular cross-section, or can have a cross-section with any
other appropriate shape, so long as the valve repair or replacement device can be effectively
advanced through it. In addition to the main lumen, a number of optional parallel dummy
lumens can also be formed in and extend longitudinally through the proximal section 140, in
order to affect a symmetric moment of inertia about the control wires through the proximal
section 140. In the embodiment shown, a first dummy lumen 142 is optionally positioned
diametrically opposite the main delivery lumen 141 and is formed to be the same or
substantially the same shape as the main lumen 141 (e.g., ovoid in the illustrated
embodiment). In addition, two more optional dummy lumens 143 are positioned
diametrically opposite one another and circumferentially between the lumens 141 and 142.
The additional dummy lumens 143 are illustrated to be slightly smaller than the lumens 141,
142, and have a more circular shape. In practice, the size and shape of the dummy lumens
143 can otherwise vary and will generally be selected based on the respective sizes of the
lumens 141, 142, and the amount of space remaining in the extrusion. In addition, the main
lumen 141 and the first dummy lumen 142 can also have variable sizes and shapes,

depending on the particular application. Furthermore, in some embodiments, more or less

-26-



WO 2020/106705 PCT/US2019/062194

than four total lumens can be formed in the proximal section 140, to affect a desired
symmetry and moment of inertia, and to even out the stiffness, about the control wires that

run through the center axis of the proximal section 140.

[0142] Referring back to Figures 13 and 14, in practice, once the guide sheath 220 is
arranged as desired (e.g., with the distal end in the desired chamber of the heart and/or in
proximity to a native annulus), distal regions of the delivery catheter 64, 114, including distal
tip region 117, and in some embodiments, a portion of proximal section 140, are advanced
out of the distal opening of the guide sheath 220. Here, the portions of the delivery catheter
64, 114 that extend out of the guide sheath 220 can be positioned in a desired chamber of the
heart (e.g., in the left atrium for accessing the mitral valve). In some cases, part of the
delivery catheter 64, 114 or distal end thereof can also extend into a second chamber as well
(e.g., slightly into the left ventricle through the native mitral valve, etc.). The central control
wires 135, 136 can then be tensioned in order to actuate the distal region 117 and to gain
articulation of the one or two bends in sections 115, 116 at the distal portions of the delivery
catheter 64, 114. The control wires 135, 136 can be tensioned partially or fully in different
amounts and/or orders to properly and safely navigate around the patient’s anatomy during

actuation.

[0143] The design of the proximal section 140 and the central arrangement of the control
wires 135, 136 provides for an anti-whipping or anti-bending effect through the delivery
catheter 64, 114 when the control wire(s) 135, 136 are operated, allows for maintaining of
full torqueability of the delivery catheter 64, 114 through the trans-septal bend, and facilitates

the actuated shape of the distal region 117 to be held and maintained more effectively.

[0144] In some embodiments, a delivery catheter for delivering a device to a native valve of a
patient’s heart has a flexible tube with a centered main lumen and a control wire lumen.
Referring now to Figures 18 A—18D, a flexible tube frame 1025 of the distal end of a flexible
delivery catheter in accordance with an example embodiment is shown. This flexible tube
frame 1025 can have an overall cylindrical shape, open at both proximal and distal ends, and
provides controlled flexibility to a flexible tube at the distal end of a delivery catheter. As
with the various example embodiments described herein, the flexible tube frame, and distal
region of the delivery catheter are not limited to a cross-section with a circular shape; the

cross-section can also be elliptical or ovoid in shape.

[0145] Referring to Figure 18A, a top view of a flexible tube frame of the delivery catheter is
illustrated. The flexible tube frame 1025 can be made of links 1038, which are defined by
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slots or grooves 1036. The links 1038 can also have cut-outs 1804, and slits 1039. Each of the
plurality of links 1038 can have a circular shape, and each link can be spaced apart from at
least one other link by a slot 1036 (or groove) at the tops and sides of the links, in a circular
configuration. Referring now to Figure 18B, a side view of the flexible tube frame is
illustrated, with cut-outs 1804 and slits 1039 positioned near the bottom of the frame. The
cut-outs 1804 can be curved in shape, such as a semi-circle or semi-oval cut-out from the
frame. There can be a cut-out that corresponds to each of the plurality of links, on each side
of the frame 1025 (see Figures 19A and 19B) so that when the frame is in a tubular
configuration, each pair of cut-outs 1804 align to form a circle, oval, or cylindrical shaped
opening, positioned along the bottom of the frame, as illustrated in Figure 18C. The slits 1039
as illustrated in Figures 18B and 18C can be cut into the frame such that there are two slits
cut into each of the plurality of links, which extend partially upward from the frame bottom
into the associated link. There is little to no space created by the slits when the flexible tube
frame is straight, but the frame links can each expand at the slits when the frame is moved

into a curved configuration.

[0146] Referring now to Figure 18D, a distal end of the flexible tube frame 1025 is
illustrated. The cut-out 1804 for connecting a control wire is at the top of the distal end, and

the tooth 1807 for securing the anchor ring is at the bottom of the distal end.

[0147] Referring now to Figures 19A and 19B, a flat view of the flexible tube frame in a flat
configuration is illustrated. The flexible tube of the delivery catheter can have a flexible tube
frame made of a plurality of links disposed in the distal region of the flexible tube, the
plurality of links positioned between the first ring and the second ring. The plurality of links
can be cylindrically shaped, and cut from a single piece of material, such that each link is
aligned with and connected to at least one adjacent link, with a slot formed between each pair
of adjacent links. The flat sheet can be a hypotube having properties similar to or the same as
the example embodiments described above and illustrated in Figure 9 having the slots 1036,
cut-outs 1804, and slits 1039 formed by laser cutting. Figure 19A illustrates an example
embodiment of the flexible tube frame in a flat configuration, and Figure 19B illustrates a
close-up view of a corner of the frame, in Figure 19A. The frame 1025 can be rectangular or
substantially rectangular in shape when in the flat configuration, with the length L. modified
by cut-outs 1804 and slits 1039. The slots 1036 can be cut out of a central region to form the
plurality of links 1038. The slots can have an elongated and/or tapered shape, such that the
center region 1901 of each slot 1036 is greater in length L2 than the length L3 of the ends of
each slot. The edges of the frame 1025 along each width W can also be altered by additional

cut-outs. The first end of the frame can have a cut-out that is rectangular or substantially
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rectangular in shape with another cut-out that is semi-circular or substantially semi-circular,
aligned with a midpoint of the width W of the frame. These cut-outs in the first end create
two end pieces 1902, 1903 that when the frame is in a tubular configuration, provide a tooth
1807 attachment point for a pull ring 2001, which is positioned at the bottom of the frame.
The tooth 1807, however, is not limited to being formed by two end pieces, but instead can be
one end piece that extends distally from distal edge 1904 of the sheet. The semicircular cut-
out 1804 is positioned at the top of the first end of the frame, when the frame is in a tubular
configuration, and can be clocked with a control wire, when the distal end of the delivery
catheter is assembled. In this example embodiment, one control wire (e.g., pull wire, etc.) is
used to control the curvature of the distal region of the delivery catheter, but the device is not
so limited in other example embodiments, where the delivery catheter can have more than

one control wire.

[0148] The cut-outs at a second end of the frame can be a plurality of oval shaped or
substantially oval shaped windows 1808. The center window can have an additional proximal
cut in it, which can be a proximal slot 1809, so that the center window is open to a proximal
edge 1905 of the frame. The proximal slot 1809 can be aligned with the hypotube anchor
when the delivery catheter is fully assembled. The windows can be used to provide an
opening for adhesive material or polymer material to flow through and adhere to a layer
underneath, or interior to, the window, embedding the component (the frame in this instance)

and therefore securing it in place.

[0149] Referring now to Figures 20A and 20B, a control wire 1135 and other components are
assembled with the flexible tube frame to control the bending of the flexible tube frame by
using the control wire. The components include a first optional ring added at a distal end of
the flexible tube frame, and a second optional ring added at a proximal end of the flexible

tube frame.

[0150] The first ring at the distal end of the flexible tube frame can be a pull ring 2001,
connected to the tooth 1807 at the distal end of the frame. The pull ring is fixedly attached to
the distal end and can be attached by a weld between the pull ring and the tooth. The pull ring
and distal end of the frame can alternatively be attached by any other known technique
typically used and that can withstand a tensile load of at least 25 pounds. The pull ring can
have cut-outs 1804 which can overlap with cut-outs of the flexible tube frame. The control

wire 1135 can be fixedly attached to the pull ring.
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[0151] Referring now to Figures 21A-21C, a pull ring 2001 attached to a control wire 1135,
such as that used in the example embodiment of Figures 20A and 20B, is illustrated. Figure
21A illustrates a top view of the pull ring and control wire assembly. The pull ring 2001 has
openings 2101. Figure 21B illustrates a side view of the pull ring and control wire assembly.
The pull ring can have additional cut-outs 1804, such as those on the proximal end of the pull
ring in Figures 21B and 21C. The additional cut-outs can facilitate positioning of the pull ring
on the distal end of the flexible tube frame. For example, cut-out 1804 is positioned on the
bottom of the pull ring and aligns with the tooth 1807 of the flexible tube frame when

assembled.

[0152] Figure 21C, which is a bottom view of the pull ring and control wire, has a bottom
cut-out 1804 of a size and shape to align with the tooth, and also reveals a view of the distal

end of the control wire 1135.

[0153] Figure 20A illustrates a top view of the assembly, and the control wire 1135 extends
along the length of the flexible tube frame 1025 and is visible at each slot 1036. Figure 20B
illustrates a side view of the assembly and the control wire 1135 is visible running along the

top interior of the flexible tubular frame.

[0154] There can be a second ring in the distal region of the flexible tube that is an anchor
ring 2002. The second ring in the distal region of the flexible tube is spaced apart from the
first ring. The anchor ring 2002 is attached to the proximal end of the flexible tube frame. The
anchor ring 2002 can have a hypotube 2901 (see Figures 29A and 29B) attached to the inside
top surface of it, and the control wire, which passes through the flexible tube frame, is

slidably positioned within the hypotube 2901.

[0155] Referring to Figures 28A-29C, an anchor ring and hypotube assembly according to
the example embodiment of Figures 20A and 20B is illustrated. Figure 28A illustrates a flat
view of the anchor ring 2002. When flat, the anchor ring can have a rectangular or
substantially rectangular shape, with a width about the same as that of the flexible tube frame
when in a flat configuration. The anchor ring 2002 can have cut-outs 2803, which can be
rectangular in shape. The anchor ring can also have its own holes 2802. The holes 2802 and
cut-outs 2803 can be circular or substantially circular and can also be rectangular, or any
other shape that permits layering of materials in the assembly of the delivery catheter. The
anchor ring can also have weld holes 2801 for the alignment of and welding of a hypotube
2901 to the top- inside of the anchor ring. Figure 28A illustrates a close-up view of the weld
holes. Figure 29A illustrates a top view of the anchor ring and hypotube 2901 welded
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together. The hypotube is an anchor for the control wire to slidably pass through. Figure 29B
is a side view of the anchor ring 2002 and hypotube 2901. Figure 29C illustrates an end view
of the anchor ring. The hypotube can be positioned and welded to the interior surface of the
top of the anchor ring. The anchor ring can be curved into a cylindrical configuration to
match that of the flexible tube frame; however the ends of the anchor ring are not required to
be in contact with each other to form a complete cylinder or other substantially cylindrical
shape. Figure 29C illustrates a gap 2903 which can remain once the components are
assembled. The weld between the anchor ring and the hypotube should be able to withstand a
tensile load of at least 30 pounds, with the load being applied in a coaxial direction to the

hypotube.

[0156] Referring now to Figures 30A-31C, the coil sleeve 2004 and proximal coil stopper
2005 are described in greater detail. Figure 30A illustrates a flat view of the proximal coil
stopper 2005. The proximal coil stopper can have windows 3001 and weld holes 3002. The
windows allow assembly of the components to be held together with the polymer catheter
material, and the weld holes permit the proximal coil stopper to be secured to the coil sleeve.
Figure 30B illustrates a close up of the weld holes 3002 which can be used to weld the
proximal coil stopper 2005 to the coil sleeve 2004.

[0157]  Figures 31A-31C illustrate a proximal region of the coil sleeve 2004 as it is
assembled with the proximal coil stopper 2005. In Figure 31A, a top view is illustrated. Here
the assembly windows are positioned so that there is a top proximal window and a top distal
window. Each of the assembly windows in Figure 31A can be part of a pair, having a
corresponding bottom assembly window, as shown in Figure 31B. The proximal coil stopper
is not limited to this particular configuration of assembly windows and weld holes. Figure
31B illustrates a cross-section of the coil sleeve and proximal coil stopper taken along line
X-X. A proximal end of the coil sleeve 2004 fits snugly within the proximal coil stopper. The
weld holes are on both the top and bottom of the proximal coil stopper. The weld holes are in
the proximal coil stopper so that a plurality of rotations of the coil in the coil sleeve can be
fixed to the proximal coil stopper. Figure 31C illustrates the coil within the proximal coil
stopper, and the channel 3101 in which the control wire slidably extends through. The weld
between the proximal coil stopper and the coil sleeve should be able to withstand a

compressive load of at least 35 pounds.

[0158] Referring now to Figures 22A and 22B, the distal portion of a delivery catheter 1114
containing a flexible tube frame is illustrated. Figure 22A illustrates a side view, showing an

outer layer that is a polymer coating. The polymer coating can be a thermoplastic elastomer
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(TPE), that can be a polyether block amide (PEBA). The properties of the polyether block
amide can vary along the length of the distal end of the catheter and can be chosen based on
the desired flexibility and number of components of each portion of the catheter. Ata
proximal location along the length of the delivery catheter, the catheter 1114 has an opening
2201 for the control wire 1135 to exit from. The coil sleeve 2004 surrounds the control wire
until the control wire passes through the proximal coil anchor. Figure 22B illustrates a distal

end view of the delivery catheter.

[0159] Referring now to Figures 23A and 23B, a cross section of the distal end of the
delivery catheter, is illustrated, taken along line A—A of Figure 22B. Figure 23B is a close-up

view of a portion of the cross-section of Figure 23A.

[0160] The components illustrated in the various cross-sections of Figures 22A-23A can
extend various lengths along the delivery catheter in certain example embodiments. For
example, the flexible tube frame 1025 extends along a distal region of the delivery catheter.
The coil sleeve 2004 is proximal to the flexible tube frame and extends for a length inside the
control wire lumen, then exits the delivery catheter and extends in a proximal direction for
another length. The braid 2401 extends along a central region of the delivery catheter. The
primary catheter lumen liner can extend along the entire length of the delivery catheter. The

control wire lumen liner can extend along the entire length of the control wire lumen.

[0161] Figure 23 A illustrates the position of the control wire 1135, from the distal end of the
control wire, secured to the pull ring, to a portion of the control wire that is surrounded by the
coil sleeve. The coil sleeve 2004 covers a portion of the control wire that is proximal to the
anchor ring. As shown in Figures 23A and 23B, the delivery catheter can be configured such
that the flexible tube frame is in contact with the outer polymer layer 2301 of the delivery
catheter. The slots or grooves 1036 of the flexible tube frame are positioned at the top and

sides of the frame and the slits and cut-outs are at the bottom of the frame.

[0162] Referring now to Figures 24-27, cross-sections of the delivery catheter are illustrated,
taken along various points along the length of the catheter. Figures 24-26 illustrate cross-
sections from the distal region of the delivery catheter and include the flexible tube frame
1025. Figure 27 illustrates a cross-section from a proximal region of the delivery catheter,

where the control wire is positioned external to the catheter.

[0163] Referring to Figure 24, the cross-section of the delivery catheter illustrated is taken
along line B-B of Figure 23A. This cross-section is at a proximal portion of the distal region.

There is an outer layer 2301 of the catheter that can be an outer polymer layer having any of
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the properties described above regarding polymers used for delivery catheters. There is an
inner layer that is a primary lumen liner 2402, which can be made of etched PTFE, and
extends the full length of the primary lumen of the delivery catheter. The liner fully surrounds
the interior surface of the catheter lumen, to provide a smooth surface so that a valve implant
device can be passed through without catching on the interior surface and delivered to a heart
valve. There can be a braid 2401 that provides additional support to the catheter without
limiting the flexibility needed to navigate the delivery catheter inside the heart. The braid
2401 is embedded in the outer polymer layer. The braid can be made of a flat wire(s) and/or
round wire(s) and can have an almond-shaped pattern, or any other pattern known in the art
to provide both strength to and retain flexibility in a delivery catheter. There is a control wire
lumen 2502 that is at the top of the tube, and in this lumen, at cross section B-B, is a control
wire lumen liner 2502 lining the control wire lumen, and a coil sleeve 2004 surrounding a
control wire 1135. There remains a hollow primary lumen 2602 in the catheter inside the

primary catheter lumen liner 2402.

[0164] Referring to Figure 25A, the cross-section of the delivery catheter illustrated is taken
along line C-C in Figure 23A. This cross-section is at an intermediate portion of the distal
region of the delivery catheter, at a location just proximal to the flexible tube frame where the
anchor ring is located. Figure 25B illustrates a close-up view of the top of the catheter at the
cross section shown in Figure 25A, where the control wire lumen is located. Hypotube 2901
is attached to anchor ring 2002, and the control wire 1135 extends through hypotube 2901.

The hypotube can be made of stainless steel, polymer, or other biocompatible material.

[0165] There can also be a marker band 2501. The marker band can provide an indicator to
the user of the location of the proximal end of the flexible tube frame in the distal region of
the delivery catheter. The marker band can be made of platinum iridium or other material that
would be readable with the imaging techniques commonly used in conjunction with mitral
valve implant delivery catheters. Liner 2401, which is the liner of the primary lumen 2602 of
the catheter, can extend along the entire length of the lumen 2602, including at the portion of

the distal region of the delivery catheter at line C-C.

[0166] Referring to Figure 26, the cross-section of the delivery catheter illustrated is taken
along line D-D in Figure 23A. This cross-section is more distally located in the distal region
of the delivery catheter. At this cross-section, there is the flexible tube frame 1025 embedded
in the outer catheter 2301. This particular cross-section is taken at a part of the catheter
having a cut-out 1804 at the bottom of the flexible tube frame, as indicated by the gap 2601.

The interior of the primary catheter lumen and the control wire lumen are each lined with a
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primary lumen liner 2402 and a control wire lumen liner 2502, respectively. The control wire
lumen is occupied by the control wire. The outer catheter is made of a polymer as described

above.

[0167] Figure 27 illustrates the cross-section taken along line E-E of Figure 22A, in a
proximal region. The primary catheter lumen 2602 has a liner 2402, which extends along the
length of the delivery catheter. The control wire lumen begins at a more distal location in the
catheter. At cross-section E-E, the control wire has exited the catheter so that it can be
manipulated at its proximal end (not shown) by an operator. The control wire 1135 is
surrounded by a coil sleeve 2004 and the coil sleeve is partially covered by the proximal coil

stopper 2005.

[0168] Referring again to Figures 20A and 20B, the delivery catheter can have a control wire
in the control wire lumen 2502 (see Figure 26). The control wire lumen 2502 can be
connected to pull ring, and extend at least along the delivery catheter, at an inside location
along the flexible tube frame (i.e., in the interior of the flexible tube frame). The hypotube of
the anchor ring and a coil sleeve 2004 are disposed in the control wire lumen. The coil is
located proximal to the flexible tube frame and is connected to a proximal end of the
hypotube 2901. The coil surrounds the control wire to protect it and to prevent the plastic
material around the coil sleeve from compressing, foreshortening, or buckling when the
control wire is pulled. A proximal coil stopper 2005 can surround the proximal end of the coil
sleeve. The coil sleeve 2004 has a distal region within the catheter, in the control wire lumen,
and exits the catheter at opening 2201. A proximal region of the coil sleeve is external to the
delivery catheter and extends for a length. At least the portion of the control wire that extends
from the second ring to the first ring is not covered by the coil sleeve (see Figure 26). The
coil stopper 2005 maintains the integrity of the proximal end of the coil sleeve 2004 and
provides a means for connecting the coil sleeve to other components of the catheter, such as
the pull ring. The coil sleeve acts as a stopper to the control wire, to stop it from compressing,
foreshortening, or buckling the proximal region of the delivery catheter. The coil stopper and
coil sleeve can be configured in a variety of different ways and may in some embodiments be

omitted.

[0169] The delivery catheter 114 includes a control wire lumen 2502 for housing the control
wire 1135. In the illustrated embodiment, the control wire conduit is defined, at least in part,
by a liner. In some embodiments, the control wire conduit 2502 can take any other suitable

form.
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[0170] In some embodiments, the delivery catheter 114 includes a coil sleeve 2004 that
extends around the control wire until it reaches the flexible tube frame 1025. The design of
the proximal section of the delivery catheter and the arrangement of the control wire 1135
and coil sleeve 2004 provides for an anti-whipping or anti-bending effect through the
delivery catheter 114 when the control wire is operated. This can allow for maintaining full
torqueability of the delivery catheter 114 through the trans-septal bend. This can also
facilitate the actuated shape of the distal region 25 to be held and maintained more effectively
during torqueing or rotation during delivery. The coil sleeve 2004 is configured to provide for
the anti-whipping or anti-bending effect and for maintaining the full torqueability of the

delivery catheter 114.

[0171]  The control wire 1135, control wire conduit 2502, flexible tube frame 1035, pull ring
2001, anchor ring 2002, and coil sleeve 2004 operate in a manner similar to a cinch, or a
drawstring, where the control wire is the string, and the flexible tube frame allows the distal
region of the catheter to be “cinched.” Figure 20C illustrates the movement of the
components when tension is applied to the control wire. At the proximal end of the device,
the operator can pull the control wire 1135 in a proximal direction, as indicated by arrows
2006. The control wire can be tensioned partially or fully in different amounts to properly and
safely navigate around a patient’s anatomy. Upon applying this tension in a proximal
direction to the control wire 1135, the control wire, connected to the pull ring 2001 at the
distal end, applies a force in a proximal direction on the top of the pull ring. This force causes
the pull ring 2001 to move both upward and in a proximal direction, as indicated by arrow
2007. The flexible tube frame1025 bends and bunches along the slots or grooves 1036, so
that the slots 1036 positioned along the top curve of the frame become smaller as the tops of
the frame links 1036 are pulled closer together, as indicated by arrows 2008. This is what
causes the flexible tube frame, and therefore the distal section of the delivery catheter, to flex
so that its distal region curves upwards in the direction illustrated with arrow 2007, where the
upward direction is defined as the direction that the top of the tube frame 1025 faces. The
result of applying tension to the control wire 1135 by pulling it in a proximal direction is that
the flexible tube frame 1025 is curved into a configuration with its proximal and distal ends
brought closer together and having a curve such as that provided by the curve 2009 in Figure
20C. In this way, the tension on the control wire is what determines the degree of curvature.
As the flexible tube frame 1025 bends, the slits 1039 along the bottom of the frame can

expand to alleviate force applied to the flexible tube frame.

[0172] Referring again to Figure 20C, the control wire 1135 is fixedly connected to the pull
ring 2001 and is slidably connected to the anchor ring 2002 at the proximal end of the
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flexible tube frame 1025 by passing through the hypotube 2901. The control wire 1135 is also
slidably positioned within the control wire lumen 2502 and the coil sleeve 2004. The coil
sleeve 2004 prevents cinching and/or bunching of the delivery catheter in regions other than
that of the flexible tube. The coil sleeve provides additional stiffness to the delivery catheter,
such that the length of the delivery catheter having the coil sleeve does not flex excessively.
As the control wire 1135 is pulled in the direction of arrows 2006 to flex the distal region of
the delivery catheter, a tensile load is applied to the distal end of the control wire, where it is
connected to the pull ring. The flexible tube frame bends, but the coil sleeve 2004 prevents
curvature of the control wire 1135 in the proximal region of the delivery catheter. When the
tension in the control wire is released, the tube frame returns to a straight configuration, the
plurality of links 1038 become spaced apart again along the slots and/or grooves 1036, and
the slits 1039 close again.

[0173] To deliver some implantable prosthetic devices, an example distal end of a delivery
device may need to bend/curve about 90 degrees to properly align the implantable prosthetic
device within the mitral valve. One technique used to reach the mitral valve is the trans-septal
technique, mentioned above. In some trans-septal techniques, a delivery device is extended
through the inferior vena cava IVC (see Figures 2 and 3) and then through a puncture in the
septum (though in some embodiments, the septum may be accessed via the superior vena
cava SVC). The height of the distal end when bent/curved to a maximum bending condition
(e.g., 90 degrees) determines a minimum distance between the mitral valve and the puncture
through the septum that is made during implantation, i.e., the septal puncture height. If the
puncture through the septum is made too close to the mitral valve—below the minimum
septal puncture height—the distal end will not be able to bend/curve to 90 degrees without
contacting the tissue of heart, thereby frustrating proper alignment and implantation of the
implantable prosthetic device in the mitral valve, as can be seen in Figure 32. The delivery
device can also be configured to reach the tricuspid valve TV after extending through the
inferior vena cava IVC, which may require additional bending beyond 90 degrees where bend
height and distance also impact alignment of the implantable prosthetic device within the

tricuspid valve TV.

[0174] Referring now to Figure 32, a schematic side view of an example distal end 200 of a
delivery catheter is shown protruding through a septal puncture or opening 201 in the septum
of the heart and bending toward the mitral valve MV. A guide sheath 220 (see Figure 13),
such as a trans-septal sheath, can also be used to guide the delivery catheter and/or cross the
septum. The septal puncture 201 is made at a vertical distance or septal puncture height 202

above the mitral valve MV. The center of the mitral valve MV is spaced apart laterally by a
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lateral distance 204 from the septum. The distal end 200 has a bending portion 210 with a
bending radius 212 that enables the distal end 200 of the delivery device to be bent toward
the mitral valve MV to deliver an implantable prosthetic device within the valve for
implantation. Similarly, in embodiments where the delivery catheter is configured to reach
the tricuspid valve TV, the delivery catheter enters the right atrium RA from the inferior vena
cava IVC (and/or superior vena cava SVC) and is bent toward the tricuspid valve TV to

deliver an implantable prosthetic device within the valve for implantation.

[0175]  As was described above and can be seen in Figure 32, a bending height 206 of the
bending portion 210 is greater than the minimum septal puncture height 202. Thus, a fully
extended bending portion 210", shown in broken lines, would interfere with the native tissue
of the mitral valve MV such that the implantable prosthetic device could not be implanted in
the middle of the mitral valve MV using the septal puncture 201. A similar situation can arise
when delivering an implantable prosthetic device in to the tricuspid valve TV if the bend
radius of the delivery catheter is not tight enough to bend from the inferior vena cava IVC to

the middle of tricuspid valve TV.

[0176] Referring now to Figure 33, a schematic side view of an example distal end 300 of a
delivery catheter (e.g., a multiple-curve/bend delivery catheter) is shown protruding through
the septal puncture 201. The distal end 300 has a first bending or curved portion 310 and a
second bending or curved portion 320. The first bending portion 310 is bent/curved at a first
bending radius 312 and the second bending portion 320 is bent/curved at a second bending
radius 322. The first bending radius 312 is greater than the second bending radius 322 so that
the first bending portion 310 bends more gradually than the second bending portion 320. The
tighter bend radius of the second bending portion 320 combined with the larger bending
radius of the first bending portion 310 enables the distal end 300 to bend/curve a full 90
degrees with a bending height 306 that is less than the septal puncture height 202. The
bending height 306 can be altered by altering the first and second bend radii 312, 322 of the
first and second bending portions 310, 320, for example, by altering the stiffness of the first
and second bending portions 310, 320. Various ways of altering the stiffness of the first and
second bending portions 310, 320 are discussed in more detail below. The bending height 306
can also be altered by altering the relative length of the two bending portions 310, 320. For
example, the first bending portion 310 can be about one-quarter, one-third, one-half, two-
thirds, or three-quarters of the length of the distal end 300, with the second bending portion
320 making up the remainder of the length of the distal end 300.
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[0177] Referring now to Figures 34-36, schematic side views of example distal ends of
example delivery catheters are shown in a 90-degree bend/curve condition. Figure 34 shows
the distal end 200, described above, bent/curved to 90 degrees (or curved such that the tip is
oriented in a direction 90 degrees from the direction of the catheter portion before the bend or
at the septum crossing region) with a bend height 206 and a lateral bend distance 208. Figure
35 shows the distal end 300, described above, bent/curved to 90 degrees to a bend height 306
and a lateral bend distance 308. The bend height 306 and bend distance 308 of the distal end
300 are both less than the bend height 206 and bend distance 208 of the distal end 200
because the distal end 300 includes first and second bending portions 310, 320 that have first
and second bend radii 312, 322 as compared to the single bend radius 212 of the bending
portion 210 of the distal end 200.

[0178] Figure 36 shows an example distal end 400 that has an additional bending/curved
portion so that the distal end 400 is formed from first, second, and third bending portions 410,
420, 430. The first, second, and third bending portions 410, 420, 430 have first, second, and
third bending radii 412, 422, 432, respectively. The first and third bending portions 410, 430
have smaller bending radii 412, 432 than the second bending portion 420. Consequently, a
bending height 406 of the distal end 400 is greater than the bending height 306 and less than
the bending height 206. Though the bending height 406 is greater than the bending height
306, the distal end 400 has a smaller bending distance 408 than the bending distance 308
because of the addition of the first bending portion 410 with a smaller bending radius 412.

[0179] In some embodiments, distal ends, such as those described herein, can have any
number of bending or curved portions with various lengths and bending radii to allow for
customization of the bending height, bending distance, and shape of the distal end when bent
to about a 90-degree angle or other angle as required by the desired application. The bending
properties of an example distal end can be modified to target a particular bending height or
bending radius that target a particular bending profile or path. For example, different bending
profiles can be configured depending on whether the implantable prosthetic device is
intended for delivery into the tricuspid valve TV or into the mitral valve MV via a trans-

septal procedure.

[0180] As is described above, an example embodiment of a delivery catheter for delivering a
device to a native valve of a patient’s heart can have a centered main lumen and a control
wire lumen. Referring now to Figures 37-43, an example flexible tube frame 500 of the distal
end of a flexible delivery catheter in accordance with an example embodiment having first

and second bending portions 510, 520 is shown. The flexible frame 500 extends from a
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proximal end 501 to a distal end 502 and can have an overall cylindrical shape that is open at
both the proximal and distal ends 501, 502. The flexible frame 500 provides support and
controlled flexibility to first and second polymer layers 530, 540 (Figures 42-43) at the distal
end of a delivery catheter. As with the other example embodiments described herein, the
flexible tube frame 500 and distal region of the delivery catheter are not limited to a cross-
section with a circular shape (e.g., Figure 40); that is, the cross-section can also be elliptical
or ovoid in shape. In addition, the first and second polymer layers 530, 540 can be used with
any of the frames described herein, such as frames having a single, uniform flexing section to

form bending portions with different bending radii.

[0181] The proximal end 501 of the flexible tube frame 500 includes a plurality of rounded,
oval shaped or substantially oval shaped windows or cut-outs 503 and a center cut-out or
proximal slot 505 that is open to the proximal end 501 of the flexible tube frame 500. The
proximal slot 505 can be aligned with a hypotube anchor when the delivery catheter is fully
assembled. The plurality of cut-outs 503 are used to provide an opening for adhesive material
or polymer material of the first and second polymer layers 530, 540 to flow through the
flexible tube frame 500 to adhere to other materials, such as a layer underneath or interior to
the cut-outs 503 thereby embedding and securing the flexible tube frame 500 in a desired

location.

[0182] The distal end 502 of the flexible tube frame 500 includes a tooth-shaped attachment
portion 504 protruding from the bottom side of the distal end 502 for attaching the flexible
tube frame 500 to a distal pull ring 560 (Figures 42-43) or another pull ring such as the pull
ring 2001 described above. The attachment portion 504 can be formed from a single
protrusion or two protrusions that are joined together when the flexible tube frame 500 is

formed from a flat sheet of material (see, for example, the flat sheet shown in Figure 41).

[0183] The distal end 502 can also include an optional semi-circular shaped distal cut-out
506 positioned at the top side of the distal end 502 when the flexible tube frame 500 is
formed in the tubular configuration. The distal cut-out 506 attaches to a control wire 570
(Figures 42-43) or another control wire such as the control wire 1135 described above. The
distal end 502 of the flexible tube frame 500 is shown in Figure 40 to show the circular cross-
sectional shape of the flexible tube frame 500 and the relative positions of the attachment

portion 504 and the cut-out 506.

[0184] Referring to Figure 37, a top view of the flexible tube frame 500 is shown. The
flexible tube frame 500 has first and second bending portions 510, 520. Each of the first and
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second bending portions 510, 520 is formed from a plurality of links 512, 522 that are defined
by slots or grooves 514, 524. The links 512, 522 can also include cut-outs 516, 526 and slits

518, 528. Each of the plurality of links 512, 522 can have a circular shape, and is spaced apart
from at least one other link by a slot or groove 514, 524 at the tops and sides of the links 512,

522 in a circular configuration.

[0185] Referring now to Figure 38, a side view of the flexible tube frame 500 is shown with
cut-outs 516, 526 and slits 518, 528 positioned at and/or near the bottom of the flexible tube
frame 500. The cut-outs 516, 526 can optionally have a rounded shape, such as a semi-circle
or semi-oval. Each cut-out 516, 526 corresponds to one of the plurality of links 512, 522. The
cut-outs 516, 526 are formed on either side of the flexible tube frame 500 when the flexible
tube frame 500 is cut from a flat sheet of material (Figure 41) so that when the flexible tube
frame 500 is rolled into a tubular configuration, each pair of cut-outs 516, 526 aligns to form
a circle, oval, or other rounded opening to form a row of openings along the bottom of the

flexible tube frame 500, as can be seen in Figure 39.

[0186] The slits 518, 528 are formed in the flexible tube frame 500 such that there are two
slits 518, 528 cut into each of the plurality of links 512, 522. The slits 518, 528 extend
partially upward from the bottom of the flexible tube frame 500 and into the particular link
512, 522. The slits 518, 528 operate similar to relief cuts in that the slits 518, 528 are closed
or substantially closed when the flexible tube frame 500 is in a straight configuration and can
open or expand when the frame links 512, 522 move toward one another as the flexible tube

frame 500 is transitioned into a bent configuration.

[0187] Referring now to Figure 41, a plan view of the flexible tube frame 500 in a flat
configuration is shown. The flexible tube frame 500 is rectangular or substantially
rectangular in shape when in the flat configuration and can be rolled along a longitudinal axis
to form a cylindrical or other cross-sectional tube shape. Optionally, the flat pattern shown in
Figure 41 can be used to instruct a laser cutter to cut through an already formed or pre-
formed hypotube so that no rolling step is needed. The hypotube can have properties similar
to or the same as the example embodiments described above. The links 512, 522 of the
flexible tube frame 500 are formed by laser cutting various shapes in the flat sheet of
material. In particular, the shape of the links 512, 522 is defined by the slots 514, 524, cut-
outs 516, 526, and slits 518, 528. That is, the slots 514, 524 can be cut out of a central region
to form the plurality of links 512, 522. The slots 514, 524 can have an elongated and/or
tapered shape such that the center region of each slot 514, 524 is wider than the ends of the
slots 514, 524 near the sides of the rectangular sheet. The edges of the flattened sheet of

- 40 -



WO 2020/106705 PCT/US2019/062194

material along are shaped by the cut-outs 516, 526 that form a rounded oval-like shape when
the sheet of material is rolled into the flexible tube frame 500. The slits 518, 528 extend from
the cut-outs 516, 526 toward the center of the sheet. The cut-outs in the distal end 502 of the

sheet form two attachment projections 504 that form the single attachment portion 504 when

the sheet of material is rolled into a tube shape.

[0188] Referring now to Figures 42 and 43, the flexible tube frame 500 is shown assembled
to other components of the distal end of the delivery catheter. The distal end assembly
includes the flexible tube frame 500, an optional proximal stationary or fixed ring 550, the
optional distal pull or moveable ring 560, and a control wire 570 and operates similar to the
distal end assemblies described above. The control wire 570 extends through the proximal
ring 550, through the flexible tube frame 500, and attaches to the distal ring 560. Similar to
the flexible tube frame shown in Figure 20C, applying tension to the control wire 570 causes
the links 512, 522 to move toward each other and the slots 514, 524 to reduce in width,
thereby bending the flexible tube frame 500 towards its top or an inside radius of the bend.
Application of bending tension to the control wire 570 also causes the cut-outs 516, 526 and
slits 518, 528 on the bottom or outside radius of the bend to expand. In this example
embodiment, one control wire is used to control the curvature of the distal region of the
delivery catheter, but the device is not so limited in other example embodiments, where the

delivery catheter can have more than one control wire.

[0189] The links 512 of the first bending portion 510 are closer together than the links 522 of
the second bending portion 520, as can be seen in Figures 37-39 and 41-43. Consequently,
the slots 514 of the first bending portion 510 are narrower than the slots 524 of the second
bending portion. The different spacing of the links 512, 522 in the first and second bending
portions 510, 520 contributes to the different bending characteristics of the first and second
bending portions 510, 520. That is, the more closely spaced links 512 of the first bending
portion 510 stiffen the first bending portion 510 relative to the second bending portion 520 so
that the first bending portion 510 will have a larger bending radius than the second bending
portion 520. Optionally, the spacing of the links 512, 522—and thus, the width of the slots
514, 524——can be the same between the first and second bending portions 510, 520 and the
width and/or thickness of the links 512, 522 can be varied to change the bending
characteristics of the first and second bending portions 510, 520. That is, thicker and/or wider
links 512, 522 can be used to stiffen the bending portion 510, 520, thereby increasing the
bending radius when exposed to a bending force. Because of the relative difference in
stiffness of the first and second bending portions 510, 520, applying a bending force to the
flexible tube frame 500 via the control wire 570 to bend the flexible tube frame 500 to an
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approximately 90 degree bent condition causes the more flexible second bending portion 520
to bend before the stiffer first bending portion 510. In the illustrated example, a single
control wire 570 controls bending of both the first bending portion 510 and the second
bending portion 520.

[0190] Links with different widths and/or thicknesses can be combined with varied spacing
between the links to further customize the bending characteristics, thereby modifying the
resulting bending radius when the distal end is bent into a bent condition at around 90 degrees
from the straight condition. The variation of the spacing, width, and/or thickness of the links
can be between defined bending portions of the distal end—e.g., between first and second
bending portions 510, 520—or can change from link to link to create elliptical and other
forms of curved bends in the distal end. That is, example distal ends can be designed for
arbitrary bending profiles or paths based on the requirements of a particular implantation
procedure—such as implantation in the mitral valve or tricuspid valve—or for a particular
patient whose heart may have smaller or larger features requiring a different bending profile

to reach a target valve.

[0191] Referring again to Figures 42 and 43, the first and second bending portions 510, 520
include broken lines showing the locations of first and second outer polymer layers 530, 540
that can be made from a flexible material, such as a polymer. The first and second polymer
layers 530, 540 can be the same or substantially the same as the polymer layer 2301
described above but can have two different durometers and/or are used over a frame 500
having a plurality of different bending portions (e.g. 510, 520) to provide different bending
radii using a single pull wire 570. The polymer layers 530, 540 can have the same durometer
or hardness or can have different durometers. Similar to the effect on bending that the size
and spacing of the links 512, 522 described above, the bending characteristics of the first and
second polymer layers 530, 540 depend on the stiffness or resistance to bending of the
material used to form the first and second polymer layers. That is, using a stiffer material will
require more force to bend, thereby forming a greater bending radius in the stiffer section.
Similarly, a lower durometer material will be softer and easier to bend, thereby resulting in a
reduced bending radius relative to the relatively stiffer portion. Thus, similar to the thickness
and spacing of the links 512, 522, the material properties of the polymer layers 530, 540 can
be modified to change the bending characteristics of the flexible tube frame 500. Various
combinations of soft and hard polymer materials used in the first and second polymer layers
530, 540 and/or link dimensions can be used together to provide a large variety of bending

radii for first and second bending portions 510, 520.

-4) -



WO 2020/106705 PCT/US2019/062194

[0192] Referring now to Figures 44-50, an example flexible tube frame 600 of the distal end
of a flexible delivery catheter in accordance with an example embodiment having first and
second bending portions is shown. The flexible tube frame 600 extends from a proximal end
601 to a distal end 602 and can have an overall cylindrical shape that is open at both the
proximal and distal ends 601, 602. The flexible tube frame 600 provides support and
controlled flexibility to first, second, and third polymer layers 640, 650, 660 (Figures 49-50)
at the distal end of a delivery catheter. As with the other example embodiments described
herein, the flexible tube frame 600 and distal region of the delivery catheter are not limited to
a cross-section with a circular shape (e.g., Figure 47); that is, the cross-section can also be

elliptical or ovoid in shape.

[0193] The proximal end 601 of the flexible tube frame 600 includes a plurality of rounded,
oval or substantially oval shaped windows or cut-outs 603 and a center cut-out or proximal
slot 605 that is open to the proximal end 601 of the flexible tube frame 600. The proximal
slot 605 can be aligned with a hypotube anchor when the delivery catheter is fully assembled.
The plurality of cut-outs 603 are used to provide an opening for adhesive material or polymer
material to flow through the flexible tube frame 600 to adhere to other materials, such as a
layer underneath or interior to the cut-outs 603 thereby embedding and securing the flexible

tube frame 600 in a desired location.

[0194] The distal end 602 of the flexible tube frame 600 includes a tooth-shaped attachment
portion 604 protruding from the bottom side of the distal end 602 for attaching the flexible
tube frame 600 to a distal pull ring 660 (Figures 49-50) or another pull ring such as the pull
ring 2001 described above. The attachment portion 604 can be formed from a single
protrusion or two protrusions that are joined together when the flexible tube frame 600 is
formed from a flat sheet of material (see, for example, the flat sheet shown in Figure 48). The
distal end 602 also includes a semi-circular shaped distal cut-out 606 positioned at the top
side of the distal end 602 when the flexible tube frame 600 is formed in the tubular
configuration. The distal cut-out 606 attaches to a control wire 670 (Figures 49-50) or
another control wire such as the control wire 1135 described above. The distal end 602 of the
flexible tube frame 600 is shown in Figure 47 to show the circular cross-sectional shape of
the flexible tube frame 600 and the relative positions of the attachment portion 604 and the
cut-out 606.

[0195] Referring to Figure 44, a top view of the flexible tube frame 600 is shown. The
flexible tube frame 600 has first, second, and third bending portions 610, 620, 630. Each of
the first, second, and third bending portions 610, 620, 630 is formed from a plurality of links
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612, 622, 632 that are defined by slots or grooves 614, 624, 634. The links 612, 622, 632 can
also include cut-outs 616, 626, 636 and slits 618, 628, 638. Each of the plurality of links 612,
622, 632 can have a circular shape, and is spaced apart from at least one other link by a slot
or groove 614, 624, 634 at the tops and sides of the links 612, 622, 632 in a circular

configuration.

[0196] Referring now to Figure 45, a side view of the flexible tube frame 600 is shown with
cut-outs 616, 626, 636 and slits 618, 628, 638 positioned near the bottom of the flexible tube
frame 600. The cut-outs 616, 626, 636 can have a rounded shape, such as a semi-circle or
semi-oval. Each cut-out 616, 626, 636 corresponds to one of the plurality of links 612, 622,
632. The cut-outs 616, 626, 636 are formed on either side of the flexible tube frame 600 when
the flexible tube frame 600 is cut from a flat sheet of material (Figure 48) so that when the
flexible tube frame 600 is rolled into a tubular configuration, each pair of cut-outs 616, 626,
636 aligns to form a circle, oval, or other rounded opening to form a row of openings along
the bottom of the flexible tube frame 600, as can be seen in Figure 46. The slits 618, 628, 638
are formed in the flexible tube frame 600 such that there are two slits 618, 628, 638 cut into
each of the plurality of links 612, 622, 632. The slits 618, 628, 638 extend partially upward
from the bottom of the flexible tube frame 600 and into the particular link 612, 622, 632. The
slits 618, 628, 638 operate similar to relief cuts in that the slits 618, 628, 638 are closed or
substantially closed when the flexible tube frame 600 is in a straight configuration and can
open or expand when the frame links 612, 622, 632 move toward one another as the flexible

tube frame 600 is transitioned into a bent configuration.

[0197] Referring now to Figure 48, a plan view of the flexible tube frame 600 in a flat
configuration is shown. The flexible tube frame 600 is rectangular or substantially
rectangular in shape when in the flat configuration and can be rolled along a longitudinal axis
to form a cylindrical tube shape. Optionally, the flat pattern shown in Figure 48 can be used
to instruct a laser cutter to cut through an already formed hypotube so that no rolling step is
needed. The hypotube can have properties similar to or the same as the example
embodiments described above. The links 612, 622, 632 of the flexible tube frame 600 are
formed by laser cutting various shapes in the flat sheet of material. In particular, the shape of
the links 612, 622, 632 is defined by the slots 614, 624, 634, cut-outs 616, 626, 636, and slits
618, 628, 638. That is, the slots 614, 624, 634 can be cut out of a central region to form the
plurality of links 612, 622, 632. The slots 614, 624, 634 can have an elongated and/or tapered
shape such that the center region of each slot 614, 624, 634 is wider than the ends of the slots
614, 624, 634 near the sides of the rectangular sheet. The edges of the flattened sheet of
material are shaped by the cut-outs 616, 626, 636 that form a rounded oval-like shape when
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the sheet of material is rolled into the flexible tube frame 600. The slits 618, 628, 638 extend
from the cut-outs 616, 626, 636 toward the center of the sheet. The cut-outs in the distal end
602 of the sheet form two attachment projections 604 that form the single attachment portion

604 when the sheet of material is rolled into a tube shape.

[0198] Referring now to Figures 49 and 50, the flexible tube frame 600 is shown assembled
to other components of the distal end of the delivery catheter. The distal end assembly
includes the flexible tube frame 600, an optional proximal stationary or fixed ring 670, the
optional distal pull or moveable ring 680, and a control wire 690 and operates similar to the
distal end assemblies described above. The control wire 690 extends through the proximal
ring 670, through the flexible tube frame 600, and attaches to the distal ring 680. Similar to
the flexible tube frame shown in Figure 20C, applying tension to the control wire 690 causes
the links 612, 622, 632 to move toward each other and the slots 614, 624, 634 to reduce in
width, thereby bending the flexible tube frame 600 towards its top or an inside radius of the
bend. Application of bending tension to the control wire 690 also causes the cut-outs 616,
626, 636 and slits 618, 628, 638 on the bottom or outside radius of the bend to expand. In this
example embodiment, one control wire is used to control the curvature of the distal region of
the delivery catheter, but the device is not so limited in other example embodiments, where

the delivery catheter can have more than one control wire.

[0199] The links 612, 632 of the first and third bending/curved portions 610, 630 are further
apart than the links 622 of the second bending portion 620, as can be seen in Figures 44-46
and 49-50. Consequently, the slots 614, 634 of the first and third bending portions 610, 630
are wider than the slots 624 of the second bending portion. The different spacing of the links
612, 622, 632 in the first, second, and third bending portions 610, 620, 630 contributes to the
different bending characteristics of the first, second, and third bending portions 610, 620,
630. That is, the more closely spaced links 622 of the second bending portion 620 stiffen the
second bending portion 620 relative to the first and third bending portions 610, 630 so that
the second bending portion 620 will have a larger bending radius than the first and third
bending portions 610, 630. Optionally, the spacing of the links 612, 622, 632—and thus, the
width of the slots 614, 624, 634—can be the same between the first, second, and third
bending portions 610, 620, 630 and the width and/or thickness of the links 612, 622, 632 can
be varied to change the bending characteristics of the first, second, and third bending/curved
portions 610, 620, 630. That is, thicker or wider links 612, 622, 632 can be used to stiffen one
or more of the bending portions 610, 620, 630, thereby increasing the bending radius when
exposed to a bending force relative to one or more bending portions that are more flexible.

Because of the relative difference in stiffness of the first, second, and third bending portions
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610, 620, 630, applying a bending force to the flexible tube frame 600 via the control wire
690 to bend the flexible tube frame 600 to an approximately 90 degree bent condition causes
the more flexible first and third bending portions 610, 630 to bend before the stiffer second
bending portion 620. In the illustrated example, a single control wire 690 controls bending
of the first bending portion 610 and the second bending portion 620, and the third bending

portion.

[0200] Links with different widths and/or thicknesses can be combined with varied spacing
between the links to further customize the bending characteristics, thereby modifying the
resulting bending radius when the distal end is bent into a bent condition at around 90 degrees
from the straight condition (or from an adjacent straightened portion). The variation of the
spacing, width, and/or thickness of the links can be defined bending portions of the distal
end—e.g., between first, second, and third bending portions 610, 620, 630—or can change
from link to link to create elliptical and other forms of curved bends in the distal end. That is,
example distal ends can be designed for arbitrary bending profiles or paths based on the
requirements of a particular implantation procedure—such as implantation in the mitral valve
or tricuspid valve—or for a particular patient whose heart may have smaller or larger features

requiring a different bending profile to reach a target valve.

[0201] Referring again to Figures 49 and 50, the first, second, and third bending portions
610, 620, 630 include broken lines showing the locations of first, second, and third polymer
layers 640, 650, 660 that can be made from a flexible material, such as a polymer. The
polymer layers 640, 650, 660 can have the same durometer or hardness or can have different
durometers. Similar to the effect on bending that the size and spacing of the links 612, 622,
632 described above, the bending characteristics of the first, second, and third polymer layers
640, 650, 660 depend on the stiffness or resistance to bending of the material used to form the
first and second polymer layers. That is, using a stiffer material will be require more force to
bend, thereby forming a greater bending radius in the stiffer section. Similarly, a lower
durometer material will be softer and easier to bend, thereby resulting in a reduced bending
radius relative to the stiffer portion. Thus, similar to the thickness and spacing of the links
612, 622, 632 the material properties of the polymer layers 640, 650, 660 can be modified to
change the bending characteristics of the flexible tube frame 600. Various combinations of
soft and hard polymer materials used in the first, second, and third polymer layers 640, 650,
660 and link dimensions can be used together to provide a large variety of bending radii for
first, second, and third bending portions 610, 620, 630. In addition, the first, second, and
third polymer layers 640, 650, 660 (or any number of different polymer layers) can be used
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with any of the frames described herein, such as frames having a single, uniform flexing

section to form bending portions with different bending radii.

[0202] It should be noted that the devices and apparatuses described herein can be used with
other surgical procedures and access points (e.g., transapical, open heart, etc.). It should also
be noted that the devices described herein (e.g., the deployment tools) can also be used in
combination with various other types of valve repair or replacement devices and/or prosthetic

valves different from the examples described herein.

[0203]  For purposes of this description, certain aspects, advantages, and novel features of the
embodiments of this disclosure are described herein. The disclosed methods, apparatuses, and
systems should not be construed as limiting in any way. Instead, the present disclosure is
directed toward all novel and nonobvious features and aspects of the various disclosed
embodiments, alone and in various combinations and sub-combinations with one another.
The methods, apparatuses, and systems are not limited to any specific aspect or feature or
combination thereof, nor do the disclosed embodiments require that any one or more specific

advantages be present, or problems be solved.

[0204]  Although the operations of some of the disclosed embodiments are described in a
particular, sequential order for convenient presentation, it should be understood that this
manner of description encompasses rearrangement, unless a particular ordering is required by
specific language. For example, operations described sequentially can in some cases be
rearranged or performed concurrently. Moreover, for the sake of simplicity, the attached
figures may not show the various ways in which the disclosed methods can be used in
conjunction with other methods. Additionally, the description sometimes uses terms like
“provide” or “achieve” to describe the disclosed methods. These terms are high-level
abstractions of the actual operations that are performed. The actual operations that correspond
to these terms can vary depending on the particular implementation and are readily
discernible by one of ordinary skill in the art. Still further, example or representative values
and ranges may be included to assist in understanding the present application, however, such
values and ranges are not to be construed in a limiting sense and are intended to be critical

values or ranges only if so expressly stated.

[0205] In view of the many possible embodiments to which the principles of the disclosure
can be applied, it should be recognized that the illustrated embodiments are only preferred
examples of the invention and should not be taken as limiting the scope of the disclosure.

Rather, the scope of the disclosure is defined by the following claims.
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[0206] While various inventive aspects, concepts and features of the disclosures may be
described and illustrated herein as embodied in combination in the example embodiments,
these various aspects, concepts, and features may be used in many alternative embodiments,
either individually or in various combinations and sub-combinations thereof. Unless
expressly excluded herein all such combinations and sub-combinations are intended to be
within the scope of the present application. Still further, while various alternative
embodiments as to the various aspects, concepts, and features of the disclosures—such as
alternative materials, structures, configurations, methods, devices, and components,
alternatives as to form, fit, and function, and so on—may be described herein, such
descriptions are not intended to be a complete or exhaustive list of available alternative
embodiments, whether presently known or later developed. Those skilled in the art may
readily adopt one or more of the inventive aspects, concepts, or features into additional
embodiments and uses within the scope of the present application even if such embodiments

are not expressly disclosed herein.

[0207] Moreover, while various aspects, features and concepts may be expressly identified
herein as being inventive or forming part of a disclosure, such identification is not intended to
be exclusive, but rather there may be inventive aspects, concepts, and features that are fully
described herein without being expressly identified as such or as part of a specific disclosure,
the disclosures instead being set forth in the appended claims. Descriptions of example
methods or processes are not limited to inclusion of all steps as being required in all cases,
nor is the order that the steps are presented to be construed as required or necessary unless
expressly so stated. Further, the treatment techniques, methods, operations, steps, etc.
described or suggested herein or in incorporated references can be performed on a living
animal or on a non-living simulation, such as on a cadaver, cadaver heart, simulator (e.g. with
the body parts, tissue, etc. being simulated), etc. The words used in the claims have their full
ordinary meanings and are not limited in any way by the description of the embodiments in

the specification.
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CLAIMS

What is claimed is:
1. Adelivery catheter for delivering a device to a native valve of a patient’s heart, comprising:
a flexible tube having a main lumen and a control wire lumen;
a plurality of links disposed in a distal region of the flexible tube;

wherein each link is aligned with and connected to at least one adjacent link with a slot

formed between each pair of adjacent links;

wherein a top portion of each link is narrower than a bottom portion of each link when the

links are viewed from a side;
wherein each link includes an orifice at the bottom of the link;

wherein each link includes at least one slit, wherein the slit begins at the orifice and

extends upward along at least a portion of the link; and

a control wire in the control wire lumen that is connected to the plurality of links, wherein

applying tension to the control wire causes the distal region of the flexible tube to bend.

2. The delivery catheter of claim 1, wherein each link is connected to at least one adjacent link

only at a bottom portion of the links.

3. The delivery catheter of any of the preceding claims, wherein the top portions of the links are

drawn closer together when tension is applied to the control wire to bend the distal region.

4. The delivery catheter of claim 3, wherein a coil sleeve surrounding a portion of the control

wire prevents buckling of a proximal region of the delivery catheter.

5. The delivery catheter of claim 3, wherein the plurality of links are in a straight configuration

when tension is removed from the control wire.

6. The delivery catheter of any of the preceding claims, wherein the flexible tube further

comprises a polymer coating.

7. The delivery catheter of any of the preceding claims, wherein the flexible tube further

comprises a polyether block amide coating.
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. The delivery catheter of any of the preceding claims, wherein the plurality of links are

comprised of at least one of a shape memory material, stainless steel, or a polymer.

The delivery catheter of any of the preceding claims, wherein the flexible tube comprises a

ring distal to the plurality of links, and the control wire is fixedly attached to the ring.

The delivery catheter of claim 9, wherein the ring is connected to a distal end link of the

plurality of links.

The delivery catheter of claim 9, wherein at least a portion of a distal end link is connected to
the ring by a portion at the top of the flexible tube that extends in a direction distal to the
distal end link.

The delivery catheter of claim 9, wherein the control wire is connected to the ring by

welding.

The delivery catheter of any of the preceding claims, wherein the control wire is moveably

coupled to the flexible tube by a ring at a location proximal to the plurality of links.

The delivery catheter of claim 13, wherein the ring comprises a tube fixedly attached to the
top of the ring, and the control wire is moveably coupled to the ring by passing through the
tube.

The delivery catheter of any of the preceding claims, wherein the links are cut from a single

tube.

The delivery catheter of any of the preceding claims, wherein the links are cut from a single

flat sheet of material that is rolled to form the links.
The delivery catheter of any of the preceding claims, further comprising:
a first ring in the distal region of the flexible tube; and

a second ring in the distal region of the flexible tube that is spaced apart from the first

ring;

wherein the plurality of links is disposed in the distal region of the flexible tube between

the first ring and the second ring.

The delivery catheter of any of the preceding claims, further comprising a coil sleeve

disposed in the control wire lumen around the control wire.
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The delivery catheter of claim 18, wherein the coil sleeve extends proximally from the distal
region of the flexible tube such that a portion of the control wire that extends from a second

ring to a first ring is not covered by the coil sleeve.

A delivery catheter for delivering a device to a native valve of a patient’s heart, comprising:
a flexible tube having a main lumen and a control wire lumen;
a first ring in a distal region of the flexible tube;

a second ring in the distal region of the flexible tube that is spaced apart from the first

ring;
a single control wire in a control wire lumen that is connected to the first ring;

a plurality of links disposed in the distal region of the flexible tube between the first ring

and the second ring;
a coil sleeve at least partially disposed in the control wire lumen around the control wire;

wherein the coil sleeve extends proximally from the distal region of the flexible tube such
that a portion of the single control wire that extends from the second ring and to the first

ring is not covered by the coil sleeve; and

wherein applying tension to the single control wire causes the distal region of the flexible

tube to bend.

The delivery catheter of claim 20, wherein each link is connected to at least one adjacent link

only at a bottom portion of the links.

The delivery catheter of any of claims 20-21, a top portion of each link is narrower than a

bottom portion of each link when the links are viewed from a side.

The delivery catheter of any of claims 20-22, wherein the top portions of the links are drawn

closer together when tension is applied to the control wire to bend the distal region.

The delivery catheter of claim 23, wherein the coil sleeve prevents buckling of a proximal

region of the delivery catheter.

The delivery catheter of claim 23, wherein when the plurality of links are in a straight

configuration when tension is removed from the control wire.
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The delivery catheter of any of claims 20-25, wherein the flexible tube further comprises a

polymer coating.

The delivery catheter of any of claims 20-26, wherein the flexible tube further comprises a

polyether block amide coating.

The delivery catheter of any of claims 20-27, wherein the plurality of links are comprised of

at least one of a shape memory material, stainless steel, or a polymer.

The delivery catheter of any of claims 20-28, wherein a bottom of each link includes at least

one slit to allow for more flexing of the links relative to one another.

The delivery catheter of any of claims 20-29, wherein each link includes an orifice at the

bottom of the link.

The delivery catheter of claim 30, wherein each link includes at least one slit, where the slit

begins at the orifice and extends upward along at least a portion of the link.

The delivery catheter of any of claims 20-31, wherein the control wire is fixedly coupled to

the first ring.

The delivery catheter of any of claims 20-32, wherein the control wire is moveably coupled

to the second ring.

The delivery catheter of claim 33, wherein the second ring comprises a tube fixedly attached
to the top of the second ring, and the control wire is moveably coupled to the second ring by

passing through the tube.

The delivery catheter of any of claims 20-21, wherein the control wire is moveably coupled

to the second ring.

The delivery catheter of any of claims 20-21, wherein the plurality of links are cut from a
single tube, such that each link is aligned with and connected to at least one adjacent link

with a slot formed between each pair of adjacent links.

The delivery catheter of claim 36, wherein a bottom of each link includes at least one slit to

allow for more flexing of the links relative to one another.

The delivery catheter of claim 37, wherein each link includes at least one slit, where the slit

begins at an orifice and extends upward along at least a portion of the link.
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The delivery catheter of claim 36, wherein each link includes an orifice at the bottom of the

link.

The delivery catheter of claim 38, wherein each link includes at least one slit, where the slit

begins at the orifice and extends upward along at least a portion of the link.

The delivery catheter of any of claims 20-40, wherein the plurality of links are cut from a
single flat sheet and rolled, such that each link is aligned with and connected to at least one

adjacent link with a slot formed between each pair of adjacent links.

The delivery catheter of any of claims 20-41, wherein the control wire can extend distally
past the links and can be attached to the distal region by welding or other attachment means

at least at one connection point in the distal region.

The delivery catheter of claim 42, wherein at least a portion of a distal end link is connected
to a ring by a portion at the top of the flexible tube that extends in a direction distal to the
distal end link.

A delivery catheter for delivering a device to a native valve of a patient’s heart, comprising:
a flexible tube having a centered main lumen and a control wire lumen;
a first ring in a distal region of the flexible tube;

a second ring in the distal region of the flexible tube that is spaced apart from the first

ring;
a single control wire in the control wire lumen that is connected to the first ring;

a plurality of cylindrically shaped links disposed in the distal region of the flexible tube

between the first ring and the second ring;

wherein the plurality of cylindrically shaped links that are cut from a single piece of
material, such that each link is aligned with and connected to at least one adjacent link
with a slot formed between each pair of adjacent links, an orifice at the bottom of each
link, and at least one slit in each link, where the slit begins at the orifice and extends

upward along at least a portion of the link; and

a coil sleeve disposed in the control wire lumen around the control wire in a proximal

region of the flexible tube;
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wherein the coil sleeve extends proximally from the distal region of the flexible tube such
that a portion of the control wire that extends from the second ring and to the first ring is

not covered by the coil sleeve; and

wherein applying tension to the control wire causes the distal region of the flexible tube

to bend.

The delivery catheter of claim 44, wherein each link is connected to at least one adjacent link

only at a bottom portion of the links.

The delivery catheter of any of claims 44-45, wherein a top portion of each link is narrower

than a bottom portion of each link when the links are viewed from a side.

The delivery catheter of claim 46, wherein the top portions of the links are drawn closer

together when tension is applied to the control wire to bend the distal region.

The delivery catheter of claim 47, wherein the coil sleeve prevents buckling of the proximal

region of the delivery catheter.

The delivery catheter of any of claims 44-48, wherein when the plurality of cylindrically

shaped links are in a straight configuration when tension is removed from the control wire.

The delivery catheter of any of claims 44-49, wherein the flexible tube further comprises a

polymer coating.

The delivery catheter of any of claims 44-50, wherein the flexible tube further comprises a

polyether block amide coating.

The delivery catheter of any of claims 44-51, wherein the plurality of cylindrically shaped

links are comprised of at least one of a shape memory material, stainless steel, or a polymer.

The delivery catheter of any of claims 44-52, wherein a bottom of each link includes at least

one slit to allow for more flexing of the links relative to one another.

The delivery catheter of any of claims 44-53, wherein the control wire is fixedly coupled to

the first ring.

The delivery catheter of any of claims 44-54, wherein the control wire is moveably coupled

to the second ring.
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The delivery catheter of claim 55, wherein the second ring comprises a tube fixedly attached
to the top of the second ring, and the control wire is moveably coupled to the second ring by

passing through the tube.
The delivery catheter of any of claims 44-56, wherein the links are cut from a single tube.

The delivery catheter of any of claims 44-52, wherein the links are cut from a single flat sheet

of material that is rolled to form the links.

The delivery catheter of any of claims 44-52, wherein the control wire can be attached to the
first ring by welding or other attachment means at least at one connection point in the distal

region.
A sheet for forming into a flexible catheter tube, the sheet comprising:
a flat sheet; and

a plurality of spaced apart aligned cutouts each having a central portion between two end
portions, wherein a width of the central portion of each cutout is wider than the width of

the two end portions of each cutout;

wherein the cutouts form a corresponding plurality of spaced apart aligned strips each
having a central portion and two end portions; wherein a width of the central portion of

each strip is narrower than the width of the two end portions of each strip;

wherein the spaced apart aligned strips each have a second cutout along a first edge of the

flat sheet;

wherein each of the spaced apart aligned strips comprises at least one slit which begins at

the second cutout and extends toward a center of the aligned strip; and

wherein the sheet is configured to be rolled into a substantially cylindrical shape having a
plurality of links with a slot formed between each pair of adjacent links, a bottom orifice
for each link, and at least one slit extending upward from the bottom orifice, wherein top
portions of the links correspond to the central portions of the strips, bottom portions of the
links correspond to the end portions of the strips, the bottom orifices correspond to the
second cutouts, and a side of the substantially cylindrical shape corresponds to ends of the

slits.
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61. The sheet of claim 60, wherein each of the spaced apart aligned strips comprises a third
cutout along a second edge of the flat sheet, and wherein each of the spaced apart flat strips
comprises another slit that begins at the third cutout, and wherein the bottom orifices further

correspond to the third cutouts aligning with the second cutouts.
62. The sheet of any of claims 60-61, where the sheet is made from a shape memory material.
63. The sheet of any of claims 60-62, wherein the cutouts are laser cut.
64. A method of making a flexible catheter tube, comprising:
providing a flat sheet;

cutting a plurality of spaced apart aligned cutouts in to the sheet, each cutout having a
central portion between two end portions, wherein a width of the central portion of each
cutout is wider than the width of the two end portions of each cutout and wherein the
cutouts form a corresponding plurality of spaced apart aligned strips each having a central
portion and two end portions; wherein a width of the central portion of each strip is

narrower than the width of the two end portions of each strip;

cutting a plurality of cutouts along a first edge of the flat sheet such that each edge of the

aligned strips has a corresponding cutout along a first edge of the sheet;

cutting a plurality of slits, wherein each slit begins at one of the cutouts along the first

edge and extends toward a center of the aligned strip; and

rolling the sheet into a substantially cylindrical shape having a plurality of links with a
slot formed between each pair of adjacent links, a bottom orifice for each link, and at least
one slit extending upward from the bottom orifice, wherein top portions of the links
correspond to the central portions of the strips, bottom portions of the links correspond to
the end portions of the strips, the bottom orifices correspond to the second cutouts, and a

side of the substantially cylindrical shape corresponds to the ends of the slits.

65. The method of claim 64, wherein each of the spaced apart aligned strips comprises a third
cutout along a second edge of the flat sheet, and wherein each of the spaced apart flat strips
comprises another slit that begins at the third cutout, and wherein the bottom orifices further

correspond to the third cutouts aligning with the second cutouts.

66. The method of any of claims 64-66, where the sheet is made from a shape memory material.
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67. The method of any of claims 64-66, wherein the cutouts are laser cut.
68. Adelivery catheter for delivering a device to a native valve of a patient’s heart, comprising:
a flexible tube having a main lumen and a control wire lumen;

a plurality of links disposed in a distal region of the flexible tube, each link having a slit

along a bottom region of the flexible tube;
a coiled tube having a coiled tube lumen; and

a control wire in the control wire lumen that is fixedly connected to a distal end of the

plurality of links, and extends through the coiled tube lumen;
wherein in a first configuration:
the distal region of the flexible tube is straight,
a length of the control wire extends distal to the coiled tube,
another length of the control wire extends proximal to the coiled tube; and
a top of each link is spaced apart from an adjacent link by a distance;
wherein a second configuration:
the distal region of the flexible tube is curved,
the slits of each link are opened,

a shorter length of the control wire extends distal to the coiled tube than in the first

configuration,

a longer length of the control wire extends proximal to the coiled tube than in the first

configuration, and

the distance between the top of each link has decreased such that the top of the distal

region of the flexible tube defines a curve; and

wherein applying tension to the control wire causes the distal region of the flexible

tube to bend from the first configuration to the second configuration; and
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wherein releasing tension from the control wire causes the distal region of the flexible

tube to return to the first configuration.

The delivery catheter of claim 68, wherein a proximal end of the coiled tube is surrounded by

and attached to a cylinder.

The delivery catheter of any of claims 68-69, wherein the control wire is fixedly coupled to a

first ring connected to the flexible tube at a location distal to the plurality of links.

The delivery catheter of claim 70, wherein the control wire is moveably coupled to second

ring connected to the flexible tube at a location proximal to the plurality of links.

The delivery catheter of any of claims 68-71, wherein each link is aligned with and connected

to at least one adjacent link with a slot formed between each pair of adjacent links.

The delivery catheter of any of claims 68-72, wherein a top portion of each link is narrower

than a bottom portion of each link when the links are viewed from a side.

The delivery catheter of any of claims 68-73, wherein each link includes an orifice at the

bottom of the link.

The delivery catheter of any of claims 68-74, wherein the slit of each link begins at the orifice

and extends upward along at least a portion of the link.
A delivery catheter for delivering a device to a native valve of a patient’s heart, comprising:
a flexible tube having a main lumen and a control wire lumen;

a first flexible portion in a distal region of the flexible tube comprising a first flexible

frame, wherein the first flexible portion has a first stiffness;

a second flexible portion in the distal region of the flexible tube comprising a second
flexible frame, wherein the second flexible portion has a second stiffness that is different

from the first stiffness; and

a control wire extending through the control wire lumen of the first flexible portion and
the second flexible portion to a distal end of the second flexible portion, wherein applying
tension to the control wire causes the first and second flexible portions of the flexible tube

to bend.

The delivery catheter of claim 76, wherein:
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the first and second flexible frames comprise a plurality of links; and

each of the plurality of links is aligned with and connected to at least one adjacent link to

form a slot between each pair of adjacent links.
The delivery catheter of claim 77, wherein

each of the plurality of links comprises a top portion and a bottom portion, wherein the

top portion is narrower than the bottom portion;
each of the plurality of links includes an orifice at the bottom of the link; and

each of the plurality of links includes at least one slit, wherein the slit begins at the orifice

and extends upward along at least a portion of the link.

The delivery catheter of claim 77, wherein the second stiffness is less than the first stiffness
and the slots between the links of the first flexible portion are narrower than the slots between

the links of the second flexible portion.

The delivery catheter of claim 77, wherein the second stiffness is less than the first stiffness
and the links of the first flexible portion are wider than the links of the second flexible

portion.

The delivery catheter of claim 77, wherein the second stiffness is less than the first stiffness
and the links of the first flexible portion are wider than the links of the second flexible

portion.

The delivery catheter of any of claims 76-81, wherein the first flexible portion and the second

flexible portion form an about 90-degree bend in a bent condition.

The delivery catheter of claim 82, wherein the first flexible portion has a first length that is

about equal to a second length of the second flexible portion.

The delivery catheter of claim 82, wherein the first flexible portion has a first length that is

about half as long as a second length of the second flexible portion.

The delivery catheter of claim 82, wherein the first flexible portion has a first length that is

about one-third as long as a second length of the second flexible portion.

The delivery catheter of claim 82, wherein the first flexible portion has a first length that is

about twice as long as a second length of the second flexible portion.
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The delivery catheter of claim 82, wherein the first flexible portion has a first length that is

about three times as long as a second length of the second flexible portion.
The delivery catheter of any of claims 76-87, wherein:
the first flexible portion is formed from a first polymer material; and
the second flexible portion is formed from a second polymer material.

The delivery catheter of claim 88, wherein the second polymer material has a second

durometer that is less than a first durometer of the first polymer material.
A delivery catheter for delivering a device to a native valve of a patient’s heart, comprising:
a flexible tube having a main lumen and a control wire lumen;

a first flexible portion in a distal region of the flexible tube comprising a first flexible

frame, wherein the first flexible portion has a first stiffness;

a second flexible portion in the distal region of the flexible tube comprising a second
flexible frame, wherein the second flexible portion has a second stiffness that is different

from the first stiffness;

a third flexible portion in the distal region of the flexible tube comprising a third flexible
frame, wherein the third flexible portion has a second stiffness that is different from the

second stiffness;

a control wire extending through the control wire lumen of the first flexible portion, the
second flexible portion, and the third flexible portion to a distal end of the third flexible
portion, wherein applying tension to the control wire causes the first, second, and third

flexible portions of the flexible tube to bend.
The delivery catheter of claim 90, wherein:
the first, second, and third flexible frames comprise a plurality of links; and

each of the plurality of links is aligned with and connected to at least one adjacent link to

form a slot between each pair of adjacent links.

The delivery catheter of claim 91, wherein
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cach of the plurality of links comprises a top portion and a bottom portion, wherein the

top portion is narrower than the bottom portion;
each of the plurality of links includes an orifice at the bottom of the link; and

each of the plurality of links includes at least one slit, wherein the slit begins at the orifice

and extends upward along at least a portion of the link.

The delivery catheter of claim 91, wherein the first stiffness and the third stiffness are less
than the second stiffness and the slots between the links of the second flexible portion are

narrower than the slots between the links of the first and third flexible portions.

The delivery catheter of claim 91, wherein the first stiffness and the third stiffness are less
than the second stiffness and the links of the second flexible portion are wider than the links

of the first and third flexible portions.

The delivery catheter of claim 91, wherein the first stiffness and the third stiffness are less
than the second stiffness, the links of the second flexible portion are wider than the links of
the first and third flexible portions, and the slots between the links of the second flexible

portion are narrower than the slots between the links of the first and third flexible portions.

The delivery catheter of any of claims 90-95, wherein the first flexible portion, the second
flexible portion, and the third flexible portion form an about 90-degree bend in a bent

condition.

The delivery catheter of claim 96, wherein the first flexible portion has a first length that is
about equal to a second length of the second flexible portion and a third length of the third

flexible portion.

The delivery catheter of claim 96, wherein the first flexible portion has a first length and the
third flexible portion has a third length and the first and third lengths are about half as long as

a second length of the second flexible portion.

The delivery catheter of claim 96, wherein the first flexible portion has a first length and the
third flexible portion has a third length and the first and third lengths are about one-third as

long as a second length of the second flexible portion.

The delivery catheter of claim 96, wherein the first flexible portion has a first length and the
third flexible portion has a third length and the first and third lengths are about twice as long

as a second length of the second flexible portion.
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101. The delivery catheter of any of claims 90-100, wherein:
the first flexible portion is formed from a first polymer material;
the second flexible portion is formed from a second polymer material; and
the third flexible portion is formed from a third polymer material.

102. The delivery catheter of claim 101, wherein the first and third polymer materials have first

and third durometers that are less than a second durometer of the second polymer material.

103. The delivery catheter of claim 101, wherein the first and third polymer material are the same.
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