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MOLDED BRIDGE FOR DELIVERY DEVICE

CROSS-REFERENCE TO RELATED APPLICATION(S)

This application claims the benefit of U.S. Provisional Application No.
63/378,172, filed October 3, 2022, and entitled “MOLDED BRIDGE FOR DELIVERY
DEVICE,” the disclosure of which is hereby incorporated by reference in its entirety.
BACKGROUND

The present disclosure relates generally to implantable devices for a human
body, and more particularly to a delivery device used to aid in delivering and placing a
shunt device within a human body.

Shunt devices can be positioned in the heart to shunt blood between the left
atrium and the right atrium to reduce pressure in the left atrium. The left atrium can
experience elevated pressure due to abnormal heart conditions caused by age and/or
disease. For example, shunt devices can be used to treat patients with heart failure (also
known as congestive heart failure). Shunt device can be positioned in the septal wall
between the left atrium and the right atrium to shunt blood from the left atrium into the
right atrium, thus reducing the pressure in the left atrium.

SUMMARY

A delivery device for delivering a shunt device within a human body, the
delivery device includes a nosecone including a straight portion and a tapered portion, and
a molded bridge coupled to the nosecone. The molded bridge includes a body, a notch
extending into the body of the molded bridge, and a pocket extending into the body of the
molded bridge. The pocket is positioned on an opposite side of the molded bridge as the
notch. The molded bridge further includes a plurality of lumens positioned within and
extending at least partially through the body of the molded bridge.

A method of using a delivery device to deliver a shunt device within a
human body includes inserting a guidewire into the human body, and inserting an end of
the guidewire positioned outside the human body into an aperture extending through a
nosecone of the delivery device and a guidewire lumen of a molded bridge of the delivery
device. The delivery device is translated along the guidewire to position the delivery device
within the human body. A moveable-arm wire is removed from a moveable-arm lumen
extending through the molded bridge to release a first proximal arm of the shunt device

from the delivery device. A release wire is removed from a release wire lumen extending
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through the molded bridge to release a second proximal arm of the shunt device from the
delivery device.
BRIEF DESCRIPTION OF THE DRAWINGS

ANATOMY OF HEART H AND VASCULATURE V

FIG. 1 is a schematic diagram of a heart and vasculature.

FIG. 2 is a schemaltic cross-sectional view of the heart.

SHUNT DEVICES 100 AND 100’

FIG. 3A is a perspective view of a shunt device.

FIG. 3B is a side view of the shunt device.

FIG. 4 is a perspective view of the shunt device in a collapsed configuration.

FIG. 5 is a perspective view of a shunt device including a sensor.

DELIVERY CATHETER 200

FIG. 6 is a side view of a delivery catheter.

FIG. 7A is a side view of a distal portion of the delivery catheter in a
sheathed state.

FIG. 7B is a side view of the distal portion of the delivery catheter in an
unsheathed state.

DELIVERY METHOD 300

FIG. 8A is a flow chart showing steps for creating a puncture in a tissue wall
between a coronary sinus and a left atrium.

FIG. 8B is a flow chart showing steps for implanting a shunt device in the
tissue wall between the coronary sinus and the left atrium.

FIGS. 9A-9R are schematic views showing the steps for implanting a shunt
device in the tissue wall between the coronary sinus and the left atrium.

DELIVERY DEVICE 1100

FIG. 10A is a perspective view of a distal portion of a delivery device for
delivering and placing a shunt device within a human body.

FIG. 10B is a side view of the distal portion of the delivery device of FIG.
10A.

FIG. 11 is a detailed perspective view of part of the distal portion of the
delivery device, shown with a dashed oval in FIG. 10A.

FIG. 12 is an end view of a proximal end of a molded bridge of the distal

portion of the delivery device.
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FIG. 13 is a perspective view of the distal portion of the delivery device
including an attached shunt device.
FIG. 14 is a side view of another example of a distal portion of a delivery

device for delivering and placing a shunt device within a human body.

DETAILED DESCRIPTION

ANATOMY OF HEART H AND VASCULATURE V (FIGS. 1-2)

FIG. 1 is a schematic diagram of heart H and vasculature V. FIG. 2 is a
cross-sectional view of heart H. FIGS. 1-2 will be described together. FIGS. 1-2 show
heart H, vasculature V, right atrium RA, right ventricle RV, left atrium LA, left ventricle
LV, superior vena cava SVC, inferior vena cava IVC, tricuspid valve TV (shown in FIG.
1), pulmonary valve PV (shown in FIG. 1), pulmonary artery PA (shown in FIG. 1),
pulmonary veins PVS, mitral valve MV, aortic valve AV (shown in FIG. 1), aorta AT
(shown in FIG. 1), coronary sinus CS (shown in FIG. 2), thebesian valve BV (shown in
FIG. 2), inter-atrial septum IS (shown in FIG. 2), and fossa ovalis FO (shown in FIG. 2).

Heart H is a human heart that receives blood from and delivers blood to
vasculature V. Heart H includes four chambers: right atrium RA, right ventricle RV, left
atrium LA, and left ventricle LV.

The right side of heart H, including right atrium RA and right ventricle RV,
receives deoxygenated blood from vasculature V and pumps the blood to the lungs. Blood
flows into right atrium RA from superior vena cava SVC and inferior vena cava IVC. Right
atrium RA pumps the blood through tricuspid valve TV into right ventricle RV. The blood
is then pumped by right ventricle RV through pulmonary valve PV into pulmonary artery
PA. The blood flows from pulmonary artery PA into arteries that delivery the
deoxygenated blood to the lungs via the pulmonary circulatory system. The lungs can then
oxygenate the blood.

The left side of heart H, including left atrium LA and left ventricle LV,
receives the oxygenated blood from the lungs and pumps the blood to the body. Blood
flows into left atrium LA from pulmonary veins PVS. Left atrium LA pumps the blood
through mitral valve MV into left ventricle LV. The blood is then pumped by left ventricle
LV through aortic valve AV into aorta AT. The blood flows from aorta AT into arteries
that deliver the oxygenated blood to the body via the systemic circulatory system.

Blood is additionally received in right atrium RA from coronary sinus CS.

Coronary sinus CS collects deoxygenated blood from the heart muscle and delivers it to
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right atrium RA. Thebesian valve BV is a semicircular fold of tissue at the opening of
coronary sinus CS in right atrium RA. Coronary sinus CS is wrapped around heart H and
runs in part along and beneath the floor of left atrium LA right above mitral valve MV, as
shown in FIG. 2. Coronary sinus CS has an increasing diameter as it connects to right
atrium RA.

Inter-atrial septum IS and fossa ovalis FS are also shown in FIG. 2. Inter-
atrial septum IS is the wall that separates right atrium RA from left atrium LA. Fossa ovalis
FS is a depression in inter-atrial septum IS in right atrium RA. At birth, a congenital
structure called a foramen ovale is positioned in inter-atrial septum IS. The foramen ovale
is an opening in inter-atrial septum IS that closes shortly after birth to form fossa ovalis FS.
The foramen ovale serves as a functional shunt in utero, allowing blood to move from right
atrium RA to left atrium LA to then be circulated through the body. This is necessary in
utero, as the lungs are in a sack of fluid and do not oxygenate the blood. Rather, oxygenated
blood is received from the mother. The oxygenated blood from the mother flows from the
placenta into inferior vena cava IVC through the umbilical vein and the ductus venosus.
The oxygenated blood moves through inferior vena cava IVC to right atrium RA. The
opening of inferior vena cava IVC in right atrium RA is positioned to direct the oxygenated
blood through right atrium RA and the foramen ovale into left atrium LA. Left atrium LA
can then pump the oxygenated blood into left ventricle LV, which pumps the oxygenated
blood to aorta AT and the systemic circulatory system. This allows the pulmonary
circulatory system to be bypassed in utero. Upon birth, respiration expands the lungs, blood
begins to circulate through the lungs to be oxygenated, and the foramen ovale closes to
form fossa ovalis FS.

Shunt devices can be positioned in heart H to shunt blood between left
atrium LA and right atrium RA. Left atrium LA can experience elevated pressure due to
abnormal heart conditions. It has been hypothesized that patients with elevated pressure in
left atrium LA may benefit from a reduction of pressure in left atrium LA. Shunt devices
can be used in these patients to shunt blood from left atrium LA to right atrium RA to
reduce the pressure of blood in left atrium LA, which reduces the systolic preload on left
ventricle LV. Reducing pressure in left atrium LA further relieves back-pressure on the
pulmonary circulation to reduce the risk of pulmonary edema.

For example, shunt devices can be used to treat patients with heart failure
(also known as congestive heart failure). The hearts of patients with heart failure do not

pump blood as well as they should. Heart failure can affect the right side and/or the left
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side of the heart. Diastolic heart failure (also known as heart failure with preserved ejection
fraction) refers to heart failure occurring when the left ventricle is stiff (having less
compliance), which makes it hard to relax appropriately and fill with blood. This leads to
increased end-diastolic pressure, which causes an elevation of pressure in left atrium LA.
There are very few, if any, effective treatments available for diastolic heart failure. Other
examples of abnormal heart conditions that cause elevated pressure in left atrium LA are
systolic dysfunction of the left ventricle and valve disease.

Septal shunt devices (also called inter-atrial shunt devices) are positioned in
inter-atrial septum IS to shunt blood directly from left atrium LA to right atrium RA.
Typically, septal shunt devices are positioned in fossa ovalis FS, as fossa ovalis FS is a
thinner area of tissue in inter-atrial septum IS where the two atria share a common wall. If
the pressure in right atrium RA exceeds the pressure in left atrium LA, septal shunt devices
can allow blood to flow from right atrium RA to left atrium LA. This causes a risk of
paradoxical stroke (also known as paradoxical embolism), as emboli can move from right
atrium RA to left atrium LA and then into aorta AT and the systemic circulation.

Shunt devices can also be left atrium to coronary sinus shunt devices that
are positioned in a tissue wall between left atrium LLA and coronary sinus CS where the two
structures are in close approximation. Left atrium to coronary sinus shunt devices move
blood from left atrium LA into coronary sinus CS, which then delivers the blood to right
atrium RA via thebesian valve BV, the natural orifice of coronary sinus CS. Coronary sinus
CS acts as an additional compliance chamber when using a left atrium to coronary sinus
shunt device. Left atrium to coronary sinus shunt devices further provide increased
protections against paradoxical strokes, as the blood would have to flow retrograde from
right atrium RA through coronary sinus CS before entering left atrium LA. Further, left
atrium to coronary sinus shunt devices also provide protection against significant right
atrium RA to left atrium LA shunting, as again the blood would have to flow retrograde
from right atrium RA through coronary sinus CS before entering left atrium LA.

SHUNT DEVICES 100 AND 100’ (FIGS. 3A-5)

FIG. 3A is a perspective view of shunt device 100. FIG. 3B is a side view
of shunt device 100. FIG. 4 is a perspective view of shunt device 100 in a collapsed
configuration. FIGS. 3A, 3B, and 4 will be described together. Shunt device 100 includes
body 102, which is formed of struts 104 and openings 106. Body 102 includes central flow
tube 110, flow path 112, and arms 114. Shunt device 100 also includes tissue capture

features 116. Central flow tube 110 has side portions 120 (including side portion 120A and
5
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side portion 120B), end portions 122 (including end portion 122A and end portion 122B),
first axial end 124, and second axial end 126. Arms 114 include distal arms 130 (including
distal arm 130A and distal arm 130B) and proximal arms 132 (including proximal arm
132A and proximal arm 132B). Distal arms 130 have terminal ends 134 (including terminal
end 134A and terminal end 134B). Proximal arms 132 have terminal ends 136 (including
terminal end 136A and terminal end 136B). FIG. 3B further shows gap G, horizontal
reference plane HP, perpendicular reference axis RA, central axis CA, tilt angle 0, first
angle a, and second angle p.

Shunt device 100 is a cardiovascular shunt. Shunt device 100 is shown in
an expanded configuration in FIGS. 3A-3B. Shunt device 100 is formed of a super-elastic
material that is capable of being compressed into a catheter for delivery into the body that
can then retain its relaxed, or expanded, shape when it is released from the catheter. For
example, shunt device 100 can be formed of a shape-memory material, such as nitinol (a
nickel titanium alloy). Shunt device 100 is shown in a compressed configuration in FIG.
4. Upon delivery into the body, shunt device 100 will expand back to its relaxed, or
expanded, shape. Shunt device 100 can be sterilized before being delivered into the body.
Shunt device 100 has body 102 that is formed of interconnected struts 104. Openings 106
in body 102 are defined by struts 104. Body 102 of shunt device 100 is formed of struts
104 to increase the flexibility of shunt device 100 to enable it to be compressed and
expanded.

Body 102 includes central flow tube 110 that forms a center portion of shunt
device 100. Central flow tube 110 is tubular in cross-section but is formed of struts 104
and openings 106. Central flow tube 110 can be positioned in a puncture or opening in a
tissue wall and hold the puncture open. Flow path 112 is an opening extending through
central flow tube 110. Flow path 112 is the path through which blood flows through shunt
device 100 when shunt device 100 is implanted in the body. Arms 114 extend from central
flow tube 110. Arms 114 extend outward from central flow tube 110 when shunt device
100 is in an expanded configuration. Arms 114 hold shunt device 100 in position in the
tissue wall when shunt device 100 is implanted in the body.

When shunt device 100 is implanted in the tissue wall between the left
atrium and the coronary sinus of the heart, central flow tube 110 holds the puncture open
so blood can flow from the left atrium to the coronary sinus through flow path 112. Struts
104 of central flow tube 110 form a lattice or cage of sorts that is sufficient to hold the

puncture in the tissue wall open around central flow tube 110. Central flow tube 110
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extends from first axial end 124 to second axial end 126. Central flow tube 110 is designed
to have an axial length, as measured from first axial end 124 to second axial end 126, that
approximates the thickness of the tissue wall between the left atrium and the coronary sinus.
When shunt device 100 is implanted in the tissue wall between the left atrium and the
coronary sinus, first axial end 124 can be facing the left atrium (i.e., a left atrial side of
shunt device 100) and second axial end 126 can be facing the coronary sinus (i.e., a
coronary sinus side of shunt device 100). In other examples, the orientation of first axial
end 124 and second axial end 126 can be reversed.

Central flow tube 110 has side portions 120 and end portions 122. Side
portion 120A and side portion 120B form opposing sides of central flow tube 110. End
portion 122A and end portion 122B form opposing ends of central flow tube 110. End
portion 122A and end portion 122B each extend between and connect to side portion 120A
and side portion 120B to form a generally circular or oval opening that defines flow path
112. Side portions 120 and end portions 122 form a tubular lattice for central flow tube
110. Struts 104 of central flow tube 110 define openings 106 in central flow tube 110. In
some examples, openings 106 can be generally parallelogram-shaped. In other examples,
openings 106 can be any regular or irregular shape as desired. For example, struts 104 of
side portions 120 can form an array of parallelogram-shaped openings 106 in side portions
120. Struts 104 of end portions 122 can form openings 106 in end portions 122. Struts 104
of arms 114 can form openings 106 in arms 114.

As shown in FIG. 3B, central flow tube 110 is angled with respect to
horizontal reference plane HP extending through shunt device 100. Horizontal reference
plane HP lies generally in the plane of the tissue wall immediately adjacent to shunt device
100 when shunt device 100 is implanted in the tissue wall. End portions 122 are similarly
angled with respect to horizontal reference plane HP. Perpendicular reference axis RA, as
shown in FIG. 3B, is perpendicular to horizontal reference plane HP. As shown in FIG.
3B, central axis CA is an axis through the center of central flow tube 110 and flow path
112. Central axis CA extends through central flow tube 110 at tilt angle 6 with respect to
perpendicular reference axis RA. Accordingly, central axis CA defines the angle or tilt of
central flow tube 110 with respect to perpendicular reference axis RA (and horizontal
reference plane HP). End portions 122 of central flow tube 110 extend parallel to central
axis CA.

Arms 114 of shunt device 100 include two distal arms 130 and two proximal

arms 132. In some examples, individual ones of distal arms 130 and/or proximal arms 132
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can be formed of multiple split arm portions. Arms 114 extend outward from end portions
122 of central flow tube 110 when shunt device 100 is in an expanded configuration. Distal
arm 130A is connected to and extends away from end portion 122A, and distal arm 130B
is connected to and extends away from end portion 122B. Proximal arm 132A is connected
to and extends away from end portion 122A, and proximal arm 132B is connected to and
extends away {rom end portion 122B. When shunt device 100 is implanted in the tissue
wall between the left atrium and the coronary sinus, distal arms 130 will be positioned in
the left atrium and proximal arms 132 will be positioned in the coronary sinus. Distal arms
130 each have terminal ends 134. Specifically, distal arm 130A has terminal end 134A,
and distal arm 130B has terminal end 134B. Proximal arms 132 each have terminal ends
136. Specifically, proximal arm 132A has terminal end 136A, and proximal arm 132B has
terminal end 136B.

Distal arms 130 and proximal arms 132 curl outward from end walls 122.
As shown in FIG. 3B, each of distal arms 130 and proximal arms 132 has a proximal portion
adjacent to central flow tube 110 that forms a shallow curve or arc in a direction away from
end walls 122 of central flow tbe 110. Each of distal arms 130 and proximal arms 132
flattens out towards respective terminal ends 134 and 136 such that a portion of each of
distal arms 130 and proximal arms 132 at or adjacent to the respective terminal end 134 or
136 is generally parallel to horizontal reference plane HP. Accordingly, an axis drawn
through terminal end 134A and an axis drawn through terminal end 136B, which are
approximated in FIG. 3B as axes in the plane of horizontal reference plane HP for
simplicity, can each form first angle o with central axis CA through central flow tube 110.
Similarly, an axis drawn through terminal end 134B, and an axis drawn through terminal
end 136A, which are approximated in FIG. 3B as axes in the plane of horizontal reference
plane HP for simplicity, can each form second angle [ with central axis CA through central
flow tube 110. Alternatively, distal arms 130 and proximal arms 132 do not flatten out and
become parallel to horizontal reference plane HP but instead approach horizontal reference
plane HP at an angle and/or have respective terminal ends 134 and 136 that angle away
from horizontal reference plane HP. In such examples, first angle o and second angle 3 are
approximations of the central angle for the arcs from end walls 122 to the tissue wall that
each respective arm encompasses when shunt device 100 is implanted in the tissue wall.
Put more simply, first angle a is the angle between central axis CA and horizontal reference
plane HP, and second angle B is the supplementary angle to first angle ¢.. In some examples,

first angle o can be less than ninety degrees (<90°) and second angle 5 can be greater than
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ninety degrees (>90°). In other examples, first angle a and second angle 5 can be any
suitable combination of angles that add to one hundred eighty degrees (180°). The
difference between first angle o and second angle P (and the corresponding curvature of
ones of distal arms 130 and proximal arms 132) accommodates for the tilt of central flow
tube 110.

As shown in FIG. 3B, distal arm 130A and distal arm 130B extend outwards
from central flow tube 110 in opposite directions parallel to horizontal reference plane HP.
Distal arm 130A and distal arm 130B can be aligned with each other (i.e., oriented at 180°
to each other across central flow tube 110). In some examples, distal arm 130A has a longer
length than distal arm 130B. In other examples, distal arm 130A has a shorter length than
distal arm 130B. In yet other examples, distal arms 130 can have similar lengths. Proximal
arm 132A and proximal arm 132B extend outwards from central flow tube 110 in opposite
directions parallel to horizontal reference plane HP. Proximal arm 132A and proximal arm
132B can be aligned with each other (i.e., oriented at 180° to each other across central flow
tube 110). In some examples, proximal arm 132A has a shorter length than proximal arm
132B. In other examples, proximal arm 132 A has a longer length than proximal arm 132B.
In yet other examples, proximal arms 132 can have similar lengths. In some examples,
distal arm 130A has generally the same length and shape as proximal arm 132B, and distal
arm 130B has generally the same length and shape as proximal arm 132A. In other
examples, each of distal arms 130 and proximal arms 132 can have different lengths and
shapes, though the overall shape of each arm is similar. As such, shunt device 100 has
some degree of inverse symmetry across horizontal reference plane HP, as shown in FIG.
3B.

Shunt device 100 is generally elongated longitudinally but is relatively
narrow laterally. Stated another way, distal arms 130 and proximal arms 132 are not
annular or circular, but rather extend outward generally in only one plane. As shown in
FIG. 3B, shunt device 100 has a generally H-shape when viewing a side of shunt device
100. The elongated shape of shunt device 100 means that when compressed it elongates
along a line, as shown in FIG. 4, so as to better fit within a catheter.

Terminal ends 134 of distal arms 130 and terminal ends 136 of proximal
arms 132 converge towards one another. Distal arms 130 and proximal arms 132 form two
pairs of arms. That is, each of distal arms 130 forms a clamping pair with a corresponding
one of proximal arms 132. Distal arm 130A and proximal arm 132A form a first pair of

arms extending outward from a first side of central flow tube 110, and terminal end 134A
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of distal arm 130A converges towards terminal end 136A of proximal arm 132A. Distal
arm 130B and proximal arm 132B form a second pair of arms extending outward from a
second side of central flow tube 110, and terminal end 134B of distal arm 130B converges
towards terminal end 136B of proximal arm 132B. Gap G between terminal ends 134 and
terminal ends 136 is sized to be slightly smaller than an approximate thickness of the tissue
wall between the left atrium and the coronary sinus, or another tissue wall of interest. This
allows distal arms 130 and proximal arms 132 to flex outwards and grip the tissue wall
when implanted to help hold shunt device 100 in place against the tissue wall. Thus, a
distance corresponding to gap G, as measured once shunt device 100 is implanted, may be
slightly different between different clamping pairs of distal arms 130 and proximal arms
132 depending on anatomical variations along the particular tissue wall. Terminal ends
134 of distal arms 130 and terminal ends 136 of proximal arms 132 can also have openings
or indentations that are configured to engage a delivery tool to facilitate implantation of
shunt device 100, for example actuating rods of a delivery tool. Additionally, terminal ends
134 of distal arms 130 and terminal ends of proximal arms 132 can include locations for
radiopaque markers to permit visualization of the positioning of shunt device 100.

When implanted in the tissue wall, distal arms 130 and proximal arms 132
are designed such that the projection of distal arms 130 and proximal arms 132 into the left
atrium and the coronary sinus, respectively, is minimized. This minimizes the disruption
of the natural flow patterns in the left atrium and the coronary sinus. Shunt device 100 can
also be designed so that the profile of proximal arms 132 projecting into the coronary sinus
is lower than the profile of distal arms 130 projecting into the left atrium to minimize
disruption of the natural blood flow through the coronary sinus and to reduce the potential
for proximal arms 132 to block the narrower passage of the coronary sinus.

Tissue capture features 116 can take several different forms. For example,
tissue capture features 116 connected to central flow tube 110 at first axial end 124 and/or
second axial end 126 can be tabs that extend outward from side portions 120. Tissue
capture features 116 connected to arms 114 can be deflectable projections that extend
between respective ones of arms 114 and the tissue wall to be compressed back toward the
respective arm 114 when shunt device 100 is implanted in the tissue wall. Tissue capture
features 116 connected to end portions 122 of central flow tube 110 can be secondary arms
associated with one of arms 114. Tissue capture features 116 that are a part of arms 114
themselves can be, e.g., a lengthened portion of one of arms 114, separate split arm portions

of one of arms 114, and/or interlacing arms 114. Any one or more of tissue capture features
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116 can be incorporated alone or in combination on shunt device 100 to aid in anchoring
shunt device 100 to the tissue wall and to prevent displacement of shunt device 100.

FIG. 5 is a perspective view of shunt device 100" including sensor 150'.
Shunt device 100" includes body 102’, which is formed of struts 104" and openings 106'.
Body 102’ includes central flow tube 110, flow path 112’, arms 114’. Shunt device 100’
also includes and tissue capture features 116’. Central flow tube 110" has side portions 120’
(including side portion 120A’ and side portion 120B"), end portions 122’ (including end
portion 122A" and end portion 122B), first axial end 124’, and second axial end 126". Arms
114’ include distal arms 130’ (including distal arm 130A’ and distal arm 130B’) and
proximal arms 132’ (including proximal arm 132A’ and proximal arm 132B’). Distal arms
130" have terminal ends 134’ (including terminal end 134A’ and terminal end 134B’).
Proximal arms 132 have terminal ends 136’ (including terminal end 136A’ and terminal
end 136B’). Shunt device 100’ further includes sensor 150’ and sensor attachment portion
152"

Shunt device 100" includes a similar structure and design to shunt device
100 described above, except shunt device 100" additionally includes sensor 150’ connected
to sensor attachment portion 152"

As shown in FIG. 5, sensor 150" can be attached to shunt device 100’ so that
sensor 150" is positioned in the left atrium when shunt device 100" is implanted in the tissue
wall between the left atrium and the coronary sinus of the heart. Accordingly, sensor 150
can be attached to one of distal arms 130". Alternatively, sensor 150’ can be attached to
shunt device 100’ so that sensor 150’ is positioned in the coronary sinus when shunt device
100" is implanted in the tissue wall. In such examples, sensor 150" can be attached to one
of proximal arms 132’. In further examples, an additional sensor can be included on shunt
device 100’ to position sensors in both the left atrium and the coronary sinus.

Sensor 150" is attached to shunt device 100" at sensor attachment portion
152'. Sensor 150’ can be connected to sensor attachment portion 152 using any suitable
attachment mechanism. For example, sensor 150" and sensor attachment portion 152’ can
include complimentary mating features. Sensor attachment portion 152’ can be an
extension of one of arms 114’ of shunt device 100’. In some examples, sensor attachment
portion 152" is an extension of distal arm 130A’. In other examples, sensor attachment
portion 152’ is an extension of distal arm 130B’ or one of proximal arms 132’
Alternatively, as shown in FIG. 5, sensor attachment portion 152’ can be a separate split

arm portion of one of arms 114’. Sensor attachment portion 152’ can be angled away from
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a horizontal reference plane (not shown) that is in the plane of the tissue wall adjacent to
shunt device 100" when shunt device 100" is implanted in the tissue wall. That is, sensor
attachment portion 152" can be angled away from the tissue wall.

Sensor 150" can be a pressure sensor to sense a pressure in the left atrium.
In other examples, sensor 150’ can be any sensor to measure a parameter in the left atrium.
In yet other examples, sensor 150’ can be any sensor to measure a parameter in the coronary
sinus. Sensor 150’ can include a transducer, control circuitry, and an antenna in one
example. The transducer, for example a pressure transducer, is configured to sense a signal
from the left atrium. The transducer can communicate the signal to the control circuitry.
The control circuitry can process the signal from the transducer or communicate the signal
from the transducer to a remote device outside of the body using the antenna. Sensor 150’
can include alternate or additional components in other examples. Further, the components
of sensor 150’ can be held in a sensor housing that is hermetically sealed.

DELIVERY CATHETER 200 (FIGS. 6-7B)

FIG. 6 is a side view of delivery catheter 200. FIG. 7A is a side view of
distal portion 214 of delivery catheter 200 in a sheathed state. FIG. 7B is a side view of
distal portion 214 of delivery catheter 200 in an unsheathed state. FIGS. 6, 7A, and 7B will
be discussed together. FIGS. 6-7B show delivery catheter 200. FIG. 7B shows shunt
device 202. Delivery catheter 200 includes proximal end 2004, distal end 200B, proximal
portion 210, intermediate portion 212, distal portion 214, handle 216, outer sheath 218,
inner sheath 220, bridge 222, nosecone 224, actuation rod 226, side opening 228, and notch
229.

Delivery catheter 200 is one example of a delivery catheter that can be used
to implant a shunt device into a patient. Delivery catheter 200 as shown in FIGS. 6-7B is
used to implant shunt device 202 (shown in FIG. 7B). Delivery catheter 200 can take other
forms in alternate examples. Shunt device 202 can have the structure and design of any
suitable shunt device, for example shunt device 100 or 100’ as shown in FIGS. 3A-5.
Delivery catheter 200 is shown as being configured to implant shunt device 202 without a
sensor in the example shown in FIGS. 6-7B. In alternate examples, delivery catheter 200
can be used to implant a shunt device with a sensor, including any needed modifications to
accommodate the sensor.

Delivery catheter 200 includes proximal portion 210 adjacent proximal end
200A of delivery catheter 200, intermediate portion 212 extending from proximal portion

210, and distal portion 214 extending from intermediate portion 212 to distal end 200B of
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delivery catheter 200. Proximal portion 210 includes handle 216, which can be grasped by
a physician to control movement of delivery catheter 200. Handle 216 includes a number
of ports through which guide wires, tubes, fluids, or other components or elements may be
passed.

Intermediate portion 212 extends outward from handle 216 and is a length
of catheter that can be moved through a patient. Outer sheath 218 and inner sheath 220
extend outward from handle 216 and form a portion of intermediate portion 212. Outer
sheath 218 covers inner sheath 220.

Distal portion 214 extends from intermediate portion 212. Distal portion
214 includes bridge 222 and nosecone 224. Bridge 222 extends from inner sheath 220
towards nosecone 224. Nosecone 224 extends from bridge 222 to distal end 200B of
delivery catheter 200. Bridge 222 is contigured to hold shunt device 202. As shown in
FIG. 7A, when delivery catheter 200 is in a sheathed state, outer sheath 218 will extend
over and cover shunt device 202 on bridge 222. As shown in FIG. 7B, when delivery
catheter 200 is in an unsheathed state, outer sheath 218 will be pulled back to expose bridge
222 and shunt device 202 on bridge 222. Nosecone 224 extends outward from bridge 222
and helps guide delivery catheter 200 through a patient’s vasculature. Actuation rod 226,
also called an actuation arm, extends through a lumen in inner sheath 220 and bridge 222.
Actuation rod 226 emerges from side opening 228 in bridge 222 and connects to a first
proximal arm of shunt device 202. Side opening 228 extends into a body of bridge 222.
Notch 229 extends into the body of bridge 222 opposite side opening 228. Notch 229 is
configured to seat a second proximal arm of shunt device 202. The second proximal arm
can be retained on bridge 222 prior to deployment by a release wire (not shown) extending
through a lumen of bridge 222 and through notch 229.

Delivery catheter 200 will be discussed below in more detail with respect to
FIGS. 8A-9R.

DELIVERY METHOD 300 (FIGS. 8A-9R)

FIG. 8A is a flow chart showing steps for creating a puncture in tissue wall
TW between coronary sinus CS and left atrium LA. FIG. 8B is a flow chart showing steps
for implanting shunt device 202 in tissue wall TW between coronary sinus CS and left
atrium LA. FIGS. 9A-9R are schematic views showing the steps for implanting shunt
device 202 in tissue wall TW between coronary sinus CS and left atrium LA. FIGS. 8A-
9R will be discussed together. FIGS. 8A-8B show method 300. FIG. 8A shows steps 302-
316 of method 300. FIG. 8B shows steps 318-334 of method 300.
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Step 302 includes advancing guidewire 230 into coronary sinus CS, as
shown in FIG. 9A. Guidewire 230 can be inserted using traditional methods. Guidewire
230 is inserted into right atrium RA, through an ostium of coronary sinus CS, and then into
coronary sinus CS. Optionally, a catheter having radiopaque markers can be inserted over
guidewire 230 and imaging can be done to confirm placement of guidewire 230 in coronary
sinus CS. Additionally, contrast can be injected into coronary sinus CS through the catheter
to further confirm placement of guidewire 230 in coronary sinus CS. The catheter can then
be removed once placement of guidewire 230 in coronary sinus CS is confirmed.

Step 304 includes advancing puncture catheter 232 over guidewire 230 to
coronary sinus CS, as shown in FIG. 9B. Puncture catheter 232 is used to puncture tissue
wall TW between coronary sinus CS and left atrium LA. Puncture catheter 232 includes
catheter body 234 having opening 236 on a first side and balloon 238 on a second side
opposite opening 236. Puncture catheter 232 can also include radiopaque markers 239
proximal and distal to opening 236 to confirm placement of puncture catheter 232 in
coronary sinus CS. Puncture catheter 232 is advanced into coronary sinus CS so that
opening 236 is facing tissue wall TW between coronary sinus CS and left atrium LA.
Puncture catheter 232 shown in FIG. 9B is one example of a puncture catheter. In alternate
examples, tissue wall TW can be punctured using other puncture catheters or other suitable
mechanisms.

Step 306 includes intlating balloon 238 of puncture catheter 232, as shown
in FIG. 9C. As balloon 238 is inflated, it will press against coronary sinus CS opposite of
tissue wall TW. The inflation of balloon 238 will press puncture catheter 232 against tissue
wall TW. Specifically, opening 236 will be pressed against tissue wall TW. Balloon 238
will anchor puncture catheter 232 in position in coronary sinus CS while a puncture is made
in tissue wall TW. In alternate examples, any other suitable anchoring mechanism can be
used instead of balloon 238. In further examples, step 306 is not needed.

Step 308 includes puncturing tissue wall TW between coronary sinus CS
and left atrium LA, as shown in FIG. 9D. Puncture catheter 232 includes puncture arm 240
extending through a lumen in puncture catheter 232. Puncture arm 240 includes sheath 242
and needle 244 positioned in sheath 242 so that it extends out a distal end of puncture sheath
242. Puncture arm 240 can be advanced through puncture catheter 232 and out of opening
236 to puncture through tissue wall TW between coronary sinus CS and left atrium LA.

Puncture catheter 232 should be positioned in coronary sinus CS so that

opening 236 of puncture catheter 232 is positioned 2-4 centimeters from the ostium of

14



WO 2024/076580

10

15

20

25

30

PCT/US2023/034387

coronary sinus CS. This will position the puncture through tissue wall TW at the same
location. The puncture, and ultimately the placement of shunt device 202 in the puncture,
is positioned over the posterior leaflet of mitral valve MV.

Step 310 includes removing needle 244 from puncture catheter 232, as
shown in FIG. 9E. Needle 244 can be removed by pulling it proximally through a lumen
extending through needle sheath 242 of puncture arm 240. Needle 244 is [ully removed
from puncture catheter 232, leaving a lumen extending from a proximal end of puncture
catheter 232 through a distal end of needle sheath 242.

Step 312 includes advancing guidewire 246 through puncture catheter 232
into left atrium LA, as shown in FIG. 9F. Specifically, guidewire 246 is advanced through
a lumen extending through a proximal end of puncture catheter 232 and needle sheath 242
of puncture arm 240. Guidewire 246 is advanced into left atrium LA until it coils in left
atrium LA, as shown in FIG. 9F. Once guidewire 246 is fully positioned in left atrium LA,
puncture catheter 232 and guidewire 230 can be removed from left atrium LA and coronary
sinus CS.

Step 314 includes advancing balloon catheter 248 over guidewire 246 and
through the puncture in tissue wall TW, as shown in FIG. 9G. Balloon catheter 248 is
advanced through the puncture in tissue wall TW so balloon 250 of balloon catheter 248 is
positioned in the puncture in tissue wall TW. Balloon catheter 248 is shown as being a
separate device from puncture catheter 232 in the example shown in FIG. 9G. However,
in alternate examples, balloon catheter 248 can be inserted through puncture catheter 232
and through the puncture in tissue wall TW.

Step 316 includes inflating balloon 250 of balloon catheter 248 extending
through the puncture in tissue wall TW, as shown in FIG. 9H. Balloon 250 extends along
a distal portion of balloon catheter 248. As balloon 250 is inflated, it will expand and push
open the tissue surrounding the puncture in tissue wall TW. The inflation of balloon 250
will cause the puncture in tissue wall TW to become a wider opening in which a shunt
device can be positioned. Balloon 250 can then be deflated and balloon catheter 248 can
be removed from left atrium LA and coronary sinus CS.

Step 318 includes advancing delivery catheter 200 over guidewire 246, as
shown in FIG. 9. Delivery catheter 200 has the general structure and design as discussed
with reference to FIGS. 6-7B above. Delivery catheter 200 is inserted through coronary
sinus CS, through the opening in tissue wall TW, and into left atrium LA. When delivery

catheter 200 is properly positioned in tissue wall TW, nosecone 224 will be positioned in
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left atrium LA, and bridge 222 will extend through tissue wall TW between left atrium LA
and coronary sinus CS. Nosecone 224 tapers from a smaller diameter at a distal end to a
larger diameter at a proximal end. The taper of nosecone 224 helps to advance nosecone
224 through the opening in tissue wall TW and widens the opening as needed. Bridge 222
holds shunt device 202 (not shown in FIG. 91) in a collapsed position on bridge 222. Bridge
222 is positioned in tissue wall TW so that shunt device 202 is generally positioned in the
opening in tissue wall TW for deployment into the opening.

Step 320 includes withdrawing outer sheath 218 of delivery catheter 200 to
release distal arms 252 of shunt device 202, as shown in FIG. 9J. Outer sheath 218 can be
withdrawn to expose part of shunt device 202 held on bridge 222 of delivery catheter 200.
As outer sheath 218 is withdrawn, distal arms 252 of shunt device 202 will be released and
assume their preset shape. Delivery catheter 200 should be positioned in left atrium LA
such that when outer sheath 218 is withdrawn to release distal arms 252 of shunts device
202, distal arms 252 of shunt device 202 are positioned in left atrium LA.

Step 322 includes pulling delivery catheter 200 proximally to seat distal
arms 252 of shunt device 202 on tissue wall TW, as shown in FIG. 9K. Delivery catheter
200 can be gently pulled proximally to seat distal arms 252 of shunt device 202 on tissue
wall TW in left atrium LA. A physician should stop gently pulling on delivery catheter
200 when resistance is sensed, indicating that distal arms 252 have come into contact with
tissue wall TW. This will also position a central flow tube of shunt device 202 in the
opening in tissue wall TW.

Step 324 includes withdrawing outer sheath 218 of delivery catheter 200 to
expose proximal arms 254 of shunt device 202, as shown in FIG. 9L. Outer sheath 218 is
withdrawn a set distance to fully expose shunt device 202, including proximal arms 254 of
shunt device 202. Delivery catheter 200 should be positioned in left atrium LA, tissue wall
TW, and coronary sinus CS so that proximal arms 254 will be positioned in coronary sinus
CS when outer sheath 218 is withdrawn. Proximal arms 254 are constrained on bridge 222
of delivery catheter 200 and will not automatically assume their preset shape when outer
sheath 218 is withdrawn.

Step 326 includes moving first proximal arm 254A of shunt device 202
towards tissue wall TW using actuation rod 226 of delivery catheter 200, as shown in FIG.
9M. Actuation rod 226 extends through a lumen in delivery catheter 200 and can be

actuated forward to move first proximal arm 254 A towards tissue wall TW.
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Step 328 includes seating first proximal arm 254A on tissue wall TW, as
shown in FIG. 9N. Actuation rod 226 of delivery catheter 200 is actuated fully outward to
seat first proximal arm 254 A on tissue wall TW. When first proximal arm 256A is seated
on tissue wall TW, it will be positioned in coronary sinus CS.

Step 330 includes injecting contrast into coronary sinus CS and left atrium
LA (o confirm placement of shunt device 202 in tissue wall TW, as shown in FIG. 90.
Contrast can be injected through a lumen extending through delivery catheter 200. The
contrast can move through coronary sinus CS and left atrium LA. The contrast will
highlight shunt device 202 under fluoroscopy to confirm proper placement of distal arms
252 and first proximal arm 254 A of shunt device 202 on tissue wall TW.

Step 332 includes removing actuation rod 226 from first proximal arm 254 A
of shunt device 202, as shown in FIG. 9P. Actuation rod 226 can be held on and removed
from first proximal arm 254A using any suitable mechanism. In the example shown in
FIG. 9P, a release wire holds actuation rod 226 on first proximal arm 254A. The release
wire can be withdrawn proximally to disconnect release wire from first proximal arm 254 A.
Actuation rod 226 can then be pulled proximally through a lumen of delivery catheter 200
to remove actuation rod 226 from coronary sinus CS.

Step 334 includes withdrawing delivery catheter 200 from coronary sinus
CS and left atrium LA to release second proximal arm 254B of shunt device 202, as shown
in FIG. 9Q. Second proximal arm 254B is held in place on bridge 222 in notch 229 formed
in bridge 222. As delivery catheter 200 is withdrawn, second proximal arm 254B will be
released from notch 229 in bridge 222 and take its preset shape. Specifically, second
proximal arm 254B will seat upon tissue wall TW as it takes its preset shape. Second
proximal arm 245B will be positioned in coronary sinus CS. After second proximal arm
254B is seated on tissue wall TW, shunt device 202 will be fully deployed in tissue wall
TW, as shown in FIG. 9R. Delivery catheter 200 and guidewire 246 can then be removed
from left atrium LA and coronary sinus CS.

Method 300 is one example of a method that can be used to implant shunt
device 202 in tissue wall TW between left atrium LA and coronary sinus CS. Method 300
can include fewer, more, or different steps in alternate examples. Further, puncture catheter
232 and delivery catheter 200 are shown as being separate catheters in the example shown
in FIGS. 9A-9R, but can be a single catheter in alternate examples.

DELIVERY DEVICE 1100 (FIGS. 10A-13)
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FIG. 10A is a perspective view of distal portion 1101 of delivery device
1100 for delivering and placing shunt device 100 within a human body. FIG. 10B is a side
view of distal portion 1101 of delivery device 1100. FIGS. 10A-10B will be discussed
together. Delivery device 1100 includes distal portion 1101 (having proximal end 1101A
and distal end 1101B), nosecone 1102, molded bridge 1104 (having proximal end 1104A
and distal end 1104B), straight portion 1106, tapered portion 1108 (having proximal end
1108A and distal end [108B), body 1110, notch 1112, pocket 1114, plurality of lumens
1116 (including first lumen 1116A, second lumen 1116B, third lumen 1116C, and fourth
lumen 1116D), vertical portion 1118, horizontal portion 1120, and angled portion 1122.

Delivery device 1100 is a component and/or an assembly that is configured
to be transported into and out of a human body. Delivery device 1100 is one example of a
delivery catheter, for example delivery catheter 200, that can be used to implant a shunt
device. More specifically, delivery device 1100 is configured to transport and place shunt
device 100 as shown in FIGS. 3A-4 or shunt device 100’ as shown in FIG. 5 within a human
body. The description herein will describe shunt device 100 for clarity. However, shunt
device 100 is one example of a shunt device that can be implanted using delivery device
1100, and delivery device 1100 can be used to implant any suitable shunt device in alternate
examples. After shunt device 100 has been deployed, delivery device 1100 is removed
from the human body. In some examples, shunt device 100 is coupled to delivery device
1100 and delivery device 1100 is translated along a guidewire into a human body to
properly position shunt device 100 within the human body. In other examples, features of
delivery device 1100 can aid in releasing shunt device 100 from the delivery device 1100,
allowing shunt device 100 to secure to tissue within the human body. The various
examples, features, and methods of using delivery device 1100 will be described in detail
below.

In the example shown in FIGS. 10A-10B, distal portion 1101 of delivery
device 1100 includes proximal end 1101A, distal end 1101B, nosecone 1102, and molded
bridge 1104. Proximal end 1101A of distal portion 1101 of delivery device 1100 is the end
of delivery device 1100 closest to a user’s hand when delivery device 1100 is initially
inserted or translated into a human body. Distal end 1101B of delivery device 1100 is the
end of delivery device 1100 furthest from a user’s hand when delivery device 1100 is
initially inserted into a human body.

Nosecone 1102 is positioned distally to molded bridge 1104. Nosecone
1102 includes straight portion 1106 and tapered portion 1108. Straight portion 1106
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extends from distal end 1101B of distal portion 1101 to tapered portion 1108. Tapered
portion 1108 includes proximal end 1108A and distal end 1108B. Tapered portion 1108
extends from straight portion 1106 to proximal end 1101A of distal portion 1101.

Molded bridge 1104 includes proximal end 1104 A, distal end 1104B, body
1110, notch 1112, pocket 1114, and a plurality of lumens 1116. In some examples, the
plurality of lumens 1116 can include first lumen 1116A, second lumen 1116B, third lumen
1116C, and fourth lumen 1116D. In some examples, notch 1112 includes vertical portion
1118, horizontal portion 1120, and angled portion 1122. In some examples, distal portion
1101 of delivery device 1100 can be an assembly in which multiple components are
coupled together to form distal portion 1101 of delivery device 1100. In other examples,
distal portion 1101 of delivery device 1100 can be a molded component in which each of
the individual features of distal portion 1101 of delivery device 1100 are a single, unitary
component.

As shown in FIGS. 10A-10B, nosecone 1102 includes straight portion 1106
and tapered portion 1108. Straight portion 1106 is positioned adjacent and closest to distal
end 1101B of distal portion 1101 of delivery device 1100, compared to any other
feature/component of delivery device 1100. Straight portion 1106 includes a generally
constant diameter extending a length of straight portion 1106 and straight portion 1106
includes a lumen extending fully through straight portion 1106. In some examples, as
shown, an end of straight portion 1106 closest to distal end 1101B of distal portion 1101 of
delivery device 1100 can include a portion with a reduced diameter. In other examples, the
outer diameter of straight portion 1106 can be constant along an entire length of straight
portion 1106. In some examples, as shown, an end of straight portion 1106 can be coupled
to an end of tapered portion 1108. In other examples, straight portion 1106 and tapered
portion 1108 can be formed as a unitary, single-piece component. In some examples,
straight portion 1106 and tapered portion 1108 can each be constructed from one or more
of a thermoplastic polymer, a nylon, or other polymer based material.

Tapered portion 1108 is positioned between and coupled to both straight
portion 1106 and molded bridge 1104. Tapered portion 1108 includes proximal end 1108A
positioned at one end of tapered portion 1108 and distal end 1108B positioned at the
opposite end of tapered portion 1108. More specifically, proximal end 1108A of tapered
portion 1108 is coupled to distal end 1104B of molded bridge 1104, and distal end 1108B
of tapered portion 1108 is coupled to straight portion 1106. Tapered portion 1108 of

nosecone 1102 also includes an aperture extending fully through tapered portion 1108 tfrom
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proximal end 1108A to distal end 1108B. The aperture extending through tapered portion
1108 is axially aligned with the aperture extending through straight portion 1106 of
nosecone 1102. Further, the apertures extending through straight portion 1106 and tapered
portion 1108 are configured to accept a guidewire, discussed further below.

Proximal end 1108 A of tapered portion 1108 include a first outer diameter
and distal end 1108B of tapered portion 1108 includes a second outer diameter. In the
example shown, the first outer diameter of proximal end 1108A is greater than the second
outer diameter of distal end 1108B. In some examples, the first outer diameter of proximal
end 1108A can range between 3 millimeters (0.118 inches) and 9 millimeters (0.354
inches). Tapered portion 1108 includes distal end 1108B with a smaller outer diameter to
facilitate deployment of shunt device 100 within a human body, discussed further below.
Further, a central axis of distal end 1108B is offset from a central axis of proximal end
1108A to facilitate translation of shunt device 100 within a human body. In other words,
the central axis of distal end 1108B is not axially aligned with the central axis of proximal
end 1108A to aid in translation of shunt device 100 within the human body, as discussed
in reference to FIG. 13 below.

Molded bridge 1104 includes proximal end 1104A and distal end 1104B.
Proximal end 1104 A of molded bridge 1104 is positioned adjacent proximal end 1101A of
distal portion 1101 of delivery device 1100. Distal end 1104B of molded bridge 1104 is
positioned at an opposite end of molded bridge 1104 as proximal end 1104A. Further,
distal end 1104B of molded bridge 1104 is positioned closest to distal end 1101B of distal
portion 1101 of delivery device 1100, compared to any other feature of molded bridge
1104. Distal end 1104B of molded bridge 1104 is coupled to proximal end 1108A of
tapered portion 1108 of nosecone 1102. In some examples, distal end 1104B of molded
bridge 1104 coupled to proximal end 1108A of tapered portion 1108 includes an outer
diameter that is equal to the first outer diameter of proximal end 1108A of tapered portion
1108. In other examples, distal end 1104B of molded bridge 1104 may not have the same
outer diameter as proximal end 1108A of tapered portion 1108.

Body 1110 is the main structure of molded bridge 1104 in which other
features of molded bridge 1104 are positioned. In some examples, body 1110 can be
constructed from one or more of a thermoplastic elastomer, a nylon, or other polymer blend
material. Further, in some examples, body 1110 of molded bridge 1104 can be constructed
from the same material as nosecone 1102. Body 1110 has a generally elongated cylindrical

shape with cutouts extending into body 1110. In some examples, notch 1112 extends into
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body 1110 of molded bridge 1104. In further examples, pocket 1114 extends into body
1110 of molded bridge 1104 such that pocket 1114 is positioned on an opposite side of
molded bridge 1104 as notch 1112. Further, in some examples, a plurality of lumens 1116
are positioned within and extend at least partially through body 1110 of molded bridge
1104. Notch 1112 and plurality of lumens 1116 will be discussed in greater detail below
with respect to FIG. 11.

FIG. 11 is a detailed perspective view of part of distal portion 1101 of
delivery device 1100, shown with a dashed oval in FIG. T0A. Delivery device 1100
includes distal portion 1101, molded bridge 1104, body 1110, notch 1112, pocket 1114,
plurality of lumens 1116 (including first lumen 1116A, second lumen 1116B, third lumen
1116C, and fourth lumen 1116D), vertical portion 1118, horizontal portion 1120, angled
portion 1122, and release wire 1124.

Notch 1112 of molded bridge 1104 is positioned near proximal end 1104A
(shown in FIGS. 10A-10B) of molded bridge 1104 on a top side of molded bridge 1104.
In some examples, notch 1112 is configured to seat an arm of shunt device 100, discussed
further below with respect to FIG. 13. In the example shown in FIG. 11, notch 1112
includes vertical portion 1118, horizontal portion 1120, and angled portion 1122. Vertical
portion 1118 of notch 1112 is positioned closest to proximal end 1104 A of molded bridge
1104 compared to horizontal portion 1120 and angled portion 1122. Vertical portion 1118
is a flat surface that extends a partial distance from an outer surface of molded bridge 1104
towards a central axis of molded bridge 1104. Horizontal portion 1120 of notch 1112
extends between vertical portion 1118 and angled portion 1122. More specifically,
horizontal portion 1120 is a flat surface that is oriented orthogonal to vertical portion 1118,
and horizontal portion 1120 extends from an edge of vertical portion 1118 towards distal
end 1104B (shown in FIGS. 10A-10B) of molded bridge 1104 to connect vertical portion
1118 to angled portion 1122. Angled portion 1122 of notch 1112 is positioned closest to
distal end 1104B of molded bridge 1104 compared to vertical portion 1118 and horizontal
portion 1120. More specifically, angled portion 1122 extends from an end of horizontal
portion 1120 at an oblique angle towards distal end 1104B of molded bridge 1104.
Collectively, vertical portion 1118, horizontal portion 1120, and angled portion 1122 are
configured to seat an arm of shunt device 100, discussed further below. Release wire 1124
extends across notch 1112.

Referring again to FIGS. 10A-10B, pocket 1114 of molded bridge 1104 is

positioned on a bottom side of molded bridge 1104, opposite notch 1112 positioned on a
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top side of molded bridge 1104. Further, pocket 1114 extends a partial distance between
proximal end 1104A and distal end 1104B of molded bridge 1104. More specifically,
pocket 1114 is positioned closer to distal end 1104B than proximal end 1104A of molded
bridge 1104, and pocket 1114 extends a partial distance towards proximal end 1104A but
does not extend all the way to proximal end 1104A. Pocket 1114 is a semi-circular indent
or cutout within body 1110 of molded bridge 1104 and extends from a botlom side of
molded bridge 1104 towards a central axis of molded bridge 1104. As shown best in FIG.
13, pocket 1114 is configured to seat an arm and a portion of central flow tube 110 of shunt
device 100. Further, in some examples, pocket 1114 can be configured to seat sensor 150°
coupled to shunt device 100’ (shown in FIG. 5), discussed in more detail with respect to
FIG. 13.

In some examples, molded bridge 1104 can include a plurality of lumens
1116 positioned within and extending at least partially through body 1110 of molded bridge
1104. Each of the plurality of lumens 1116 can be tubular channels or passages that extend
at least partially through body 1110 of molded bridge 1104. In one example, each of the
plurality of lumens can have differing lengths. As shown best in FIGS. 11-12, the plurality
of lumens 1116 can include first lumen 1116A, second lumen 1116B, third lumen 1116C,
and fourth lumen 1116D.

FIG. 12 is an end view of proximal end 1104A of molded bridge 1104 of
distal portion 1101 of delivery device 1100. Delivery device 1100 includes distal portion
1101 (having proximal end 1101A), molded bridge 1104 (having proximal end 1104A),
body 1110, plurality of lumens 1116 (including first lumen 1116A, second lumen 1116B,
third lumen 1116C, and fourth lumen 1116D), and release wire 1124.

Plurality of lumens 1116 are shown in FIGS. 10A and 11-12. Plurality of
lumens 1116 includes each of first lumen 1116A, second lumen 1116B, third lumen 1116C,
and fourth lumen 1116D. In the example shown in FIGS. 10A-12, each of first lumen
1116A, second lumen 1116B, third lumen 1116C, and fourth lumen 1116D can have
circular cross-sections when viewing in the axial direction. In other examples, each of first
lumen 1116A, second lumen 1116B, third lumen 1116C, and fourth lumen 1116D can have
a cross-section of any geometric shape. In the example shown in FIGS. 10A-12, first lumen
1116A, second lumen 1116B, third lumen 1116C, and fourth lumen 1116D can have
different diameters. In alternate examples, first lumen 1116A, second lumen 1116B, third

lumen 1116C, and fourth lumen 1116D can have equal diameters.
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As shown best in FIG. 10A, first lumen [116A fully extends through body
1110 from proximal end 1104A to distal end 1104B of molded bridge 1104. Further, first
lumen 1116A extends through proximal end 1104 A and distal end 1104B of molded bridge
1104. The distal end of first lumen 1116A at distal end 1104B of molded bridge 1104 is
axially aligned with the apertures extending through both straight portion 1106 and tapered
portion 1108 of nosecone 1102. The proximal end of first lumen 1116A at proximal end
1104A of molded bridge 1104 is axially aligned with a lumen extending through an inner
sheath (not shown in FIGS. 10A-12) of delivery device 1100. Further, first lumen 1116A
includes a curve or bend along the length of first lumen 1116A such that the proximal end
of first lumen 1116A extending through proximal end 1104A is not axially aligned with the
distal end of first lumen 1116A extending through distal end 1104B. First lumen 1116A is
curved between notch 1112 and pocket 114 of molded bridge 1104. First lumen 1116A
can include a curve or bend to ensure each of first lumen 1116A, second lumen 1116B,
third lumen 1116C, and fourth lumen 1116D can fit within body 1110 of molded bridge
1104 without interfering with each other or with notch 1112 or pocket 1114.

First lumen 1116A is configured to accept and receive a guidewire fully
extending through first lumen 1116A. As such, a guidewire can be inserted through the
apertures within straight portion 1106 and tapered portion 1108 of nosecone 1102, and then
the guidewire can be inserted into first lumen 1116A and pushed through first lumen 1116A
until the guidewire exits first lumen 1116A adjacent proximal end 1104 A of molded bridge
1104. In some examples, the guidewire can be a thin wire used to guide the placement of
delivery device 1100 within a human body during a medical procedure. As such, first
lumen 1116A can also be referred to as a guidewire lumen because first lumen 1116A
accepts a guidewire, and delivery device 1100 utilizes first lumen 1116A to translate
delivery device 1100 along a guidewire into a human body. As discussed with respect to
FIG. 14, in some examples, portions of first lumen 116A can be eliminated and the
guidewire can extend along an external surface of molded bridge 1104.

Referring to FIGS. 10A and 11, second lumen 1116B extends through body
1110 of molded bridge 1104 from proximal end 1104A to pocket 1114 of molded bridge
1104. Further, second lumen 1116B extends through proximal end 1104A and extends
through body 1110 adjacent and terminating at the end of pocket 1114 positioned closest
to proximal end 1104 A of molded bridge 1104. A proximal end of second lumen 1116B is
aligned with a lumen extending through an inner sheath (not shown in FIGS. 10A-12) of

delivery device 1100. In the example shown in FIGS. 10A-12, second lumen 1116B is a
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straight lumen extending through body 1110 of molded bridge 1104. In alternate examples,
second lumen 1116B can be a curved lumen extending through body 1110 of molded bridge
1104.

Second lumen 1116B is configured to provide a flow path for contrast
agent/dye to flow through molded bridge 1104 for delivery into the human body. As such,
second lumen 1116B can also be relerred to as the contrast lumen. The contrast agent/dye
can flow into second lumen 1116B at proximal end 1104A of molded bridge 1104, the
contrast agent/dye can flow through second lumen 1116B towards distal end 1104B of
molded bridge 1104, and then the contrast agent/dye can flow out from second lumen
1116B adjacent pocket 1114 of molded bridge 1104. Flowing the contrast agent/dye
through second lumen 1116B, after delivery device 1100 is within a human body, can aid
a doctor or user in ensuring proper placement of delivery device 1100 and shunt device 100
within a human body.

Referring to FIGS. 10A and 11, third lumen 1116C extends through body
1110 of molded bridge 1104 from proximal end 1104A of molded bridge 1104 to notch
1112, and then third lumen 1116C includes a break or gap and third lumen 1116C resumes
on an opposite side of notch 1112. More specifically, a first section of third lumen 1116C
extends through body 1110 from proximal end 1104A of molded bridge 1104 to vertical
portion 1118 of notch 1112, and third lumen 1116C extends through vertical portion 1118
of notch 1112. A break or gap is present in third lumen 1116C at notch 1112 and a second
section of third lumen 1116C extends through angled portion 1122 of notch 1112 and
extends through body 1110 in the direction of distal end 1104B of molded bridge 1104.
The second section of third lumen 1116C does not extend all the way to distal end 1104B
of molded bridge 1104.

As shown best in FIG. 11, third lumen 1116C is configured to accept and
receive release wire 1124 extending within and at least partially through third lumen
1116C. As such, third lumen 1116C can also be referred to as a release wire lumen.
Release wire 1124 can extend through third lumen 1116C and distal arm 130 or proximal
arm 132 of shunt device 100 (shown in FIGS. 3A-4), depending on the orientation of shunt
device 100, to secure and hold shunt device 100 to delivery device 1100. Third lumen
1116C is split over notch 1112 to allow release wire 1124 to extend through distal arm 130
or proximal arm 132 of shunt device 100 which is positioned in notch 1112. Further, a user

can remove release wire 1124 from third lumen 1116C and distal arm 130 or proximal arm
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132 to allow shunt device 100 to release from delivery device 1100 to be secured to tissue
within a human body, discussed in more detail with respect to FIG. 13.

As shown best in FIG. 11, fourth lumen 1116D extends through body 1110
of molded bridge 1104 from proximal end 1104A of molded bridge 1104 to pocket 1114
of molded bridge 1104. Further, fourth lumen 1116D extends through proximal end 1104A
and extends through body 1110 adjacent and terminating at the end of pocket 1114
positioned closest to proximal end 1104A of molded bridge 1104. In the example shown
in FIGS. 10A-12, fourth lumen 1116D is a straight lumen extending through body 1110 of
molded bridge 1104. In alternate examples, fourth lumen 1116D can be a curved lumen
extending through body 1110 of molded bridge 1104.

Fourth lumen 1116D is configured to accept and receive a moveable-arm
wire fully extending through fourth lumen 1116D. As such, in some examples, fourth
lumen 1116D can also be referred to as a moveable-arm wire lumen. A moveable-arm wire
can extend through fourth lumen 1116D and distal arm 130 or proximal arm 132 of shunt
device 100, depending on the orientation of shunt device 100, to secure and hold shunt
device 100 to delivery device 1100. Further, a user can remove the moveable-arm wire
from fourth lumen 1116D and distal arm 130 or proximal arm 132 to allow shunt device
100 to release from delivery device 1100 to be secured to tissue within a human body,
discussed in more detail with respect to FIG. 13.

Each of first lumen 1116A, second lumen 1116B, third lumen 1116C, and
fourth lumen 1116D are configured to aid in delivering and placing shunt device 100 within
a human body. Further, each of first lumen 1116A, second lumen 1116B, third lumen
1116C, and fourth lumen 1116D are configured to serve distinct purposes during the
delivery and placement of shunt device 100. Although first lumen 1116A, second lumen
1116B, third lumen 1116C, and fourth lumen 1116D are shown having a specific shape and
configuration, it is to be understood that the shape and configuration of each of first lumen
1116A, second lumen 1116B, third lumen 1116C, and fourth lumen 1116D could be
different than what is shown without deviating from their respective intended purposes.

In some examples, molded bridge 1104 can be manufactured using an
injection molding process. In such examples, each of first lumen 1116A, second lumen
1116B, third lumen 1116C, and fourth lumen 1116D can be individually surrounded by an
outer casing (not shown), defining the shape of each of first lumen 1116A, second lumen
1116B, third lumen 1116C, and fourth lumen 1116D. The outer casings surrounding each
of first lumen 1116A, second lumen 1116B, third lumen 1116C, and fourth lumen 1116D
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can be constructed from a material having a higher durometer (harder material) than the
material used to construct body 1110 of molded bridge 1104. The outer casings having a
higher durometer can prevent deformation of the lumens during the injection molding
process, ensuring the lumens within body 1110 of molded bridge 1104 have the desired
shape and configuration. In other examples, each of first lumen 1116A, second lumen
1116B, third lumen 1116C, and fourth lumen 1116D may not be surrounded by an outer
casing. Further, in some examples, a portion near distal end 1101B of distal portion 1101
of delivery device 1100 can be constructed from a polymer having a first durometer
hardness and a portion near proximal end 1101A of distal portion 1101 of delivery device
1100 can be constructed from a polymer having a second durometer hardness. The first
durometer hardness of the portion near distal end 1101B can be less than the second
durometer hardness of the portion near proximal end 1101A to facilitate the bending and
tracking of delivery device 1100 along a guidewire during the insertion and removal of
delivery device 1100. More specifically, a softer (or less hard) material near distal end
1101B reduces the amount of frictional force experienced by delivery device 1100 during
the insertion and removal of delivery device 1100, allowing delivery device 1100 to easily
be inserted and removed from a human body.

FIG. 13 is a perspective view of distal portion 1101 of delivery device 1100
including an attached shunt device 100’. Delivery device 1100 includes distal portion 1101
(having proximal end 1101 A and distal end 1101B), nosecone 1102, molded bridge 1104
(having proximal end 1104 A and distal end 1104B), straight portion 1106, tapered portion
1108 (having proximal end 1108A and distal end 1108B), body 1110, notch 1112, pocket
1114, and plurality of lumens 1116 (including first lumen 1116A, second lumen 1116B,
third lumen 1116C, and fourth lumen 1116D). FIG. 13 also shows shunt device 100°, which
includes central flow tube 110°, distal arm 130A’, terminal end 136A°, and sensor 150°.

Although the following discussion specifically describes shunt device 100°
with sensor 150’ coupled to delivery device 1100, it is to be understood that the following
discussion equally applies to shunt device 100 (without a sensor) coupled to delivery device
1100. To avoid redundancy, only a discussion regarding shunt device 100’ with sensor
150" coupled to delivery device 1100 will be discussed. As shown, shunt device 100’
surrounds at least a portion of delivery device 1100, and shunt device 100’ is configured to
be coupled to delivery device 1100 for delivery into a human body. Further, the features
and components of delivery device 1100 are configured to release shunt device 100” from

delivery device 1100 and allow shunt device 100’ to be coupled to tissue within the human
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body. To avoid any adverse effects of inserting shunt device 100° and delivery device 1100
into a human body, both shunt device 100° and delivery device 1100 can be sterilized before
entering the human body.

In the example shown, central flow tube 110° of shunt device 100’ surrounds
a portion of molded bridge 1104, such that a portion of molded bridge 1104 extends through
central flow tube 110°. Further, a portion of central {low tube 110’ is positioned adjacent
and abutting a portion of pocket 1114 of molded bridge 1104. The portion of central flow
tube 110’ abutting pocket 1114 and an arm of shunt device 100’ are coupled to the
moveable-arm wire extending through fourth lumen 1116D, such that the moveable-arm
wire couples shunt device 100’ to delivery device 1100. Further, the moveable-arm wire
can be released from the portion of central flow tube 110° abutting pocket 1114 and an arm
of shunt device 100’ to allow shunt device 100’ to release from delivery device 1100 and
couple to tissue within the human body.

Sensor 150’ is also positioned adjacent and abutting a portion of pocket
1114 of molded bridge 1104. More specifically, sensor 150’ extends from an arm of shunt
device 100’ in a direction towards distal end 1101B of delivery device 1100 and sensor
150’ is positioned at least partially within pocket 1114 of molded bridge 1104. As shown,
distal end 1104B of molded bridge 1104 and proximal end 1108 A of tapered portion 1108
of nosecone 1102 include an enlarged diameter compared to a diameter or size of the other
components and features of delivery device 1100. The enlarged diameter of distal end
1104B of molded bridge 1104 and proximal end 1108A of tapered portion 1108 is sized to
be greater than the outermost point of sensor 150’ when sensor 150’ is positioned within
pocket 1114 of molded bridge 1104 and surrounded by an outer sheath for insertion. As
such, the enlarged diameter of distal end 1104B of molded bridge 1104 and proximal end
1108A of tapered portion 1108 is configured to enlarge a hole or aperture within tissue in
the human body to allow sensor 150’ and shunt device 100’ to proceed through the hole or
aperture within the tissue without inducing excess stress on the tissue. Therefore, the
enlarged diameter of distal end 1104B of molded bridge 1104 and proximal end 1108A of
tapered portion 1108 facilitates the easy insertion of shunt device 100” and sensor 150’ into
the human body. If distal end 1104B of molded bridge 1104 and proximal end 1108A of
tapered portion 1108 did not include the enlarged portion, undesirable stresses could be
induced in the tissue when inserting shunt device 100’ and sensor 150’ into the human

body.
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Terminal end 134A° of distal arm 130A° of shunt device 100’ is positioned
adjacent and abutting a portion of notch 1112 of molded bridge 1104. Further, terminal
end 134A’ is coupled to release wire 1124 (shown in FIGS. 11-12) extending through third
lumen 1116C, such that release wire 1124 couples terminal end 134A’ and shunt device
100’ to delivery device 1100. More specifically, release wire 1124 extends through third
lumen 1116C and an aperture within terminal end 134A’, securing terminal end 134A” and
shunt device 100’ to delivery device 1100. To release terminal end 134A” and shunt device
100’ from delivery device 1100, release wire 1124 can be pulled through third lumen 1116C
in the direction towards proximal end 1101 A of delivery device 1100. Once release wire
1124 has been pulled through the aperture within terminal end 134A’, terminal end 134A°
and shunt device 100° are released from delivery device 1100 which allows shunt device
100’to couple to tissue within the human body.

In operation, delivery device 1100 can be utilized to transport and place
shunt device 100’ with the attached sensor 150’ within a human body, and then delivery
device 1100 can be removed from the human body. Although the following discussion
specifically describes shunt device 100” with sensor 150’ coupled to delivery device 1100,
it is to be understood that the following discussion equally applies to shunt device 100
(without a sensor) coupled to delivery device 1100. To transport and place shunt device
100’ in the human body, a guidewire is first inserted into the human body. Then the other
end of the guidewire is inserted through the apertures extending through both straight
portion 1106 and tapered portion 1108, and the guidewire is inserted into and extends
through first lumen 1116A of molded bridge 1104. As such, delivery device 1100 is
translated into and out of a human body by following the path and curvature of the
guidewire. Delivery device 1100 is constructed from a soft, flexible material and therefore
the entire delivery device 1100 curves as it is inserted and retracted from the human body.
Further, in some examples, delivery device 1100 with an attached shunt device 100’ can be
fully surrounded and covered by an outer sheath (not shown) to prevent delivery device
1100 with an attached shunt device 100’ and sensor 150 from contacting, catching, or
damaging tissue during the translation into the human body. After delivery device 1100 is
inserted into the human body, the outer sheath (not shown) can be removed to uncover and
expose shunt device 100°.

During the translation of delivery device 1100 into the human body, tapered
portion 1108 of nosecone 1102 is configured to further dilate an aperture or opening within

tissue in the human body to allow the downstream components of delivery device 1100 and
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shunt device 100’ to pass through the aperture or opening. As such, tapered portion 1108
of nosecone 1102 includes a larger diameter than the other components or features of
delivery device 1100 to increase a diameter of an aperture within the tissue to facilitate the
translation of delivery device 1100 into the human body. Once delivery device 1100 is
translated into the human body, an outer sheath (not shown) covering and surrounding
delivery device 1100 and shunt device 100° can be pulled in a direction towards proximal
end 1101 A to uncover and expose shunt device 100°. Uncovering or exposing shunt device
100° allows at least one arm of shunt device 100’ to release and extend outwards for seating
on tissue within the human body. A contrast agent/die can then be injected through second
lumen 1116B and into the human body, allowing a doctor or user to view the location of
shunt device 100° within the human body to ensure shunt device 100’ is properly positioned
within the human body. In some examples, injecting the contrast agent/die comprises the
contrast agent/die flowing from proximal end 1104A of molded bridge 1104, through
second lumen 1116B, and then out through an aperture extending through body 1110 of
molded bridge 1104 adjacent pocket 1114 of molded bridge 1104.

After verifying that the positioning of shunt device 100’ within the human
body is correct, release wire 1124 can be removed from third lumen 1116C to allow shunt
device 100’ to uncouple from delivery device 1100. More specifically, release wire 1124
can be pulled in a direction away from distal end 1101B of delivery device 1100 to pull
release wire 1124 through third lumen 1116C until release wire 1124 is pulled past notch
1112 and no longer extends through an aperture within terminal end 134A’. This allows
distal arm 130A’ and shunt device 100’ to release from delivery device 1100 and clamp
onto tissue within the human body. Likewise, a moveable-arm wire (not shown) extending
through fourth lumen 1116D can be removed from fourth lumen 1116D to allow shunt
device 100’ to uncouple from delivery device 1100. More specifically, the moveable-arm
wire can be pulled in a direction away from distal end 1101B of delivery device 1100 to
pull the moveable-arm wire through fourth lumen 1116D until the moveable-arm wire no
longer holds an arm and a portion of central flow tube 110’ of shunt device 100’ in contact
with molded bridge 1104 of delivery device. This allows the arm and the portion of central
flow tube 110’ of shunt device 100’ in contact with molded bridge 1104 to release from
delivery device 1100 and clamp onto tissue within the human body.

After each of the arms of shunt device 100" are released from delivery
device 1100 and clamped onto tissue within the human body, delivery device 1100 can

translate along the guidewire to remove delivery device 1100 from the human body. As
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such, a doctor or user can translate delivery device 1100 and shunt device 100 with sensor
150" into and out of the human body by pushing or pulling, respectively, on proximal end
1101A of delivery device 1100. Delivery device 1100 is an example device that is utilized
to aid in transporting and placing shunt device 100’ within the human body. Placing or
securing shunt device 100’ within the human body can include at least one arm of shunt
device 100’ clamping onto tissue within the human body to fixedly couple shunt device
100’ within the human body. In some examples, shunt device 100’ can be clamped or
coupled onto tissue within a heart of the human body to ensure an aperture or opening
within the heart remains open after delivery device 1100 is removed from the human body.

FIG. 14 is a side view of distal portion 1101' of delivery device 1100'.
Delivery device 1100' is substantially similar to delivery device 1100 with the exception
that portions of first lumen 1116A°, configured to receive a guidewire, are eliminated from
delivery device 1100' to reduce a diameter of molded bridge 1104'. Distal portion 1101
(having proximal end 1101A’" and distal end 1101B"), nosecone 1102', molded bridge 1104
(having proximal end 1104A’ and distal end 1104B"), straight portion 1106’, tapered portion
1108’ (having proximal end 1108A" and distal end 1108B"), body 1110', notch 1112, pocket
1114, vertical portion 1118, horizontal portion 1120', angled portion 1122', first lumen
1116A’", and guidewire 1126 are shown. Delivery device 1100’ includes a plurality of
lumens 1116 (not shown) substantially similar to second lumen 1116B, third lumen 1116C,
and fourth lumen 1116D of delivery device 1100. The location of second lumen 1116B,
third lumen 1116C, and fourth lumen 1116D of delivery device 1100’ can be modified with
the elimination of lumen 1116A’. In contrast to delivery device 1100, first lumen 1116A’
extends through only a portion of body 1110' of molded bridge 1104". Nosecone 1102',
straight portion 1106', and tapered portion 1108’ can be substantially the same as the
corresponding features of delivery device 1100.

The complete or partial elimination of first lumen 1116A’ from body 1110’
of molded bridge 1104" allows molded bridge 1104’ to be formed with a reduced total
diameter as compared to molded bridge 1104 of delivery device 1100, which can be
advantageous for some applications. Specifically, elimination of first lumen 1116A" from
a portion of body 1110A' in which pocket 1114’ is formed can reduce a diameter of body
1110" in the location of sensor 150 thereby providing additional space for sensor 150'. As
illustrated in FIG. 14, guidewire 1126 can be disposed along an exterior surface of body
1110" of molded bridge 1104'. In some examples, guidewire 1126 can be disposed along an

external surface of body 1110' from proximal end 1104A’ to a distal end of pocket 1114".
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Molded bridge 1104' can include first lumen 1116A’ adjacent to distal end 1104B' and
extending between pocket 1114" and distal end 1104B' to capture guidewire 1126. First
lumen 1116A’" extends through a portion of molded bridge 1104° adjacent distal end 1104B'
of molded bridge 1104' and is open to pocket 1114. First lumen 1116A" is configured to
accept and receive guidewire 1126 fully extending through first lumen 1116A'. Guidewire
1126 can extend through lumen 1116A' and into and through nose cone 1102, exiting
delivery device 1100' at distal end 1101B".

The distal end of first lumen 1116A" at distal end 1104B’ of molded bridge
1104 is axially aligned with the apertures (not shown) extending through both straight
portion 1106' and tapered portion 1108’ of nosecone 1102'. In some examples, first lumen
1116A’ can include a curve or bend along the length of first lumen 1116A" such that the
proximal end of first lumen 1116A" adjacent to pocket 1114 is not axially aligned with the
distal end of first lumen 1116A" at distal end 1104B".

In alternative examples, first lumen 1116A’ can additionally extend through
proximal end 1104A’ of molded bridge 1104 to pocket 1114". As such, first lumen 1116A’
can be interrupted with a break or gap in first lumen 1116A" along pocket 1114'. A proximal
end of first lumen 1116A" at proximal end 1104A’" of molded bridge 1104 can be axially
aligned with a lumen extending through an inner sheath (not shown) of delivery device
1100'.

In some examples, all or portions of molded bridge 1104’ can be constructed
from a metal, including but not limited to nitinol. In some examples, the portion of body
1110 in which pocket 1114' is formed can be formed of a metal and the portions of molded
bridge 1104’ forming proximal end 1104A' and distal end 1104B" and through which one
or more lumen (first lumen 1116A’, second lumen 1116B, third lumen 1116C, and fourth
lumen 1116D) are disposed can be constructed from a thermoplastic elastomer, a nylon, or
other polymer blend material.

Any of the various systems, devices, apparatuses, etc. in this disclosure can
be sterilized (e.g., with heat, radiation, ethylene oxide, hydrogen peroxide, etc.) to ensure
they are safe for use with patients, and the methods herein can comprise sterilization of the
associated system, device, apparatus, etc. (e.g., with heat, radiation, ethylene oxide,
hydrogen peroxide, etc.).

The treatment techniques, methods, steps, etc. described or suggested herein

or in references incorporated herein can be performed on a living animal or on a non-living
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simulation, such as on a cadaver, cadaver heart, anthropomorphic ghost, simulator (e.g.,
with the body parts, tissue, etc. being simulated), etc.

Discussion of Possible Embodiments

The following are non-exclusive descriptions of possible embodiments of
the present invention.

A delivery device for delivering a shunt device within a human body, the
delivery device includes a nosecone including a straight portion and a tapered portion, and
a molded bridge coupled to the nosecone. The molded bridge includes a body, a notch
extending into the body of the molded bridge, and a pocket extending into the body of the
molded bridge. The pocket is positioned on an opposite side of the molded bridge as the
notch. The molded bridge further includes a plurality of lumens positioned within and
extending at least partially through the body of the molded bridge.

The delivery device of the preceding paragraph can optionally include,
additionally and/or alternatively, any one or more of the following features, configurations
and/or additional components:

In an embodiment of the foregoing delivery device, the straight portion of
the nosecone and the tapered portion of the nosecone can each include an aperture
extending fully through the straight portion and the tapered portion, respectively. The
aperture extending through the straight portion and the aperture extending through the
tapered portion can be axially aligned and can be configured to accept a guidewire.

In an embodiment of any of the foregoing delivery devices, the tapered
portion of the nosecone can include a distal end coupled to the straight portion of the
nosecone, and wherein the tapered portion of the nosecone can include a proximal end
coupled to a distal end of the molded bridge.

In an embodiment of any of the foregoing delivery devices, the proximal
end of the tapered portion includes a first outer diameter and the distal end of the tapered
portion can include a second outer diameter, and wherein the first outer diameter of the
proximal end can be greater than the second outer diameter of the distal end.

In an embodiment of any of the foregoing delivery devices, the first outer
diameter can range between 3 millimeters (0.118 inches) and 9 millimeters (0.354 inches).

In an embodiment of any of the foregoing delivery devices, the distal end of
the molded bridge coupled to the proximal end of the tapered portion can include an outer

diameter equal to the first outer diameter of the proximal end of the tapered portion.
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In an embodiment of any of the foregoing delivery devices, the notch of the
molded bridge can be positioned adjacent a proximal end of the molded bridge and
configured to seat an arm of the shunt device.

In an embodiment of any of the foregoing delivery devices, the notch of the
molded bridge can be positioned adjacent a proximal end of the molded bridge on a top
side of the molded bridge, and wherein the notch can be configured to seat an arm ol the
shunt device.

In an embodiment of any of the foregoing delivery devices, the notch can
include a vertical portion, a horizontal portion, and an angled portion.

In an embodiment of any of the foregoing delivery devices, the notch can
include a vertical portion, a horizontal portion, and an angled portion, wherein the
horizontal portion can extend between and connect the vertical portion to the angled
portion.

In an embodiment of any of the foregoing delivery devices, the vertical
portion can be positioned closest to a proximal end of the molded bridge compared to the
horizontal portion and the angled portion, and wherein the vertical portion extends a partial
distance from an outer surface of the molded bridge towards a central axis of the molded
bridge.

In an embodiment of any of the foregoing delivery devices, the horizontal
portion can extend between the vertical portion and the angled portion, and wherein the
horizontal portion can extend from an edge of the vertical portion towards a distal end of
the molded bridge, connecting the vertical portion to the angled portion.

In an embodiment of any of the foregoing delivery devices, the angled
portion can be positioned closest to a distal end of the molded bridge compared to the
horizontal portion and the vertical portion, and wherein the angled portion can extend from
an end of the horizontal portion at an oblique angle towards the distal end of the molded
bridge.

In an embodiment of any of the foregoing delivery devices, the pocket of
the molded bridge can extend a partial distance between a proximal end of the molded
bridge and a distal end of the molded bridge and can be configured to seat an arm and a
portion of a central flow tube of the shunt device, and wherein the pocket can be further
configured to seat a sensor coupled to the shunt device.

In an embodiment of any of the foregoing delivery devices, the pocket of

the molded bridge can extend a partial distance between a proximal end of the molded
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bridge and a distal end of the molded bridge, and wherein the pocket can be positioned on
abottom side of the molded bridge opposite the notch positioned on a top side of the molded
bridge.

In an embodiment of any of the foregoing delivery devices, the pocket can
be configured to seat an arm and a portion of a central flow tube of the shunt device, and
wherein the pocket can be configured to seat a sensor coupled o the shunt device.

In an embodiment of any of the foregoing delivery devices, the pocket can
be a semi-circular indent extending towards a central axis of the molded bridge.

In an embodiment of any of the foregoing delivery devices, the pocket can
be a semi-circular indent extending from a bottom side of the molded bridge towards a
central axis of the molded bridge.

In an embodiment of any of the foregoing delivery devices, each of the
plurality of lumens can be tubular channels extending at least partially through the body of
the molded bridge.

In an embodiment of any of the foregoing delivery devices, each of the
plurality of lumens can have differing lengths.

In an embodiment of any of the foregoing delivery devices, the plurality of
lumens can be tubular channels of differing lengths.

In an embodiment of any of the foregoing delivery devices, the plurality of
lumens can include a first lumen, a second lumen, a third lumen, and a fourth lumen.

In an embodiment of any of the foregoing delivery devices, the first lumen
can fully extend from a proximal end of the molded bridge to a distal end of the molded
bridge.

In an embodiment of any of the foregoing delivery devices, the first lumen
can be configured to accept and receive a guidewire fully extending through the first lumen.

In an embodiment of any of the foregoing delivery devices, the plurality of
lumens can include a first lumen, the first lumen can fully extend from a proximal end of
the molded bridge to a distal end of the molded bridge and can be configured to accept and
receive a guidewire fully extending through the first lumen.

In an embodiment of any of the foregoing delivery devices, the second
lumen can extend from a proximal end of the molded bridge to the pocket.

In an embodiment of any of the foregoing delivery devices, the second
lumen can be configured to provide a flow path for contrast dye or a contrast agent to flow

through for delivery.
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In an embodiment of any of the foregoing delivery devices, the plurality of
lumens can include a second lumen, the second lumen can extend from a proximal end of
the molded bridge to the pocket and can be configured to provide a flow path for contrast
dye or a contrast agent to flow through for delivery.

In an embodiment of any of the foregoing delivery devices, the third lumen
can extend from a proximal end of the molded bridge to the notch, and wherein the third
lumen can include a break and then the third lumen resumes on an opposite side of the
notch.

In an embodiment of any of the foregoing delivery devices, the third lumen
can be configured to accept and receive a release wire extending within and at least partially
through the third lumen.

In an embodiment of any of the foregoing delivery devices, the third lumen
can extend through a vertical portion of the notch, and wherein the third lumen can extend
through an angled portion of the notch.

In an embodiment of any of the foregoing delivery devices, the plurality of
lumens can include a third lumen, the third lumen can extend from a proximal end of the
molded bridge to the notch, and wherein the third lumen can include a break and then the
third lumen can resume on an opposite side of the notch. The third lumen can be configured
to accept and receive a release wire extending within and at least partially through the third

lumen.

In an embodiment of any of the foregoing delivery devices, the fourth lumen
can extend from a proximal end of the molded bridge to the pocket.

In an embodiment of any of the foregoing delivery devices, the fourth lumen
can be configured to accept and receive a moveable-arm wire fully extending through the
fourth lumen.

In an embodiment of any of the foregoing delivery devices, the plurality of
lumen can include a fourth lumen, the fourth lumen can extend from a proximal end of the
molded bridge to the pocket and can be configured to accept and receive a moveable-arm
wire fully extending through the fourth lumen.

In an embodiment of any of the foregoing delivery devices, each of the first
lumen, the second lumen, the third lumen, and the fourth lumen can be individually

surrounded by an outer casing.
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In an embodiment of any of the foregoing delivery devices, each of the outer
casings can be constructed from a material having a higher durometer than the material
used to construct the body of the molded bridge.

In an embodiment of any of the foregoing delivery devices each lumen of
the plurality of lumens can be individually surrounded by an outer casing, and each of the
ouler casings can be constructed [rom a material having a higher durometer than the
material used to construct the body of the molded bridge.

In an embodiment of any of the foregoing delivery devices, the nosecone
can be constructed from one or more of a thermoplastic elastomer, a nylon, or other polymer
blend material.

In an embodiment of any of the foregoing delivery devices, the body of the
molded bridge can be constructed from one or more of a thermoplastic elastomer, a nylon,
or other polymer blend material.

In an embodiment of any of the foregoing delivery devices, each of the
nosecone and the body of the molded bridge can be constructed from one or more of a
thermoplastic elastomer, a nylon, or other polymer blend material.

In an embodiment of any of the foregoing delivery devices, a distal end of a
distal portion of the delivery device can be constructed from a polymer having a first
durometer hardness and a proximal end of the distal portion of the delivery device can be
constructed from a polymer having a second durometer hardness, and wherein the first
durometer hardness can be less than the second durometer hardness.

In an embodiment of any of the foregoing delivery devices, the delivery
device can be sterilized before entering the human body.

A method of using a delivery device to deliver a shunt device within a
human body includes inserting a guidewire into the human body, and inserting an end of
the guidewire positioned outside the human body into an aperture extending through a
nosecone of the delivery device and a guidewire lumen of a molded bridge of the delivery
device. The delivery device is translated along the guidewire to position the delivery device
within the human body. A moveable-arm wire is removed from a moveable-arm lumen
extending through the molded bridge to release a first proximal arm of the shunt device
from the delivery device. A release wire is removed from a release wire lumen extending
through the molded bridge to release a second proximal arm of the shunt device from the

delivery device.
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The method of the preceding paragraph can optionally include, additionally
and/or alternatively, any one or more of the following features, configurations, additional
components, and/or steps:

In an embodiment of the foregoing method, inserting an end of the
guidewire positioned outside the human body into an aperture extending through a
nosecone of the delivery device and a guidewire lumen ol a molded bridge of the delivery
device can further include inserting the guidewire into an aperture extending through a
straight portion of a nosecone, inserting the guidewire into an aperture extending through
a tapered portion of the nosecone, and inserting the guidewire into the guidewire lumen
extending through a body of the molded bridge. The aperture extending through the straight
portion of the nosecone and the aperture extending through the tapered portion of the
nosecone can be axially aligned with the guidewire lumen extending through the body of
the molded bridge.

An embodiment of any of the foregoing methods can further include
dilating, by a tapered portion of the nosecone, an opening extending through a tissue wall
to increase a diameter of the opening.

In an embodiment of any of the foregoing methods, the opening can dilate
to a diameter ranging between 3 millimeters (0.118 inches) and 9 millimeters (0.354
inches).

An embodiment of any of the foregoing methods can further include
translating the delivery device along the guidewire to remove the delivery device from the
human body after the shunt device has been uncoupled from the delivery device.

An embodiment of any of the foregoing methods can further include
injecting a contrast dye into the human body through a contrast lumen extending through a
body of the molded bridge to verify a correct positioning of the shunt device within the
human body.

In an embodiment of any of the foregoing methods, injecting the contrast
dye can further include flowing the contrast dye from a proximal end of the contrast lumen,
through the contrast lumen, and then out through an aperture extending through the body
of the molded bridge adjacent a pocket of the molded bridge.

In an embodiment of any of the foregoing methods, removing the release
wire from the release wire lumen can include pulling the release wire proximally away from

a distal end of the delivery device.
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In an embodiment of any of the foregoing methods, removing a release wire
from a release wire lumen extending through the molded bridge to release a second
proximal arm of the shunt device from the delivery device can further include pulling the
release wire proximally until a distal end of the release wire translates past a notch in the
body of the molded bridge to release the second proximal arm of the shunt device.

In an embodiment ol any of the foregoing methods, removing a moveable-
arm wire from a moveable-arm lumen extending through the molded bridge to release a
first proximal arm of the shunt device from the delivery device can further include pulling
the moveable-arm wire proximally until a distal end of the moveable-arm wire is released
from the first proximal arm of the shunt device.

In an embodiment of any of the foregoing methods, pulling the moveable-
arm wire proximally until a distal end of the moveable-arm wire is released from the first
proximal arm of the shunt device can allow the first proximal arm of the shunt device to
secure the shunt device within the human body.

In an embodiment of any of the foregoing methods, securing the shunt
device within the human body can include clamping the first proximal arm of the shunt
device onto a tissue wall.

In an embodiment of any of the foregoing methods, the tissue wall the shunt
device is clamped onto can be between a coronary sinus and a left atrium of a heart.

In an embodiment of any of the foregoing methods, the guidewire lumen
can fully extend from a proximal end of the molded bridge to a distal end of the molded
bridge.

In an embodiment of any of the foregoing methods, a contrast lumen can
extend from a proximal end of the molded bridge to a pocket.

In an embodiment of any of the foregoing methods, the release wire lumen
can extend from a proximal end of the molded bridge to a notch, and wherein the release
wire lumen can include a break and then the release wire lumen resumes on an opposite
side of the notch.

In an embodiment of any of the foregoing methods, wherein the moveable-
arm lumen can extend from a proximal end of the molded bridge to a pocket.

An embodiment of any of the foregoing methods can further include
sterilizing the delivery device before translating the delivery device into the human body.

While the invention has been described with reference to an exemplary

example(s), it will be understood by those skilled in the art that various changes may be
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made and equivalents may be substituted for elements thereof without departing from the
scope of the invention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without departing from the essential
scope thereof. Therefore, it is intended that the invention not be limited to the particular
5  example(s) disclosed, but that the invention will include all examples falling within the

scope of the appended claims.
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CLAIMS:
1. A delivery device for delivering a shunt device within a human body, the
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delivery device comprising:
a nosecone including a straight portion and a tapered portion;
a molded bridge coupled to the nosecone, the molded bridge comprising:

a body;

a notch extending into the body of the molded bridge;

a pocket extending into the body of the molded bridge, wherein the
pocket is positioned on an opposite side of the molded bridge
as the notch; and

a plurality of lumens positioned within and extending at least
partially through the body of the molded bridge.

2. The delivery device of claim 1, wherein:
the straight portion of the nosecone and the tapered portion of the nosecone
each include an aperture extending fully through the straight portion
and the tapered portion, respectively;
the aperture extending through the straight portion and the aperture
extending through the tapered portion are axially aligned; and
the aperture extending through the straight portion and the aperture

extending through the tapered portion are configured to accept a

guidewire.

3. The delivery device of claim 1, wherein the tapered portion of the nosecone
includes a proximal end coupled to a distal end of the molded bridge, the proximal end of
the tapered portion including a first outer diameter, and wherein the tapered portion of the
nosecone includes a distal end coupled to the straight portion of the nosecone, the distal
end of the tapered portion including a second outer diameter, wherein the first outer
diameter of the proximal end is greater than the second outer diameter of the distal end.

4. The delivery device of claim 1, wherein the notch of the molded bridge is
positioned adjacent a proximal end of the molded bridge, and wherein the notch is
configured to seat an arm of the shunt device.

5. The delivery device of claim 1, wherein the notch includes a vertical portion,
a horizontal portion, and an angled portion, wherein the horizontal portion extends between

and connects the vertical portion to the angled portion.
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6. The delivery device of claim 5, wherein the vertical portion is positioned
closest to a proximal end of the molded bridge compared to the horizontal portion and the
angled portion, and wherein the vertical portion extends a partial distance from an outer
surface of the molded bridge towards a central axis of the molded bridge.

7. The delivery device of claim 5, wherein the angled portion is positioned
closest to a distal end of the molded bridge compared (o the horizontal portion and the
vertical portion, and wherein the angled portion extends from an end of the horizontal
portion at an oblique angle towards the distal end of the molded bridge.

8. The delivery device of claim 1, wherein the pocket of the molded bridge
extends a partial distance between a proximal end of the molded bridge and a distal end of
the molded bridge and is configured to seat an arm and a portion of a central flow tube of
the shunt device, and wherein the pocket is configured to seat a sensor coupled to the shunt
device.

9. The delivery device of claim 8, wherein the pocket is a semi-circular indent
extending towards a central axis of the molded bridge.

10. The delivery device of claim 1, wherein the plurality of lumens are tubular
channels of differing lengths.

11. The delivery device of claim 1, wherein the plurality of lumens includes a
first lumen, the first lumen fully extending from a proximal end of the molded bridge to a
distal end of the molded bridge and configured to accept and receive a guidewire fully
extending through the first lumen.

12. The delivery device of claim 1, wherein the plurality of lumens includes a
second lumen, the second lumen extending from a proximal end of the molded bridge to
the pocket and configured to provide a flow path for contrast dye or a contrast agent to flow
through for delivery.

13. The delivery device of claim 1, wherein the plurality of lumens includes a
third lumen, the third lumen extending from a proximal end of the molded bridge to the
notch, and wherein the third lumen includes a break and then the third lumen resumes on
an opposite side of the notch, the third lumen configured to accept and receive a release
wire extending within and at least partially through the third lumen.

14. The delivery device of claim 1, wherein the plurality of lumen includes a
fourth lumen, the fourth lumen extending from a proximal end of the molded bridge to the
pocket and configured to accept and receive a moveable-arm wire fully extending through

the fourth lumen.
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15. The delivery device of claim 1, wherein each lumen of the plurality of
lumens is individually surrounded by an outer casing, and wherein each of the outer casings
is constructed from a material having a higher durometer than the material used to construct
the body of the molded bridge.
16. The delivery device of claim 1, wherein each of the nosecone and the body
of the molded bridge is constructed [rom one or more of a thermoplastic elastomer, a nylon,
or other polymer blend material.
17. The delivery device of claim 1, wherein a distal end of a distal portion of
the delivery device is constructed from a polymer having a first durometer hardness and a
proximal end of the distal portion of the delivery device is constructed from a polymer
having a second durometer hardness, and wherein the first durometer hardness is less than
the second durometer hardness.
18. A method of using a delivery device to deliver a shunt device within a
human body, the method comprising:
inserting a guidewire into the human body;
inserting an end of the guidewire positioned outside the human body into an
aperture extending through a nosecone of the delivery device and a
guidewire lumen of a molded bridge of the delivery device;
translating the delivery device along the guidewire to position the delivery
device within the human body;
removing a moveable-arm wire from a moveable-arm lumen extending
through the molded bridge to release a first proximal arm of the
shunt device from the delivery device; and
removing a release wire from a release wire lumen extending through the
molded bridge to release a second proximal arm of the shunt device
from the delivery device.
19. The method of claim 18, wherein inserting an end of the guidewire
positioned outside the human body into an aperture extending through a nosecone of the
delivery device and a guidewire lumen of a molded bridge of the delivery device further
comprises:
inserting the guidewire into an aperture extending through a straight portion
of a nosecone;
inserting the guidewire into an aperture extending through a tapered portion

of the nosecone; and
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inserting the guidewire into the guidewire lumen extending through a body
of the molded bridge;

wherein the aperture extending through the straight portion of the nosecone
and the aperture extending through the tapered portion of the

5 nosecone are axially aligned with the guidewire lumen extending
through the body of the molded bridge.
20. The method of claim 19 and further comprising:

dilating, by a tapered portion of the nosecone, an opening extending
through a tissue wall to increase a diameter of the opening;

10 injecting a contrast dye into the human body through a contrast lumen
extending through the body of the molded bridge to verify a correct
positioning of the shunt device within the human body, wherein
injecting the contrast dye comprises flowing the contrast dye from a
proximal end of the contrast lumen, through the contrast lumen, and

15 then out through an aperture extending through the body of the
molded bridge adjacent a pocket of the molded bridge.

43



WO 2024/076580 PCT/US2023/034387

1723

VG




WO 2024/076580 PCT/US2023/034387

2123

O

RY




PCT/US2023/034387

WO 2024/076580

3723

ve b1

vozL 9z
0k [ o




PCT/US2023/034387

WO 2024/076580

4/23

00t



WO 2024/076580 PCT/US2023/034387

5/23

100




PCT/US2023/034387

WO 2024/076580

6/23

061

VPEL

\ \\.«@mm\

Fel

L5



PCT/US2023/034387

WO 2024/076580

7123

[4%4 1474
A A
AY 3
a%w/
0ce gL7 &l vZE 8002
00¢



PCT/US2023/034387

WO 2024/076580

8/23

i,

1424

007




PCT/US2023/034387

WO 2024/076580

9/23

8 ‘bi

glg—

Hem snssi eyl ul sunound au ybnoswy
Bupusixe JepyUieo UOsRY BUl JO UOOiR B 818U

A

PLE

e enssn aur ul ampund ey ubnoiys
pUEB SMapind puooes il JBAC JSISUIED LUCO|BY & SOUBADY

F-3

A2 %

LINUIE ¥91 SUl O sewes aunpund sy yBnoip simspnd puoiss B soueApy

S

gLE—

Jslelies aimpound au) WO SiPpasU B SADWS )

&

80¢

LWINUIE 4] B puB snUIs AIRUOIO0 SUL USSMISY JlEM SNSS B SINDUng

A

g0g

J2syies amppund Byj Jo UOOlEG B aBLu|

E:-3

FOg

snus ARUcioD aU) o) almepmB 11 8UL JSAC JSIBYIED aimpund e SoUBADY

&

AV M

SNUIS AJBUOIOD B Ol aimapinG 1S1Y B a0UBADY

{0



PCT/US2023/034387

WO 2024/076580

10/23

2% Ve

BOMSP WINYS B} JO LB [eLuncid pUooss B 8sesial o) Wnuie
1ol S puE sNUIS AIRUOIOD SU LUIOY JSIBUIR0 AISAISD SU1 MEIDUIM

A

A

P %t M

sonap

Wnys

Sl o uie o 1S SUL Lo POI USIENIOE BUL SACLLSY

A

X

0Le —

e eNssi SUL U 80IASP IINUS BY1 JO IUBWIBoRId LUUOD
O} LUNLIR US| B4 PUB SNUIS AIRUOIOD S O 1SBIUOD elu)

A

-

LA My

feAh BNSSH SU U0 WLR euunoid 1S1y 83Ul 1esg

A

B

9ee

JSISUIED AIBANBD S O DOJ Uopemde ue BUish [jam enssy
BUI SPIBMO} S0P JUNUS S 1O LR Buixoid 1811 B 2A0N

4

B

ee

RSP JUNUS S JO SWUE [BUNod
2s00Xe 0} JSIBUIED ABAIISD S JO UIBBUS JeINo aUl MBIDUIAA

4

3

A Yy

AR BNSSH SUL U0 SDIASP JNUS ol
10 SULE BISID BU} 1E38S O] Ajeluxoid Jalauies AlsAlBD sul Ind

£

S

74 My

SONSP JUNUS B JO SUl

2 [RISID 258851 0}

IBIBLIED AIBAIISD SUL JO LIEDBUS JBINC UB MEIDUNAA

4

R

8Le—

aiMeping pucoss Sl JeA0 JSieuies Asniep B Bunueapy

00%



WO 2024/076580

11723

PCT/US2023/034387

‘239

236 238

239




WO 2024/076580 PCT/US2023/034387

12/23

®, o
0)) 0))
Ll .

244

232




WO 2024/076580 PCT/US2023/034387

13/23

Fig. 9
Fig. OF

TW e
S
236
238~
236
238~



WO 2024/076580 PCT/US2023/034387

14/23




WO 2024/076580 PCT/US2023/034387

15/23




PCT/US2023/034387

WO 2024/076580

16/23

gLz —1 -
0ze -1
o

16 64

PR
-G8
-— 02

AL

2 rda




PCT/US2023/034387

WO 2024/076580

17723

50




WO 2024/076580 PCT/US2023/034387

18/23

220

229
o 200

S

te]
4
N

CS-
202

TW-—"

W
254A__]
CE—



WO 2024/076580 PCT/US2023/034387

19123

2548
229

222

202

254M




PCT/US2023/034387

WO 2024/076580

20/23

vpoLL b oz

14325

- 0LLL
vi0LL
aoriy 9
AN AR Y

YroLL \\ \\

G Bi4

a0l

wveollL 80k
gs0il 901
—
Z011
91011
LOLL
0011
8011
asoLl 90Li
{iB
ot g10L1



PCT/US2023/034387

WO 2024/076580

21/23

gl dgitl d8iit gLt
pibl

POLL
\

011 Silad Vo

LOLL  ap1y



PCT/US2023/034387

WO 2024/076580

22123

0Ll

doiit

Yalll

whoLL

09LLL m vzl www

0L
LOLE



PCT/US2023/034387

WO 2024/076580

23/23

o1 Bl

8011
MYOLL _Nwi\,gmz \\Ww: @mﬂw MBOLL oLt
/ : m\\ | \\
2 JJJ, \ i &
8Lt // Vol V/
ZZhi OLLL pOLL ,
Vi0LL AL001
0011
118

%

diiti




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2023/034387

A. CLASSIFICATION OF SUBJECT MATTER
INV. A61B17/11 A61B5/00 A61B17/20 A61B5/02 A61B17/32

A61M5/00
ADD.
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
A61B A61M

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

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

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

X US 2007/021730 Al (FLAHERTY CHRISTOPHER 1,2,4,8,
[US] ET AL) 25 January 2007 (2007-01-25) 9,16

A figure 5A 3,5-7,
paragraph [0108] 10-15,17

paragraph [0075]
paragraph [0070]

A US 2017/106176 Al (TAFT ROBERT C [US] ET 1
AL) 20 April 2017 (2017-04-20)
figure 4D

A KR 2022 0087545 A (EDWARDS LIFESCIENCES 1

CORP [US]) 24 June 2022 (2022-06-24)
the whole document

I:‘ Further documents are listed in the continuation of Box C. ‘z‘ See patent family annex.

* Special categories of cited documents : ) ) ) - o
"T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered oL h : ;
10 be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X document of particular relevance;; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "v* document of particular relevance;; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
26 January 2024 07/02/2024
Name and mailing address of the ISA/ Authorized officer

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

Tel. (+31-70) 340-2040, . A
Fax: (+31-70) 340-3016 Christen, Jérdme

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



International application No.
PCT/US2023/034387
INTERNATIONAL SEARCH REPORT
Box No.Ill Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

1. @ Claims Nos.: 18-20
because they relate to subject matter not required to be searched by this Authority, namely:
see FURTHER INFORMATION sheet PCT/ISA/210

2. D Claims Nos.:

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

3. D Claims Nos.:

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

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

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

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

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

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

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

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

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




International Application No. PCT/U32023 /034387

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box II.1l

Claims Nos.: 18-20

Rule 39.1(iv) PCT - Method for treatment of the human or animal body by
surgery: Claim 18 relates to a method for treatment of the human or
animal body practised on the human or animal body (Rule 39.1(iv) PCT).
The claim is directed a.o. to inserting a guidewire into the human body
(see claim 18: "inserting a guidewire into the human body"), therefore to
a surgical step occurring within the human body. The same objection also
applies to the claims dependent on claim 18, namely dependent claims
19-20. Consequently, no opinion will be formulated with respect to the
industrial applicability of the subject-matter of theses claims (Article
34 (4) (a) (1) PCT) .




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2023/034387
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2007021730 Al 25-01-2007 AU 749417 B2 27-06-2002
ca 2325032 Al 30-09-1999
EP 1066070 Al 10-01-2001
JP 2002507458 A 12-03-2002
Us 6283951 B1 04-09-2001
Us 2002002349 A1 03-01-2002
Us 2004133154 A1 08-07-2004
Us 2007021730 A1 25-01-2007
Us 2010324471 A1 23-12-2010
Us 2012172838 Al 05-07-2012
Us 2014249507 A1 04-09-2014
Us 2014296708 Al 02-10-2014
WO 9948545 Al 30-09-1999

US 2017106176 Al 20-04-2017 CN 108289738 A 17-07-2018
EP 3359092 a1 15-08-2018
EP 4289465 A2 13-12-2023
Us 10039905 B1 07-08-2018
Us 2017106176 Al 20-04-2017
WO 2017062858 Al 13-04-2017

KR 20220087545 A 24-06-2022 AU 2020372841 A1 26-05-2022
BR 112022007484 A2 12-07-2022
ca 3158135 Al 06-05-2021
CL 2022001047 A1 03-03-2023
CN 114650767 A 21-06-2022
CR 20220179 A 25-10-2022
EP 4051094 a1 07-09-2022
IL 292280 A 01-06-2022
JP 2023500470 A 06-01-2023
KR 20220087545 A 24-06-2022
Us 2022323012 A1 13-10-2022
WO 2021086707 Al 06-05-2021

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




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - wo-search-report
	Page 69 - wo-search-report
	Page 70 - wo-search-report
	Page 71 - wo-search-report

