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LOW PROFILE HEART VALVE AND DELIVERY SYSTEM

FIELD OF THE INVENTION
This invention generally relates to medical devices and methods for replacing a patient’s

heart valve endovascularly or transcatheterly.

BACKGROUND OF THE INVENTION

The human heart has four chambers and four valves. The heart valves control the direction
of blood flow. Fully functional heart valves ensure that proper blood circulation is maintained
during cardiac cycle. Heart valve regurgitation, or leakage, occurs when the leaflets of the heart
valve fail to come fully into contact (coapt) due to disease, such as congenital, torn chordae
tendineae, lengthened chordae tendineae, enlarged left ventricle, damaged papillary muscles,
damaged valve structures by infections, degenerative processes, calcification of the leaflets,
stretching of the annulus, increased distance between the papillary muscles, etc. Regardless of
the cause, the regurgitation interferes with heart function since it allows blood to flow back
through the valve in the wrong direction. Depending on the degree of regurgitation, this
backflow can become a self-destructive influence on not only function, but also cardiac geometry.
Alternatively, abnormal cardiac geometry can also be a cause of regurgitation, and the two
processes may "cooperate” to accelerate abnormal cardiac function. The direct consequence of
the heart regurgitation is the reduction of forward cardiac output. Depending on the severity of
the leakage, the effectiveness of the heart to pump adequate blood flow into other parts of the
body can be compromised.

Currently, the standard heart valve regurgitation treatment options include surgical
repair/treatment and endovascular clipping. The standard surgical repair or replacement
procedure requires open-heart surgery, use of cardio-pulmonary bypass, and stoppage of the
heart. The standard surgical repair or replacement procedure is a highly invasive operation with
significant concomitant risks including bleeding, infection, stroke, heart attack, arrhythmia, renal
failure, adverse reactions to the anesthesia medications, sudden death. The complications are

significant enough to exclude many patients from surgical treatment.
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In conclusion, for replacing a patient’s heart valve endovascularly or transcatheterly, there
is a great need to provide a novel medical device and method that can avoid the above discussed

problems.

SUMMARY OF INVENTION

The present invention aims to provide physicians a device and a method which can avoid
a traumatic surgical procedure and instead provide a medical device that can be implanted
through a catheter-based, less invasive procedure for valve replacement treatment.

This invention generally relates to a medical device and methods for replacing a patient’s
heart valve endovascularly or transcatheterly. The device includes: a delivery system having an
entry profile of 30 French (Fr) or less; a self-expandable annulus ring disposed in the delivery
system; and a replacement heart valve disposed in the delivery system. The self-expandable
annulus ring includes a self-expandable anchoring and clipping structure and multiple bridges
connected to the anchoring and clipping structure. The replacement heart valve is connected to
the bridges. The bridges are formed of a shape memory material; during deployment, the bridges
fold upwardly inside the self-expandable anchoring and clipping structure to lift the replacement
heart valve into position. The invention also includes a method of replacing a heart valve of a
patient endovascularly or transcatheterly.

In one aspect, the present invention provides a low profile heart valve system for
endovascularly or transcatheterly replacing a patient’s heart valve, which includes: a delivery
system including a tube; a self-expandable annulus ring disposed in the tube of the delivery
system, the self-expandable annulus ring including: a self-expandable anchoring and clipping
structure; and a plurality of bridges, each having a first end and a second end, the first end being
connected to the anchoring and clipping structure; and a replacement heart valve disposed in the
tube of the delivery system and connected to the second ends of the plurality of bridges; wherein
the second end of each bridge is located below the first end when the bridges are disposed in the
tube of the delivery system, wherein each bridge is formed of a shape memory material with a
memorized shape, wherein the memorized shape of the bridge is one in which the bridge folds
inwardly and upwardly from its first end and in which the second end of the bridge is located

above the first end.
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In some embodiments, the anchoring and clipping structure includes: an annulus top
flange; an annulus supporting body connected at its upper end to the annulus top flange; an
anchoring feature having a first end connected to a lower end of the annulus supporting body; a
plurality of annulus top flange locking hoops joined to an upper end of the annulus top flange;
and a plurality of anchoring feature locking hoops joined to a second end of the anchoring
feature; wherein the first end of each bridge is connected to the lower end of the annulus
supporting body.

In some embodiments, the second end of the anchoring feature is located below the first
end when the anchoring feature is disposed in the tube of the delivery system, the anchoring
feature is formed of a shape memory material with a memorized shape, and the memorized shape
of the anchoring feature is one in which the anchoring feature folds upwardly from its first end
and then downwardly outside of the annulus supporting body.

In some embodiments, the replacement heart valve includes: a leaflet supporting body
having an upper end connected to second ends of the plurality of bridges; and a plurality of
leaflets mounted on the leaflet supporting body.

In another aspect, the present invention provides a method for endovascularly or
transcatheterly placing a heart valve in a patient’s heart, which includes: providing a heart valve
system, the heart valve system including a delivery system having a tube, and a self-expandable
annulus ring and a replacement heart valve disposed in the tube, wherein the self-expandable
annulus ring includes a self-expandable anchoring and clipping structure and a plurality of
bridges, each bridge having a first end and a second end, the first end being connected to the
anchoring and clipping structure, wherein the second end of each bridge is located below the first
end when the bridges are disposed in the tube of the delivery system, wherein each bridge is
formed of a shape memory material having a memorized shape, and wherein the memorized
shape of each bridge is one in which the bridge folds inwardly and upwardly from its first end
and in which the second end of the bridge is located above the first end; inserting the heart valve
system to a location near a native valve of a patient’s heart; releasing the self-expandable
annulus ring including the bridges from the tube, without releasing the replacement heart valve;
and then releasing the replacement heart valve from the tube.

In some embodiment, the anchoring and clipping structure includes: an annulus top

flange; an annulus supporting body connected at its upper end to the annulus top flange; an
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anchoring feature having a first end connected to a lower end of the annulus supporting body; a
plurality of annulus top flange locking hoops joined to an upper end of the annulus top flange;
and a plurality of anchoring feature locking hoops joined to a second end of the anchoring
feature; wherein the first end of each bridge is connected to the lower end of the annulus
supporting body.

In some embodiment, in the anchoring and clipping structure, the second end of the
anchoring feature is located below the first end when the anchoring feature is disposed in the
tube of the delivery system, the anchoring feature is formed of a shape memory material with a
memorized shape, and the memorized shape of the anchoring feature is one in which the
anchoring feature folds upwardly from its first end and then downwardly outside of the annulus
supporting body.

In some embodiment, the replacement heart valve includes: a leaflet supporting body
having an upper end connected to second ends of the plurality of bridges; and a plurality of

leaflets mounted on the leaflet supporting body.

DESCRIPTION OF THE FIGURES

The aforementioned and other features of this invention and the manner of obtaining
them will become more apparent, and will be best understood by reference to the following
description, taken in conjunction with the accompanying drawings. These drawings depict only
a typical embodiment of the invention and do not therefore limit its scope. They serve to add
specificity and detail.

Figure 1 shows an exemplary configuration of the device and its functional components
according to an embodiment of the present invention.

Figure 2 shows a side view of the device fully self-expanded.

Figure 3 shows another view of a part of the device and its functional components.

Figure 4, Figure 5 and Figure 6 are cross-sectional views showing relative positions of the
device’s functional components and native heart valve structures during deployment.

Figure 7 shows a top view of the device after the first step of deployment.

Figure 8 shows a side view of the device after the first step of deployment.

Figure 9 is a cross-sectional view showing the relative positions of the device’s functional

components and the native heart valve structures after the second step of deployment.
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Figure 10 shows a top view of the device after the second step of deployment.

Figure 11 shows a side view of the device after the second step of deployment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

This invention generally relates to medical devices and methods for endovascularly or
transcatheterly replacing a patient’s heart valve.

One aspect of the present invention provides a medical device that comprises three parts:
a delivery system (9), a self-expandable annulus ring (10), and a replacement heart valve (11)
which is connected to the self-expandable annulus ring (10). As shown in Figs. 1-11, the self-
expandable annulus ring (10) includes an annulus top flange (also referred to as an annulus top
ring) (1), an annulus supporting body (2), an anchoring feature (3), bridges (4), annulus top
flange locking hoops (7) and anchoring feature locking hoops (8). The replacement heart valve
(11) includes a leaflet supporting body (5) and leaflets (6). The self-expandable annulus ring (10)
acts as the positioning and locking functional portion of the heart valve.

The self-expandable annulus ring (10) and the leaflet supporting body (5) are formed of
wire or tubing materials; in some embodiments, they may be fabricated from a single piece of
super elastic or shape memory tubing. The leaflets (6) may be made from polymers or animal
tissues.

The delivery system (9) includes a tube. Before deployment, the self-expandable annulus
ring (10) and the replacement heart valve (11) are in an un-expanded state and stored inside the
tube of the delivery system (9).

The shape of the device in the fully self-expanded state is described with reference to
Figs. 1-3 and 9-11. In the descriptions below, the atrial end of the device is referred to as the
“top” and the ventricular end the “bottom”, and terms such as up, down, above, below, etc. are
used in this sense. Also, “outside” means relatively farther away form the rotational axis of the
device, and “inside” means relatively closer to the rotational axis. It should be appreciated that
these terms are relative and used only for convenience of the description.

In the expanded state, the annulus top flange (1), the annulus supporting body (2), the
anchoring feature (3), the and leaflet supporting body (5) all have generally annular shapes
around a center opening of the device. The annulus top flange (1) is located at the top of the

device. It extends radially outwardly in a direction generally perpendicular to the rotational axis,
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and then bends upwardly and inwardly. The annulus top flange locking hoops (7) are provided
at the top of the annulus top flange (1) and are used to control the release of the annulus top
flange (1) from the delivery system (9).

The annulus supporting body (2) is located below and connected to the inner end of the
annulus top flange (1), and extends in the axial direction. The anchoring feature (3) is connected
to the bottom of the annulus supporting body (2). From the end where it is connected to the
annulus supporting body (2), the anchoring feature (3) folds upwards and then downwards,
outside of the annulus supporting body (2). The anchoring feature locking hoops (8) are
provided at the other end of the anchoring feature (3) (i.e. the end not connected to the annulus
supporting body (2)) and are used control the release of the anchoring feature (3) from the
delivery system (9).

The bridges (4) are connected at their first ends to the bottom of the annulus supporting
body (2), and fold upwardly inside of the annulus supporting body (2). The leaflet supporting
body (5) is connected at its top to the second end of the bridges (4) (i.e. the end of the bridges (4)
that is not connected to the annulus supporting body (2)). The leaflet supporting body (5) is
located inside the annulus supporting body (2) and extends in the axial direction, and the leaflets
(6) are mounted on the leaflet supporting body (5) in the center opening of the device.

In the un-expended state as stored inside the delivery system (9), the anchoring feature (3)
and the bridges (4) are not folded upwardly from the ends where they are connected to the
bottom of the annulus supporting body (2). Rather, they are disposed below the annulus
supporting body (2), and the leaflet supporting body (5) is disposed below the bridges (4), as
seen in Fig. 4.

The deployment (self-expansion) of the self-expandable annulus ring (10) and
replacement heart valve (11) is described with reference to Figs. 4-11. Figs. 4-6 and 9 are
schematic cross-sectional views of the device along with relevant anatomical features of the
heart. The vertical dashed lines in Figs. 4-6 and 9 indicate the rotational axis of the device, and
only one half of the device to the right of the rotational axis is shown in these views.

During the deployment of the device, the first step is to release the self-expandable
annulus ring (10) from the delivery system (9), as shown in Figs. 4-6. In Fig. 4, the annulus top
flange (1) and an upper portion of the annulus supporting body (2) have been released from the

delivery system (9). In Fig. 5, the anchoring feature (3) except for the anchoring feature locking
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hoops (8), and a portion of the bridges (4), have also been released. In Fig. 6, the anchoring
feature locking hoops (8) and most of bridges (4) have also been released.

As shown in Figs. 4-6, the horizontally radially extending flange of the annulus top
flange (1) is configured to be seated on the top of the native heart valve annulus when fully
expanded. The anchoring feature (3) is useful to engage or capture the native heart valve leaflet,
as shown in Fig. 6 where the anchoring feature (3) has been fully released and has folded
upwards from where it is connected to the annulus supporting body (2). After releasing, the
annulus top flange (1), the anchoring feature (3), and the annulus supporting body (2) will be
self-expanded to the diameter of the heart valve annulus (see Fig. 6), to support the heart valve
annulus and the whole device. The annulus top flange (1), the annulus supporting body (2), and
the anchoring feature (3) collectively forms an anchoring and clipping structure; when fully
expanded (see, e.g., Fig. 6), the clipping structure is configured to function as “clips”, to place
and secure the whole device in the right heart valve annulus position.

Figs. 7-8 also illustrate the device in the same state as shown in Fig. 6, i.e., after the first
step of deployment. Fig. 7 is a top view, and Fig. 8 is a side perspective view.

The second step of the deployment is to release the replacement heart valve (11) from the
delivery system (9).

After releasing the bridges (4) and the leaflet supporting body (5), the bridges (4), which
are fabricated from super elastic or shape memory material, will go back to its memorized shape,
by folding inwardly and upwardly from its first end which is connected to the bottom of the
annulus supporting body (2), as shown in Fig. 9. This causes the bridges (4) to lift themselves
and the leaflet supporting body (5) (which is connected to the second end of the bridges (4)) up,
engage themselves with the annulus supporting body (2) and place the leaflet supporting body (5)
inside in the center of the annulus supporting body (2). As the bridges (4) are completely folded
upwards, the leaflet supporting body (5) is in the expanded state, as shown in Fig. 9. In other
words, the leaflet supporting body (5) and the leaflets (6) can be positioned automatically with
the bridges (4) self-expansion. Figs. 10-11 also illustrate the device in the same state as shown
in Fig. 9, i.e., after the second step of deployment. Fig. 10 is a top view, and Fig. 11 is a

perspective view.
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By separately deploying the self-expandable annulus ring (10) and the heart valve body
(5) with leaflets (6), the entry profile of the device can be 30 Fr or less (including the delivery
system).

The above examples are for illustrative purposes only and are in no way meant to limit
the invention. They are given to aid in understanding the invention, but it is to be understood that
the invention is not limited to the particular materials or procedures of examples. The Examples
are provided by way of illustration only and not by way of limitation. The parameters and data
are not to be construed to limit the scope of the embodiments of the invention.

The present invention may be embodied in other specific forms without departing from
its essential characteristics. The described embodiments are to be considered in all respects only
as illustrative and not as restrictive. The scope of the invention is, therefore, indicated by the
appended claims rather than by the foregoing description. All changes which come within the

meaning and range of the equivalence of the claims are to be embraced within their scope.
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What is claimed is:

L. A low profile heart valve system for endovascularly or transcatheterly replacing a
patient’s heart valve, comprising:
a delivery system including a tube;
a self-expandable annulus ring disposed in the tube of the delivery system, the self-
expandable annulus ring including:
a self-expandable anchoring and clipping structure; and
a plurality of bridges, each having a first end and a second end, the first end being
connected to the anchoring and clipping structure; and
a replacement heart valve disposed in the tube of the delivery system and connected to
the second ends of the plurality of bridges;
wherein the second end of each bridge is located below the first end when the bridges are
disposed in the tube of the delivery system, wherein each bridge is formed of a shape memory
material with a memorized shape, wherein the memorized shape of the bridge is one in which the
bridge folds inwardly and upwardly from its first end and in which the second end of the bridge

is located above the first end.

2. The low profile heart valve system of claim 1, wherein the anchoring and clipping
structure includes:

an annulus top flange;

an annulus supporting body connected at its upper end to the annulus top flange;

an anchoring feature having a first end connected to a lower end of the annulus
supporting body;

a plurality of annulus top flange locking hoops joined to an upper end of the annulus top
flange; and

a plurality of anchoring feature locking hoops joined to a second end of the anchoring
feature;

wherein the first end of each bridge is connected to the lower end of the annulus

supporting body.
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3. The low profile heart valve system of claim 2, wherein the second end of the anchoring
feature is located below the first end when the anchoring feature is disposed in the tube of the
delivery system, wherein the anchoring feature is formed of a shape memory material with a
memorized shape, and wherein the memorized shape of the anchoring feature is one in which the

anchoring feature folds upwardly from its first end and then downwardly outside of the annulus

supporting body.

4. The low profile heart valve system of claim 2, wherein the replacement heart valve

includes;

a leaflet supporting body having an upper end connected to second ends of the plurality
of bridges; and

a plurality of leaflets mounted on the leaflet supporting body.
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