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BIOPROSTHETIC TISSUE FOR USE AS A PROSTHETIC VALVE LEAFLET AND
METHOD OF PREPARING

Background

[01] Various types and configurations of prosthetic heart valves are used to replace
diseased natural human heart valves. The actual shape and configuration of any particularly
prosthetic heart valve is dependent to some extent upon the valve being replaced (i.e., mitral
valve, tricuspid valve, aortic valve, or pulmonary valve). In general, the prosthetic heart valve
designs attempt to replicate the function of the valve being replaced and thus will include
valve leaflet-like structures used with either bioprosthesis or mechanical heart valves
prosthesis.

[02] A prosthetic heart valve encompasses bioprosthetic valves having leaflets made of a
biological material, for example, harvested porcine valve leaflets, or bovine or equine or
porcine pericardial leaflets. Bioprosthetic valves may be formed by shaping a plurality of
individual flexible leaflets out of bovine or porcine tissue or other materials, and combining
the leaflets to form the valve. One advantage of bioprosthetic valves, unlike mechanical
valves, is that the patient receiving the valve typically does not require long term treatment
with anticoagulants.

[03] Valves using flexible leaflets, such as those made of bovine pericardial tissue, for
example, can be composed of radially expandable stents with flexible leaflets attached.
Implant methods include compressing the valve radially by a significant amount to reduce its
diameter or delivery profile, inserting the valve into a delivery tool, such as a catheter or
cannula, and advancing the delivery tool to the correct anatomical position in the heart. Once
properly positioned, the valve is deployed by radial expansion within the native valve
annulus, either through self-expanding stent structure or with an expansion balloon. The
collapsed valve in the catheter may be introduced through the vasculature, such as through
the femoral artery, or more directly through an intercostal incision in the chest.

[04] When a valve is loaded into a delivery device, the valve has to be crimped down to a
reduced or compressed size. When the valve is crimped down, the leaflets have to compact
and fold in a manner such that the leaflets collapse within the space available within the
crimped stent formation. As a transcatheter device is crimped the tissue typically folds in an
uncontrolled manner causing the tissue to be pinched by the frame diamonds. This pinching

could cause damage to the tissue and increases the packing density of the device. Controlling
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the manner of the tissue folds and reducing the tissue thickness would reduce the crimp

profile for transcatheter valve designs.

Summary

[05] One aspect of the present disclosure includes a method of preparing a sheet of
bioprosthetic tissue for use as a prosthetic valve leaflet. The method includes positioning a
sheet of bioprosthetic tissue across an engagement face of a first patterned substrate, the
engagement face defining a pattern having at least one raised region and areas of relief
adjacent at least one raised region and compressing the tissue against the engagement face to
deform the tissue to a deformed state corresponding with the pattern.

[06] Another aspect of the present disclosure includes a method of preparing a sheet of
bioprosthetic tissue. The method includes extending a sheet of tissue across a patterned
surface of a first substrate and removably securing the sheet of tissue to the patterned surface.
The method also includes  applying a force to press the tissue against the patterned surface
to compress the tissue and reduce tissue thickness in select areas corresponding to the
patterned surface and treating the tissue with a fixative.

[07] Another aspect of the present disclosure includes conditioned bioprosthetic tissue.
The conditioned bioprosthetic tissue includes a sheet of bioprosthetic tissue having a first
major surface and a second major surface. The first major surface has a pattern including at
least one depressed region and areas of relief adjacent to the at least one depressed region.
The at least one depressed region has a first tissue density that is greater than a second tissue

density of the areas of relief.

Brief Description of the Drawings

[08] FIG. 1 is a side view of a prosthetic heart valve in accordance with aspects of the
present disclosure;

[09] FIG. 2A is a top view of a patterned substrate used to form patterned tissue in
accordance with aspects of the present disclosure;

[10] FIG. 2B is a top view of a sheet of bioprosthetic tissue positioned on the patterned
substrate in accordance with aspects of the present disclosure;

[11] FIGS. 2C-2D are cross-sectional illustrations of a sheet of bioprosthetic tissue
prepared using a patterned substrate;

[12] FIGS. 3A-3C are exemplary bioprosthetic tissue patterns in accordance with aspects

of the present disclosure;
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[13] FIG. 4A is a side view of a system useful in patterning bioprosthetic tissue in
accordance with aspects of the present disclosure; and
[14] FIG. 4B is a top view of the system useful in patterning bioprosthetic tissue of FIG.

4A in accordance with aspects of the present disclosure.

Detailed Description

[15] The present disclosure is directed to the preparation of bioprosthetic material for
cardio implantation, such as implantation as a prosthetic heart valve. Any tissue that has a
suitable durability and elasticity is a candidate, though those of skill in the art will appreciate
that certain materials may be better suited for any one specific application. In general, tissues
that contain fibrous collagen and elastic fibers or elastin may be suitable for use in fabricating
heart valve leaflets. Bioprosthetic tissue such as bovine, porcine, equine, and other
mammalian pericardium, including human, may be used. Furthermore, tissue from other
anatomical sources may be used, such as dura mater, peritoneum, diaphragm, small intestine
submucosa or others. Other potential types of collagen that can be used are hybrid natural
collagen solution or electrospun collagen elastic fabric. Additionally, certain engineered
tissue may be used, such as those synthesized by growing collagenous tissue over a mesh
frame or scaffold.

[16] FIG. 1 illustrates a side view of a prosthetic heart valve 10 in accordance with aspects
of the present disclosure. The prosthetic heart valve 10, in particular an expandable heart
valve, generally includes a structural frame, or stent 12, a flexible leaflet structure 14
supported by the stent 12. In some embodiments, a flexible skirt 16 can be included and
secured to an outer surface of the leaflet structure 14. Various tissues can be used for the
valve leaflets 14 or valve skirts 16. The prosthetic heart valve 10 and stent 12 are configured
to be radially collapsible to a collapsed or crimped state for introduction into the body on a
delivery catheter and radially expandable to an expanded state for implanting the valve 10 at
a desired location in the body (e.g., the native aortic valve). Various materials are suitable for
the stent 12, such as nickel-titanium alloys (i.e., Nitinol), for example. Notably, various stent
body 12 configurations and constructions are suitable in accordance with aspects of the
present disclosure. The leaflets 14 incorporated in expandable prosthetic heart valves 10 are
initially crimped into a small delivery profile or diameter to be passed through a catheter or
other delivery systems and then expanded at the implantation site, typically a valve annulus.
[17] A number of steps are involved in the commercial process of preparing bioprosthetic

tissue for use in cardio implantation, in particular, use in prosthetic heart valves as leaflets or



WO 2017/127261 PCT/US2017/012883

skirts. An initial step, occurring as soon as possible after harvesting the tissue from a
biological source, includes receiving and initial cleaning the tissue of muscle tissue. After the
initial cleaning of the tissue, the tissue is dissected and further cleaned of adherent fat or
loose connective tissue.

[18] Inset A illustrates an example of a patterned leaflet used in a prosthetic heart valve 10
in accordance with aspects of the present disclosure. Patterning the leaflets 14 is included
within the central region of the valve frame 12, making collapsing of the valve 10 easier with
minimal force. The patterns in the leaflet 14 form creases, as described in greater detail
below, that enable the tissue to fold in a desired manner by increasing the likelihood that the
tissue will bend at particular crease locations providing a patterned valve leaflet 14 that will
fold down in a desired manner.

[19] An external skirt 16 may be included on the valve 10. Similar to the leaflets 14, the
tissue included in the skirt 16 can be patterned. The external skirt 16 can be included in order
to address issue of a para valvular leak (PVL). The patterning of the tissue included in the
valve skirt 16 increases surface area of tissue exposed. With the additional tissue surface area
formed by the pattern a sealing blood response may be started. The additional surface area
can increase the seal and the likelihood of reducing the PVL. In one embodiment, the skirt
16 includes a deformed first surface that is exposed to the blood flow and a smooth, or
substantially planar, second surface that is attached against the stent frame. The deformed
tissue surface(s) are discussed in greater detail below.

[20] FIG. 2A is a top view of a patterned substrate 20 used to form patterned tissue in
accordance with aspects of the present disclosure. The patterned substrate 20 includes a
perimeter 22 and an engagement face 24 extending within the perimeter 22. With additional
reference to FIG. 2B, the engagement face 24 is suitable for positioning a sheet of
bioprosthetic tissue across. The engagement face 24 defines a pattern having at least one
raised region 26 and areas of relief 28 adjacent the at least one raised region 26. The
patterned substrate 20 includes areas of relief 28, such as openings extending through the
substrate 20, from the engagement face 24 to an opposing second face (not shown). The
patterned substrate 20 can include bars as the raised regions 26 extending across the substrate
20 in a variety of patterns. The raised regions 26 (e.g., bars) can be parallel, for example, or
any other suitable configuration. The raised regions 26 can extend various depths from the

engagement face 24 of the patterned substrate 20 imparting compression to the tissue 30 of
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corresponding depths. The engagement face 24 of the substrate 20, and thus also the
resultant deformed tissue, includes contours in specific localized areas.

[21] FIG. 2B is a top view of a sheet of bioprosthetic tissue 30 positioned on the patterned
substrate 20 in accordance with aspects of the present disclosure. The sheet of bioprosthetic
tissue 30 is positioned across with a first major surface 34 positioned in contact against the
engagement face 24 of the patterned substrate 20 and a second major surface 32 opposite the
first major surface 34 (see, e.g., FIG. 2C). The tissue 30 is pressed, or compressed, against
the engagement face 24 to deform, or create imprints in, the tissue to a desired pattern
corresponding with the pattern formed at the engagement face 24. As discussed above, the
resultant sheet of tissue in the deformed state is more readily foldable along the regions of
reduced thickness as compared to other regions of the sheet of tissue.

[22] FIGS. 2C and 2D illustrate partial cross-sections of the bioprosthetic tissue 30
prepared in accordance to aspects of the present disclosure. FIG. 2C illustrates a partial
cross-section of FIG. 2B with the first major surface 34 of the bioprosthetic tissue 30
compressed against the first patterned substrate 20. Compressing the tissue against the
engagement face 24 imparts a pattern into the first major surface 34 corresponding with the
pattern of the engagement face 24 and increases tissue density in the selectively compressed
pattern areas. The deformed state of the tissue includes regions of reduced tissue thickness
and increased tissue density corresponding to the at least one raised region 26. FIG. 2D
illustrates a second patterned substrate 21 similar to the first patterned substrate 20 positioned
against the tissue 30 opposite the first patterned substrate 20. In one embodiment, the first
and second patterned substrates 20, 21 can have matching patterns, with the engagement
surfaces 24, 25 aligned on opposite surfaces 32, 34 of the tissue 30 to compress the tissue 30
at aligned selected regions. Alternatively, the first patterned substrate 20 is a positive pattern
and the second patterned substrate 21 is a negative pattern having relief areas opposite to
those of the first patterned substrate 20. The tissue can be compressed between the first and
second patterned substrates 20, 21 to deform opposing surfaces 32, 34 of the tissue 30. The
deformed tissue includes varying tissue thickness corresponding, or complimentary to, the
patterned substrates 20, 21. The deformed tissue includes projections and recesses, or
deviations, from a planar surface. The first major surface 34 of the tissue 30 has a pattern
including at least one depressed region 36 and areas of relief 38 adjacent to the at least one
depressed region 36. A density of the tissue at the at least one depressed region 36 has a first

tissue density that is greater than a second tissue density of the areas of relief 38. The
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deformed tissue can include planar deviations on one or both major surfaces 32, 34. For
instance, the tissue surface can include a wave or waves of grooved, compressed deviations.
In other words, either one or both of the opposing major tissue surfaces 32, 34 are non-planar.
[23] FIGS. 3A-3C illustrate a few exemplary patterned leaflets. The patterned, or
deformed, tissue can be cut to form a leaflet of a prosthetic valve after the tissue is fixated.
Each of the leaflets 40a, 40b, 40c are illustrated in top view and has an arcuate cusp edge 42,
a generally straight free edge 44 opposite the cusp edge 42, and a pair of oppositely-directed
tabs 46 at either end of the free edge 44. A central portion 48 in each of the leaflets 40 forms
the fluid occluding surface that oscillates in and out of the flow stream to alternately open and
close the valve. The shapes illustrated are exemplary only, and other leaflet shapes can be
used. The patterns illustrated in the central portions 48 of the leaflets are in no way meant to
be limiting, as various additional pattern formations are contemplated with this disclosure.
Lines indicate locally thinned areas of the tissue formed by applying compression at selected
regions as discussed above and below. The geometry of a tissue pattern can be configured to
optimize the crease line configuration to complement a particular stent frame. For example,
FIG. 3A illustrates a leaflet pattern including compressed lines 50a of tissue in a radial
pattern projecting from a central point 52 of the cusp edge 42. In another embodiment
illustrated in FIG. 3B, compressed lines 50b of tissue are in wavelike form, extending
generally from tab 46 to tab 46 across the central portion 48. In another embodiment, as
illustrated in FIG. 3C, the compressed lines 50¢ of tissue are overlapping semicircular and
radial.

[24] FIG. 4A is a side view of a system 60 useful in patterning the bioprosthetic tissue in
accordance with aspects of the present disclosure. FIG. 4B is a top view of the system 60
useful in patterning bioprosthetic tissue 30 of FIG. 2B. A sheet of tissue 30 is extended cross
and removably secured to the patterned engagement face 24 of the patterned substrate 20 of
FIG. 2A and positioned in a first vessel 62. A second vessel 68 is fluidly connected to the
first vessel 62 opposite the patterned substrate 20. The tissue 30 can be placed in a fixative
solution 64 for fixation of the tissue. Fixation of the tissue causes cross-linking of the
collagen and the protein-like compounds associated with the collagen and is performed to
preserve the ultra-structure of the connective tissue. The fixative solution 64, such as
glutaraldehyde, can be poured onto a surface 32 of the tissue 30 opposite the first patterned
substrate 20. Fixation can be accomplished using a glutaraldehyde or other suitable fixative.

The tissue 30 is treated with the fixative 64 during and/or after the force is applied to fixate,
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or lock the deformed surface pattern in the tissue. A force is applied to press the tissue 30
against the engagement face 24 to compress the tissue 30 and reduce tissue thickness in select
areas corresponding to the patterned engagement face 24. A vacuum 66 can be used to create
suction along a second surface 34 of the sheet of tissue 30. The suction force can be applied
to in order to compress the tissue 30 against the engagement face 24 of the first patterned
substrate 24. The vacuum 66 can pull the fixative 64 through the tissue 30 and the patterned
substrates 20 into the second, or lower, vessel 68. The fixative 64 can be pulled through the
tissue 30 to fixate the patterned, or deformed, surface of the tissue 30 by the suction force.
The fixative 64 can fixate the deformed contours along the surface 34 if a first substrate 20 is
positioned along the second surface 34, or both the surfaces 32, 34 if both the first and second
substrates 20, 21 are used, as the fixative 64 passes through the tissue 30. The second surface
34 of the tissue is deformed via selectively compressed focused regions in a pattern
corresponding to the patterned surface of the first patterned substrate as illustrated in FIGS.
3A-3C. In one embodiment, a heating element is applied to the tissue along with pressure to
locally thin the tissue at select regions. The tissue can be locally thinned by compression of
the heating element to select areas to create patterns in the tissue.

[25] Although the present disclosure has been described with reference to preferred
embodiments, workers skilled in the art will recognize that changes can be made in form and

detail without departing from the spirit and scope of the present disclosure.
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What is claimed is:

1. A method of preparing a sheet of bioprosthetic tissue for use as a
prosthetic valve leaflet, comprising:

positioning a sheet of bioprosthetic tissue across an engagement face of a first
patterned substrate, the engagement face defining a pattern having at least one raised region
and areas of relief adjacent the at least one raised region; and

compressing the tissue against the engagement face to deform the tissue to a

deformed state corresponding with the pattern.

2. The method of claim 1, wherein the step of positioning includes
bringing a first major surface of the sheet of bioprosthetic tissue into contact with the
engagement face, and further wherein the step of compressing the tissue includes imparting a

pattern into the first major surface corresponding with the pattern of the engagement face.

3. The method of claim 1, wherein the deformed state of the tissue

includes regions of reduced thickness corresponding to the at least one raised region.

4. The method of claim 3, wherein the deformed state includes the sheet
of tissue being more readily folded along the regions of reduced thickness as compared to

other regions of the sheet of tissue.

5. The method of claim 1, further comprising:
positioning a second patterned substrate against the tissue opposite the first

patterned substrate.

6. The method of claim 5, wherein the step of compressing further
includes:
compressing the tissue between the first and second patterned substrates to

deform opposing surfaces of the tissue.

7. The method of claim 1, wherein the areas of relief include openings
extending through the first patterned substrate from the engagement face to an opposing

second face.
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8. The method of claim 7, wherein the step of compressing the tissue
against the first patterned substrate includes applying a suction force to the tissue to pull the

tissue toward the first patterned substrate.

9. The method of claim 7, wherein after the step of compressing, the
method further comprising:
pulling a fixative fluid through the tissue to fixate the deformed surface of the

tissue.

10. The method of claim 1, wherein after the step of compressing, the
method further comprising:

treating the tissue with a fixative to fixate the tissue in the deformed state.

12. A method of preparing a sheet of bioprosthetic tissue, comprising:
extending a sheet of tissue across a patterned surface of a first substrate;
removably securing the sheet of tissue to the patterned surface;
applying a force to press the tissue against the patterned surface to compress

the tissue and reduce tissue thickness in select areas corresponding to the patterned surface;

and

treating the tissue with a fixative.

13. The method of claim 12, further comprising:

positioning a second substrate against the sheet of tissue opposite the first
substrate;

compressing the tissue between the first and second substrates to deform

opposing surfaces of the tissue.

14. The method of claim 12, further comprising:

cutting the tissue to form a leaflet of a prosthetic valve after treating the tissue.

15. The method of claim 12, wherein treating the tissue with the fixative

includes passing the fixative through the tissue.
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10
16. The method of claim 12, wherein the application of force is facilitated
by a vacuum source.
17. A conditioned bioprosthetic tissue, comprising:

a sheet of bioprosthetic tissue having a first major surface and a second major
surface,

wherein the first major surface has a pattern including at least one depressed
region and areas of relief adjacent to the at least one depressed region, wherein the at least
one depressed region has a first tissue density that is greater than a second tissue density of

the areas of relief.

18. The conditioned bioprosthetic tissue of claim 17, wherein the second
major surface has at pattern including at least one depressed region and areas of relief

adjacent to the at least one depressed region.

19. The conditioned bioprosthetic tissue of claim 18, wherein the tissue
extending between the first major surface and the second major surface has areas of increased

tissue density corresponding to the at least one depressed region.

20. The conditioned bioprosthetic tissue of claim 17, wherein the pattern
of the first major surface including at least one depressed region and areas of relief adjacent

to the at least one depressed region is set with a fixative.
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