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Method of Processing Collagen-based Tissue for Bioprosthetic Devices

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is directed to a novel tissue processing technology that
treats biological tissue including but not limited to pericardial tissue for applications in
bioprosthetic heart valves (BHV) and cardiovascular or other tissue repair. The tissue
treatment technology of the present invention aims to eliminate or reduce the leaflet
tissue calcification and mitigates other host reactions against the bioprostheses by
reducing the residual glutaraldehyde, and removing lipids/fat and antigenic materials
that could not be masked by glutaraldehyde alone.

2. Description of the Prior Art

Glutaraldehyde fixed bovine or porcine pericardium has been used as leaflet
material for BHVs since the 1980s, and demonstrated to have reasonably good
clinical outcome. In addition to surgically implanted pericardial BHVs, transcatheter-
delivered heart valves (THV) also use pericardium as leaflet material and have
become standard care for non-operable, high risk patients, and intermediate risk
patients who suffered from aortic stenosis. However, all BHVs have limited longevity
after implantation in patients due to two major reasons: (i) unlike the native living
heart valve, the BHV lacks self-repair in response to damages owing to the wear and
tear; and (ii) bioprosthetic leaflet tissue calcification related structural valvular
deterioration (SVD) and other non-calcific SVD can significantly shorten device
longevity. In fact, leaflet tissue calcification related SVD is still the number one
chronic failure mode for the BHV regardless of the brand, model, or manufacturer.
Although the detail mechanisms of bioprosthetic calcification are not fully understood,
it is believed that the chemical, specifically the glutaraldehyde, used to preserve the
leaflet tissue is one of major contributing factors leading to the tissue calcification.

Tremendous efforts were made by heart valve producers to mitigate the
glutaraldehyde toxicity related SVD due to the tissue calcification. Almost all newer
generations of BHV claimed to have incorporated certain types of anti-calcification
treatment, mostly by trying to reduce the glutaraldehyde toxicity. These efforts,
however, appear to have only some limited clinical efficacy as the leaflet tissue
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calcification remains to be the major chronic failure mode. These clinical
observations raise the question about the role of so-called “residual glutaraldehyde”
in the calcification in bioprosthetic heart valves post implant. In fact, a vast majority
of tissue calcification occurred years after the implantation, suggesting that the
calcification may be related to the patient’s biological factors. This is because, if
residual glutaraldehyde is the major factor triggering bioprosthetic leaflet tissue
calcification, one would expect all of the heart valves implanted in patients to be
calcified sooner and this should occur in all of the implants. Unfortunately, the clinical
data showed that the occurrence of bioprosthetic heart valve calcification can range
from months to more than ten years, suggesting residual glutaraldehyde is neither a
major contributor nor an initiator for bioprosthetic heart valve calcification in patients.
At the same time, residual and free glutaraldehyde present in BHVs related to the
storage of the devices in the glutaraldehyde-containing solutions may trigger
inflammatory response upon the implant that may contribute to the host tissue
overgrowth.

Despite all of the above-mentioned disadvantages of using glutaraldehyde to
fix the bioprosthetic tissue, glutaraldehyde is in fact the most important discovery in
bioprosthetic heart valve history because glutaraldehyde played a crucial role in
reducing host immune response against the bioprosthesis by masking the antigens in
the xenogeneic tissue through cross-linking, and significantly improving the longevity
of the bioprosthesis by providing a superior preservation of the tissue. On the other
hand, accumulating information suggests that the antigenicity of the xenogeneic
tissue was not completely masked by the glutaraldehyde fixation. This probably
explained why the strategies that focused solely on glutaraldehyde detoxication have
limited clinical efficacy from the anti-leaflet tissue calcification perspective.
Therefore, it appears that the calcification and other failure modes observed in BHVs
are probably attributable to the host response to those non-living materials, especially
the immunogenicity of the tissue used to build the heart valves. So far, most of the
anti-calcification strategies have been focused on decreasing the toxicity of the
glutaraldehyde. Very few efforts were made to effectively address the antigenicity of
the leaflet tissue itself (i.e., the animal tissue used to build the BHV), especially post-
leaflet tissue fixation.

Thus, the present invention is directed towards the objectives of (i) removing
the tissue antigenicity after glutaraldehyde fixation; and (ii) treating the heart valve
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with a reversible tissue dehydration technology and storing the heart valve in a non-
liquid form.

SUMMARY OF THE DISCLOSURE

In order to accomplish the objects of the present invention, there is provided a
method for preparing pericardial tissue that is used for a bioprosthetic heart valve
assembly. According to this method, pericardial tissue is harvested from a host
animal and then cleaned. The cleaned tissue is then fixed using glutaraldehyde.
After fixation of the tissue, lipids/fat and residual antigenic components are removed,
and then tissue bioburden is reduced.

In accordance with one embodiment of the present invention, the step of
removing lipids/fat and residual antigenic components includes treating the tissue
with a solution consisting of alcohol (20% to 70%) and Tween-20 (0.1% to 1%) in
buffered saline (pH 7.0 — 7.5) at 30°C to 60°C for 1 to 24 hours, and further includes
treating the tissue with detergent solutions (0.1% to 1%) containing one or more of
the following detergents: Sodium Deoxycholate (SDC), Sodium dodecyl! sulfate
(SDS), 3-[N,N-Dimethyl(3-myristoylaminopropyl)ammonio]propanesulfonate,
Amidosulfobetaine-14 (ASB-14), 3-[(3-cholamidopropyl)dimethylammonio]-1-
propanesulfonate (CHAPS). In addition, the step of reducing tissue bioburden uses
65% to 75% alcohol to reduce the tissue bioburden.

The pericardial tissue prepared by this method can be used to make a
bioprosthetic heart valve assembly. After the tissue has been prepared according to
this method, the heart valve can be assembled. As part of the assembly, the
glutaraldehyde is detoxified from the treated tissue of the leaflets, and reversible
tissue dehydration (RTD) is applied by dehydrating the tissue using 60% to 95% of
alcohol for one to eight hours at 25 °C to 55 °C, and then treating the tissue with a
mixture solution consisting of glycerol (80% to 95%), ethanol (5% to 10%), and
deionized water (3% to 10%) at room temperature for 30 minutes to 24 hours.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a flow chart illustrating the process according to one embodiment of
the present invention.
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FIG. 2 is a chart that illustrates the effect of glutaraldehyde concentration and
fixation time on tissue cross-linking by DSC (differential scattering calorimetry).

FIG. 3 is a chart that illustrates the effect of glutaraldehyde and ethanol on
tissue water content.

FIG. 4 is a chart that illustrates the effect of ethanol (70%) on tissue flexibility.

FIG. § is a chart that illustrates the effect of RTD (reversible tissue
dehydration) treatment on tissue water content before and after rehydration.

FIG. 6 is a chart that illustrates the change in tissue denaturing temperature in
RTD treated tissue.

FIG. 7 is a chart that illustrates the effect of RTD treatment on tissue flexibility.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following detailed description is of the best presently contemplated modes
of carrying out the invention. This description is not to be taken in a limiting sense,
but is made merely for the purpose of illustrating general principles of embodiments
of the invention. The scope of the invention is best defined by the appended claims.

The inventive tissue process according to one embodiment of the present
invention is illustrated in the flow chart of FIG. 1. Even though the process is
described in connection with a bioprosthetic heart valve, it is also possible to apply
this process to other valves and bioprosthetic devices.

Tissue harvesting

Pericardial tissue is a collagen-rich fibrous connective tissue wrapped around
the heart. During the tissue harvesting step (step 1), the pericardial sac, which is a
“half-football” like bag, is removed from the heart of the host animal by detaching it
from large vessels at the base of the heart from where it is originated. After the
outside layer of adipose/fat tissue has been peeled off, the fibrous membrane
pericardial sac is rinsed with water, preferably with cold normal saline (0.9% sodium
chloride). The sacs are then collected in plastic bags containing cold saline and
shipped to the manufacturer for further processing. Typically, the tissue should be
processed within 72 hours after harvesting.
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Tissue cleaning

In step 2, the tissue cleaning process in manufacture (at the tissue processing
center) is started upon receipt. The pericardial sac is first cut and flattened out.
Tissue is inspected for any pathological defect. The tissue is then trimmed into a
relatively regular patch, usually a rectangular shape, and additional adipose or other
loose tissue on the surface is carefully removed. The tissue is then washed/rinsed
with cold normal saline to remove any residual blood a or tissue debris.

Tissue fixation

The tissue is then fixed in step 3. Using glutaraldehyde (hereinafter also
referred to as “Glut”) to fix xenogeneic tissue for bioprosthetic heart valves (BHV) is
probably one of the major innovations in cardiovascular surgical history. Glut was
initially used to fix tissue samples for pathology analysis. Approximately fifty years
ago, Glut was used to preserve/fix bioprosthetic tissue for BHV applications and has
been proven to be the most effective tissue fixative in BHV history. Many other
alternative fixatives such as EDC and genipin have been tried and so far there is no
better way to preserve the BHVs than Glut.

Glutaraldehyde consists of two aldehyde groups and is highly active. Glut
tissue is fixed by cross-linking the amine group of the amino acids in an irreversible
fashion. Glut can work in a wide range of concentrations, ranging from 0.1% to more
than 2%. Most BHV manufacturers use 0.25% to 0.625% of Glut in buffered
phosphate saline (PBS) solution. Several factors dictate the effects of tissue cross-
linking, including the Glut concentration, fixation time, temperature, solution pH, and
purity of the Glut. As there is no feasible direct measurement of tissue cross-linking
by Glut, several indirect methods such as tissue shrinkage temperature and
differential scattering calorimetry (DSC) have been used to determine the status of
tissue cross-linking. Typically, an effectively cross-linked tissue (pericardium) has an
initial denaturing temperature approximately 84+3 °C by DSC, while the non-fixed
fresh (pericardium) tissue is approximately 64 °C. It is believed that using higher
concentrations is not desirable due to the concern of the so-called “walling-off” effect
that the edge of the tissue is cross-linked too quickly and could prevent the
penetration of Glut into the inner site of the tissue. The inventor's work has also
demonstrated that there is no appreciable difference in tissue cross-linking from
0.25% to 5% of Glut solutions for fixation for up to 20 hours at room temperature (see
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FIG. 2). Although the tissue denaturing temperature by DSC showed that there is
concentration dependency with the tissue (porcine pericardium) fixation for 30
minutes, this concentration-dependent difference diminished at 20 hours post-fixation
for the concentration of 0.25% or higher, as evidenced by the denaturing temperature
reached plateau. Therefore, using Glut concentrations between 0.25 % to 1% is
adequate if the fixation time is more than 24 hours from the time of tissue
fixation/preservation.

Lipids and antigen removal

Lipids and antigen are removed in step 4. It is well-known that any
xenogeneic tissue cannot be directly implanted into human body because of the
immune rejection. Glut fixation has been shown to significantly reduce the immune
response against the xenogeneic tissue containing devices such as BHVs by
unmasking the antigens presented in the tissue. As mentioned previously, one of the
major challenges is the longevity of Glut-fixed BHVs is calcific and non-calcific SVD.
It was previously believed that the toxicity from the Glut is the primary factor causing
the leaflet tissue calcification in BHVs. However, now it has become clear that simply
reducing or eliminating the Glut toxicity may not be enough. Other potential factors
such as lipids/fat and antigens that are not sufficiently unmasked by the Glut-fixation
could play an important role in SVD related to both calcific and non-calcific manners.

In fact, many methods have been developed to remove the cells and antigens from
the xenogeneic tissue prior to the fixation. However, all of these approaches have
one major disadvantage in that the tissue treatments can damage/alter the tissue
structure. The de-celled tissue usually becomes thicker due to the loosened collagen
fibers, and the typical fibrous structure becomes somewhat amorphous in some
instances. These structural changes may have an impact on tissue integrity and long-
term durability.

In fact, at this time, there is no known bioprosthetic heart valve in the market
that is made from the above-mentioned de-cell or removal of antigenicity treatment.
This is because these tissue treatments were usually performed directly to the fresh
tissue prior to the fixation, resulting in permanent structural tissue damage, such as
micro or macro tissue delimitation, tissue degradation, loosening of collagen bundles
etc. These undesirable structural changes render the resultant tissue to be unusable
as BHV leaflet material.
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In contrast, the present invention removes the lipids/fat and the residual
antigenic components after the initial irreversible Glut-fixation. Specifically, the tissue
will be treated with a solution consisting of alcohol (20% to 70%) and detergent such
as Tween-20 (0.1% to 1%) in buffered saline (pH 7.0 — 7.5) at 30°C to 60°C for 1 to
24 hours. Preferably, the solution consists of 30% ethanol or isopropanol and 0.25%
Tween-20 at 45+2 °C and treatment is for 2 hours. Subsequently, the tissue is
treated with detergent solutions (0.1% to 1%) containing one or more of the
detergents, including but not limited to Sodium Deoxycholate (SDC), Sodium dodecyl
sulfate (SDS), 3-[N,N-Dimethyl(3-myristoylaminopropyl)ammonio]propanesulfonate,
Amidosulfobetaine-14 (ASB-14), 3-[(3-cholamidopropyl)dimethylammonio]-1-
propanesulfonate (CHAPS). Preferably, the tissue will be treated with a combination
of 0.5% of SDC and 0.25% ASB-14. As the tissue will be fixed with Glut solution
before the removal of lipids and antigenicity, the structural integrity of the tissue will
be preserved so as to make the tissue more biologically-compatible, and at the same
time, preserve the mechanical properties for a long-lasting performance.

Bioburden Reduction

Bioburden reduction treatment is step 5. Bioburden in animal tissue is defined
as any pathogens such as bacteria, fugus, virus, or other organism that is present in
tissue. Because the tissue (such as pericardium) is harvested from healthy animals
which are slaughtered for meat for human consumption, the tissue before harvesting
is supposed to be clean. In most cases, the pathogens originate from contaminations
during the slaughtering, tissue harvesting, tissue shipment, and tissue processing.
Upon harvesting, the tissue should be kept, stored, and shipped in cold normal saline
to minimize the growth of the pathogens and to prevent tissue degradation. The
reduction of bioburden starts from washing the tissue with clean normal saline and
subsequent fixation with Glut solution. As pathogens are living organisms, they can
be inactivated by fixatives such as Glut through cross-linking their protein and nucleic
acids. Therefore, in addition to tissue preservation, Glut is also used as a
disinfectant. However, the typical concentrations used to fix the bioprosthetic tissue
is not strong enough to sterilize the tissue. Additional steps are taken to reduce the
bioburden. Most common approaches include using the combination of
formaldehyde, detergent, and alcohol, or a combination of Glut and alcohol, to further
reduce the bioburden. However, formaldehyde is considered to be a highly
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hazardous material with carcinogenic risk, while Glut and alcohol may trigger
chemical reactions that may compromise its efficacy.

Therefore, the present invention uses high concentrations of alcohol to reduce
the tissue bioburden. Specifically, the present invention uses 65% to 75% alcohol to
reduce the bioburden. The common concern for using higher concentrations of
alcohol is that it may cause tissue dehydration that may result in permanent changes
in tissue property.

The inventor’s recent experiments demonstrate that dehydration by the above-
mentioned alcohol concentrations is reversible; this was demonstrated by tissue
water content (see FIG. 3) and a tissue flexibility test (FIG. 4). It is well-known that
Glut-fixed pericardial tissue contains approximately 80% of water by weight. From
the water content perspective, the pericardial tissue can be considered as a “sponge-
like” material. The water content plays a crucial role for maintaining some of the
important mechanical properties, such as compressibility (important for THVs during
valve crimping), flexibility etc. The inventor's experiment demonstrated that the
alcohol treatment did not impair the tissue rehydration, suggesting the dehydration by
alcohol treatment is reversible as shown in FIG. 3. At the same time, as functional
measurement, that the tissue flexibility of alcohol-treated tissue is comparable with
tissue before the treatment, demonstrating that the alcohol treatment has no
detrimental effect on the tissue flexibility, which is one of the most important
mechanical features as a valve leaflet material (FIG. 4). Therefore, using the
alcohol concentration ranges described above is feasible for bioburden reduction.
The disinfection/sterilization efficacy of alcohol has been well-established. The
typical concentration is 70% to 75%. The rationale is that alcohol at an appropriate
concentration can fix/precipitate the proteins and dehydrate the organism/tissue at
the same time. The fixation may not as stable as the other fixatives such as Glut.
However, if the fresh tissue is treated with alcohol prior to fixation by Glut, permanent
tissue damage may occur,

After step 5 (bioburden reduction), the method of the present invention is
divided into two possible paths:

A. A wet assembly process that is defined by the tissue being processed in
liquid, including the heart valve assembly. The Glut detoxication (step 9) and
reversible tissue dehydration (RTD) treatment (step 10) will be applied after the heart
valve is assembled. According to this path, the leaflet tissue should be kept in
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solution or with sufficient moisture to prevent the leaflets being permanently drying
out.

B. A dry assembly process that is defined by the tissue first being treated with
Glut detoxication (step 9) and RTD technology (step 10) prior to the assembly of the
heart valve. According to this path, the heart valve will be kept in a dehydrated
format.

The steps used in these two paths are similar, but are applied in different
sequence. The major differences are: (1) for the wet valve assembly (Path A), the
tissue is processed in aqueous solution or keep the tissue well-hydrated until RTD
treatment in Step 10. Typically, the tissue may not be exposed to air for more than
10 minutes at any given single step to prevent the tissue from permanent
dehydration; (2) for the dry assembly process (Path B), the tissue has to be
processed in a “dry” format in air (cannot be re-exposed to any water-based aqueous
solution) after the tissue has been treated with the RTD process. The tissue from this
point can be treated like a “cloth” material from cutting the leaflets, valve assembly, to
packaging.

Cut the leaflet

Step 6: Bioprosthetic heart valve leaflets from pericardium can be cut out
using a die cutter or using a laser machine. In the present invention, the leaflet can
be cut out on the wet tissue for Path A, or cut on the dehydrated tissue for Path B.

Valve assembly
Step 7: The heart valve can be assembled using the wet leaflet tissue (Path
A) or cut on the dehydrated tissue (Path B).

Valve Inspection and Test

Step 8: After the completion of the heart valve assembly, the heart valve
assembly is inspected for leaflet coaptation, or any other defects. Ideally, a
functional testing should be performed to assess the immediate functionality,
including leaflet opening/closing, coaptation, etc.

Glut Detoxication
Step 9: For a long time, the potential toxicity of Glut has been considered a
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major contributor to leaflet tissue calcification in BHVs. Therefore, most current anti-
calcification strategies are focused on detoxication of the Glut, such as so-called
capping chemicals (such as sodium borohydride treatment), or using animal acids to
neutralize the free Glut. However, the claims on the effect of these detoxication
treatments are largely based on the animal implants and need to be confirmed by
long-term clinical studies. Nevertheless, free Glut in the final device can be
problematic because Glut is highly reactive and can trigger local inflammatory
response, especially since the majority of current BHVs are stored in solutions
containing either Glut or formaldehyde. Therefore, in the present invention, the
tissue/ heart valve is washed adequately with normal saline, preferably containing
0.5% to 1% glycine or other amine containing amino acids in a volume ratio of 1: 10
time (valve : solution) at room temperature with agitation (30 to 70 rpm) for 30 min to
60 min. This step is preferably to be repeated two to three times. Although it is
possible that washing the tissue intensively with the saline as mentioned above might
be sufficient to remove the free residual Glut in the tissue, the addition of amino acids
could reduce any free residual Glut and neutralize the un-cross-linked aldehyde
ends.

RTD Tissue Treatment

Step 10: Reversible tissue dehydration (RTD) according to the present
invention is accomplished by dehydrating the pre-fixed tissue using alcohol followed
by preservation with glycerol solution. Specifically, the tissue will be dehydrated
using 60% to 95% of alcohol for one to eight hours at 25 °C to 55 °C, preferably with
75% ethanol for two hours at 40 °C. Then the tissue will be treated with a mixture
solution consisting of glycerol (80% to 95%), ethanol (5% to 10%), and deionized
water (3% to 10%) at room temperature for 30 minutes to 24 hours. Preferably, the
tissue is treated with the mixture of 90% glycerol, 7% ethanol, and 3% deionized
water at room temperature for 2 hours. Then the excessive chemicals will be
removed by using non-fiber cloth manually and/or in conjunction of using a
customized fixture to remove the excessive chemicals on the valve prior to the
manual procedure. The inventor's experiment results demonstrated that the tissue
treated with the above-mentioned solution can substantially dehydrate the tissue and
the tissue is completely reversible upon rehydration with normal saline at room
temperature. See FIG. 5, which shows the water content in the same pieces of
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tissue after Glut fixation, treated with the RTD process of the present invention, and
then after rehydration in saline. The tissue water content as designed/expected is
significantly lower (p<0.05) after the tissue is treated with the RTD process of the
present invention compared to the tissue before the treatment or after the
rehydration, demonstrating that the RTD treatment is fully reversible in terms of
tissue water content. Additionally, there are no significant changes in tissue cross-
linking (by denaturing temperature using DSC) or tissue flexibility in pre-fixed porcine
pericardium treated with the RTD technology of the present invention (See FIGS. 6
and 7). These experiment results demonstrated that, in addition to the reversible
dehydration that can prevent the tissue’s re-exposure to chemical-based liquid
storage, an additional benefit of the present invention’s RTD tissue treatment is to
reduce the bioburden in the tissue resulting from higher concentrations of alcohol and
possibly further reduce any residual lipids/fat in the tissue .

Unlike pre-existing methods, the present invention removes the residual
antigenic components after the initial tissue fixation to preserve the tissue structural
integrity for its long-term performance. In addition, the present invention uses higher
concentrations of alcohol to reduce the tissue bioburden, and at the same time to
dehydrate the tissue followed by preserving the tissue with glycerol so as to mitigate
Glut-storage related issues for the bioprosthetic heart valve.

The comprehensive tissue processing method in this invention is expected to
improve the current bioprosthetic heart valve to the next level as the proposed
processes address the most challenging issues encountered by current
bioprostheses in the market. These challenges include tissue calcification related to
host immune response to the residual unmasked antigenicity, residual cellular and
extracellular lipids/fat, and Glut toxicity. At the same time, the present invention
minimizes the micro and macro tissue structural damages, thereby maximizing the
mechanical durability of the valve leaflets and the bioprosthetic heart valve.

While the description above refers to particular embodiments of the present
invention, it will be understood that many modifications may be made without
departing from the spirit thereof. The accompanying claims are intended to cover
such modifications as would fall within the true scope and spirit of the present
invention.
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What is claimed is:

1. A method for preparing pericardial tissue that is used for a bioprosthetic
heart valve assembly, comprising:

harvesting pericardial tissue from a host animal;

cleaning the tissue;

fixing the tissue using glutaraldehyde;

after fixation of the tissue, removing lipids/fat and residual antigenic
components; and

reducing tissue bioburden.

2. The method of claim 1, wherein the step of removing lipids/fat and
residual antigenic components includes treating the tissue with a solution consisting
of alcohol (20% to 70%) and Tween-20 (0.1% to 1%) in buffered saline (pH 7.0 — 7.5)
at 30°C to 60°C for 1 to 24 hours.

3. The method of claim 2, wherein the solution consists of 30% ethanol or
isopropanol and 0.25% Tween-20 at 4542 °C and treatment is for 2 hours.

4. The method of claim 2, wherein the step of removing lipids/fat and
residual antigenic components further includes treating the tissue with detergent
solutions (0.1% to 1%) containing one or more of the following detergents: Sodium
Deoxycholate (SDC), Sodium dodecyl sulfate (SDS), 3-[N,N-Dimethyl(3-
myristoylaminopropyl)ammonio]propanesulfonate, Amidosulfobetaine-14 (ASB-14),
3-[(3-cholamidopropyl)dimethylammonio}-1-propanesulfonate (CHAPS).

5. The method of claim 4, wherein the tissue is treated with a combination
of 0.5% of SDC and 0.25% ASB-14.

6. The method of claim 1, wherein the step of reducing tissue bioburden
uses 65% to 75% alcohol to reduce the tissue bioburden.

7. The method of claim 2, wherein the step of reducing tissue bioburden
uses 65% to 75% alcohol to reduce the tissue bioburden.
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8. A method for making a bioprosthetic heart valve assembly, comprising:

providing pericardial tissue treated according to the method of claim 1;

cutting leaflets from the treated tissue;

assembling the heart valve assembly using the cut leaflets;

detoxifying the glutaraldehyde from the treated tissue of the leaflets; and

applying reversible tissue dehydration (RTD) by dehydrating the tissue using
60% to 95% of alcohol for one to eight hours at 25 °C to 55 °C, and then treating the
tissue with a mixture solution consisting of glycerol (80% to 95%), ethanol (5% to
10%), and deionized water (3% to 10%) at room temperature for 30 minutes to 24
hours.

9. The method of claim 8, wherein the step of removing lipids/fat and
residual antigenic components includes treating the tissue with a solution consisting
of alcohol (20% to 70%) and Tween-20 (0.1% to 1%) in buffered saline (pH 7.0 — 7.5)
at 30°C to 60°C for 1 to 24 hours.

10.  The method of claim 9, wherein the step of removing lipids/fat and
residual antigenic components further includes treating the tissue with detergent
solutions (0.1% to 1%) containing one or more of the following detergents: Sodium
Deoxycholate (SDC), Sodium dodecyl sulfate (SDS), 3-[N,N-Dimethyl(3-
myristoylaminopropyl)ammonio]propanesulfonate, Amidosulfobetaine-14 (ASB-14),
3-[(3-cholamidopropyl)dimethylammonio]-1-propanesuifonate (CHAPS).

11. The method of claim 10, wherein the tissue is treated with a
combination of 0.5% of SDC and 0.25% ASB-14.

12.  The method of claim 8, wherein the step of reducing tissue bioburden
uses 65% to 75% alcohol to reduce the tissue bioburden.

13.  The method of claim 9, wherein the step of reducing tissue bioburden
uses 65% to 75% alcohol to reduce the tissue bioburden.
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14. A method for making a bioprosthetic heart valve assembly, comprising:

providing pericardial tissue treated according to the method of claim 1;

detoxifying the glutaraldehyde from the treated tissue of the leaflets;

applying reversible tissue dehydration (RTD) by dehydrating the tissue using
60% to 95% of alcohol for one to eight hours at 25 °C to 55 °C, and then treating the
tissue with a mixture solution consisting of glycerol (80% to 95%), ethanol (5% to
10%), and deionized water (3% to 10%) at room temperature for 30 minutes to 24
hours;

cutting leaflets from the treated tissue; and

assembling the heart valve assembly using the cut leaflets.

15.  The method of claim 14, wherein the step of removing lipids/fat and
residual antigenic components includes treating the tissue with a solution consisting
of alcohol (20% to 70%) and Tween-20 (0.1% to 1%) in buffered saline (pH 7.0 — 7.5)
at 30°C to 60°C for 1 to 24 hours.

16.  The method of claim 15, wherein the step of removing lipids/fat and
residual antigenic components further includes treating the tissue with detergent
solutions (0.1% to 1%) containing one or more of the following detergents: Sodium
Deoxycholate (SDC), Sodium dodecyl sulfate (SDS), 3-[N,N-Dimethyl(3-
myristoylaminopropyl)ammonio]propanesulfonate, Amidosulfobetaine-14 (ASB-14),
3-[(3-cholamidopropyl)dimethylammonio]-1-propanesulfonate (CHAPS).

17.  The method of claim 16, wherein the tissue is treated with a
combination of 0.5% of SDC and 0.25% ASB-14.

18.  The method of claim 14, wherein the step of reducing tissue bioburden
uses 65% to 75% alcohol to reduce the tissue bioburden.

19.  The method of claim 15, wherein the step of reducing tissue bioburden
uses 65% to 75% alcohol to reduce the tissue bioburden.



WO 2021/211344

FIG1.

1. Tissue
harvesting

1/5

=

2.Tissue 3.Tissue
cleaning mmd Fixation

4.Lipids & antigen
removal

5.Bioburden reduction
treatment

A. Wet assembly process

6. Cut tissue leaflet l

7.Valve assembly [

8.Valve inspection ftest l

8. Glut de-toxic treatment l

10.Reversible tissue dehydration

{

PCT/US2021/026264

~.

B. Dry assembly process

8. Glut de-toxic treatment

10.Reversible tissue dehydration

6. Cut tissue leaflet

7.Valve assembly

8.Valve inspection /test

J

]

11.Valve packaging in
dehydrated conditions

¢

12.Valye sterilization
EtO or E-beam or NO2




WO 2021/211344
FIG 2.

88.0

86.0

FIG 3.

84.0
82.0
80.0
78.0

72.0
70.0

Denaturing temperature °C

76.0
74.0

0.10%

ODSC @ 30 min

100
20
80

60
50
40

20
10

Tissue water content (%)

2/5

0.25% 0.50%

DSC @ 60 min

PCT/US2021/026264

B DSC @ 20 hours

70 |-

Fresh

Glut Fixed

Fixed + Ethanol



WO 2021/211344 PCT/US2021/026264
3/5

FIG 4.

S
E
e
o
1]
£
19
O
©
Q.
k7
o
o
=
o
2
!—.

Ethanol {n=3)
aseline (Glut fixed) 0O Alcohol treated Rehydrate




WO 2021/211344 PCT/US2021/026264
4/5

FIG &.

90

80

70

60

50

40

30

20

10

Glut Fixed Fixed + RTD treated Post Rehydration

e Compared with Glut Fixed or Post Rehydration group p<0.05. No significant
differences between Glut Fixed or Post Rehydration groups.



PCT/US2021/026264

WO 2021/211344

5/5

FIG 6.

0000000000
=2 B B N (= 7o L~ Y o B SV

(Do) ainjesadwioy Burinjeusp snssiy

Fixed + RTD treated

Glut Fixed

FIG 7.

(wiw) Jusweoejdsip anssi

Fixed + RTD treated

Base line



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US21/26264

A. CLASSIFICATION OF SUBJECT MATTER
IPC - A61L 27/36; AG1L 27/50 (2021.01)

AB1L 27/54; AB1L 27/507; A61L 27/3625
CPC -

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

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

Id

Electronic data base consulted during the intemnational search (name of data base and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

0120, 0204, 0212].

Category* Citation of document, with indication, where appropriate, of the relcvant passages Relevant to claim No.
X US 2011/0311493 A1 (DOVE, J. ET AL.) 22 December 2011; paragraphs [0028, 0032, 0048, 1,2,4,6and 7

- 0054, 0060-0061, 0063, 0066, 0084, 0092, 0112-0114, 0116, 0118, 0119, 0124, 0127, 0128, -—

Y 0133, 0135, 0136, 0139]. 3,5, 8-19

Y US 2011/0165676 A1 (RICHARD A. HOPKINS) 07 July 2011; paragraph [0015] 3,4, 1117

Y US 2017/0319357 A1 (LIFENET HEALTH) 09 November 2017; paragraphs [0025, 0085, 0119, | 8-19

D Further documents are listed in the continuation of Box C.

D See patent family annex.

*

“AT

“D”
“E”

“L»

“Qy
«p»

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

document cited by the applicant in the international application

earlier application or patent but published on or afier the international
filing date

document which may throw doubts on priority claim(s) or which
is cited to establish the publication date of another citation or other
special reason (as specified)

documentreferring to an oral disclosure, use, exhibition or other means
document published prior to the international filing date but later than
the priority date claimed

™

e

wyn

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

27 June 2021 (27.06.2021)

Date of mailing of the international search report

JUL 22 2021

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.0O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. §741.273-8300

Authorized officer

Shane Thomas

Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2019)




	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 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - wo-search-report

