
TITLE               Method of Fixing Biological Tissue        Many
materials, both synthetic and of biological  origin, are used in medical
devices.   In surgically  implanted prosthetic devices, these materials
come in  contact with human tissues giving rise to a variety of
material-human tissue interactions in vivo.   The success  or failure of an
implant device depends on how the  material  interacts with the human
environment, which is  governed by factors such as the origin of the
material,  the method of fabrication, the implant site and the  duration of
implantation.       Synthetic materials such as polymers are derived  from
chemicals and therefore the material properties are  more readily
reproducible and easier to handle.  Furthermore, polymers may be suitably
modified to adapt  to the end application.   However, because of their
synthetic nature, incompatibility with the human tissue  will invariably
exist.       Material of biological origin must be fixed or  tanned before
it can be used. This is necessary to  stabilise the tissue to degradation
by forming cross  



links in the tissue.  The established method for fixing
-2-  biological tissue is the soaking of tissue in  glutaraldehyde over
several days.   Glutaraldehyde,  although successful, has been shown to
give rise to a  number of problems associated with  host tissue reaction
and slow degradation of the cross links in vivo.       Many recent reports
addressing ways of improving on  the glutaraldehyde process centres on the
incorporation  of anti-calcification agents.   These agents are  typically
placed into the tissue, which with time will  also be washed out.  Another
approach focuses on the  utilisation of less toxic fixing reagents such as
carbodiimide/glycerol.  More recently, several patents  have sought to
incorporate anticalcification agents or  polymers into biological tissue to
improve on the  viability of such biomaterials.   These are based on the
deposition of polymer solutions into tissue using  diffusion mechanisms as
the primary  means of  tissue/polymer interactions.       The present
invention seeks also to improve on the  glutaraldehyde process by replacing
the glutaraldehyde  fixing agent with a solution of prepolymer,
polyetherpolyurethane.  As a consequence, the advantages  



of the synthetic and biological materials are combined to  produce a
synergistic effect resulting  in a biomaterial  with enhanced durability.
-3-       An object of this invention is to provide a fixation  process for
biological tissue to enhance its durability  and improve its
anticalcification properties without  changing drastically its mechanical
properties.   A  prepolymer solution of polyetherpolyurethane may be used
as the fixing agent.   The polymer is chemically bonded  to biological
tissue to produce a biomaterial suitable  for bioprosthetic applications.
The biological tissue fixed in this manner allows  the incorporation of
anticalcification or other  advantageous agents such as pharmacological
agents.and  anticoagulants to the biomaterial       According to the
invention there is provided a  method of fixing biological tissue using a
solution of  polymer or a precursor of a polymer to produce a  biomaterial
with enhanced durability, characterised in  that the polymer used is a
polyurethane and that the  method comprises treating biological tissue with
an  aprotic solvent to remove water from the tissue thereby  rendering the
tissue compatible for a reaction with a 



polyurethane or polyurethane precursor, reacting the  dehydrated tissue
with (a) a solution derived from  diisocyanate to which a diol is
subsequently added or  with (b) a solution derived from a diisocyanate and
a  diol or with (c) an isocyanate terminated polyurethane
solution or (d) a combination of two or more of the  solutions (a), (b),
(c), using an aprotic solvent as  reaction solvent under inert and
anhydrous conditions at  a temperature up 60[err] Celsius, recovering the
treated  tissue and rinsing with aprotic solvent to remove excess
polyetherpolyurethane solution, disinfecting the treated  tissue,
preferably by soaking it in a  glutaraldehyde/formaldehyde mixture, and
storing the  treated tissue in a buffered saline solution preferably
containing antifungal material.   The reactant solvent  may be used to
remove excess polyurethane solution.  Desirably the process is so carried
out that the  mechanical properties of the original tissue are  maintained.
A wide range of polyurethanes may be used in the  present invention
including silicone modified  polyurethanes .  



Preferably an anticalcification agent and/or  pharmacological agent and/or
an anticoagulant is/are  included before, during or after the fixation of
the  tissue.        The tissue may, for instance, be derived from pig,
cow, sheep or kangaroo, such as animal tissue derived   from heart valves
or pericardial tissue.   The tissue may   be fully harvested animal tissue,
glutaraldehyde or a                                        -5-
carbodiimide/glycerol treated tissue, a collagen rich  material or native
collagen material that contains active  cross linking sites.       Examples
of suitable aprotic solvents are dimethyl  sulphoxide, dimethylacetamide,
dimethylformamide and  tetrahydrofuran.       With this invention
biological tissue can be fixed  to give long term stability of fixed
tissue.       Examples of biological materials that can be treated  by the
present process include animal tissue from various  animals such as pig,
cow, sheep or kangaroo of diverse  origin., e.g. heart valves, pericardial
tissue and other  collagen high materials as well as reconstituted or
native collagen materials that have potential  cross linking sites.  Tissue
which has been previously  



fixed using chemical agents such as glutaraldehyde and/or
carbodiimide/glycerol can also be subjected to the  present process.
By way of example, fresh tissue may be harvested  from an animal and
immediately stored in buffered saline  at 4[err] Celsius.   The stored
tissue. may be subjected to  the following exemplary procedures to fix them
adequately  to produce biomaterial comprising animal and synthetic
character.       With reference to the following Examples 1,2 and 3
-6-   harvested tissue as described in the preceding paragraph  is placed
in dimethyl sulphoxide as aprotic solvent to  dehydrate the tissue for up
to 72 hours.   The solvent  may be changed periodically to quicken the
dehydration  process. After dehydration the tissue is subjected to  the
treatment described in any one of Examples 1 to 3.  Example 1       In this
example, the dehydrated tissue is stirred  continuously in a solution of
methylenediphenylene  diisocyanate in anhydrous dimethyl sulphoxide
[solution  (a)]. The reaction is performed at a suitable  temperature up to
60[err] Celsius, under dry N[err] or other  inert gas.  After a suitable
time interval, for example  



24 hours, a solution of tetramethylene ether glycol is  introduced to
complete the reaction which results in the  formation of
polyetherpolyurethane.   Chain extenders  typically used to form
polyetherpolyurethanes and other  dried compatible solvents can be
introduced  simultaneously.   The treated tissue is removed, washed  with
reaction solvent briefly, disinfected and stored in  buffered saline.
Example 2       In this example, the reaction solution comprises
methylenediphenylene diisocyanate and tetramethylene  glycol in dimethyl
sulphoxide [solution (b)].   Chain
-7-   extenders typically used to form polyurethanes and other  dried
compatible solvents can also be introduced.  Dehydrated tissue is then
introduced into this reaction  solution and is allowed to react while
stirring is  performed continuously.   The reaction can be performed  at a
suitable temperature up to 60[err] Celsius but typically  at 37[err]
Celsius under dry N[err] or other inert gas.   The  treated tissue is
removed, washed with reaction solvent  briefly, disinfected and stored in
buffered saline.  Example 3       In this example, the prepolymer solution
[solution  



(c)] comprises isocyanate terminated  polyetherpolyurethane in dimethyl
sulphoxide.   The  prepolymer is one which has been obtained by reaction of
methylenediphenylene diisocyanate and tetramethylene  glycol.   Chain
extenders typically used to form  polyurethanes and other dried compatible
solvents can  also be introduced.   Dehydrated tissue is then  introduced
into this prepolymer solution and is allowed  to react while stirring is
performed continuously.   The  reaction can be performed at a suitable
temperature of up  to  60[err] Celsius, but typically at 37[err] Celsius
under dry N[err]  or other inert gas.   The treated tissue is removed,
washed with reaction solvent briefly, disinfected and  stored in buffered
saline.                                         -8-       The preferred
ratios of diisocyanate to diol in the  examples is 2:1. Treated tissue can
be disinfected in a  formaldehyde/glutaraldehyde mixture.   Tissue is
preferably stored in buffered saline solution at neutral  pH containing a
small amount of suitable antifungal  material.       One of the benefits of
tissue fixed in this way is  that it adopts characteristics of both
synthetic and  natural materials.   Because fixation is achieved via a 



chemical bond formed between tissue and the polymeric  fixing agent derived
from polyetherpolyurethanes the  tissue is expected to be more resistant to
hydrolysis  damage than glutaraldehyde.       The monomer or starting
material can be  functionalised for bonding with anticalcification or
other advantageous agents such as pharmacological agents  and
anticoagulants.  The incorporation of these agents  can be achieved before,
during or after the fixing  process.       Glutaraldehyde fixing is known
to shrink biological  tissue considerably.  The shrinkage of biological
tissue  in this invention can be minimised by controlling the  reaction
conditions.        A commercially available glutaraldehyde reagent for
fixing biological  tissue is a mixture of at least three
- 9 -   components such as monomer, oligomer and polymer in  varying
quantities.   This results in product variability  when glutaraldehyde is
used for fixing tissue.   The  procedure described herein is reproducible
as the  starting materials are substantially pure, and the  polymeric
constituents can be predetermined.   Hence the  tissue treated by the
present method gives reproducible 



properties.                                        - 10 -   CLAIMS    1.  A
method of fixing biological tissue using a  solution of polymer or a
precursor of a polymer to  produce a biomaterial with enhanced durability,
characterised in that the polymer used is a polyurethane  and that the
method comprises treating biological tissue  with an aprotic solvent to
remove water from the tissue  thereby rendering the tissue compatible for a
reaction  with a polyurethane or polyurethane precursor, reacting  the
dehydrated tissue with (a) a solution derived from  diisocyanate to which a
diol is subsequently added or  with (b) a solution derived from a
diisocyanate and a  diol or with (c) an isocyanate terminated polyurethane
solution or (d) a combination of two or more of the  solutions  (a), (b),
(c), using an aprotic solvent as  reaction solvent under inert and
anhydrous conditions at  a temperature up 60[err] Celsius, recovering the
treated  tissue and rinsing with aprotic solvent to remove excess
polyetherpolyurethane solution, disinfecting the treated  tissue and
storing the treated tissue in a buffered  



saline solution.    2.  A method according to Claim 1, wherein the treated
tissue is disinfected by soaking it in a
glutaraldehyde/formaldehyde mixture.    3.  A method according to Claim 1
or Claim 2, wherein  the treated tissue is stored in a buffered saline
solution containing antifungal material.  4.  A method according to any
preceding claim, wherein  the mechanical properties of the original tissue
are  maintained.    5.  A method according to any preceding claim, wherein
an anticalcification agent and/or pharmacological agent  and/or an
anticoagulant is/are included before, during or  after the fixation of the
tissue.    6.  A method according to any preceding claim, wherein  the
tissue is freshly harvested animal tissue,  glutaraldehyde or
carbodiimide/glycerol treated tissue,  a  collagen rich material or a
reconstituted or native  collagen material that contains active cross
linking  



sites.    7.  A method according to any preceding claim, wherein  the
aprotic solvent is chosen from dimethyl sulphoxide,  dimethylacetamide,
dimethylformamide and tetrahydrofuran.
- 12 -   8.  A method according to any preceding claim, which  fixes
biological tissue to give long term stability of  fixed tissue.      9 .  A
method according to any preceding claim, wherein  the tissue is derived
from pig, cow, sheep or kangaroo.    10.  A method according to any
preceding claim, wherein  the tissue is animal tissue derived from heart
valves or  pericardial tissue.    


