
TITLE OF THE INVENTION BIORESORBABLE FOAMING TISSUE DRESSING BACKGROUND OF
THE INVENTION 1. Field of the Invention The present invention relates
generally to tissue treatment systems and in particular to methods, systems
and compositions for making and using a pourable and/or injectable gel or
gel-forming solution. 2. Description of Related Art Clinical studies and
practice have shown that providing a reduced pressure in proximity to a
tissue site augments and accelerates the growth of new tissue at the tissue
site. The applications of this phenomenon are numerous, but application of
reduced pressure has been particularly successful in treating wounds. This
treatment (frequently referred to in the medical community as "negative
pressure wound therapy," "reduced pressure therapy," or "vacuum therapy")
provides a number of benefits, including migration of epithelial tissue and
subcutaneous tissue from the healthy tissue towards the tissue site, faster
healing and increased formation of granulation tissue. Typically, reduced
pressure is applied to tissue through a porous pad or other manifolding
device. The porous pad contains cells or pores that are capable of
distributing reduced pressure to the tissue and channeling fluids that are
drawn from the tissue. The porous pad often is incorporated into a dressing
having other components that facilitate treatment. Typically, the porous
pad or other manifolding device is sized to fit the existing wound and
placed in contact with the wound. The pad or device is then periodically
replaced with smaller pieces of dressing as the wound begins to heal and
becomes smaller. While use of reduced pressure therapy with the porous pad
or other manifolding device has been highly successful, there still exist
various difficulties with this process. For example, it may be difficult to
obtain a porous pad or other manifolding device of a proper width, length
or depth to adequately fill the wound. Further, as the porous pad or other
manifolding device is removed it may also remove healthy tissue, thereby
causing further trauma to the tissue site. It has been previously proposed
to use biodegradable materials to make the porous pad 



or other manifolding device, therefore negating the need to remove it from
the tissue site. Further, other have attempted various methods to
manufacturing biodegradable polymers in different shapes. In all of these
methods, however, the biodegradable polymer is formed inadvance into a
particular shape. Individual wounds, however, are of inconsistent shapes
and sizes. Cavi-Care(tm) is a foam dressing produced by Smith & Nephew
Healthcare Limited that is a two-part room temperature vulcanizing foam,
where a polydiethylsiloxane base is mixed with a platinum catalyst and
hydrogen gas-releasing agents, which react together to form that is poured
onto a wound, where it conforms to the shape of the wound. Cavi-Care(tm) is
not biodegradable and must be removed and cleansed on a regular basis. The
foam Cavi-Care(tm) dressing is not porous enough to be used with reduced
pressure therapy. A need exists, therefore, for a bioabsorbable composition
that conforms to the exact shape of a wound, where the composition may
serve as a dressing. The present invention addresses that need. SUMMARY
These and other needs are met through the use of a bioabsorbable tissue
dressing designed to readily conform to the size and shape of the tissue
site. Thus, in its broadest sense, the invention produces compositions,
methods and systems for making and using gel or gelforming solutions in
various configurations. A first embodiment in accordance with the invention
is a flowable bioresorbable tissue dressing including a gas-forming porogen
and a gel or gel-forming solution. Another embodiment in accordance with
the invention is a kit for preparing the abovedescribed tissue dressing
including a gas-forming porogen mixture in a first container and a gel or
gel-forming solution or dehydrated ingredients for a gel or gel-forming
solution in a second container. Another embodiment in accordance with the
invention is a method of treating a tissue site of a mammal with the
above-described dressing including mixing the gas-forming porogen with the
gel or gel-forming solution to create a flowable foaming mixture, then
delivering the foaming mixture onto the tissue site while the mixture is
foaming. Another embodiment in accordance with the invention is a reduced
pressure delivery 



system for applying a reduced pressure tissue treatment to a tissue site,
including the abovedescribed kit, a reduced pressure source, and a
manifold. In these embodiments, the manifold comprises a reduced pressure
delivery tube, where the reduced pressure tube comprises a proximal end, a
distal end, and a lumen extending through the tube, where the proximal end
is in fluid communication with the reduced pressure source and the distal
end is in fluid communication with the dressing.Other objects, features,
and advantages of the present invention will become apparent with reference
to the drawings and detailed description that follow. DETAILED DESCRIPTION
OF ILLUSTRATIVE EMBODIMENTS These embodiments are described in sufficient
detail to enable those skilled in the art to practice the invention, and it
is understood that other embodiments may be utilized and that logical
structural, mechanical, electrical, and chemical changes may be made
without departing from the spirit or scope of the invention. To avoid
detail not necessary to enable those skilled in the art to practice the
embodiments described herein, the description may omit certain information
known to those skilled in the art. The following detailed description is,
therefore, not to be taken in a limiting sense, and the scope of the
illustrative embodiments are defined only by the appended claims. hi the
context of this specification, the term "reduced pressure" generally refers
to a pressure that is less than the ambient pressure at a tissue site that
is subjected to treatment. In most cases, this reduced pressure will be
less than the atmospheric pressure of the location at which the patient is
located. Although the terms "vacuum" and "negative pressure" may be used to
describe the pressure applied to the tissue site, the actual pressure
applied to the tissue site may be significantly greater than the pressure
normally associated with a complete vacuum. Consistent with this
nomenclature, an increase in reduced pressure or vacuum pressure refers to
a relative reduction of absolute pressure, while a decrease in reduced
pressure or vacuum pressure refers to a relative increase of absolute
pressure. Various methods and compositions describing reduced pressure
treatment of tissue is described in the following patent publications:
WO08091521A2, WO08042481A2, WO08036361A2, WO08036359A2, WO08036162A2,
WO08013896A2, WO07143060A2, WO07133556A2, WO07133555A2, WO07106594A2,
WO07106592A2, WO07106591A2, WO07106590A2, 



WO07106589A2, WO07092397A2, WO07067685A2, WO05033273A2, WO05009488A2,
WO04105576A2, WO04060148A2, WO03092620A2, WO03018098A2, WO0061206A1,
WO0038755A2, US20070123895, US7351250, US7346945, US73 16672, US7279612,
US7214202, US7186244, US7108683, US7077832, US7070584, US7004915,
US6994702, US6951553, US6936037, US6856821, US6814079, US6767334, US6695823
and US6135116. As used herein, the singular forms "a", "an" and "the" are
intended to include the plural forms as well, unless the context clearly
indicates otherwise. Additionally, the use of "or" is intended to include
"and/or", unless the context clearly indicates otherwise.The present
application is based on the development of a tissue dressing that can be
poured or injected into a tissue site, where the dressing has sufficient
porosity such that it can be used as a scaffold through which reduced
pressure treatment can be applied. In some embodiments, the present
application is directed to a flowable bioresorbable tissue dressing
comprising a gas-forming porogen and a gel or gel-forming solution. As used
herein, a porogen is a dissolvable particle that is incorporated into a
tissue engineering structure during the fabrication of the structure, and
is then dissolved, leaving pores in the structure. A gas-forming porogen
(also known as a gas foaming porogen) forms a gas such as carbon dioxide
when dissolved, where the gas forms the pores in the structure by foaming.
These embodiments are not limited to any particular gas-forming porogen. hi
some embodiments, the porogen is a mixture of an acid and a salt, e.g., a
carbonate salt. Carbon dioxide is formed upon the mixture of a carbonate
salt and an acid. Examples of carbonate salts include ammonium bicarbonate,
sodium bicarbonate and calcium carbonate. The use of calcium carbonate can
result in a stronger foam than sodium bicarbonate since the Ca+2 ions can
form non-covalent crosslinks with commonly used anionic gels such as
alginates or poloxamers. As is known in the art, poloxamers are nonionic
amphoteric triblock copolymers that are also known as Pluronics(r). See,
e.g., US Patent No. 3,925,241. A non-limiting example of a Pluronic(r) that
is useful for the present invention is Pluronic(r) F127. Crosslinking
stiffness can also be achieved by adding calcium sulfate hemihydrate to the
dressing. 



These embodiments are also not limited to any particular acid to mix with
the salts. The skilled artisan could select an appropriate acid for any
particular application without undue experimentation. In some embodiments,
the acid is citric acid. In these tissue dressings, the carbonate and acid
may be used in stoichiometric amounts. It is also envisioned that the
carbonate and acid are in some circumstances used in non-stoichiometric
amounts. In general, gels are apparently solid materials and have the
structural cohesion of a solid. The gel can be either homogeneous or a
heterogeneous mixture of more than one compound or structure. The
gel-forming solution may be a liquid solution capable of forming a gel. It
will be readily apparent to one skilled in the art that the desired
viscosity range may be achieved by varying the molecular weight and percent
concentration of the materials in the formulation. For example, a gel
having a low viscosity may be achieved by using lowmolecular weight
materials or a low percentage concentration of materials, or a combination
of the two. Conversely, a high viscosity gel may be achieved by using a
higher molecular weight materials and a higher percent concentration.
Intermediate viscosities may be achieved by varying the molecular weight
and percent concentration accordingly. The application is not limited to
any particular chemical composition of the materials used for the gel or
gel-forming solution. These compositions may include, but is not limited
to, materials that form a gel spontaneously after hydration, materials that
require cross-linking agents to form a gel, and the like. Further, the
chemical composition of the gel may include water soluble polymers capable
of forming a viscous aqueous solution or non-water soluble, water swellable
polymers which can also form a viscous solution. In some embodiments, the
gel or gel-forming solution may be made of one or more bioresorbable
materials, i.e., a biocompatible material whose degradation byproducts can
be bioassimilated or excreted via natural pathways in the body, is
dissolved in an appropriate solvent. In another embodiment, the gel or
gel-forming solution includes one or more nonbioresorbable materials. In
yet another embodiment, the gel or gel-forming solution includes both
bioresorbable and non-bioresorbable materials. The gel or gel-forming
solution can also be thermoreversible, that is they can change 



from a liquid to a gel with an increase in temperature. Polymers composed
of polyoxypropylene and polyoxyethylene are known to form thermoreversible
gels when incorporated into aqueous solutions. These polymers have the
ability to change from the liquid state to the gel state at temperatures
close to body temperature. See, e.g., Roy, S. et al , 2001, Antimicrob
Agents Chemother 45: 1671-1681. Thus, the gel or gel-forming solution may
include, but is not limited to, one or more of the following materials:
vinyl polymers, polyoxyethylene-polyoxypropylene copolymers,
polysaccharides, poly (ethylene oxide), polyethylene glycol, acrylamide
polymers, synthetic and natural polyamino acids, glycolide polymers,
poly(glycolic acid), poly(lactide-coglycolide), polyurethanes,
polyphosphazenes, poly(ethylene glycol)-poly(lactide-co-glycolide)
co-polymer, polyhydroxyacids, ethylene glycol/lactide copolymers,
polycarbonates, polyanhydrides, polyortho esters, polyacetals, degradable
polycyanoacrylates, polycarbonates, polyfumarates, and derivatives or salts
thereof. In one embodiment, the gel or gel-forming material includes
polyoxyethylene-polyethylene glycol polymers. The vinyl polymers may be one
or more selected from the group of polyacrylic acid, polymethacrylic acid,
polyvinyl pyrrolidone, lactide, poly(lactide), and polyvinyl
alcohol.Further, the materials of the gel or gel-forming solution may
include one or more polysaccharides, for example cellulose or cellulose
derivatives, glycosaminoglycans, agar, pectin, alginic acid, dextran,
starch, or chitosan. It is contemplated that the starch may be in any form,
including a-amylose and amylopectin. Suitable glycosaminoglycans include
hyaluronic acid, chondroitin, chondroitin-4-sulfate, chondroitin-6-sulfate,
dermatan sulfate, keratan sulfate, heparin sulfate and heparin. The gel or
gel-forming solution may also include one or more proteins, for example
collagen, gelatin, albumin and fibronectin. In addition, one or more of the
materials of the gel or gel-forming solution may crosslink covalently or
noncovalently to form the gel. This occurs, e.g., by use of a bifunctional
reagent such as, for example, glutaraldehyde. Crosslinking can also be
initiated by photopolymerization. For example, exposure of unsaturated
groups including vinyl groups, allyl groups, cinnamates, acrylates,
diacrylates, oligoacrylates, methacrylates, dimethacrylates,
oligomethoacrylates, or other biologically acceptable photopolymerizable
groups can result in 



cross-linking. Further, cross-linking can occur by temperature increases.
For instance, materials which initiate free radical polymerization may
crosslink at physiological temperatures. Such materials include, for
example, potassium persulfate with or without tetramethyl ethylenediamine;
benzoyl peroxide with or without triethanolamine; and ammonium persulfate
with sodium bisulfite. Noncovalent crosslinking can occur between
negatively charged and positively charged compounds. For example,
negatively charged polyacrylate may be mixed with positively-charged
chitosan resulting in crosslinking of the polymers and strengthening of the
gel. In some embodiments, the gel or gel-forming solution comprises
Pluronic(r) F127, a polyacrylate, a poloxamer, a polyethylene glycol,
chitosan, collagen, gelatin, hyaluronic acid, or combinations thereof. In
specific embodiments, the gel or gel-forming solution comprises a
combination of polyacrylate and chitosan. The tissue dressing of these
embodiments can further comprise a non-gas forming porogen, e.g., to add
additional porosity to the dressing. Any compound known in the art as a
porogen can potentially be used for these dressings, including salts,
sugars, gelatin spheres or paraffin spheres. In some embodiments, the
non-gas forming porogen is a salt. The application is not limited by the
type of salt, as long as the salt is of an appropriate particle size and
dissolvable in a fluid, i.e., a gas, liquid, or flowable material,
including but not limited to, colloids, a liquid, a slurry, a suspension, a
viscous gel, a paste, a putty, and particulate solids.Examples of
appropriate salts used herein include, but are not limited to, sodium
chloride and potassium chloride. The non-gas forming porogen can also be a
sugar, e.g., sucrose, saccharose, or any other sugar. It is understood that
the size of the resulting pores is dependent upon the type of porogen
system used. For example, if the porogen system is a salt than the
resulting pore size is approximately the size of the salt particles used.
If, however, the porogen system is a gasforming system, as with carbonate
and acid, then the resulting pores size is dependent upon the size of the
carbonate and acid particles and the amount of gas produced. As such, one
may use any method to control the size of the porogen system, including but
not limited to, sieving and centrifugation. In one embodiment, the porogen
system is sieved through one or more screens 



to produce particles of a certain size. Thus, the pore size will be at a
minimum the size of the particles produced by the sieving. Further, the
amount of porogen system used and the particle size of the porogen system
will control the percent porosity of the resulting porous gel. It is
understood that the percent porosity preferred by the practitioner may
depend upon factors such as the mechanical properties of the materials used
within the gel or gel-forming solution, such as bioresorbable polymers, the
cell infiltration desired, the presence or absence of wound healing or
tissue treatment substances, and the like. In one embodiment, the percent
porosity is at least about 50%. In another embodiment, the percent porosity
is about 70%. Typically, the pore size produced by the porogen system(s)
utilized herein is about 50 to about 1,500 microns. In one embodiment, the
pore size is between about 100 and about 500 microns. In another
embodiment, the pore size is between about 100 and about 250 microns. In
some embodiments, the tissue dressing further comprises a structure that
adds mechanical strength to the dressing. Nonlimiting examples include a
microsphere or a fiber or both. Microspheres for incorporation into the
dressing can be prepared by any means known in the art. For example,
microspheres can be prepared by a spraying method, an an aqueous two phase
method or an oil/water emulsion method, as they are known in the art. In
the oil-inwater emulsion method the at least one bioresorbable polymer is
dissolving in a solvent to form a first mixture. The polymer mixture is
then added to an aqueous solution, preferably containing a surfactant, and
vigorously agitated. The solvent is then evaporated off, leaving resulting
microspheres. Pores in microspheres can be made using a gas-foaming porogen
(Kim TK et al, 2006, Biomaterials 27:152-159).The bioresorbable polymers
for the microspheres can include, but are not limited to, lactide,
poly(lactide) (PLA), glycolide polymers, poly(glycolic acid) (PGA),
poly(lactide-coglycolide) (PLGA), ethylene glycol/lactide copolymers,
polycaprolactone (PCL), polyhydroxybutyrate, polyurethanes,
polyphosphazenes, poly(ethylene glycol)-poly(lactideco- glycolide)
co-polymer, polyhydroxyacids, polycarbonates, polyamides, polyanhydrides,
polyamino acids, polyortho esters, polyacetals, degradable
polycyanoacrylates, polycarbonates, polyrumarates, degradable
polyurethanes, proteins such as albumin, collagen, 



fibrin, synthetic and natural polyamino acids, polysaccharides such as
alginate, heparin, and other naturally occurring biodegradable polymers of
sugar units. In some embodiments, the structure comprises polylactide
(PLA), polyglycolic acid (PLG), poly(lactide-co-glycolide) (PLGA),
polyethylene glycol-PLA, PLA-polycaprolactone (PCL), a polyorthoester, a
polyphosphazene, or a polyphosphoester. In more specific embodiments the
microsphere comprises a PLA:PCL copolymer, where the ratio of PLA to PCL
may range from 1000:1 to 1:100. In one embodiment, the PLA:PCL copolymer
ratio is about 90: 10. In another embodiment, the PLA:PCL copolymer ratio
is about 80:20. In yet another embodiment, the PLA:PCL copolymer ratio is
about 70:30. Further, the size of the microspheres may be any size that is
convenient to the practitioner. In one embodiment, the microsphere size is
between about 50 to about 2,500 microns. In another embodiment, the
microspheres are between about 100 and about 1,000 microns. In still
another embodiment, the microspheres are between about 250 and about 500
microns. The size of the microspheres may be controlled by any means,
including by not limited to, sieving and centrifugation. In one embodiment,
the microspheres are sieved through one or more screens to produce
microspheres of a certain size. Staple fibers may also be incorporated into
the tissue dressing for strength. The fibers can be made by any means known
in the art. The fibers can also be made of any of the same ingredients as
the microspheres described immediately above, including but not limited to
polylactide (PLA), polyglycolic acid (PLG), poly(lactide-co-glycolide)
(PLGA), polyethylene glycol-PLA, PLA-polycaprolactone (PCL), a
polyorthoester, a polyphosphazene, or a polyphosphoester. The fibers may be
used in conjunction with any embodiment of this invention, and thus may be
used with or without bioresorbable microspheres, various porogen systems,
and the like for use with reduced pressure therapy systems. In some
embodiments, the dressing further comprises a bioactive agent, i.e., a
compound or element (e.g., iron) that can improve the outcome of the
treatment. Examplesinclude nutritional supplements, antibiotics, small
(<2000 mw) organic compounds (e.g., serotonin, prostaglandin, prostacyclin,
thromboxane, histamine) peptides (e.g., bradykinin), nucleic acids (e.g.,
aptamers or genetic vectors), and proteins such as growth factors. These 



embodiments are not limited to the use of any particular growth factor.
Examples of potentially useful growth factors within the scope of these
embodiments include growth hormone (GH), a bone morphogenetic protein
(BMP), transforming growth factor-a (TGF-a), a TGF-b, a fibroblast growth
factor (FGF), granulocyte-colony stimulating factor (G-CSF),
granulocyte/macrophage colony stimulating factor (GMCSF), epidermal growth
factor (EGF), platelet derived growth factor (PDGF), insulin-like growth
factor (IGF), vascular endothelial growth factor (VEGF), hepatocyte growth
factor/scatter factor (HGF/SF), an interleukin, tumor necrosis factor-a
(TNF-a) or nerve growth factor (NGF). The growth factor can be derived from
any species, including human. In some embodiments, the tissue dressing
comprises a mammalian cell. Examples include an embryonic stem cell, an
adult stem cell, an induced pluripotent stem cell, an epithelial cell, an
endothelial cell, a mesenchymal cell, a muscle cell, a fibroblast, a
chondrocyte, an adipocyte, or an osteocyte. The cell can be of any
mammalian species, including humans. Any of the above-described tissue
dressings can be prepared in a kit form for ease of distribution and
preparation. The present invention is thus also directed to a kit for
preparing the above-described tissue dressing. The kit comprises a
gas-forming porogen mixture in a first container and a gel or gel-forming
solution or dehydrated ingredients for a gel or gelforming solution in a
second container. In some embodiments, the kit also comprises instructions
for treating a tissue site with the dressing. In various embodiments, the
porogen is a mixture of an acid and a carbonate salt. The carbonate salt
can be for example ammonium bicarbonate, sodium bicarbonate or calcium
carbonate. These embodiments are also not limited to any particular acid to
mix with the salts. In some embodiments, the acid is citric acid. The
application is not limited to any particular chemical composition of the
materials used for the gel or gel-forming solution. In some embodiments,
the gel or gel-forming solution comprises Pluronic(r) F127, a polyacrylate,
a poloxamer, a polyethylene glycol, chitosan, collagen, gelatin, hyaluronic
acid, or combinations thereof. In various embodiments of these kits, the
second container further comprises a 



structure that adds mechanical strength to the dressing. Nonlimiting
examples of such structures include a microsphere or a fiber, as discussed
above.Some of these kits further comprise a bioactive agent, e.g., an
antibiotic or growth factor. Other kits further comprise a mammalian cell,
as discussed above. The above-described tissue dressings can be used to
treat tissue sites in a vertebrate, for example a mammal, including humans.
Thus, in some embodiments, the invention is directed to a method of
treating a tissue site of a mammal with the above-described tissue
dressing. The method comprises mixing the gas-forming porogen with the gel
or gel-forming solution to create a flowable foaming mixture, then
delivering the foaming mixture onto the tissue site while the mixture is
foaming. The bioactive agents or cells utilized in the dressing may be
combined at any time with the gel or gel-forming solution. Further, the
bioactive agents may be covalently or noncovalently bound to the gel or
gel-forming solution by, for example, use of a cross linker, inclusion of a
specific reactive group, electrostatic interactions, hydrophilic
interactions, hydrophobic interactions, attachment by use of molecules such
as streptavidin, or through the use of a combination of covalent and
non-covalent interactions. The foaming mixture can be delivered onto the
tissue site by any appropriate method. In some embodiments, the foaming
mixture is delivered to the tissue site by pouring or injecting the mixture
onto the tissue site. In other embodiments, the foaming mixture is
delivered to the tissue site by delivery through a manifold delivery tube
of a reduced pressure delivery system. The manifold delivery tube may be
the same or different tube that reduced pressure is delivered from. The
foaming gel or gel-forming solution is thus poured, spread or injected
into/onto the tissue site, where it forms a gel in situ at the tissue site.
In one embodiment, the porogen system is allowed to completely react, i.e.,
the porogen system has stopped foaming and is incapable of forming
additional pores, before placing the gel or gel-forming solution into the
wound. In another embodiment, the gel or gel-forming solution is placed
into/onto the wound while the porogen system is still foaming. The
resulting gel should be of sufficient increased mechanical strength that
the gel and the pores formed by the porogen system will generally hold
their shape in a reduced pressure 



environment, thus allowing flow of air and/or liquids through the pores. In
some of these methods, the gas-forming porogen further comprises a
structure that adds mechanical strength to the dressing. Examples of
suitable structures include microspheres and staple fibers. In various
embodiments, the gel or gel-forming solution is thermoreversible. Such
dressings are particularly useful when the dressing is injected or poured
since the dressing will remain liquid until it is warmed at the tissue
site.These methods can be used on any vertebrate tissue site, such as on a
mammal, including a human. In some embodiments, the tissue site comprises
an exposed wound on the mammal. Examples of such wounds include an acute
surgical wound, a pressure ulcer, a trauma wound, a diabetic wound, a skin
graft, an open abdominal wound, or a burn. The tissue site can also be a
site of a defect such as a congenital defect or a defect due to the removal
of tissue, e.g., due to cancer or infection. The present methods include
utilization of the tissue dressing to encourage growth to fill such
defects. In some embodiments of these methods, the tissue site is an
internal site and the foaming mixture is delivered to the tissue site
percutaneously. Any internal site could be treated by these methods,
including internal organs. In some embodiments, the tissue site is on a
bone. These tissue dressings can be utilized in reduced pressure treatment,
provided the dressing comprises sufficient open pores that create a
plurality of flow channels after the mixture stops foaming. In these
embodiments, the method further comprises covering the dressing with a
drape and applying a reduced pressure to the wound site through the
dressing. In some of these methods, reduced pressure is delivered to the
wound site through a manifold. In these embodiments, the manifold comprises
a reduced pressure delivery tube, wherein the reduced pressure tube
comprises a proximal end, a distal end, and a lumen extending through the
tube, and wherein the proximal end is in fluid communication with a reduced
pressure source and the distal end is in fluid communication with the
dressing. In some embodiments of the methods utilizing reduced pressure,
the tissue site and the gel are covered by a drape made of a flexible
substance, in most cases made of impermeable materials, thus blocking or
slowing the transmission of either liquids or gas. The drape will extend
over the surface of the tissue site and gel and extend beyond the edges of
the wound. 



At least one reduced pressure delivery tube is placed beneath the drape,
and extends out from underneath the drape. The reduced pressure delivery
tube is placed in fluid communication to a reduced pressure source, which
preferably comprises a canister safely placed under the vacuum through
fluid communication with a reduced pressure source. Any structure and set
up of the reduced pressure therapy device that is now known or later
discovered could be utilized with these methods. In one embodiment, the
tissue site and the gel are covered by a drape made of a flexible substance
made preferably of impermeable materials, thus blocking or slowing the
transmission of either liquids or gas. The drape will extend over the
surface of the tissue site and gel and extend beyond the edges of the
wound. At least one reduced pressure delivery tube is placed beneath the
drape, and extends out fromunderneath the drape. The reduced pressure
delivery tube is placed in fluid communication to a reduced pressure
source. Reduced pressure therapy is then applied to the wound. It is
understood that the frequency and level of reduced pressure of the therapy
treatment depends upon the location of the body, the size and shape of the
tissue site, the composition of the gel, and the types of various
ingredients applied to the site, if any. Further, depending upon the
treatment regimen, reduced pressure therapy may be substantially continuous
application or cyclical such that it oscillates the pressure over time. In
yet another embodiment, a manifold is placed over the gel dressing. The
dressing and/or manifold facilitates substantially homogeneous reduced
pressure distribution over the entire tissue site. Reduced pressure therapy
is then applied to the wound, compressing the gel and mechanically pressing
the microspheres into the tissue site (305). The use of the microspheres is
beneficial because the mechanical pressure against the wound promotes
granulation, therefore reducing healing and/or tissue growth time. In
additional embodiments, the invention is directed to a reduced pressure
delivery system for applying a reduced pressure tissue treatment to a
tissue site. The system comprises the above identified kit for preparing
the tissue dressing, a reduced pressure source, and a manifold. In these
embodiments, the manifold comprises a reduced pressure delivery tube
comprising a proximal end, a distal end, and a lumen extending through the
tube. The 



proximal end of the tube is in fluid communication with the reduced
pressure source and the distal end is in fluid communication with the
dressing. In some of these embodiments, the manifold further comprises a
second tube suitable for delivery of the above-described tissue dressing to
a tissue site. Preferred embodiments are described in the following
example. Other embodiments within the scope of the claims herein will be
apparent to one skilled in the art from consideration of the specification
or practice of the invention as disclosed herein. It is intended that the
specification, together with the examples, be considered exemplary only,
with the scope and spirit of the invention being indicated by the claims,
which follow the example. Example 1. Production and use of a tissue
dressing having a gas-forming porogen in a reduced pressure treatment
systemPrepare a pourable, in-situ foaming formulation comprising
microspheres and a thermoreversible gel by first preparing 29% of
Pluronic(r) F127 (BASF Corporation). The percent of Pluronic(r) F127 was
selected because previous studies have indicated that 28% gelled slowly at
37C while 30% pluronic F127 gelled at room temperature overnight. Prepare
10 mL of 29% pluronic Fl 127 by dissolving 2.9g of F127 in 1OmL H2O. Place
in refrigerator overnight to aid dissolution. Combine 0.9 g calcium
carbonate (Sigma, Incorporated) with 0.55g citric acid (J.T. Baker) such
that the resulting porogen system is in the amount of 50% of the F127 by
dry weight. Prepare bioresorbable microspheres, and mix approximately 5 mL
with the porogen system. Add 200 ml H2O to the F 127 solution and then add
the F127 to the microsphereporogen system mixture. Mix by hand, allowing
the porogen system to react with the F127 solution. Transfer mixture to 37
0C water bath for 10 minutes. Place in tissue site, connect to V.A.C.(r)
therapy system, and seal with drape. Apply reduced pressure. In view of the
above, it will be seen that the several advantages of the invention are
achieved and other advantages attained. As various changes could be made in
the above methods and compositions without 



departing from the scope of the invention, it is intended that all matter
contained in the above description and shown in the accompanying drawings
shall be interpreted as illustrative and not in a limiting sense. All
references cited in this specification are hereby incorporated by
reference. The discussion of the references herein is intended merely to
summarize the assertions made by the authors and no admission is made that
any reference constitutes prior art. Applicants reserve the right to
challenge the accuracy and pertinence of the cited references.CLAIMS What
is claimed is: Claim 1. A flowable bioresorbable tissue dressing comprising
a gas-forming porogen and a gel or gel-forming solution. Claim 2. The
dressing of claim 1, wherein the porogen is a mixture of an acid and a
carbonate salt. Claim 3. The dressing of claim 2, wherein the acid is
citric acid. Claim 4. The dressing of claim 2, wherein the carbonate salt
is ammonium bicarbonate, sodium bicarbonate or calcium carbonate. Claim 5.
The dressing of claim 1, wherein the gel or gel-forming solution comprises
Pluronic(r) F127, a polyacrylate, a poloxamer, a polyethylene glycol,
chitosan, collagen, gelatin, hyaluronic acid, or combinations thereof.
Claim 6. The dressing of claim 1, wherein the gel or gel-forming solution
comprises a combination of polyacrylate and chitosan. Claim 7. The dressing
of claim 1, wherein the gel or gel-forming solution is thermoreversible.
Claim 8. The dressing of claim 1, further comprising a non-gas forming
porogen. Claim 9. The dressing of claim 8, wherein the non-gas forming
porogen is a salt. Claim 10. The dressing of claim 9, wherein the salt is
sodium chloride or potassium chloride. Claim 11. The dressing of claim 8,
wherein the non-gas forming porogen is a sugar. Claim 12. The dressing of
claim 1, further comprising a structure that adds mechanical strength to
the dressing.Claim 13. The dressing of claim 12, wherein the structure is a
microsphere or a fiber. Claim 14. The dressing of claim 12, wherein the
structure comprises polylactide (PLA), polyglycolic acid (PLG),
poly(lactide-co-glycolide) (PLGA), polyethylene glycol-PLA,
PLApolycaprolactone 



(PCL), a polyorthoester, a polyphosphazene, or a polyphosphoester. Claim
15. The dressing of claim 1, further comprising a compound that adds
stiffness to the dressing. Claim 16. The dressing of claim 15, wherein the
compound is calcium sulfate hemihydrate. Claim 17. The dressing of claim 1,
further comprising a bioactive agent. Claim 18. The dressing of claim 17,
wherein the bioactive agent is an antibiotic. Claim 19. The dressing of
claim 17, wherein the bioactive agent is a growth factor. Claim 20. The
dressing of claim 19, wherein the growth factor is growth hormone (GH), a
bone morphogenetic protein (BMP), transforming growth factor-a (TGF-a), a
TGF-b, a fibroblast growth factor (FGF), granulocyte-colony stimulating
factor (G-CSF), granulocyte/macrophage colony stimulating factor (GMCSF),
epidermal growth factor (EGF), platelet derived growth factor (PDGF),
insulin-like growth factor (IGF), vascular endothelial growth factor
(VEGF), hepatocyte growth factor/scatter factor (HGF/SF), an interleukin,
tumor necrosis factor-a (TNF-a) or nerve growth factor (NGF). Claim 21. The
dressing of claim 1, further comprising a mammalian cell. Claim 22. The
dressing of claim 21, wherein the mammalian cell is an embryonic stem cell,
an adult stem cell, an induced pluripotent stem cell, an epithelial cell,
an endothelial cell, a mesenchymal cell, a muscle cell, a fibroblast, a
chondrocyte, an adipocyte, or an osteocyte. Claim 23. The dressing of claim
21, wherein the mammalian cell is a human cell.Claim 24. A kit for
preparing the tissue dressing of claim 1, the kit comprising a gas-forming
porogen mixture in a first container and a gel or gel-forming solution or
dehydrated ingredients for a gel or gel-forming solution in a second
container. Claim 25. The kit of claim 24, wherein the porogen is a mixture
of an acid and a carbonate salt. Claim 26. The kit of claim 25, wherein the
acid is citric acid. Claim 27. The kit of claim 25, wherein the carbonate
salt is ammonium bicarbonate, sodium bicarbonate or calcium carbonate.
Claim 28. The kit of claim 24, wherein the gel or gel-forming solution
comprises Pluronic(r) F127, a polyacrylate, a poloxamer, a polyethylene
glycol, chitosan, collagen, gelatin, hyaluronic acid, or combinations
thereof. 



Claim 29. The kit of claim 24, wherein the second container further
comprises a structure that adds mechanical strength to the dressing. Claim
30. The kit of claim 29, wherein the structure is a microsphere or a fiber.
Claim 31. The kit of claim 24, further comprising a bioactive agent. Claim
32. The kit of claim 31, wherein the bioactive agent is an antibiotic.
Claim 33. The kit of claim 31, wherein the bioactive agent is a growth
factor. Claim 34. The kit of claim 28, further comprising a mammalian cell.
Claim 35. A method of treating a tissue site of a mammal with the dressing
of claim 1, the method comprising mixing the gas-forming porogen with the
gel or gel-forming solution to create a flowable foaming mixture, then
delivering the foaming mixture onto the tissue site while the mixture is
foaming.Claim 36. The method of claim 35, wherein the foaming mixture is
delivered to the tissue site by pouring or injecting the mixture onto the
tissue site. Claim 37. The method of claim 35, wherein the foaming mixture
is delivered to the tissue site by delivery through a manifold delivery
tube of a reduced pressure delivery system. Claim 38. The method of claim
35, wherein the gel or gel-forming solution is thermoreversible. Claim 39.
The method of claim 35, wherein the gas-forming porogen further comprises a
structure that adds mechanical strength to the dressing. Claim 40. The
method of claim 39, wherein the structure is a microsphere or a fiber.
Claim 41. The method of claim 35, wherein the tissue site comprises an
exposed wound on the mammal. Claim 42. The method of claim 41, wherein the
exposed wound is an acute surgical wound, a pressure ulcer, a trauma wound,
a diabetic wound, a skin graft, an open abdominal wound, or a burn. Claim
43. The method of claim 35, wherein the tissue site is an internal site and
the foaming mixture is delivered to the tissue site percutaneously. Claim
44. The method of claim 43, wherein the tissue site is on a bone. Claim 45.
The method of claim 35, wherein the dressing comprises open pores that
create a plurality of flow channels after the mixture stops foaming. 



Claim 46. The method of claim 34, further comprising covering the dressing
with a drape and applying a reduced pressure to the wound site through the
dressing. Claim 47. The method of claim 46, wherein the reduced pressure is
delivered to the wound site through a manifold,the manifold comprising a
reduced pressure delivery tube, wherein the reduced pressure tube comprises
a proximal end, a distal end, and a lumen extending through the tube,
wherein the proximal end is in fluid communication with a reduced pressure
source and the distal end is in fluid communication with the dressing.
Claim 48. The method of claim 47, wherein the foaming mixture is delivered
to the tissue site through the reduced pressure delivery tube. Claim 49.
The method of claim 47, wherein the manifold further comprises a second
tube, wherein the foaming mixture is delivered to the tissue site through
the second tube. Claim 50. The method of claim 35, wherein the mammal is a
human. Claim 51. A reduced pressure delivery system for applying a reduced
pressure tissue treatment to a tissue site, the system comprising the kit
of claim 24, a reduced pressure source, and a manifold, the manifold
comprising a reduced pressure delivery tube, wherein the reduced pressure
tube comprises a proximal end, a distal end, and a lumen extending through
the tube, wherein the proximal end is in fluid communication with the
reduced pressure source and the distal end is in fluid communication with
the dressing. Claim 52. The reduced pressure delivery system of claim 51,
wherein the manifold further comprises a second tube suitable for delivery
of the dressing of claim 1 to a tissue site. 


