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(57) Abstract: A method of treating a lesion in a gastrointestinal tract and an injectate system are provided. The method includes
injecting a crosslinkable gel into a first tissue layer, the crosslinkable gel increasing a volume of the first tissue layer. The method also
includes providing a crosslinker and resecting a portion of a first tissue layer having the increased volume away from a second tissue
layer creating an exposed region in a remaining portion of the first layer and leaving a portion of the gel covering at least a portion of
the exposed region. The injectate system includes a crosslinkable gel and a crosslinker where the crosslinkable gel and the crosslinker
form a crosslinked gel having a compressive modulus of about 10-500 kPa.
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CROSSLINKING SUBMUCOSAL INJECTATE SYSTEM

RELATED APPLICATIONS
[0001]  This application claims the benefit of U.S. Provisional Application No.

62/563,912, filed September 27, 2017, which 1s incorporated by reference herein

in its entirety.

BACKGROUND
1. Technical Field

[0002]  The present invention relates to devices and methods for treating
lesions in the gastrointestinal tract, such as lesions arising from the disorders of the
gastrointestinal tract and/or medical procedures that require bulking of the
gastrointestinal tract or removal of the mucosal and a portion of the submucosal
layers of gastrointestinal tract wall and protection of the exposed tissue after
removal of the lesion. In particular, the present invention relates to a crosslinking
submucosal injectate system and method.

[0003]

2. Background Information

[0004]  There are several disorders of the gastrointestinal tract, e.g.,
gastrointestinal inflammation, gastrointestinal cancer, gastrointestinal infection,
gastrointestinal motility dysfunction, or lesions, wounds or contusions of tissue of
a portion of the gastrointestinal tract that can cause gastrointestinal lesions. In
addition, there are a wide variety of medical procedures that require removal of the
mucosal or submucosal layers of gastrointestinal tract wall and can also cause
injury or lesions in the gastrointestinal tract. There are also medical procedures
that require separating tissues, such as removal of oral lymphoid tissue away from
underlying tissue in the mouth and neck. Non-limiting examples include
tonsillectomies, adenoidectomies, oral tumor resections or other 1atrogenic oral
lesions. Other procedures include endoscopic mucosal resection (EMR),
endoscopic submucosal dissection (ESD), polypectomy, per-oral endoscopic

myotomy, biopsy, and ablation (thermal, chemical, radiofrequency, and
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cryogenic). As with the disorders of the gastrointestinal tract, similar adverse
events can occur after removal of the mucosal or submucosal layers, including
bleeding and stricturing.

[0005] Safe removal of a lesion from the gastrointestinal track can be
challenging. The walls of the gastrointestinal tract include multiple tissue layers
as shown in FIG. 1. Removal of one or more layers, for example the mucosa or
the mucosa and submucosa, without damaging the underlying layers that remain
after removal of the outer layer 1s difficult. Bleeding and perforation of the
underlying layer may occur. In addition, after the removal of one or more layers,
the underlying tissue 1s exposed to the contents of the gastrointestinal tract. With
the protective layer of the mucosa removed, the underlying tissue can be damaged.
For example, stomach acid or digestive enzymes may harm the underlying tissue
which can lead to post resection complications such as delayed bleeding, ulcer
formation, scar formation and stricturing. With respect to removal of oral
lymphoid tissue, challenges also exist. Antibiotics do not help reduce post-surgery
pain or healing with tonsillectomies or adenoidectomies. Antibiotics are not
prescribed unless an infection arises later.

[0006] New and improved systems and methods for separation of the tissue
layers that minimize the risk of bleeding and perforation and systems and methods
for protective coverings over the newly exposed tissues are highly desirable.
Systems and methods that will protect the healing wound from the harmful
bacteria and food that impedes the healing process and causes inflammation when
oral lymphoid tissue is removed are also desirable. These systems and methods
can reduce pain and decrease healing time. The systems and methods described
herein will also help reduce pain by protecting exposed nerve endings from being
triggered from things like eating, swallowing, talking, breathing by providing a

protective covering.

SUMMARY
[0007]  In one embodiment, a method of treating a lesion in a gastrointestinal
tract 1s provided. The method includes injecting a crosslinkable gel into a first

tissue layer where the crossslinkable gel increases a volume of the first tissue
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layer. The method also includes providing a crosslinker and resecting a portion of
the first tissue layer having the increased volume away from a second tissue layer
creating an exposed region in a remaining portion of the first layer and leaving a
portion of the gel covering at least a portion of the exposed region of the first
tissue layer.

[0008] In one embodiment, an injectate system is provided. The injectate
system includes a crosslinkable gel and a crosslinker for crosslinking the gel, so
that the crosslinkable gel and the crosslinker form a crosslinked gel having a
compressive modulus of about 10-500 kPa.

[0009]  In one embodiment, method of increasing a thickness of a tissue layer 1s
provided. The method includes injecting a crosslinkable gel into a tissue layer to
increase the thickness of the tissue layer, providing a crosslinker to the tissue layer
and crosslinking the crosslinkable gel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]  FIG. 1 is an illustration of the layers of the gastrointestinal tract.

[0011]  FIG. 2 is a sectional view of an injectate solution of an embodiment
described herein being delivered using a delivery system.

[0012]  FIG. 3 is a sectional view of the injectate solution at the site after
removal of a layer of tissue.

[0013]  FIG. 4 illustrates an embodiment showing a raised mucosal and
submucosal tissue that occurs after the injectate solution has been injected into the
submucosa.

[0014]  FIG. 5A illustrates the lesion after the mucosa and submucosa have
been resected.

[0015]  FIG. 5B illustrates an embodiment of the lesion with a protective layer
of crosslinked gel where the tissue was resected using a crosslinked gel as the
lifting solution.

[0016]  FIG. 6A illustrates a lesion 4 days after the mucosa and submucosa
have been resected. The exposed tissue is irritated and bleeding.

[0017]  FIG. 6B illustrates an embodiment of a lesion with a protective layer of

a crosslinked injectate solution 4 days after the mucosa and submucosa have been
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resected. As shown, the crossed linked injectate solution is still present on the
lesion and the lesion 1s well healed.

[0018]  FIG. 7 shows a histological slide where the ruptured submucosal fibers
can be seen in the center of the tissue.

[0019] FIGS. 8A and 8B illustrate histological slides showing that
uncrosslinked gel solution of 10% sodium alginate (FIG. 8A) and saline solution
(FIG. 8B) did not rupture submucosal fibers.

[0020]  FIG. 9 shows a side view of an embodiment of a delivery device.
[0021]  FIG. 10 illustrates oral lymphoid tissue in the head and neck.

[0022]  FIGS. 11A-11C illustrate an embodiment showing the crosslinked
injectate solution being employed to remove oral lymphoid tissue from underlying

muscle tissue.

DETAILED DESCRIPTION

[0023]  The invention 1s described with reference to the drawings in which like
elements are referred to by like numerals. The relationship and functioning of the
various elements of this invention are better understood by the following detailed
description. However, the embodiments of this invention are not limited to the
embodiments illustrated in the drawings. It should be understood that the
drawings are not to scale, and in certain instances details have been omitted which
are not necessary for an understanding of the present invention, such as
conventional fabrication and assembly.

[0024]  As used in the specification, the terms proximal and distal should be
understood as being in the terms of a physician delivering the injectable solution
to a patient. Hence the term “distal” means the portion of the device that 1s
farthest from the physician and the term “proximal” means the portion of the
device that 1s nearest to the physician.

[0025]  The present invention relates to methods and devices to facilitate
resection of mucosal and a portion of submucosal tissue and methods for
protecting or treating lesions in the gastrointestinal tract resulting from disorders
of the gastrointestinal tract and/or medical procedures that require removal of one

or more layers of the gastrointestinal tract, such as the mucosal and submucosal
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layers of gastrointestinal tract or oral lymphoid tissue and methods for increasing
the thickness of a tissue layer. By way of non-limiting example, the procedures
performed in the gastrointestinal tract may include endoscopic submucosal
dissection, endoscopic mucosal resection, polypectomy, tonsillectomy,
adenoidectomy, oral tumor resection, and combinations thereof. Examples of
disorders include ulcer, cancer, varices, Barrett’s esophagus, 1atrogenic oral
lesions or a combination thereof. The present invention relates to a submucosal
injectate that both facilitates safe removal of mucosal and a portion of submucosal
tissue or oral lymphoid tissue and additionally provides a protective coating to the
newly exposed underlying tissue layers. In some embodiments, the crosslinkable
gel and the crosslinker may be used to increase the thickness of a tissue layer.
Non-limiting examples of disorders that may be treated by modifying the
thickness of a tissue include injections of the injectate solution into the submucosa
to treat Gastro-esophageal reflux disease (GERD) or fecal incontinence.

[0026]  The protective coating is provided to protect or treat the site from
further injury or infection, slow or stop bleeding, prevent delayed bleeding,
prevent delayed perforation, seal anastomotic leaks or fistulas, and/or promote
healing at the exposed site. The protective covering remains at and about the
lesion site for a time sufficient to allow the site to be treated or healed (minimum
of 30 minutes; preferably 24 hours; more preferably at least 48 or 72 hours; most
preferably the protective covering is capable of remaining at and about the lesion
site for 24-72 hours or longer; hence the term “long-lasting” refers to the time
period that a protective covering of the present invention remains at and about the
lesion and means anywhere from 30 minutes to 72 hours or longer). The term
“protect” refers to protecting the site of the lesion from further injury or infection.
The term “treat” refers to slowing or stopping bleeding at the site of the lesion,
preventing delayed bleeding, preventing delayed perforation of the lesion, and/or
promoting healing at the exposed site of the lesion, and/or promoting new tissue
formation. The term “heal” in reference to a lesion refers to a process of repairing

the gastrointestinal tissue by natural processes, as by, for example, scar formation
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so that following “healing” the lesion 1s at least reduced in size as compared to the
initial size of the lesion or absent.

[0027]  FIG. 2 illustrates a delivery device 100 for delivering an injectate
solution to a tissue treatment site 110. A distal portion 112 of the delivery device
100 1s shown in FIG. 2. The delivery device 100 may include a catheter 114
having a sharpened tip 115, such as a needle, to facilitate entry of the catheter 114
into the submucosal space. In some embodiments, the catheter 114 may include
an outer catheter 116 that coextends with the catheter 114 and can cover the
sharpened tip 115 for delivery to the treatment site 110. At the site, the catheter 14
may be extended from the outer catheter 116 for insertion of the tip 115 into the
tissue 110. As shown in FIG. 2, the catheter 114 may inserted into a first layer of
tissue 120 to add volume to the first layer of tissue 120. As shown in FIG. 2, the
injection of an injectate solution 124 into the first layer 120 raises the first layer
and one or more adjacent layers 122 to bulk the tissue or facilitate resection a
portion of the second layer 122 from the first layer 120 by creating an elevated
portion 126. The layers 120, 122 may be any adjacent layers of tissue, for
example, the muscularis and submucosal layers. In some embodiments, the
injectate solution 124 may be injected into the submucosa to facilitate resection of
a portion of the submucosal layer away from the muscularis layer without
perforating the muscularis layer. The mucosal layer may be removed together
with the portion of the resected submucosal layer. In some embodiments, the
injectate solution 124 may break the attachments between the tissue layers 120,
122. The elevated tissue portion 126 may then be resected by the physician using
an electrocautery device or snare. In some embodiments, a portion of the
submucosal layer 1s removed and a portion of the submucosal layer remains
connected to the muscularis layer so that the muscularis layer 1s not perforated
during the removal procedure. One skilled in the art will understand how much of
the submucosal layer to remove during the procedure while leaving the muscularis
layer intact.

[0028] FIGS. 3 illustrates the treatment site 110 after the elevated tissue

portion 126 shown in FIG. 2 has been removed. FIG. 3 illustrates that a portion of
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the injectate solution 124 may remain at the site 110 after the elevated tissue
portion 126 has been removed. The injectate solution 124 may be entangled with
fibers from the portion of the second layer remaining with the first layer. The
remainder of the injectate solution 124 and the remainder of the second layer 122
have been removed. The injectate solution 124 may be crosslinked before or after
the elevated tissue portion 126 is removed as explained in more detail below.
Where the injectate solution 124 is used to bulk the tissue, the injectate solution
124 may be injected into a layer of tissue to increase the volume of the tissue
without any further procedure.

[0029]  In some embodiments, the injectate solution 124 may be used to
separate oral lymphoid tissue from tissue, such as muscle. Oral lymphoid tissue
includes lymph nodes, adenoids and tonsils. FIG. 10 illustrates oral lymphoid
tissue in the head and neck that may be removed using the injectate solution. As
shown in FIG. 11A, the catheter 114 may inserted at a treatment site 210 between
oral lymphoid tissue 220 and muscle tissue 230. As shown in FIG. 11B, the
injection of an injectate solution 124 between the oral lymphoid tissue 220 raises
the oral lymphoid tissue 220 away from the muscle tissue 230 to facilitate
resection the oral lymphoid tissue 220. In some embodiments, the injectate
solution 124 may break the attachments between the oral lymphoid tissue 220 and
the muscle tissue 230. The oral lymphoid tissue 220 may then be resected by the
physician using an electrocautery device or snare. A portion of the injectate
solution 124 may be removed with the oral lymphoid tissue 220.

[0030] FIG. 11C illustrates the treatment site 210 after the oral lymphoid
tissue 220 have been removed. FIG. 11C illustrates that a portion of the injectate
solution 124 may remain at the site 210 after the oral lymphoid tissue 220 been
removed. The injectate solution 124 may be entangled with fibers from the
muscle tissue 230. The remainder of the injectate solution 124 and oral lymphoid
tissue 220 have been removed. The injectate solution 124 may be crosslinked
before or after the oral lymphoid tissue portion is removed as explained in more

detail below.
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[0031] In some embodiments, the injectate solution 124 may include a gel,
such as a crosslinkable hydrogel, but are not limited thereto. Hydrogels as used
herein are crosslinkable hydrophilic polymer structures that can imbibe large
amounts of water or biological fluids. Examples of suitable crosslinkable gels
include, but are not limited to the following including agarose, alginate, Carbomer,
carboxymethyl cellulose, collagen, fibronectin, chitosan, chondroitin sulfate,
dextran, polyethylene glycol, polyvinylpyrolidone, silicone, poly (hydroxyethyl
methacrylate), polyacrylic acid, polyacrylamide, polyvinyl alcohol, gelatin, mucin,
heparin, hyaluronan and combinations thereof. In some embodiments,
crosslinking of the injectate solution 124 may occur via electrostatic or covalent
crossing linking. Examples of electrostatic cross linkers include but are not
limited to ligand-receptor interactions (e.g. streptavidin-biotin interactions) or
ionic interactions from molecules containing divalent and trivalent elements
magnesium chloride (MgCl,), calcium chloride (CaCly), strontium chloride
(SrCly), bartum chloride (BaCl,), aluminum sulfate Al,(SO4)s, barium sulfate
(BaS0Oy), calcium carbonate (CaCos), ferric chloride (FeCls) and ferrous chloride
(FeCly). Covalent crosslinking may be achieved by inclusion of a free radical
generator, click chemistry, Schiff base reactions, and enzyme-mediated reactions.
In some embodiments, stimuli-responsive injectate solutions 124 may be used that
include components(s) that trigger the crosslinking process. Non-limiting
examples of stimuli include light activation (added photo initiator), temperature
activation or pH activation (added acid or base).

[0032] In some embodiments, the injectate solution 124 may be delivered to
the site as a single injection where the components of the injectate solution
including the gel and the crosslinker are mixed in the delivery system or combined
at the treatment site to initiate the crosslinking in the single injection. In some
embodiments, the injectate solution may be delivered as separate components of a
multicomponent system where the crosslinkable gel is delivered to the treatment
site separate from the crosslinker. For embodiments having separate delivery, the
crosslinkable gel may be delivered first followed by the crosslinker or the

crosslinker may be delivered first followed by the crosslinkable gel.
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Combinations of single injection and multiple component delivery systems may be
used together depending on the treatment and the size of the area to be covered by
the injectate solution. In some embodiments, the saline may be delivered to the
treatment site before, during or after the injectate solution is delivered. In some
embodiments, a catheter may be used to deliver the injectate solution in a
sequential delivery where the crosslinkable gel is delivered to the site first. The
catheter may be rinsed with saline prior to delivery of the crosslinker through the
same catheter. In some embodiments, the crosslinker may be first delivered to the
treatment site using a catheter, followed by a saline rinse of the catheter and
subsequent crosslinkable gel delivery through the same catheter.

[0033] In some embodiments, the injectate solution may be injected into the
submucosa and penetrate in the submucosal space between the submucosal fibers,
which results in an elevated portion of the submucosal and mucosal layers away
from the muscularis layer. The tissue elevation from the injectate solution
facilitates safe resection of the submucosal fibers or the oral lymphoid tissue since
the injectate solution is located above and below the resection plane. (See FIG. 2
showing an example of a resection plane 140.) The injectate solution above the
resection plane (intraluminal side) is removed with the resected tissue. The
injectate solution below the resection plane remains imbedded in the remaining
submucosal fibers. The tissue may be resected with a crosslinked injectate
solution or an uncrosslinked injectate solution. With the uncrosslinked injectate
resection, the gel 1s viscous enough to penetrate into the submucosal space
between the submucosal fibers. The tissue may be resected using the
uncrosslinked injectate solution to lift the tissue and the crosslinking of the gel
may be completed after the tissue has been resected and a portion of the
uncrosslinked injectate solution remains over the inner layer of tissue. In some
embodiments, a liquid crosslinker may be flushed over the treatment site and the
remaining gel at the treatment site. In embodiments where the crosslinking is
initiated after resection of the tissue, the application of the crosslinker may be
more tightly controlled. For example, the crosslinker or the crosslinking

mechanism (e.g. light initiation) may be applied only to the exposed gel at the
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treatment site to minimize or eliminate collateral damage from the crosslinking
agent. In some embodiments, the cross linking agent 1s more toxic than the
crosslinkable gel. When the crosslinking is initiated after resection of the tissue,
the crosslinker may be injected but does not need to be injected, but instead may
be dripped, sprayed or exposed (via light) to the crosslinkable gel at the treatment
site.

[0034]  Regardless of the delivery used for the injectate solution, the viscosity
of the injectate solution should be viscous enough to penetrate into the submucosal
fibers and still be fluid enough to deliver through a catheter or other delivery
system into the gastrointestinal tract. In addition, the viscosity of the injectate
solution should also have the appropriate viscosity to penetrate into the submucosa
and not leak around the injection site because the injectate solution 1s too viscous
to enter into the injection site. In some embodiments, the maximum viscosity of
the injectate solution should be about 120,000 cP, preferably the maximum
viscosity of the injectate solution should be about 100,000 cP.

[0035] In some embodiments, the pressure at which the injectate solution 1s
injected into the treatment site 1s provided within a range of pressure that allows
for the injectate solution to penetrate into the submucosal fibers but does not
penetrate into the muscularis layer. In some embodiments, the pressure range for
delivering the injectate solution to the treatment site may be about 0.25 psi to
about 5 psi.

[0036]  The injectate solution may be crosslinked so that the final crosslinked
gel has a compressive modulus in a specified range. In some embodiments, the
crosslinked gel may have a compressive modulus of about 10-500 kPa, preferably
in the range of about 100-500 kPa.

[0037] In some embodiments, the time range for the crosslinking may be
controlled. For example, when the gel and the crosslinker are delivered in a single
injection or when the injectate solution is crosslinked before the resection, the
injectate solution should remain flowable to the treatment site so that the injectate
flows into the submucosal fibers but the physician does not need to wait too long

before preforming the resection. In some embodiments, the crosslinked injectate
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solution should reach an acceptable compressive modulus between about 0.5
seconds to about 30 minutes. An example of a gel and a crosslinker that when
combined would not meet the time range of about 0.5 seconds to about 30 minutes
is alginate with CaCOs. CaCos is poorly soluble in water which results in slow
release of calcium so that the time exceeds 30 minutes with the combination of
alginate before the acceptable compressive modulus is achieved. Examples of
suitable combinations for the injectate solution are shown in Table 1, but are not
limited thereto.

[0038] Table 1: Injectate Solutions

Gel Crosslinker
Carboxymethyl cellulose Al3(SOs)3
Carboxymethyl cellulose Fe(IIDCl3
Carboxymethyl cellulose CaCl,

Carboxymethyl cellulose SrCl,

Carboxymethyl cellulose MgCl,

Carboxymethyl cellulose CaCos with gluconic acid
Alginate SrCla

[0039]  The crosslinked injectate solution remains at and about the treatment
site for a time sufficient to allow the site to be treated or healed. In some
embodiments, the crosslinked injectate solution remains at the treatment site for at
least about 24 hours, preferably about 72 hours or longer.

[0040]  FIGS. 4-8 show tissues post injection with different injectate solutions.
FIG. 4 shows raised mucosal and submucosal tissue that occurs after the injectate
solution has been injected into the submucosa. The injectate solution includes 5%
SrC12 and 10% sodium alginate. FIG. SA shows an example of the lesion after the
mucosa and submucosa have been resected. This tissue was resected using
convention tissue resection techniques with saline lifting solution. FIG. 5B shows
an example of the lesion after the mucosa and submucosa have been resected with
a protective layer of crosslinked injectate solution. This tissue was resected using

a crosslinked injectate solution as the lifting solution. The crosslinked injectate
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solution includes 5% SrCI2 and 10% sodium alginate. FIG. 6A shows an example
of a lesion 4 days after the mucosa and submucosa have been resected. As can be
seen, the exposed tissue has become irritated and 1s bleeding. FIG. 6B shows an
example of a lesion with a protective layer of a crosslinked injectate solution 4
days after the mucosa and submucosa have been resected. As shown, the crossed
linked injectate solution is still present on the lesion and the lesion is well healed.
The crosslinked injectate solution includes 5% SrCl2 and 10% sodium alginate.
FIG. 7 shows a histological slide where the ruptured submucosal fibers can be
seen in the center of the tissue. The crosslinked injectate solution includes 5%
SrC12 and 10% sodium alginate. FIGS. 8A and 8B illustrate histological slides
showing that uncrosslinked gel solution of 10% sodium alginate (FIG. 8A) and
saline solution (FIG. 8B) did not rupture submucosal fibers.

[0100]  The injectate solution may be delivered using the delivery system 100,
the distal portion 112 of an embodiment is shown in FIG. 2. An example delivery
system 100 1s shown in FIG. 9. Suitable delivery systems are also described in
U.S. Publication No. 2011/0208158, which is incorporated by reference herein in
its entirety. A proximal portion 130 of the delivery device 100 is shown in FIG. 9.
The proximal portion 130 includes a housing 134 having a chamber 136 formed
therein. The chamber 136 may be a dual chamber. In some embodiments the
crosslinkable gel may be provided in one chamber and the crosslinker may be
provided in one chamber. The device 100 further includes one or more injector
handles 138 connected to the housing 134, one or more plungers 142 positioned
within the housing 134, one or more plunger advancer members 143 and one or
more plunger handles 144 operably connected to the plunger advancer member
143. The plunger advancer member 143 may be connected to the plunger 142
when the solution is ready to be delivered to the treatment site. In some
embodiments, each chamber may have its own plunger and optionally its own
plunger advance member and handle. In some embodiments, the crosslinker may
be delivered separately. A connector 146 is connected to a distal end portion 148
of the housing 134. The connector 146 removably connects the inner shaft 114

and the outer catheter 116 to the distal end portion 148 of the housing 134. The

12
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inner shaft 114 may be a dual lumen shaft. In some embodiments, the dual lumens
may connect at the distal tip for mixing the gel with the crosslinker. In some
embodiments, the gel and the crosslinker are combined in situ. In some
embodiments, a pressure gauge 150 may be included.

[0041] It 1s therefore intended that the foregoing detailed description be
regarded as illustrative rather than limiting, and that it be understood that it is the
following claims, including all equivalents, that are intended to define the spirit

and scope of this invention.
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CLAIMS
1. A method of treating a lesion site in a gastrointestinal tract; the method
comprising;
injecting a crosslinkable gel into a first tissue layer, the
crosslinkable gel increasing a volume of the first tissue layer;
providing a crosslinker; and
resecting a portion of the first tissue layer having the increased
volume away from a second tissue layer creating an exposed region in a
remaining portion of the first layer and leaving a portion of the gel covering

at least a portion of the exposed region of the first tissue layer.

2. The method according to claim 1, comprising crosslinking the portion of
the gel to form a crosslinked gel after resecting the portion of the first tissue layer

away from the second tissue layer.

3. The method according to claim 1, comprising crosslinking the gel to form a
crosslinked gel before resecting the portion of the first tissue layer away from the

second tissue layer.

4. The method according to claim 2 or claim 3, comprising forming the

crosslinked gel having a compressive modulus of 10 to 500 kPa.

5. The method according to any one of claims 1-4, comprising delivering the

gel at a pressure between about 0.25 psi and 5 psi.

6. The method according to any one of claims 1-5, wherein the crosslinker 1s

an electrostatic or covalent crosslinker.

7. The method according to claim 6, wherein the crosslinker 1s a divalent or

trivalent crosslinker.

8. The method according to any one of claims 1-5, wherein the crosslinker 1s

light activated, temperature activated or pH activated.

14
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9. The method according to any one of claims 1-9, comprising crosslinking

the gel in about 0.5 seconds to 30 minutes.

10. The method according to claim 1, comprising injecting the crosslinkable

gel and the crosslinker in a single injection.

11. The method according to any one of claims 1-10, wherein the first layer

comprises a submucosal layer and the second layer comprises a muscularis layer.

12. The method according to claim 11, comprising removing a mucosal layer

with the portion of the submucosal layer from the muscularis layer.

13. The method according to any one of claims 1-10, wherein the first layer

comprises oral lymphoid tissue and the second layer comprises a muscularis layer.

14. The method according to claim 2 or claim 3, wherein the crosslinked gel is
capable of remaining at the portion of the exposed region of the first tissue layer

for a minimum of about 24 hours.

15. The method according any one of claims 1-14, comprising injecting the

crosslinkable gel having a maximum viscosity of 100,000 cP.

16. The method according to any one of claims 1-15, further comprising
supplying a saline solution to the site before, during or after the crosslinkable gel

is injected.

17. The method according to any one of claims 1-9 and 11-16, further
comprising flushing a catheter used to inject the crosslinkable gel before providing

the crosslinker through the catheter.

18. The method according to claim 1, wherein the crosslinker is provided

before the crosslinkable gel 1s injected.
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19. An injectate system comprising;
a crosslinkable gel; and
a crosslinker for crosslinking the gel, the crosslinkable gel and the

crosslinker forming a crosslinked gel having a compressive modulus of about

10-500 kPa.

20. The system according to claim 19, wherein the crosslinkable gel is selected
from the group consisting of agarose, alginate, Carbomer, carboxymethyl
cellulose, collagen, fibronectin, chitosan, chondroitin sulfate, dextran,
polyethylene glycol, polyvinylpyrolidone, silicone, poly (hydroxyethyl
methacrylate), polyacrylic acid, polyacrylamide, polyvinyl alcohol, gelatin, mucin,

heparin, and hyaluronan.

21. The system according to claim 19, wherein the crosslinkable gel is selected

from alginate and carboxymethyl cellulose.

22. The system according to claim 19, wherein the crosslinker is an

electrostatic crosslinker or a covalent crosslinker.

23. The system according to claim 19, wherein the crosslinker is a divalent

crosslinker or a trivalent crosslinker.

24. The system according to claim 23, wherein the crosslinker 1s selected from
the group consisting of magnesium chloride (MgCl,), calcium chloride (CaCly),
strontium chloride (SrCly), barium chloride (BaCl,), aluminum sulfate Al2(SO4)s3,
barium sulfate (BaSOs), calcium carbonate (CaCos), ferric chloride (FeCls) and
ferrous chloride (FeCl,).

25. The system according to claim 19, wherein the crosslinker is strontium

chloride.

26. The system according to any one of claims 19-25, wherein the injectate

system causes a volumetric increase in a targeted tissue layer.
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27. A method of increasing a volume of a tissue layer in a gastrointestinal tract;
the method comprising;:
injecting a crosslinkable gel into a first tissue layer to increase the
volume of the first tissue layer;
providing a crosslinker to the first tissue layer; and

crosslinking the crosslinkable gel.
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