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METHODS AND SYSTEMS FOR TREATING A SITE OF A MEDICAL IMPLANT 

 

ABSTRACT 

Disclosed herein are methods and systems for the treatment and prevention of infection 

at a medical implant site in a subject, by administering a microporous gel to the medical implant 

site.  Also disclosed herein are methods and systems for promoting healing of a wound or 

surgical incision at a medical implant site in a subject, by administering a microporous gel to the 

medical implant site.  The microporous gel may be fluidic during application and annealed or 

crosslinked after application.  The microporous gels may contain various therapeutic agents, 

including antibiotics and analgesics, throughout the gel. 
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METHODS AND SYSTEMS FOR TREATING A SITE OF A MEDICAL IMPLANT 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a divisional application based on Australian Application No. 

2022231701, which is a divisional application based on Australian Application No. 2017394923, 

which claims the benefit of U.S. Provisional Application No. 62/440,370, filed December 29, 2016, 

which are incorporated by reference herein in their entirety.  

BACKGROUND OF THE DISCLOSURE 

[0002] Current porous synthetic hydrogels used as such healing agents are produced by methods 

that require toxic removal of porogens to form pores, or degradation of encapsulated microparticles, 

which requires these constructs to be either cast ex vivo, preventing them from seamlessly 

integrating with the surrounding tissue like an injectable biomaterial or requires long-term in vivo 

development to resolve the porous structure. 

SUMMARY OF THE DISCLOSURE  

[0003] Cell migration to a site of injury or surgery is essential for healing.  Therefore, wound 

healing agents used at these sites ideally do not impede cellular migration.  Implantation of medical 

devices, such as biomaterials, prosthetics and cardiac pacemakers, is common practice in modern 

medicine.  However, tissues that are subjected to medical device implantation produce a complex set 

of immune responses, including for example, to the device and the implantation procedure, including 

but not limited to inflammation, wound healing, foreign body reactions and fibrous encapsulation of 

the device.  These responses do not always result in a desirable outcome for the patient.  For 

instance, the site of implantation may develop scar tissue or fibrotic tissue that is deleterious to the 

function of the surrounding tissue and the subject.   

[0004] The systems and methods disclosed herein aim to improve the tissue-device interface 

through the use of microporous gel systems.  These microporous gel systems, in certain 

embodiments, are applied to a surgical void, such as a medical device implantation site, and around 

the medical device.  A stimulus such as light is then applied to the microporous gel system to create 

a microporous scaffold (see e.g., FIG. 1).  The microporous gel system disclosed herein can act as a 

buffer between the tissue and the device, promoting healing of the tissue and incorporation of the 

device into the tissue, while mitigating or avoiding fibrous encapsulation of the device, inflammation 

or infection.  The presence of the interconnected pores between the medical implant and the 

surrounding tissue (see, e.g., FIG. 2), provided by the microporous gel system, create a unique 

environment that does not lead to a chronic inflammatory response or fibrous tissue formation. The 

ability of tissue (or cells thereof) to migrate into the material without the need for degradation is an 

important aspect to the invention in the context of implanted medical devices.

METHODS AND SYSTEMS FOR TREATING A SITE OF A MEDICAL IMPLANT

CROSS-REFERENCE TO RELATED APPLICATIONS

BACKGROUND OF THE DISCLOSURE

SUMMARY OF THE DISCLOSURE
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and treatment of infections via antimicrobial activity. In some instances, microporous gel

of different shapes and sizes, with extra space in the surgical/implant site and around the

Using a microporous gel system disclosed herein, medical devices and implants of many sizes

and shapes can be interfaced with surgical pockets (in a tissue) of varying sizes and shapes
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are capable of being linked together via the at least one annealing component to form a

systems comprising: a collection of flowable microgel particles, wherein the flowable microgel

particles comprise a backbone polymer; at least one annealing component; and a medical device,

wherein the flowable microgel particles are linked together via the at least one annealing

component to form a stabilized scaffold having interstitial spaces therein. The systems may

comprise an intercrosslinker that links the flowable microgel particles together via the at least

one annealing component. The systems may comprise an annealing agent that links the flowable

microgel particles together via the at least one annealing component. The annealing agent may

be an intercrosslinking agent. The systems may comprise a first annealing component and a

second annealing component. The first annealing component and the second annealing

component may be the same. The first annealing component and the second annealing

component may be different. The at least one annealing component may be a substrate for an

annealing component are linked together when exposed to a condition in a mammalian subject.

coating, wherein the coating comprises at least one of the annealing component and an annealing

agent. The medical implant may be a cardiac implantable electronic device. The cardiac

implantable electronic device may be a pacemaker. The cardiac implantable electronic device

may be a defibrillator. The medical implant may be a neural implantable electronic device. The

stabilized scaffold may maintain placement of the medical device in a surgical void of a subject.

The stabilized scaffold may have a custom form determined by the medical device and the

surgical void. In some instances, the stabilized scaffold comprises non-covalent bonds between

the flowable microgel particles. In some instances, the stabilized scaffold comprises covalent

bonds between the flowable microgel particles. In some instances, systems comprise a

therapeutic agent. In some instances, the therapeutic agent is an anti-inflammatory agent, an

antimicrobial agent, or an analgesic. In some instances, the therapeutic agent is incorporated in

the stabilized scaffold. In some instances, systems comprise a therapeutic agent, wherein the

stabilized scaffold releases the therapeutic agent from the stabilized scaffold when the stabilized

scaffold is present in a mammalian subject. In some instances, the stabilized scaffold releases at

least a portion of the therapeutic agent from the stabilized scaffold in less than one day from its

initial presence in the mammalian subject. In some instances, the stabilized scaffold releases the

therapeutic agent from the stabilized scaffold over a period of less than 1 day to 100 days. In

some instances, systems comprise a therapeutic agent releasing agent that releases the
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released by tissue mediated hydrolysis. In some instances, the therapeutic agent is released by

poly(hydroxyethylmethacrylate), polyethylene oxide, or poly(ethyleneoxide)-

immolating polymer. In some instances, the polymer is poly(p-aminobenzyl oxycarbonyl). In

some instances, the polymer is capped with a cage that can be released upon a stimulus. In some
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component is in a first barrel, and a second portion of the flowable microgel particles or a

microporous gel system has a shelf life of at least about one year at room temperature.

[0010] Disclosed herein, in some aspects, are systems comprising: a collection of flowable

microgel particles, wherein the flowable microgel particles comprise a backbone polymer; at

least one annealing component; and a medical device, wherein the flowable microgel particles

are capable of being linked together via the at least one annealing component to form a

stabilized scaffold having interstitial spaces therein, for use in the treatment of a wound or

surgical site.

[0011] Disclosed herein, in some aspects are methods of treating a site of a medical device in

a tissue of a subject comprising administering to the site: a collection of flowable microgel

particles, wherein the flowable microgel particles comprise a backbone polymer; at least one

annealing component; and a medical device, wherein the flowable microgel particles are capable

having interstitial spaces therein.

of flowable microgel particles, wherein the flowable microgel particles comprise a backbone

polymer; at least one annealing component; and a medical device, wherein the flowable

microgel particles are capable of being linked together via the at least one annealing component

to form a stabilized scaffold having interstitial spaces therein.

[0013] Disclosed herein, in some aspects, are methods of reducing or preventing inflammation

at a site of a medical device in a tissue of a subject comprising administering to the site: a

collection of flowable microgel particles, wherein the flowable microgel particles comprise a

backbone polymer; at least one annealing component; and a medical device, wherein the

flowable microgel particles are capable of being linked together via the at least one annealing

component to form a stabilized scaffold having interstitial spaces therein. In some instances, the

medical device is a surgical device. In some instances, the medical device is a medical implant.

In some instances, methods comprise administering at least one of the annealing component and

the flowable microgel particles to the site before administering the medical device to the site. In

some instances, methods comprise administering at least one of the annealing component and

the flowable microgel particles to the site after administering the medical device to the site. In

some instances, methods comprise co-administering at least one of the annealing component and

the flowable microgel particles, and the medical device to the site. In some instances, methods

comprise administering at least one of the annealing component and the flowable microgel
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comprise administering an annealing agent. In some instances, methods comprise administering

system, comprising applying an external stimulus to the stabilized scaffold to release the

light, electromagnetic radiation, or temperature change. In some instances, methods comprise

changing a condition of the site after formation of the stabilized scaffold. In some instances,
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particles are capable of being linked together via the at least one annealing component to form a

[0016] Disclosed herein, in some aspects, are methods of producing a microporous scaffold,

comprising: synthesizing a first portion of flowable microgel particle in the presence of a first

annealing component and a second annealing component, wherein there is more of the first

annealing component than the second annealing component to produce a first functionalized

microgel particle; synthesizing a second portion of flowable microgel particle in the presence of

the first annealing component and the second annealing component, wherein there is more of the

second annealing component than the first annealing component to produce a second

functionalized microgel particle; combining the first functionalized microgel particle and the

second functionalized microgel particle such that the first functionalized microgel particle and

the second functionalized microgel particle connect, thereby producing a microporous scaffold

of microgel particles having interstitial spaces therebetween. In some instances, there is at least

some instances, there is at least 1% more of the second annealing component than the first

thiol, amine, imidazole, aldehyde, ketone, hydroxyl, azide, alkyne, vinyl, alkene, maleimide,

carboxyl, N-hydroxysuccinimide (NHS) ester, isocyanate, isothiocyanate, hydroxylamine, and

thione. In some instances, the first functionalized microgel particle and the second

functionalized microgel particle connect through a reaction selected from Michael addition,

amide bond coupling, Diels-Alder cycloaddition, Huisgen 1,3-dipolar cycloaddition, reductive

amination, carbamate linkage, ester linkage, thioether linkage, disulfide bonding, hydrazone

bonding, oxime coupling, and thiourea coupling. In some instances, the first functionalized

microgel particle and the second functionalized microgel particle connect to produce a covalent

bond. In some instances, the first functionalized microgel particle and the second functionalized

microgel particle connect to produce a non-covalent bond. In some instances, the first

functionalized microgel particle and the second functionalized microgel particle connect to

produce a connection selected from a C-C bond, an amide bond, an amine bond, a carbamate

linkage, an ester linkage, a thioether linkage, a disulfide bond, a hydrazine bond, an oxime

coupling and a thiourea coupling. In some instances, at least one step of the method is performed

in situ.

[0017] Disclosed herein, in some aspects, are methods of producing a microporous scaffold,

comprising: synthesizing flowable microgel particles; contacting a first portion of the flowable

microgel particles with a first annealing component to produce a first functionalized microgel
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component to produce a second functionalized microgel particle; combining the first

functionalized microgel particle and the second functionalized microgel particle connect through

interaction, a hydrogen bond, a cation-, - stack, a metal-ligand bond, a van der Waals

interaction, and a non-covalent host-guest inclusion complex. In some instances, at least one
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(2-carboxyethyl) phosphine hydrochloride. In some instances, the intercrosslinking agent

horseradish peroxidase (HRP), sodium periodate, and silver nitrate. In some instances, the

intercrosslinking agent induces self-crosslinking of functional groups present on at least one of

the annealing component flowable microgel particles or annealing components to produce a

crosslinkage. In some instances, the crosslinkage comprises at least one of a covalent bond, a

coordination complex, a hydrogen bond, an electrostatic interaction, a cation- interaction, a -

stack, and a van der Waals interaction. In some instances, methods comprise contacting the first

functionalized microgel particle and the second functionalized microgel particle with the

intercrosslinking agent in situ. In some instances, methods comprise applying an external

stimulus to the microporous scaffold to release the intercrosslinker. In some instances, applying

an external stimulus to the microporous scaffold occurs indirectly by applying the external

stimulus to tissue around the microporous scaffold. In some instances, the external stimulus is

thereof. In some instances, methods comprise incorporating a therapeutic agent into the

therapeutic agent to the flowable microgel particles; and photo-caging the therapeutic agent to

the microgel particles. In some instances, incorporating comprises encapsulating the therapeutic

agent in a nanoparticle, and mixing the therapeutic agent and the nanoparticle with the flowable

microgel particles. In some instances, the nanoparticle and the therapeutic agent are lyophilized,

comprising dissolving the nanoparticle and the therapeutic agent in aqueous buffer prior to

mixing the nanoparticle and the therapeutic agent with the flowable microgel particles. In some

instances, transferring and removing occur substantially simultaneously.

[0018] Disclosed herein, in some aspects, are methods of purifying flowable microgel

particles comprising: obtaining a membrane filtration system; transferring flowable microgel

particles from a first solvent to a second solvent, wherein the second solvent is immiscible with

the first solvent, by controlled addition of a third solvent to the first solvent such that a single

miscible phase containing the flowable microgel particles is maintained; and removing an

impurity from the flowable microgel particles. In some instances, transferring and removing

occur substantially simultaneously. In some instances, the membrane filtration system requires a

single miscible phase for function. In some instances, the membrane filtration system is selected

from tangential flow filtration (TFF), ultrafiltration-diafiltration (UFDF), microfiltration-

diafiltration (MFDF), or hollow-fiber-diafiltration (HFDF). In some instances, the first solvent is
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solution. In some instances, the impurity is a surfactant.

BRIEF DESCRIPTION OF THE DRAWINGS
[0020] Various aspects of the disclosure are set forth with particularity in the appended claims.

A better understanding of the features and advantages of the present disclosure will be obtained

which the principles of the disclosure are utilized, and the accompanying drawings of which:

[0021] FIG. 1 shows an exemplary application of a microporous gel disclosed herein to a

wound void with a medical device implant. A syringe applicator of a solution of free flowing

energy to form a porous network. The porous network allows cells to migrate through the gel,

with the result of improving the health of the wound-device interface.

[0022] FIG. 2 shows an exemplary wound, wherein a microporous scaffold has been formed

[0023] FIG. 3 shows an exemplary method of controlling the release of diffusible molecules

(active pharmaceutical ingredients) into the microporous gel. By combining multiple diffusion

scaffolding systems).

[0024] FIG. 4 shows an exemplary schematic representation of pre-functionalization of

flowable microgel particles.
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[0025] FIG. 5 shows an exemplary schematic representation of post-functionalization of

[0026] FIG. 6 shows an exemplary schematic representation of in situ addition of a

crosslinking agent.

[0027] FIG. 7 shows an exemplary schematic representation of in situ addition of a

crosslinking agent.

[0028] FIG. 8 shows an exemplary schematic diagram of flowable microgel particle synthesis

by a water-in-oil emulsion and purification by tangential flow filtration.

[0029] FIG. 9 shows an exemplary workflow of purifying flowable microgel particles, aiming

to maintain one miscible continuous phase with isopropanol, which is miscible with both oil and

water, as an intermediate solvent to transfer the particles, initially dispersed in oil, into water,

and finally to an aqueous buffer.

was reduced the microporous scaffold.

[0032] FIG. 12 shows augmentation of wound healing vascularization with a flowable

DETAILED DESCRIPTION OF THE DISCLOSURE

[0033] Medical devices, such as implants and surgical instruments, are used for a wide variety

of applications. Use of these tools can be complicated by inflammation, infection, pain,

microgel particles in a solution. For example, in certain application, this solution is applied to

the implant or surgical site in a subject before, after and/or concurrently with application of the

medical device to improve the health and healing of the site. Due to its fluidic nature, the

-11-

20
26

20
20

14
   

   
17

 M
ar

 2
02

6

2
0
2
6
2
0
2
0
1
4
 
1
7
 
M
a
r
 
2
0
2
6

D
E
T
A
I
L
E
D
 
D
E
S
C
R
I
P
T
I
O
N
 
O
F
 
T
H
E
 
D
I
S
C
L
O
S
U
R
E

-
1
1
-



produce the micropores of the scaffold. Instead, the microporous gel systems disclosed herein

Therapeutic agents specific to the site may also be used. For example, the medical implant may

be a cardiac pacemaker, and a therapeutic agent specific to the implantation site may be an

antimicrobial agent.

[0034] Unless defined otherwise, all technical and scientific terms used herein have the same

meaning as is commonly understood by one of skill in the art to which the claimed subject

matter belongs. It is to be understood that the foregoing general description and the following

claimed. In this application, the use of the singular includes the plural unless specifically stated

otherwise. It must be noted that, as used in the specification and the appended claims, the

singular forms "a," "an" and "the" include plural referents unless the context clearly dictates

otherwise. In this application, the use of "or" means "and/or" unless stated otherwise.

[0035] As used herein, ranges and amounts can be expressed as "about" a particular value or

range. About also includes the exact amount. For example, "about 5 µL" means "about 5 µL"

Also, by way of example, "about 30" means "between 27 and 33."

[0036] The section headings used herein are for organizational purposes only and are not to be

construed as limiting the subject matter described.

-12-

20
26

20
20

14
   

   
17

 M
ar

 2
02

6

2
0
2
6
2
0
2
0
1
4
 
1
7
 
M
a
r
 
2
0
2
6

-
1
2
-



[0037] As used herein, the terms "individual(s)", "subject(s)" and "patient(s)" mean any

a non-human.

[0038] The term "statistically significant" or "significantly" refers to statistical significance

and generally means a two standard deviation (2 SD) below normal, or lower, concentration of

the marker. The term refers to statistical evidence that there is a difference. It is defined as the

probability of making a decision to reject the null hypothesis when the null hypothesis is

actually true. The decision is often made using the p-value. A p-value of less than 0.05 is

considered statistically significant.

[0039] As used herein, the term "treating" and "treatment" refers to administering to a subject

an effective amount of a composition so that the subject as a reduction in at least one symptom

of the disease or an improvement in the disease, for example, beneficial or desired clinical

palliation of the disease state, and remission (whether partial or total), whether detectable or

undetectable. Alternatively, treatment is "effective" if the progression of a disease is reduced or

and health of a subject are factors which may contribute to a subject likely to develop diabetes

examples are illustrative only, and not limiting of the remainder of the disclosure in any way

whatsoever.

a medical device disclosed herein. Microporous gel systems disclosed herein generally

comprise a collection of flowable microgel particles and at least one annealing component.

Microporous gel systems disclosed herein may comprise an annealing agent that links the
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general, resulting stabilized scaffolds comprise interstitial spaces therein. By way of non-

crosslinkers, therapeutic agents, therapeutic agent releasing agents, nanoparticles, and cell

adhesive peptides, including all those disclosed herein, may be stored or administered from the

single container or a separate container.

particles may be administered from a first container and the annealing agent may be

administered from a second container.

[0045] In some instances, a first portion of the flowable microgel particles is administered

from a second container. Contents of first and second containers may be administered

sequentially. Contents of first and second containers may be administered simultaneously.

[0046] Any one of the systems disclosed herein may comprise an application device to apply

the microporous gel system to a tissue of a subject. By way of non-limiting example, the

so as to avoid damaging or piercing a tissue. The microporous gel may have a viscosity low

enough before annealing to be sprayed on the tissue of the subject. Thus, the application device

device. Volumes include, but are not limited to, about 0.1 mL to about 0.5 L, about 0.1 mL to

about 0.2 L, about 0.1 mL to about 0.1 L, about 0.1 mL to about 75 mL, about 0.1 mL to about

60 mL, about 0.1 mL to about 50 mL, about 0.1 mL to about 25 mL, about 0.1 mL to about 20
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mL, about 0.1 mL to about 10 mL, about 1 mL to about 0.5 L, about 1 mL to about 0.2 L, about

about 50 mL, about 1 mL to about 25 mL, about 1 mL to about 20 mL, or about 1 mL to about

10 mL.

Microporous Gel Systems

[0048] Provided herein are methods and systems for treating a condition in a subject in need

thereof, comprising administering to the subject a microporous gel system disclosed herein.

Microporous gel systems may also simply be referred to herein as a "gel" or "hydrogel." The

microporous gel systems disclosed herein may take different forms, and, unless otherwise

specified, the various terms that are used to reference these forms, such as microporous gel

scaffold, stabilized scaffold, collection of flowable microgel particles, and microporous gel, may

be used interchangeably herein. The microporous gel system may be administered to a site in

component. Flowable microgel particles may also be referred to herein simply as "microgel

particles." Methods of synthesizing flowable microgel particles are disclosed herein.

flowable microgel particles may have a diameter or dimension (e.g., length, width, height, axis).

dimension of about 50 micrometers. The flowable microgel particles may have an average

diameter or dimension of about 100 micrometers. The flowable microgel particles may have an

particles may have a diameter or dimension within the range of about 10 micrometers to about

500 micrometers. The flowable microgel particles may have a diameter or dimension within the

range of about 10 micrometers to about 200 micrometers. The flowable microgel particles may
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micrometers.

micrometers. The flowable microgel particles may have a diameter or dimension within the

range of 15 micrometers to 200 micrometers. The flowable microgel particles may have a

diameter or dimension within the range of 15 micrometers to 150 micrometers. The flowable

component or property of a solvent in which they are dispersed before the microporous gel

system becomes a stabilized scaffold. The solvent may be water. The solvent may be isotonic

with blood of the subject. The solvent may be a saline solution. The solvent may be a buffered

about 4 to about 7. The solvent may have a pH of about 3, about 4, about 5, about 6, or about 7.

In certain embodiments, the solvent is alkaline. The solvent may have a pH greater than 7. The

solvent may have a pH of about 8, about 9 or about 10.

Backbone polymers

poly(ethylene glycol), hyaluronic acid, polyacrylamide, or polymethacrylate. The backbone

polymer of the flowable microgel particles disclosed herein may comprise a hydrophilic

heparan). The backbone polymer of the flowable microgel particles disclosed herein may be

made from any natural (e.g., modified HA) or synthetic polymer (e.g., PEG) capable of forming

a hydrogel. The backbone polymer may comprise a natural polymer containing nitrogen, such
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as proteins and derivatives, including crosslinked or modified gelatins, and keratins. The

poly(ethyleneglycol) methacrylate, poly(ethyleneglycol) vinyl sulfone, poly(ethyleneglycol)

maleimide, poly(ethyleneglycol) norbornene, poly(ethyleneglycol) allyl. The backbone polymer

may comprise a polyacrylamide or a polymethacrylates. The backbone polymer may comprise a

polyester, a polyamide, a polyurethane, and a mixture or copolymer thereof. The backbone

polymer may comprise a graft copolymer obtained by initializing polymerization of a synthetic

polymer on a preexisting natural polymer.

[0052] The flowable microgel particles disclosed herein may, alternatively or additionally to

the backbone polymer, comprise a suitable support material. The support material may be

suitable for most tissue engineering/regenerative medicine applications. The support material is

generally biocompatible and preferably biodegradable. Examples of suitable support material

carboxylic acids, mixed cellulose esters, and cellulose ethers; natural polymers containing

nitrogen, such as proteins and derivatives, including crosslinked or modified gelatins, and

such as polyurethanes; and mixtures or copolymers of the above classes, such as graft

[0053] The backbone polymer may be present at a concentration of about 1% w/v to about 15

% w/v of the microporous gel. The backbone polymer may be present at a concentration of 1%

may be present at a concentration of 2% w/v to 10% w/v of the microporous gel. The backbone

polymer may be present at a concentration of about 1% w/v of the microporous gel. The

backbone polymer may be present at a concentration of about 2% w/v of the microporous gel.
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of the microporous gel. The backbone polymer may be present at a concentration of about 7%

functional group selected from a vinyl sulfone, thiol, amine, imidazole, aldehyde, ketone,

hydroxyl, azide, alkyne, vinyl, alkene, maleimide, carboxyl, N-hydroxysuccinimide (NHS) ester,

isocyanate, isothiocyanate, hydroxylamine, and thione. The annealing component may comprise

annealing component may comprise a reactive moiety. The reactive moiety may comprise a

catechol (e.g., L-DOPA, dopamine). The reactive moiety may comprise sialic acid (e.g.

neuraminic acid). The reactive moiety may comprise boronic acid (e.g., 3-aminophenylboronic

calixarene, pillararene, crown ether, cavitand, cryptands carcerand). The reactive moiety may

comprise adamantane. The reactive moiety may comprise biotin. The reactive moiety may

comprise streptavidin.

[0055] Annealing components disclosed herein may include large biological molecules. The

annealing component may consist essentially of a nucleic acid. The annealing component may

comprise a protein. The annealing component may comprise an antibody or antigen binding

transglutaminase substrate (e.g., fibrin). A non-limiting example of a transglutaminase is

enzyme Factor XIII. In this case, endogenous Factor XIII acts as an annealing agent on fibrin to

form -glutamyl--lysyl amide cross links between fibrin molecules. Another non-limiting
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example of an annealing component is a collagen peptide. The collagen peptide may be a K

peptide: Ac-NQEQVSPLGGERCG-NH2). In some instances, K peptide and Q peptide serve as

annealing components as well as cell adhesive peptides.

Crosslinkers

[0056] Microporous gel systems disclosed herein may comprise at least one crosslinker. In

some instances, at least a portion of the flowable microgel particles comprise a crosslinker. In

some instances, at least a portion of the flowable microgel particles are interlinked by a

crosslinker. The crosslinker may be an intracrosslinker, providing intracrosslinking

(intracrosslinks) within the flowable microgel particles. The crosslinker may be an

intercrosslinker, providing intercrosslinking (intercrosslinks) between flowable microgel

particles. The crosslinker may be an extracrosslinker, providing extracrosslinking

crosslinker may comprise a first functional group and a second functional group. The first

functional group and the second functional group may be the same. The first functional group

Crosslinkers disclosed herein may comprise an amino acid. Crosslinkers may comprise a non-

of the same backbones listed above (e.g., heparin, alginate, poly(ethyleneglycol),

polyacrylamides, polymethacrylates, copolymers and terpolymers of the listed polycondensates,

oligonucleotides with sequences corresponding to: restriction enzyme recognition sequences,

CpG motifs, Zinc finger motifs, CRISPR or Cas-9 sequences, Talon recognition sequences, and

transcription factor-binding domains. The crosslinker may be activated on at least two ends by a
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include: cysteine amino acids, synthetic and naturally occurring thiol-containing molecules,

selected from a vinyl sulfone, a thiol, an amine, an imidazole, an aldehyde, a ketone, a hydroxyl,

an azide, an alkyne, a vinyl, an alkene, a maleimide, a carboxyl, a N-Hydroxysuccinimide

(NHS) ester, an isocyanate, an isothiocyanate, ahydroxylamine, and a thione. The

but are not limited to, Michael addition, amide bond coupling, "click" chemistry (e.g. Diels-

Alder cycloaddition, Huisgen 1,3-dipolar cycloaddition), reductive amination, carbamate

linkage, ester linkage, thioether linkage, disulfide bond, hydrazone bond, oxime coupling,

metalloprotease (MMP)-degradable crosslinker. Examples of MMP-degradable crosslinkers are

synthetically manufactured or naturally isolated peptides with sequences corresponding to

MMP-1 target substrate, MMP-2 target substrate, MMP-9 target substrates. An intracrosslinker

may be a dithiol-poly(ethylene glycol). An intracrosslinker may be a diamine-poly(ethylene

glycol)-vinyl sulfone. An intracrosslinker may be a 8-ARM-poly(ethylene glycol)-thiol. An

intracrosslinker may be a 8-ARM-poly(ethylene glycol)-vinyl sulfone.

functionalized with two or more functional groups. By way of non-limiting example, the

functional groups of the intercrosslinker may be selected from a vinyl sulfone, a thiol, an amine,

an imidazole, an aldehyde, a ketone, a hydroxyl, an azide, an alkyne, a vinyl, an alkene, a
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maleimide, a carboxyl, a N-Hydroxysuccinimide (NHS) ester, an isocyanate, an isothiocyanate,

(combination of same functional groups) or heterofunctional (combination of different

functional groups). Examples of crosslinking reactions carried out by intercrosslinker include,

but are not limited to, Michael addition, amide bond coupling, "click" chemistry (e.g. Diels-

Alder cycloaddition, Huisgen 1,3-dipolar cycloaddition), reductive amination, carbamate

linkage, ester linkage, thioether linkage, disulfide bond, hydrazone bond, oxime coupling,

thiourea coupling. An intercrosslinker may be a dithiol-poly(ethylene glycol). An

intercrosslinker may be a diamine-poly(ethylene glycol). An intercrosslinker may be a dithiol-

oligo(ethylene glycol). An intercrosslinker may be a diamine-oligo(ethylene glycol). An

intercrosslinker may be an ethylenediamine. An intercrosslinker may be a butylenediamine.

Extracrosslinkers

thiol, an amine, an imidazole, an aldehyde, a ketone, a hydroxyl, an azide, an alkyne, a vinyl, an

alkene, a maleimide, a carboxyl, a N-Hydroxysuccinimide (NHS) ester, an isocyanate, an

limited to, Michael addition, amide bond coupling, "click" chemistry (e.g. Diels-Alder

manufactured or naturally isolated peptides with sequences corresponding to MMP-1 target

substrate, MMP-2 target substrate, MMP-9 target substrates. An extracrosslinker may be a

poly(ethylene glycol)-thiol. An extracrosslinker may be a 4-ARM-poly(ethylene glycol)-vinyl

sulfone. An intracrosslinker may be a 8-ARM-poly(ethylene glycol)-thiol. An extracrosslinker

may be a 8-ARM-poly(ethylene glycol)-vinyl sulfone.
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photoinitiator may be Eosin Y. The annealing agent may be triethanolamine. The annealing

crosslinking agent may be an intercrosslinking agent for providing intercrosslinks between

flowable microgel particles. The crosslinking agent may be an extracrosslinking agent for

providing extracrosslinks between flowable microgel particles and a substrate. A crosslinking

Crosslinking agents disclosed herein may comprise an oxidizing agent. Non-limiting examples

of oxidizing agents are horseradish peroxidase (HRP), sodium periodate, and silver nitrate.

Crosslinking agents disclosed herein may comprise a metal complexing agent. Crosslinking

limiting examples of bases are triethylamine, triethanolamine, 4-dimethylaminopyridine,

triphenylphosphine. The crosslinking agent may induce self-crosslinking of the annealing

components present on the flowable microgel particles. Resulting crosslinkages, by way of non-

limiting example, may comprise at least one of a covalent bond, a coordination complex, a

Cell Adhesive Peptides

[0064] Microporous gel systems may comprise a cell adhesive peptide disclosed herein. The

peptide may be at least a portion of a collagen. The cell adhesive peptide may be at least a

portion of a fibronectin. The cell adhesive peptide may be an integrin. The cell adhesive

peptide may be a ligand to a receptor expressed on the cell. The cell adhesive peptide may be a
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cluster of differentiation (CD) protein. The cell adhesive peptide may be a naturally-occurring

be homologous to the naturally-occurring peptide. The cell adhesive peptide may be at least

about 70% homologous to a naturally-occurring peptide. The cell adhesive peptide may be at

least about 80% homologous to a naturally-occurring peptide. The cell adhesive peptide may be

at least about 90% homologous to a naturally-occurring peptide. The cell adhesive peptide may

be at least 70% homologous to a naturally-occurring peptide. The cell adhesive peptide may be

at least 80% homologous to a naturally-occurring peptide. The cell adhesive peptide may be at

least 90% homologous to a naturally-occurring peptide. The cell adhesive peptide may be on a

surface of the microgel particle. By way of non-limiting example, the cell adhesive peptide may

comprise tripeptide Arginine-Glycine-Aspartate (RGD). The cell adhesive peptide may

comprise K peptide (K peptide: Ac-FKGGERCG-NH2). The cell adhesive peptide may

systems, or components thereof, as disclosed herein, may be initially fluidic in nature and

eventually become a non-fluidic, microporous scaffold that provide a buffer between a medical

order to provide more support to an implanted medical device. The gel before annealing may

Once annealed, the gel may have a compressive modulus of about 1,500 Pa to about 10,000 Pa.

Once annealed, the gel may have a compressive modulus of about 10,000 Pa to about 50,000 Pa.

200,000 Pa.

[0066] The microporous scaffold may be non-fluidic due to reactions that take place during or

after the application of the microporous gel system components. The reactions may result in
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Michael addition, amide bond coupling, "click" chemistry reactions (e.g. Diels-Alder

annealing component and a functional group on a backbone polymer of a flowable microgel

particle. In some instances, the bond, linkage, interaction, coupling or connection is between two

functional groups on the backbone polymers two flowable microgel particles. In some instances,

linkage, interaction, coupling or connection is between a crosslinker and an annealing

component. In some instances, the bond is a covalent bond. In some instances, the bond is a

non-covalent bond. In some instances, the bond is selected from an amide bond, an imine bond,

hydrogen bond, and a metal ligand bond. In some instances, the ester bond comprises a cyclic

boronate ester. In some instances, the linkage is selected from a carbamate linkage, an ester

linkage, and a thioether linkage. In some instances, the coupling is selected from an oxime

coupling, and a thiourea coupling. In some instances, the interaction is selected from an

limiting examples of such functional groups include a vinyl sulfone, a thiol, an amine, an

imidazole, an aldehyde, a ketone, a hydroxyl, an azide, an alkyne, a vinyl, an alkene, a

about 10% of the total volume of the stabilized scaffold. The interstitial spaces within the

stabilized scaffold of microgel particles may occupy about 20% of the total volume of the

stabilized scaffold. The interstitial spaces within the stabilized scaffold of microgel particles

-24-

20
26

20
20

14
   

   
17

 M
ar

 2
02

6

2
0
2
6
2
0
2
0
1
4
 
1
7
 
M
a
r
 
2
0
2
6

-
2
4
-



may occupy about 30% of the total volume of the stabilized scaffold. The interstitial spaces

the stabilized scaffold. The interstitial spaces within the stabilized scaffold of microgel particles

may occupy about 50% of the total volume of the stabilized scaffold. The interstitial spaces

within the stabilized scaffold of microgel particles may occupy about 60% of the total volume of

the stabilized scaffold. The interstitial spaces within the stabilized scaffold of microgel particles

may occupy about 70% of the total volume of the stabilized scaffold. The interstitial spaces

within the stabilized scaffold of microgel particles may occupy 10% of the total volume of the

stabilized scaffold. The interstitial spaces within the stabilized scaffold of microgel particles

may occupy 20% of the total volume of the stabilized scaffold. The interstitial spaces within the

stabilized scaffold of microgel particles may occupy 30% of the total volume of the stabilized

scaffold. The interstitial spaces within the stabilized scaffold of microgel particles may occupy

the total volume of the stabilized scaffold. The interstitial spaces within the stabilized scaffold of

microgel particles may occupy 70% of the total volume of the stabilized scaffold.

total volume of the stabilized scaffold.

microgel particles may occupy about 5% to about 55% of the total volume of the stabilized

scaffold. The interstitial spaces within the stabilized scaffold of microgel particles may occupy

total volume of the stabilized scaffold. The interstitial spaces within the stabilized scaffold of

microgel particles may occupy about 5% to about 40% of the total volume of the stabilized

scaffold.
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may occupy 5% to 55% of the total volume of the stabilized scaffold. The interstitial spaces

scaffold. The interstitial spaces within the stabilized scaffold of microgel particles may occupy

about 10% to about 65% of the total volume of the stabilized scaffold. The interstitial spaces

within the stabilized scaffold of microgel particles may occupy about 10% to about 55% of the

scaffold. The interstitial spaces within the stabilized scaffold of microgel particles may occupy

about 10% to about 45% of the total volume of the stabilized scaffold. The interstitial spaces

within the stabilized scaffold of microgel particles may occupy about 10% to about 40% of the

[0073] The interstitial spaces within the stabilized scaffold of microgel particles may occupy

10% to 80% of the total volume of the stabilized scaffold. The interstitial spaces within the

stabilized scaffold of microgel particles may occupy 10% to 75% of the total volume of the

stabilized scaffold. The interstitial spaces within the stabilized scaffold of microgel particles

of the stabilized scaffold. The interstitial spaces within the stabilized scaffold of microgel

particles may occupy 10% to 55% of the total volume of the stabilized scaffold. The interstitial

interstitial spaces within the stabilized scaffold of microgel particles may occupy 10% to 40% of

the total volume of the stabilized scaffold.
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[0074] The interstitial spaces within the stabilized scaffold of microgel particles may occupy

within the stabilized scaffold of microgel particles may occupy about 15% to about 75% of the

total volume of the stabilized scaffold. The interstitial spaces within the stabilized scaffold of

microgel particles may occupy about 15% to about 70% of the total volume of the stabilized

scaffold. The interstitial spaces within the stabilized scaffold of microgel particles may occupy

about 15% to about 65% of the total volume of the stabilized scaffold. The interstitial spaces

within the stabilized scaffold of microgel particles may occupy about 15% to about 55% of the

total volume of the stabilized scaffold. The interstitial spaces within the stabilized scaffold of

microgel particles may occupy about 15% to about 50% of the total volume of the stabilized

scaffold. The interstitial spaces within the stabilized scaffold of microgel particles may occupy

about 15% to about 45% of the total volume of the stabilized scaffold. The interstitial spaces

15% to 80% of the total volume of the stabilized scaffold. The interstitial spaces within the

stabilized scaffold of microgel particles may occupy 15% to 75% of the total volume of the

of the stabilized scaffold. The interstitial spaces within the stabilized scaffold of microgel

interstitial spaces within the stabilized scaffold of microgel particles may occupy 15% to 40% of

the total volume of the stabilized scaffold.

within the stabilized scaffold of microgel particles may occupy about 20% to about 75% of the

total volume of the stabilized scaffold. The interstitial spaces within the stabilized scaffold of

microgel particles may occupy about 20% to about 70% of the total volume of the stabilized

within the stabilized scaffold of microgel particles may occupy about 20% to about 55% of the
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microgel particles may occupy about 20% to about 50% of the total volume of the stabilized

of the stabilized scaffold. The interstitial spaces within the stabilized scaffold of microgel

particles may occupy 20% to 55% of the total volume of the stabilized scaffold. The interstitial

spaces within the stabilized scaffold of microgel particles may occupy 20% to 50% of the total

interstitial spaces within the stabilized scaffold of microgel particles may occupy 20% to 40% of

the total volume of the stabilized scaffold.

Microporous Gel System Stability

six months. The microporous gel systems disclosed herein may have a shelf life of at least about

seven months. The microporous gel systems disclosed herein may have a shelf life of at least

about eight months. The microporous gel systems disclosed herein may have a shelf life of at

least about nine months. The microporous gel systems disclosed herein may have a shelf life of

life of at least about one year. The microporous gel systems disclosed herein may have a shelf

life of at least about fourteen months. The microporous gel systems disclosed herein may have a

disclosed herein may have a shelf life of at least about twenty-two months. The microporous gel

systems disclosed herein may have a shelf life of at least about two years. The microporous gel
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systems disclosed herein may have a shelf life of at least about four years. The microporous gel

systems disclosed herein may have a shelf life of at least six months. The microporous gel

systems disclosed herein may have a shelf life of at least seven months. The microporous gel

systems disclosed herein may have a shelf life of at least eight months. The microporous gel

systems disclosed herein may have a shelf life of at least nine months. The microporous gel

systems disclosed herein may have a shelf life of at least ten months. The microporous gel

systems disclosed herein may have a shelf life of at least eleven months. The microporous gel

systems disclosed herein may have a shelf life of at least one year. The microporous gel systems

disclosed herein may have a shelf life of at least fourteen months. The microporous gel systems

disclosed herein may have a shelf life of at least sixteen months. The microporous gel systems

disclosed herein may have a shelf life of at least eighteen months. The microporous gel systems

systems disclosed herein may have a shelf life of at least three years. The microporous gel

systems disclosed herein may have a shelf life of at least four years. The microporous gel

disclosed herein, or components thereof, may be stable at up to a temperature when in a

gel systems, or components thereof, may be stable at 25°C to 35°C. The microporous gel

systems, or components thereof, may be stable up to about 35°C, up to about 40°C, up to about

95°C, up to about 100°C, up to about 105°C, up to about 110°C, up to about 115°C, up to about

120°C, up to about 125°C, up to about 130°C, up to about 135°C, up to about 140°C, up to

about 145°C, or up to about 150°C. The microporous gel systems, or components thereof, may
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to 145°C, or up to 150°C.

microporous gel systems disclosed herein may have a shelf life of at least one year at 25°C. The

microporous gel systems disclosed herein may have a shelf life of at least one year at 4°C. The

microporous gel systems disclosed herein may have a shelf life of at least one year at 25°C to

Medical Devices

[0082] Provided herein are methods and systems for treating a condition in a subject in need

thereof, comprising administering to the subject a medical device disclosed herein. The

application of a microporous gel system disclosed herein. The medical device may at least

partially contain the microporous gel system. The medical device may be coated with the

microporous gel system. Medical devices of many different shapes and sizes will be compatible

with the microporous gel systems and stabilized scaffolds disclosed herein. Due to the initial

some aspects, the stabilized scaffold is conformed to the shape and size of the device. In some

aspects, the stabilized scaffold is adapted to the shape and size of the device. For the same

before it becomes the stabilized scaffold.

[0083] The medical device may be an implant. The implant may be a temporary implant. A

temporary implant may be an implant that remains in the subject for more than one day, but not
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more than one week. A temporary implant may be an implant that remains in the subject for

The implant may be an organ, artificial or donor. The implant may be a biomaterial, such as a

mesh or fabric. The implant may be a printed device or tissue. As used herein, an implant is a

medical device that is administered to a subject that remains in the subject after administration.

The implant may be functional due to its physical structure. The implant may be functional due

to an active function that it performs. The implant may comprise a glucose sensor. The implant

may comprise a glucose dispenser. The implant may comprise a cell-based therapy delivered in

a device (e.g., an islet cell transplantation).

[0084] The medical device may be a surgical device. As used herein, a surgical device is a

structure that is used in the subject during a procedure, and that does not remain in the subject

after the procedure. By way of non-limiting example, the surgical device may be a laser, scalpel

procedure may comprise insertion of a catheter or application of an ostomy device.

[0085] The medical device may be a vascular stent. The medical device may be a prosthetic

artificial disc. The medical device may be an intra-uterine device. The medical device may be

capable of correcting or improving an abnormal heart rhythm. CIEDs may include, but are not

limited to, cardiac pacemakers and implantable cardioverter defibrillators.

(NIED), and a microporous gel system disclosed herein. NIEDs include, but are not limited to, a

neural implant, a brain implant, and a spinal implant. The implant may also be referred to as

neural stimulator or prosthetic. The microporous scaffolds disclosed herein may provide an
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produces a deep brain stimulation. The NIED may be a device that produces a vagus nerve

[0088] The medical devices disclosed herein may be connected to a computer or in

communication with a computer. The medical devices disclosed herein may be battery operated.

The medical devices disclosed herein may be connected or in communication with a recording

[0089] Medical devices disclosed herein may comprise a coating. In some instances, medical

devices disclosed herein do not comprise a coating. In some instances, medical devices disclosed

herein are pre-coated with a coating. In some instances, the coating comprises a coating

a coating functional group that is capable of binding a flowable microgel particle disclosed

herein. In some instances, some instances, the coating comprises a coating functional group that

is capable of reacting with a flowable microgel particle disclosed herein. In some instances, the

coating comprises a coating functional group that is capable of binding an annealing component

coating comprises a coating functional group that is capable of binding a crosslinker disclosed

herein. In some instances, the coating comprises a coating functional group that is capable of

[0090] Systems disclosed herein may comprise a device coating agent, wherein the device

coating agent enables coating of the microporous gel system to the medical device. The systems

disclosed herein may comprise a device coating agent, wherein the device coating agent
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promotes coating of the microporous gel system to the medical device. The systems disclosed

of the microporous gel system to the medical device. The systems disclosed herein may

comprise a device coating agent, wherein the device coating agent promotes adhesion of the

microporous gel system scaffold to the medical device.

[0091] Systems disclosed herein may comprise a device coating agent, wherein the device

coating agent enables adhesion of the stabilized scaffold to the medical device. The systems

disclosed herein may comprise a device coating agent, wherein the device coating agent

promotes adhesion of the stabilized scaffold to the medical device. The device coating agent

may be applied to the medical device. The device coating agent may be a component of the

microporous gel system. The device coating agent may be mixed with the microporous gel

system or component thereof, prior to use. The device coating agent may comprise a ceramic,

vinylpyrrolidone PNP). The polymer may comprise a polyurethane. The polymer may

comprise hyaluronan or hyaluronic acid.

analgesics. The therapeutic agent may be incorporated in the flowable microgel particles. The

agent may be released from the stabilized scaffold into or on to the site or tissue of the subject.

For example, the therapeutic agent may be incorporated in the stabilized scaffold and released as

as tissue mediated and/or enzyme mediated hydrolysis, hydrolysis not mediated by tissue or

enzymes, enzymolysis, redox change, temperature change or by an external trigger such as light,

electromagnetic field, ultrasound. Alternatively or additionally, the system may comprise a
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comprise a single therapeutic agent or a combination of a plurality of therapeutic agents.

portion of the therapeutic agent may be released in less than about one week. At least a portion

of the therapeutic agent may be released in less than about one month. At least a portion of the

therapeutic agent may be released in less than one day. At least a portion of the therapeutic

scaffold over a period of about 1 day to about 1 week. The therapeutic agent may be released

from the stabilized scaffold over a period of about 1 day to about 2 weeks. The therapeutic agent

may be released from the stabilized scaffold over a period of about 1 day to about 3 weeks. The

about 100 days. At least a portion of the therapeutic agent may be released over a period of

about 1 day to about 100 days. The therapeutic agent may be released from the stabilized

scaffold over a period of 1 day to 1 week. The therapeutic agent may be released from the

stabilized scaffold over a period of 1 day to 2 weeks. The therapeutic agent may be released

therapeutic agent may be released over a period of 1 day to 100 days. The portion of the

therapeutic agent may be about 1% to about 50% of the therapeutic agent. The portion of the

1% to 50% of the therapeutic agent. The portion of the therapeutic agent may be 10% to 50% of

the therapeutic agent. The portion of the therapeutic agent may be 10% to 80% of the

therapeutic agent. The portion of the therapeutic agent may be 1% to 10%.
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[0094] The therapeutic agent may be present in the microporous gel system at a concentration

gel system at a concentration of about 1 µg/mL, about 5 µg/mL, about 10 µg/mL, about 20

µg/mL, about 30 µg/mL, about 40 µg/mL, about 50 µg/mL, about 60 µg/mL, about 70 µg/mL,

about 80 µg/mL, about 90 µg/mL, or about 100 µg/mL. The therapeutic agent may be present in

the microporous gel system at a concentration of about 100 µg/mL, about 200 µg/mL, about 300

µg/mL, about 400 µg/mL, about 500 µg/mL, about 600 µg/mL, about 700 µg/mL, about 800

µg/mL, about 900 µg/mL, or about 1 mg/mL. The therapeutic agent may be present in the

microporous gel system at a concentration of about 1 mg/mL to about 10 mg/mL. The

therapeutic agent may be present in the microporous gel system at a concentration of about 10

mg/mL to about 350 mg/mL. The therapeutic agent may be present in the microporous gel

system at a concentration of about 50 mg/mL to about 300 mg/mL. The therapeutic agent may

or about 400 mg/mL. The therapeutic agent may be present in the microporous gel system at a

concentration of 1µg/mL to 1 mg/mL. The therapeutic agent may be present in the microporous

µg/mL, 400 µg/mL, 500 µg/mL, 600 µg/mL, 700 µg/mL, 800 µg/mL, 900 µg/mL, or 1 mg/mL.

may be present in the microporous gel system at a concentration of 5 mL, 10 mg/ mL, 20

mg/mL, 40 mg/mL, 60 mg/mL, 80 mg/mL, 100 mg/mL, 150 mg/ mL, 200 mg/mL, 250 mg/mL,

combinations thereof, and uses thereof. The anti-inflammatory agent may be a steroidal or

hormonal agent. The anti-inflammatory agent may be a non-steroidal anti-inflammatory agent.

The anti-inflammatory agent may be synthetic or non-naturally-occurring. The anti-
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meloxicam, or combinations thereof.

combination of antimicrobial agents may comprise a combination of antibiotics. The

combination of antibiotics may be selected from a combination of a ß-lactam, a macrolide, an

aminoglycoside, a glycopeptide antibiotic, a quinolone, a tetracycline, a phenicol, a sulfonamide.

or the stabilized scaffold at a concentration that is bactericidal at the implant site or surgical site.

The antibiotic may be present in the microporous gel system or the stabilized scaffold at a

concentration that is bacteriostatic at the implant site or surgical site.

antimicrobial agent is incorporated in the stabilized scaffold and released from the stabilized

scaffold. The antimicrobial agent may be released from the stabilized scaffold at a rate. In

certain embodiments, the antimicrobial agent is released from the stabilized scaffold at more

than one rate, see, e.g., FIG. 3. In certain embodiments, the antimicrobial agent is actively

released over the period of at least about one week. The antimicrobial agent may be released

over the period of at least about ten days. The antimicrobial agent may be released over the

antimicrobial agent may be released over the period of ten days. The antimicrobial agent may be

released over the period of two weeks. The antimicrobial agent may be released over the period

of three weeks. The antimicrobial agent may be released over the period of four weeks. The
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antimicrobial agent may be released at a rate that reduces or kills microbes at the implant site or

implant site or surgical site, may be considered bactericidal. The antimicrobial agent may be

released at a rate that maintains microbe presence at the implant site or surgical site, but prevents

growth of microbes at the implant site or surgical site. The amount of antimicrobial agent, and

the rate at which it is released at the implant site or surgical site, may be considered

bacteriostatic.

[0099] Provided herein are systems that comprise an agent that prevents, alleviates or reduces

pain or discomfort at the implant site or surgical site. Provided herein are systems and methods

that comprise at least one analgesic, combinations of analgesics, or a use thereof. By way of

non-limiting example, the analgesic may be paracetamol (also known as acetaminophen), an

opioid, a non-steroidal anti-inflammatory drug (NSAID), a cyclooxygenase inhibitor, a

dimethocaine/larocaine, piperocaine, propoxycaine, procaine/novocaine, proparacaine,

tetracaine/amethocaine, chloroprocaine, saxitoxin, neosaxitoxin, tetrodotoxin, menthol, or

herein and methods of incorporating the therapeutic agents into the microporous gel systems

into the microporous gel via entrapment. The therapeutic agent may be directly incorporated in

the microporous gel system by a covalent linkage between the therapeutic agent and a polymer

photo-caging method. The therapeutic agent may be loaded in a nanoparticle (a therapeutic

agent-loaded nanoparticle). The microporous gel systems disclosed herein may comprise a

mixture of therapeutic agent-loaded microparticles and therapeutic agent-loaded nanoparticles
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loaded nanoparticles into the microporous gel system may comprise directly embedding the

Provided herein are systems that comprise a microporous gel system disclosed

UV or NIR), a change of temperature, ultrasound, or a magnetic field. The active release may be

initiated by an internal stimulus. The internal stimulus may be produced by the subject. The

internal stimulus, by way of non-limiting example, may be a pH change, a redox reaction,

non-limiting example, nanoparticles may comprise a polymer selected from poly(lactic-co-

glycolic acid) (PLGA) or a copolymer thereof, a poly(anhydride), a poly(amide), a poly(ortho

ester), a polycaprolactone. The nanoparticle may comprise hyaluronic acid. The nanoparticle

nanoparticle may comprise a polymer with a lower critical solution temperature (LCST), such as

poly(N-isopropylacrylamide) (PNIPAm) or co-polymer of PNIPAm, by way of non-limiting

example. The nanoparticle may comprise a polymer with an upper critical solution temperature

(UCST) such as poly(hydroxyethylmethacrylate) (PHEMA) or polyethylene oxide (PEO) or

oxycarbonyl) (poly(PABC)) that is capped with a cage that can be released upon a stimulus

(e.g., light, temperature, pH, redox, enzyme). In self-immolating systems, a single cleavage

and 10 mol% of 1-palmitoyl lysophosphatidylcholine). The silver nitrate-loaded liposomes are

entrapped in DOPA-functionalized microgel particles and are stable at room temperature. By

way of non-limiting example, nanoparticles may comprise liposomes or lipid vesicles. At body
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temperature, the lipid bilayer of the liposomes is more permeable allowing silver nitrate to be

react with another DOPA group leading to the crosslinking of the DOPA-functionalized

microgel particles.

[00102] Provided herein are systems that comprise a core-shell nanoparticle system in which

the shell responds to a stimulus. The core or shell may comprise any combination of the

enable the nanoparticles to retain a cargo, such as a therapeutic agent disclosed herein, while

being stored in an aqueous environment (e.g., inside the microgel solution in a syringe). The

cargo may be released by applying an external stimulus to the tissue site (e.g., light,

electromagnetic radiation). The cargo may be released by an internal stimulus, present in a tissue

of the subject, (e.g., enzymes, redox potential, pH, temperature). The microporous gel system

initiates release of the cargo from the first portion of microgel particles. The methods disclosed

herein may comprise delivering the first portion and the second portion of microgel particles

[00103] Provided herein are methods and systems for producing microporous gel systems.

a hydrogel particle. Generally, flowable microgel particles disclosed herein comprise a high

water content and "intra-crosslinks" (crosslinks within the particles). In general, a high water

about 99.9%. The intra-crosslinks may be physical, chemical, or a combination thereof.

Synthesis of Flowable Microgel Particles

[00104] The microgel particles may be synthesized using a microfluidic device (one particle
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through synthesis. The microgel particles may be synthesized using a parallel production method

mixture. By way of non-limiting example, the oil may be a light mineral oil (LMO) or a heavy

sodium lauryl ether sulfate (SLES), and perfluorooctanesulfonate The surfactant may be a

cationic surfactant. Non-limiting examples of cationic surfactants are cetyltrimethylammonium

bromide (CTAB), and hexadecylpyridium bromide. The surfactant may be an amphoteric

surfactant may vary from 0.01 to 5% v/v.

[00106] In some instances, methods comprise adding the surfactant to the oil. In some

instances, methods comprise adding the surfactant to the oil prior to the addition of an aqueous

aqueous solution/mixture described herein. In some instances, having a surfactant in the aqueous

phase is beneficial because if the surfactant has a high-water solubility it is easy to remove

during purification.

[00107] The oil or oil mixture may be added to a bioreactor vessel through a micron filter and

about 10 liters. In some instances, the bioreactor vessel contains a volume from about 10 liters to

about 100 liters. In some instances, the bioreactor vessel contains a volume from about 100 liters

from about 1000 liters to about 10,000 liters. In some instances, the micron filter has a pore size

of about 0.1 µm to about 1 µm. In some instances, the micron filter has a pore size of about 0.2

µm.
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[00108] In some instances, methods of synthesizing microgel particles comprise modifying a

groups to the backbone polymer. In some instances, only one functional group is attached, and

the resulting backbone polymer is referred to as a polymerization monomer. In some instances,

two or more functional groups are attached, and the resulting backbone polymer is referred to as

an intracrosslinking component. The term, "intracrosslinking component," as used herein,

the crosslink bonds). In some instances, an intracrosslinking component is also an

intracrosslinker.

[00109] In some instances, methods of synthesizing microgel particles comprise mixing two

or more types of intracrosslinking components. In some instances, methods of synthesizing

microgel particles comprise mixing two or more types of intracrosslinking components and an

polymerization monomer.

[00110] In some instances, methods comprise obtaining a solution of at least one of an

required because the intracrosslining component(s) self-crosslink without a crosslinking agent.

poly(ethylene glycol) functionalized with four vinyl sulfone groups (PEG-VS) and limiting

amounts of K-peptide (Ac-FKGGERCG-NH2), Q-peptide (Ac-NQEQVSPLGGERCG-NH2),

degradable peptide provide intracrosslinking components; PEG-VS provides four vinyl sulfone

groups and MMP-degradable peptide provides two thiol groups. Upon mixing of the PEG-VS

and MMP-degradable peptide (both intracrosslinking components) in the presence of
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catalyst: triethanolamine.

peptide may be about 500 µM. The concentration of Q-peptide may be about 100 µM to about

[00113] In some instances, methods comprise obtaining an intracrosslinker solution. In some

instances, methods comprise preparing an intracrosslinker solution. The intracrosslinker solution

may comprise a degradable peptide. The intracrosslinker solution may comprise di-cysteine

intracrosslinker solution may be about 5 mM to about 15 mM. The method may comprise

filtering the intracrosslinker solution.

[00114] Methods of producing may comprise mixing the intracrosslinking agent with the

adding the aqueous mixture to the oil in an oil container. In some instances, methods comprise

adding an aqueous mixture to oil at a volume fraction of the aqueous phase into the oil phase.

The volume fraction may be about 1% to about 10% v/v/ w/o. In some instances, methods

comprise injecting the aqueous mixture into the oil. Injecting may comprise the use of a

some instances, the peristatic pump is operated at about 135 mL/min. In some instances

injecting is performed immediately after mixing. The methods may comprise stirring the oil as

blade stirrer, dissolver stirrer, spiral stirrer, propeller stirrer, double impeller). Stirring may occur

for at least 1 hour. Stirring may occur for at least 2 hours. Stirring may occur for about 1 hour to

about 24 hours. When stirring stops, flowable microgel particles settle to the bottom of the oil
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container. The final size of the flowable microgel particles may be dependent upon the

the aqueous phase to the oil phase.

[00115] In some instances, the methods may comprise a base-catalyzed Michael addition. The

base may be an amine (e.g. triethanolamine, trimethylamine), an amidine (e.g. 1,8-

diazabicycloundec-7-ene (DBU), 1,5-diazabicyclo[4.3.0]non-5-ene (DBN)), an imidazole, a

(e.g. tri-n-propylphosphine, dimethylphenylphosphine, methyldiphenylphosphine,

triphenylphosphine). In some instances, the base is added to the oil prior to addition of an

aqueous phase to oil. In some instances, the base is added to a solution disclosed herein prior to

formation of an aqueous mixture. In some instances, it is beneficial to add the base to the oil

because it ensures initiation of the gelation occurs only when the aqueous mixture is added to

connected to a reaction vessel. The flowable microgel particles that are generated by the static

mixer are collected in the reaction vessel and kept under gentle agitation until the reaction is

phases are in contact in the static mixer; less oil is required; and a greater particle concentration

simultaneously. In some instances, methods comprise purifying flowable microgel particles after

synthesizing the flowable microgel particles. In some instances, purifying flowable microgel

membranes with different pore sizes, different lumen IDs or flat sheet membrane). In some

instances, membrane separation comprises tangential flow filtration (TFF). In some instances,

membrane separation comprises ultrafiltration-diafiltration (UFDF). In some instances,
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flowable microgel particles that passes parallel to a membrane face. One portion of the solution

retentate. In some instances, the flow in the filtration system may be controlled by a peristaltic

particles. Methods of purifying may comprise dispersing the particles in an alcohol solution.

Methods of purifying may comprise removing excess oil and surfactant that are not miscible in

water while keeping the particles (mainly composed of water) dispersed and sufficiently swollen

Transferring rate may be linked to the flux of filtrate passing through the membrane, and occur

at a rate of about 1 to about 1000 LMH (liters/m²h). Transferring may occur at a rate of about

100 to about 500 LMH. Transferring may occur at a rate of about 200 to about 300 LMH. This

(and within) the flowable microgel particles, rendering the particles unsuitable for a microporous

scaffold. The transition rate may achieve at least one of (i) particle hydrogel mesh swelling,

which is a product of the affinity for certain solvents for a given hydrogel polymer

backbone/crosslinker system, and (ii) solubility of the surfactant in the continuous phase outside

allow TFF to proceed by using an intermediate solvent (e.g. isopropanol (IPA)) which is

miscible with both mineral oil and water, and capable of substantially swelling the particle mesh

[00120] In some instances, methods comprise performing membrane filtration or membrane

separation to concentrate the flowable microgel particles to a particle concentration in a solution,

fluid, or solvent described herein. The shear rate occurring on the inside face of the membrane
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filter as solution passes by may affect the capability of concentrated particle suspensions to flow,

shear rate may be between 1s¹ and 100s¹. In some instances, the shear rate may be between

100s¹ and 500s¹. In some instances, the shear rate may be between 500s¹ and 1,000s¹ In some

instances, the shear rate may be between 1,000s¹ and 5,000s¹ In some instances, the shear rate

may be between 5,000s¹ and 10,000s¹. The concentration may be about 1% v/v to about 100%

10% v/v to about 20% v/v. The concentration may be about 20% v/v to about 30% v/v. The

concentration may be about 30% v/v to about 40% v/v. The concentration may be about 40% v/v

to about 50% v/v. The concentration may be about 50% v/v to about 60% v/v. The concentration

may be about 60% v/v to about 70% v/v. The concentration may be about 70% v/v to about 80%

v/v. The concentration may be about 80% v/v to about 90% v/v. The concentration may be about

at least one solvent to purify the particles. In some instances, methods comprise contacting the

flowable microgel particles with a gradient of solvents. In some instances, the solvent is selected

are not limited to, isopropyl alcohol (IPA), methanol, ethanol, glycerol, acetone, acetonitrile,

instances, the alcohol solution is about 30%, about 35%, about 40%, about 45%, about 50%,

about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, or about

with a 95% IPA solution. In some instances, methods comprise performing diafiltration with a

50% IPA solution. In some instances, methods comprise performing diafiltration with 100%

pure water. Non-limiting examples of aqueous buffers include phosphate buffers, HEPES
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limiting example, the aqueous buffer may comprise 10 mM phosphate buffer, 100 mM NaCl,

surfactant), and foul separation membranes. In some instances, methods comprise initially

may be described as a three dimensional network formed by intracrosslinks within the microgel

particle. The mesh is porous, resulting in pores within the particles. Pores within the microgel

particles are generally nanoscopic pores, as opposed to the microscopic pores between the

Since the microparticles grow in size when they swell, polymer chains that make up the

microgel particle may unfold in the water, thereby increasing the spacing within the 3D network

(the mesh) and increasing the space between each neighboring polymer in the mesh (the pore

Annealing Flowable Microgel Particles

[00124] In some instances, the methods comprise annealing two or more flowable microgel

particles together. This may be referred to as particle - particle annealing. Particle-particle

annealing includes intercrosslinking. In some instances, annealing results in formation of at least

disulfide bond, oxime, thiourea, hydrazone, and imine. In some instances, the bond is a non-

covalent bond. Non-limiting examples of non-covalent bonds are those found in an interaction

include Michael addition, amide bond coupling, "click" chemistry (e.g. Diels-Alder

cycloaddition, Huisgen 1,3-dipolar cycloaddition), reductive amination, carbamate linkage, ester
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linkage, thioether linkage, disulfide bonding, hydrazone bonding, oxime coupling, and thiourea

[00125] In some instances, methods disclosed herein comprise mixing flowable microgel

particles that contain at least one annealing component. In general, annealing components

comprise a reactive moiety. Non-limiting examples of annealing components include catechol

(e.g., L-DOPA, dopamine), sialic acid (e.g., neuraminic acid), boronic acid (e.g., 3-

pillararenes, crown ethers, cavitands, cryptands, carcerands), adamantane, biotin, and

streptavidin. Additional examples of annealing components are described herein. In some

instances, the at least one annealing component is part of a backbone polymer of a microgel

particle. In some instances, the at least one annealing component is initially separate from the

backbone polymer. In some instances, the at least one annealing component is part of the

particle." In some instances, mixing may occur in vitro. In some instances, mixing may occur ex

vivo. In some instances, mixing may occur in vitro immediately before being applied to a subject

components, and additional system components described herein (e.g., therapeutic agents,

second flowable microgel particle are the same. This may be referred to as "homo-annealing."

An advantage to homo-annealing is that only one type of flowable microgel particle needs to be

use, again simplifying the overall manufacturing process, as well as storage conditions. The first

flowable microgel particle and the second flowable microgel particle may be connected by an

annealing agent. In some instances, the annealing agent is a crosslinking agent. In some

part of a resulting connection or linkage between the first flowable microgel particle and the
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covalent. A non-limiting example of an annealing agent may be a combination of thrombin and

by a crosslinker. The crosslinker may participate in the linkage between microgel particles and

first functional group (first annealing component) and the second flowable microgel particle has

a second functional group (second annealing component), wherein the first functional group and

the second functional group are different. Methods may comprise mixing the first flowable

annealing." One advantage to hetero-annealing is that an external annealing agent or crosslinker

is not required.

[00128] In some instances, the annealing component is part of the intracrosslinking

microgel particle. In some instances, the second annealing component is part of the backbone

polymer of a microgel particle. In some instances, the intracrosslinking component is part of the

annealing component. In some instances, the intracrosslinker of a microgel particle is part of the

annealing component. In some instances, the backbone polymer of a microgel particle is part of

microgel particles in the presence of at least one annealing component. This may be referred to

as pre-functionalization of the flowable microgel particles. The annealing component may be

the first annealing component on to a first flowable microgel particle and incorporating the

second annealing component on to a second flowable microgel particle. In some instances, the
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such that there is an excess of the first annealing component (e.g., ratio of first annealing

comprise mixing the first annealing component with the second annealing component, such that

there is an excess of the second annealing component (e.g., ratio of first annealing component to

second annealing component is less than1). The ratio of first annealing component to second

annealing component may be about 0.1, about 0.2, about 0.3, about 0.5, about 0.8, about 1, about

of the first annealing component and the second annealing component. In some instances, the

difference is at least about 1%. In some instances, the difference is at least about 5%. In some

instances, the difference is at least about 10%. In some instances, the difference is at least about

20%. In some instances, the difference is at least about 50%. In some instances, the difference is

at least about 100%. In some instances, the methods further comprise annealing the first

an example of pre-functionalization of flowable microgel particles. Non-limiting examples of

annealing components used for pre-functionalization include functional groups such as vinyl

excess of vinyl sulfone groups can covalently react with microgel particles containing an excess

microgel particle and subsequently connecting an annealing component on to the microgel

particle. This may be referred to as post-functionalization of the flowable microgel particles. A

component (A in FIG. 5) to a first flowable microgel particle and adding a second annealing

component (B in FIG. 5) on to a second flowable microgel particle. Subsequently, the first

flowable microgel particle (e.g., first functionalized microparticle) is mixed with the second

and second annealing component. Non-limiting examples of connections that can be formed
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(e.g., amide, ester, C-C bond through Michael addition, carbamate, disulfide bond, oxime,

complex (driven by electrostatic interactions, hydrogen bonding, cation-, - stacking, metal-

instances, the mixture anneals in situ to form a porous network. In some instances, annealing

occurs in vitro.

[00131] A non-limiting example of post-functionalization, as described herein, is flowable

form cyclic boronate esters, thereby creating a microporous scaffold. Another non-limiting

example is flowable microgel particles functionalized with beta-cyclodextrin interacting with

flowable microgel particles functionalized with adamantane. Complexation of these flowable

In some instances, post-functionalization is advantageous because it allows more functionality

options than pre-functionalization. Post-functionalization may not be as simple and easy as pre-

functionalization as it may require an extra step after particle synthesis. However, some

annealing components cannot be added with the pre-functionalization method. For instance,

functionalization may allow one to functionalize flowable microgel particles with a wider array

of annealing components.

a pre-functionalized microgel particle, as described herein. At least one of the first

functionalized microgel particle and the second functionalized microgel particle may be a post-
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microgel particle and the second functionalized microgel particle are the same. In some

particle are different. A schematic diagram is presented in FIG. 6 to depict an example of

annealing flowable microgel particles with the use of a crosslinker. In some instances, methods

disclosed herein comprise crosslinking the first functionalized microgel particle to the second

functionalized microgel particle, wherein the crosslinking comprises linking at least one of the

crosslinker (B in FIG. 6). In some instances, the methods comprise contacting at least one of the

first functionalized microgel particle and the second functionalized microgel particle with a

crosslinker after synthesizing the flowable microgel particles. In some instances, the contacting

occurs in situ. In some instances, the contacting occurs in situ when the flowable microgel

particles are being applied to tissue of a subject. The crosslinker may be functionalized with

hydroxylamine, and thione. The crosslinker can be homofunctional (same functional groups) or

heterofunctional (different functional groups). Examples of crosslinking reactions using

oxime coupling, and thiourea coupling.

herein. At least one of the first functionalized microgel particle and the second functionalized

microgel particle may be a post-functionalized microgel particle, as described herein. In some

instances, the first functionalized microgel particle and the second functionalized microgel

functionalized microgel particle are different. In some instances, the crosslinking agent is added

after synthesizing the functionalized microgel particles. In some instances, the crosslinking

agent is added during in situ application of the microgel particles to the tissue. In some

are dithiothreitol, dithioerythritol, L-glutathione, and tris (2-carboxyethyl) phosphine

hydrochloride). In some instances, the crosslinking agent is an oxidizing agent. The oxidizing
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examples of oxidizing agents are horseradish peroxidase (HRP), sodium periodate, and silver

By way of non-limiting example, DOPA-functionalized microgel particles may be crosslinked

a crosslinking agent described herein that is released upon a trigger during in situ application of

the flowable microgel particles to the tissue. Functionalized microgel particles, as described

herein, may be annealed using a crosslinker, annealing agent or crosslinking agent described

in a nanoparticle which is embedded in a microgel particle during microparticle synthesis. In

some instances, the annealing agent, crosslinker or crosslinking agent is released by an internal

trigger. Non-limiting examples of internal triggers are tissue mediated hydrolysis, enzyme

(e.g. oxidative stress), pH change, and temperature change. In some instances, the annealing

agent, crosslinker or crosslinking agent is released by an external trigger. Non-limiting examples

of external triggers are temperature, light, electromagnetic field, and ultrasound.

[00135] Methods of producing microporous gel systems disclosed herein may comprise

microgel particles. The therapeutic agent may be attached to a flowable microgel particle via a

[00136] Further provided herein are methods of producing a microporous gel system
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the therapeutic agent may be lyophilized. Methods may comprise dissolving the nanoparticle

therapeutic agent with the flowable microgel particles.

Methods of Treatment and Uses

[00137] Provided herein are methods of treating a site of a medical device in a tissue of a

subject comprising administering to the site: a collection of flowable microgel particles

flowable microgel particles together via the annealing component to form a stabilized scaffold of

microgel particles having interstitial spaces therein. The medical device may be any medical

device disclosed herein. The medical device may be a surgical device, a medical implant or a

biomaterial disclosed herein.

[00138] Provided herein are methods of treating a cardiac arrhythmia comprising

that links the flowable microgel particles together via the annealing component to form a

stabilized scaffold of microgel particles having interstitial spaces therein.

microgel particles comprising a backbone polymer and an annealing component; and an

be brain tissue. The tissue may be intestinal tissue. The tissue may be adipose tissue. The

tissue may also be characterized as a tissue at a location of the subject. The location may a

brain, a skull, a spine, an ear, an eye, a nasal sinus, a neck, a chest, an abdomen, a stomach, a

[00141] The methods may comprise administering the collection of flowable microgel

particles to the site before the medical device contacts the site. The methods may comprise

administering the collection of flowable microgel particles to the site after the medical device

microgel particles and the medical device to the site. The methods may comprise administering

the annealing agent to the site before administering the flowable microgel particles to the site.
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flowable microgel particles to the site. The methods may comprise co-administering the

backbone polymer disclosed herein, a degradable crosslinker disclosed herein, a cell adhesive

device.

[00143] The methods may comprise applying a stimulus to the site, wherein the stimulus

forms the stabilized scaffold. By way of non-limiting example, the stimulus may be a chemical,

Although the effects of the stimulus may last longer, the stimulus may be applied for about 1

second, about 2 seconds, about 3 seconds, about 4 seconds, about 5 seconds, about 10 seconds,

about 30 seconds, about 1 minute, about 2 minutes, about 5 minutes, about 10 minutes, about 15

12 hours, or about 1 day. The stimulus may be applied for 1 second, 2 seconds, 3 seconds, 4

seconds, 5 seconds, 10 seconds, 30 seconds, 1 minute, 2 minutes, 5 minutes, 10 minutes, 15

minutes, 20 minutes, 30 minutes, 1 hour, 2 hours, 8 hours, 12 hours, or 1 day. In some cases, the

stimulus is applied for more than one day. The stimulus may be applied for about 1 second to

stimulus may be applied for about 5 minutes to about 1 day. The stimulus may be applied for

applied for 10 seconds to 1 day. The stimulus may be applied for 30 seconds to 1 day. The
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minutes to 1 day. The stimulus may be applied for 1 hour to 1 day. The stimulus may be applied

12 hours. The stimulus may be applied for about 10 seconds to about 12 hours. The stimulus

may be applied for about 30 seconds to about 12 hours. The stimulus may be applied for about 1

minute to about 12 hours. The stimulus may be applied for about 5 minutes to about 12 hours.

The stimulus may be applied for about 15 minutes to about 12 hours. The stimulus may be

about 12 hours. The stimulus may be applied for 1 second to 12 hours. The stimulus may be

applied for 5 seconds to 12 hours. The stimulus may be applied for 10 seconds to 12 hours. The

stimulus may be applied for 30 seconds to 12 hours. The stimulus may be applied for 1 minute

to 12 hours. The stimulus may be applied for 5 minutes to 12 hours. The stimulus may be

applied for 15 minutes to 12 hours. The stimulus may be applied for 30 minutes to 12 hours. The

seconds to about 1 hour. The stimulus may be applied for about 1 minute to about 1 hour. The

stimulus may be applied for about 5 minutes to about 1 hour. The stimulus may be applied for

stimulus may be applied for 10 seconds to 1 hour. The stimulus may be applied for 30 seconds

cellular effect in the subject. In some instances, use of microporous gel system to microporous

scaffold disclosed herein results in eliminating inflammation at a wound or surgical site.

Elimination of inflammation may be evidenced by an absence of MNGC at the wound or

the wound or surgical site as compared to a non-wound site (e.g., healthy, non-damaged tissue).

Elimination of inflammation may be evidenced by a reduction or absence of neutrophils or

macrophages at the wound or surgical site. Elimination of inflammation may be evidenced by a

non-wound site (e.g., healthy, non-damaged tissue). In some instances, tissue of the subject

integrates with the microporous scaffold. In some instances, at least a portion of the microporous
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degrades in situ. In some instances, at least about 30% of the microporous scaffold degrades in

Vascularization may result in the presence of large vessels with intimal walls. Large vessels may

vascularization of the microporous scaffold), may occur within a time range from the time the

gel was administered. The time range may depend upon the tissue to which the microporous

scaffold is administered. The time range may be about 5 days to about 10 days. The time range

about 50 days. The time range may be about 50 days to about 100 days.

[00146] Methods of administering a microporous gel system and device to a subject may

result in microgel particle - substrate annealing, wherein a bond forms between a flowable

covalent. The bond can be non-covalent. In some instances, the bond forms between a flowable

microgel particle and a device coating. In some instances, the medical device is pre-coated with

a functional group that is capable of binding to at least one flowable microgel particle of a

collection of flowable microgel particles. In some instances, the substrate binds to a first layer of

particles may comprise a different type of flowable microgel particles as the second layer of

substrate annealing occurs after particle-particle annealing.
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Diseases and Conditions

in a subject, comprising administering any combination of microporous gel systems, medical

devices and therapeutic agents disclosed herein. The condition or disease may be an acute

condition or disease. By way of non-limiting example, the acute condition or disease may be a

dermal wound, a deep surgical wound, an amputation, or a stroke. The condition or disease may

disease may be a non-healing wound, heart arrhythmia, epilepsy, or osteoarthritis. The

condition or disease may be a degenerative disease. By way of non-limiting example, the

degenerative disease may be a neurodegenerative disease (e.g., Alzheimer's, Parkinson's or

multiple sclerosis) or a cancer. The condition or disease may be a metabolic condition or

disease (e.g., diabetes). By way of non-limiting example, the metabolic condition or disease may

condition, a cardiovascular disease, a heart condition or a heart disease disclosed herein. A

cardiovascular condition or cardiovascular disease is a condition or disease wherein vasculature

The methods and systems disclosed herein provide for treatment of both heart and

endocarditis, a congenital heart defect, atherosclerosis, and combinations thereof. Heart

conditions include cardiac arrhythmias. The cardiac arrhythmia may be acute. The cardiac

arrhythmia may be chronic. The cardiac arrhythmia may be environmentally induced. The

genetic mutation. The cardiac arrhythmia may be caused by an infection.

[00149] Provided herein are methods and systems for the treatment of a neurological disease

or a neurological condition disclosed herein. The neurological condition may be chronic. The

way of non-limiting example, the neurological disease or neurological condition may be

Parkinson's Disease, Alzheimer's Disease, tremor, dystonia, chronic pain, major depression,
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traumatic brain injury, spinal cord injury, encephalitis, cerebral ischemia, or an intestinal

[00151] Embodiment 1: A system comprising: a collection of flowable microgel particles,

wherein the flowable microgel particles comprise a backbone polymer; at least one annealing

component; and a medical device, wherein the flowable microgel particles are linked together

via the at least one annealing component to form a stabilized scaffold having interstitial spaces

that links the flowable microgel particles together via the at least one annealing component.

[00154] Embodiment 4: The system of embodiment 1 or 2, comprising an annealing agent

that links the flowable microgel particles together via the at least one annealing component.

intercrosslinking agent.

[00156] Embodiment 6: The system of embodiment 1 or 2, comprising a first annealing

component and a second annealing component.

[00157] Embodiment 7: The system of embodiment 6, wherein the first annealing component

[00159] Embodiment 9: The system of embodiment 1 or 2, wherein the at least one annealing

subject.
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[00162] Embodiment 12: The system of any one of embodiments 1-10, wherein the medical

[00163] Embodiment 13: The system of any one of embodiments 1-10, wherein the medical

device comprises an electrical component.

[00164] Embodiment 14: The system of any one of embodiments 1-10, wherein the medical

device comprises a coating, wherein the coating comprises at least one of the annealing

[00165] Embodiment 15: The system embodiment 11, wherein the medical implant is a

cardiac implantable electronic device.

[00166] Embodiment 16: The system of embodiment 15, wherein the cardiac implantable

electronic device is a pacemaker.

[00167] Embodiment 17: The system of embodiment 15, wherein the cardiac implantable

[00169] Embodiment 19: The system of embodiment 1 or 2, wherein the stabilized scaffold

maintains placement of the medical device in a surgical void of a subject.

comprises non-covalent bonds between the flowable microgel particles.

[00174] Embodiment 24: The system of embodiment 23, wherein the therapeutic agent is an

anti-inflammatory agent, an antimicrobial agent, or an analgesic.

[00175] Embodiment 25: The system of embodiment 23, wherein the therapeutic agent is

[00176] Embodiment 26: The system of embodiment 2, comprising a therapeutic agent,

wherein the stabilized scaffold releases the therapeutic agent from the stabilized scaffold when

the stabilized scaffold is present in a mammalian subject.

releases at least a portion of the therapeutic agent from the stabilized scaffold in less than one

day from its initial presence in the mammalian subject.
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releases the therapeutic agent from the stabilized scaffold over a period of less than 1 day to 100

released by tissue mediated hydrolysis.

nanoparticle.

[00184] Embodiment 34: The system of embodiment 33, wherein the therapeutic agent is

connected to or contained within the nanoparticle.

[00186] Embodiment 36: The system of embodiment 33, wherein the nanoparticle comprises

poly(lactic-co-glycolic acid).

[00187] Embodiment 37: The system of embodiment 33, wherein the nanoparticle comprises

[00188] Embodiment 38: The system of embodiment 33, wherein the nanoparticle comprises

hyaluronic acid.

[00189] Embodiment 39: The system of embodiment 33, wherein the nanoparticle comprises

a poly(anhydride), a poly(amide), a poly(ortho ester), a polycaprolactone, or a combination

[00191] Embodiment 41: The system of embodiment 40, wherein the polymer is poly(N-

[00193] Embodiment 43: The system of embodiment 42, wherein the polymer is
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[00194] Embodiment 44: The system of embodiment 33, wherein the nanoparticle comprises

[00195] Embodiment 45: The system of embodiment 44, wherein the polymer is poly(p-

aminobenzyl oxycarbonyl).

[00196] Embodiment 46: The system of embodiment 44, wherein the polymer is capped with

a cage that can be released upon a stimulus.

core-shell nanoparticle system.

[00198] Embodiment 48: The system of embodiment 47, wherein a first portion of the

flowable microgel particles comprises the core-shell nanoparticle system and wherein the second

portion of flowable microgel particles comprises a shell-dissolving agent, wherein the shell-

dissolving agent is capable of releasing the therapeutic agent when the first portion of the

[00200] Embodiment 50: The system of embodiment 3, wherein the intercrosslinker is

degradable in a mammalian subject.

comprises a light source.

[00205] Embodiment 55: The system of embodiment 8, wherein the first annealing

component and the second annealing component are present in separate containers.

[00206] Embodiment 56: The system of embodiment 1, comprising an application device,

least one annealing component to a tissue of a subject.

[00207] Embodiment 57: The system of embodiment 56, wherein the application device

comprises a syringe, a spatula, a squeezable tube or a cannula.

comprises a multi-barrel syringe, and wherein at least a first portion of the flowable microgel

particles or a first portion of the annealing component is in a first barrel, and a second portion of
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barrel.

[00211] Embodiment 61: A method of treating a site of a medical device in a tissue of a

[00212] Embodiment 62: A method of reducing or preventing fibrosis at a site of a medical

device in a tissue of a subject comprising administering to the site: a collection of flowable

microgel particles, wherein the flowable microgel particles comprise a backbone polymer; at

stabilized scaffold having interstitial spaces therein.

[00213] Embodiment 63: A method of reducing or preventing inflammation at a site of a

medical device in a tissue of a subject comprising administering to the site: a collection of

polymer; at least one annealing component; and a medical device, wherein the flowable

microgel particles are capable of being linked together via the at least one annealing component

to form a stabilized scaffold having interstitial spaces therein.

[00214] Embodiment 64: The method of any one of embodiments 61 to 63, wherein the

[00216] Embodiment 66: The method of any one of embodiments 61 to 63, comprising

administering at least one of the annealing component and the flowable microgel particles to the
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[00218] Embodiment 68: The method of any one of embodiments 61 to 63, comprising co-

the medical device to the site.

[00219] Embodiment 69: The method of any one of embodiments 61 to 63, comprising

administering at least one of the annealing component and the flowable microgel particles with a

syringe, cannula, squeezable tube or spatula.

administering an annealing agent.

[00221] Embodiment 71: The methods of embodiment 70, comprising administering the

annealing agent before administering at least one of the annealing component and the flowable

microgel particles.

[00222] Embodiment 72: The method of embodiment 70, comprising administering the

annealing agent and at least one of the annealing component and the flowable microgel particles.

[00224] Embodiment 74: The method of any one of embodiments 61-73, comprising

releases the therapeutic agent from the stabilized scaffold to the site or tissue.

contained within the core-shell nanoparticle system, comprising applying an external stimulus to

the stabilized scaffold to release the therapeutic agent to the site or tissue.

[00228] Embodiment 78: The method of embodiment 77, wherein the external stimulus

[00229] Embodiment 79: The method of embodiment 61, comprising changing a condition of

the site after formation of the stabilized scaffold.

[00230] Embodiment 80: The method of embodiment 61, comprising changing a condition of

[00231] Embodiment 81: The method of embodiment 79 or 80, wherein changing the

condition comprises at least one of changing temperature of the site, changing pH of the site,
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enzyme, applying a magnetic field, applying a form of radiation, applying light, and applying

cardiac implantable electronic device, wherein the flowable microgel particles are capable of

sustained ventricular tachycardia.

[00235] Embodiment 85: The method of embodiment 82, wherein the heart condition is a

ventricular fibrillation.

the flowable microgel particles comprise a backbone polymer; at least one annealing

component; and a neural implantable electronic device, wherein the flowable microgel particles

are capable of being linked together via the at least one annealing component to form a

[00237] Embodiment 87: A method of producing a microporous scaffold, comprising:

synthesizing a first portion of flowable microgel particle in the presence of a first annealing

component and a second annealing component, wherein there is more of the first annealing

component than the second annealing component to produce a first functionalized microgel

microgel particle; combining the first functionalized microgel particle and the second

[00238] Embodiment 88: The method of embodiment 87, wherein there is at least 1% more of
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[00239] Embodiment 89: The method of embodiment 87, wherein there is at least 1% more of

[00240] Embodiment 90: The method of embodiment 87, wherein at least one of the first

annealing component and the second annealing component comprise a functional group selected

from a vinyl sulfone, thiol, amine, imidazole, aldehyde, ketone, hydroxyl, azide, alkyne, vinyl,

alkene, maleimide, carboxyl, N-hydroxysuccinimide (NHS) ester, isocyanate, isothiocyanate,

[00241] Embodiment 91: The method of embodiment 87, wherein the first functionalized

microgel particle and the second functionalized microgel particle connect through a reaction

selected from Michael addition, amide bond coupling, Diels-Alder cycloaddition, Huisgen 1,3-

dipolar cycloaddition, reductive amination, carbamate linkage, ester linkage, thioether linkage,

disulfide bonding, hydrazone bonding, oxime coupling, and thiourea coupling.

[00243] Embodiment 93: The method of embodiment 87, wherein the first functionalized

microgel particle and the second functionalized microgel particle connect to produce a non-

connection selected from a C-C bond, an amide bond, an amine bond, a carbamate linkage, an

[00246] Embodiment 96: A method of producing a microporous scaffold, comprising:

synthesizing flowable microgel particles; contacting a first portion of the flowable microgel

particles with a first annealing component to produce a first functionalized microgel particle;

component to produce a second functionalized microgel particle; combining the first

functionalized microgel particle and the second functionalized microgel particle such that the

first functionalized microgel particle and the second functionalized microgel particle connect,

therebetween.
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annealing component and the second annealing component comprise a reactive moiety selected

a cryptand, and a carcerand.

and imine.

[00251] Embodiment 101: The method of embodiment 96, wherein the first functionalized

microgel particle and the second functionalized microgel particle connect through a non-

covalent bond.

selected from an electrostatic interaction, a hydrogen bond, a cation-, - stack, a metal-ligand

bond, a van der Waals interaction, and a non-covalent host-guest inclusion complex.

[00253] Embodiment 103: The method of embodiment 96, wherein at least one step of the

[00254] Embodiment 104: The method of any one of embodiments 87-103, comprising

contacting the first functionalized microgel particle and the second functionalized microgel

particle with an intercrosslinker in order to connect the first functionalized microgel particle and

the second functionalized microgel particle.

after synthesizing the flowable microgel particles.

comprises at least two functional groups.

functional group is selected from a vinyl sulfone, a thiol, an amine, an imidazole, an aldehyde, a

-66-

20
26

20
20

14
   

   
17

 M
ar

 2
02

6

2
0
2
6
2
0
2
0
1
4
 
1
7
 
M
a
r
 
2
0
2
6

-
6
6
-



ketone, a hydroxyl, an azide, an alkyne, a vinyl, an alkene, a maleimide, a carboxyl, a N-

thione.

[00260] Embodiment 110: The method of embodiment 104, wherein the connecting the first

functionalized microgel particle and the second functionalized microgel particle comprises a

reaction selected from Michael addition, amide bond coupling, Diels-Alder cycloaddition,

thioether linkage, disulfide bond, hydrazone bond, oxime coupling, and thiourea coupling.

[00261] Embodiment 111: The method of any one of embodiments 87-110, comprising

contacting the first functionalized microgel particle and the second functionalized microgel

particle with an intercrosslinking agent.

[00262] Embodiment 112: The method of embodiment 111, wherein the intercrosslinking

[00264] Embodiment 114: The method of embodiment 110, wherein the intercrosslinking

[00266] Embodiment 116: The method of embodiment 111, wherein the intercrosslinking

electrostatic interaction, a cation- interaction, a - stack, and a van der Waals interaction.

[00268] Embodiment 118: The method of embodiment 111, comprising contacting the first

functionalized microgel particle and the second functionalized microgel particle with the

[00269] Embodiment 119: The method of any one of embodiments 104-118, comprising

applying an external stimulus to the microporous scaffold to release the intercrosslinker.

[00270] Embodiment 120: The method of embodiment 119, wherein applying an external

around the microporous scaffold.
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selected from light, an electromagnetic field, ultrasound, heat, cooling, and a combination

at least one of diffusing the therapeutic agent into the collection of flowable microgel particles;

[00275] Embodiment 125: The method of embodiment 124, wherein the nanoparticle and the

therapeutic agent are lyophilized, comprising dissolving the nanoparticle and the therapeutic

agent in aqueous buffer prior to mixing the nanoparticle and the therapeutic agent with the

flowable microgel particles.

removing occur substantially simultaneously.

[00277] Embodiment 127: A method of purifying flowable microgel particles comprising:

obtaining a membrane filtration system; transferring flowable microgel particles from a first

controlled addition of a third solvent to the first solvent such that a single miscible phase

containing the flowable microgel particles is maintained; and removing an impurity from the

flowable microgel particles.

[00278] Embodiment 128: The method of embodiment 127, wherein transferring and

[00280] Embodiment 130: The method of embodiment 127, wherein the membrane filtration

polar oil and the second solvent is water.

alcohol solution.
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[00283] Embodiment 133: The method of embodiment 127, wherein the impurity is a

[00284] Embodiment 134: A method of concentrating flowable microgel particles in a

solution or suspension comprising: pumping the flowable microgel particles through a

membrane filtration system while a continuous phase volume is removed; continually

concentrating the flowable microgel particles at a controlled membrane flux; and maintaining a

[00285] Embodiment 135: The method of embodiment 134, wherein the membrane filtration

system is selected from tangential flow filtration (TFF), ultrafiltration-diafiltration (UFDF),

microfiltration-diafiltration (MFDF), or hollow-fiber-diafiltration (HFDF).

[00286] Embodiment 136: The method of embodiment 134, wherein the membrane flux is

controlled between 100 and 1000 L/m2h.

EXAMPLES
[00288] The examples and embodiments described herein are for illustrative purposes only

and are not intended to limit the scope of the claims provided herein. Various modifications or

Example 1. Synthesis of flowable microgel particles

[00289] Flowable microgel particles were synthesized by a water-in-oil emulsion and purified

by tangential flow filtration (TFF) (see FIG. 8). The manufacturing process was performed

were depyrogenated and then sterilized using a sterilization technique (e.g., gamma radiation or

reaction vessel. Buffers and solvents used for purification were added to a sterile bag through a

0.2 µm filter.

[00290] Oil phase preparation: 7L of light mineral oil (LMO) with 70 mL of span80 (1%v/v)

0.2 µm filter and stirred with a 70-mm impeller rod at 800 rpm.

[00291] PEG intracrosslinker solution preparation: an aqueous solution containing 10%w/v

4-arm poly(ethylene glycol) vinyl sulfone (PEG-VS) (20 kDa), 500 µM K-peptide (Ac-

FKGGERCG-NH2), 500 µM Q-peptide (Ac-NQEQVSPLGGERCG-NH2) and 1 mM RGD (Ac-
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was filtered using a 0.22 µm Stericup PES filter.

of the crosslinker solution. Immediately after mixing, the aqueous mixture (300 mL, 5%v/v w/o)

bottom of the 6-L reaction vessel.

and dip tubes of the vessel.

[00295] The particles were redispersed in 4.8 L of 95% isopropanol/5% water (referred to as

95% IPA solution) and stirred for at least 5 min at 450 rpm.

vessel into the harvest bag.

Example 2. Purification of Flowable Microgel Particles

(P/N N02-E65U-07-N, pore rating = 0.65 µm, lumen ID = 0.75 mm, surface area 1,800 cm²).

[00300] The TFF system was plumbed to a lab stand with a Master Flex pump installed onto

manifold.
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the permeate. The permeate flow was adjusted to target a filtrate flux rate between 200 and 300

[00303] A gradient of solvents (from 95% isopropanol to 100% water and finally buffer) was

used to purify the particles. All the solvents and buffers were stored in a sterile bag. A constant

volume diafiltration was performed with 20 L of each of the following solutions: 95% IPA

solution, 50% IPA solution, 100% pure water, and final formulation buffer (10 mM phosphate

filtrate flux rate between 200 and 300 LMH.

[00304] The particles were concentrated by TFF until the material reached the targeted

concentration.

centrifugation if necessary.

the microporous gel was made of the backbone polymer 4-ARM-PEG-VS + MMP-degradable

peptide + RGD+K+Q peptides in final formulation buffer (PBS + 5 uM Eosin Y). The gel was

annealed by light with eosin Y as an annealing agent. As controls, pigs with similar defects were

tissue staining (data not shown, but available). Oasis SIS matrix and the microporous gel show

similar, low acute multinucleated giant cell (MNGC) formation (while Aquaphor® shows none),

see FIG. 10A. Acute inflammation was reduced in the wound beds receiving the microporous

healing, wound atrophy was reduced by both the Oasis® SIS matrix and the microporous

by all the microporous gel 5 days after treating, while defects remain for both the Oasis SIS

matrix and the Aquaphor® treated wounds.

[00307] Wound re-epithelialization and tissue fibrosis were examined in tissue after 14 days

matrix, Aquaphor®, or the microporous gel, see FIG. 11A. When examining the reformed tissue

after 14 days, pathologic scoring indicated that tissue replacing the microporous scaffold

exhibited less alignment in the collagen fiber bundles, and less dense bundling, indicative of

tissue architecture different than that of fibrous scar tissue, as compared to the other cohorts

(Oasis SIS matrix, Aquaphor®). Quantification of fibrosis scoring is presented in FIG. 11B.
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Measurements of vessel ingrowth 5 days after healing showed that both Oasis® SIS matrix and

showed ingrowing vessels in the Oasis® SIS matrix and microporous scaffold cohorts, (data not

vessels, averaging 5-10 µm in diameter (~capillary size). Both Oasis® SIS matrix and the

also contain capillaries, the percentage of vessels larger than 10 µm in diameter significantly

increases compared to Aquaphor® treated wounds. See FIG. 12C.

[00309] Both microporous gel injections and bilateral non-porous hydrogel injections

edge, typical of the Foreign Body Response. Microporous gel injections showed no detectable

inflammation or MNGC presence around the injection periphery, almost complete tissue

Example 4. Administration of a Microporous Gel to a Site of a Cardiac Pacemaker

patient. The physician inserts the pacemaker in the left shoulder area where an incision is made

annealing agent are applied to the incision site or (ii) a solution containing microgel particles
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place, and light is unnecessary. The surgical site is sewn up. The patient heals quickly,

Eight years later, the physician creates another incision in the chest to replace the battery in the

pacemaker. The physician notices that the pacemaker is integrated with the surrounding tissue

better than a pacemaker in a patient that does not receive the microporous gel system. The

physician also notices that there is less scar tissue around the pacemaker relative to a pacemaker

remove or replace the pacemaker battery pack or leads, and the surgery time is reduced for this

procedure - reducing the risk of infection during the procedure.

Example 5. Spinal Cord Stimulation Implant for Spastic Cerebral Palsy

with spastic cerebral palsy with the aim to improve tonus, motor function and speech. A

order to implant the IPG, a surgical void is created in the torsos of each patient. The IPG is

placed within the surgical void. However, there is remaining space in the surgical void that is

not filled by the IPG. A solution containing microgel particles and an annealing agent are

as compared to more solution used in patients where there is more remaining space. In this way,

the microporous gel system adapts the same device (e.g., size, shape) to all patients.

Alternatively, a solution containing microgel particles and an annealing agent are applied to the

after IPG placement. The solution also contains an antibiotic, an analgesic, an anti-

microgel particles anneal to form a microporous scaffold. Alternatively, heteroannealing takes

place, and light is unnecessary. The surgical site is sewn up. A post-operative evaluation is

performed every 30 days for the next six months. The patients heal quickly, experience little

improving tonus, motor function and speech. If the device requires any re-intervention, the

physician is able to access the device more easily than a patient that did not receive the

microporous system, reducing surgical times and risks associated with that surgery.
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[00312] A cardioverter-defibrillator is implanted under the skin in the left upper chest of a

solution flows around the cardioverter-defibrillator and fills any void between the cardioverter-

light and the microgel particles anneal to form a microporous scaffold. Alternatively,

antithrombotic agent is released from the microporous scaffold over the next few weeks as the

patient recovers. The patient does not develop or experience a vascular occlusion.

Example 7. Testing Shelf-Life Stability of a Microporous Gel System

and measuring the increase in compressive modulus of the scaffold after annealing (compared to

material that has not been exposed to elevated temperature and has been freshly prepared (no

real-time and elevated temperature treatments, the scaffold is rinsed in aqueous buffer to extract

degradation products. Elevated temperatures (100°C) can be used to accelerate the stability
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CLAIMS

WHAT IS CLAIMED IS:

1. A system comprising:

a) a collection of flowable microgel particles, wherein the flowable microgel particles

comprise a backbone polymer;

b) at least one annealing component; and

c) a medical device,

wherein the flowable microgel particles are capable of being linked together via the at least

one annealing component to form a stabilized scaffold having interstitial spaces therein.

2. The system of claim 1, comprising an intercrosslinker that links the flowable microgel

particles together via at least one annealing component.

3. The system of claim 1, comprising an annealing agent that links the flowable microgel

particles together via at least one annealing component.

4. The system of claim 3, wherein the annealing agent is an intercrosslinking agent.

5. The system of claim 1, wherein the medical device comprises a coating, wherein the coating

comprises at least one of the annealing component and an annealing agent.

6. The system claim 1, wherein the medical device is a cardiac implantable electronic device.

7. The system of claim 1, wherein the medical device is a neural implantable electronic device.

8. The system of claim 1, wherein the stabilized scaffold maintains placement of the medical

device in a surgical void of a subject.

9. The system of claim 1, wherein the stabilized scaffold has a custom form determined by the

medical device and the surgical void.

10. The system of claim 1, wherein the stabilized scaffold comprises non-covalent bonds

between the flowable microgel particles.

11. The system of claim 1, wherein the stabilized scaffold comprises covalent bonds between the

flowable microgel particles.

12. The system of claim 1, comprising a therapeutic agent, wherein the stabilized scaffold

releases the therapeutic agent from the stabilized scaffold when the stabilized scaffold is present

in a mammalian subject.

13. The system of claim 12, wherein the stabilized scaffold releases at least a portion of the

therapeutic agent from the stabilized scaffold in less than one day from its initial presence in the

mammalian subject.

14. The system of claim 12, wherein the stabilized scaffold releases the therapeutic agent from

the stabilized scaffold over a period of 1 day to 100 days.
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15. The system of claim 12, comprising a therapeutic agent releasing agent that releases the
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a subject comprising administering to the site:

a) a collection of flowable microgel particles, wherein the flowable microgel particles

comprise a backbone polymer;

b) at least one annealing component; and

c) a medical device,

wherein the flowable microgel particles are capable of being linked together via the at least

one annealing component to form a stabilized scaffold having interstitial spaces therein.

27. The method claim 26, comprising administering at least one of the annealing component and

the flowable microgel particles to the site before administering the medical device to the site.

28. The method of claim 26, comprising administering at least one of the annealing component

and the flowable microgel particles to the site after administering the medical device to the site.

29. The method of claim 26, comprising co-administering at least one of the annealing

component and the flowable microgel particles, and the medical device to the site.

30. The method of claim 26, comprising administering an annealing agent.

31. The methods of claim 30, comprising administering the annealing agent before

administering at least one of the annealing component and the flowable microgel particles.

32. The method of claim 30, comprising administering the annealing agent after administering at

least one of the annealing component and the flowable microgel particles.

33. The method of claim 30, comprising co-administering the annealing agent and at least one of

the annealing component and the flowable microgel particles.

34. A method of treating a heart condition comprising administering to a subject in need thereof:

a) a collection of flowable microgel particles, wherein the flowable microgel particles

comprise a backbone polymer;

b) at least one annealing component; and

c) a cardiac implantable electronic device,

wherein the flowable microgel particles are capable of being linked together via the at least one

annealing component to form a stabilized scaffold having interstitial spaces therein.

35. A method of treating a neurological condition comprising administering to a subject in need

thereof:

a) a collection of flowable microgel particles, wherein the flowable microgel particles

comprise a backbone polymer;

b) at least one annealing component; and

c) a neural implantable electronic device,
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wherein the flowable microgel particles are capable of being linked together via the at
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a) synthesizing flowable microgel particles;

b) contacting a first portion of the flowable microgel particles with a first annealing

component to produce a first functionalized microgel particle;

c) contacting a second portion of the flowable microgel particles with a second annealing

component to produce a second functionalized microgel particle;

d) combining the first functionalized microgel particle and the second functionalized

microgel particle such that the first functionalized microgel particle and the second

functionalized microgel particle connect, thereby producing a microporous scaffold of

microgel particles having interstitial spaces therebetween.

45. The method of claim 44, wherein at least one of the first annealing component and the

second annealing component comprise a reactive moiety selected from a catechol, a sialic acid, a

boronic acid, a molecular cage, adamantane, biotin, and streptavidin.

46. The method of claim 44, wherein the first functionalized microgel particle and the second

functionalized microgel particle connect through a covalent bond.

47. The method of claim 44, wherein the first functionalized microgel particle and the second

functionalized microgel particle connect through a non-covalent bond.

48. The method of claim 44, wherein at least one step of the method is performed in situ.

49. The method of claim 44, comprising contacting the first functionalized microgel particle and

the second functionalized microgel particle with an intercrosslinker in order to connect the first

functionalized microgel particle and the second functionalized microgel particle.

50. The method of claim 49, wherein the contacting the first functionalized microgel particle and

the second functionalized microgel particle with an intercrosslinker occurs in situ.

51. The method of claim 49, wherein the contacting the first functionalized microgel particle and

the second functionalized microgel particle with an intercrosslinker occurs after synthesizing the

flowable microgel particles.

52. The method of claim 44, comprising contacting the first functionalized microgel particle and

the second functionalized microgel particle with an intercrosslinking agent.

53. The method of claim 44, comprising contacting the first functionalized microgel particle and

the second functionalized microgel particle with an intercrosslinking agent.

54. A method of purifying flowable microgel particles comprising:

a) obtaining a membrane filtration system;

b) transferring flowable microgel particles from a first solvent to a second solvent, wherein

the second solvent is immiscible with the first solvent, by controlled addition of a third
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solvent to the first solvent such that a single miscible phase containing the flowable
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