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EMBIOLIC PARTICLES

CROSS REFERENCE TO RELATED APPLICATIONS

[001 ] This application claims the benefit of U.S. provisional patent application number

62/138,859, filed March 26, 2015, the entire disclosure of which is incorporated herein by

reference.

FIELD

[002] The present invention relates to embolic particles that have a first diameter that can fit

through a microcatheter or other delivery device and a second expanded diameter once

implanted.

SUMMARY

[003] Described herein generally are embolic particles. These embolic particles can be used

for medical purposes such as occluding vascular defects. In some embodiments, the embolic

particles described herein can be used to occlude other luminal defects such as those in the bile

ducts, urethra, vagina, fallopian tubes, and the like. Embolic particles can include a treated

polymer particle containing ionic groups.

[004] The treated polymer particles can have a smaller first diameter when delivered and then

swell or otherwise enlarge to a larger second diameter once a certain condition has been met.

The condition can be subjecting the treated embolic particles to a physiological condition.

[005] The embolic particles can have a first diameter of between about 40 µ τ ι and about 1,200

µ τ ι and can enlarge to the second diameter of about 80 µ τ ι and about 3,600 µ τ ι.

[006] In order to allow the embolic particles to occlude vascular defects, larger particles are

desired. However, smaller particles allow delivery through smaller microcatheters. A smaller

microcatheter is particularly advantageous in tortuous and/or distal anatomy. Thus, the first

diameter described can be smaller than the inner diameter of a microcatheter and the second

diameter can be larger than the inner diameter of the microcatheter.

[007] Methods of making and using the polymer particles are also described. In one

embodiment, methods of making polymer particles comprise treating polymer particles to render

them expandable at a certain condition(s). The polymer particles can be formed by reacting a

monomer solution including at least one monomer or macromer, an monomer including ionic



groups, optionally a crosslinker, and initiator(s) in a non-solvent to form polymer particles which

can be subsequently treated. In some embodiments, the treated polymer particle has a first

diameter and a second diameter wherein the second diameter is larger than the first diameter

when the treated polymer particle is subjected to a physiological condition.

[008] In one embodiment, the non-solvent is a mineral oil. In another embodiment, the non-

solvent is hexane. In another embodiment the non-solvent is water.

[009] In another embodiment, the at least one monomer is any molecule containing a single

ethylenic unsaturation. In some embodiments, the monomer is acrylamide. In some

embodiments, the monomer is methacrylamide. In some embodiments, the monomer is

hydroxyethyl methacrylate.

[010] In another embodiment, the at least one macromer is a polyether such as a derivatized

polyether. In some embodiments the polyether macromer is a poly(ethylene glycol) macromer.

The derivatized poly(ethylene glycol) macromer can be poly(ethylene glycol) diacrylamide,

poly(ethylene glycol) diacrylate, poly(ethylene glycol) dimethacrylate, poly(ethylene glycol)

dimethacrylamide, or a combination thereof. In some embodiments, the at least one derivatized

poly(ethylene glycol) macromer is poly(ethylene glycol) diacrylamide 10,000.

[011] In another embodiment, the optional crosslinker is any molecule containing a multiplicity

of ethylenic unsaturations. In some embodiments, the at least one macromer can function as

the crosslinker. In some embodiments, the crosslinker is A/,/\/-methylene bisacrylamide. In

other embodiments, the crosslinker is ethylene glycol dimethacrylate. In other embodiments,

the crosslinker is glycerol dimethacrylate.

[012] In some embodiments, the physiological condition can be a condition found in the blood

or other bodily fluid such as urine, bile, saliva, vaginal fluids, and the like. In one embodiment,

the physiological pH of the blood or other bodily fluid is the condition.

[013] In some embodiments, the treated polymer particle is an acid treated polymer particle.

When the treated polymer particle is an acid treated polymer particle, the particle contains

carboxylic acid groups. Likewise, in other embodiments, the treated polymer particle is a base

treated polymer particle. When the treated polymer particle is a base treated polymer particle,

the particle contains amino groups.

[014] If an initiator is utilized, the initiator can be ammonium persulfate, tetramethylethylene

diamine, or a combination thereof. In other embodiments, heat sensitive initiators such as

azobisisobutyronitrile (AIBN) or a water soluble AIBN derivative is utilized.



DETAILED DESCRIPTION

[01 5] Described herein generally are devices and methods for occluding vascular or other

luminal defects. Devices as used herein can describe embolics and embolic devices generally.

In one embodiment, an embolic device can be embolic particles.

[01 6] Embolic particles can be generally sphere-shaped or a particle-shaped "bead" or

"microsphere" made of a biocompatible substance. The embolic particles can be injected

through a microcatheter.

[01 7] Embolic particles as described herein can be delivered to a vascular defect or other

lumen by various delivery methods. In one embodiment, a method can start by accessing the

aneurysm with a catheter or microcatheter. A flow diverting stent (FDS) is then deployed across

the neck of the aneurysm. The flow diverting stent allows the microcatheter to be "jailed" in

place. After the microcatheter has been jailed, one or more embolic devices such as, but not

limited to beads, foams, particles, or other agents can be delivered through the microcatheter.

These embolic devices are physically larger than the maximum pore size of the flow diverting

stent. The microcatheter is then removed thereby trapping the embolics within the aneurysm

behind the flow diverting stent.

[01 8] In one embodiment, the embolic particles can be sized to be small enough to travel

through a microcatheter without clogging or occluding the microcatheter, yet large enough so

that the particles do not migrate through the flow diverting stent's mesh structure.

[01 9] In one embodiment, the embolic particles can be small enough to fit through a

microcatheter. The microcatheter can have a size of at most about 0.0155", at most about

0.0160", at most about 0.0165", at most about 0.0170", at most about 0.0175", at most about

0.018",at most about 0.019", or at most about 0.02". In one embodiment, the microcatheter can

be a 0.0165" (about 420 microns) microcatheter. In another embodiment, a microcatheter can

be a Headway Duo.

[020] Also, in one embodiment, the embolic particles can be large enough, or have a large

enough average diameter, that they do not migrate through a particular sized mesh. In some

embodiments, the mesh can be a mesh opening of a flow diverting stent. The embolic particles

described herein, unlike conventional particles can have diameters large enough to be delivered

using such a mesh.

[021 ] In some embodiments, the mesh of a flow diverting stent can include a mesh opening of

about 0.006" (about 150 microns). In other embodiments, the mesh size can be at most about



0.04", at most about 0.05", at most about 0.06", at most about 0.07", at most about 0.08", or at

most about 0.09". In some embodiments, the flow diverting stent can be a flow re-direction

endoluminal device, referred to by the tradename FRED® (MicroVention, Inc. Tustin, CA).

[022] In one embodiment, the size range for the embolic is about 200 microns to about 500

microns.

[023] In other embodiments, in order maximize the size of the embolic particles, the embolic

particles can be expansible. In such embodiments, the embolic particles can start at a smaller

diameter so that they can be delivered through a smaller microcatheter and then expand at the

physiological site to provide maximum volumetric filling.

[024] In one embodiment, for example, the embolic particles can have an initial diameter of

about 200 microns to about 500 microns and, after deployment, can expand to about 400

microns to about 1500 microns.

[025] Expansible embolic particles deliverable through a smaller microcatheter can have a

number of advantages. First, a smaller microcatheter is easier to navigate through tortuous

anatomy, particularly to distal locations. Second, a smaller microcatheter can be used in

conjunction with standard flow diverting stent delivery systems (for example, the Headway 27 or

Headway 21) in a standard 6F guide catheter, thus avoiding the need to increase the guide

catheter size or making a second puncture on the contralateral side, saving the patient from

additional injury or potential access site complications. Third, a smaller microcatheter may

ensure a tighter seal and smaller opening where the microcatheter is jailed by the flow diverting

stent thus reducing the possibility of migration of the embolic during delivery.

[026] The embolic particles described herein may be formed of any material that can expand

once delivered to an occlusion site such as a vascular defect. The expansile embolic particles

can be any particle containing ionic groups that are pretreated with the appropriate low or high

pH solutions to shrink the diameter of the particle.

[027] The embolic particles can be formed by reacting a monomer or prepolymer solution

including (i) at least one monomer or macromer, (ii) an monomer including ionic groups, (iii)

optionally a crosslinker, and (iv) initiator(s) in a non-solvent to form polymer particles which can

be subsequently treated. The embolic particles can also be formed from a monomer or

prepolymer solution or mixture comprising: (i) one or more macromer(s), for example, a

macromer that contains at least two functional groups amenable to polymerization, (ii) one or

more ionic monomers, and (iii) optionally one or more multifunctional crosslinkers. In some



embodiments, a polymerization initiator may be utilized.

[028] In one embodiment, the particle embolics can comprise (i) one or more monomers that

contain both a singular functional group amenable to polymerization and ionizable groups and

(ii) one or more monomeric or macromeric crosslinkers.

[029] In one embodiment, expansile embolic particles can include various combinations of

macromers and optionally monomers. For example, one, two, three or more macromers can be

included in the embolic particles. Further, one, two, three or more monomers can be included in

the embolic particles.

[030] In one embodiment, the macromer can include a plurality of functional groups suitable or

amenable to polymerization. In some embodiments, the macromer can be linear. In other

embodiments, the macromer can have one or more branches. In still other embodiments, the

macromer can be an ethylenically unsaturated macromer. Macromers can include polyethers.

Polyether macromers can include linear or branched poly(ethylene glycol), poly(propylene

glycol), poly(tetramethylene oxide), derivatives thereof, or combinations thereof. Macromers

can also include linear or branched polyvinyl alcohol).

[031] Macromers described herein can have molecular weights of about 200 grams/mole, 400

grams/mole, 600 grams/mole, 800 grams/mole, 1,000 grams/mole, 2,000 grams/mole, 3,000

grams/mole, 4,000 grams/mole, 5,000 grams/mole, 10,000 grams/mole, 15,000 grams/mole,

20,000 grams/mole, 25,000 grams/mole, 30,000 grams/mole, 35,000 grams/mole, between

about 200 grams/mole and about 35,000 grams/mole, between about 200 grams/mole and

about 30,000 grams/mole, between about 200 grams/mole and about 1,000 grams/mole,

between about 1,000 grams/mole and about 15,000 grams/mole, at least about 200

grams/mole, at most about 30,000 g/mole, or at most about 35,000 grams/mole. In one

embodiment, macromers can have a molecular weight of about 10,000 g/mole.

[032] When used as a crosslinker, a macromer can have a low molecular weight of about 200

grams/mole, 400 grams/mole, 600 grams/mole, 800 grams/mole, 1,000 grams/mole, or between

about 200 grams/mole and about 1,000 grams/mole.

[033] Derivatives of these polyethers can be prepared to render them amenable to

polymerization. While any type of chemistry can be utilized, for example nucleophile/N-

hydroxysuccinimde esters, nucleophile/halide, vinyl sulfone/acrylate or maleimide/acrylate;

another type of chemistry can be free radical polymerization. As such, polyethers with a plurality

of ethylenically unsaturated groups, such as acrylate, acrylamide, methacrylate,



methacrylamide, and vinyl, can be used. In one embodiment, a polyether macromer can be

poly(ethylene glycol) diacrylamide with a molecular weight of about 10,000 g/mole.

[034] In another embodiment the macromer is poly(ethylene glycol) diacrylamide,

poly(ethylene glycol) diacrylate, poly(ethylene glycol) dimethacrylate, poly(ethylene glycol)

dimethacrylamide, derivatives thereof, or combinations thereof.

[035] Macromers can be included at a concentration in the solvent of about 0% w/w, about 1%

w/w, about 2% w/w, about 3% w/w, about 4% w/w, about 5% w/w, about 6% w/w, about 7%

w/w, about 8% w/w, about 9% w/w, about 10% w/w, about 11% w/w, about 12% w/w, about

13% w/w, about 14% w/w, about 15% w/w, about 16% w/w, about 17% w/w, about 18% w/w,

about 19% w/w, about 20% w/w, about 25% w/w, about 30% w/w, about 35% w/w, about 40%

w/w, about 45% w/w, about 50% w/w, about 60% w/w, about 70% w/w, between about 5% w/w

and about 10% w/w, between about 5% w/w and about 20% w/w, between about 5% w/w and

about 25% w/w, between about 5% w/w and about 15% w/w, between about 6% w/w and about

8% w/w, or between about 14% w/w and about 16% w/w. In some embodiments, a macromer

need not be used.

[036] In one embodiment, the macromer can be included at a concentration of about 7% w/w

in the solvent.

[037] In one embodiment, the macromer can be included at a concentration of about 15% w/w

in the solvent.

[038] In one embodiment, the macromer can be included at a concentration of about 16.5%

w/w in the solvent.

[039] In one embodiment, the macromer can be included at a concentration of about 17% w/w

in the solvent.

[040] In some embodiments, if one of the monomer(s) and/or macromers(s) is a solid, a

solvent can be utilized in the preparation of the particles for use as embolics. If liquid monomers

and macromers are utilized, a solvent may not be required. In some embodiments, even when

using liquid monomers and/or macromers, a solvent may still be used. Solvents may include

any liquid that can dissolve or substantially dissolve a macromer, monomers, multifunctional

crosslinkers, and/or initiators. Any aqueous or organic solvent may be used that dissolves the

desired monomer(s), macromer(s), multifunctional crosslinker(s) and/or polymerization initiators.

In one embodiment, the solvent can be water. In another embodiment, the solvent can be

dimethyl formamide. Additionally, solutes, e.g. sodium chloride, may be added to the solvent to



increase the rate of polymerization. Solvent concentration can be varied to alter the swelling

properties of the particles.

[041] Solvent concentrations can be about 25% w/w, about 35% w/w, about 45% w/w, about

55% w/w, about 65% w/w, about 75% w/w, about 85% w/w, about 95% w/w, between about

40% w/w and about 80% w/w, between about 30% w/w and about 90% w/w, or between about

50% w/w and about 70% w/w of the solution. In one embodiment, the solvent concentration can

be about 50% w/w, about 51% w/w, about 52% w/w, about 53% w/w, about 54% w/w, about

55% w/w, about 56% w/w, about 57% w/w, about 58% w/w, about 59% w/w, or about 60% w/w.

In another embodiment, the solvent concentration can be about 65% w/w, about 66% w/w,

about 67% w/w, about 68% w/w, about 69% w/w, about 70% w/w, about 71% w/w, about 72%

w/w, about 73% w/w, about 74% w/w, or about 75% w/w. In some embodiments, the

concentration of the solvent ranges from about 20% w/w to about 80% w/w or about 50% w/w to

about 60% w/w.

[042] In one embodiment, the solvent concentration can be about 57% w/w.

[043] In one embodiment, the solvent concentration can be about 70% w/w.

[044] In one embodiment, the solvent concentration can be about 7 1.6% w/w.

[045] In one embodiment, the solvent concentration can be about 72% w/w.

[046] In general, monomers can contain moieties such as acrylate, acrylamide, methacrylate,

methacrylamide or other moieties amenable to polymerization. In one embodiment, the polymer

particles are comprised of one or more macromers combined with one or more monomers.

[047] Optionally, one or more monomers can be added to the macromer to impart desired

chemical and/or mechanical properties to the polymer particle.

[048] To reduce the diameter and to allow control of the rate of expansion of the embolic

particles, monomers with ionic moieties, e.g. carboxylic acids and amines, can be polymerized

into the particle embolic. In some embodiments, monomer(s) can be acidic and ethylenically

unsaturated. Such monomers can include acrylic acid, methacrylic acid, 3-sulfopropyl acrylate,

3-sulfopropyl methacrylate, derivatives thereof, combinations thereof, and salts thereof.

Preferred basic, ionizable, ethylenically unsaturated monomers include aminoethyl

methacrylate, aminopropyl methacrylate, derivatives thereof, combinations thereof, and salts

thereof.

[049] Monomers including positive or negative moieties can be present in solution at



concentrations of about 0.5% w/w, about 1% w/w, about 2% w/w, about 3% w/w, about 4% w/w,

about 5% w/w, about 6% w/w, about 7% w/w, about 8% w/w, about 9% w/w, about 10% w/w,

about 15% w/w, about 20% w/w, about 21% w/w, about 22% w/w, about 23% w/w, about 24%

w/w, about 25% w/w, about 26% w/w, about 27% w/w, about 28% w/w, about 29% w/w, about

30% w/w, about 40% w/w, about 50% w/w, about 55% w/w, about 60% w/w, about 65% w/w,

about 70% w/w, about 80% w/w, between about 1% w/w and about 15% w/w, between about

1% w/w and about 5% w/w, between about 15% w/w and about 35% w/w, or between about

20% w/w and about 30% w/w. In other embodiments, monomers can be present in the solvent

at a range of between about 40% w/w and about 60% w/w.

[050] In one embodiment, sodium acrylate can be included at a concentration of about 12%

w/w in the solvent.

[051] In one embodiment, N-(2-aminoethyl)-methacrylate can be included at a concentration of

about 3% w/w in the solvent.

[052] In one embodiment, N-(3-aminopropyl) methacrylamide can be included at a

concentration of about 24% w/w in the solvent.

[053] In one embodiment, the monomer is not n-isopropyl acrylamide. In other embodiments,

the polymer particles described herein do not include n-isopropyl acrylamide.

[054] If desired, uncharged, reactive moieties can be introduced into the particles. For

example, hydroxyl groups can be introduced into the particles with the addition of 2-

hydroxyethyl acrylate, 2-hydroxyethyl methacrylate, glycerol monomethacrylate, glycerol

monoacrylate, sorbitol monomethacrylate, sorbitol monoacrylate, a carbohydrate similar to

sorbitol and amenable to polymerization, derivatives thereof, or combinations thereof.

Alternatively, uncharged, relatively un-reactive moieties can be introduced into the particles. For

example, acrylamide, methacrylamide, methyl methacrylate, derivatives thereof, or

combinations thereof can be added to the polyether macromer. In some embodiments, the

monomer(s) can be selected to vary the number of hydroxyl groups in the polymeric particles to

enable the particles to remain suspended in radiopaque contrast solution used in the

preparation of the particle for clinical use.

[055] Further, in other embodiments, monomers may be selected to impart visualization using

medically relevant imaging techniques. Visualization of the embolic particles under fluoroscopy

can be imparted by the incorporation of solid particles of radiopaque materials such as barium,

bismuth, tantalum, platinum, gold, and other dense metals into the hydrogel or by the



incorporation of iodine-containing molecules polymerized into the embolic structure. In one

embodiment, visualization agents for fluoroscopy are barium sulfate and iodine-containing

molecules. Visualization of the embolic particles under computed tomography imaging can be

imparted by incorporation of solid particles of barium or bismuth or by the incorporation of

iodine-containing molecules polymerized into the embolic structure. Metals visible under

fluoroscopy generally result in beam hardening artifacts that preclude the usefulness of

computed tomography imaging for medical purposes. In some embodiments, visualization

agents for fluoroscopy are barium sulfate or iodine-containing molecules. Concentrations of

barium sulfate to render the embolic particles visible using fluoroscopic and computed

tomography imaging can range from about 30% to about 60% w/w in the solvent of the

prepolymer solution. Concentrations of iodine to render the embolic particles visible using

fluoroscopic and computed tomography imaging can range from about 80 to about 300 mg l/g of

particles in the solvent of the prepolymer solution.

[056] Visualization of the embolic particles under magnetic resonance imaging can be

imparted by the incorporation of solid particles of superparamagnetic iron oxide or gadolinium

molecules polymerized into the embolic structure. In one embodiment, a visualization agent for

magnetic resonance can be superparamagnetic iron oxide with a particle size of 10 microns.

Concentrations of superparamagnetic iron oxide particles to render the embolic particles visible

using magnetic resonance imaging range from 0.1% to 1% w/w in the solvent of the prepolymer

solution.

[057] In some embodiments, a visualization agent can be a monomer and incorporated into

the polymeric structure.

[058] Monomers incorporating visualization characteristics can include one or more halogen

atoms. For example, monomers can include 1 , 2 , 3 , 4 , 5 , 6 , 7 or more halogen atoms. In some

embodiments, the halogen atoms can be Br or . in one embodiment, the halogen atoms are I .

[001] In one embodiment, a monomer including a visualization agent or the characteristics of a

visualization agent can have a structure:



[002] In the above structure, one or more iodine atoms can be replaced by bromine.

[003] In another embodiment, a monomer including a visualization agent or the characteristics

of a visualization agent can have a structure:

[059] Again, in the above structure, one or more iodine atoms can be replaced by bromine.

[060] In another embodiment, a monomer including a visualization agent or the characteristics

of a visualization agent can have a structure:

[061 ] Again, in the above structure, one or more iodine atoms can be replaced by bromine.

[062] Such uncharged moieties if included can be present in the final particle (not including

solvents, initiators, and salts) at about 0% w/w, about 10% w/w, about 20% w/w, about 30%

w/w, about 40% w/w, about 50% w/w, about 60% w/w, about 6 1% w/w, about 62% w/w, about

63% w/w, about 64% w/w, about 65% w/w, about 66% w/w, about 67% w/w, about 68% w/w,

about 69% w/w, about 70% w/w, about 7 1% w/w, about 72% w/w, about 73% w/w, about 74%

w/w, about 75% w/w, about 80% w/w, about 90% w/w, between about 50% w/w and about 90%

w/w, between about 60% w/w and about 70% w/w, between about 65% w/w and about 70%



w/w, or between about 67% w/w and about 69% w/w.

[063] In one embodiment, an uncharged moiety can be present at about 68% w/w of the final

particle.

[064] In one embodiment, multifunctional crosslinkers may be incorporated that contain at

least two functional groups suitable to polymerization and at least one linkage susceptible to

breakage under physiological conditions to impart biodegradation to the polymer particle.

Linkages susceptible to breakage in a physiological environment include those susceptible to

hydrolysis, including esters, thioesters, carbamates, oxalates, and carbonates, and those

susceptible to enzymatic action, including peptides that are cleaved by matrix

metalloproteinases, collagenases, elastases, and cathepsins. Multiple crosslinkers could be

utilized to control the rate of degradation in a manner that is not possible with only one.

[065] Crosslinkers described herein include a plurality of polymerizable groups and can join

monomers and macromers together thereby permitting the formation of solid embolic particles.

Biodegradation can be imparted to the embolic particles by utilizing a crosslinker with linkages

susceptible to degradation in a physiological environment. Over time, in vivo the linkages can

break thereby unbinding the polymer chains. The judicious selection of monomers permits the

formation of water-soluble degradation products that diffuse away and are cleared by the host.

Linkages susceptible to hydrolysis, such as esters, thioesters, carbamates, oxalates, and

carbonates, or peptides degraded by enzymes are preferred methods of imparting

biodegradation to the embolic particles.

[066] Adding multifunctional crosslinkers containing more than one moiety amenable to

polymerization can create a more cohesive hydrogel polymer by adding crosslinking to the

molecular structure. In some embodiments the polymer particles are comprised of a macromer

combined with one or more multifunctional crosslinkers such as, but not limited to, glycerol

dimethacrylate, glycerol diacrylate, sorbitol dimethacrylate, sorbitol acrylate, a derivatized

carbohydrate similar to sorbitol, derivatives thereof, or combinations thereof. In a preferred

embodiment the multifunctional crosslinker is Λ , Λ/'-methylenebisacrylamide.

[067] In one embodiment, a biodegradable crosslinker can have a structure:



wherein each n is independently 1-20.

[068] In one embodiment, a biodegradable crosslinker can have a structure:

[069] In another embodiment, a biodegradable crosslinker can have a structure:

wherein d , e , f , and g are each independently 1-20.

[070] In another embodiment, a biodegradable crosslinker can have a structure:



[071] If used, a crosslinker can be present in amount of about 0.1% w/w, about 0.25% w/w,

about 0.5% w/w, about 0.75% w/w, about 1.0% w/w, about 1.25% w/w, about 1.5% w/w, about

1.75% w/w, about 2% w/w, about 3% w/w, about 4% w/w, about 5% w/w, about 6% w/w, about

7% w/w, about 10% w/w, about 20% w/w, about 25% w/w, about 30% w/w, between about 0%

w/w and about 10% w/w, between about 0% w/w and about 2% w/w, between about 0.5% w/w

and about 1.5% w/w, between about 0.25% w/w and about 1.75% w/w, or between about 0.1%

w/w and about 2% w/w.

[072] In one embodiment, a crosslinker is not used.

[073] In one embodiment, a crosslinker can be present at about 1% w/w.

[074] In one embodiment, the crosslinker can be N,N'-methylenebisacrylamide.

[075] Any amounts of macromer(s), monomer(s), and multifunctional crosslinker(s) can be

used that allows for a desired particle. Total concentration of reactive compounds or solids in

the solvent can be about 5% w/w, about 10% w/w, about 11% w/w, about 12% w/w, about 13%

w/w, about 14% w/w, about 15% w/w, about 16% w/w, about 17% w/w, about 18% w/w, about

19% w/w, about 20% w/w, about 21% w/w, about 22% w/w, about 23% w/w, about 24% w/w,

about 25% w/w, about 30% w/w, about 31% w/w, about 32% w/w, about 33% w/w, about 34%

w/w, about 35% w/w, about 36% w/w, about 37% w/w, about 38% w/w, about 39% w/w, 40%

w/w, about 50% w/w, about 60% w/w, about 70% w/w, between about 10% and 60%, between

about 15% w/w and about 50% w/w, or between about 20% w/w and about 40% w/w.

[076] In one embodiment, the total concentration of reactive compounds in the solvent can be

about 20% w/w.

[077] In one embodiment, the total concentration of reactive compounds in the solvent can be

about 28% w/w.

[078] In one embodiment, the total concentration of reactive compounds in the solvent can be

about 37% w/w.

[079] In one embodiment, polymer embolic particles can be prepared from monomers having



a single functional group and/or macromers having two or more functional groups suitable for

polymerization. Functional groups can include those suitable to free radical polymerization,

such as acrylate, acrylamide, methacrylate, vinyl, and methacrylamide. Other polymerization

schemes can include, but are not limited to nucleophile/N-hydroxysuccinimide esters,

nucleophile/halide, vinyl sulfone/acrylate or maleimide/acrylate. Selection of the monomers is

governed by the desired chemical and mechanical properties of the resulting particle.

[080] The prepolymer solution or components in the appropriate solvent can be polymerized

by reduction-oxidation, radiation, heat, or any other method known in the art. Radiation cross-

linking of the prepolymer solution can be achieved with ultraviolet light or visible light with

suitable initiators or ionizing radiation (e.g. electron beam or gamma ray) without initiators.

Cross-linking can be achieved by application of heat, either by conventionally heating the

solution using a heat source such as a heating well, or by application of infrared light to the

monomer solution. In some embodiments, free radical polymerization of the polymerizable

components requires an initiator to start the reaction. In one embodiment, the cross-linking

method utilizes azobisisobutyronitrile (AIBN) or another water soluble AIBN derivative (2,2'-

azobis(2- methylpropionamidine) dihydrochloride). Other cross-linking agents useful according

to the present description include Λ , Λ ,Λ/', Λ/'-tetramethylethylenediamine, ammonium persulfate,

benzoyl peroxides, and combinations thereof, including azobisisobutyronitriles. In yet another

embodiment the initiator is the combination of Λ , Λ ,Λ/', Λ/'-tetramethylethylenediamine and

ammonium persulfate at a concentration of 5% w/w and 1.8% w/w or 10% w/w and 2.5% w/w,

respectively.

[081 ] In one embodiment, the prepolymer solution can be prepared by dissolving

macromer(s), monomer(s), crosslinker(s), and initiator(s) in the solvent. The embolic particles

can be prepared by emulsion polymerization in some embodiments. A non-solvent for the

prepolymer solution, typically mineral oil when the monomer solvent is water, may be sonicated

or sparged with inert gas to remove any entrapped oxygen. The mineral oil and a surfactant

can be added to the reaction vessel. An overhead stirrer is placed in the reaction vessel. The

reaction vessel is then sealed, degassed under vacuum, and sparged with argon. The initiator

component, such as in one non-limiting embodiment Λ , Λ , Λ/', Λ/'-tetramethylethylenediamine, is

added to the reaction vessel and stirring commenced. Ammonium persulfate can be added to

the polymerization solution and both are then added to the reaction vessel, where the stirring

suspends droplets of the polymerization solution in the mineral oil.

[082] The rate of stirring can affect the size of the resulting embolic particles. In some



embodiments, faster stirring can produce smaller particles and slower stirring can produce

larger particles. Stirring rates can be about 100 rpm, about 200 rpm, about 300 rpm, about 400

rpm, about 500 rpm, about 600 rpm, about 700 rpm, about 800 rpm, about 900 rpm, about

1,000 rpm, about 1,100 rpm, about 1,200 rpm, about 1,300 rpm, between about 200 rpm and

about 1,200 rpm, between about 400 rpm and about 1,000 rpm, at least about 100 rpm, at least

about 200 rpm, at most about 250 rpm, at most about 500 rpm, at most about 1,000 rpm, at

most about 1,300 rpm, or at most about 1,200 rpm to produce particles with desired diameters.

In one embodiment, stirring rates can range from 200 to 1,200 rpm to produce particles with

diameters ranging from 10 to 1,500 microns.

[083] Polymerization can be allowed to proceed as long as necessary to produce particles.

Polymerization can be allowed to proceed for about 1 hr, 2 hrs, 2.5 hrs, 3 hrs, 4 hrs, 5 hrs, 6 hrs,

7 hrs, 8 hrs, 9 hrs, 10 hrs, 11 hrs, 12 hrs, 18 hrs, 24 hrs, 48 hrs, 72 hrs, 96 hrs, between about 1

hr and about 12 hrs, between about 1 hr and about 6 hrs, between about 4 hrs and about 12

hrs, between about 6 hrs and about 24 hrs, between about 12 hrs and about 72 hrs, or at least

about 6 hours.

[084] Polymerization can be run at a temperature to produce embolic particles with desired

diameters. Polymerization can be run at a temperature of about 10°C, about 15°C, about 20°C,

about 25°C, about 30°C, about 35°C, about 40°C, about 45°C, about 50°C, about 60°C, about

70°C, about 80°C, about 90°C, about 100°C, between about 10°C and about 100°C, between

about 10°C and about 30°C, at least about 20°C, at most about 100°C, or at about room

temperature. In one embodiment, polymerization occurs at room temperature.

[085] After the polymerization is complete, the polymeric embolic particles can be washed to

remove any solute, mineral oil, unreacted monomer(s), unreacted crosslinker(s), unreacted

macromer(s), and/or unbound oligomers. Any solvent may be utilized, but care should be taken

if aqueous solutions are used to wash particles with linkages susceptible to hydrolysis.

Preferred washing solutions include acetone, hexane, alcohols, water+surfactant, water, and

saline. In another embodiment, the washing solution is a combination of hexane followed by

water. In another embodiment, the washing solution is saline. In further embodiments, the

washing solution is water and a surfactant.

[086] Optionally, the washed embolic particles can then be dyed to permit visualization before

injection into a microcatheter. A dye bath can be made by dissolving sodium carbonate and the

desired dye in water. Embolic particles are added to the dye bath and stirred. After the dying

process, any unbound dye is removed through copious washing. After dying and additional



washing, the microspheres are packaged into vials or syringes, and sterilized.

[087] Dyes can include any of the dyes from the family of reactive dyes which bond covalently

to the embolic particles. Dyes can include reactive blue 21, reactive orange 78, reactive yellow

15, reactive blue No. 19, reactive blue No. 4 , C.I. reactive red 11 , C.I. reactive yellow 86, C.I.

reactive blue 163, C.I. reactive red 180, C.I. reactive black 5 , C.I. reactive orange 78, C.I.

reactive yellow 15, C.I. reactive blue No. 19, C.I. reactive blue 21, any of the color additives

approved for use by the FDA part 73, subpart D, or any dye that can irreversibly bond to the

polymer matrix of the embolic particles.

[088] Desired treated polymer particle diameters can be about 10 µηι , about 20 µηι , about 30

µηι , about 40 µηι , about 50 µηι , about 100 µηι , about 200 µηι , about 300 µηι , about 400 µηι ,

about 500 µηι , about 600 µηι , about 700 µηι , about 800 µηι , about 900 µηι , about 1,000 µηι ,

about 1,100 µηι , about 1,200 µηι , about 1,300 µηι , about 1,400 µηι , about 1,500 µηι , about

1,600 µηι , about 1,700 µηι , about 1,800 µηι , about 1,900 µηι , about 2,000 µηι , between about

50 µηι and about 1,500 µηι , between about 100 µηι and about 1,000 µηι , at least about 50 µηι ,

at least about 80 µηι , less than about 600 µηι , less than about 1,000 µηι , less than about 1,200

µηι , or less than about 1,500 µηι . In one embodiment, the diameter is less than about 1,200

µηι .

[089] Desired expanded polymer particle diameters can be about 80 µηι , about 100 µηι , about

200 µηι , about 400 µηι , about 500 µηι , about 600 µηι , about 700 µηι , about 800 µηι , about 900

µηι , about 1,000 µηι , about 1,100 µηι , about 1,200 µηι , about 1,300 µηι , about 1,400 µηι , about

1,500 µηι , about 1,600 µηι , about 1,700 µηι , about 1,800 µηι , about 1,900 µηι , about 2,000 µηι ,

about 2,100 µηι , about 2,200 µηι , about 2,300 µηι , about 2,400 µηι , about 2,500 µηι , about

2,600 µηι , about 2,700 µηι , about 2,800 µηι , about 2,900 µηι , about 3,000 µηι , about 3,100 µηι ,

about 3,200 µηι , about 3,300 µηι , about 3,400 µηι , about 3,500 µηι , about 3,600 µηι , about

3,700 µηι , about 3,800 µηι , about 3,900 µηι , about 4,000 µηι ,between about 80 µηι and about

3,600 µηι , between about 400 µηι and about 4,000 µηι , at least about 400 µηι , at least about

2,000 µηι , less than about 3,000 µηι , less than about 3,500 µηι , less than about 4,000 µηι , or

less than about 3,700 µηι . In one embodiment, the expanded polymer particle diameter is

about 3,600 µηι .

[090] In one embodiment, the concentration of macromer(s) in the final embolic particle

products can be about 58% w/w.

[091 ] In one embodiment, poly(ethylene glycol) diacrylamide is present in the final embolic



particle products at about 58% w/w.

[092] In one embodiment, the crosslinker can be Λ ,Λ/'-methylenebisacrylamide.

[093] In other embodiments, no crosslinker is included in the desiccated embolic particle

products.

[094] In one embodiment, the concentration of one or more monomers in the final embolic

particle products can be about 42% w/w.

[095] In one embodiment, the one or more monomers can be sodium acrylate and 2-amino

ethyl methacrylate.

[096] In one embodiment, the one or more monomers can be sodium acrylate.

[097] A skilled artisan understands how to calculate final concentrations based on amount in

solvent already discussed.

[098] The embolic particles can then be treated to delay the rate at which they expand in a

physiological environment. For embolic particles containing acidic moieties, incubation in acidic

solution is performed. For embolic particles containing basic moieties, incubation in basic

solution is performed. Alternatively, incubation in sodium chloride solutions with higher

osmolarity than physiological may decrease the diameter of the embolic particles.

[099] Another method is to formulate the embolic particles with ionic sensitivity. The embolic

can be packaged in a concentrated saline solution with a much higher salt concentration than

the human body, thus shrinking the embolic. When delivered to the body, the osmotic balance

will be restored to the embolic particles as the concentrated saline solution washes away by

dilution from the blood. Thus, the embolic particles become exposed to a lower ionic strength

environment, causing them to swell to a larger diameter.

[0100] A third method is to dehydrate the embolic particles and acid treat them so that they

become responsive to physiologic pH. The embolic particles can then be packaged in a low pH,

aqueous solution, such as water, or a non-aqueous, biocompatible solution such as mineral oil,

alcohol, poly(ethylene glycol) 400, dimethyl sulfoxide, or lipiodol for delivery.

[0101] A fourth method is to dehydrate the embolic particles and basic treat them so that they

become responsive to physiologic pH. The embolic particles can then be packaged in a high

pH, aqueous solution, such as water, or a non-aqueous, biocompatible solution such as mineral

oil, alcohol, poly(ethylene glycol) 400, dimethyl sulfoxide, or lipiodol for delivery.

[0102] The final polymer embolic particle preparation is delivered to the site to be embolized via



a catheter or similar delivery device. In some embodiments, a radiopaque contrast agent is

thoroughly mixed with the particle preparation in a syringe and injected through a catheter until

blood flow is determined to be occluded from the site by interventional imaging techniques.

[0103] The embolic particles described herein can be sterilized without substantially degrading

the polymer. After sterilization, at least about 50%, about 60%, about 70%, about 80%, about

90%, about 95% about 99% or about 100% of the polymer can remain intact. In one

embodiment, the sterilization method can be autoclaving and can be utilized before

administration.

[0104] The embolic particles can remain substantially stable once injected. For example, the

polymer particles can remain greater than about 60%, about 70% about 80%, about 90%, about

95%, about 99% or about 100% intact after about 5 days, about 2 weeks, about 1 month, about

2 months, about 6 months, about 9 months, about a year, about 2 years, about 5 years, about

10 years, or about 20 years.

[0105] The polymer particles described herein can be compressible yet durable enough not to

break apart or fragment. Substantially no change in circularity or diameter of particles may

occur during delivery through a microcatheter. In other words, after delivery through a

microcatheter, the polymer particles described herein remain greater than about 60%, about

70%, about 80%, about 90%, about 95%, about 99% or about 100% intact yet expand to a size

larger than when delivered.

[0106] The embolic particles can be cohesive enough to stick to tissue and/or remain in place

through friction with the tissue. In other embodiments, the particles can act as a plug in a vessel

held in place by the flow and pressure of blood.

[0107] The embolic particles described herein can have a characteristic expansion time and

that characteristic expansion time can be predictable and/or predetermined. This characteristic

expansion time can be the amount of time required for the embolic particles to expand from their

initial or first diameter to their larger, second expanded diameter. This time can be about 5 min,

about 10 min, about 15 min, about 20 min, about 25 min, about 30 min, between about 5 min

and about 20 min, between about 10 min and about 25 min, between about 5 min and about 30

min, at least about 5 min, or at least about 10 min.

[0108] Also, this characteristic expansion time can provide a user, for example a physician,

sufficient time to deliver the particles to the desired in situ location without the particles

expanding and clogging a microcatheter or other deliver device.



[0109] In one embodiment, a desiccated polymeric embolic particle can include a reaction

product of a polyether and sodium acrylate. In another embodiment, a polymeric embolic

particle can include a polyether at about 58% w/w and sodium acrylate at about 42% w/w.

[0110] In another embodiment, a desiccated polymeric embolic particle can include a reaction

product of a polyether, aminopropyl methacrylamide, and sulfopropyl acrylate. In another

embodiment, a polymeric embolic particle can include a polyether at about 40% w/w,

aminopropyl methacrylamide at about 1% w/w, and sulfopropyl acrylate at about 59% w/w.

[011 1] The following represent non-limiting embodiments.

[0112] Embodiment 1 : An embolic composition comprising: embolic particles including acidic

groups that are treated with a low pH solution to form treated embolic particles, wherein the

treated embolic particles have a first diameter and a second diameter, and wherein the second

diameter is larger than the first diameter when the treated polymer particle is subjected to a

physiological condition.

[0113] Embodiment 2 : The embolic composition of Embodiment 1, wherein the first diameter is

between about 40 µηι and about 1,200 µηι .

[0114] Embodiment 3 : The embolic composition of Embodiment 1 or 2 , wherein the first

diameter is smaller than the diameter of a microcatheter.

[0115] Embodiment 4 : The embolic composition of Embodiment 1, 2 , or 3 , wherein the second

diameter is between about 80 µηι and about 3,600 µηι .

[0116] Embodiment 5 : The embolic composition of Embodiment 1 , 2 , 3 , or 4 , wherein the

second diameter is larger than the diameter of the microcatheter.

[0117] Embodiment 6 : The embolic composition of Embodiment 1, 2 , 3 , 4 , or 5 , wherein the

embolic particles include a reaction product of a prepolymer solution including at least one

macromer and at least one monomer including ionic groups.

[0118] Embodiment 7 : The embolic composition of Embodiment 1 , 2 , 3 , 4 , 5 , or 6 , wherein the

monomer containing ionic groups is sodium acrylate.

[0119] Embodiment 8 : The embolic composition of Embodiment 1 , 2 , 3 , 4 , 5 , 6 , or 7 , wherein

the at least one macromer is poly(ethylene glycol) diacrylamide, poly(ethylene glycol) diacrylate,

poly(ethylene glycol) dimethacrylate, poly(ethylene glycol) dimethacrylamide, or a combination

thereof.

[0120] Embodiment 9 : The embolic composition of Embodiment 1, 2 , 3 , 4 , 5 , 6 , 7 , or 8 , wherein



the prepolymer solution further includes a biodegradable crosslinker.

[0121] Embodiment 0 : The embolic composition of Embodiment 9 , wherein the biodegradable

crosslinker has a structure:

wherein each n is independently 1-20;

wherein d , e , f , and g are each independently 1-20; or



[0122] Embodiment 11 : The embolic composition of Embodiment 1, 2 , 3 , 4 , 5 , 6 , 7 , 8 , or 9 ,

wherein the embolic particles further include a visualization agent.

[0123] Embodiment 12: The embolic composition of Embodiment 11 , wherein the visualization

agent is an monomer including a visualization agent and has a structure

[0124] Embodiment 13: The embolic composition of Embodiment 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10, 11,

or 12, wherein the physiological condition is physiological pH.

[0125] Embodiment 14: A method of making polymer particles comprising: treating polymer

particles formed by reacting a prepolymer solution including at least one macromer, an acrylic



monomer, and an initiator in non-solvent to form treated polymer particles; wherein the treated

polymer particle has a first diameter and a second diameter, wherein the second diameter is

larger than the first diameter when the treated polymer particle is subjected to a physiological

condition.

[0126] Embodiment 15: The method of Embodiment 14, wherein the non-solvent is a mineral

oil, hexane, or water.

[0127] Embodiment 16: The method of Embodiment 14 or 15, wherein the initiator is

ammonium persulfate, tetramethylethylene diamine, or a combination thereof.

[0128] Embodiment 17: The method of Embodiment 14, 15, or 16, wherein the first diameter is

between about 40 µηι and about 1,200 µηι .

[0129] Embodiment 18: The method of Embodiment 14, 15, 16, or 17, wherein the first diameter

is smaller than the diameter of a microcatheter.

[0130] Embodiment 19: The method of Embodiment 14, 15, 16, 17, or 18, wherein the second

diameter is between about 80 µηι and about 3,600 µηι .

[0131] Embodiment 20: The method of Embodiment 14, 15, 16, 17, 18, or 19, wherein the

second diameter is larger than the diameter of the microcatheter.

[0132] Embodiment 21: The method of Embodiment 14, 15, 16, 17, 18, 19, or 20, wherein the

at least one macromer is poly(ethylene glycol) diacrylamide, poly(ethylene glycol) diacrylate,

poly(ethylene glycol) dimethacrylate, poly(ethylene glycol) dimethacrylamide, or a combination

thereof.

[0133] Embodiment 22: The method of Embodiment 14, 15, 16, 17, 18, 19, 20, or 21, wherein

the treating is acid treating and the monomer containing ionic groups is sodium acrylate.

[0134] Embodiment 23: The method of Embodiment 14, wherein the treating is base treating

and the monomer containing ionic groups includes amino groups.

Example 1

Biostable Embolic Particle Preparation

[0135] A prepolymer solution was prepared by dissolving 9.2 g poly(ethylene glycol) 10,000

diacrylamide and 6.6 g sodium acrylate in 39.8 g of distilled water. This solution was filtered and

flushed with argon. Then, 500 ml_ of mineral oil was sparged with argon for 6 hr in a sealed

reaction vessel equipped with an overhead stirring element. Ν,Ν,Ν' ,Ν'



tetramethylethylenediamine (3 ml_) was added to the reaction vessel and overhead stirring

started at 230 RPM. An initiator solution was made by dissolving 1.0 g ammonium persulfate in

2.0 g distilled water. The solution was filtered and 1 ml_ added to the prepolymer solution. After

mixing, the solution was added to the reaction vessel. After 5 to 10 min, 0.1 ml_ of SPANO80

was added and the resulting suspension was allowed to polymerize over 4 hrs.

Example 2

Purification of the Embolic Particle Preparation

[0136] After the polymerization was complete, the mineral oil was decanted from the reaction

vessel and the polymer embolic particles were washed four times with fresh portions of hexane

to remove the mineral oil. The particles were then transferred to a separatory funnel with

phosphate buffered saline (PBS) and separated from residual mineral oil and hexane. The

resulting mixture was washed twice with PBS.

[0137] To dye the embolic particles, 50 g of sodium carbonate and 0.1 g reactive black 5 dye

(Sigma-Aldrich Co. LLC, St. Louis, MO) were dissolved in 1,000 mL of de-ionized water. Then,

drained embolic particles were added and allowed to stir for 1 hr. The dyed particle preparation

was washed with de-ionized water until all residual dye was removed.

[0138] The dyed embolic particles were separated in sizes using sieving. Sieves were stacked

from the largest size (on top) to the smallest size (on bottom). A sieve shaker was utilized to aid

the sieving process. The embolic particles were placed on the top sieve along with PBS. Once

all the embolic particles had been sorted, they were collected and placed in bottles according to

their size.

[0139] Dyed particles were incubated in 0.1 N HCI for 30 minutes to protonate available

carboxylic acid groups. Significant decrease in the diameter was observed. The acid was

removed and replaced with distilled water for storage.

Example 3

Preparation of a biodegradable crosslinker



a b

[01 40] Preparation of tetramesyl pentaerythritol (b): To a 3 L three-neck round bottom flask

fitted with a Dean-Stark trap was added pentaerythritol (a, MW ~ 797 g/mol, 99.9 g , 125 mmol)

and toluene ( 1 .5 L) sequentially. The solution was subjected to an azeotrope distillation and

water was removed from the Dean-Stark trap. The flask was cooled to room temperature before

triethylamine (94.6 mL, 530 mmol) was added. Then the flask was placed in a 0 °C ice bath. A

250 mL addition funnel was attached to the flask. To the addition funnel was added anhydrous

toluene (80 mL) and mesyl chloride (40 mL, 530 mmol) sequentially. The mesyl chloride solution

was added dropwise to the cooled solution. The reaction was left to stir at room temperature

overnight, resulting in the formation of a white precipitate. At the end of the reaction, the solution

was filtered over a fritted glass funnel to remove the precipitate. The filtrate was concentrated

using a rotary evaporator to afford the crude material as a pale yellow oil (86.37 g).

b c

[01 41] Preparation of tetraamino pentaerythritol (c): To a solution of ammonium hydroxide

(30%, 1250 mL, 22.02 mol) was added dropwise tetramesyl pentaerythriol (b, 86.37 g , 77.8

mmol) in anhydrous acetonitrile (500 mL) . The reaction was stirred under room temperature for

three days. Upon completion, it was degassed for 2 days using an air pump. Then the pH of the

residue was adjusted to 14 using 0 .1 M NaOH aqueous solution. The aqueous phase was

extracted with dichloromethane (500 mL 1, and 1 L 1) . The organic phase was then dried



over sodium sulfate and concentrated using a rotary evaporator to afford the product as a pale

yellow oil (56.31 g).

[0142] Preparation of NHS-activated (4-hydroxyphenylmethacrylamide) (e): To a solution of (4-

hydroxyphenylmethacrylamide) (d, 10 g , 56.4 mmol) in anhydrous acetonitrile (39.5 mL) was

added anhydrous pyridine (9.9 mL, 113 mmol) and disuccinimidyl carbonate (36.1 g , 141 mmol)

sequentially. The solution was stirred for 18 hours at room temperature. Upon completion, the

reaction was poured over dichloromethane (40 mL) and filtered over a Buchner funnel. The

filtrate was collected and the solvent was removed on a rotary evaporator. The residue was

suspended in 30 mL ethyl acetate. The ethyl acetate fraction was washed with 5% citric acid

solution (30 mL 2) and saturated NaCI solution (30 mL 1) before being dried over Na2S0 4.

The solvent was removed on a rotary evaporator to afford the product as a pinkish solid (12.96

g , 72.2% yield).



[01 43] Preparation of a biodegradable crosslinker (f): To a solution of tetraamino pentaerythritol

(c, 10.0 g , 12.6 mmol) and trimethylamine (7.0 mL, 50.4 mmol) in dichloromethane (67 mL) was

added NHS-activated (4-hydroxyphenylmethacrylamide) (e, 16.0 g , 50.4 mmol) under argon.

The solution was stirred for 3 hours 15 minutes. Upon completion, it was passed through a silica

gel plug. The elution was using a rotary evaporator, and the residue was separated using flash

chromatography to afford the product.



Example 4

Preparation of a biodegradable crosslinker

[004] To 10 g (67.6 1mnol) of 2,2'-ethylenedioxy-bis-ethylamine was added 10 g (70.4 mmol)

of glycidyl methacrylate and 3.0 g of silica gel (Aldrich 645524, 60 Angstrom 200-425 mesh),

with good stirring. After stirring for 1 hr, another 9 g (63.4 mmol) of glycidyl methacrylate was

added and the suspension was stirred for an additional 1.5 hr. The reaction mixture was diluted

with 200 mL of reagent grade chloroform and filtered through a 600 mL fritted glass Buchner

funnel of medium porosity, to remove silica gel. LC-MS analysis of the resultant chloroform

solution showed almost no mono-glycidyl amino alcohol and mostly bis-glycidyl amino alcohol at

(M+H)+ 433 .2 and was concentrated to about 50 g in vacuo. The resultant heavy syrup was

diluted to 100 mL with acetonitrile and stored at -80°C.

Example 5

Preparation of a biodegradable crosslinker

[005] TMP-Chloroacetamide (E): To 13 .2 g of TMP amine in 250 mL of dry THF was added

6.32 g (80 mmols) of pyridine and this solution was added to 6.44 g of chloroacetyl chloride in

250 mL of THF with good stirring, at 4-1 °C under Ar. After stirring for 15 min, the reaction

mixture was warmed to room temperature and the THF and other volatile materials were

removed in vacuo. The resulting solids were dissolved into 200 mL of chloroform, washed with

100 mL of saturated aqueous sodium bicarbonate, dried over magnesium sulfate, and the

solvent was removed in vacuo.

[006] TMP-NH-Gly-Methacrylate (F): Approximately 15 grams of (E) was dissolved into75 mL

of anhydrous DMF and added 18 g of cesium methacrylate was added. The resulting

suspension heated at 40-50°C for 2 hr.

[007] After precipitation with 500 mL of chloroform, the inorganic salts were collected by

filtration and the filtrate was concentrated to an oil in vacuo to give 18 g of a reddish brown oil.

This oil was polymerized with AIBN at 80°C, in isopropyl alcohol to a nice hard pellet.

Chromatography on 6 g of this through a plug of the above silica with 1,200 mL of 2-20%



methanol in chloroform, gave 6 g of light red colored material. This material can be used to

prepare polymer filaments.

[008] The material can have a structure

wherein d , e , f , and g are each independently 1-20.

Example 6

Preparation of a biodegradable crosslinker

[009] To 653 mg ( 1 mmol) of tetrapeptide Alanine-Proline-Glycine-Leucine (APGL) in 5 mL

dry DMF was added 190 mg ( 1 .1 mmol) of APMA-HCI, followed by 174 ( 1 mmol) of DIPEA,

at room temperature with good stirring, under Ar. After 2 hr, the reaction mixture was treated

with 20 mg of BHT and briefly exposed to air. LC-MS analysis showed (M+H)+ at 680 and

(M+Na)+ at 702. Then, 5 mL of the reaction mixture was added dropwise to 200 mL of ether

with good stirring and the solids which formed were collected by centrifugation. The resulting

pellet was dissolved into 20 mL of (CHC1 3/MeOH/MeOH + 5% aqueous ammonia) 90/5/5, and

applied to 50 g of silica gel in a 5X20 cm column (Aldrich 645524, 60 Angstrom 200-425 mesh).

The silica gel column was developed with 500 mL of (CHC1 3/MeOH/MeOH with 5% aqueous

ammonia), 90/5/5. The peptide containing eluent (TLC, same solvent) was concentrated in

vacuo to yield 110 mg of pale yellow oil, LCMS, as above. The pale yellow oil was dissolved in

10 mL of methanol and stored at -80°C.



Example 7

Preparation of a degradable radiopaque monomer

[0144] Tetrabutylammonium diatrizoate: To a stirring suspension of diatrizoic acid (50 g , 81.4

mmol) in methanol (552 ml_) was slowly added tetrabutylammonium hydroxide (40% aqueous

solution, 52.8 ml_). The turbid suspension turned clear after the addition of tetrabutylammonium

hydroxide was finished. The solvent was removed using a rotary evaporator to obtain a cream-

colored viscous residue. To this residue was added an appropriate amount of toluene, which

was then removed using a rotary evaporator. Toluene was added to the residue once more and

removed again. The solid obtained was dried in a vacuum oven overnight at 40 °C to afford a

white solid (64.1 g , 92% yield). (WO 95/19186)

[0145] Diatrizoyl HEMA: To a stirring solution of Kl (796.8 mg, 4.38 mmol) and 2-chloro

ethylmethacrylate (4.32 ml_, 32.1 mmol) in anhydrous DMF (122.6 ml_) was added

tetrabutylammonium diatrizoate (25 g , 29.2 mmol) under argon. The flask was then placed in a

60 °C oil bath. Additional Kl (199 mg) and 2-chloro ethylmethacrylate ( 1 ml_) was added to the

reaction at 13 hours, 38 hours and 4 1 hours reaction times. The reaction was pulled out of the

oil bath at 44 hours and cooled under room temperature. The reaction was poured over

saturated NaHC0 3 aqueous solution (120 ml_) and a white precipitate formed. The aqueous

phase was extracted once with a mixture of ethyl acetate (280 ml_) and methanol (50 ml_). The

organic phase was washed with saturated sodium chloride aqueous solution (300 mL x 1). The

organic phase was subjected to rotary evaporation to obtain a cream-colored wet solid. The

solid was suspended in a mixture of methyl te/f-butyl ether and chloroform (7:3, v/v), and the

resulting suspension was filtered to obtain a white solid. The solid dried under reduced pressure

to obtain the first crop of product as a white solid ( 1 1.898 g). The previous NaHC0 3 phase was

filtered and a white solid was collected. The solid was washed with a mixture of methyl -butyl

ether and chloroform (7:3, v/v) and dried under reduced pressure to afford the second crop

(3.071 g). The first and second crops were combined to afford the final product as a white solid

(14.969 g , 70.6% yield).



Example 8

Preparation of a degradable radiopaque monomer

[0010] To 400 ml_ of methanol was added 104 g (170 mmol) of diatrizoic acid followed by 28 g

of cesium carbonate (65 mmol). After stirring for 45 min the methanol was removed in vacuo

and the solids suspended in 500 ml_ of diethyl ether. The solids were then collected and dried

on a Buchner funnel and further dried in vacuo, to yield 120 g , (95%) (Cesium Diatriozate, 1).

[001 1] To 24 ml_ of HEMA (200 mmol) in 1,000 ml_ of dry ether was added 16.8 ml_ (213 mmol)

of pyridine at 4-1 0°C, under Ar. To this solution was added 2 1 .3 ml_ (200 mmol) of 1-chloroethyl

chlorocarbonate, drop wise with stirring over 0.5 hr. After stirring 0.5 hr at 4-1 0°C, the heavy

precipitate was removed by filtration and the filtrate was concentrated to oil in vacuo, yielding 44

g (100%) (HEMA-1-Chloroethyl carbonate, 2).

[0146] To 44 g (200 mmol) of (2) in 400 ml_ of anhydrous DMF was added 30 g (40 mmol) of (1)

at 100°C under Ar, with good stirring. After 15 min another 40 g (54 mmol) of (1) was added at

100°C, under Ar, with good stirring followed by a final 30 g (40 mmol), under the same

conditions, for a total of 110 g (1) (134 mmol). The reddish brown reaction mixture was heated

at 100°C for an additional hour and the solvent was removed in vacuo. The reddish brown solid

residue was suspended in 1,000 ml_ of dry ether and the solids collected on a Buchner funnel.

After the solids were dried in vacuo, they were suspended in 500 ml_ distilled water at 2,000 rpm

and the mixture pH was adjusted to 8-9 with cesium carbonate. After stirring for 10 min, the

suspension was filtered and the solids washed 3 times with 100 ml_ of distilled water, dried

overnight in vacuo and crushed to a fine powder. Solid residue was again suspended in 1,000

ml_ of dry ether and the solids were collected on a Buchner funnel. After the solids were dried in

vacuo again and crushed to a fine powder again, they were purified by silica gel chromatograph

using a 1.5 Kg column and a 0-10% gradient of methanol in dichloromethane, over 1 hr. This

yielded 26 grams (18%), very pale yellow crystalline solid (1-((2-

(methacryloyloxy)ethoxy)carbonyloxy)ethyl-3,5-diacetamido-2,4,6-triiodobenzoate, 3).



Example 9

Preparation of a non-degradable radiopaque monomer

[0012] DiatriazoyI Acetate (A): To 30.8 g of diatrizoic acid suspended in 100 mL of acetic

anhydride was added 2 g of concentrated sulfuric acid and the resulting suspension stirred at 90

degrees centigrade for one hour before the reaction mixture was cooled to room temperature

and then poured onto 500 g of ice. After agitating the ice for 15 min, the oily mass was treated

with 100 mL of half saturated sodium bicarbonate whilst agitating. The solids which had formed

were collected on a Buchner funnel and dried overnight in vacuo to give 9 g of light brown

diatriazoyl acetate solids.

[0013] Diatriazoyl Chloride (B): Nine grams of ditriazoyi acetate was suspended in 100 mL of

thionyl chloride using overhead stirring. The reaction mixture was brought to reflux in an oil bath

and refluxed for one hour. The thionyl chloride was mostly removed in vacuo at 40°C at which

point solids were re-suspended in 100 mL of ethyl acetate which was removed in vacuo. This

process was repeated twice more at which point the solids were placed under vacuum

overnight.

[0014] Ethylenediamine mono-diatriazoyl amide (C): 6.3 g of the acid chloride (10 mmol) in 300

mL of methylene chloride was added to 6.7 grams of ethylene diamine (100 mmol) over one

hour with stirring at 4-1 0°C under Ar. The formed solids were collected on a Buchner funnel

and washed with 100 mL of methylene chloride and dried overnight in vacuo. The dried solids

now largely free of ethylenediamine were taken up in 600 mL of water filtered through a fritted

disk funnel and the water removed in vacuo. The residue was triturated with acetonitrile which

was then evaporated in vacuo to remove traces of water. LC-MS showed 640 which is (M+Na)+

and 656.9, (M+K)+.

[0015] Ethylene diamine-1-diatriazoylamide-2-methacrylamide (D): To 650 mg of (C) ( 1 mmol)

suspended in 100 mL of THF/CHCI 3/ethanol, 1/3/1 was added 0.18 mL (1.04 mmol) of



diisopropylethylamine followed by 0.12 ml_ (1.26 mmol) of methacryoyl chloride with stirring

under Ar. The reaction mixture was stirred for 1 hr at which point reaction mixture was filtered

with a fritted Buchner funnel.

[0016] TLC with 10% methanol in methylene chloride showed potential product in solids and

filtrate. LC-MS of combined filtrate and solids after solvent removal in vacuo showed (M+H)+ at

725.0, (M+Na) + at 747.0 as well as (M-H) at 723.0 and (M+Na-2H) at 744.9 all on an HPLC

peak at 8.9 min in a 15 min run.

[0147] Unless otherwise indicated, all numbers expressing quantities of ingredients, properties

such as molecular weight, reaction conditions, and so forth used in the specification and claims

are to be understood as being modified in all instances by the term "about." Accordingly, unless

indicated to the contrary, the numerical parameters set forth in the specification and attached

claims are approximations that may vary depending upon the desired properties sought to be

obtained by the present invention. At the very least, and not as an attempt to limit the

application of the doctrine of equivalents to the scope of the claims, each numerical parameter

should at least be construed in light of the number of reported significant digits and by applying

ordinary rounding techniques. Notwithstanding that the numerical ranges and parameters

setting forth the broad scope of the invention are approximations, the numerical values set forth

in the specific examples are reported as precisely as possible. Any numerical value, however,

inherently contains certain errors necessarily resulting from the standard deviation found in their

respective testing measurements.

[0148] The terms "a," "an," "the" and similar referents used in the context of describing the

invention (especially in the context of the following claims) are to be construed to cover both the

singular and the plural, unless otherwise indicated herein or clearly contradicted by context.

Recitation of ranges of values herein is merely intended to serve as a shorthand method of

referring individually to each separate value falling within the range. Unless otherwise indicated

herein, each individual value is incorporated into the specification as if it were individually

recited herein. All methods described herein can be performed in any suitable order unless

otherwise indicated herein or otherwise clearly contradicted by context. The use of any and all

examples, or exemplary language (e.g., "such as") provided herein is intended merely to better

illuminate the invention and does not pose a limitation on the scope of the invention otherwise

claimed. No language in the specification should be construed as indicating any non-claimed

element essential to the practice of the invention.

[0149] Groupings of alternative elements or embodiments of the invention disclosed herein are



not to be construed as limitations. Each group member may be referred to and claimed

individually or in any combination with other members of the group or other elements found

herein. It is anticipated that one or more members of a group may be included in, or deleted

from, a group for reasons of convenience and/or patentability. When any such inclusion or

deletion occurs, the specification is deemed to contain the group as modified thus fulfilling the

written description of all Markush groups used in the appended claims.

[0150] Certain embodiments of this invention are described herein, including the best mode

known to the inventors for carrying out the invention. Of course, variations on these described

embodiments will become apparent to those of ordinary skill in the art upon reading the

foregoing description. The inventor expects skilled artisans to employ such variations as

appropriate, and the inventors intend for the invention to be practiced otherwise than specifically

described herein. Accordingly, this invention includes all modifications and equivalents of the

subject matter recited in the claims appended hereto as permitted by applicable law. Moreover,

any combination of the above-described elements in all possible variations thereof is

encompassed by the invention unless otherwise indicated herein or otherwise clearly

contradicted by context.

[0151] In closing, it is to be understood that the embodiments of the invention disclosed herein

are illustrative of the principles of the present invention. Other modifications that may be

employed are within the scope of the invention. Thus, by way of example, but not of limitation,

alternative configurations of the present invention may be utilized in accordance with the

teachings herein. Accordingly, the present invention is not limited to that precisely as shown

and described.



We claim:

1. An embolic composition comprising:

embolic particles including acidic groups that are treated with a low pH solution to form

treated embolic particles,

wherein the treated embolic particles have a first diameter and a second diameter, and

wherein the second diameter is larger than the first diameter when the treated polymer particle

is subjected to a physiological condition.

2 . The embolic composition of claim 1 , wherein the first diameter is between about 40 µηι

and about 1,200 µηι .

3 . The embolic composition of claim 2 , wherein the first diameter is smaller than the

diameter of a microcatheter.

4 . The embolic composition of claim 1, wherein the second diameter is between about 80

µηι and about 3,600 µηι .

5 . The embolic composition of claim 4 , wherein the second diameter is larger than the

diameter of the microcatheter.

6 . The embolic composition of claim 1 , wherein the embolic particles include a reaction

product of a prepolymer solution including at least one macromer and at least one monomer

including ionic groups.

7 . The embolic composition of claim 6 , wherein the monomer containing ionic groups is

sodium acrylate.



8 . The embolic composition of claim 6 , wherein the at least one macromer is poly(ethylene

glycol) diacrylamide, poly(ethylene glycol) diacrylate, poly(ethylene glycol) dimethacrylate,

poly(ethylene glycol) dimethacrylamide, or a combination thereof.

9 . The embolic composition of claim 6 , wherein the prepolymer solution further includes a

biodegradable crosslinker.

10. The embolic composition of claim 9 , wherein the biodegradable crosslinker has a

structure:

wherein each n is independently 1-20;



wherein d , e , f , and g are each independently 1-20; or

11. The embolic composition of claim 1 , wherein the embolic particles further include a

visualization agent.

12. The embolic composition of claim 11, wherein the visulaization agent is an monomer

including a visualization agent and has a structure



13. The embolic composition of claim 1 , wherein the physiological condition is physiological

pH.

14. A method of making polymer particles comprising:

treating polymer particles formed by reacting a prepolymer solution including at least one

macromer, an acrylic monomer, and an initiator in non-solvent to form treated polymer particles;

wherein the treated polymer particle has a first diameter and a second diameter, wherein

the second diameter is larger than the first diameter when the treated polymer particle is

subjected to a physiological condition.

15. The method of claim 14, wherein the non-solvent is a mineral oil, hexane, or water.

16. The method of claim 14, wherein the initiator is ammonium persulfate,

tetramethylethylene diamine, or a combination thereof.

17. The method of claim 14, wherein the first diameter is between about 40 µηι and about

1,200 µηι .

18. The method of claim 17, wherein the first diameter is smaller than the diameter of a

microcatheter.

19. The method of claim 14, wherein the second diameter is between about 80 µηι and

about 3,600 µηι .



20. The method of claim 19, wherein the second diameter is larger than the diameter of the

microcatheter.

2 1. The method of claim 14, wherein the at least one macromer is poly(ethylene glycol)

diacrylamide, poly(ethylene glycol) diacrylate, poly(ethylene glycol) dimethacrylate,

poly(ethylene glycol) dimethacrylamide, or a combination thereof.

22. The method of claim 14, wherein the treating is acid treating and the monomer

containing ionic groups is sodium acrylate.

23. The method of claim 14, wherein the treating is base treating and the monomer

containing ionic groups includes amino groups.
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