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Particles

Cross-Reference to Related Application

This gppdivation elaims priovity under 35 US.CL $119 1o USSN &R0 503, filed

July 37, 20006, the contents of which are hereby incorporated by reference,
Field
The invention relates o particles and related methods,
Background

Ablation, such as radiofreguency {RT} ablation, can be used © treat pathological
conditions i win. For example, ablation can be used to treat 8 tumor by hending the
tanor Heasue {88, cousing colls in the tumor fissue o die), In some instances, fumeor

absiation can be achisved by Inserting an RF clectrode having tines af one end fmto the

srea of a tunor, deploying the tines, and activating the RF elvctrode so that RY encrgy
Hows i’hr-‘}ﬁgh the tmes and heals the tumor tissne.
Sunumary
Iy one aspect, the invention features a particle having s impedance of &t most 68

ohms {e.g., at most about 50 ohims, at most about 40 ohmisy at an spplied power of two

Watts. The particle has & maximuom dimension ez, @ dlameter) of al most abowt 3,000

In ancdher sspect, the invention features a method of making a particle having an
fmpedance of at most 60 ohms {e.g., at most about 30 ohs, &t most about 40 ohins) at an
apphed power of teo Walts, The method meludes generating drops including o gelling
precusor, and contacting the drops with a solution incloding a gelli

i an additionad aspect, the invention featurss & wethod of making a pusticle, The

methed includes generating drops including 8 gelling precursor, and contacting

o

¥, ,/-»
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7
4y
o
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5
u! 3

withs # selution inchuling a gelling agent incloding @ multivalent cation, The

goncentrstion of the geliing agent in the solution i more than abowt 1 percent.
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In u further aspect, the invention features a method that inclades disposing at least
one parficle {e.g.. 8 plurality of particles) in @ tissue of a subject and exposing the pasticle
to radiation fo heat the tissue. The particle has a maximom dimension {e.g., a dlameter}
of st most abowt 3,000 microns and an impedance of at most 60 ohms {o.g., 4t most about
50 ohms, &l most about 4 oluns) at an applied power of two Watls,

another aspect, the invention features a gel having an impedance of ot most 80
ohms {e.5,, 4t most about 50 ohme, at most about 40 oluns} at an spplicd power of two

Watts. In some enbodiments, the gel can be configured to §it within a hunen of »

In an additional aspect, the invenbion features & method of making & gol, the

,,,‘
e
o]
s
5

e
=

4
]
pec]

method including contacting & gelling precursor with a solution incloding a gelli

bo:

The gel has an impedance of at most 60 ohms {e.g., at most about 56 olms, at most abowt

sy
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46 ohms) at an applied power of two Watts, In certain embodiments, the

configired to 11 within & lowen of a sebject,

i a further aspect, the invertion features a mthed of making a gel, the method
3

inchuding condacting o gelling precursor with a solution including

inchuding a multivalent cation. The concentration of the gelling agent {

more than sbout 10 pereent. In some embodiments, the gel can be configured o fit
within & e of & subgect

in anwsther aspect, the invention features a methed inchuding dsposing a gel in g
issue of a subject, sand exposing the pel to radi heat the tissue. The gl has an
USSuC ol 3 ¢t, and exposing the gel to radistion to heat the tissue. The gel has an
fupedance of at most 60 ohms {e.g., at wost about 38 ohms, of most sbout 40 ohms) atan

applisd power of two Watls

B

(’4‘

in an sdditions] sspect, the invention features s misthod of forming a gel n g

e of @ subjeet. The method inclodes contacling & gelling precussor with g salution

& o

invhuding & geiling agent in the tissue of the M}h}t\.i The get has an unpedance of &l most

60 chans {e.g, ot most gbout 30 oluns, 8t most about 40 ohmg) at an applied power ot tw
Watls,

i a further sspest, the nvention fostures o methed of fwnung & gel in o tsswue of

asubiect. The mcthed welades contacting a gelling precorsor with o solulion inchuding
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gelling agent in the tssue of the subject. The concentration of the pelling agent inthe
aeiling agent selution Is more than about 10 percent.
Embodtments can include one or more of the following,

3 +3 s P, CEYE APV g e T
:particle anddor the gel can have an impodance of @

e

~
)
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7
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stans {08, 8t most about 35 ohims, at most abowt 30 ohms, at most about 45

’J';
o

shms, at wat about 40 ohms, at most about 35 cluns, 8t moest about 36 ohms, at mos

sbout 25 ohims, 8t most about 20 obmy) at ap applied power of two Wails.

The paritele andfor the gel may include a ferromagnetic material, or may not
include a ferromagnetic material.
i certain embodinents, the particle andfor the drops can include & gelling

3

procursor (8.2, siginate}. In some embodiments, the particle andior the drops can inchude

af least one polymer, such as af least one of the following polymers: polyving aeshols,

-

3

polyacrylic acids, polymethacryiic acids, poly vinyd sulfonates, carboxymethyl celiyloses,
hydrewyathyl celluloses, substituted celluloses, polyacryvianides, polvethyiene glyveols,

gs, polyesiers, polysthers, polvstyranes,

solvethyienes, polymethylmethacrviates,
pmi}-'s‘;a;;xaias:t@nes;? palyvinyl acetate, polvglyeolic scids, and polyiiactic-on-glyeolic}
acids.

In cortain embodinents, the parlicle can include g gel. o some embodiments, de
particle can include & gelling precursor, such as alginate. In cortain embodiments, the
particie can tnclude o therapeutic agent,

The particle can have a maximum dimension {e.g., a diamaier) of af most shoot
3000 micvons. o cortain embodiments, the particle can have 8 maxinmum dimension
{e.8., a diameler) of from about 100 microns to about 700 microns.

i seene embodiments, the concentration of the geliing agent in the solution can

By

be more than about 13 percent {e.g., more than about 20 percent, more than about 23

seroent, more than about 30 percent, more than about 33 percent, move thas aboat 40

vh

in pertamn embodiments, the sultivadent catton can be a calonam cation. Insome

embrodiments, the gelling agent can be calcium chloride.

a

X
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Heating the tissue can include ablating the tissue. In some enbodiments, the

-;

methed can include heating the tasue to & tempersture of at least abowt 40°C {o.p., more

%

than about 45°C) sndfor &t most about 200°C, For e;:xa;‘n@ic’ the mothod may include

-

heating the tissue to a temperature of from about 42°C to gbout 4650, In vertain

2

embodiments, the method can fwclode Increasing the temperature of the
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abaat 3°C, sudior by at least about eluht percent. In some embodiments, the tissue may

imchude a emor, In cerfain smbodiments, the method can include exposing the particle o
RF radiation andfor microwave radiation,

in seone embodiments, the method can include disposing a plurality of particles in

4 ped

& tissue of a subject, The method can further include forming & pattern (.8, = circle) out

Rt 8

+f the particles,

3

in some embodiments, disposing at least one particle in a tissue of @ sudsje

:,4
{
7

mclade disposing a composition including the particle and a carrier finid in the tissue of

oo 1

the subject. The carrier fndd can include saline, & contrast agent, caloium chlonide,

andfor water for injeetion {WFIL In certain embodiments, the particle can be disposed in

the tissue of the subject by percatansous Injection.

ln‘

i some einbodiments, im‘g osing @ pel ina tissue of & subject can include forming
Hubodiments can include one or more of the following advantages.
In some enshodiments, @ particle can be used to enhance tissue heating andior

& - Torn -
pedance {fe.g., hower

atlation procedurss, For example, a particle with a relatively low tm
than the impedance of fissoe surrcunding the particle] can be used o contred the

ravsnussion of RE radiation through fissue, andior  help transmit RF radiation to s
speariic location i a target ste. In cerlain embodiments, the parbele may bo used fo
fransmit XE radiation over & longer digtance than the RE radistion would traved in the
absence of the particle. In some embodiunents, multiple particles with relatively low
impedances may be delivered to specific locations at or new a tavget site, and may be

nsed o eoutrol the transnussion of RY radiation at or negr the turget site,

ot

in seene embodiments, sultiple particles with relatively low impadances can b

v
J

velatively unitformdy disirtbuted throughout andf/or on top of o target sife. Forex

1

the particles can be delivered to specific locations in cancerous Hssue, causing the
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particles to be relafively unttonmly distributed thropghout the cancerous tissue. A
refatively uniform distribution of the particles af a target site can provide fur a relatively
even angd consisient ablation of the target site. In cortain embodiments, mndtipls
can be used in form g paltern {e.g., a circle) at or near atarget site. The pattern may
provide fur a relatively uniform and/or controlied distribution of RF radiation through the
For gxample, in some embodiments in which the particles are used o form
circle at o target stie, the tines of an RY clectrode can be delivered into the oivcde and
actvaied, and the particles can transmit the RF radiation radially away from the cirele, 16

Ty pniform distanes,

s
P
(¥
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£z
pies
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A

I some embodiments, the use of & particle with a relatively low impedance ina

tasiee heating andfor ablation procedure can result in a relatively short procedure time,

For example, the particle may aceelerate the distribotion of R radiation at a target sife
{e.g., within tssue of @ subject) by helping to transmut RF radiation away from an RF

clectrode and o relatively {ar distances in the target site,

In some embodiments, a particle can be used to deliver one or more therapeutic

agets {e.g., drugs 1o a targed site relatively efficiently and effectively. For example,

3

during andfor after delivery fo a target site, the particle can release one or mare

<

therapoutic agents. In cortain embodiments, a particle can be ased both to enhance tissue

a

hegting and/or sblation procedures, and to provide one or more therapentic agents v o
target site. For exumple, g particle that includes a therapeutic agent can also have s

relatively low fmpedance. When the particle reaches a target site, the particie can release
the therapentic agent o the target site, and can be used in a tssug heating sndfor ablation

procedure af the tavget st

Other aspects, features, and advantages are in the desoription, drawings, and
¢lairas.
Brigf Deseription of the Drawings
- o v ot o v
FIG T s o side view of an embodiment of a partic

FIG 2A8y 2 cross-sectional view of a cancerous Hver of a subject

FIG 25 ilustrates deltvery of an embodiment of a cannula into the liver of

2
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FIG 20 sustrates adwdmstration of a plurality of FIG 1 particles fnte the Hver of
FIG 2D s a cross-sectional view of the liver of FIG 24, after the particles have
been adnninistered nto the liv

FIR ZE tHusteates debivery of an embodiment of an RF glectrode into the lver of

PHE 2F illostrates an embodinent of an RE electrode with tines deploved within
FIG 3A illnstyates administration of a phaality of FIG | particles fnte the Hver of

FIG 38 ix o orons-sectional view of the Tiver of FIG 24, after the particles have

3C Hlustrates an embodiment of an RF electrade with tines deploved within

the cancerous Hssue region of the Uver of FIG 2A.

FIG 44 fustrates adminisivation of a plurality of FIG | particles into the Hver of

P 48 iy 2 crossssectional view of the Hver of FHG 24, after the particles have

£

beert adimnistored inde the Beern
FIGLAC iHustrates an ewmbodiment of an RF electrode with tines deployved within

the canverous Hasue region of the liver of FIG QAL

fos

b p]
frony
L.
k¥ 3
-
e
[

a cross-sectional view of an embodiment of a particle.
S0 8 s 8 oross-sectional view of an embodiment of a particle.
13 7 s g oross-sectional view of an embodiment of a particle

FIE 8 is o cross-sectional view of an embodunent of a particle.

Fi{x 9A ts a schoematie of an embodiment ol a process for manunfheluring particles.

FIG 91 18 an enfurged schematio of region 98 in FIG 8A,

&G

G HOA s a schematic Hlusirating mjection of & composition including particles

3

fment of & devige
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FIG 12 15 a side view of the distal eud portion of the device of FIG 11,

MG 1 3A v atop view of an embodiment of a membrane.

FIG 138 iy a side eross-sectional view of the membrane of FIG 134, taken along

Detatled Deseriplion

FEG Y shows a particle 10 which bas a relatively low impedance, Particles having

&

a velatively low fmpedancs can be desirable for use in, for example, » tissue hegting

b

, and/or ablation procedwrs. In some embodiments, particles having a relatively low

e,

¥

imperiance san enhance a Hssue heating andéor ablation procedure by transmitting RF

radiation from an BF dlectrode through the tissue.

In corlain embodiments, particle 10 can have an impedance of af most 80 clens
{e.g., st most abowt 33 ohms, at most about 5O ohme, &t most shoot 45 shmg, 8t most
15 about 40 ohms, s most about 35 ohuns, at most about 30 ohms, at most about 25 oluns, at
most showt 28 olung, at most aboot 15 ohmy, at mogt about 19
of gt least about pwo Watts {g.g., two Watts, five Watts, 20 Watis), As referred 1o horein
the impedance of @ particke is measured as follows. A mixture including sodiom chloride

solution (formed of sodium chloride dissolved in detonized water) and multiple particles

26 of the same type is drained to remove most of the sodiuan chiloride solution, leaving the

particles densely packed and just covered by the sodium chioride solution. Twe

o

<

miiiiiiiﬁsys of the }fm‘ticiz: mibxtore are then added into a small viall Twe copper wires are

weot the contenis of the vial to an RF 30007 Generator {from Roston Scientifie

4=
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=
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u4.
o

A

Loorp), with oue end of each copper wire being submerged in the particls mibxture and

£

e
]

¥

¢ vial by an atligator clip, and the other end of each copper wire

35 3. & : &

ot
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betng attached to the RF generator by an alligator clip. The copper wires are sitached i

istance of 53 4 millimeters from cach other. ARer the copper wives

o~

"
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have boen attached to the vial and the generator, the generator §s started and the power

tevel i selected. In some embodiments, the power that is applied while measuring the

£
<5

inypedance of & particls or particles can be at least sbout two Watts {e.g,, two Watts, five

Fs

o
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Watts, 20 Walts), The selected power s applied to the particles for a period of

s

18 seconddy, at which point the generator displays the impedance valus for the e
at the selected applied power.

o some embodiments, a particle such as particle 10 can be used to enhanes tisaue
heating and/or an ablation procedure. For example, FIGS. 24-2F dlusirate the wse ot a
plurality of particles 1010 an ablation procedure that invelves the exposurs of unheslthy

tissue to RF energy

A

v 0 damage or destroy the unhealthy tissue,

n

FHi 24 shows a porbon 100 of a subject including a Hver 110 and skin 120,
Liver 110 ncludes healthy tissue 130 and enbealthy tissne 140 {o.g., cancerous fissug,
such a¢ 8 cancerous fumor).

FIG 28 tHustrates the delivery of a cannula 150 into wnhealthy Hasue 1490, nsing g

rocar 160, After cannula 150 has been debivered into unhealthy tesue 148, trocar 160 is
romeved from cannoly 1580 and, as shown in FIG 20, g needle 175 i3 inserted into

cavrntda 150, Needlo 173 15 1w Soid commurdeation with a syringe 170, which contains g

composition including particles 14 suspended 2 carmer thad 1RO Parficles 10 and

garrier Hoid 186 are yjocted from syringe 170, throongh needle 175 und cannalg 150, and
e unhealthy tissue 140, As shown in FIG 2D, after particles 10 and carrier Buid 180

N

foltvered wnto unhealthy tssue 140, needle 175 ig removed from cannuda 150,

{n certain ombodiments, particles 10 may not be suspended in a carrier Huid,

can be contained within syringe 170, and frgected from

o
e
2
pg

s
.
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sy.:‘in@ 7 o unhealthy tissue 140,

aiiments have been described 11 which s needie and conmnla are used
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calthy fissue 140, 1y some embodiments, other delivery
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devicss ean be used to deliver particies 10 into unhealthy tiasue 148, Az an example,

partivles 10 can be delivered into unbealthy tissue 140 directy from a syringe, As
another example, particles 10 can be delivered into unhealthy tissue 148 using a catheter,

Alternatively or addittonally, particles 10 can be delivered into unhealthy tissue 140 using

other kinds of technigues. For example, an meision can be made tn the sabject to gals

acesss to unhealthy tissue 140, and particles 10 can be deposited divectly into unhealthy

P
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FIG ZE tHustrates a method of treating unhealthy tissue 140 containing pasticley
10 with RY energy using a coaxial RF clecirode system including & cannula 150 and ¢
coaxial RF clectrode 190 {o.g., 2 3.5 contimeter conxial electrode, such as the LeVoen
CoAccesa™ Blecirode System {Boston Scientific Corp.)).
As shown, RE electrode 190, which 13 an arvay electrode, 1 inseried into canmula
158, such that & distal end 192 of R electrode 190 enters unhealthy tissue 148, Ag

~

shiewn I FIG 2F, after RE clectrode 190 has been positioned within ushealthy tissue 140,

fines 195 of RF electrode 190 are deployed within unhealthy tissue 140, In some
embadiments, the makinus distance betwesn RE olectrode 190 {e.g., a tine 185 of RF

slecirode 190 and a

"3

article 10 can be at most about 10 contimetars {e.g., at mx
eight contirsters, at most about five centimeters, at most about two contimeters),

in coviain emmbodiments, the distance between a component {e.g., 8 tine 188) of
RI legtrode 190 and a particle 14 can be selected based on the sive of RE electrode 190,
In some embodiments, as the size of RF clectrode 190 increases, the selected distance
between s componert of RE electrode 190 and a particle 1 can incresse. As an examply,

"~

in certain embodiments, Y electrode 190 can be a two-centimeter electrode, so that

when tnes 195 we deployed, they can define an ares having a maximom dimension of
about twoe centimeters. In some embodiments in which RF electrode 198 i3 s two-

centimeter giectrode, the maximum distance between a component of RY electrads 190
and a partiche 10 can be at most abowt five contimeters. As another example, in corlain
grabodiments, RF clectrode 190 can be g Hve-contimeter electrode, so that when Hnes

195 ave deploved, they can define an area having @ maximum dimension of about Sve

centimeters. In some enshodiments in which electrode 190 {5 g Sve-contimeter electrods

=

the maximam distance between a component of RF electrode 190 and a particle Woan be
af most about 12 contimeters.
RF electrede 190 can subsequently be activated so that RF enengy is emitted from

5

tines 195, The R¥ energy emitted from tines 193 can heat unhealthy tissue 140 around
tines {93 to treot {o.g., ablate, damage, destroy) portions of unhealthy tissne 140 that we
exposad 1o the energy,

I some smbodiments, the RE energy emifted from tines 198 can heat anhealthy

.4,,,

tissun 144 to 8 tomperaturs of at least about 40°C (e.., at loast about 42°C, at least shont
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L at Teast about 30°C, at least about 75°C, at least sbaut 100°C, at least abowt 135°C,

at feast about 18°C, at least about 175°C), andfor gt most about 300°C {2.2., 8t most

% ~
/

gbout 175°C, at most about 150°C, at most aboat 125°C, gt most abowt 100°C, ot most
sboat 73°C, at most about S6°C, at most about 46°C, at muost about 4250, I cortain
ernbodumnents, the RE encrgy emitted from tines 195 can heat wihealthy tssue 1400 0
temperaturs of more than about 467

in sowmne embodiments, the temperature of nnhealthy tissue 140 can ncrease by at

teast sbout 3°C {o.g., at lzast gsbout 3°C, at Toast about 9°C, at least sbout 1390, at least

about 38%C, at least about 63°C, at least about 887, af feast about 113°%C, at lenst about

3R, andfor at most gbout 163°C {o.g., at most about 138°%C, st most about 113°C, &t

R

JOEN

KE°C, at most about 63°C, st most about 3R7C, at most shout 1390 st most

.—‘—v
’/K o]

msat ahout

abont B9, st most about 5°C) during an ablation procedure.

In covtain embodiments, the temperaturs of whealthy tissue 140 can increase by
at least about eight percent {©.g., af least about 10 peroent, at least about 13 percent, at

~

least sbout 28 percend, at least about 335 percent, af least shout 50 percent, at least about

X 3.

75 pereent, at least shout 100 pereent, af least about 130 percent, ot least sbout 170

percent, al legst sbont 200 percent, al least about 240 porcent, st least about 300 percent,

Xy

st feast about 37{ percent, at least about 400 percent} andior at most showt 458 percen

S

{£.8., at most abont 400 porcent, at most about 370 peropnt, at most about 366 percent, at
most about 240 percent, al most about 200 percent, at most abont 170 porcent, st most

about 130 percent, at most about 100 porcent, st most about 75 pereent, al most abont 3¢

perent, at most about 35 pereet, at most about 23 porcent, at most about 13 porcent, ot

must about 18 pereosyt} doring an abdation procedurs
Various algoriibos can be used when exposing the parficles to RF energy,

Typically, the RF power scurce can be inthally set at g certain power level, which can

then be incressed {e.g., monotonically) over time. I some ambodiments, the KF power

souree 18 tnitially sof a1 power level of 30 Watts, and e power is increased by 10 Waity

”

every minuie. In cerfain embodiments, the RF power source is initislly set st s power

fovel of 60 Watts, und the power i3 wereased by 10 Watts every 30 seconds. The end of

4 i
3 g

the provedure can be determined, for example, by the temperatore of the ablated Hasue

and/or by the messured impedance of the RF power circuit.

He
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Without wishing to be bound by theory, it i3 believed that the prosence of partisies

a3

10 in unhealthy tissue 140 may enhance the ablation of unhealthy tssue 146 (which can
result i damage or destroction of the tissue) by RF clectrode 190, Insome

g

smbodimens, particles 10 may have a lower impedanee than unhealthy tssue 140, This

relatively low impedance may allow particles 10 to transmit R¥ radiation from RE

cleetrode 190 tirovghout a relatively large area of pnhealthy tissoe 140, In corlain

entbudimenty, the relatively fow impedance of particles 10 may allow particles 100
trangmit R vadiation away from tines 195 of RF electrode 190 relatively quinkiy. T
transnussion of RE radigtion away from tings 195 may canse RF dectrode 190 w0
continte enviiting RF radiation for a longer period of time than it would othenwise {eg,,
becanse RF electrode 190 may sense a relatively low temiperature af the target site). As a
result, a relatively complete ablation may be obtatned.

It may be desirable to use a coaxial RF electrode {e.g., RF plectrode 190}, duwring

ann abistion provedure Involving particles because the BE electrode can be posittonad at a
S N

target site using the same cannula {e.g., cannula 150} that s used o deliver the particles
to the target stie. Thus, the RF elecirode can be relatively casily positioned within the

3, 3
H

vicinity uf the particles {o.2., the RF ¢le etrode can be de

whare the particles have been delivered),

&

w

While an sblation procedure using a coaxial RE lecirode system has been
described, in some embodiments, an ablation procedure may invidve the use of a none

coaxial RY electrode, andfor may not involve the use of a cannula,

&
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For example, FIG 3A illustrates the delivery of particle

140 of Iver 110 using 8 needle 268, Needle 260 is i Hluid communication with a syringe

=)

), which conlaing & campcsiii{m including particles 10 suspended i 2 carvier fluid 288,

3.

An end 290 of noedle 260 is inserted into unhealthy tHesue 149, and particles 10 and

A

carrier Snid 280 are injected from syringe 270 into unbeslthy tissue 140, without sung @
cannula. As shown in FIG 3B, after p«m‘{ic}as 10 and carvier fluid 280 have boen
delivered into unhealthy tasue 140, nesdle 260 is romoved from unbealihy tssue 140,

electrode 285 ix then positioned within unhealthy tissue 140 withowt

cr-vﬂ
[
wEa

nog-coaxial RY

wsing & cannala {e.g., by directly inserting RY cleetrode 285 dwough skin 128 ofthe

subject), Examples of noncoaxial RF clectrodes inchude the LeVeen Needie Blectrode

1
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{Boston Seentific Corp.), the RITAY StarBurst™ XL and the RITAY StarBarst™ X1i

dical Bystems, Inc, Fremont, CA), and the Coobtp™ RE Ablation Svsteny

[

{Valleviab™, Boulder, Colorade). Once RF electrode 283 is positioned within unhsalthy
tissue {40, tines 295 of R¥ clectrode 285 are deployed within unhealihy Hasue 149, and

RF gloctrode 285 iz activated so that RF energy is emitted froms Hnes 295

in corlain emboduments, particles such gs partivles 10 can be avanged {eg, in a

pattern} at a target site, such as unhealthy tissue 140 of Bver 110, o further enhance fissue

hegting anddor ablation of the farget site.

For example, FIGS. 4A-4C illostrate the gblation of unheaithy dssus 140 of Hver
110 gxing & pattorn of particles 13, FIG 4A shows the delivery of particles 18 into
unhealthy Hasue 140 of Bver 110 using a needle 360, Needle 360 i3 {n fhuid
comemsication with a syringe 370, which confaing g composition including particles 16
susponded i a carder fhnd 380, An end 390 of needle 360 s inserted into unheslthy
¢ 140, and particles 10 and carrier Huid 380 are then injected from syringe 3
snheatthy twsue 140, Duriap delivery of particles 10, a circle 375 of particles 1013
formed in unhealthy tesue 4O (FIG 4B). Needle 360 is then ramoved from anhealthy
Hasue 140 and, as shown in FIG4C, an RF clectrode 383 is positioned within anhealthy

tigsue 140, Tinea 393 of RY electrode 383 are deployed within unhealthy Hssue 144,

v

mnside of cirele 375 of particles 10, RF electrode 385 is then activated so that RF energy

oty
e

Without wishing to be bound by theory, it is belicved that the use of & pattern of
particles, anch as circle 375 of particles 10, can help o refatively uniformby distribute RF
energy at a target site. The refatively uniform distribution of RF energy st the target site
can help in the fonmation of o relatively even and untform burn at the target site. I somse

embodiments, the use of & patters of particles at a target sife can allow for the formation

of & burn having & pacticular sige andfor shape.

A particle such as particle 10 can include {e.g., cin be formed of orw material or

more than ong matenal

™

in saame smbodinents, a particle can Include one or more polymers, Examples of

polymers nclude polyviny! aicohols (FVA), polyacryvlie acids, polymetimerviic acids,

poly vinyl sullonates, carboxyvmethyvl cellnloses, hydroxvethyd cellaloses, sabstifuted
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acrylumides, polyethylene glycols, polvamides {e.g, nylon), pobyursas,

L=

polvureihanes, polyvesters, polyethers, polystyrenes, polysaccharides {e.g., slpinate,

agarose}, polylactic scids, polvethylenes, polvmethyimethacrylates, pol ;m% viacrylate,
polycaprolactones, polygiveolic acids, poly{lactic-co-glveolic} acids {e.z., polv{d-lactic-

co-ghyoole) avnds), and copolvmers or mixtures thereof. I certain embodiments, the
poiymer can be a lighly water fnsoluble, high molecular weight polviner. An example of

such # peiymer i & high molecular weight polvvinyl aleohol {PVA) that has been

poen

acetalized. The polymer can be substantially pure intrachain 1,3~acctalized PVA a

ee of antmal dertved restdue such as collagen.

." -

I sovne einbodiments, 4 particle can inclode ope or more gelling prec

Examples of gelling precursors include alginates, alginate salts {o.g. sodium alginate),

xanthan gurns, natural gum, agay, agarose, chitosan, carrageenan, fucoldan, frcellaran,

faminavan, hvpnes, cuchewma, gum arabic, gam ghettl, gum Karava, gum wragacath,

hyaturcmse acid, locust beam pun, arsbinogalactan, pectin, amylopectin, other water
wivhle nolvsacchand nd othertonteally cross-linkable polviners, A wilar pelline
soluble polysacchandes and other lonteally cross-linkable polymers, A partionlar gelling

precurser i sodiung aiginate. An example of sodiom alginaie is high guderonie acid,

¥

stem-derived slginate {v.g., about 3 percent or more, about 60 percent or more guliwrondc
acidy with a low viscosity {e.g., from about 20 centipoise to about 8O centipodss at 20°C),
which can produce a high tensile, robust gel,
In certain embodiments, a particle can Inclade one or more polymers snd ong or
O nciiiz}g PICCRISOrS,
1 sorne embodiments, 2 particle can include one or more bloeroadible andior

N

bioahsorbable materials. In certain embodiments, a particle may be formed

vz

entireby of

L

Yie

sarbicie 1o

hioerodible andfor bioabsorbable matertals. Thig can, for example, allow the

repes

erode and/or to be absorbed after being vsed at a target sie (e g, in an hiafion
mrocodurel, Examples of biosredible andfor bioabsorbable materials include
poiysacchandes (o.g., alginate}; polysaccharide derivatives; inorganie, 1ORIC salty) waler

soluble polymars {e.g., polyvinyd aleohol, such as polyvind aleohol that has not been

~ Dy

oross-linked); bodegradable poly D-lactide-poly ethviene glyeot (FELAY, hvilrogels

e

{e.g,, polyanyylic actd, hyaluronic acid, gelatin, carbogynethyt cellulose); polyethylene
i

Viang

givend (FEGY, chitosay polvesters {e.g., polyraprolactonesy: poly{iactic-co-glyeolic) and
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{e.8., a polyid-lactic-co~-glyeohic} acid); and combinations thereof, & some
emcdimenty, a particle can inchude sodivm alginate.

iy cartain emsbodiments, a particle can iInchude one or more gelled materials,
andfor can be in g gel form, For example, a particle may be formed of & gelling precarsor

iu_ﬁ alginate) that has been gelled by being contacted with a gelling apent {e.g., calctum

In some einbodiments, & particle can include one or more ferromagnetic materiala,

3

‘or exampie, FIG 3 shows g particle 300 that includes a polvmer matrix 407 aad

roae

ferremagnetic particies 404 dispersed throughoot polymer matrix 402, FIG 6 shows a

£ that has g covity 412 containing ferromagnetic partivles 414 and swrrounded

o

£

o

byaps_ﬁy{nﬁr malrix 418, Without wishing to be boond by theory, it s believed that the

f';.
ot
v
0
47
<
by,
b
s
¥
£

presence of cue or more ferromagnetic materials in @ particle may enhance the

N

paritele in an ablation procedure. Itis believed that when the particle is exposed to RF
radiation, the ferromagnetio material in the particle can become heated, thorelyy heating
the pariicle and, i taen, the target site {e.g., tissue).

A particle can include one type of ferromagnetic material, or muliipie types of
ferromagnetic materials, o some embodinments, g particle can include faromagnetic

particles that wre ormed of pue type of forromagnetic material, sud Rrromagnetio

particies that are formed of g different type of forromagnetic material, &s used hevein, a
ferromagnetic ywaterial refors 1o @ material that has a magnetic susceptibility of at least

£ (L0785 oo more {e.g., at least about 0.1 or more; at least abowt 8.2 or wmore; at feast

abowt 0.3 or morer at least gbout 0.4 or more; at Jeast about (0.3 oy more; at least about one

or more; at lonst about 10 or more; at least about 100 or more; af least about L0 or

~

mare; at feast sbout 10,000 or more} when measured st 25°C. A ferromagnetic material

&

can be, for sxample, a metal {e.g., a transttion metal such as nickel, cobalt, or tron),

metal alloy {e.g., & nickel-iron alloy such as Mo-metal}, & metal oxide {e.g., an on oxide

e

wagoedite}, ¢ ceramic nanomaterial, 8 seft forite {e.g., nickel-zinc-iron), ¥

i
=
Soe
43
o
phe)
o
e
o3
s
seub

magnet alloy (e, a vave carth wagnet alloy such a3 2 neodymiumeiron-horon alloy or g

sarnarinn-cobait alloy), an amorphous alloy {e.g., on-sihicon-boron}, &

ags

or a stlicon alloy {e.g., an ron-zirconium-copper-boron-silec

copper-boron-siticon alloy). Iron oxide particles are commercisily available from
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&l

4 Kostock-

Py
[y

Mrgromod Partiheltechnologic GmbH {Friedrich-Barnewitz-Sied

Wartiemuende, Germany), under the tradename Micromod™. & Magnetite 18 commercially

~

G

available from FerreTeo Corporation (Nashua, NH), under the tradename BMG 111

u/

Fervothad, fros-copper-niobhun-boron-silicon allovs are commercially gvatlable from

Hitgchi Muials of America under the tradename Finemet™., fron-girconium-copper

PETEC GinbH under th

boron-silicon 1\\\» AT mnmm&mﬁv available from MAGNET

1,

e

i some smbodiments, & ferromagnetic material can be added to  particle by

1

injection of ihe frvomagnetic material into the particle andfor by soaking the particie in

the ferromagnetic material, Ferromagnetic materialg are described, for example, in Rioux

et

et ak, L3, Patont Application Poblication No. US 20040101564 A, published an M

N NP > = e ¥ T e

27, 2004, and entitled “Babolization”, and in Lanphere et al,, US. Patent Application
Pablication Mo, US 2005/0128775 A, published on June 16, 2003, and entitied

Ferromagnetic Particles and Methods”, both of which are weorporated herein by

While particles that mehude ferromagnetic materials have been desontbed, in
cortain gmbodinuents, a particle may not include any ferromagnetic material, In some
embodiments, & particle that dees not include any ferromagnetic material muy have a
refatively low fmpedance (o.g., at most 60 chms, at most sbout 33 ohms, st most about 56
ohms, st most about 45 ofims, &b most about 40 ohms, st mest sbhout 35 oluns, 8t moest
aborot 30 ol a8 moxt about 25 ohms, at most about 20 ohms, at most about 15 chuns, at

most abowt 10 ohms). In certatn eroboduments, a particle that does not include any

t.A..

to onhance an ablation procedure (e, by having 2

@&

ferromagnetic material may be usec
velgtively low hapedance).

A particle (e, particle 10} can have any of 2 number of diftferent shapes andior

In pertain embodiments, a particle can be substantially spherical, Insome

X

embodiments, a parlicle can have o sphencity of about 08 or more fe.g, about &S oy

,

wmore, abond 8.9 or more, about $.85 or more, sbowt 0.97 or morel In certain

ambodiments, the spheneity of a particle after compression in a delivery device such an a
satheter {e.g., after compression to about 30 percent ar of the cross-seotional arva of

P
L 94!
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the particle) can he about (1.8 oy more {e.g., about 8.85 or more, gbont 6.9 or move, aboan
(L85 or more, sbowt 897 or move), The particle can be, for example, manusally
compressed, essentially flattened, while wet to about 50 percent or less of #s priginal
diameter and then, upon exposure to Huld, regain g spherieity of about 8.8 or more {e.,
about 8.85 or more, about {9 or more, about 0.95 or more, about .87 or morg).

The spherioity of a particle can be determined using a Beckman Coulter
RaptdVUY bnage Analvzer version 2.06 (Beckman Coulter, Miamg, FL), Belefly, the

RapidV

§ @ image of continucus-ione (gray-seale) form and converts H o g
digital formn theough the process of samphing and gquantization. The systeny software

ieontifies snd measures particles n an image in the form of & fiber, rod or sphere. The

sphericity of a particle, which is computed as Da/Dp {where Da = V(4A/

¥

pixed aven; P pixel perimeter), is a value from zero to one, with one ropresenting a

In some embodiments, a purtivle can be substantially nonspherical. For example,

< ©

g particle can he conteal, dlamond-shaped, spheroidal, cylindrical, or irregularly shaped.

oy
In cortain embodiments, a particle can be mechanteally shaped during or afier the particle
formation process 1o be nonspherical (e.g., ellipsoidal). In some exmbodiments, a particle
can be shaped {e.g, molded, compressed, panched, andfor apglomerated with other
particles) st different points in the particle manufacturing process, As an sxample,
certain entbodiments in which a particle is formed usmg a gelling agent, the particle can
be physically defbrmed into g specific shape andior size after the particle has been
contacted with the pelling agent, but before the polymer{s) in the particle have been
cross-linked, After shaping, the polymer(s) {o.g., polyvinyd aleoholy n the particles can

be eross-linked, optionally followed by substantial removal of gelhog precursor {8ig.,
alginate). in some amboediments, 2 nonspherteal particle can be formed by posi-
processing the particle {e.g., by colting or dicing into other shapes}. Particle shaping ia
described, for example, I Baldwin et al,, U8, Patent Application Publivation No, US
INGIVIOINRS AL, published on October 30, 2003, and entitled “Forming & Chemically

.

Cross-Linked Particle of & Desived Shape and Diameter”™, whuch s tncorporated hevemn by

i6
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In general, g particle can have a maximum dimension {g.g., & dimmeter} of at

rea
wb

Tyt

-

about 3,000 microns {eg. from about two microns to about 3,000 nyicrons, from shoot 10
ierens o sbout 3,000 nicrons, from about 40 nicrons o abowt 2,000 microns; fom
abowt 100 nxcrons t about 700 microng; from abowt 500 microns (o about 70 microns;
fromn about 100 microns to gbhout 300 microns: from abouwt 100 microns 1o showt 300
microny; from about 300 microns to about 300 microns; from about 500 microns to about
£200 microns: from sbowt 300 microns to about 700 microns; frony abont 700 microns o

about P00 microns; from abont 900 microns to abowt 1,200 nucrons). I sow

il

e

#.

embodiments, & particle can have a maxivnum dimension {e.g,, a dimneter) of at most
abeut 3,000 microns (o, at most about 2,500 microns; at most abont 2,000 microns; at
most about 1,500 suicrons; ot most about 1,200 microns; gt most about 1,000 muicrons; gt

most about 800 microns; al most sbout 700 materons: at most abogt 3060 microns; at most

aboal 400 microns; at most about 300 microng; at most about 100 sutorons: at most abowt

10 microns; at most about five nucrens), anddor ot least about two microny {e.y, &t least

about five microns; at least abowt 10 microny; at least about 100 micronsy at foast showt

300 microus; ot least about 400 microns; af Teast ghout SO0 microns; at least ghout 700

microns: at least about 900 microng; at loast abowt 1,000 microns; at least about L2880

O

aterons; af least about 1,500 microns; at least about 2,000 microns; gt least gbout 2,504
sRicron ).
i cortain embodiments, ¢ plurality of particles can have an anthmetio mean
ansgter of ot maost abowt 3,000 microns {e.g., at most ghout 2,380 microny; at most ahoy
2000 mucrons; at most about 1,500 microns; & most about 1,200 microns; st most abowt
SO0 microns; at most abont 700 microns; at most about 500 microns; at most about 404
nerons; at most about 300 microny; at most ahowt 100 microns; at most about 10
macrons; atmost sboeut fve microns), anddfor at least sbout two microns {e.g., af least
about five microns at least about 10 microns; ot least about 100 microns; at lzast about

360 IYETLG&!‘N&S; at least about 400 ndcrons; at Jeast about 500 microns; st least about 700

wicrons: at least about 900 microns; at feast shoot 1,200 waorong; at least abouy MK
nucrons; ot least abowt 2,000 microns; af Jeast about 2,500 microns). Exomplary ranges

for the arithmetic mean dimmeter of particles {o.g., panticies delivered to a subject}

mchsde front about 100 microns to about 360 nucrons; from about 180 microns 1o about
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0 nvdcrons; from about 300 microns to about 500 microns; from about 500 micrans to

7

about 740 microns; and from about Y00 miicrons to about 1,200 microns, In general, the

particles delivered (0 a subjest in ac< composition can have an avithmetic mean dlameter in
rpproximately the middie of the range of the diameters of the individual particles, and a

variance of at most about 20 percent (e.g., &t most about 15 3 percent, at most sbowt 1}

The withmetic mean diameter of a group of particles can be determined using a
Beokman Coulier RapidVUE Image Analyzer version 2.06 (Beckman Coulter, Miami,
FL3, desoribed above, The arithmetic mean diameter of a group of particles (e, ina
composition} can be determined by dividing the sum of the diametess of all of the
particles fu the group by the mamber of particles in the group.

in certain ebodiments, a particle sach as particle 10 can be porous andfor ean
inelude at lesst one cavity (g hollow central region in the particle). 1 certain
ewbodiments in which a particle includes a cavity, the particle can further inchude pores
in the material surrounding the vavity. For example, FIG 7 shows & particle 430 with a

cavity 452 surrounded by a matrix material 456 (e.g., a polymer} that fncludes pores 454,
in some embodunents, a porous particle can have a particular distribution of

i

pores, ¥

or example, FIG. 8 shows a particle 510 that can be considered to include a

conter region, U, from the center ¢ of particle $10 to & radius of about #73, 2 body region,

B, from abowt v3 © about 2073, and a swface region, 8, Som about 26/3 to v, The regions

can be characterized by the relative size of pores 516 present in particle 3180 in eack

5

region, the density of pores $18 (the number of pores 516 per unit volume of particle

o

510} n each region, andfor the naass density (the density of the matsd
514 mase per unit volume of particle 319} in each region.

b

I peneral, the mean size of pores 316 in region C of particle 310

§>)
=
o3
J
[+
7y
-3
L
3
7
45
-

than the mean size of pores 516 at region 8 of particle 310, in some em’hnﬁimmt& the
mean sizs of pores 316 in reglon € of particle $10 can be groster than the mean size of

o

sores 316 1 region B particle 10, and/or the mean size of pores $18 in region B of

partivie 318 can be greater than the mean size of pores $16 at region 8 particle 510, The

stze of pores 316 v particle S1H can be meassured by viewing a cross-section of particle

ast
)
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S13. For irregnlarly shaped {nonspherical) pores, the maximum visible cross-section is

Cenerally, the density of pores 316 in region € of particle 10 can be greater than
the density of pores 516 at region 8 of particke 310, In somwe emsbodiments, the density of
pores 316 i region € of particle 510 can be greater than the density of pores 316 in
region B of particle 510, andfor the density of pores 318 in region B of particle 510 can
be gregter than the density of pores 516 at region S of particle 5180

x

neral, the mass deasity in region C of particle S10 can be loss than the mass

of &i?ific S18 can be less than the mass density in region B of particle 516, anddor the

mgss density in region B of particle 510 can be less than the mass density at region S of

g
o)
Vvi
Y

&
&
m
s
o
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Porous parhicies ¢

3

(=3

¢ deseribed, for example, in Lanphere gf s, ULS. Patens

§ ar
Applcation Fublication No. USRS 2004/00096662 A1, published on May 20, 2004, and

i

entiffed “Eadbohization™, which s incorporated herein by reference.

Particles such as particle 10 can be produced using any of o number of different
e jt &

N

As an example, FIGR. 84 and 98 show a syatem 600 for producing particles, such

as particle 10, System 600 includes a flow controller 610, 2 drop generator 6280 including

noede 630, a gelling vessel 640, a reactor vessel 630, an optional gel dissolution

L8

cliamber 668, and a filter 670, An example of @ commercially avatlable drop generatey is

nss

the mede] KISCO Bncapsulation unit VAR D (NISCO Engincering, Zurich,
Switzeriand}

Flow controller 610 includes a high pressure pumping apparatisy, such asa
syringe pump {e.g., model PHD4A400, Harvard Apparatus, Holliston, MA}. Flow
controtier 610 deltvers & stream of a solution mcluding 2 polymer and a gelhing precursor

to @ vigcosity controlior 680, ln some cmbodiments, the solution can include up to gt

»

pereent by weight {e.g., up to 7.06 percent by weight) of the pobymer andior up & five

beg

waight {e.g., from 1,76 percent by weight to five porcent by weight) of the

courser, Viscosity controller 680 heats the solution o reduce s viscosity prioy

o

3

to delivery o drop generator 620, Viscosity controller 580 s connected to nozzle 830 of
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3

solution has traveled from

drop generator 820 via tubing 621, After the stream of €

flow gontrollor 680 through tubing 621, the strean flows into drop generator 620 and

Lacy

erters norzle 630, As the stream nozzle 630, a membrane in nowede 630 is suljected to a
periadic disturbance {a vibration), which results in a periedic disraption of the fow of the

streams. This periodic disruption of the stream causes the stream (o form drops 695,

s vessel 640, which includes at teast ong gelling agent. In

U8 gre stabilized by gel formation, During gel formation, the
getling precursor in drops 695 is converted from a solution (o a gel form by & gelling
agent contained in gelling vessel 840, The gel-stabilized drops are then transforred from

golling vessel 840 o reactor vessel 630, where the polymer in the gel-stabilized drops i3

reacted (e, with a crose-Hnking agent), to form particles. Thereafter, the particles can
be transferved to gel dissolution chamber 560, Tu gel dissohution chamber &6 ng
precursor (which was converted to a gel) in the particles is dissolved. After the particla
formation provess has been completed, the particles can be filtered in filter 671 to remove
debyris, and sterifived and packaged as a composition ncluding particles.

fethods of making pariicles ave described, for example, in Lanphere st al, US.
Patent Application Publication No. US 2004/0096662 Al, published on May 20, 2004,
and entitled “Embolization”, sud in DiCarlo et al, U8, Patent Application Serial No,
LIATTE,81, Bled on April 21, 2005, and entitled “Pasticles”, both of which are
ineorporstod herein by referene

As desoribed above, geiling vessel 640 includes at least one gelling agent. In
some smbodinents, gelling vessel 640 can inchude a sotution of al Teast ong gelling sgent.

jroved

certain embodiments, as the concentration of gelling sgent in a solusion contained

Aling vessel 540 increases, the imvedance of particles that are formed using the gelling
é) K - N %

72

sgent solntion can decrsase. In some embodiments, the selution in geliing vessel 644 can

have a onceniration of a gelling agent that i move than about two percent {e.g., more
than about five percent, more than about 10 pereent, move than shoat 11 percent, more

than shout 12 percent, more than about 13 percent, more than about 14 pereent, more
than ahont 13 percent, more than about 20 percent, more than abowt 25 pereent, more
than shoat 30 percent, more than about 35 pervent, more than abowt 480 pereent, maore

than about 45 percent, more than about 50 porcent, more than about 60 pereent, more
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than about 70 percent, wore than about 80 percent, more than about 90 percent), and/or

3 Y

-

fegn than about 100 pereent {o.g., loss than about B0 percent, ess than sbout ¥

$ peroent,

h

3 1

loss than sbout 70 percent, less than about 60 porcent, less than about 50 percent, foss
than abont 45 percent, less than about 40 percent, less than about 35 percent, less than

ahont 30 percent, less than about 23 percont, less than about 38 perceny, loss than abowt

r

13 percent, fess than about 14 pereent, less than about 13 percent, less than about 12

vercent, loss than about 11 percent, less than about 10 percent, less than about five

anipies of gelling apents mclude agents including lous, such a3 multivalent
cations (e, divalent cations). Bxamples of such agents wclude alkall metad salts,

alkaling carth metsl salts or transition metal salts that can fonically cross-Hok with a

gelling precursor. In some embodiments, an inorganic salt, such s a caleium, basiam,

zine of magnestun salf, can be used as g gelling agent. In cortain embodiments \cg

& Lex

embodiments in which g gelling precursor is alginaie), a suitable gelling agent iy cald

chioride. The caloium cations have an affinity for carboxyvlic groups in the gelling

33

precurson. The cations can complex with carboxylic groups in il

]
Pt

¢ pelling precurses,
forming a gel. Without wishing to be bound by theory, it is believed that it some
embodiments, fons n the gelling agoni(s) can help to establish charge balance i &
partivle that is produced using the gelling agent. 1tis believed that tus charge balance
may lead o erdanced ablation. As an example, polyvinyl aleohad typieally 18 negative
chacged. I calctum chiovide is used as a gelling agent to form a particle including
polyvinyt aleohol, calctum cativns from the caleium chloride can help to eatablish charge
balance in the partivie.

I some embodiments, a particle can be formed by using a solulion of one vrmore

Fe=

gelling precursors in the gbove-described drop generation process. In some such

A

embodiments; a drop confaining the gelling precursor{s) can gel when it vontacts the

gelling sgont, forming a particle including a gel. In cortain embodiments, the particle
may not be added into reactor vessel 630 andfor gel dissolution chamber 664,

‘ 3

While the use of particles such as particlos 10 1y an ablation procedure has bean

deseribed, in some embodiments, particles can be used in other types of provedures.
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For sxample, FIGS. 10A and 108 show the use of particles 10 iy an embobization
procedure, in which go embolic composition including particles 10wl & carrior Suid is
ugected tte a vessel through an instrument such as a catheter 758, Cathoter 730 15
comnected 0 @ gyringe barrel 710 with a plunger 760, The smbolic composition is foaded
inte syringe barrel 710, and catheter 750 5 inserted, for example, into o fumoral artery
23 of a patient. Planger 760 of syringe barrel 710 s then compressed to deliver the
embolic composition through catheter 750 into a lumen 763 of a uterine artery 730 tat
ivads to s tibrotd 740 located in the uterus of the patiort. The embelic composition can,

for examnple, oochude uterine arfery 730,

.
3.,
i

As shown i FIG 108, uterine artery 730 18 subdivided into stnalier wterine

veasels 770 {e.g., having s dlameter of about two millimeters or less) whieh feed fibeoid

fes 10 in the embolic composition can partially or tedally il the humen of

glering artery 730, cither partially or completely occlnding the lamen of pierine artery

& vy ey s o N Fprmead oF G s ng ; LN J

An smbolic composttion may be formed of, for example, mulliple pasticles that

; 1 . NPT ER S3ed O

are vombined with a carrier fluid {e.g.. 8 pharmacentically acceptable carrier, sueh as g
satine solution, a cosirast agent, or both). In some embodiments, a composiiion

X N

nchuding particles {e.g., an emboelic composition} can inchude multiple parbicles that are

the density of the particles {e.g., as measured in grams of material per unit %-f';aimnf:} Lan

be such that the particles can be readily soaspended 1w the carrier Hluid and renrain

susponded during delivery. In some embodiments, the density of a particle can be from

-

ot L1 grams per cubie centimeter to about L4 grams per cubic centimueter, Asan

.

example, for suspension in g saline-contrast solution, the density of a particle can be from

abowt 1.2 grams per cubie centimeter fo about 1.3 grams per cubie centinwter.

2 N

Compositions inchuding particles {o.g., embolic compositions} can be wsed in, for
example, novral, pulmonary, andfor AAA (abdominal aortic aneurysm) applications. The
compositions can be used 1 the treatment of, for exmmple, fibroids, tmors, interpal
bleoding, srieviovenons malformations (AVMs), andfor hypervascular tumors. The

"

compositions can be used as, for example, fillers for ansurysn sacs, AAA sac (Type B

endoleaks), endaleak sealands, arterial sealants, andior puncture sealants, andfor can be
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‘C

used (o provide oeclusion of other lumens such as fallopian tobes. Fibroids can imelude

b

{"J
O
pess
Y
becd
£}
p£ 9
~
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b
o
ke

uterine fibrotds which grow within the uterine wall Gudramnural type), on the
the uerus {subserosal type), side the vlerine cavity {submucosal type}, bebween the
layers of troad Hgament supporting the uteres {interligamentous fype), aftached to

ansther orgay {parasitie type}, or un a mushroom-like stalk {pedunculated {ype). Internad

hiveding ncludes gastrointestingl, urinary, renal and vartcose bleeding, AVMs are, for

exanple, shnormal collections of blood vessels {e.g in the brain), which shuat blood
from & high pressure arfery (0 8 low pressure veln, resulting in hypoxia and malnutiition
of those reginns from which the blood 1s diverted, In some ombodiments, & composition
containing the particles can be used to prophylactically treat 3 condition,

The magnitude of a dose of & composition ineluding particles can vary based on

3,

the nature, focatinn and severity of the condition to be treated, as well as the route of
adininistration, A physician freating the condition, disease or disorder can deformine an

effective amount of the cmnpositi{m. An effeetive amount of a co m;\}:ftm y inclading

srofongation of survival of the subject, or the amount sufficient 1o pr iﬂ'.sﬁh‘,fiacs,ica‘ii‘;f freat a
subject. The composition can be administered as a pharmacentically acceptable
~% \

comnposition to a subject in any therapeutically ascceplable dosage, including those

administerad 1o a sublect intravencasly, intra-arterially, subeutaneousty, percutansousiy,
intratrachealy, intramuseudarly, intramucosaly, intracutaneousty, intra~articnlarly, orally
or parenterally,

A composition can inclade 2 mixtare of particles {e.z., particles that include
different types of therapeutic agents, particles that have different impedances), or can
include particles that are all of the same type. For example, in corlain embadiments,
particles with a relatively low impedance can be osed fu conjunction with particies with 2
relatively high impedance. In some embodiments, & composition can be propared with @
calibrated concantration of particles for ease of delivery by a phiysician. A physivian cap
select & composition of a particular concentration based on, for example, the type of
procedre $o be perfirmed. In cortsin embodiments, a physician can use a composition

with 2 relatively high concentration of particles during one part of a procedure, and a
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covaposition with a relatively low concentration of particles during another part of the

Suspensions of particles in saline solution can be prepared fo remain stable {e.g.,
to remain suspended tn solution and not settle and/oy Houat) over a desired peried of time.
A saspension of pariicles can be stable, for example, for from about one minute o about

280 minutes {e.g. from abont one minuie to aboot fen mingtes, from about e minoies to

!

P

about seven minntes, fom about three minutes {0 about st mimite 35}

In some embodiments, particles can be suspended in a physinlogical solution by
matehing the density of the solution fo the density of the particles. In cerlain

embodiments, the particles andior the p‘hysmiagw al solution can heve g d §ii‘}f of from
about one gram per cubic centimeter to about 1.3 grams per cubic centimeter {e.g., from
about 1.2 grams per cubic contimeter to about 1.4 grams per cubic contimeter, from showt

s per subic centimeter to about 1.3 grams per cubic comtimeter),

[

pd
75
=
X3
Fon
font
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v

In some embodiments, among the particles delivered to a subject in & composition

-

£.8., an embolic composition}, the majority {e.g,, sbout 30 porcent or more, gbout 60
perosnt o more, about 70 percent or more, about 80 percent oy move, about 98 peroont o
morel of the particles can have a maximum dimension {e.g., 8 dameter) of al most sbowt

G006 ., at most gbout 2,500 microns; at most about 2,000 microns; at most

/W\
o
,..z
ool
f"}
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:w
pas]
e

s
&

about 1,360 microns: at most about 1,200 microns; st most about 900 mitvrons; af wost
about 700 microns; at most abont 360 microns; at most about 400 microns; at most abont
300 microns; al most about 100 maiorons; at mest about 10 microns; at most about five
mricrons: andior at oast about two mivrons {e.g., at logst about five microng; at least about
¢

1O microns; gt feast about 100 microng; at feast aboot 300 microns; 8t least aboof 40U

micvons; at least about 300 microns: at least about 70 microns; & {east about HOG

wrtorons: ab least sbout 2,300 miorons

{11 seane embodiments, the srithmetic mean diameter of the particles deliverad to a
subject ina composition can vary depending upon the particular condition o be treated.
Az an example, in some embodiments in which the particles in o compostion are used to
treat a Hvir twmer, the particles delivered o the subject can have an arithmetic raoam

¢'

- gbout SO0 microns {e.g, from ahout 100 microns to sbout 300

e
£
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wtorons; from aboot 300 microns (o abowt 300 microns}. As ancther example, in some

embodiments in which the particles in & composition are used to freat 8 uterine §

3

the particles delivered to the subject in a composition can have an ardhmetic mean
diameter of at most aboat 1,200 microns {e.g., from about 500 mucrons o showt 790
microns; rom about 700 microns to about 900 microns; from about 800 microns to show
1,200 micvonsi
in corfsin embodiments, particles can be Hoked together to form particle chaing.
For sxample, the particles can be connected to each other by Hnks that ave formed of one
¢ more of the same matenial{s} as the pardicles, or of one or mwre differcs

from the particles, Particle chaing and methods of making particle chains are ds

X

for example, in Buiser of al,, U.S. Patent Apphication Publication No. US

Al published on October 27, 2005, and catitied “Embolization”, which is meorporaied

in stome embodiments, a particle chain can have a relgtively low impedance. In

cerbain embodiments, 4 partiele chain can have an inapedance of at most 60 ohms {eg., at

N

mrost about 35 ohms, at most ghout 30 ohms, ot most about 45 ohyus, gt most about 40
i

ohims, al most about 35 ohms, at most about 30 ohms, a8 most abowt 25 ohms, at most

abowt 20 ohmy, af most sbout 15 ohims, at most about 18 ohuns) a8 an applied power of at

fresvy

gast shout two Walls {o.g., two Watlts, five Watts, 20 Watls). As referved to hereim, the
mpedance of 8 particle chain is measured as follows, A mixtore mciudin_g sodium
shioride solation (frmed of sodium chleride dissolved in deionized water) and nndtple
particle chaing of the sume type is drained 1o remove wost of the sodipm chloride
solotion, leaving the particle chains densely packed and just covered by the sodnan
chioride sohuion. Two milliliters of the particle chain mixture sre then added tnte s small
vial, Twa copper wires are used to connect the contents of the vial fo an RE 3000°
Generator {from Boston Scientific Corp. ), with one end of sach copper wire being
submerged in the pariicle chain mixture and clipped to the side of the vial by an alligstor
Q*p and the other end of each copper wive bejng attached 1o the RF generator by an

>, The copper wires sre gttached to the visl st 8 ixed distancg of 33,4
millimetors from cach other. After the copper wires have been attached fo the vial and

the generstor, the generstor 13 started and the power level 1s selected. In some
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embodiments, the power that is applied while measuring the impe{i ance of & pm‘t.ic-?-‘:
chain or particle chaing can be at least about two Watta {e.p,, two Watts, five Watts, 30

e

Waitsy, The selected power is apphied to the particle chains for a period of sbowt five o

7,

10 seconds, at which point the generafor displays the tmpedance value for the particls
chains af the selected applicd power,

While particles and particle chains having a relatively low impedance have been

described, in some embodiments, a gel can have a relatively low impedance. A el that

has a relatively low impedance may or may not include sue or more Rorromagnetic
materials, In cortain embodiments, a gel can have an impedance of at most 80 olons
{e.g, at moat shout 53 ohms, at most about 30 ohms, at most abowt 45 chms, at most

3

about 40 ohag, gt most about 35 chuns, at most about 30 ohums, at most abont 35 ohmy, &
L3

maost about 20 oluns, at most about 15 ohms, at most gbout 10 ohms} gt an applied power

of gt least about two Watls {e.z, two Watls, five Walls, 20 Watts).

tecs
tedry

As referved to heredn, the impedance of a gel is measured as follows. 1

Loy

in & sohvent, the solvent fisst is poured off of the gel. Then, more than about two

sxyege

mitiiliers {o.g., from about 20 milithiters to about 30 milliliters} of the gel are added ink

s container such as a petri dish or a beaker. Two copper wires gre ased to connect the get
1o an BEF 3000% Generator {from Boston Scientific Corp.), with one end of each copper
wire being clipped dirently to the gel by an alligator clip, and the other end of each

copper wire heing attached to the RF generator by an alligator clip. The copper wires are

attached (o the get at v Oxed distance of 3.4 millimeters from each other, Aller the
copper wires have been attached {0 the gel and the generator, the generator s started and

Y 2

the power Jevel is selected. In some embodiments, the power that i apphied while
measuring the impedance of a gel can be at least about two Watts {e.g., two Watts, five
Watls, 20 Walts). The selected power is applied to the gol for g period of about five to 10

seconds, at which point the gencrator displays the impedance value for the gel at the

In cerlain embodiments, a gel that has a relatively low impedance can be formed

at or near 2 target site. The gel may be formed, for example, In and/or on issye ot a

a,) o

subleot (8.g., cancerous Hssue). The gel can be formed from components {e.g., liguid

3 o

componerss) that can be move sastly delivered to the target site than the gel Hselfhwould

2%
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be. Onee fmed, the gel can exhibit good occlusive properties because, for example, the
zel can be tailored o 8 the size anddor shape of the target site.

~

For exsmple, FIGS. 11 and 12 show a delivery devige 810 inchding a doubler

barrel syringe 828 and a cannula 840 that are capable of being coupled such that

substanse tained within syringe 820 are introduced Into cannola 840, Syringe 828

includes a first barre] 822 having a tip 823 with a discharge opening 827, and 2 second

barret 24 having a tip 825 with a discharge opening 829, Syringe 820 further includes a

{irst plunger 826 that s movable in first barred 822, and & second plunger §28 that is
mervable in second barrel 824, First barrel 822 contains & gelling sgent-containmg Hauid

3

{e.g., calonnn chloride in a solvent, soch ag water or & hiccompatible alocholy, while

second harrel 824 contains a polymer- and/or gelling precursor-containing Hguid {e.g.,

Y

alginate and & solvent, such as water or a biocompatible alechel) In its proximal end

portion, cammuln 340 inchudes an adapter 842 with a first branch 844 that can conngct

X W
¥

with tp 823, and a second branch 846 that can connect with tip 823, First branch 84

iniegm’% with a first tubmdar portion S50 of cannuls 8§40, and second branch 8446 i3 integeal

<

within second tubular portion 8352, Delivery devices are desertbed, for example, in

Sabatjian of al, U8, Patent No, 6,629,947 which s tncorporated herein by reforance.

When vanmdsa S840 15 connected o syringe 820 and plongers 826 and 828 &
depressed, the polvmer- anddor gelling precursor-containing liguid moves from second

Sarred ¥24 into second tubular portion 852, and the gelling apont-containing lguid moves

from Hrst barrel 822 into fust tubular portion 850, The gellng sgent-contaimng Raud

P}
exits first tubular portion 830 and contacts the polymer- andfor gelling precursor-
comtaining Hguid n 2 muxing section 60 of second tubular portion 852, The polymer-

andfor pelling precursor-containing lgoid and the gelling agent-containing Howid inferact

o formy a gel {e.g., a iccompatible gel) 880 within mixing scction 860, Gel 880

T
delivery device 816G at a distal end 8358 of mixing section 860, and s delivered info &

"

£ 3 3

s vessel 890 of a subject {e.g., an artery of a human} where gel 880 can

......
7
foss)
s
7
2
rd
o
2
e
L3
7
-,-1-;
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The flow of Had through first tubular portion 85 and/or second tubular portion

%32 can be laminar or por-laminar. One type of non-laminar flow is turbulont flow. In
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some embodiments, the flow of the gelling agent-containing Hyuid through first tubalar
gortion B33 andfor the How of the polymusr andfor gelling precursor-containing Hauid
through second wbular portion 832 can be helical, In general, helical How can be
laminar of son-lamina {e.g., turbulent). In certain embodiments in which the gelling
agent-containing hauwid andior the polymer- andfor gelling precursvr-containing Hguid
exhibit belival flow, the helival flow can help 1o enbance the degree of mizing between
the gelling agont-comtaining Hguid and the polymer andfor pelling precursor-containing
Hgwid {e.g., I mixing section RGO},

in sene embodiments, a membrane can be wsed to impart helical How {o a lguid,
such as the gelling ageni-containing lquid or the pelvmer- anddor gelling precursor-

orgaining Hauid, The niembrane may, for example, be located within one or both of Srst

T

tubralar portion 830 anddor second tobular portion 852, FIGE. 13A and 3B show a
membrane 393, which has @ structure that can impart a helical Sow 1o a Hguid that flows
through membrane 892, Membrane 892 has a surfuce plane 853 and three curved shits
894, 895, and 894 in surface plane 893, Shits 894, §95, and 896 also have a curvatare
through the thickaess “T” of memhrane 892, as shown (for gt 8384y in FIG, 138, In
some exabodiments, fuckness “T™ can be at least sbout 8,01 inch andfor st most about
Helical flow, which can be laminar or pon-laminar, s deseribed, for example, in

BiCarle et al,, ULS, Patent Application Publication No. US 2005/01 71510 AL, filed or

August 4, 2005, and entitled “Pressure Actuated Safety Valve With Spiral Flow
Membrane”, and iy DaCarde et al, US. Patent Application Serial Neo. 1111151, filed

an Aprid 21, 2005, ard entitled “Particles”™, both of which are incorporated horein by
reference. POT Application Publication No. WO 02/062371 A1, pablished on August 15,
2002, and entitled “Valve”, discloses, for example, s heart valve with a configuration tha
allows blond to assume a helical flow path after Howing through the valve, which can
reduce or eliminate twisslence andfor dead flow regions in the blood fow, PCT
Appheation Peblication No, WO 00/32241, published on June 8, 2000, sad entitled

v

“Stonts Ry Blood Vessuls”, discloses a stent that can be used 0 support part of a blood
vessel and that can be wsed to canse flow within the vessel o assume 2 swirling pattem to

minde a Sow patters that can normally be found i arferies. PCT Application Publication

s
e
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2

No, WO 9509585, published on April 13, 1995, and entitfed “Vascular Prosthoses™,
discloses a Yascular prosthesis including a length of generally hollow fubing having at
it

least one curved portion that can induce swird flow i a hquad when the Tiquiad Jows

thrivagh the curved portion.
While embolization using & gel has been described, in some smbodiments, &
tissue heabing and/or ablation procedure can be conducted using a gel. The gel can, for

i

example, be delivired to an/or formed at a target site {e.g., canverous Hesua), and R¥

EY

radigtion can be applicd to the target site o heat andfor abiate the target site,

Examples

The following examples are infended as llostrative and non-fimiting,

Example

Prearation of Cross-Linked Polvmer Particles {Withou! Ferromagnetic Materialh

Cross-linked polvmer particles that did not include forromagnetic material

prapared sccorting fo the following procedure.

An agueons solidion contairing 7.06 weight percent polyvinyl alcohald

{99+percent hydvedyzed, average M., 89,000-120,000 (from Aldrichyy and 1.78 weight

percent sodivm alginate {(PRONOVA UPLVG, from FMC Biopolymer, Princeton, Nl m

detonized water was prepared.

Phe solntion was heated to aboat 121°C and filtered through a membransg with

s

openings of Tesa than 100 microns.
The polyviny! aleohol/sodium alginate solution was then beated to 80°C,
Using a model PHD4400 syringe pump (Harvard Appacstus, Holliston, Mass.},
the mdxture was fod into 2 model NISCO Encapsulation unit VAR D drop generator

ne, Zurich, Switzerland).

Lk

{NISCO Bongineen
Drops gunerated by the drop generator were divesied info @ gelling vessel
conttaining 20 weight percent calohun chloride in defonized w and stirred with g

stirring bar, o form gelled precursor particles or spheres.
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The calolum ehloride solution was decanted within about three minutes time {(for
all but the samyple 1 gelled precursor particles listed in Tuble 1 beloaw) to Hmit Ieaching of
the polyvinyt aleohol from the gelled precursor particles or spheres,

Thersalter, the gelled precursor particles or spheres were provessed in different
ways for different samples. The sample 1 gelled precursor pasticles were not rinsed with
detomized water, and remained in the 20 weight percent calctum chloride sohution, which
sorved @s 8 slovage solution. The sample 2 gelled precursor ;f‘sarv‘iea were rinsed with

LI EN

It i V8 Tad ey
ar 200 maliiliters
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detonized water, The sample 3-30 gelled spheres were rins

of detonized water or 300 milliiters of detonized water, ag specified in Table 1 Inthe

procesacs used to form the sample 3230 particles, the gelled spheres were sdded into 2

reaction vessel containing a selution of four weight percent formaldehvde {37 weight
percent it methanol) and 20 weight percent sulfuric acid (95-98 percent concentrated),

and the resuliing mixture was stivred at 65°C for 20 minutes.
The vesulting precurser particles were rinsed thres times with detonized water

{300 nulititlers of detomzed water for each rinsing) 0 remove restdual acidic solution,
Herent types of particles that were prepared are Histed in Table t The
sample T and 2 particles were not crosa-linked particles, while the sample 3230 particles

#ll wers oroas-linked partivles. In Table 1, “Sample No.™ refers to the sample number of

%

the parficies that were formed, “Selutions Used” refers to the muderials thas were used ©
form the particles, “Resull” refers to whother particles were formed (N/A indicates that
noe particles were formed), “Particle Size (Microns)” refers to the anthmetic mean
dianseter of the resulting particles in microns (as measured using the Beckman Coulier
Raptd VUE tmage Analyrer version 2.06 {Beckman Coulter, Miamd, FLY), “Process
Speciiios” reders to specific details about the process used © make a particular sample of
particles, and "Slorage Solution” refers to the storage solution that was used o store the

particles {N/A indicates that no storage solution was used to atove the particles))

Sid
fead
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30 im B PVA, 1.76w1% {'rosse F01 microns Gelled spheres were
saiusg-alginate, 20% Hnked rinsed mwﬂ "u‘h 306
Cally poiymer milliliters of deromized

particles water; drogr gonerator

Q8 ia »é\?~i\{“‘1‘\‘i‘
?’mm”)"&n\ vibration
frequeney, and & flow i
Hilters pa

sipute

3

&

wpig 2

Prepavation of Crosa-Linked Polyvmer Particles EWuth Iron Oxide Parlicles as

Ferromapnetic Matenaly:

An aguenns solution containing 7.06 w‘vigh? percent pobyvinyl aloohol

{99+percent hydrolyzed, average M, §9.000-120,000 (from Aldrich)) and 176 weight

povcent sodivm alginate (PRONOVA UPLVG, from FMU Biopolymer, Pranceton, Nitin

deinnized water was prepared,
The solution was heated to abowt 121°C and filtered through a membrane with

o~

openings of lesy than 100 microns,

»1

fron oxide partivies having a diameter of 200 nanometors {Mion nod”, fror
Micromod Partikeltechnologic GmbH, Fricdrich-Barmnewitz-Str.4 18119 Rostock-
Warnemuende, Germany} were mixed mito the polyvinyt sicoholisodium alginate solution
iy i 10 werght percent mixture. The mixture was stivred under high shear forces wa
gonical tube, using a mint-voriexer, The mini-vortexer wes a VWR model VM-3000
mint-vortexer, which had a variable speed of from 100 revolutions per minute w 3200
revolutions per minute, The mixturs was stirred in the mint-vortexer for at loast one

X

minole and 81 most twee minates, Ghterad i"hmugﬁ} s membrane with openings of less than

i

v
o
2
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conical tube containing the mixture under water in gn ulivasonic bath (From Branson
Litrasonies Corp). The ultrasenic bath froquency was 40 He

X

The polyvinyt alechol/sodium alginate/iron oxide solution was then heated to

SGeC,
8 Using 2 model PHD4400 syringe pump (Harvard Apparatus, Holliston, Mass. L
the mixtere was fod inte a model NISCO Encapsulation unit VAR D drop gensrator

{(NISCO Hogineering, Zurich, Switzerland).
rops generated by the drop generator were directed inte a gelling vessel

containing twenty weight percent calcium chloride in defonized water and stirred with a

The ealoium ehloride selution was decanted within about three minutes time o
avord substantial leaching of the polyvinyt gleohol from the drops, and 300 milliliters of
deionized water were added to the gelling vessel.

The detonized water was then decanted, and the drops were added 1o a reaction
8 vessel comtatning a solution of four weight percent formaldehyde {37 weight parcent in

methanol) and 20 weight pereent sulforic acid (95-98 percent concentrated ).

The veaction selution was stirred at 83°C for 20 minutes.
Precursor particles were rinsed three times with detonired water {304 miililiters of

detonized water for each rinsing) to romove residual acidic solution, resulling in particles.

s

AN
Prepavation of Cross-Lanked Polvmer Particles (With Magnetile as Femromagnetic
25 An agueous solition contaiing 7.06 weight percent polyvingt aleohol
{SOpercent hydmivaed, average M, 89,000- 120,000 {from Aldrich)) and 1.76 ﬂx;-‘eigi‘n
percent sodium alginate (PRONOVA UPLVE, from FMC Blopolvmer, Prineeton, Nl in
dotonized waler was propared.
The solution was heated to about 12170 and filtered through a membrane with
30 openings of loss than 100 microns,

g
o0
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Magnetite (EMG 1111 Perollud, frow FerroTeo Corporation (Nashag, NH) was
mixed int¢ the polyviny! alcoholfsodinm alginate solution in & 10 weight percent mixivre,
The mixture was stirred overnight using a stirring bar, and was filtered through 8
menthrane with openings of less than 100 microns.

3

Tha fltered polyviny! alcobolsodinm alginate/ magnetite solition was then heated
o SO
Using @ model PHDA400 syringe pump (Harvard Apparstus, Holliston, Mass.),
Pr )

A Tx

the mixture was fed info a mode! NISCO Encapsolation undt VAR D drop generator

coring, Jurich, Switreriand).

1

Drops generated by the drop generator were divected into 2 gelling vesse!

& Q" ¥

Ao

containing bwenty weighl percent calonan chilonde m deionized water and stired with a
strrg bar,
TS

svoid substatial leaching of the polyvinyl alechol from the drops, and 300 milliliters of

¢ catoium chloride solution was decanted within shout three minuies Hme {o

P

etonized water were added to the uiimg vossel,

The deionized water was then decanted, and the drops were added to 8 reastion
vessel containing & solution of four weight percent formaldebvde (37 weight percent in
methanol) and 20 weight percent suiforic actd {(R5-9% percent concentrated

Th

vegotion solution was stivred at 05%C for 20 mimsies.

ted

Procursor particles were rinsed throe times with detondzed water {300 milltliters of

detonized waler for cach rinsing) fo remove residusl soidic sohation, rosuliing in particles.

3

Preparation of Ol Fartivles { Without Ferromasnetic Materdall

”:ﬁ

el parficles that did not include ferromagnetic maderial were prepared according
to the following procedure.

Arnepaecus solption containing 7.06 weight pereent polyvinyl aloshol
{99+percent hydrolyzed, average M §8,000-120,000 (from Aldrich)) and 1.76 weight
pergent sodivm alginate (PRONQVA UPLVG, from FMC Biopolymer, Princeton, NI} in

detonized waler was prepared.
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The solution was healed to about 121°C and filtered through a membrane with
openings of less than 100 nucrons,

The polyviny! aleohol/sodium algmate solution was then heated to 809,

Using a model PHDE40 syrimge pump {Harvard Apparatas, Holliston, Mass},

the mixtere was fod into a model NISCO Encapsulation uait VAR 13 drop generator

imneenng, Junich, Switzerland),
Drops generated by the drop generator were divested into 8 pelling vessel
containing twenty weight percent caloium chionide in delonized water and stirred with a
stirring bar
The calotam chioride soldion was decanted within sbout three minutes time o

N

avoid substantial leaching of the polyvinyt alcohol from the drops.
; x by

g

o~

The different types of gel partivles that were prepared are Heted iy Table 2, In
Fred X

1 T o

Table 3, “Sample No. refors to the sample number of the gol particles that wire fvmed,

PEy %

“Reiutions Used” refers to the materals that were used to form the gel particles, “Result”

refers o whether gel particles were formed, VProcess Specifios” refers to specific detals

abopt the provess used o make g particolyr sample of gel particles, and ©

Sulution™ refers to the storage solution that was used to store the gel pa

X

Table 3 - Gel Particles (No Ferromagnatic Materialy
Sample Solutions Hsed Result Process Specifics Storage Solution
M,
31 TH6wSH PYVA, 1T6wt% Gl Cicled sphey ca wors rinsed S NaCh

sodimn elshuate, 20% Farticles ONCE ¥ «:Hﬁﬂer“ of
Callly deio T drop
gel.‘,i{fi‘iﬁ tuwd a 2{Mkmicton
nozle, 4 83 ¥§sa membrang
vibration frequeney
How rate of 5.2 millilite:
pér miniie

3G

Haample &

Preparation of Gel Particles £With bron Oxide Particles ag Ferromasnetic Materiad):

4
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"

el partivies that included ferromagnetic material were prepared according to the
following procedure.
An aqueoss solotion containing 7.06 weight percent polyvimd aleohol

{(Shpercent hydrolyzed, average M, 89,000-120,000 (from Aldrich}) and 1.7¢ weig
pereent sedinm alginate (FRONOVA UPLVG (from FMC Biopa yiner, Princeton, NIY

“npes

411

D9}

w deionized water was prepared.

ey ~

Phe selution was beated to about 121°C and filtered through » membrsne with

o

apenmgs of foss than 100 microns.

Iron axide particles having a diameter of 200 nanometers (Micromod®, from

1 Microwmod Paritkelicchnologie GmbH, Friedeich-Bameowitz-Sir.4 18119 Rostock-
Warnemuende Gurmuany)) were mixed into the polyvingd aleohoVsodium alpinate
solution in a 10 weight percent mixture. The mixture was stirred under ligh shoar forees
e conteal tube, using 8 mini-vortexer, The mini-vortexer was a VWR model ¥M-3GG0
ni-vortexer, which had a variable speed of from 100 revolutions per mingie fo 3200

18 revolutions per minote. The mixture was stirred in the sinbvortexer for at loast o
minnte and at most three minutes, fltered through a membrane with openings of less than
1 nserons, and then placed under ulirasonic frequency {to remove gr buhbles from the

ixturg). The fltered mixtwe was placed under ultrasonic frequency by placing the

conteal tube containing the misture under water in an ultrasonic bath {from Bragson

Ultrasowes Corp. ). The ulirasonic bath froguency was 40 Hx

o)
o

The polyviny! alcohelizodivm alginate/iron oxide solution was then heated to
RUPC
Using & model PHD4400 syringe pump (Harvard Apparatas, Holliston, Mass. ),
the mixture was fed info a model NISCO Encapsulation unit VAR D drop generator
25 {NISOO Enginesnng, Zarick, Seatzerland). Drops generated by the drop generator wer

directed into s pelling vessel containing twenty welght percent calcium chloride in
detordzed water, which was stirred with a stiming bar. The calcium chioride solotion was
then decanted, and 0.9 winght percent saline was added o form a composition inclading
gl particles and aaline.

a The different types of gel particles that were prepared are listed in Table 3. In

Table 3, “Sampie No.” refors 1o the sample number of the particles that were formed,

o
o
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“Nolutions Used” refers to the materials that were used o form the particles, *Resnlt”
rether gel particles were formed, “Particle Size” refers o the arithmetic mean
dinmeter of the resulting particles inmicrons {as mossured using the Beckman Coulter

RapidVUE Image Analyrer version 2.06 {Beckman Coulter, Miami, FLY), “Process

rr

Spectiies” refers w specific detals about the provess used to make o particular

1y

particles, and “Blorsge Solution” refers to the storgge solution that was used o store the

w

particles.

Tahle 3 ~ Gel Particles (Ferromagnetic Materialy

Sample Snlutions Used Result Particle Size | Process Spesifies Storage
Xa, {Microns} | Solution
32 5 (el NAA | Filtering of ﬁaﬁia‘ses 3% NaCl

Particles L was difficult; drop
algins ‘ i generator used g 360~
et pcron nowsls, 8
S5y menmbrang
sibration frequency,
sad 8 Row e of B
witliliters per minute
33 Hwie PVA, Gt A Filtering of particles 5% Nall
wtfﬁ‘fe sodiun: Particles weaa difficuly; dr
&l Yo Calls, genvrator used §
cromod BHCrOn BOE
S50HE mendsrans
vibratton fregueney,
and a flow rate of @
midiiiiters pay sungie
34 76wy “‘»"”x, Gl NiA 295 Callhs
1 H6wtds sodium PBarieles
w@uu 2% Callly, generator us
T Micromod e noreie,
H30Hz mombrane
vikration “r*esmem}:
and 8 Bow raig i 8
miiliitars per o 3.§c
23 {3ed NIA
B st .mm Particies
algin Ai\ . Mta(”a Cadl
%% Misromod
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nozele, 8 850Hy
menthrane vibration

LA oF o Flewusr
froquency, amd g How

36 T 06w PVA, Cross- 703 microne | Gelled particles were | 3 Na(ll
Fowtds sodiam Hnked ﬁms&é oncs with SHE |

;m;m(n‘.m 3% 2aClhy, polymer 3
3% Micromod particles §= op genevaiar

ey
[

st
Ly

>

Preparaticn of Farticle Chaing, individual Particles and Strings of Pagtisd

x5

The sample 37 particle chaing and individoal particles {Table 4) were prepared as

follows suseus solntion containing 7.06 weight percent polyviny! aleohol
(S8 tporeont hvdrolyzed, sverage M, 89,000-120,000 {from Aldrich)) and 176 wight

pereent sodinm alginate {PRONOVA UPLVG, from FMC Biopolvmes, Prinveton, Ni}in
deionizod water was prepared. The solution was heated to about 121°C and ltered
through & membrane with openings of less than 100 microns. The polyvinyl
alonhol/sodium alginate sohution was then heated to 80°C, Using a modet PHDE400
syrings pump {Harvard Apparatus, Holliston, Mass.), the mixture was fed o @ wmode!

NISCO Encapsulation unit VAR D drop generator (NISCO Enginsering, Jurich,

Switzerland), Drops generated by the drop generator were divected into a gelling veased
contuining two weight percent caleium chloride in defonized water filled o the 180mb

lting mixture was stirved with a stivring bar. The

canted within abont three minutes Hime to avoid

substantial lsaching of the polyvinyl alechol from the drops.
The sample 3% particle chains and individual particles (Table 4} were preparad

X

using the prosedure deseribed above for the sample 37 particle chains, except that the

op generator was cut by hand every two to thwee seconds

stream of sohugion fronrthe &

Fg

F
s
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using a spatula, and the calchum chloride solution was filled to the 2530mL line fna
350mi. beaker, The reeniting sample 38 particle chaing included tong cwled segments of

big sphores on a string,
}

The sample 39 and sample 41 particle chaing (Table 4} were prepared using the
8 procedure deseribed above for the sampie 38 particle chaing, except that the stream of
solation from the drey generator was cut by hand every second using 2 spatula. The

resulting savuple 39 particle choins included shorter curled lenpths of spheres on a siving.
The sample 40 particle chains (Table 4) were prepaved using the procedure

deseribed above for the sample 39 and sample 41 particle chains, except that after the

] B

10 calciun chdoride solution was decanted, the drops were added to a reaction vessel

.

coniatning  solgtion of four weight percent formaldehyde {37 weight percent in

methanol} and 20 weight percent sulfiric acid {95-9¥ pereent concentrated), The reaction

solution was sitved at 63°C for 20 minwtes. Precursor particles wers rivsed three Umes
with detonized water (300 milliliers of deiomized water for cach rinsing} 1o ramove
15 rosidual acidic solution, resulling in particles on a siring,
The sample 42 oross-linked strings {Table 4) were prepared ag bllows. An

solution containing 7.06 weight percent polyvinyt aleohol (89 percent

‘\_.:‘

veight porcent sodian:

-~

gverage M, 89,000~ 120,000 (from Aldrich)) and 1.76

<

alginate (PRONOVA UPLVE from PMC Biopolymer, Princeton, M1} in delonized water
0 S \‘ The oo 5 Fey s F 1IN el B PR ¢ <&
0 was propared. The solution was heated to about 12170 and Sltered through a montrane

with openings of less than 100 microns. The polyviny! alecholsodiom alginate solution

”

wis thon heated o 80°C, The muxtore was then fod into the svringe barrel of & 8lce

%

syringe with & 0.510 polished end nozzle (suttable for nse with the NISCO VarVl droplet

S

senerator (NISOO Engincering, Zurich, Switzerland)), The mixture-loaded syringe with
a5 the nozsle attached was held i hand, and the nozzle tp was subimorged in 20% Calotum
Chloride. The misture was then injected into the calotum chlonide by hand, themby
generating sirings (without generating any particles). The calctum chloride solution was
decanted withan showt three vanutes fime 10 avold sebstantial leaching of the pobyvinyd

e strings were then added 1o 2 reaotion vessel containing a

36 solotion of four weight percent formaldehyde (3

/u

weaight percent salferic acd {85-98 percent concentrated). The reacion solution was



WO 2008/014060 PCT/US2007/071299

golutton, resulting i drings,
& &

The sample 43 cross-linked strings {Tubde 4} were propared nstng the procedurs

&

deseribed above for the sample 42 cross-linked strings, except that the yeeion ot the

pobyviny! alechol/sodiuan alginate solation into the ealeinm chloride solution was

intermitiiently stopped, and the syringe was temporarily removed from the calcium

foride solution, This temporary removal helped to break strings that had formed offof
zzle, thereby producing some shorter strings than in the sample 42

he syringe had been temporarily removed from the calotom ehloride

inge was re-submerged into the solution to make another siring

g

] S

o i}-*;}‘.s of particle chaing and strings that were propared are histed 1n

Rample No.” refers to the sample number of the particle chains or

sirings that were formed, “Solutions Used” refors to the materials that were used 1o form

; &y
3

the particle chains or strings, “Result” refers to whether particle chains or sinngs (andfor

tihe

oy
)
-~
o
et
por’
oo

tnstividual particles) were formed, “Process Bpecifics™ refers to specific details g
srocess used 1o make 2 particular sample of particle chains or strings, “Storsge Solution
refors to the sterage solution that was vsed to store the particle chatns or sirings, and

“Comments” refers to the types of particles included in the particle chains, and W the

3

Table 4 —Particks Chains or Individual Particles

sidiidivers per nunuts

Sampls Selutions Used Result Process Specifics Storaps Commenty
Na, Solution
37 Created Used NISCG Var B 1 2% Calllly | Gel partices
particle 300-micron nosvle,
chainy and no manhrang
individual | vibration froguensy
particles and a How raty of 20

34 x Created Tsed NIRCO Var Dy | 2% 0alh | Gel particles
17 6wi% sodiom pasticle 30G-micron ndrrls,
alginate, 2% C ai h chains and 1o membrane
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individeal

pariicles

mﬁhm ars per e,
cut streant with
spatila by hand

]
L3

; ?ﬁ i PVA,
3 2 ;,; Arim

..-.Js "i(i"

Used NISCi Var
I-nicron novele,
1O i nm‘z i
vibration
suda “Tow rate m’ 20

mithiiters per minate,

At yeaet e e
a0 pRrhicioy

40

o PV,
RN w dunt
vivage, 2% Cally

Urea ?d
i}am;k’

chaing

{nnioron nows
FGL m@mb AT
vibration freguency,
and a flow vae of ‘O
Fi3% Ehi:m\ THT NuRe,
ool siream with
spatula by hand

0% Crose-linked
Calh gni‘ oF

T O6wINE PVA,
T Gwbs sadiom
alminate, 200 Call

Lsgd\iS{:(} Yar Id
300-nuicron nozdde,
o mombrane
vibration Hrequency,
and a How rafe o 20
mitHliters per mimiie,
cug stream with

spanda by hand

Cad

A%

&

Ureatad
sirings

without

particies

Used g svrinpe witha
M“B(‘U \"
nonile ot
u\bhlm od .
vringe into Zalh

x

sniaiwr and pusshed
by hand

i t}(} %

&
Lk

08w PVA,
178wi%% sodium

I PR i ‘1»,
sigingle, 208 €

withowt
particles

by
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Prepuration of Gels {Without Ferromagnetic Material):

Gels that did not inclode forromagnetic material were prepared according to the

Trenty-Sve millilitors of saline solution (from Baxter Healtheare Corp.) were

~

sdded %0 a beaker and stirred with & large stir bar at a fast speed, Sodiww algingte

powder {ram MO Blopolymaer, Princeton, NI was added into the saline solulion in

\mriions, to aliow cach portion to wet into the solution. For each sample, the amount of

sodivm alginale powder that was sdded was seleeted 1o provide the alginate concentration

&

e

shown in Table 3. During the preparation of the sample 44 gel, after the sodium al

I

mzmic

powder had been dissolved inte the saline solution, the resulting solution was added into

a five poreent salotum chiloride solution (from EMD Chemideals e, {(formely BM

Industvies, Inc, and BM Science), Gibbstown, N1 7 esuliing mixiore was mixed

overnight, If some clumps of sodiws alginate had not dissolved, then the solntion

heated alightly to reduse the viscosity, thersby allowing for faster stirring.

The difforont types of gels that were prepared ors Hsted in Table 8, In
“Rample N refers to the sample number of the gel that was formed, “Solutions U

refers to the matenals that were used to form the gel, “Result” refors o whethera p

made, "Frovess Specifics” refers to specific details about the process used to make

Was

Tabie i‘

seg”

g
5
s

cead ‘n
ot w

parficuiar gol, and "Storsge Solution” refars to the storage soluticn that was used to store

& 2 L

3

the ol (VA indiestes that so storage solution was used to store the pe

>-,,—x
“re’

wrr

Table 8 - Gels (No Ferromagnetic Materialy

Solutions Used Result Process Speeifi Norage
Selution

Thick polvmer solution Mo detonized water
then golled in Cally e powder
solved in Nalll

s

L0 e
LR i.:c'.‘s‘:.:;;.:

43 4% alginaie dissolved Thick pelvmer wutwn Ne defonized water
1w 9% sadine {alginate powder i used; w;“:»-'i e

o saline} dissnbved i Nal

e d
£y

47
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46 Thick polymer solution
{alginate powder dissobved

in saling}

{ M
Mo deiontred v
wsed; powder
Ayemit e szest Yoy R H
drssotved i Ka(ld

water

NEA

47 Thick polymer solution
{algimate powder dissolved

in satine)

W derondzed waler

Thick polymer ssiston
{alginate powder disseived
i salined

NN
ALY

EANEALE
cod in Ma(l

49 Thick polvier solation

b

{alginate powder dissolved
in saline}

Nodetonized walsy
used; powdsr
Qssolved fn Nalll

{alpinate powdsr dissolved
in saling}

used; powder

iy
P
P et
4
]
e
b
5
Efxt..
o
i
vog
P
2
7™
i

3 (i"}'fs s ginale dissebved | Thick pm?ymc“ sohulion Mo detonized water A
:&% saline (algmale powder dissobved nsed; m’swﬁt‘r
in saline} dissodyed n Nai
3 awie dizsolved Thick pez\, wmer solution Mo deionized water WA
'i;‘\ “; B saline {alginate powder dissolved used; powder
in saline) dissoived m Nalll
32 Thick polymer solution
{alpinate powder dissolved
1 saline}
53 5% Thack polymer sohullom No detonived water

ola {With Ferromagnetic Materialy:

,
.
s
<
‘.l
V‘)
=
2
2
i

Gels that included ferromagnetic material wers prepas

Twenty-ftve nubliliters of

sceded into 8 heakor and strved with

to allow cach p

sodium alpinate pow

o

shown in Table 8.

2

algmato @i

b

not dissolve, then the solution was heate

ortion to wet nio the solotion. For eue

The soluiion allowed o mix overnight. H some clumps

3 slis
RS

$

ed avcording ¥«

FMC Riopolymer, Prineeton, NIy was added into the saline solatior

hitly, thorehy reducing

" saline solotion (from Baxter Healtheare Corp.} were

a farge stir bar at a fast speed. Sodive alginate

1% i

vider that was added was selected to provide the .’aig,a: wte concentration

of sodivm

N

AYI
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viscosity for faster stirving. Onee the sodinm alginate had dissolved completely into the
saline solution, iron oxide padicles having a dizmeter of 200 nancmeters {Mier amod”
from Misvomod Padikeliechnologic UmbH, Fricdrich-Bamewite-Ste.d 18119 Reostocks
Wamemuende, Germany) were added into the mixture In an mmount selected o provide
the Micromod” concenteation shown in Table §, and the mixture was stirred using a
YWER model VMA0U0 mini-vortexer, which had & variable speed of from 100
revolutions per minute to 3200 revolutions per minute. The mixture was stired in the
mini-vortexsr for at least one minote and af most three minutes,

The different types of gels that were prepared are Hsted in Table 6. 1o Table &,

Y

“Sample No.” refers to the sample number of the gel that was formed,

vefors fo the materiale that were used to form the ged, "Reaalt” vefurs to whethoer a ge

’1'}
P
ot
o
27
o
P
ok
v

-
vl
Had
&,
22
2
P
e

*refers to specitic detatls about the process

,,.,.
>4
=
e
oz o8
I
P
o
foor
=
i

gel, and “Storage Solution” refers to the storage solution that was wsed 1o store

o

the gel {N/A iulicates that no storage solution was nsed to store the gel)

Tabie 6 ~ Gels (With Ferromagnetic Material)

Sample Result Process Specifics Sterage
N, Solution
34 9% siginate and 1096 | Thick polymer solution No defonized water WA

Migronod w 3.5% {alginate powder dissolved ysad:; powder
saline i saling} Hssobved 1n NeCi
55 Thick polymer solution Mo detomzed water WA
{alginate powder dissolved uswi' powder
N r‘ ry - NR
i saline} disgobved in Nall

hile certain embodiments have heen described, other emboditnents are possible,

: SRR S 5 . S mcisrb i beo ond m o Emeoynt ot Nao P
As an example, while the formation of a circle of particles af 2 targed site has been

i

described, in some smbodiments, a different pattern of particles van be formed at & target

L=

, ¥ 14 shows a portion 900 of ¢ subject inchuding & ey 810 and

i
i
oot
£
P
£
[
P
4%
4
&
fiad
:
2
&%)
&
(e
o
peges

Liver 918 includes healthy tissue 930 and unhealthy Ussue 840, Partioles 950

5

sre srranged i unhealthy Hesue 940 in o starburst pattern 960, Other patterns of particlos
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“\

arget site include, for example, squares, rectangles, ovaly, and

-y

that cun be formed st s
risnles.
Aw another example, in somo embodiments, multiple {e.g., two, three, fous, five,

b3

10} puticras of particles can be formed at a target site. The patterns that are formed at ¢

favzet site can be the same as each other or different frow each other, For example,
FIGL 1S shows a portion 1000 of a subject inclading a liver 10180 and slan 18240 Liver
1010 includes healthy Hesue 1030 and unhealthy tissue 1040, Particles 1050 are arvanged

i unhealthy tssue 1040 in the form of four eircles 1068, 1070, 1084, and 1080,

As an additional example, in some embodiments, particles, particle chains, and/or

s

gels can be vsed 10 an ablation procedure in copjunction with one o more other matenaly
that can be wseed to enhance tissue heating and/or sblation, Examples ol matertaly that
can he aved to enhance Hissue heating andfor ablation include saline, svetic acid, sthanol
pels, and ferromapnetic material {e.g., forromagnetic particles). For example, particles
arid saline can be simultancously delivered to a target site (.g., cancerons Hasuey, or
narticles can be delivered to atarget site, followed by saline.

As a further example, while sblation systems nsing RE energy have boen
deseribed, in some onmbodiments, a microwave sblation system can be used inan ablation

2. Hxanples of nuierowave ablation s

YivaWave™ NMicrowave Ablstion Svys n{irnm\mmi dMedical, Inc., Mountain Yiew,

<3

ablation systorr and a particle, particle chain, andfor gel can be at most about 10
contimneters {e.g. af most zbout cight centimeters, st most about five contimeters, at
about two ventimeters). Microwave ablation systems are described, for example, in
Cromin, U8, Patent No. 8,635,035,

¢ an additions) example, while RF clectrodes having tines have been deseribed,

in some smbodiments, an electrode used in an ablation procedure may not have Hows,

For example, an electrode {e.g., an RF clectrode] can inclnde a stngle needle arrod. I

&

1rg
o)
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sorne embodimens, an antenna can be used in an ablation provedure {e.g., & microwave

"-\-/

ablation procedurs).

As 8 Rurther sxample, while ablation procedures using electrodes have been

L’s’;

described, in some embodiments, an ablation procedure may uot use an clectrode, or way

we an cloctrode i confunction with another source of energy. For example, in certain

L1
et

embodiments {e.g., i certain embodiments in which particles mclude one oy mey

forromagnetic materials), a magnetic field can be applied to particles to adjust the

gonduetivi

of the particles. The magnetie field can be apphied, for exampde, using u

ing (MR system. In some embodimenis, o cha

s
£

5 van result in 2 change o the extent of healin g;;mdfm“ ablation

offovted by the particles. The application of a magnetic field to particles s described, for

""t

example, in Risux et al, U8, Patewt Application Publication No. US 20040101564 AL,

R 2

wublished on May 27, 2004, and entitled “Embolization”, which i3 ineorporated ed horain by

18 As snother examplo, in some embodiments, a particle can be formed of'o
more materials with a relatively high impedance {e.g., 8t loast abowt 250 ohmsy, bat ean
incluite & coating that is formed of ene or more materials with a rolatively low impedance
{e.5., at v about 20 chmal.

As s additional example, while the heating andior ablation of tissue using RE

24 racdiatinn hes been deseribed, in certain embodiments, microwave radiation can be ysed ©

As a further example, while certain embodiments of RE clectrodes have been
described, other embodiments of RF electrodes may be used in ¢ Hssue heating andfor
ablation procedure, For example, while array electrodes have boen deseribed, n some
25 smbodiments, s non-array electrode {e.g., a needle or a rixd} can be used I & tissue
‘or ablation procedure. In certain embodiments, a nog-array clectrode can be
ased to heat andVor ablate a rolatively small area of tssue {o.g., broust tissue, fung tissuel,
such as on area having 2 maximom dimension of from about one centimeter to about two

sy ¥

centimeters. I seme smboditents, an array electrode can be wsed 10 hest srdfor ablate 8

Cat
el

S :

relatively large aves of Hissue {e.g., Hver tissue, husg Hssue), such as an aves having a

3 -3

maximum dimension of more than two centimeters. Examples of RF clectrodes inchude

31
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monopolar BE glectrodes and bipolar RF clectrodes, such as LeVesn monopolar needie
slectrodes {Boston Scientific Torp.}, and the Coneerto™ Bipelar Needls Bleotrode

{Boston Sciesntific Corp.b
As another example, in some embodiments, # particle, @ particle chain, and/or &

b 3

gel can include one or more therapeutic agents {e.g., drugs). In corlain embudimenty, a

particle, a partivle chain, sodfor a gel can include a coating that tneludes one or more
therapentic agonts {o.g, thrombogenic agonts). In some embodiments, a purticle, a

iration of e oy

particle chain, andfor a get can have a coating that inclodes g high cone

more therapeutio agents,. One or more of the therapentic agents can aleo be loaded inde

the interior region of a particle andior a gel. Thus, the surfice of the particle andfor gel
san refesse an initial dosage of therapeutic agent after which the body of the puticle

mrst relegse of therapentic agent. The therapentic agent on the

oo e

surface of the particle andfor gel can be the same ay or different from the therapeutic

apent it the body of the particle andfor gel. The therapeutic agent on the surface can be
applied by sxposing the particle andfor gel to a high concentration solution of the

therapeutic apent. The therapeutic agent coated particle sndfor gel can include another
roating over the surface the therapeutic agent {e.g., & degradable and/or bicabscrbable

colymer which srodes when the particle is administered). The coating can assist in

¥

controlling the rate at which therapeutic agent is released from the particle andfor gel.

ue

For exanmple, the coating can be in the form of a porous membrane. The vosting can

delay an fnitial burst of therapeutic agent refease. The coating can be applied by dipping
or spraying the particle anddéor gel. The conting can include therapeutic agent or cur be

substantially free of therapeutic agent. The therapeutic agent in the coating can be the

& 3

same as or different from an agent on a surface layer of the particle and/or gel, andfor

. 5

within the particle sndfor gel. A polymer coating (2.¢. an erodible coaling) can be

ety

applied to the particle surface andfor gol surface in cnbodiments 1o which a high

[
poncentration of therapeutic agent has not been applied to the particle surface andfor gel

surfce. Ceostings sre deseribed, for example, in DiMatteo ot al, U8, Patent Application

£y
Leca

]

dahifcation Mo, US 2004/0076582 AL, peblished on April 22, 2004, and entitied “Agoent

herein by reference. In some emibodiments, ong

o

yrors

Delivery Particle”, which i3 incorporater

X
o
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or more particles, particle chains, andfor gels can be disposed in o therapeativ agent that
cast serve os 3 pharmaceutically acceplable carrier.

Therapeutic agents include genetic therapeutic agents, non-genetic therapentic

agers, and cells, and can be pogatively charged, positively charged, amphoteric, or

: X,

agents cant be, Ibr example, materials that are bologically active to

&1
o]
%
foo]
=3
by
]
o
4
f
o
|
Ped
e
o
7
&%
o]
o
fans
]
~
Lt}
i

ns; pharmaceutically active eompounds; proteins; gene

therapies; nucleic acids with and without carrier vectors {e.g., recombinant nucleie acids,

far

DNA {o.p, nsked DNA), ¢cDNA, RNA, genomic DNA, ¢INA or KNA in a non-

fasy

infectious vector or i & vival vector which may have atfsched peptide targ

XEITY Y
A l }L:_
\_ L

e sequences, antisense nucleie acids (RNA, DNAY: oligonuciestides; gene/vestor systoms
{e.g., anything that allows for the uptake and expression of nucleic aclds); DNA chimeras
(g, DNA chimeras which include gene sequences and encoding for forry proteins such

39 membrane ranslocating sequences (“MT87) and herpes stmplex virus-1 (CVRZ21)

compacting agents {e.g., DNA compacting agents); viruses; polymers; hyaluronic acid;

e

2 ¥

proteins {e.z., enzymes such as ribozymes, asparaginase); imnunologic species;

Lans e

Py
8]

nonsteroidal anti-inflammatory medications; oral contraceptives; progesting
gonadotrophin-releasing hormone agonists; chemotherapeutic agents; and radioactive

spevies {8.g., radicisotopes, radivactive molecules). N‘a:sndim_iting examples of

therapentic agents include anti-thrombogenic agents; antioxidants; anglogenic and anii-

e

".33
et
]
=]

2¢ angiogasio agen‘f‘: s factors; anti-pr oliferative agents {2.8., agents coy
smooth mascle cell profiferation, such as rapamyctn); caleium entry blockers {e.g.,
\-"SET{;%QI;%‘:'}”L‘;E, {iitiazam, nifedipine); and survival genes which protect agatnst cell death

.., ant-apoptotic Bel-2 family factors and Akt kinas

§3

Exomplary non-genetic therapeutic agents inchude: anti-

:»,4
,»4
(Y
o)

{04

]
~

o
bw
[
A
s
g
(,.
L.r

’)
vvé
pree]
joacy
7
2
=
,5’

i
o
-
7%
bord
7

weparin, heparin derivativey, urokinase, and PPack (dex m‘;3‘§if:§zyﬁ§ai:ﬁ'ine §is§'s;}§ii§s:
arginine chiovemethylketone): anti-nflammatory agents such ga dexamethasone,

predrisolons, corvosterong, budesonide, estrogen, acetyl salieylic ueld, sulfasalazine

(¥4
T

and mesalaming; antineoplastic/antiproliferative/anti-mitotic agents such as pacittaxel,
flusronncil, cisplatin, methotrexate, doxorubicin, vinblastine, vincristing, epothilones,
38 ensdnstatin, anglostatin, anglopeptin, monocclonal antibodies cagahie& “blocking smooth

masele eell proliferation, and thymidine kinase inhibifors; anesthetic sgents such as
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Hidocaine, buptvacaine and ropivacaine, anti-coagulants such as I-Phe-Pro-Arg

chioromethy! ketone, an RO peptide-containing compound, heparin, R,
antithrombin compennds, platelet reoeptor antagonists, anti-thrombin antibodies, snti-
olatalet recentor antibodies, gspirin, prostaglandin ihitors, olatelat inkthitors and tick
3‘}""‘"""j'§"‘ YRS E‘:xi)a anti €38, 48P, PES agian I R HIOLS, Haltigl INMNhars & SHER R

antiplatelet factors or peptides; vaseular cell growth promoters such ax growih fsctors,

P o

wanseriptional activators, and translational promoters; vascular coll growth inhibitors

such as growth factor inhibitors (e.g., PDGF inhibitor-Trapidil), growih facior receptor

o e

ication nhibitors,

antagonisis, ranseriptional repressors, transiotional repressors, 1

k: &

4t
7%

o,
Y

1t o

inhibitory antibodics, antibodizs diveeted against growth factors, bifunctional molecules
consisting af & growth factor and a cytelogin, bifunctional moleeules consisting ot an
antibody and a ovtotexiy profein kinase and tyrosine kinsse inbibitors {e.g., tarphosting,

sprmstein, quis oyelin analogs: cholosterol-lowering agents;
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snglopoisting, antitpicrobial agents such as triclosan, cephalos

-

and mitrofurantning eytotoxic agents, cyvtostatic agents snd cell pw‘i;*;us&} n atfoctors;
asedilating sgents; and agents that interfere with endogenous vasnactive mechanisma,

» senetic therapentio agents includer anti-sense DNA and RNA; TIRA

coding for anti-sense RNA, IRNA or rRNA te replace defective or deficient endogencus

moleoules, anmiogede factors including growth factors such as acidic and basie Hbroblust

ot

¥
H
H

growth faetors, vascular endothelial growth factor, epidermal growih factor, transi fnroing

i

growth factor o and §, platelet-derived endothelial growth factor, platelet-derved growth

factor, tumor necrosis faotor a, hepatocyte growth factor, and msulin ke growth factor,

cell evole inhibitors including CD inhibitors, thymidine Kinase {"TK”} and other agents
wsefid for intorfering with cell proliferation, and the family of bone morphogenic proteins
ing BAMP2, BMP3, BMP4, BMP3, BMP6 (Vgrll, BMPT {OP1),
BMPE, Es\i?*i BMPIO, BMIL, BMPI2, BMPI3, BMPI4, BMPIS, and BMPI&

Cuosrently }};‘e’?ﬁérr{:{i BMP's are any of BMPZ, BMP3, BMP4, BMPS, BMPS and BMP7
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These dimerie proteins can be provided as homodimers, heterodimers, or combinastions
thereof, alons or together with other molecules, AE’Eeméz&'ivsi}f or sdditionally, molecutes
papable of inducing an upstream or dovnstream effect of o BMP can be provided. Such

s of the “hedgehog” proteins, or the DNA
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Veotors of interest for delivery of genetie ther i{!t,utl\, agents inclader plasmds; viral

N

vectors such as sdenovinus {AV), sdenoassociated virus {AAVY and tentivirus] and non-

viral vectors such as Hpids, liposomes and catiowie lipids.
Cells tnclude cells of husman origin {(sutologous or allogeneic), including stem

»

colls, or from an antmal sowee (xenogeneic), which can be genetically enginesred 3f

-

.
e

Y 3

desired fo deliver proteins of interest,

Several of the ahove and numerous additional therapeutic agents appropriate for
the practice of the present invention are disclosed in Kumz et al., U8, Patent Mo
5,733,925, assigned 10 NeoRs {Corporation, which is incorporated herein by reference.

Therapeutic sgents disclosed in tids patent include the following:

haee

o

ell diviston in proliferating

“Chytostatic agenis” {Le., agents that prevent or delay ce

cells, for example, by inhibiting replication of DNA or by inhibiting spindle fiber

formation). Reprosentative examples of oytostatic agents include modified wxing,
methotrexate, sdriamyeis, radionuchides {o.g., such as disclosed in Fritzbarg et al,, US,

¥
>

thitors, including staurosporin, & profewn Kinase

>
Y,
\\
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having one of the following general structures:
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s well as stimulators of the production or activation of TGF-beta, including Tamoxiten

PR . - ~

and derfvatives of fanctional equivalents {e.g., plasmin, heparin, compouads capable of
reducing the level or inactivating the lipoprotein Lp(a) or the glyeoprotein
apolipopyotein{a)) thercot, TOF-beta or functivnal squivalonts, derfvatives or analogs
thereo!, suramin, nitric oxide releasing compounds {e.g., nitroghyeenin} oy anslogs oy
functional equivalonts thoreof, pactituxel or analogs thereof {e.g., twxotere}, inhibitors of
spocific snzyvmes {such as the nuclear enzyme DNA topoisomerase [ and DNA

B3 o r\‘\*‘l N L A ‘ l \\ 2% Oy \\
polymnerase, RNA polymerase, adeny] guanyl eyclase), superoxide dismutuse inhibitors,

cynuelentidyi-transterase, reverse tra:nscriptasm gritisense oligonucieotides

o
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that suppress smooth muscle cell profiforation and the ke, Other examples of “eytostatic

agenss” inslude peptidic or mimetic inhibitors {Le., sntagonists, agonsts, or conpetitive

or non-competitive inhibitors) of colhular factors that way {e.g.. in the presence of

¥

exiracetinlar maivix) trigger proliferation of smooth muscle celis or pﬁf%{:}riﬁs: 8.8,

eytokines {g.p., intoreukins such as IL-1}, growth factors

t
\ ]

bta, tumer necrosis factor, stoouth muscle- and endothelial-derived growih tactors, Le,

¥

M, homing receptors {e.g., for platelets or leakocytes), and extracelivlar

&

3%
5

endothelin, PO
matrix receptors {2, ntegring). Representative examples of useful therapeatic agents in
thix sategory of oviostatic agents sddressing smooth muscle proliferation include
suhitagrients of heparis, flazolopyrimidine {trapidil; 2 PDGE antagonist), tovastaiin, and

Agents that inhibit the fntracellular increase in cell volume (Le., the fissue volume
occupted by a call}, such as cytoskeletal inbibitors or metabolic inhibitors.

N

Reprosentative examples of cytoskeletal inhibitors include colehicine, vintiastin,

cvtochalasins, paclitaxel and the like, which sct on microtubule and microfilament
setwaorks within a call. Representative examples of metabolic fnhibitors nclude

staurosporin, trichothecenes, and modified diphtheria and toin toxins, Psendomonas
exotoxin and the like. Trichothecenes inchude simple trichothecenes {Le., those that have
oty a condrsl sosquiterpenoid structure) and macrocyelic trichotheeenes (Lo, those that
have an additions! macroovelic ring), €., a verrucaring of roriding, including Verruvanin

A, Verrncarin B, Verrucarin § {Ratratoxin ), Roridin A, Rovidin if.’:y Roridin D, Ronidin B

SEY e s aae ¥ PR X
{Qateatoxin Iy, Roradin K

R
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Agenis acling as an inhibitor that blocks collular protein synthesis andior

*

secrotion or organization of extracelivlar matrix (e, an “anti-mpalrix agent™n

Represemiative exaraples of “anti-matrix agents” inclade inhibitors

ardagonists and competitive and aon-competitive inhibilors) of matrx synthesis,

secretion andd assembly, organizational cross-hoking (e, wansplutaminases cross-

B < \"I‘

linking collagen), and matrix remodeling (e g., following woond healing). A

=3

representative example of a usefil therapeutic agent in this category of anti-madnix agonty

T

is colchiome, an inhibitor of secretion of extracellolar matrix. Avcther sxample i

tamnoxifen for which evidence exisis regarding #s capability to organize ans¥or stabilize

-

as well gy diminish smooth muscle cell proliferation following angioplasty. The
organization ov stabilization may stens from the blockage of vascalar smocth mascls cell

maturation in 1o a pathologically profiferating form.

o 3

Agents that ars evtotexie to cells, particularty cancer cells, Preforred agents are

Roridin A, Peeudomonas exotoxin and the ke or analogs o functivnal squiveients

thereof, A plethora of such therapeutic agents, including radiciselopes and the %h, have
beon identified and are known in the art. In addition, protocols for the identtfication of
gviolosic modetios are known and emploved routinely m the art

% namber of the above therapeutic agents and several others have also been

idemtified as candidates for vascular treatment regimens, for examiple, as agents gsting

pe

restenosis, Such agents include one or more of the following: calcium-channel blockers,

inchuling benzothiazapines {e.g., diltiazem, clentiszem}; dibydropynidines {e.g.,
nifedipine, wnlodiping, nicardapine); phenylalkylamines (g.g., verapamil); serotonin

patinway modulators, tncluding 5-HT antagonists {e.g., ketansernn, naftidrofuryl) and 3+

HT uptake inhibilors {e.g., Suoxetine}; eyelio nuclestide pathway agents, meluding
phosphoiesterase inhibilors {e.g., cilostazole, dipyridamole}, adenylate/guanylate

cyclase stimudants {o.g., forskolin, and adenosine analogs; catecholamine modudators,

b

N

including e-antagonists {e.g., prazosin, bunazosine), f-antagomists {e.g., propragsiod), and
a/B-antagonists {e.g., labetalol, carvediloly: endothelin receptor amtagonists] nitric oxide
doncrsirelessing molecules, inchuding organic nitrates/niirites {e.g., nitroglyveerin

isosorbide dinitrate, amyl nitrite), Inorganic nitroso compounds {e.g., sodivm

nitroprussidel, sydnonimines {e.g., molsidomine, linsidoming), nonoates {e.g,, diszeninm

LY
P
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diolates, NO addusts of slkanediamines), S-nitroso compounds, includio

weight compounds (e, S-nitroso derivatives of captopril, glutalluone and Negeetyt

3

peptoilarnine) and high moelesular weight compounds {e.g., S-nifroso devivatives of

proteins, reptides, oligossecharides, polysaccharides, synthetic polymers/oligomers and

Ped
fe

5 natural polvmers/olgomers), C-nitroso-, O-pitroso- and Nenitroso-compounds, snd L~

argindne; ACH inhibitors {e.g., cilarapril, fosinopril, e-naiaprﬁ.}; AT H-receptor aniagonista

¢z, saralasin, loswting; platelet adhesion inhibifors {e.g, albumin, polyethviene oxidey;

roen

telot aperegation inhibitors, inchuding aspirin and thicnopyridine (iclopidine,
fyet A N N .

&

v

s

YT

clopidogrely and GF Ub/Ha inhibitors {e g, abeiximab, epititibatide, tirofiban,

0 intergrilin, coagulation pathway modulators, including beparineids (e.g.. bepariy, low

u

molecudar woinhi hoparin, dextran sulfate, Boyelodextrin tetradecasulfate), thrombin

pes

v

inhibitons {e.g., hiradin, hiralog, PPACK (O-phe-L-prapyl-L-agg-chiorometiylicetonel,

argatroban), FXa inhibitors {e.g., sutistatin, TAP (tick anticoagulant peptide)), vismin K

s

inhibitors {o.g., warfarin), and activated protein C; cyclooxygenase pathway inhibitors

2.

13 {e.2., aspirin, ibuprofen, Hurbiprofen, indoraethaci, sulfinpyrazone); natural an
synthetic corticosteroids {e.g., dexamethasony, preduisaions, methpredassolong,
hwydrocortizone); lipoxyeenase pathway inhibitors (g, nordihydroguairetic seid, caffeie
acid; loukotriens recuptor magonists; antagonists of E- and P-selecting inhibliors o £
VOABM-T and ICAM-1 interaetions; prostaglandins and snatogs thereof, Including

d PGI2; prostacyelins and prostacyelin analogs {¢.8.,

e
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ciprostens, epoprostencl, carbacyclin, floprost, beraprost); macsophage activation

¥
N

preventors {e.g., hisphosphonates); HMG-CoA reductase inhibitors {e.g., lovastatin,

*

pravastatin, Suvastatin, stmvastatin, cerivastatin; fish oils and omega-3-fatly seidy;

o
9%

e

radical seovengers/antioxidants {e.g., probucol, vitaming C and ¥, chselen, retinoie actd
Tt 3

25 (g, tans-retinoie acid), SOD mimics); agents affecting various growih factors
including FOF pathway agents {e.8., bFGF antibodics, chimerie fosion proteine}, PRUGF
receptor antagonists (.., trapidil), IGF pathway agents {e.g., somatostalin analogs such
as anglopeptin and ocrectide}, TGE-P pathway agents such as polyanionic agents
{heparin, fuoniding, decorin, and TOF-f antibodies, BGE pathway agents {g.g., BGE
30 antthodies, recoptor antagonists, chimeric fasion proteins), TNF-a pathovay agemts (0.,

thatidomide and analogs thereof), thromboxane A2 {(TXAZ) pathway modulators {e.g.,
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sidotroban, vapiprost, dazoxiben, ridogrel), proteiu tyrosine kinase inhibilors {e.g
tyrphosting, genistein, and quinoxaling derivatives);, MMP pathway mbhibitors {e.g,

warimastat, Homastat, metastat), and cell motility inhibitors {e.g., cylochalasin BY;

1

antiproliferative/antineoplastic agents inchuling antimetabolites such as purine anslogs

[N

{e.g., S-mercaptopusine}, pyrimidine analogs (e.g., cytarabine and S-flaorcuract]} ang

methotroxats, nitrogen mustards, slkyv! solfonates, ethylenumines, antibiotics (e.g.,
daunceubicin, doxorubicin, daunomyein, bleomycin, mitomyvein, penteiliing,

2

cephalosporing, ciprofaldn, vancomycins, aminoglyeosides, quinclones, polymysins,

erviromyeing, tortacyelings, chloraniphenicols, chindamyeins, inomyeins, sulfonamides
and their homologs, analogs, fragments, dertvatives, and phanmaceutiosl salts],

gents afforting mucrotubale

L3

nirosouress {2.g., carmustine, lomustine} and cisplatin, a

&

dynamics {(8.g., vinblastine, vincristing, colchicine, paclitaxel, epotinlone}, caspase

activators, proteasome inhibitors, angiogenesis inhibitors (e.g., sndoatating angiostatin

and squalamine), and rapamycin, certvastatin, Savopindel and surgmind maleix

depasition/organization pathway inhibitors {o.g., halofuginone or other guinazelinone

{ertvatives, tranilast)y; endothelialization facilitators {e.g,, VEGF and RGD peptide); and
tlood rheology modudators {e.g., pentoxifyvliine).

Other examples of therapeutic agents include anti-tumor agents, sueh a8
docetaxel, alkvisting agents {g.g., mechlorethamine, chlorambucil, cyclophosphamide,
melphalan, Hosfomidey, plant alkaloids {o.g., stoposide), morganic fons (e.g., ciaplating,
binlogical respovse modifiers (o, interferony, and hormones {e.g., lamoxifen,
flutanddel, as well g3 their homologs, analogs, frapments, derivadives, and
pharmaceutiosd salts

Additional examiples of therapeutic agents include srganic-soluble therapeutic

gpenls, sueh asy

y”.s

$EH

5]
u/

i

ramyein, eyclosporing, and plicamyein, Further examples of
therapeutic sgoats include pharmacentically active c&mpmmﬁs, arsti-sense gones, viral,
Hposomes and cationic polymers {e.g., selected based on the
aotive solutes {¢ 3;,%}@933&?1}, prostaglanding, prosteyclins, L-arginine, nitne oxide (NG}
donors {o.g., Haldonting, molsidomine, NQO-protein adducts, NO-polyvsaccharide adducts,
volvmeric or oligomerte NO adducts or chemical complexes), enoxaparin, Waralin

o

sodium, dicumarol, interferons, interleuking, chvmase inhibitors {e.g., Tramiast), ACE

&0



323

[N

et
[

el

Tuy
b

o
o

W
i}

=

WO 2008/014060 PCT/US2007/071299

«4

inhibitors {o.g., Enslapril}, serotonin anfagonists, 5-HT uptake inhibitors, snd beta

,
blockers, and other antitumor andfor chemotherapy drags, such as BiONU, bosulian,
carboplativem, cisplatinum, ovioxan, DTIC, fludarabine, mitoxantrone, velbag, VP-16,
fcreeptin, Jeustatin, naveliine, rifuxan, and taxatere

Thorapentic sgents are doscribed, for example, in DiMatteo et all, US. Patest
Application Publication Mo, US 20040076382 A1, published on April 22, 204, and
entitled “Agent Debivery Particle”, and in Schwarz of al., US. Patent No, 6,368,658, hath
of which are incorporated herein by reference,

A an additional example, in some embodiments, 8 purticle can include a shape
memory material, which is capable of being configured to remember {e.g., to change o} &
predetermined configuration or shape. In certain embodiments, # particle that inclodes s
shape memory material can be selectively transitioned frony a firs! state {o 2 second stale
For exanple, g heating device provided in the interior of a delivery catheter can be used

to cause a particle incloding a shape memory material 1o ransttion rom a frst state to g

second state., Rhape memory materials and particles that include shape momeory muaterials
are doseribed, for example, in Bell et al,, ULS, Patent Application Publication No,

GR1543 Al, published on May 13, 2004, and entitled "o

gnd in DiCario et al, U.S. Patent Application Publication No. US 2005/0085428 AL

published an May & 2005, and entitled “Embolic Compositions”, both of which are

An o further sxample, in certain embodiments, a particle can fnclude a surfac

vential material, Surfce preferential materials are desertbed, for example, i

by

o

ety
DiCarie ot al, U.S. Patent Application Publication No., US ZO05/4196449 AL, published
on Reptember §, 2008, and entitled “Hmbolization”, which is incorporaied herein by
reforence.

As another example, in some ombodiments, a particle can include one or more

dHagnostic agents {e.g., & mdiopaque material, a material that iz visitle by magaetic

FRRONAALE {1 *\ggis“.:g {ars MRI-visible material), an ultrasound contrast sgent). I corlain

agent inte the particle andfor by soaking the particle in the diagnostic agent. Diagnostic

2 N Lt

agenta ave desortbed, for example, in Rioux et al, UK. Patent Application Publication

s 8
ot
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(31364 AL, published on May 27, 2004, and entitied “Enbolizabion™,
whieh 13 incorporated herein by reference.

As an additionsl example, in some embodiments, particles having different
shapes, sives, physical properiies, and/or chemical properties, can be used together in g
procedure {e.g., o ablation proceduare, an embolization procedure}. For example,

%

pa*'mim having different im;mda:nccs gan be used ‘t‘:}gﬁtm‘r in an ablation procedure. The

¥

defiversd using a mnlti-lumen catheter andfor syringe. In some embodiments, particles

taving different shapes andfor sizes can be capable of interacting synergistically {o.g., by

sogaging or nterlocking) to form a well-packed cccluston, thereby enhancing

embolization. Particles with different shapes, sizes, physical properties, andfor chengeal

Il

sroperties, and methods of embolization using such particles are deseribed, for examgple,
in Bell ot al,, UL, Patent Application Publication No. US 2004/0091543 A1, published on
May 13, 2004, and entitled “Embolic Compositions™, and in DiCario et al, U8, Fatent

Appheation Publication No. US 2005/0095428 A1, published on M

entitled “Fmbolic Compositions”, both of which are incorporated herein by reforanee.

As another example, in some embodiments, particles can be fyophilived {e.g.
asing 2 VirTis Sentey™ lyophilizer (8P Industries, Gaediner, NYJ) In certain
smbodiments, Ivophilized particles can be reconstituted shortly before s procedure (2.2,
an ablation procedure).

As a further example, In some smbodiments particles can be used for Hasue

ans

¢, particles can be placed (e.g., injocted) info tssue adjacent o 3

W

hudking, As an examp
body passageway, The particles can narow the passageway, thereby providing bulk and

allowing the tissue to constriet the passageway more gasily. The particles can be placed

g

~

ceording o & mumber of difforent methods, for example, perostacousty,

roi
jonn
5
.
s
4>
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9.0
o
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laparescapicaily, andfor through a catheter. [y cortain embodiments, & savity can be
formed i the Hasue, and the particles can be placed in the cavity, Particle thasue bulking
cerrey Sres 13oened e feeant ,:u\ S A i { '.i 2 £ £y ‘f ;}3 H At ey b
can be used 1o troat, for example, intrinsic sphincterie deficiency {ISD), vesicoureterat
reflux, pastroesophagent reflux disease (GERD), andior vocat cord paralysas {eg,

restore glottic competence i cazes ot Cnaralytic dysphownia), 1o some embodiments,

X
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particle tissue bulking can be used to treat urinary incontinence andior fecal incontinense,

H \

The particles can be used as 2 graft material or a filler to S andfor to smooth out soft

tiasue defects, sueh an for reconstructive or cosmetic appiivations {e.g., surgery).
Framples of soft tissus defoct applivations inelude cleft bips, stars {e.g, depressed scars
froan chiicken po or aone scars), indentations resulting from gpns\mz«u inkdes (2.8,

desoribed, for axzﬁ*;pi ¢, in Bowne etul,, U8 Pa cn.‘Ap;:Eix‘:aﬁg‘sﬁ Pahlication No.

U5 200502331308 AL, published on December 18, 2003, and entitied ©

ST ¥

which s incorporated herein by reference.

As another example, i some embodiments, 2 gas {o.g., ai, mogen, argon,

¢

krypton, helitm, neon can be bubbled through & gelling agent mixture {e.g., a gelling

agent solution) it a vessel. In certain embodiments, an air pump {.g., an Accucuiture air

Loy

§

nump! can be used fo pump alr info & gelling agent mixture. Without wishing o be

hound by theary, it 1a beligved that i some embodiments, bebbling a gas trough 2
gelfing agent mixture may reduce the surface tenston of the wddture and/or result in the
formation of relatively snwdl particles {e.g., particles having & diameter of toss than abowt

As an additional example, while certain drop generators have been desaribed, in

some ambodiments, other types of drop generators can be used to mabe particies.

Fxamples of sornunercially available dmp gensrators include the Inotech Encapsulator
it {E-SOR/NS (notech AG Dottikon, Switzerland) and the Gemal L™ JetCutter Type §

Yy v

{from Geniala®), Drop generators are desertbed, for example, in InCado st ul, US

bad
Patent Apphioation Serial No. FTILS1, filed on April 21, 2005, and entitled

“Partiolss”, which is incorporated herein by reference.

Other embodiments are in the clamms.
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Claims

A particle having an fnpedance of at most 60 ohms at an applied power of

twn Watls, wherein the particle has s dlametor of at most about 3,000 microns.
Ea

2. The pariicle of claim 1, wherein the psrticle has an impedance of at most

abowt 40 ohime at an applied power of two Walls.

3. The particle of claim 1, wherein the particle has an impedance of al most

=3

atsout 30 rhms at an applied power of two Waits,

4 The particls of elaim 1, wherein the particle has an impedance of st most
about 20 ohung al an applied power of two Watts,

5. The particle of claim 1, whereln the particle comprises a gelling procwrser,
. The particle of clatm 1, whereln the particle comprises alginate.
7. The particle of claim 1, wherein the particle does not comprise &

ferromagnetic material,

8. A method of making a particle, the method comprisiag
generating drops comprising 2 gelling precursor; and
contacting the drops with a solution comprising a gelling agent comprising ¢

miaivalent cation,

whereln the concentration of the gelling agent in the selution fs more than aboa
HEperoomt
9. Thi method of elaim &, whersin the concentration of the gelling agent in

the solution 1s more than abowt 20 pereent,
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i The

- method of elagim 8, wherein the concentration of the gelling agentin
the selution 1w more than abowt 30 percent.
i The method of claim 8, whereln the concentration of the gelling agent in
the solosion i more than ghoot 40 percent
12 The method of claim 8, wherein the gelling agent comptises calpium
chloride.
i3 The method of claim 8, wherein the gelling procursor comprises alginate
14, The method of elabm 8, wherein the particle comprises €

PRECUTSOL.

¢ gelling

i5, The method of ¢lam 8, wherein the d

drops furthe

A method, comprising:
diapming at least on

¢ particle in a tissee of a subjeet, the
¢ dimmeter of gt most about 3

%
ot
P
L

SRposmng {

L0 microns; and

hie at least one particle to radiation o fieal
wherstn ti

the

0y
Ay

tissue,
it ieast one particle has an impedance o
ppled power of two Wats,

s,

N TR o £ e
atmost 68 ob

353
i1, The method of claim 16, wherein the at lea
unpedance ol at

ast one particls he
£ at most about 40 ohms at an applied power of two Wat

18 an

hod of claim 10, wherein heating
thawue,

the tissee comprises al

e
L
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19 The method of cluim 16, wherein the methed includes exposing the st

beast one particle to R¥ radiation,

3. Vhe methad of olatm 16, wherein the method inclades heating the issue to

a temperature of at feast aboal 40°C

1. The method of claim 16, whereln the at least one particle comprises &

plorality of particles,
22, A method, comprising:

disposing & gel in g Hssue of a sabjest; and
sxposing the gel to radiation 1o heat the tssue,

LR §

wherein the pel has an impedance of at most 60 ohms at an applied power oftwo

P

~

5 an impadance of at most

cenih

s
sel b

poah

I3 The method of claim 22, wherein the

(f/“

ahont 40 ohs ot an applied power of twe Watts,

24, ‘Themethod of claim 22, wherein the gol does not comprise a

23 The mwthod of claim 22, wherein the gel comprizes a fervomagnetic
matertal,
6. Themethod of claim 22, wherein disposing a gel in & Hissue of a suhjoct
comprises foming the gol in the tissue of the subject.
37, Aomcthod of forming a gel in a tissoe of & subject, the method comprisiug:
contacting o gelling precursor with a solution comprising a gelling agent in the

5 N %

wherein the gel bas an impedance of at most 60 olins,
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28, A method of forming & gel in a tissge of a subject, the method compising:

gortacting a gelling precursor with a sclution comprising o gelling agent o the

& P
tissue of the sudject
. N . v SR : o LTS, S & B4 R o
wherein the concentration of the gelling agent in the golling agent solution ig

move than abont 18 percent,

<



WO 2008/014060 i PCT/US2007/071299




WO 2008/014060 PCT/US2007/071299
223




WO 2008/014060 - PCT/US2007/071299

A80




WO 2008/014060

A7
A

PCT/US2007/071299

a2 a
6 9 poo
8 B o

L2

—_ Y
~
e
i
£
]




WO 2008/014060 ) PCT/US2007/071299

150

F




WO 2008/014060 PCT/US2007/071299
&i23




WO 2008/014060 PCT/US2007/071299

i
o]

180




WO 2008/014060 PCT/US2007/071299
B3




WO 2008/014060 PCT/US2007/071299

FIG. 3B
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FIG. 3C
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FIG. 4C
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FIG. 8
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