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METHODS, SYSTEMS
USING E

» AND APPARATUSES FOR TISSUE ABLATION
ECTROLYSIS AND PERMEABILIZATION

CROSS-REFERENCE TQ RELATED APPLICATION(S)

RUHE This apphication clgims priority to provisional gpplicstions US. Serwal Ne.
61904, 142 filed on Noveniber 14, 2013, LLS. Serigl No. 617921084 filed an December
27, 203, and 1.5, Serial No. 61/938,623 filed on February 11, 2014,

$02 The entire disclosures of the afore-mentioned applications are considered 0 be
1

part of the discloswe of the instani application and sve horeby incorporated by

reference i their entirety for any puwrpose.

BACKGROUND

RHIRY Elecwrolysis has been used for minimally invasive tissue ablation since the early
T8Ys. The process of electrolysis occurs at the electrode surfaces for electrodes
submerged i an ome conducting media. New chemical species are generated at the
interface of the clectrodes as a result of the clectric potential driven transfor between
clectrons and tons or atons, The various chemical species produced near the clectrodes
diffuse away @ a process driven by differences i clectrochenucal potential, In
physiological solutions these chemieal reactions also vield changes in pH. resulting m
an acidic region near the anode and a basie region near the cathode. Tissue ablation is
driven by two factors: a eyvtotoxic environment developing due fo focal changes m pH,
as well as the presence of some of the new chenucal species formed dunnyg elecirolysis.
Electrolysis 1s a chemical ablation mechamsm, and the cxtent of ablation i 2 function
of the concentration of the chomical species and the exposure time o these chemicals.
The total amowunt of clectrolytic products generated during electrolysis is related to the
charge delivered during the process, and thercfore the total charge is used as a
guantitative measwre for the extent of electrolvsis.

UIRY Creer the last two decades, substantial research has been done on tissug ablation
by products of the electrolvais process i fonic agueouns solations, including cell and
animal expertments, mathematical modeling, and chnical work. In the contemporary

hteratme, electrolytic ablation using products of electrolysis generated from tissue ions
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and molccules 15 sometimes reforred to as Electro-Chemical Therapy (EChT) Undes
specifically stated othorwise, the torms “the prodects of elecirolysis™ and “elecirolysis
products” refer to products generated from the fransfer and removal of electrons to ons
and molecules i an ronie agueous sohdion and mvolve anly the components of the
agueous solution or tissae as an aqueous sofation. Unless stated otherwise, the process
of electrolysis implies the use of mert electrodes that do not participate in the process of
clectrolysis except as a source or sink of electrons or as catalysts, This is also how
clectrolysis s defined in EChT. As used herein, “electrolysis™ or “clectrolytic” refers to
the process of clectrolysis and the products of electrolysis as defined above
Electrolytic ablation has been shown to exhubit several unique sttnbates. First, due to
the chemical nature of the ablation process, the diffusion of chemical species in the
tsspe and the rate of chenveal reactions dominate the time scale of the procedure.
Second, the chemical products at the anode differ from those formed at the cathode,
thus resulting in distinet mechamsms of ablation. Finally, electro-osmotic forces drive
the nugration of water from the anode to the cathode, further magnifying the
contrasting physiological effects at the electrode surfaces. From an operational
standpoint, clectrodysis may use vory low voltages and currents, providing advantages
refative to other abdation techniques, eg. reduced instramentation complexsty. It is,
however, a leagthy procedure, controlled by the process of diffusion and the need for
high concentrations of electrolytically-produced ablative chemical species.

{085} Electroporation also harnesses an elecinicity~-indaced phenomenon; st differs
from electrolysis by emploving a different set of biophysical principles. The bioclectric
phenomenon of clectroporation is characterized by the permeabilization of the cell
membrane through the application of very brief, high-magmitude clectrie ficld pulses.
The extent of membrane pormeabilization v a function of the clectric field strength.
Electroporation can be used o produce roversible pores, defects, in the lipid bilaver,
alfowing for the introduction of molecules such as genes and drags into cells. This 1s
generally referred to as “reversible electroporation”™ The electric pavameters, however,
can be designed to produce trreversible defects in the cell membrane, resulting v a cell
membrane that does not reseal affer the ficld is removed. This 1s referved 1o as
“rreversible  electroporapon™. Reversihle  clecwoporation  techniques  have been

comnbined with antwancer drugs such as bleomvcin to farget cancerous tissues for
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successiul clinical vse in the fickd of clectrochemotherapy. Reversible electroporation is
also used 1w other medical and bistechnologival applications, including tmmsfoction and
introduction of moedecules such as siRNA mo cells that swvive the peomeabilization
process. Electroporation specifically targets the cell membrane through the application
of an elecwric field that develops instantaneowsly. Irreversible electroporation may be

used for tssue ablation,

SUMMARY

{06} An example method for targeted fissae ablation may include permeabilinng cell

¢ electrolysis products to the targeted

membranes in the argeted tissue and deliverin
ttssue, wherein the electrolysis products may be toxic to the eclls in the tissue.

{07} An example apparatus for tssue ablation may include a source of electrolysis
products, wheremn the sowree of electrolysis products may be positioned proximal the
targeied tissue and a device that smay be configured o penmeabilize cell membranes in

fhe targeted tissue.

BRIEF DESCRIPTION OF THE DRAWINGS
jOOS} The foregoing and other featuwres of the present disclosure will become move

fully appareat from the following description and appended claims, fohen in
comunction with the accompanying drawings.  Understanding that these deawings
depict only several examples 1o accordance with the discloswre and ave, therefore, not
to he considered limiting of ts scope, the disclosire will be deseribed with additional
spectficity and detail through use of the accompanying drawings, in which

o093} FIG. T 1s a schematic ilustration of an electrolysis system according to an
embodiment of the disclosure.

ja1y FI6. 24 1s & How chart ilhestratiog a mothod according o an cmbodiment of the
disclosure.

joty FIG. 2B 15 a flow chart illustraning a method according to an embodiment of the
disclosure.

{12} FIG. 3 s a schomatic diagram of a treatment probe according to an embodiment

of the disclosure.
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{13 FIG. 4 is a schomatic diagram of a treatment probe according to an emboediment
of the discloswe.

HUE Y FIG. 54 illustrates an clecirode configirations according o sn cmbodiment of
the disclosure.

fO15] FIG. 5B illustrates an electrode configuration aocording to an embodiments of
the disclosure.

{016} FIG., 6A 1 a schematic diagram of a balloon catheter according o an
citbodiment of the disclosure.

1617} FIG. 6B ¢ a schematic diagramy of a balloon catheter according to an
embodiment of the disclosure.

jO18] FIG. 7 is a schematic illustration of an clectrolysis device according to an
embodiment of the discloswre.
DETAILED DESCRIPTION

U Cortain detads are set forth below to provide a safficient enderstanding of

embodiments of the disclosure, However, 1t will be clear to one skilled i the art that
embodiments of the disclosure may be practiced without these particolar details.
Moreover, the particalar embodiments of the present disclosure deseribed herein are
provided by way of example and should not be used to limit the scope of the mvention
to these particular embodiments.  In other mstances, well-known  materials,
components, processes, controlfer components, software, circuitry, tming diagrams,
andfor anatomy have not been described or shown in detail i ovder to avord
unnecessarily obscuring the erabodiments.

{020} This disclosure describes the combined effect of clectroporation  with
clectrolvsis which may allow for wmore effective ablation of tissue.  Combining
clectroporation with electralysis may produce a substantial increase in the extent of
tissue ablation as compared to the ablation produced by the same dose of electrolysis or
clecroporation  separately. Without being bound by a2 partadar  theory, this
phenomenon may be atribuied to the clectrolytically produced chemicals that may pass
through a permeabilized cell membrane inte the interior of the cell) thereby causing celi
damage at much lower concentrations of clectrolyvtic products than for intact cells, This

mechanism of tissue ablation may be affected by the dose of chemical species produced
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by slectrolysis at the electrodes, the process of clectro-osmotie diffuston from the
clectrodes inte tissue and the permeabilization of the cell membrane n the targeted
fissue,

jo21 Blevtrolysis generally refers to a process of inducing an electrochemical
reaction that involves passing a divect awrent through an ionic solation via two
clectrodes.  Electrolyvsis may facilitate the removal andfor addition of electrons from
atoms andfor ions, which may lead to the formation of new preducts. For example, by
passing a DC cumrent through a saline solution (Na{l and H,0}, hypochiorous amd
(HCHD) may be formed. The products formed may be based, at least in part, on the
ionic composition of the solution, pH, andior matenials included n the electrodes. The
amount of clectrolysis products formed may be based at least in part on the magnitude
of the cwrent andfor the daration the curvent is apphied. The current may be generated
by coupling a power source 1o the clectrodes. Examples of power sources may include,
bat are not hmited to, one or mawe, elecirical network, batteries, 3 computer {e.g.,
coupled via USB cable), a solar cell, and combinations thereof.

j622} Electrolysis products may be used for sterilization andfor ablaton of tissue.
Sonwe electrolvsis products, which miay be generated from the 1ons and molecules of the
agueous sohution, such as hypochlorogs acid previcusly mentionsd, may be toxie to
colls andfor orgamsms.  Hypochlorous acid and other clectrolysis products may be
introduced to 3 fHssuc by pouring or injecting a solotion including the eleetrolysis
products to a targeted tissue.  However, glectrolysis products degrade rapidly over
time, reducing thetr effectivencss,  In tissue ablation by products of clectrolysis
applications, it may be desired to produce the electrolysis products at the tissue site.

j0234 Electrodes for performing electrolvsis may be placed in contact with a tissue or
a solution i contact with the tesue. It may bo advantageous to use nevt clectrodes,
because the products of electrolysis are specifically defined from the composition of the
sofuttion. When the clectrodes are activated, electrolysis products may form from the
tons and molecules 1 the tissue andfor solution and diffuse throughout the target
vohune of tissue. Cells withun the target sife may be ablated. Electrolysis may be used
i combination with other treatments such as thermal ablation, cryotherapy, collular
permabilization, andfor combinations thereof.  The permeabifization of cells may

increase the diffusion of clectrolysis products mio the cells of the target volume of
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tissue. This may cahance the cifectivencss of clectrolysis therapy andior reduece the
amount of electrolysis products required to achieve a desired effect.

j024] In somw cmbodiments, oloctrolvsis may be wsed i combinntion with
clectroporation and/or other collular permesbilization treatment.  The combination
treatment may be more effective at ablaton andior sterilization than the individual
treatments wsed alone. The combination of electrolvsis with another treatment may
gencrally be reforred o as “multmodahity electrobysis™ herein,

{125} An cxample method of tissue ablation through the delivery of products of
chectrolysis to a targeted volume of tssue, 1n combination with the permeabilizing of
the cefl membrane of the cells in targeted vohume of tissue may include: bringing
clectrode needies to the proximity of the targeted vohume of tissue, delivermg cleetric
potential o the electrodes fo generste electric fields that permweabilize the cell

g electric current o the electrodes

o

membrane in the targeted volume of tssue, deliverin
for generating the electrnlytic produets at the clectrodes at an amount sufficient to
ablate permeabilized cells m the targeted volome of tissue, and electro-osmotic
diffusion of the clectrolytic products throughout the targeted volume of tissue.
Pormeabilization and production of clectrolvtic praducts may be done i any sequence
that achicves the goal of bringing the products 1o the cells in the targoted vohane of
tissuc and at the same towe permeabibizing these colls, such as permcabilizing the
vohene of cells in tissue first and generating the required amount of products of
clectrolvsis  mext, generating  the amount of clectolytic products  fust  and
permeabilizing the cell mombrane next, simultancously permeabilizing the cell
membrane and producing the products of electrobysis, or any combination of these.
1026} Figure 1 is a schematic iflustration of a nudtimodality clectrolysis system 100
according o an cmbodiment of the discloswe. The nwdtimaodality electrolysis system
10 may be capable of performing electrolysis and at feast one other treatment, such as
cethdar permeabifization treatment. Althoogh the system HH in Figare 1 1s shown on
the surface of a tissue 10, the system HIO may be configured to be used inside tissue 10,
proximate tissue 1), andior in a cavity formed by tissue 10 in some embodiments. In
some embodinents, the system 100 may include a contvofler 105 coupled 1o an
clectrotysia dovice 110 and a cellolar permcabilization device 115, Although shown ax

separate devices in soune embodiments the electrolysis device 110 and the collular



WO 2015/073885 PCT/US2014/065794

-

permesbilization device 115 may be the same device, The devices 10, 1S may be
placed proxumate to a treatiment site on tssug 13

2T The controller 105 may control the timing, strength, and deration of treatments
provided by the devices THL 113 The controller 103 may, for exammple, be
programimed 1o provide an clectronic signal to the devices 110, 115, The electrome
signal may be indicative of a dose of treatment, for example, a dose of clectrolysis
products, The clectronie signal may control the tinung and mageadde of a camrent
gencrated by the electrolysis device 110 andior the celhdar permeabilization device
P15, which may be implomented as an electroporation device. This may allow a wser to
customize treatment of the tissue 1L In some embodiments, the controler 18 coupled
to a power supply 120 In some embodiments, the power supply 120 may be incladed
m device 110 andior device 115 In some embodiments, the power sapply 120 13
mtegrated with controlier 105

1028} Although shown as a sepavaie component coupled fo the devices 110, 15,
some ombodiments, the controller 105 may be mtegrated o one or both devices 114,
HS andfor packaged together with one or both devices 110, 115 In some
embodiments, the controller 105 mav mchade 3 programmable chip coupled o the
devices 118, 115, Some embodiments, the controlier 1033 may be inmplemented using a
computing device (not shown) and be remotely coupled to the devices 110, 115, The
computing device may be unplemented wsimg, for example, a nucroprocessor, a
desktop, laptop, server, handheld devics, a personal computer, a tablet computer, andéor
a smart phone. In some examples, the computing device may be integrated with and/or
shared with another piece of wedical equipment. The controller 105 may be coupled
by a wire or comamunicate with the deviegs 110, 115 wirelessly, In some cmbodiments,
two separate controdlers may be used i system 100, Each controlier may be coupled to
one of the devices 110, 1145

{029} in some embodiments, the controller 103 may be progranmuned to provide an
electronie signal indicative of a dose of the clectrolysis products adfor a permcability
fevel of eells. The controller 105 may, for example, include such a program, or inchude
one of more processing deviees {e.g. processors) coupled to a memory encoded with
executable fnstructions for electrolysis treatment and at least one other treatment, such

as cotlular permeabilizafion treatment.
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1034} The system 100 may further include one or more sensors for mcasurement of
pHl 125, dlectric finld strength 130, andfor other properties of the tissee 100 For
example, the sensor may sense pH near the electrolysis device O and provide the pH
valug to the controller 105, The controller 105 may further be progravwuned to adjust an
clectronie signal provided to the clectrolysis device 110 based on the pH near the
device. A reservoir (not shown) may be provided for addition of compounds, such as
buffers or other solutions, to the agucous matrix to adjust the pH.  In another example
the pH sensor 125, may be inserted at the outer edge of the targeted volume of tissue to
deteet when the pH at the sie has reached a desired level which mwy onsare the
ablation of tssue af that site. Thes may be used as an indicator by the controller 103 to
stop the electrolvsis process.  In another example the pH sensor 123, may be inserted at
a particular site n tissae to detect when the pH at the site is reacling a potentially
damaging value to avord tissue damage at that site. This may be used as an indicator by
the controlier to stop the clectrofysis process.  In some examples the clectric meter
130 may be set at a particular location in tissue to measure soclectric field levels which
may cnsure that the cells at that Iocation are permeabilized. The electric meter 130 may
be implomented as an clectrical conductivity meter.

1831} In somme cmbodiments, the clectrolysiz device T mchedes one or more
clectrodes for conducting a current through a solution. The sohution miay he pative to
the treatment site andior it may be mtroduced to the treatment site.  In some
embodiments, the clectrolysis device 110 includes an aqueocns matrix In contact with
the electrodes for placement proximate the treatment site. In some embodiments, the
agueous matrix may be a gel including a saline solution. In some embodiments the
saline solution mav be at a pH of between 3 and 5, such as a pH of 4. In somg
cmbodiments, the clectrolysis device 110 may be a treatment pad for sarface
treatments.  In some embodiments, the electrolysis device 110 may inchude needle
electrodes andfor a catheter for use within cavives andfor tissues.

{032} The cellslar permeabilization device 115 may perform reversible andior
wreversible permeabibization.  In some embodiments, the celhddar penmesbilization
device 115 s an clectroporation device. The electroporation device may include one or
more clectrodes for genevating a potential difference across tissue for permeabilizing

cells. The pormecability of the cells audfor the roversibility of the permeabilization may
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be based. at {east i1 part, on the nagmitude of the local clectrie field in tssue andfor
diration of the clecthroporation featmend.  In some cmbodiments, the celludar
pormeabilization deviee 115 15 & sonoporation device, which may use altrasound for
pormeabslization. In some embodiments, the cellular permeabihization deviee 113 may
mmplement another permeabilization method such as, but not {imited to, crvosurgery,

o~

freezing, coldporation, heatporation, and chemoporation,

{033} In some cmbodiments, electrolysis device 110 nwy be packaged with the
cethdar permeabilization device 115, In some embodiments, the clectrolysis device
FHE and collular pormeabilization device 118 may be a single device. For example, the
clectrodes for performing electrolysis may also be wsed for performing electroporation.

034} In soine embodiments the combination electrolysis and permealnlization may be
combined with other modalities for tssue treatnent such as thermal ablation, radiation,
chenuecal ablation, andfor gene therapy.

{035} Figures 2A and 2B are flow charts tHustrating methods 2004, 2008 according
to embodiments of the disclosure. In some cmbodiments, a muliimodality electrolysis
system, device, and/or apparatus may be placed for treatment of a target sue, for
cxample, a fissue.  The muoltimodality clectrolysis system such as the system [U0
sthestrated 1n Figare 1 may be wsed. The treatoents porformed by the multimoedality
clectrolysis systom may be manually controlled by a user or may be controlled by a
controlier, for cxample, contreller 103 shown in Figwre 1. Generally, delivary of
clectrolvsis products may be performed before, during, or after permeabilizing cells ina
tissue to be treated.  As described herein, in some examples, permeabilizing the cells
before, during, andior after delivery of the electrolysis products may improve the
effectivencss of the electrolysis products in ablating the tissue.

1036} In method 2004, clectrolysis is performed at Block 205, The electrolvsis may
deliver electrolyvsis products to the tarpet site. Electrolysis may be followed by cellular
permeabilization at Block 210, Cells at the target site may have increased permeability
m response to the cellular permeabilization, which way enhance dehvery of the
clectrolysis products. Although ot shown, Block 205 may be repeated afier Block 210
in some embodiments. In some embodiments, Blocks 205 and 210 may be repeated in
an alternating fashion for a desired period of time. Blocks 205 and 210 mav be of

different tinwe durations, magnitudes, snd/or other differing parmoeters.  In some
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embodiments, Blocks 208 and 210 may be scparated by a peniod of time where no
freatment is apphivd o e target site.

jO374 In method 200B, colludar permeabilization v porformed af Block 215, Cells at
the target site may have increased permeability v vesponse to the ccllular
permeabiiization. Electrolysis may be performed following cellular permesbibization at
Block 220, The electrolvsis may deliver electrolvsis products to the target sue.
Although not shown, Block 215 mayv be repeated after Block 220 m some
embodiments.  In some embodiments, Blocks 215 and 220 may be repeated m an
alternating fustuon for a desived period of time. Blocks 215 and 220 may be of
different time dwavions, magnitudes, andéor other differing parameters.  In some
embodiments, Blocks 215 and 220 may be scparated by a period of time where no
treatment is applied to the target site.

1038} In some embodiments, eclectrolysis and cellular penmeabilizabon may be
performed at the same time or partially at the same time. For example, corrent o
generate clectrolysis products may be provided during a same period of time as an
clectric ficld for electroporation, or current as a thermal source for permeabihzing cell
membranes Is apphied to the issue.  In some cmbodiments, clecivolysis and cellelar
pormeabilization may both be performed together for a continuons period of time o
mtermitiently.  In some cmbodiments, one weatment may be performed continuously
while the other treatment is performed internsittently.  The magnitude and duration of
cach treatment may be modulated independently of the other wreatment.  For example,
clectrolvsis may be performed continuousty for several nunutes while cellular
permeabilization may be performed for several seconds each nunute. The electrolysis
way be discontinned while the cclhddar permenbilization continaes to be performed.
Other combinations of treatments may be possible. The time, duration, and order of the
treatments may be chosen based at least in part on the desired effect on the target site,
the size of the target site, andfor local physiological conditions of the target site.

j039] In some embodiments, electrodes may be included on andior in & eatment
probe which may produce one of, or both electrolysis and electroporation treaiment.
For example, the treatment probe may be used to execute the methods described above
andior llustrated in Figures 2A-B. In some embodiments, the treatment probe nay be

used o mplement an electrolvsis device and/or an clectroporation device, such as
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devices 110, 113 illusteated in Figure 1. In somo enbodimends, the treatment probe
may be a combination device used (o nploment both deviees 110, 118, The tteatmoent
probe may be mnpdemented using a poiet, needls, 3 wite, a pad, a disk, andior
corshinations thercof. o sone crobodiments, the clectrade or clectrodes may mchude
the entire treatment probe. In some embodiments, the electrode ov electrodes may be
meluded as a portion of the treatment probe.

{040} Figure 3 1s a schematic diagram of a treatment probe 300 secording © an
embodiment of the disclosure.  The treatment probe 300 may mcorporate both
clectroporation clectrodes 305 and electrolyais clectrodes 310 The electrodes for
clectroporation 303 may be separate from the electrodes for electrolysis 310, Having
separate clectrodes for cach treatment modality may allow for independent optimization
of the electrode configoration for both elecwroporation and electrolysis. For example,
the electrode design for electrolysis may nclade materials that ave selected for specific
electrolvsis product species production, sueh as Ti coated with BO to favor production
of hypochlorous acid. The clectrode material for electroporation may be sclected to
avoid electrolysis product formation that may result 1n bubble formation, which may
fead to arcing. The electrodes may be in any mumber, size and shape of clectrodes using
a scparate electrade delivery approach.

jd1} Figure 4 s a schomatic diagram of a treatment probe 400 according to an
embodiment of the disclosere. In some ombodiments, a treatiment probe may infegrate
the electrodes 403, 410 for clectrolysis and clectroporation. The clectrodes for
clectrolysis, or certain ones of the electrodes, may be the same clectrodes, or cortain
ones of the clectrodes, that deliver electroporation. The electrodes may be in any
mumber, size and shape using an integrated electrode approach. A number of different
configurations may be used to integrate the dehivery of electroporation and electrolysis
nifo a catheter. The size, shape and configuration of the electrodes may be specitically
taifored to the targeted treatment site.

{042} In some embodiments, a trestment probe may include a combination of
clectrodes wsed for both clectrolysis and clectroporation delivery, For example, an
clectrode may be used for both clectroporation and electrolysis. A separate clectrode
may be wsed to complele the electroporation debivery and g separate electrode may be

used te complete the clectrotvsis deliverv,  In sooe enbodiments, the electrodes may
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be included on a phurslity of eatment probes.  For example, a fivst probe may include
the clectrolysis anode and a scoond probe may mclude the clectrolysis cathode. T
first and second probes may Rother melude electroporation electrodes. Other oxamples
of dectrode combinations include, bt are not inuted to, two point clecirades, one
point and one needle electrode, one point clectrode and one pad electrode, two
monopolar needle electrodes; one bipolar needle, one moltipolar needle; two surface
clectrodes; one surface and one needle clectrode, andfor combiations thereof. Other
configurations of electrodes on one or more treatment probes may also be possible.
The spacing between electrodes on the eatment probe andior the spacing between
treatment probes may also be adjusted o achieve a desired clectrolysis andfor
clectroporation cifect.

fO43} Figures SA-B illustrate two examples of electrode configurations 700A-B
according fo embodiments of the discloswre.  Figure 3A illustrates two needle
electrodes 703, 710 mserted 1o 3 tissue 73, Figure 38 illustrates a point electrode 720
on an msulated shaft 715 mserted i a tissue 700 A pad electrode 725 15 placed
repotely from the point electrode 720, In some embodiments, the pomt electrode 720
wy be an anode and the pad clectrode 725 may be a cathode. The exanwples shown in
Figure SA-B are fv illustrative purposes only, and other electrode configwrations are
passible.

{044} in some embodiments, ong or more treatment probes andfor electrodes may be
integrated into a catheter. The catheter may inclade ong or more lumens. Each lamen
may include one or more treatment probes. The cleetrodes for delivering the treatments
may be in any combination, shape or size sufficient to deliver both electroporation and
clectrobysis to the treatment site. The delivery of the combination electroporation and
clectrobysis by catheter may allow for a maltitude of clinical applications, including
ngrve ablation, renal denervation, atrial fibrillation, mrhvthunias, degp vein thrombosis,
percotaneous transvascular apphications, restenosis and other lumen based weatment
sites. A catheter approach may also he utilized for the treatment of a variety of tumors
accessible by catheter such as lung, Hver, prostaie, colon, bladder, mcotal, and
csophageal cancers. A catheter or needle spproach could also be used for ablation of

fat for cosnRUC purpose.
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145} Figares 6A-B are schematic diagrams of balloon catheters S00A-B configwed
to provide chectrolysis and clentroporation treatment acomding to cmbodiments of dwe
disclosure,  Balloon catheter 300A includes clectrodes 35 doposited on a balloon
surface 3HL The clectrades 305 arc used o provide both clectrolysis and
clectroporanion.  Balloon catheter SOUR mcludes separate electrolysis electrodes 320
and clectroporation electrodes 5235 deposited on a balloon surface S3L I some
embodiments, the clectrodes 305, 520, 5325 may be deposited on a catheter shaft 515,
535 in addition to or altermatively fo the balloon 310, 530, The munber, size and shape
of the electrodes may be tatlored for the specific troatment site,

046} Electrodes for clecwolysis andéor clectroporation nay be mtegrated with other
catheter designs.  For example, spring clectrodes that may be expanded andfor
contracted may be used. o another example, electrodes may be integrated with a stent
meluded with a catheter.  In another example, electrodes may be iegrated on the
surface of a balloon having a ning shape., The ring-shape may sllow the electrodes to
contact a tissue surface, such as a blood vessel wall, while allowing a flow of matenial
through the central portion of the ring.  Other catheter designs may be used.

ja47} Figawe 7 is a schematic lustration of a malt-modality electrolysis device 600
according 1o an embodiment of the disclosure. In some embodiments, e ondi-
modality clectrolysis device 600 may be used for the meatment of surface wounds
andféor other tissue surfaces. The device 600 may inclade at least one electrade 610 and
an aqueons matrix 603 in contract with the clectrode. Generally, the electrode 610 and
the aqueous matrix 605 may be selected such that electrolysis products are produced
when a current is passed through the aqueouns matrix 6035 using the electrode 611 The
clectrade 610 may alse deliver clectroporation treatiment.  The clectrode 610 and
agqueous matrix 605 may be packaged for placoment proximate the site to which
delivery of electrolysis products and clectroporation is desired.  in Figure 7, an
clectrode 610 and aqueous matrix 605 are shown packaged in a pad 615 In some
embodiments, the pad 615 may include an adhesive strip 620 for securing the pad 618
io a deswred site.  Further examples of devices and pads that may be adapted for use
with permcabilizing techmgues are desertbed in co-pending PCT Application Sevtal
No. . filed November 14, 2014, entitled “METHODS, SYSTEMS, AND
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APPARATUSES FOR DELIVERY OF ELECTROLYSIS PRODUCTS” which
application is meorporated by reference heren in s entirety for any purpose.

jO481 In some embodiments, cleetrode 610 may inclade a plurality of electrodes. One
or more clestrodes may deliver dlectrolysis treatment and one or more electrodes may
deliver clectroporation treatment.  The electrode 610 andfor a plurality of electrodes
may iclude one or more materials.  Elecwrode matenals for electrolysis treatment are
generatly selected to mclade a matenial that iy selected to produce the clectrolysis
products when a current is passed through the aqueous matrix 603 using the electrade
1. The materials chosen for the clecwrodes, ieluding the electrode 818, may be
chosen o produce certain the clectrolysis products. For example, an anode may
melide widivm oxide andfor rubidiom oxide deposited on titamwum, which may
mimprove the production of hypochlorous acid, and a cathode may include copper. The
use of mixed metal oxide anode clectrodes may prodoce different species of electrolysis
products that may be tmlored for different clinical needs. For example, platimom may
be used i inew clectrodes are desired or stbver electrodes or sthverfsibver chionde,
and/or copper electrodes if silver 1ons or copper tons are desired 1 the electrolytically
produced sclution, which may further cobance the tissue ablation effect. While metal
tons produced by electrolysis from clectrodes may enbance the tssue ablation effect of
clectrolysis they may also canse gene alteration or introduce toxic heavy metals in the
body. Heavy metals may stay i the body for life, with detrimental effects. In contrast,
when the products of clectradysis are those gencrated by the clectrolesis of the lonic
salution in fissue, these products may have a very short lifetime and may have no fong

o

term negative effect. Flectroporation electrodes may include the same or different

materials as electrolvsis clectrodes.
049§ Although shown as a surface pad clectrade 618 in Figure 7, one or more

clectrades may be implemented as a needle, a catheter, pomnt electrode, other electrode
configuration, andfor combination of configurations.

{0530} In some embodiments, clectrodes may be separated by an insalating laver. The
insulating laver may be implemented using any switable msulating material. In some
embodiments, the msulating fayer between the electrodes may be omitted. In some

embodiments, a portion of the agueous matrix 603 is between the electrodes. In some



WO 2015/073885 PCT/US2014/065794

—
L5

embodiments, a portion of the agueous matrix 603 is between the electrode 610 and the
pad 615,

JOS1 One or more of the clectrodes m the device 600, such as the electrode 610 may
be extemnallv-accessible for receipt of an electronic signal from a controller {not
shown), which may be placed remotely from the device 6181 The controller may be
mplemented as controller 103 shown 1o Figure 1. The controller may activate the
electrode 610 and control the debivery of electrolysis treatment and electroporation
treatment.  The controller may control the magnitude and duration of each treatment
type.

1952} Apparatuses, devices, and systems deseribed herein may include an agueous
matnx in contract with at least one clectrode.  The aqueous matrix 603 18 shown in
Frgure 7 1o contact with electrode 610, Aqueous matrices deseribed berein, including
the aqueous matrix 605, may inchude components for forming electroltysis prodocts. In
some embodiments, the aqueous mainx 605 may be inplemented using a gel andfor
hydrogel. The aqueous matrix may melude a saline solutton.  The agueous matrix may
have a pH selected 1o produce electrolyvsis products, such as hypochlorous acid. In
some cxamples, the pH of the agqueous matrix 6033 may range between 2 and 5. The
agucous mattix 605 may be placed n conmtact with a site for delivary of electrolysis
products, such as by laying a pad including the aquecus matnix 603 on the site.

053] in some cmbodiments, the agaeous matrix 605 may inchade a ko pH saline
sofation hvdrogel {eg. about 4 pH) that i3 configwred for the production of
hypochlorous acid.  The materials included i the solution included in the agueous
matrix 605 may be chosen to produce the desired electrolysis products, such as
hypochlorous acid). In some embodiments, the aqueous matrix 603 may have a higher
clectrical conductivity than the site for delivery of electrolysis products. The higher
clectrical conductivity of the aqueous matrix 603 may result in clectrolysis products
produced primartly m the agueous matrix 605, not the tissue at the site. The lomc
composition of the agueoss mawix H05 may he designed to have the desired
conductivity but to include different jons from those normally i tissue, for exanple a
greater concentration of Na or Ca. In some crabodiments, the aqueous matrix 605 may
be infused with a drug for combination therapy at the treatment site. That is, both the

drug and clectrolysis products are delivered to the treatmeni site. In some
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embodiments, the agueous maitrix 63 may be designed to have a desired conductivity
andfor pH o enbance electroporation treatrent,

JO54] Insome embodiments, agqueous matrices described herein, such as the agueous
matrix &3, may be implentented using a ipud solution. The liuid solution may be
prepared separately and applied divectly o the treatment site before placement of a
device, such as device 61K In some embodiments, the device 600 may be placed at the
treatment site and the agueous matrix 605 may be introdaced to the treatment site by
injecting it through a port (not shown) i the pad 615, In some embodiments, the pad
615 meludes a debyvdrated gel. Before use, the gel may be hydrated with a solution,
such as saline, o form the agqueoss matrix 603, In some embodiments, the agueous
matrix 605 1x already present in the device 6060,

[O35] The apparatuses, devices, and systems, such as treatment probes, catheters, and
pads may all be used to deliver multimodality electrolysis.  Other configurations,
apparatuses, devices, andfor systems for debivering multimodality electrolvsis swy also
be used. For example, one or more needle clectrodes may be used i combimnation with
an ultrasound wansducer confipured fo provide sonoporanion.  Electrolysis treatment
iy also be combined with cryotherapy, thermal therapy, chemical therapy, andior
combvinations thoreof For example o coyosurgery probe may also serve as one of the
clectrolysis clectrodes.

{056} Many clinical applications may benefit from the ase of the combination of
reversible electroporation and clectrolysis. The reduced encrgy vequirement and redge
treatment times may overcome Himitations that previously discouraged the use of cither
electroporation or electrolysis regardliess of the benefits of cach on a stand~-alone basis.
The combination of both may overcome the limitstions and cnable & meltitude of
climical uses.

ST For cxampic ablation of nerves by the combination of electroporation and
clectrolysis imchude targeted fung denervation for chronic obstructive pulmonary
disease, renal denervation and carotid body receptors for congestive heart fathare.

{638} The treatment of atal fbnlavon by  the combination of reversible
clectroporation and clectrolvsis may be an eohanced treatment approach. The catheter
delivery approach of the combination of reversible clectroporation md electrolysis may

allow for o low energy, now-thormal, fast wreatment optione. The ability to tatlor the
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treatment application by cleetrode design also may allow the freatiment o be configwred
to apply all cloapents of g full Cox procedurs 1 a minimally nvasive fashion

jO59] Other vascalar discases may benefit from the combination treatment of
clectroporation and electrolysis. These ichude, but are not binuted to, vascular hunen
sites that are occluding hke restenosis, penipheral avtery disease, and deep vein
thrombosis. Denervation for hypertension, cognitive heart disease and chromic

obstructive pulmonary discase may benefit from the combination of electroporation and

clectrolysis.
060} The treatment of a vaniety of cancers by the combination of electroporation and

clectrolysis may be an enhanced treatment approach. The trgeted treatment site may
be accessed mimmually invasively by ecither catheter or probe placement. The
configuration of the deviee and the electrodes nay deliver the combination of
clectroporation and electrolysis in an optimal manner for the targeted tmor, The types
of tumors may include but are not limited fo prostate, breast, huny, Liver, brain, colon,
esophagus, kadney, rectal, skin, stomach, pancreas, eve and uterine tumors.

jo6t} The combination of clectroporation and electrolysis may be an effective chnical
approach for both mahignat and benign tumor treatments. Thus bepign fumor sites like
Benign Prostatic Hypertrophy, fibroids and myvomas may be treated

a6} Another arca that may henefit from the combinagion of clectroporation and
clectrolvsis s the treatment of wownd infections or parasite infoction i tissue. Any arca
that requires sterifization of a wound could be weated by the combination of
clectroporation and electrolysis. The application of the combination of clectroporation
and clectrolysis may be through catheter delivery, probe based or by a wound care pad
that incorporates the ability fo deliver both electroporation and clectrolysis. Discases
like bedsores (pressure alcers), venous uleers or diabetic ulcers may be treated with the
combination of reversible clectroporation and clectrolysis. Sinple wounds that are pre
mnfection may  be treated  preventatively with the combination of reversible
electroporation and electrobysis. Surgical incisions may be treated with the combination
of electroporation and electralysts which may prevent nfections from occurring. When
surgical moisions develop an infection, the combination of clectroporation and
clectrolysis may be used to treat it Clironic wound infections, including the freatment

of bichilim coudd be treated with the combination of electroporation and electrolysis.
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163} A mulitude of cosmetic applications may benefit from the combination of
clectroporation and electrolysis. They inclade but are not Himited o skin reswrfacing,
skin tghtening, sk foston removal, hair romoval, wrinkle removal or reduction, and
acne romoval, reduction ov prevention. Cosmctic applications can also be incorporated
to treat wrwanted area of the body, such as excess fat tssue ablation,

[0o4} Another disease prevention approach includes the sterilization of foods such as
meats by combination of reverstble clectroporatton and electrolysis, The combination
of both clectroporation and clectrolysis may be an bmprovement over etther used
individoally for this purpose.

j065] Those skifled i the art will recogmze dat the examples provided of both the
design delivery systoms and the clinical applications are not the Himt of the uses of the
combination of electroporation and electrolysis in the treatment of tssee. Many
configurations of delivery systems exast, as well as applications that may benefit from
the use of the discovery we disclose,

66} A vatiety of devices and or chnical gpplications can be nwde from 2 now
method of combining sonoporation and clectrolysis. For example, & wound care pad
my be made that incorporates @ gel and an electrode faltrasound transdacer safficient
o cause US waves 1o produge sonoporation) similar to the configuration of devige 800
mn Figure 7. This now pad may improve wound care by both protecting the weattent
arca while applying both sonoporation and clectrolysis product at the treatment site for
optimal wound care disinfection. This device may be configured with a battery,
connected to a generator of with an clectrolytic cell design. The tvpes of waounds this
may be applied to include but are not limited to bed sores, diabetic ulcers, burns, tears,
gashes, cuts, serapes, irradiation and scars formation,

ja67} In another climical application, the devies mav be a wound care dressing that
may be applied over a large surface area. The wound care dressing may incorporate a
gel coating and an clectrode configuration. This device may be configured with a
battery, connected to a generator or with an electrolyvtic cell The wound care dressing
may be applied to the treatnent site. The soneporanon pulses may be delivered betore
or after the application of the clectrolysis product. The clectrolysis product may be

diffused in the treatment area to disifect the wound, The types of wounds that this may
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be applicd to include buwd are not hinited 1o bed sores, diabetic ulcers, burns, lears,
gashes, culs, scrapes, rahation and scars formabion,

j068] In another chnical application the device may be a cosmetic patch that may be
applied to the surface of the skin. The patch may be shaped o match the area of
treatment. The patch may have a gel coating, tansdacer, and elecwode configuration
that dehivers sonoporation pulses before or after optimized electrolysis prodect are
applicd. The combuned sonoporation and electrolysis freatment may result @ a
controlied ablation of the skin surface or unwanted cosmetic feature. The healing
process of this application may result 1 8 tightening of the skin. This device may be
configured with a battery, commected to a generator or with an electrolvtic cell

a9} In another cluncal appheation the device may be a cosmetic patch that may be
applied to the swiace of the skin to provide a controlled chenucal peel The patch may
be shaped to match the area of treatment. The patch may have a gel coating, transducer,
and electrode configuration that delivers sonoporation pulses before or after optimized
clectrolysis product are applied. The combined sonoporation and electrolysis treatment
may result n the removal of dead layers of skin. The healing process of this apphication
wy resudt i oa tighioning of the skin. This device may be configured with a battery,
conpeted to a gencrator, or with an electrolviic cell.

70} In another clinical apphication the dévice may he a cosmetic patch that may be
applied to the surface of the skin o provide a controlled ablation of the skin surface or
unwanted cosmetic feastire. The patch may be shaped o mateh the arca if treatmoent.
The patch may have a gel coating, transducer, and elecrode confinnation that delivers
sonoporation pulses before or after optinuzed electrolysis product are applied. The
healing process of this apphication may resalt in 3 tightenmy of the skin. This device
can be configared with a battery or with an clectrolytic cell

{71} In another clinical application, surface based cancer sites may be treated with a
combination treatment pateh. The type of cancer sites to be treated mclades but 1s not
Hmited o benign skin nonors, actinic keratosis, basal cell carcinoma, dvsplastic nevy,
melanoma, and squamous cell carcinona. The patch may deliver sonoporation o open
the targeted cancer cells and the eloctrolysis process delivers a specific amount of
clectrolysis product to cause cell death.  This device may be configured with a

mucrocontreller and feedback system to determine the completeness of the treatment,
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{72} In anather chnieal application surface based skin growths or tregufaritios may

be tmated with g combination trestmwat paich., The type of skin growths o
irvegulariiios o be weated meludes but is not hmitted o cvsts, wrowths, lipomas, tags,
ache, age spois, dark spots, wrinkles and warts. The patch may deliver sonoporation to
open the targeted irregudar cells and the electrolysis process delivers a specific amount
of clectrolysis product to cause cell death. This device may be configured with a
microcontroller and feedback system to determine the completencss of the treatment.

{73} Additional applications may mnvolve the placement of the gel on the surface of a
treatment area divectly while placement of the clectrodes creates the ahility o form the
clectrolysis product at the site.

074 Another arca that may benefit fromn the combination of sonoparation and
electrolysis is the treatment of wound infections. Any area that requires sterihization of
wound debridement could be weated by the combination of sonoporation and
electrolvsis. The appheation of the combination of sonoporation and clectrolysixy may
be through catheter delivery, probe based or by a wound care pad that incorporates the
ability 1o deliver both sonoporation and electrolysis. Diseases like bedsores, or diabetic
uleers can be treated with the combination of sonoporation and clecivolysis. Shmple
wowkds that are pre miection can be treated preventatively with the combination of
sonoporation and clectrolysis,

{075} A mudtitude of cosmetic apphications could benefit from the combination of
sonoporation and eleetrolysis. They include but are not Himited to skin reserfacing, skin
tightening, skin lesion removal, hair removal, wrinkie removal or reduction, and acne
removal, reduction or prevention. Cosmetic applications can also be incorporated fo
treat unwanted arca of the body, such as excess fat tissue.

j076] Another discase provention approach includes the sterthization of foods such as
meats by combination of sonoporation and electrolysis. The combmmation of both
sonoporation and electrolysis may be an improvement over either used individually for
this purpose.

177} Anether embodunent pwy include the combination of soneporation and
clectrolysis 1 a surgical probe. The probe may have a tip that incorporates electrodes
and transducer eloments capable of delivering sonoporation and electrolysis to a

treatment site. The goatment site may be at the surface of a patient or inside a surgical
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cavity. The probe may be used to sterilize a treatment site, The probe may be used to
debride & wound site. The probes may be inserfed into the body W treat an wowanied
area such as falty tissue

78] Another ersbodiment may wilize 8 method to conir the dose the amount of
electrolysis product produced and applied to the weatment site. A delivery device may
be used to apply the electrolysis product produced at the time of apphication. For
example 3 wound care pad may be configured to prodece a speetfic amount of
clectrolysis product. The wound care pad may be the delivery system that may onsure
the application of the clectrolysis prodact 1s done i a controlled fashion, such that the
clectrolysis product 18 in place for the duration of the treatment. The wound care pad
may incorporate an clectrode design thar facihtates the optimal production of
electrolysis products. The electrodes may be comnected o a DC power soarce. The
power source may be controlled by a controller so that its cutput is constant, pulsed, or
other modalated patiern for a specific period of time or all the tume. The wound care
pad may also mcorporate a gel pack filled with a solution or hydrogel. The amount of
gel 18 destgned to produce a specific amount of clecwrolysis product over a pertod of
e with a speeific amount of enerey i coulombs applind. The gel may be houwsed in g
protective pack that is broken prior to application on the wound, The breaking of the
protective pack allows for the gel to come into contact with the clectrodes on the
wound pad. Alternatively, a dry pad that is produced from a saline or other optimized
clectrolvsis enviromment product can be used as a way to introdace contrel in the
clectrolysts product production.

{079} A varfety of devices and or clinical applications may be made from a method of
combining, freezing and cold, and clectrolysis. Cryosurgory is 3 tissue ablation method
that generally emplovs one or more probes, imsulated except at the owdal tip, to freeze
and therchy ablate undesirable tissues. One of the advantages of cryosurgery may be
that the extent of freezing may be monttored In veal tme with medical imaging
techmigues, such as ultrasound. However, i the temperatare range of from 0 C w0
about ~ 20 € some cells may survive freezing and therefore, the extent of freezing, as
scen by medical imaging, does not necessarily correspond to the extent of cell death,
Pores and defects ntay open in the cell membrane 1n the tomperate ranges below the

phase fansition temperatwre for lipds, abowt + 15 €, with the defect fonmation
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increasing down to subeere froczing ftomporatures.  Furthormere, during freceing, the
sohsles In tissue may be rgjected and comcentrated botween the e crvstals, Thesg
propertics of eryoswrgery may be combined wath electrolysis, which may enhance the
cell death from that of arvosirgery and electrolysis alone.

{080} For example, crvosurgery and clectrolysis may be combined using a system,
such as the system shown n Figare 1 The un-inselated metal tip of a orvosurgery
probe may serve as one of the cleetrodes of the electrotysis device 115, Connecting the
un-msulated tp to the power supply 120 may generate products of clectrolysis, prior to
the debivery of cold and freczing. The extent of clectrolysis may be detormined from
treatment planning or measurements with the pH meter 125, Whon these show that the
desived electrobvtic fromt has reached a desired location, the eryoswrgery probe may be
comnected to a cooling system (ot shown in Figare 1) and freezing begins. Freezing
may continge until the ice front interface reaches the desired extent of ablabon, as
shown by wmaging oweutoring, ¢ ulirasound. The ice front may be at a termperatre
of — 0.56 C and the temperature drops through the ice lesion to the temperature of the
cryo-probe.  As indicated ecarhier the process of cooling and freezing may open and
permeabilize the cell membrane, while the process of freezing causes a concentration of
the sohstexs in the freezing sohution, ncluding an ncrease in the concentration of the
products of clectrolysis. The porocabilization of the cell membrane and the mereased
concentration of products may ntrodece the products of clectrolysis mnto eclls and
inchuce, after thawing, coll death throughout the entire frozen region, nclading in the
temperature range M which cells usually swrvive freezing, This may facihitate cell
ablation by cryosurgery to the frcezing interface as monitoved by imaging, which may
paprove the accuracy and the offectiveness of crvosurgery.

0811 The combination of permeabilization by cold andior froczing and clectrolysis
may be used for all the current applications of cryosurgery, such as treatment of turnors,
vascular freatment, ablaton of fat i cosmetic sargery by cold alone, or by, cold and
freezing, weatments in dermatology and cosmetics. The eatment of a variety of tumors
by the combination of cryosurgery andior cold and electrolysis may be an enhanced
treatment approach. The targeted treatment site may be accessed punimally invasively
by enher catheter or probe placement. The configuration of the device and the

clectrodes may deliver the combingtion of cryosurgery or cold and clectrobysis m an



WO 2015/073885 PCT/US2014/065794

23

optimal manner for the targeted tumor. The types of tumors may include but are not
Haited to prostate, breast, lumg, Hver, brain, colon, exophagas, kidoey, rectad, skin,
stomach, pancreas, eve and werine tumors,

jOR2 The combination of crvoswrgery or cold and clectrolysis may be an effective
clinteal approach for both malignant and bemgn tumor geatments. Thus benign tanor
sites bke Bemgn Prostatic Hypertrophy, fibroids and myvomas may be precisely weated
under medical imaging monioring,

083} In some cmbodiments, one or more treatment probes andfor clectrodes may be
integrated  fmto a crvosurgery ablabon catheter. The electrodes for debivering the
reatments pay be i any combination. shape or size sefficient to deliver both
cryosurgery and clecfinldysis to the featment site. The metal vn-insulated part of the
crvoswgery catheter may be wsed as at least one electrolysis electrode. The second
electrode may also be on the catheter or n a remote location, including on the surface
of the body. The delivery of the combmation cryoswrgery and clectrobysis by catheter
may allow for a multude of chnical applications, meluding nerve ablation, renal
denervation, atrial fibeillation, arrhythmias, deep vemn thrombosis, percutaneous
ransvascolar applications, restenosis and other hanen based treatment sites. A catheter
approach may also be otilized for the treatment of a varisty of fmors accessible by
cathoter such as lung, bver, prostate, colon, hladder, rectal and csophageal cancors.
Other vascelar discases may beneft from the combination treatment of cryosergery and
plectrolysis. These mohude, bt are not hinwied to, vascuar lumen stigs that are
occluding ltke restenosis, peripheral artery disease, and deep vein thrombesis.
Denervation for hypertension, cognitive heart disease and chronic obstructive
pulmonary  disease would benefit from the combination of tlectroporation and
clectrolysis,

{084} A catheter or needle approach could be also wsed with the combination
freezing, andfor cold and elecwolysis for ablation of fat for cosmetic purpose.

{085} Other cosmetic applications of the combination orvosurgery, cooling and
clectrolysis nclude but are pot lmited to skin reswrfacing, skin tightening, skin lesion
removal, hatr removal, wrinkle removal or reduction, and acne removal, reduction or

provention.
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186} {ther applications include various areas of dermatology. The type of cancer

sites to be treated on the skin includes it 15 not limited to berngn skin tiamors, actinic
keratosts, basal cell cavemoma, dvsplastic nevi, melanoma, and squamouns cell
CITIBOMA.

{087} Some specific experimental examplos are provided below to facilitate
appreciation of embodiments deseribed herein. The experimental examples prosented
are not mtended 1o he comprehensive or exhaustive of all experiments performed or of
all resulis obtained.

GBS} Example |

089} According to & first non-limiting example, a Petri dish was used to cast an agar
gel made of physiological saline with a pH dye. The pH dye was 5% pH indicator (RC
Hagen wide range). The pH indicator was added to the agar gel phantom before its
solidification. Two 0.9 mm graphite electrodes were nserted into the gel throagh a
holder, similar to the electrode configuration shown b Fiygre SAL Oraphite was used to
avord contamination of the gel with metal jons, The electrodes were connected 1o a
constant voltage power supply o o a BTX electroporation (Harvard Instruments)
clectroporator. The distance botween the electrodes was 10 mm. Changes i color near
the electrodes were ebserved due o electrolysis induced change in pH.

1090} The first exporiment involved the debivery of tvpical clectroporation pulses of
1000 V between the electrodes. One hundred microsceond long pulses at a frequency of
I He in groups of 99 pulses were delivered. Between groups of palses, a two mimse
rest period was used fo let the system cool.

j091} The gel exlubited a stained region after 99 pulses. The stained region
sarrounded the electrodes and was not conmtimuous, confiming the delivery of
clectrotysis products, However, the extont of the stain did not cover the treated tssae to
the isoclectric field of 200Vem or 100 Viem line, produced by the 1000 ¥
electroporation pulses. In typical jrreversible clectroporation protocols ased in current
clinteal applications for tissue ablation, foewer than 100 pulses are used. Under these
typical conditions there are no electrolysis products i the region of electric fields of
HHE Viem or 200 Viem. 200 Viem sad 100 Viem are reversible clectroporation ficlds

that do not cause cell death in the absence of electrolvtic products.
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After three sequences of 89 pulses, a substantial volume of gel m the treated
region has been affected by the products of electrolysis wad has changed the pH of e
el However, oven after 3x99 puiscs, the region affected by clectrolysis has not yet
reached the HO Viom isoclecivic field Bne,  The region affected by the anade was
farger than that affected by the cathode. In addition, i the center of the region stained
near the anode there was 8 white discolored civele. This may be doe to a typical effect
of clectrolysts. In electrolysis there 13 an electro-osmotie driven flow of water from the
anode o the cathode. This is a well-known phenomenon. This phenomenon may be
used to generate flows in tissue during electrolysis in desirable directions. Furthermore,
by adding electrolysis ps‘adncts by extending electrotysis treatment andfor introducing a
solution configured fur clectrolysis product production, the weated zone may be
substantially expanded.

Example I

According to a second non-limiting example, a Petrt dish was used to cast an
agar gel made of physiological saline with a pH dye. The pH dve was 3% pH indicator
{RC Hagen wide range). The pH indicator was added to the agar gel phantom before its

solidification. Two 0.9 mm graphite clectrodes were serted nto the gel through a
holder, similar to the configuration shown in Figare SA. Graphite was used to avoid
contamination of the gel with metal 1ons. The clectrodes were connected to a constant
voltage power supply or to a BTX clectroporation (Harvard  Instruments)
clectroporator. The distance between the electrodes was 10 mm. Changes in color near
the electrodes were observed dug to electrolysis mduced change mn pH.

The second experiment mvolved the debivery of typical electroporation pulses
of 300 V between the electrodes. One hondred microsecond long pulses at a frequency
of 1 Hz wn groups of 99 pulses were debivered. Between groups of pulses, a two minute
rest period was used to let the system cool.

The pH affected arca after three pulse sequences of 99 pulses and a voltage
between electrodes of S0V is smaller than when the palse was of 1000 V.

Eaxample i1

According to a third non-limiting exanwple, a Petri dish was used to cast an agar
gel made of physiological saling with a pH dye. The pH dve was 3% pH indicator (RC

Hagen wide range). The pH indicator was added to the agar gel phantom before its
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sofidificanon, Twe (1.9 nun graphite electrodes were nscrted inte the gel through a
hedder, similar o the confimwation shown i Frgoare 3AL Graphite was used 1o avold
contamination of the gel with metal tons. The clectrodes were connected o a constant
voltage power supply or fo a BTX cleotroporation {Harvard Instruments)
electroporator. The distance between the electrodes was 1) mim.

{099} The DO power sapply apphied a voltage of 1V {a corrent of 60 mA) between
the electrodes, It was evident that after 168 seconds the pH dye arca marked as affected
by electrolysis products from direct current was much larger than the area affected by
clectrotysis products generated by electroporation pulses in Examples Tand 11 The pH
change affected arca was sufficiently targe so that a 1000 V pulse apphied between the
clectrades may ablate to the isoclectric ficld ine of 100 YWiom. T Viom 15 considered
reversible electroporation and permeabifization of the cell membrane is typically done
with eight pulses. Cells sarvive exposure to electric fields of eight, 100 Viem,
However, when electrolytic products are generated in sufficient quantity o diffuse to
the 100 Vicm isoclectrie-field lines, the cells exposed to aight 100 Viem elecine ficlds
do not survive, Therefore, it appeared that a preferential way to use the combination of
clectrotysisfeloctroporation for tissue ablation 18 to use conventional electrolysis with
refatively (compared to clectroporation) long DU carrents at low voltage and curvent for
the products of clectrolvsis to diffuse through the targeted volume i combination with
several high field electroporation type pudses that are sufficient to pormeabibize the cell
membrane. There may be several possible combination protocels with electrolysis type
currents and  electroporation type pulses delivered m various sequences  and
configurations. For instance: electrolysis first, electroporation later or electroporation
first electrolvsis later, or clectroporation fivst, clectrolysis second and clectrolysis again
third or at different intervals i time between electrolysis and clectroporation,

{0100 Example 1Y

{0101} According to a foarth non-hnuting example, a Petri dish was used to cast an
agar gel made of physiological saline with g pH dve. The pH dve was 3% pH indicator
{RC Hagen wide range). The pH indicator was added to the agar gel phantom before its
sohidification. Two 0.9 oun graphite clectrodes were mserted into the gel duough a

hotder, similar to the configuration shown 1o Figore 54, Graphite was used 1o avoid

contgraination of the gel with metal ions. The clectrodes were conncoted to a constant
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voltage power supply or to a BTX clectroporapon (Harvard  Inmstruments)
clevtroporator, The distance botween the olectrodes was 10 mo

jO103] A voltage of 3 V was apphed across the electrodes wath a cumrent of ¥ md.
Staming mdicated that this produced a comparable outcome to cleetrolytic treatment
with 10V in Example I and 15 also suntable for tissue electrolvsis/electoporation
ablation protocol deseribed in Example HI The center of the stained gel near the anode
was discolored beeause of the water electromigration effeet.

{0103} Example V

jo1G] Conventiomal  tssue ablation by clecwoporation 18 delivered using two
clectrodes. The electrodes are positioned relatively close to each other to facilitate high
clectric fields with reasonable voltapes. It may be advantagrous to ablate tissue by
clectroporasion i a modality sinular to radio-frequency thermal ablation, e, one
electrode i the center of the andesirable tissue and a second electrode remotely, similar
to the clectrode confipwration shown in Figare 5B, However, a problem with this
configuration may be that for a single needle or point active clectrodes with a ramote
second electrode, the clectric field near the needle or point electrode descends very
rapidly with distance from the clectrode. In the case of the needle clectrode, as one over
the distance sguare and in the case of 3 point clectrode, as ong over the distance fo the
third power. Conscquendly the extent of tissue affeeted by irreversible clecroporation
is spall,

{0105} According to a fifth, non-limiting cxample, a typical one dimensional in
cylindrical coordinates needle electrode was used. The central electrode was 8.9 mm
graphite and the second electrode was a Hning of copper around the wall of a Petri dish.
The Petri dish was ased to cast an agar gel made of physiological saline with a pH dyve.
The pH dye was % pH indicator (RC Hagen wide range). The pH indicator was added
tir the agar sel phantom before 1ts solidification.

{0106} A sequence of clectrolvsisfelectroporation treatment was applied with a single
central needle. The sequence started with electrolvsis in which 10V, and 200 mA were
induced between the clectrodes. Two sefs of experiments were performed, one set with
the anode i the center and one set with the cathode i the center. The gel was
observed after 43 scoonds, 90 seconds, 120 sceonds after start of electrolvsis, Staning

was observed around the electrode i both seis of cxpeoriments attor 45 seconds, and the
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statngd area continued (o merease as me wont on. The amount of clecirolysis products
observed i this set of exporiments was significantly higher than for the case of two
adjacent clectrodes at the same voltage m the previous examples. The reason may be
that the current was higher andéor possibly because the products from the anade and
cathode do wot micract with cach other due fo the increased distance. These
experiments suggest that it may be advantageous o generate the electrolysis produets
from a central electrode with a distant second electrode. First the amount of
clectrolysis products appears to be higher and the composition appears to be better
defined. It may be preforable when two electrodes are used for electroporation to use
one or both of these electrodes with one polarity and another remote lectrode with
another polarity fur penerating electrolysis praducts i some applications,

{0107}

{0108} According o a sixth non-limiting example, a typical one dimensiomal in

Example Vi

eylindrical coordinates needle electraode was used. The central clectrode was 4.9 mm
graphite and the second electrode was a inmyg of copper around the wall of a Petri dish.
The Petrt dish was used to cast an agar gel made of physiological saline with a pH dye.
The pH dye was 5% pH indicator (RU Hagen wide range). The pH indicator was added
to the agar gel phantom before #ts solidification.  Three sets of HHO V, [0
microsceond fong 1 Hz frequency, 99 pulses per sot were dotivered between the conial
electrode and the electrode around the Petri dish.

{0109] it was observed that after the delivary of three sets of 99 pulses, with 1060 Y
clectroporation type pulses, the amount of electrolysis products generated 15 neghigible
relative 1o that produced by DC electrolysis n the previous examples. The isoelectric
field lings which are associated with irreversible electroporation, above about 400 Viem
were much closer to the central clectrode than the sockeetric lnes of 130 Viem
Therefore, e extent of tissue sblation with frreversible electroporation alone, which
reached only the ahoat 400 Viem isoclectric field ling, was muoch smaller than the
extent of tssue ablation with the combinanon electrolysis and electroporation, which
reached the isoclecuic field line of 100 Viom,

4110} From Examples V and VI it is observed that when a central electrode and a
renote electrode are used for tissue ablation arownd the central electrode, combining

clectrobysis with electroporation may substantially expand the region of tissue ablatton
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near the central clectrode over clectroporation alowe. The various combinations of
clectrobysis and electroporation sequences discussed carlior for two agedle electrodes
ey be valid for a central needle clectrode also.

j8¥11 The examples provided are for explanatory mrposes only and should sot be
considered to Hmit the scope of the disclosare.

[0112} Those skalled in the ant will recognize that the examples provided of both the
destgn delivery systems and the chinteal applications are not the fimtt of the uses of the
combination of clectroporation and electrolysis. Many configurations of delivery
systema exist, as well as apphcations that would benefit fromy the use of the discovery
we disclose.

fO113] It 15 to be appreciated that any one of the above embodiments or processes may
be combined with one or more other embodiments andfor processes or he separated
andfor performed amongst separate devices or device portions in accordance with the
present systems, devices and methods,

[o114] Finally, the above-discussion s intonded to be merely llusirative of the present
devices, apparatuses, systems, and methods and should not be construed as lmiting the
appended claims to any particalar embodiment or group of embodiments. Thas, while
the present disclosure has been desoribed in particudar detatl with reforcace to
exenplary embodiments, it should also be appreciated that numerous modifications and
alternative embodiments may e dovised by those having ordinary skill in the ast
withowt departing from the broader and mtended spirit and scope of the present
disclosure as set forth in the claims that follow. Accordingly, the specification and
drawings are to be regarded in an Hustrative mamner and are not intended to Himit the

scope of the appended claims.
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CLAIMS
What is clavmed s
i. A method for tissae ablation, the method comprising:

permeabiitzing cell membranes m the tissue; and
dehivering electrolysis products fo the tissae, wherein said electrolysis

products are toxic to cells m the tissue.

2 The method of claim | whersin said permeabilizing  comprises
performing electroporation.

3 The method of claim | wherein smid pormeabilizing octurs befiwe,
daring, or after said delivermg electrolysis products to the tssue, or combinations

thereof.

4, The method of claim | whersin said permeabilizing  comprises
performing eryosurgery, freczing, cold-poration, heat-poration, smme-poration, chemo-~

poration or combinations thereof

5 The method of claim 1, wherein said electralysis products comprise

hypochlorous acid.

6. The method of claim I, wheretn said debivering electrolysis products fo
the tissue comprises applving an electrode and an agueous solution fo the tissue,

wherein the clectrolysis products are formed using the clectrode and the agqueous

solution.
7. The method of clum 1, wherein sad debivering electrolysis prodacts to

the tissue comprises applving an clectrode to the tssee, wherein the clectrolysis

producis are formed from jons in the tissue vsing the electrode.

8 The wmethod of clave 1, wherein said delivering clectrolysis products

comprises providing an clectrical signal using a controller o a device configured 1o
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gencrate the clectrelyss products, wherein the device 5 positioned proximate the

Tissue,

9. The method of clatm 8, wherein the controller is coupled to a power

supply, wherein the power supply is configured fo provide a cwrent to the device.

1y, The method of clmm {, wherein said delivering clectrodysis products and

permeabilizing cell membranes utilize a same deviee.

11, The method of claim 1, wherein said debivering electrolysis products and

permeabilizing coll membranes utilize a same power supply.

12 The method of clam 1, wherein an extent of the tissue ablation is

determined, at least i part, by satd permeabilizing,

13, The method of clatm 1, further comprising measuring a pH in the tissue,

wherein the pH is indicative of a desired extent of ablation,

14 The method of claim 1, further comprising measuring an cleetrie field,

wherein the cleetric field is mdicative of permeabilizing of the tissue.

15, Anapparatus for tissue ablation, the apparatus comprising.
g source of electrolysis products, wherein the source of electrolysis
products is positioned proximat the tissue; and

a device configured to permeabilize coll membranes in the tssue.

6. The apparates of claim 15, wherein the device configured o

permeabitize coll menbranes in the tssue comprises an electroporation device.

17, The apparatus of clasn 15, wherein the device configwed to

permeabibize celt membranes in the tissae comprises a soracaton,
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18, The appavatus of claim 15, wherein the device configured o permeabilize

cell membranes In e tissue comprises a cryosurgsay devies.

19 The apparatus of clamn 13, fwther comprising a device configured to
perform at least ome of orvosurgery, freexing, coldporation, heat-poration, somic-

poration, and chemo-poration.

2. The apparatus of claim 15, wherein the source of clectralysis products

o

conprises two electrodes and an external aqueocus solubion,

21, The apparatus of claim 15, wherein the source of electrolysis products

comprises two clectrodes and the tissue,

22. The apparatus of clam 21, wherem the two clkectrodes comprize two
monopolar needle electrodes, one bipolar or multipolar needle, two surface clectrodes,
one surface and one needle electrode, two point electrodes, one point electrode and one

needle clectrode, one point clecirode and one surface clectrode or combinations thereof
23 The apparatus of elabm 15, whorcin the source of clecrolysis produeis
comprises an clectrode and wherein the device confisured fo pormeabilize cell

membrancs also comprises the electrade.

24, The apparatus of claim 15, wherein the tissue comprises a fumor,

g
&

The apparatus of claim 15, wherein the tissue comprises prostate, breast,

blood vessel, urethra, bladder, G1 wact, nerve, skin, fat, or combinatioms thereof

26, The apparates of claim 15, further comprising a pump to flush a portion

of the electrolysis producis away from the tissue.

27, The apparatus of claim 15, further comprising a reservoir coupled to the

source of electrolysis products for introduction of further compounds,
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28, The apparates of claim 15, wherein the sowrece of clectrobysis products

compises an eleetrode, and whereln the apparatus further ommptises & sensor fo

moenitor pH at the electrade,
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