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[0001]

[0002]

[0003]

GELS WITH PREDETERMINED CONDUCTIVITY USED IN
IRREVERSIBLE ELECTROPORATION OF TISSUE

FIELD OF THE INVENTION
The invention relates generally to gels and procedures carried out with gels
and more specifically to gels with specifically adjusted conductivity used in the

performance of irreversible electroporation and thermotherapy of tissue.

BACKGROUND OF THE INVENTION

Electroporation, or electropermeabilization, is the phenomenon in which cell
membrane permeability to ions and macromolecules is increased by exposing the cell
to short (microsecond to millisecond) high voltage electric field pulses (E. Neumann,
M. Schaeffer-Ridder, Y. Wang, P.H. Hofschneider, Gene transfer into mouse
lymphoma cells by electroporation in high electric fields, EMBO J 1 (1982) 841-
845.). Experiments show that the application of electrical pulses can have several
different effects on the cell membrane, as a function of various pulse parameters;
such as amplitude, length, shape, ﬁumber of repeats and intervals between pulses. As
a function of these parameters, the application of the electrical pulse can have no
effect, can have a transient permeabilization effect known as reversible
electroporation or can cause permanent permeabilization known as irreversible
electroporation. Both, reversible and irreversible electroporation have important
application in biotechnology and medicine. |

Reversible electroporation is now commonly used with micro-organisms and
cells in culture for transfection and introduction or removal of macromolecules from
individual cells. Irreversible electroporation is used for sterilization of liquid media
from micro-organisms. During the last decade reversible electroporation has started
to be used in living tissues for in vivo gene therapy (electrogenetherapy) (M.J.
Jaroszeski, R. Heller, R. Gilbert, Electrochemotherapy, electrogenetherapy, and
transdermal drug delivery: electrically mediated delivgry of mollecules to cells,
Humana Press, Totowa, New Jersey, 2000; D.A. Dean, Nonviral gene transfer to
skeletal, smooth, and cardiac muscle in living animals, Am J Physiol Cell Physiol
289 (2005) C233-245; L.M. Mir, P.H. Moller, F. Andre, J. Gehl, in Advances in

Genetics, Academic Press, 2005, pp. 83-114) and to enhance the penetration of anti-
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cancer drugs into undesirable cells (electro-chemotherapy) (A. Gothelf, L.M. Mir, J.
Gehl, Electrochemotherapy: results of cancer treatment using enhanced delivery of
bleomycin by electroporation, Cancer Treat. Rev. 29 (2003) 371-387). Recently,
irreversible electroporation has also found a use in tissues as a minimally invasive
surgical procedure to ablate undesirable tissue without the use of adjuvant drugs
(R.V. Davalos, L.M. Mir, B. Rubinsky, Tissue Ablation with Irreversible
Electroporation, Ann. Biomed. Eng. 33 (2005) 223; L. Miller, J. Leor, B. Rubinsky,
Cancer cells ablation with irreversible electroporation, Technology in Cancer
Research and Treatment 4 (2005) 699-706; J. Edd, L. Horowitz, R.V. Davalos, L.M.
Mir, B. Rubinsky, In-Vivo Results of a New Focal Tissue Ablation Technique:
Irreversible Electroporation, IEEE Trans. Biomed. Eng. 53 (2006) 1409-1415).

[0004] Electroporation is a dynamic phenomenon that depends on the local
transmembrane voltage at each cell membrane point. It is generally accepted that for
a given pulse duration and shape, a specific transmembrane voltage threshold exists
for the manifestation of the electroporation phenomenon (from 0.5V to1V). This
leads to the definition of an electric field magnitude threshold for electroporation
(Eth). That is, only the cells within areas where E > Eth are electroporated. If a
second threshold (Eth_irr) is reached or surpassed, electroporation will compromise
the viability of the cells, i.e., irreversible electroporation.

[0005] Precise control over the electric field that develops in tissues is important for
electroporation therapies (J. Gehl, T.H. Sorensen, K. Nielsen, P. Raskmark, S.L.
Nielsen, T. Skovsgaard, L.M. Mir, In vivo electroporation of skeletal muscle:
threshold, efficacy and relation to electric field distribution, Biochimica et
Biophysica Acta 1428 (1999) 233-240; D. Miklavcic, D. Semrov, H. Mekid, L.M.
Mir, A validated model of in vivo electric field distribution in tissues for
electrochemotherapy and for DNA electrotransfer for gene therapy, Biochimica et
Biophysica Acta 1523 (2000) 73-83; D. Miklavcic, K. Beravs, D. Semrov, M.
Cemazar, F. Demsar, G. Sersa, The Importance of Electric Field Distribution for
Effective in vivo Electroporation of Tissues, Biophys. J. 74 (1998) 2152-2158). For
instance, in reversible electroporation it is desirable to generate a homogeneous
electric field (Eq, <E < Ey,_jr) in the region of interest and a null electric field in the
regions not to be treated. Currently, optimization of the electric field distribution

during electroporation is done through design of optimal electrode setups (G.A.
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Hofmann, in M.J. Jaroszeski, R. Heller, R.A. Gilbert (Editors), Electrochemotherapy,
electrogenetherapy and transdermal drug delivery: electrically mediated delivery of
molecules to cells, Humana Press, Totowa, New Jersey, 2000, pp. 37-61). However,
there are situations in which an electrode setup alone is not sufficient for obtaining an
optimal electrical field, particularly in situations such as the electroporation of
irregularly shaped tissues or when the protection of specific tissue regions is

required.

SUMMARY OF THE INVENTION

[0006] A method of carrying out electroporation of tissue is disclosed which includes
inserting a gel into a patient wherein the gel has a predetermined conductivity
relative to surrounds tissue. Current is applied across the tissue in amounts so that
cells in the tissue are subjected to irreversible electroporation. The conductivity of
the gel may be adjusted sufficiently below that of the surround tissue such that the
gel acts as an insulator and directs the current to flow only through specific areas of
targeted tissue which are squeéted to the irreversible electroporation. The gel
conductivity may be adjusted so that it is substantially the same as the surrounding
tissue and when current is applied a homogenous electrical field is applied and a
specific area of targeted tissue is subjected to irreversible electroporation. The gel
may be comprised of a liquid phase of water and a solid phase of polymer such as
collagen and may further comprise a therapeutically active drug. The conductivity of
the gel may be adjusted by incorporating a predetermined concentration of ions
which may be derived from sodium chloride.

[0007] Electroporation, cell membrane permeabilization with short electrical field
pulses, is used in tissue for in vivo gene therapy, drug therapy and minimally invasive
tissue ablation. For the electroporation to be successful the electrical field
distribution that develops during the application of the pulses needs to be precisely
controlled.

[0008] Electrolytic and non-electrolytic additives, such as gels, are used to generate
the precise electrical fields required for controlled in vivo electroporation. The
invention includes a series of techniques based on that approach that overcome some

of the limitations of current electroporation methods based on solid electrodes.
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[0009] Finite element computer simulations are used here to illustrate various
applications, such as the treatment of irregularly shaped organs and interior cavities.
The feasibility of the concept was demonstrated experimentally in vivo with a rat
liver subjected to irreversible electroporation.

[0010] The present invention uses additives for modulating the electric properties of
the treated tissues or for modifying the geometry of tissues or electrodes as a means
of optimizing the electric field during tissue electroporation. Additives include the
use of fluids with various conductivities and, more specifically, the use of gels with
various ionic contents. Gels are particularly interesting because they can behave as
solids but they can also be injected easily with a syringe.

[0011] There are numerous uses of this concept, some of which are listed below.
The invention provides a wide range of additional possible applications of the
concept.

[0012] An aspect of the invention includes a gel which is adjusted in terms of its
conductivity to be useful in connection with electroporation which can include
reversible electroporation or irreversible electroporation.

[0013] Another aspect of the invention is a kit which is comprised of components
used in carrying out any of reversible electroporation, irreversible electroporation,
thermotherapy and the like which kit may include gels with their conductivity
adjusted, instructions for carrying out the methods, and additives which can be
included within the gel.

[0014] Yet another aspect of the invention is the use ofa gel in the manufacture of a
gel composition with a predetermined conductivity relative to surrounding tissue, for
a tissue electroporation treatment where current is applied across tissue, in contact
with the gel in an amount so that cells of the tissue are subjected to electroporation.

[0015] Another aspect is the use of the gel wherein the conductivity of the gel is
sufficiently below that of the surrounding tissue such that when current is applied
substantially no current flows through the gel and the current is directed to a specific
targeted area of tissue to be electroporated.

[0016] Still another aspect of the invention is the use of the gel wherein the
conductivity of the gel is substantially the same as that of surrounding tissue and
when current is applied a homogeneous electrical field is applied and a specific area

of targeted tissue has its cells electroporated.
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[0017)

[0018]

[0019]

[0020]

[0021]

[0022]

{0023]

Another aspect of the invention is use of a gel in the manufacture of a gel
composition with a predetermined conductivity relative to surrounding tissue, for a
tissue electroporation treatment where current is applied across tissue, in contact with
the gel in an amount so that cells of the tissue are subjected to a temperature change
sufficient to disrupt normal cell permeability.

These and other objects, advantages, and features of the invention will
become apparent to those persons skilled in the art upon reading the details of the

specific embodiments as more fully described below.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is best understood from the following detailed description
when read in conjunction with the accompanying drawings. It is emphasized that,
according to common practice, the various features of the drawings are not to-scale.
On the contrary, the dimensions of the various features are arbitrarily expanded or
reduced for clarity. Included in the drawings are the following figures:

Figure 1 is a conceptual cross sectional view showing a non-conductive gel
used as an insulator below tissue to protect tissue below while allowing other tissue
to be subjected to irreversible electroporation with the tissue on top positioned
between two electrodes.

Figure 2 includes Figure 2A and Figure 2B with Figure 2A showing the gel
used as an insulator to protect the tissue below and Figufe 2B showing the gel within
a vessel such as a blood vessel.

Figure 3 includes 3A and 3B with Figure 3A showing two types of tissue, a
gel and two electrodes and Figure 3B showing a conceptual drawing of an electrical
field generated.

Figure 4 includes 4A, 4B, 4C and 4D each of which show conceptual views
of a simulation of electroporation being carried out between two electrodes with the
conceptual model shown in Figure 4A and Figure 4B showing the electrical field
magnitude resulting from simulation when gel is present, Figure 4C showing a
simulated electrical field magnitude when matched conductivity gel is not employed
and Figure 4D showing the results of Figure 4C when the voltage provided by the

electrodes is increased.
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[0024] Figure 5 includes Figure SA, 5B, 5C and 5D with Figure 5A showing a
conceptual perspective view of an electroporation system and Figure 5B showing a
conceptual view of a field generated by the six electrodes providing a particular field
distribution. Figures 5C and 5D compare a situation where the blood is replaced by a
matched conductivity additive in 5D to provide a more homogenous electrical field.

[0025] Figure 6 includes Figures 6A and 6B with Figure 6A showing a conceptual
cross-sectional view of a gel being placed between the skin and muscle and Figure
6B showing the conceptual view of an electrical field generated.

[0026] Figure 7 includes 7A and 7B with Figure 7A showing the external electrode
around a blood vessel and Figure 7B showing a conceptual positioning of
components in the vessel such as a blood vessel.

[0027] Figure 8 is a conceptual perspective view of electrodes positioned relative to
a portion of liver.

[0028] Figure 9 includes Figures 9A and 9B showing conceptual views of electrical
fields generated with Figure 9A showing the field without the gel and Figure 9B
showing the field with the gel present.

[0029] Figure 10 is a picture of a rat liver lobe which has been subjected to
electroporation.

[0030] Figure 11 includes Figures 11A and 11B wherein 11A which is a microscopic
photo showing the tip of a liver showing erythrocytes marked with arrows and Figure

11B is another microscopic photo showing the central vein.

DETAILED DESCRIPTION OF THE INVENTION

[0031] Before the present gels, kits and methods are described, it is to be understood
that this invention is not limited to particular embodiments described, as such may, of
course, vary. It is also to be understood that the terminology used herein is for the
purpose of describing particular embodiments only, and is not intended to be
limiting, since the scope of the present invention will be limited only by the
appended claims.

[0032] - Where a range of values is provided, it is understood that each intervening
value, to the tenth of the unit of the lower limit unless the context clearly dictates
otherwise, between the upper and lower limits of that range is also specifically

disclosed. Each smaller range between any stated value or intervening value in a
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stated range and any other stated or intervening value in that stated range is
encompassed within the invention. The upper and lower limits of these smaller
ranges may independently be included or excluded in the range, and each range
where either, neither or both limits are included in the smaller ranges is also
encompassed within the invention, subject to any specifically excluded limit in the
stated range. Where the stated range includes one or both of the limits, ranges
excluding either or both of those included limits are also included in the invention.
[0033] Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. Although any methods and materials similar or
equivalent to those described herein can be used in the practice or testing of the
present invention, some potential and preferred methods and materials are now
described. All publications mentioned herein are incorporated herein by reference to
disclose and describe the methods and/or materials in connection with which the
publications are cited. It is understood that the present disclosure supercedes any
disclosure of an incorporated publication to the extent there is a contradiction.
[0034] It must be noted that as used herein and in the appended claims, the singular

"non

forms "a", "an", and "the" include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to "a gel" includes a plurality of such gels
and reference to "the ion" includes reference to one or more different types of ions
and equivalents thereof known to those skilled in the art, and so forth.

[0035] The publications discussed herein are provided solely for their disclosure
prior to the filing date of the present application. Nothing herein is to be construed as
an admission that the present invention is not entitled to antedate such publication by
virtue of prior invention. Further, the dates of publication provided may be different

from the actual publication dates which may need to be independently confirmed.

DEFINITIONS
[0036] The term “gel” is used herein to refer to an apparently solid, jelly like
material formed from a colloidal solution. By weight, most gels are liquid yet
behave like solids. Examples include gelatin and commercially available gel
materials used in connection with surgery. However, in connection with the present

invention the conductivity of the gel is adjusted using different ion concentrations
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such as concentrations of sodium chloride in order to increase or decrease the
conductivity of the gel. A typical gel includes water as the liquid phase and a
polymer such as pharmaceutical grade collagen as the solid phase. Gels are
considered semi-solid materials, somewhat elastic and composed of matter in a
colloidal state that does not readily dissolve. In connection with the present
invention the gel can be adjusted so as to provide insulation with respect to the flow
of current and/or conducting heat. Gels can be modified by the inclusion of small
amounts of metal particles including nano size particles (less than 1 micron in
diameter or less than 0.1 micron or less than 0.01 micron in diameter) and by the
inclusion of dissolved metals and ions which are dissolved into the liquid phase and

become part of the colloid solution of the gel.

Conditioning of tissue electrical properties or of electrode-tissue interfaces (1.1)

[0037] When in electroporation a current is forced to flow across different tissue
layers, those with higher resistivity will be subjected to higher electric fields. Thus,
some tissue layers will be more prone to electroporation than others. Although, this is
not necessarily an inconvenient, it could imply that in order to reversibly
electroporate some tissues it would be necessary to irreversible electroporate others,
if not to burn them because of a Joule effect. Moreover, the voltage drop at those
higher resistivity layers will be significant and, in most cases, uncontrollable. Thus,
in these cases it will be difficult to assess the required external voltage in order to
have the sufficient electric field at the region of interest.

[0038] - Furthermore, the electrode-tissue interface impedance is also inconvenient in
the same sense. At the electrode surface, electron exchange reactions occur that
transform electronic transport (electrode metal) into ionic transport (tissue). Such

-transformation also implies a resistance, and a resulting voltage drop, that will
depend on different factors such as the availability of ions and their mobility.

[0039] A case that combines both phenomena is the skin-fold electroporation
technique in which skin is folded and electroporated with parallel plates on opposite
sides of the fold (U. Pliquett, R. Elez, A. Piiper, E. Neumann, Electroporation of
subcutaneous mouse tumors by trapezium high voltage pulses, Bioelectrochemistry
62 (2004) 83-93). In most cases, skin viable tissue layers are the objective of the

treatment whereas the top layer, the stratum corneum, represents an impediment to
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the treatment because of its high resistivity. Moreover, since the electrode-tissue
interface in this case is rather dry, the availability and mobility of ions is poor and the
related interface resistance is quite high. In fact, this is not only a problem for
electroporation but also for different bioelectric applications involving electrodes
such as external defibrillation. In these other cases, electrolytic gels and pastes have
been used for decades (L.A. Geddes, Electrodes and the measurement of bioelectric
events, Wiley-Interscience, New York, 1972). Therefore, it is not surprising that gels
have also been adopted by researches in the electroporation field in order to improve
the “contact” between the electrodes and the tissues (J. Gehl, T.H. Sorensen, K.
Nielsen, P. Raskmark, S.L. Nielsen, T. Skovsgaard, L.M. Mir, In vivo
electroporation of skeletal muscle: threshold, efficacy and relation to electric field
distribution, Biochimica et Biophysica Acta 1428 (1999) 233-240; D. Miklavcic, K.
Beravs, D. Semrov, M. Cemazar, F. Demsar, G. Sersa, The Importance of Electric
Field Distribution for Effective in Vivo Electroporation of Tissues, Biophys. J. 74
(1998) 2152-2158). These compounds improve both the electrode-tissue interface
impedance and the skin top layer conductivity by supplying water and ions, even in
some cases they include abrasives to help to reduce the resistance of the stratum
corneum layer.

[0040] Hence, conductive gels are known in the electroporation field. However, the
present invention shows that in electroporation there are many additional valuable
applications of electrolytic and non-electrolytic additives and gels, in addition to

improving the “contact” impedance.

Insulation of tissue regions (1.2)

[0041] During electroporation, it is often important to ensure that certain regions of
tissue are not affected by the applied electric field. One possible method to achieve
this is by isolating the treated region from that to be protected with non-conductive
gels, i.e. without free ions. However, it must be taken into account that: 1) once the
gel is in contact with tissues, biological ions will begin to diffuse inwards and,
consequently, its conductivity will increase and its behavior as insulator will be
compromised after a period of time; and 2) the gel must be perfectly deposited as a
continuous layer, otherwise, any cleft or hole will lead to conductive paths.

Therefore, it is better to consider the use of non-conductive gels as “injectable

9
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[0042]

spacers” rather than as insulation films. That is, to use them to physically separate the
region to be electroporated from those to be protected.

Figure 1 illustrates a possible application of such strategy; the top layer 1
includes an area 2, to be treated by means of irreversible electroporation with
electrode 3 and 4. The area 2 represents a skin melanoma whereas the bottom region
5 represents any hypodermic tissue, such as muscle, to be protected. In this case, the
gel 6 is injected hypodermically through a syringe before the application of the
needle electrédes (E1 and E2). Section 3.1.2 shows the simulation results of a

structure resembling this case.

Electric field homogenization in irregularly shaped tissues (1.3)

[0043]

[0044]

[0045]

[0046]

Two parallel plate electrodes produce an almost homogeneous electric field
distribution when a homogeneous tissue slab is placed in between them, as in the
case of the skin-fold technique. However, as shown in section 3.1.2. (Figure 4C),
plate electrodes do not produce homogeneous electric fields when the tissue part to
be treated has an irregular shape. A solution to this problem, in the spirit of using
additives to modulate the electrical properties of tissue, is to fill the space between
plate electrodes with a gel whose conductivity is equal or similar to that of the tissue
to be electroporated (“matched conductivity gel”). By doing this, the material
between the plates will become homogeneous in electrical terms and the generated
electric field distribution will also be homogeneous. Computer simulations show that
perfect matching between gel and tissue conductivities is not required in order to
obtain very significant improvements.

Section 3.1.2. shows the simulation results of a hypothetical case related to
the above. That example could represent an irregularly shaped hard tumor that needs
to be reversibly electroporated through external plate electrodes.

Section 3.2 shows an in vivo experimental verification of the concept. The
edge of a rat liver lobe was irreversibly electroporated between two plate electrodes.
In order to homogenize the electric field, a “matched conductivity gel” was employed
to fill the space between the electrodes and the liver surface.

Besides geometrical irregularities on the surface of the tissue, large blood
vessels could also have a significant impact on electric field distribution. One would

expect that due to their higher conductivity they may cause important field
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heterogeneities. In fact, we have observed treatment heterogeneities when applying
electroporation through needle electrodes (not reported here) that we attribute to such
phenomenon. A possible solution is the perfusion of blood vessels with fluids of
similar conductivity to that of the parenchyma to be treated. Section 3.1.3. shows the
simulation results of a hypothetical case in which reversible electroporation of a
region that contains a blood vessel in its vicinity is performed. In this case, only a
thin strip of tissue is not electroporated because of resulting field distribution
heterogeneity. However, in the case of tumor ablation through electro-chemotherapy
this could have dramatic consequences, particularly taking into account that the
surviving tumor cells would be close to a blood vessel. Another simulation result in
section 3.1.3. shows that the effect of replacing the blood with a tissue matched

conductivity fluid has a positive impact.

Implementation of injectable electrodes (1.4)

[0047] High conductivity gels are good conductors and, therefore, they can also
serve as electrodes. This implies that it is possible to implement electrodes that are
soft, injectable, moldable and biodegradable, among other possible interesting

features. Here we describe two possible applications of such injectable electrodes:

Shielding of tissué regions (1.4.1)

[0048] When voltage is applied between two electrodes, current flows through the
path of least resistance, which, in most cases, coincides with the shortest path. Hence,
a possible way to guarantee that a specific tissue region will be not electroporated is
to place it behind the electrodes, that is, outside of the region sandwiched by the
electrode pair. In some cases it will be possible to actually displace the tissues or to
use spacers for separation (section 1.2.). In other cases, the strategy depicted in
Figure 2A could be employed. That is, to implement an embedded electrode in such a
way that the tissue region to be protected (bottom layer in Figure 2A) lies outside of
the region between both electrodes.

[0049] The example depicted in Figure 2A represents a case of skin 1 electroporation
in which the muscle and other deeper structures 5 need to be protected. The process
starts by injecting the gel 6 subcutaneously through a syringe. Then, the same

injection needle 7 with an electrical insulation 8 on the shaft or a wire threaded
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through the skin and gel 6 is used for the electrical contact between the gel region
(injected electrode) and the pulse generator terminal. In this way, roughly only the
skin 2 between the gel 6 and the top electrode 9 is electroporated. An interesting
feature of the proposed method is that the injectable electrodes 10 may be adapted to
the morphology of the region 2 to be treated.

[0050] Figure 2A shows using injectable an electrode 10 for protection of specific
tissue regions 5. Gel 6 and electrode 10 are injected beneath the top layer. When
voltage pulse is applied, only the region between the gel 6 and top electrode 9 is
electroporated.

[0051] Figure 2B shows electroporation of hollow structures such as a blood vessel
-11. Gel electrode 12 is injected through a catheter 13 that is also used to connect it to
the pulse generator. The opposite electrode 14 can be placed on the surface of the
body.

[0052] Section 3.1.4. contains simulation results of a case which shows how injected
electrodes can be employed to protect specific tissue regions. In that case, however,
the objective is to reversibly electroporate the inner tissue without damaging the

outer layers.

Method to electroporate hollow structures (1.4.2)

[0053] Electroporation of blood vessel tissues is possible through intraluminal
catheters which take advantage of the conductivity provided by blood (N.B. Dev, T.J.
Preminger, G.A. Hofmann, S.B. Dev, Sustained local delivery of heparin to the rabbit
arterial wall with an electroporation catheter, Catheterization and Cardiovascular
Diagnosis 45 (1998) 337-345). However, in other cases, such as the gastrointestinal
or urinary tracts, there is no natural electrical contact media between the intraluminal
electrode and the organ walls. Flexible electrodes designed to make direct contact
with walls to be treated have been proposed for these cases (D.M. Soden, J.O.
Larkin, C.G. Collins, M. Tangney, S. Aarons, J. Piggott, A. Morrissey, C. Dunne,
G.C. O'Sullivan, Successful application of targeted electrochemotherapy using novel
flexible electrodes and low dose bleomycin to solid tumours, Cancer Letters 232
(2006) 300-310). Here we suggest that the additives investigated in this study, such
as conductive gels or pastes could be a much simpler and yet effective solution. For

instance, as shown in Figure 2B, a catheter 13 could be used to inject the conductive
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gel 15 into a vessel 11 which when brought in contact with a wire further connected
to the power supply 14 could serve as an electroporation electrode. An advantage of
this strategy is that gel 15 preparation could also contain the therapeutic agent and
there would be no need to entrap it with balloons or other means in the region to be
treated as it is the case in intraluminal catheter for electroporation (N.B. Dev, T.J.
Preminger, G.A. Hofmann, S.B. Dev, Sustained local delivery of heparin to the rabbit
arterial wall with an electroporation catheter, Catheterization and Cardiovascular
Diagnosis 45 (1998) 337-345).

[0054] In the example in Figure 2B one of the electrodes 12 is the injected gel and
the other 14 would be a large electrode on the surface of the body. In this way,
highest electric fields will be produced around the gel 15, particularly if the vessel
wall has lower conductivity than surrounding parenchyma, as it will happen in most
cases. Thus, only an annular region surrounding the gel will be electroporated. Such
structure is simulated in section 3.1.5.

[0055] However, it must be noted that in this case it is not trivial to compute a priori
the required electroporation voltage since the impedance between the gel region and
the external electrode will not be known accurately enough. In order to overcome this
inconvenience the present invention measures the impedance between the internal
electrode and the external electrode before the electroporation. From this
measurement is obtained an approximate value of the resistance that the system

during the electroporation (R). Thus:

wlm|<

I
Jwaw z§=

[0056] (1

[0057] where JWALL denotes current density at the interface between the gel and
the vessel wall, I denotes the total current, V is the voltage applied by the pulse
generator and S is the area of contact between the gel and the vessel (27 x radius x
longitude) . Then, since the Ohm’s law defines the relationship between the

conductivity (o), the electric field (E) and the current density

[0058] J=cE Q)

13



WO 2008/048620 PCT/US2007/022110

[0059] it is possible to obtain an expression that gives us the required voltage to
obtain a specific field at the gel-vessel interface (EINTERFACE):

[0060] V = 6y SRE jyrerrace 3)

[0061] If the vessel wall thickness is much smaller than the diameter of the vessel,

then the electric field across the vessel wall will be quite uniform.

lonic gels

[0062] Gels are colloidal dispersions in which the dispersion medium is a liquid and
the continuous medium is a solid, generally a network of polymeric chains. In the
specific case that water is the liquid medium, gels are also called hydrogels. An
interesting property of most gels is thixotropy, that is, they become more fluid when
mechanically disturbed. Thus, whereas in stady state gels can behave like a soft solid
or a high viscoity fluid, they can be injected easily through small gauge needles
thanks to the effect of shear forces. Hydrogels are used extensively for various
medical applications such as breast implants, wound dressings materials, drug
delivery systems, electrodes and contact lenses. Hydrogels of this type can be used in
connection with the present invention where characteristics such as biocompatibility,
biodegradability and temperature and chemical sensitivity are achieved.

[0063] A straightforward method to generate a liquid or gel with a desired electric
conductivity is by controlling the content of free ions. Presumably, hypoionic
solutions will have no significant effect on living tissues if they are applied for short
periods and if they are balanced with non-ionic species to achieve isotonicity. On the
other hand, high conductivity gels will almost certainly imply hypertonicity. Hence,
some damage to the tissue due to osmotic unbalance (cytotoxicity caused by cell
dehydration) might be expected. In fact, hypertonic gels have been proposed as an
ablation method (J. Rehman, J. Landman, D. Lee, R. Venkatesh, D.G. Bostwick, C.
Sundaram, R.V. Clayman, Needle-Based Ablation of Renal Parenchyma Using
Microwave, Cryoablation, Impedance- and Temperature-Based Monopolar and
Bipolar Radiofrequency, and Liquid and Gel Chemoablation: Laboratory Studies and
Review of the Literature, Journal of Endourology 18 (2004) 83-104). Nevertheless,
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although very highly hypertonic gels (23.4% NaCl) have been tried, the observed
lesions remained small. Quite fortunately, according to the theoretical results
presented here, it seems that it will not be necessary to employ concentrations above
15% NaCl (c ~ 240 mS/cm). Thus, taking into account that the presence of the
hypertonic gels will only be required for a short period, problems regarding the
biocompatibility of the materials are reduced or eliminated.

[0064] An interesting alternative to the use of ions for regulating fluid conductivity
could be the use of microscopic particles, including those obtained from
nanotechnology. For example, particles that combine electrical conductivity

properties and magnetic properties that are manipulated through magnetic fields.

Methods (2)

Electric field distribution computed by the Finite Element Method (2.1)

[0065] The present invention uses mathematical analysis to explore and illustrate the
various applications of the electrolytic and non-electrolytic gels to control
electroporation. To this end we employ the finite element method (FEM) to compute
the electric field distribution under the assumption of constant conductivities and
static currents and fields. This methodology has been used by previous researchers in
the field (D. Sel, S. Mazeres, J. Teissie, D. Miklavcic, Finite-element modeling of
needle electrodes in tissue from the perspective of frequent model computation, IEEE
Trans. Biomed. Eng. 50 (2003) 1221; S.B. Dev, D. Dhar, W. Krassowska, Electric
field of a six-needle array electrode used in drug and DNA delivery in vivo:
analytical versus numerical solution, IEEE Trans. Biomed. Eng. 50 (2003) 1296; K.
Sugibayashi, M. Yoshida, K. Mori, T. Watanabe, T. Hasegawa, Electric field
analysis on the improved skin concentration of benzoate by electroporation,
International Journal of Pharmaceutics 219 (2001) 107-112) and its validity has been
proven (J. Edd, L. Horowitz, R.V. Davalos, L.M. Mir, B. Rubinsky, In-Vivo Results
of a New Focal Tissue Ablation Technique: Irreversible Electroporation, IEEE Trans.
Biomed. Eng. 53 (2006) 1409-1415; D. Miklavcic,-D. Semrov, H. Mekid, L.M. Mir,
A validated model of in vivo electric field distribution in tissues for
electrochemotherapy and for DNA electrotransfer for gene therapy, Biochimica et
Biophysica Acta 1523 (2000) 73-83).
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[0066] The key idea of the FEM is the decomposition of an arbitrary geometry into
small simple elements in which it is possible to solve the differential equations
related to the phenomena under study. Given the appropriate boundary conditions,
the solutions are then assembled and an approximate solution for the complete
geometry is provided. With the present invention, the solved equation for each

element is the Poisson’s equation:

[0067] -V-(evV-1)=q, @)

[0068] where o is the conductivity, V is the voltage, Je is a vector denoting the
externally generated current density.and Qj indicates the current generated in the
element (null in all the cases presented here).

[0069] The specific FEM tool used here was COMSOL Multiphysics 3.2
(www.comsol.com) and the mode chosen for the simulations was “3D conductive
media DC”. The boundary conditions were all insulating on the external surfaces.
Unstructured meshes of tetrahedral elements were automatically generated by the
FEM tool.

[0070] The geometry of the analyzed cases and other details relevant to the
simulations are discussed in next sections. Unless otherwise specified, the
simulations have been performed assuming that Eth =500 V/cm (reversible
electroporation threshold), Eth_irr = 1000 V/cm (irreversible electroporation
threshold), and the conductivity of the tissue (o) is | mS/cm. In the resulting graphs
black color indicates E < 500 V/cm (no effect); gray color 500 V/icm < E < 1000

V/em (reversible electroporation); and white E > 1000 V/cm (irreversible

electroporation).

EXAMPLES
[0071] The following examples are put forth so as to provide those of ordinary skill
in the art with a complete disclosure and description of how to make and use the
present invention, and are not intended to limit the scope of what the inventors regard
as their invention nor are they intended to represent that the experiments below are
all or the only experiments performed. Efforts have been made to ensure accuracy
with respect to numbers used (e.g. amounts, temperature, etc.) but some experimental

errors and deviations should be accounted for. Unless indicated otherwise, parts are
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parts by weight, molecular weight is weight average molecular weight, temperature is

in degrees Centigrade, and pressure is at or near atmospheric.

In vivo proof of concept (2.2)

[0072]

[0073]

To demonstrate the feasibility of using gels for electroporation, we carried
out, in addition to the mathematical analysis, an experiment in which the edge of a rat
liver lobe was irreversibly electroporated between two plate electrodes.

From previous experimental studies (J. Edd, L. Horowitz, R.V. Davalos, L.M.
Mir, B. Rubinsky, In-Vivo Results of a New Focal Tissue Ablation Technique:
Irreversible Electroporation, IEEE Trans. Biomed. Eng. 53 (2006) 1409-1415), we
know that irreversibly electroporated regions in rat liver show within 30 minutes
entrapping of erythrocytes that is observable both macroscopically (darkening due to
blood congestion) and microscopically. Thus, this phenomenon can be employed to
assess the interface between reversible and irreversible electroporated regions and

thereby distribution of electric fields during electroporation.

Experimental procedure (2.2.1)

[0074]

[0075]

[0076]

A male Sprague-Dawley rat (350 g) was obtained from Charles River Labs
through the Office of Laboratory Animal Care at the University of California,
Berkeley. It received humane care from a properly trained professional in compliance
with both the Principals of Laboratory Animal Care and the Guide for the Care and
Use of Laboratory Animals, prepared and formulAated by the Institute of Laboratory
Animal Resources and published by the U.S. National Institutes of Health (NIH).

The experiment started with anesthetization of the animal via intraperitoneal
injection of Nembutal solution (50 mg/ml sodium pentobarbital, Abbott Labs, North
Chicago, IL) for a total of 100 mg sodium pentobarbital per kg of rat. Thirty minutes
later, the liver was exposed via midline incision.

After exposing the rat liver, a liver lobe was placed between two flat circular
electrodes separated at a distance of 5 mm. In order to emulate a geometrical
irregularity, the liver lobe edge was inserted partially between the two electrodes.
The placement of the electrodes in relation to the liver resembled the illustration in
Figure 8, which at the same time is the model for the FEM simulation of the case.

Then, the void space was filled with the matched conductivity gel and the
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electroporation pulse sequence (8 pulses of 750 V with a duration of 100 ps and a
period of 100 ms) was applied by means of a commercial pulse generator (ECM 830,
Harvard Apparatus; Holliston, MA).

[0077] Two hours and a half after the electroporation sequence, the animal was

euthanized and liver samples were prepared for histological analysis.

Histology (2.2.2)

[0078] To fix the liver at its current state for microscopic viewing, we flushed the
vasculature with physiological saline for ten minutes at a hydrostatic pressure of 80
mmHg from an elevated IV drip. This was accomplished by injecting the fluid into
the left ventricle and letting it exit from a cut made in the right atrium. Immediately
following saline perfusion, a 5 % formaldehyde fixative was perfused in the same
way for ten minutes. The treated liver lobe was then removed and stored in the same
formaldehyde solution. Hematoxylin-eosin staining was then performed on cross-
sections through the center of the treated region to study the effects of

electroporation.

Gel preparation (2.2.3)

[0079] We prepared a saline gel from a 0.045% NaCl solution, which is 20 times less
concentrated than the standard physiological solution (0.9 % NaCl). Such electrolyte
content should produce an electrical conductivity of around 0.7 mS/cm. Reported
liver conductivities maybe a little bit higher (~ 1 mS/cm), however, as seen in the
simulations, this difference should not produce significant effects. The steps to
produce the gel were: 1) add 0.8 g of raw agar to 100 ml of a 0.045% NaCl solution;
2) dissolve agar in the saline solution at boiling point; 3) cool the solution until

solidification and 4) stir until gel formation.
Results and discussion (3)
Simulation of typical applications (3.1)

[0080] The goal of this section is to illustrate the concepts brought in the introduction

with typical examples.
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Tissue insulation (3.1.1)

[0081]

[0082]

[0083]

[0084]

[0085]

Here we simulate the case discussed in Figure 1 (section 1.2.). That is, non-
conductive gel is injected underneath the top layer of tissue in order to physically
separate it from bottom tissue, which needs to be protected. This particular case
represents a skin melanoma that needs to be removed by irreversible electroporation.

The model used for the simulation consists of five components: 1) a square
prism (20 mm x 20 mm x S mm) with conductivity = 1 mS/cm that models bottom
tissue (tissue 2); 2) a half ellipsoid volume (10 mm x 10 mm x 0.5 mm) on top of the
prism with conductivity 0.1 mS/cm for the insulating gel; 3) a mantle (thickness = 1
mm) with conductivity = 1 mS/cm on top of both components that models top tissue
(tissue 1); and 4) and 5) two cylinders (diameter = 0.1 mm, length = 5 mm) with high
conductivity (1000 S/cm) representing the electrodes that penetrate the top mantle.
The separation distance between the electrodes is 2 mm and the applied difference
voltage is 1000 V. The number of elements of the mesh is 102,614.

Note that we have chosen a conductivity of 0.1 mS/cm for the insulating gel,
instead of the ideal 0 mS/cm, to take account of the fact that impurities in the gel and
ionic diffusion from tissue after implantation will make it not a perfect insulator.

The result of the simulation (Figure 3) shows that, although the top tissue 2 is
irreversibly electroporated throughout the entire area surrounding the electrodes 3
and 4, damage to the bottom layers is minimal and only two single spots experience
reversible electroporation. It is interesting to note that the simulated gel 6 is not
completely non-conductive, in fact, its conductivity is only one order of magnitude
lower that the conductivity of the tissues.

Figure 3 show simulation result of tissue regions protection by means of non-
conductive gel 6 used as a spacer (tissue 1 conductivity = tissue 5 conductivity = 1
mS/cm, gel conductivity = 0.1 mS/cm; gel region diameter = 10 mm, gel region
height = 0.5 mm; tissue 1 thickness = 1 mm; electrode diameter = 0.1 mm, electrode
separation distance =2 mm). In Figure 3A this is shown a vertical plane that
comprises both electrode axes. Figure 3B shows a simulated image of a horizontal |
plane at the height denoted by gray line in left figure (~ 1/4 of tissue 1 thickness at
region of interest). Black color indicates E < 500 V/cm (no effect); gray color 500
V/em < E < 1000 V/cm (reversible electroporation); and white E > 1000 V/cm

(irreversible electroporation).
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Electric field homogenization in irregularly shaped tissues (3.1.2)

[0086] The example presented here is relevant to the application discussed in section
1.3. That is, the homogenization of the electric field in irregularly shaped tissues by
means of matched conductivity additives.

[0087] Figure 4 shows a simulation of the electroporation of a semispherical tumor
16 (diameter = 1cm) at 550V. Figure 4A shows a model employed in the simulation.
Figure 4B shows the resulting electric field magnitude from the simulation when gel
19 is present (vertical plane across the center of the electrodes). Figure 4C shows a
simulated electric field magnitude when matched conductivity gel is not employed
(vertical plane across the center of the electrodes 17 and 18). Figure 4D is the same
as Figure 4C but now voltage between electrodes is 1100V,

[0088] The structure depicted in Figure 4A could correspond to the case of an
irregularly shaped hard tumor electroporated through plate electrodes. The model
consists of a semi-sphere (diameter = 10 mm) on top of a square prism (50 mm x 50
mm x 20 mm) that represents the tissue (conductivity = 1 mS/cm) and two plate
electrodes (20 mm x 10 mm x 1 mm; conductivity =1000 S/cm) on two opposite
sides of the semi-sphere. An extra irregularity in the shape of a semi-spherical
depression (diameter = 2mm) has been included at the top of the tissue part. The
number of elements of the mesh is 21,888. The voltage applied between electrodes is
550 V.

[0089] The simulation result of electroporation in the absence of a gel is shown in
Figure 4C. The electric field distribution is extremely heterogeneous. Furthermore,
even in the case that very high voltages are employed (Figure 4D), there are regions
that are not electroporated. Of course, this is something not acceptable in cancer
treatment and, maybe because of that, needle array electrodes are preferred for this
kind of tumors rather than plate electrodes. On the other hand, when the addition of a
matched conductivity gel is simulated (Figure 4B) the results show that the electric
field is much more homogeneous, even in this case in which the conductivity
matching between tissue and gel conductivities is not perfect (matching error = 30
%).

Electric field homogenization in tissues containing blood vessels (3.1.3)
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[0090] The simulation presented here is also related to section 1.3. The current case
represents the reversible electroporation of a region that contains a blood vessel in its
vicinity (Figure 5A). The electroporation is performed with two paralle! arrays of
needle electrodes that should produce a quite homogeneous field within the region
between them.

[0091] Figure 5 shows a simulation of the reversible electroporation of a square
region that contains a blood vessel (diameter = 3 mm) on its bottom boundary. Figure
5A shows a model employed in the simulation, each electrode (E+ and E-) is
constituted of an array of three needles (diameter = 1mm, separation = 5 mm,
penetration depth = Smm); the separation distance between both arrays is 10 mm;
blood vessel conductivity = 10 mS/cm and tissue conductivity = 1 mS/cm; applied
voltage= 1000 V. Figure 5B shows a horizontal section of the simulated field
magnitude at the top interface between the blood vessel and the parenchyma; white
arrows indicate the region on top of the blood vessel that is not electroporated at all.
Figure 5C shows a vertical section, across the array centers, of the simulation results;
the white arrow also indicates the region the on top of the blood vessel that is not
electroporated at all. Figure SD show the same result when blood vessel conductivity
is changed from 10 mS/cm to 1.5 mS/cm.

[0092] The model used for the simulation consists of: 1) a rectangular prism (50 mm
x 50 mm x 20 mm) that represents the tissue an has a of conductivity 1 mS/cm; 2) a
cylinder that represents the blood vessel (conductivity =10 mS/cm ; diameter = 3
mm, length = 50 mm) that goes from one lateral side of the prism to the other at a
depth of Smm; and 3) two electrode arrays placed in parallel at a distance of 10 mm
between them. Each one of both arrays consists of three cylindrical rods
(conductivity = 1000 S/cm; diameter = 1 mm, length = 15 mm, separation distance =
5 mm). The number of elements of the mesh is 68,571. The voltage applied between
both arrays is 1000 V.

[0093] Simulation results show that a thin strip of tissue is not electroporated
because of resulting field distribution heterogeneity (Figure 5B and Figure 5C). On
the other hand, when blood is replaced by a matched conductivity additive (vessel
conductivity changes from 10 mS/cm to 1.5 mS/cm), the simulated field distribution
(Figure 5D) is much more homogeneous and the objective of completely

electroporating the region between electrodes is achieved.
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Subdermal electrodes (3.1.4)

[0094]

[0095]

[0096]

The example presented here is relevant to the application discussed in section
1.4.1. That is, the use of injectable electrodes in order to protect specific tissue
regions.

Figure 6 shows a simulation of muscle (thickness = 5 mm) electroporation at
700 V through injected semi-ellipsoidal gel regions connected to metallic needles
with insulation on their shaft (E+ and E-). (a) Model employed in the simulation; gel
conductivity = 200 mS/cm, muscle conductivity = 1 mS/cm, skin conductivity = 0.1
mS/cm. Figure 6B shows the resulting electric field magnitude from the simulation.
The number of elements of the mesh is 196,534.

For the case shown in Figure 6A, the objective is to reversibly electroporate
the inner tissue (rectangular prism (20 mm x 20 mm x 5 mm); conductivity = 1
mS/cm) without damaging the outer layers (mantle with thickness of 1 mm;
conductivity = 0.1 mS/cm). This may be considered a complimentary case to that
presented in Figure 2A. To perform such selective electroporation, the invention
may use the injection of conductive gels at both sides of the region to be
electroporated through needles with insulation on their shaft. With this method both
regions will behave as parallel plate electrodes (gel regions are modeled here as half
ellipsoid volumes (10 mm x 10 mm x 0.5 mm) with a conductivity of 200 mS/cm).
Indeed, according to the simulation results (Figure 6B) such behavior is obtained.
Note, however, that enhancement of electric fields at gel region edges occurs and that

causes in some damage to top tissues (skin).

Hollow structure electroporation (3.1.5)

[0097)

This example shows a simulation of the case presented in Figure 2B. An
empty vessel is filled in its central region with a high conductivity gel. Then,
electroporation voltage is applied between this gel and an external large electrode
(Figure 7A). If the voltage is properly selected, significant results in terms of
selectivity of electroporation can be achieved. This is illustrated by the result of the
simulation (Figure 7B). The figure shows that only the vessel wall in contact with the

gel is electroporated.
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[0098] The model (Figure 7A) consists of a large cylinder (diameter = 100 mm,
length = 80 mm) that stands for the tissue between the cavity and the external
electrode (conductivity = 1000 S/cm); a cylindrical cavity (diameter = 9mm) with
infinite resistivity; a thin (thickness = 0.5 mm) wall between the cavity and the tissue
with conductivity = 0.25 mS/ cm; and a cylinder (diameter = 9 mm, length = 20 mm)
in the center of the geometry (not visible in Figure 7A) that stands for the inner gel
electrode and that has a conductivity of 200 mS/cm. The applied voltage between the
internal electrode (inside the gel) and the external electrode is 200 V. The number of
elements of the mesh is 56,364.

[0099] Figure 7 shows a simulation of empty blood vessel (outer diameter= 10mm,
inner diameter = 9 mm) electroporation at 200 V through an injected cylindrical gel
region and an external metallic electrode. Figure 7A shows the model employed in
the simulation; gel cylinder is at the centre of t'he geometry, within the vessel; gel
conductivity =200 mS/cm, tissue conductivity = 1 mS/cm, vessel wall conductivity =
0.25 mS/cm. Figure 7B shows the resulting electric field magnitude from the
simulation, two transverse cross sections at the center of the geometry are shown.
Although it is difficult to appreciate, it can be observed that only the vessel walls at

the location of the gel cylinder have been reversibly electroporated.

In vivo proof of concept (3.2)

[00100] The results from the simulation of the structure resembling the in vivo proof
of concept model (Figure 8) show that if no gel had been applied the very tip of the
lobe would have not electroporated at all (Figure 9A). On the other hand, when the
gel is applied, the effect of a matched conductivity gel (matching error = 20%) is to
cause complete irreversible electroporation of the whole lobe, including the tip
(Figure 9B). Macroscopic observation of the electroporated region (Figure 10) before
formaldehyde fixation agreed with the simulation result. Note that it is even possible
to appreciate the concave shape of the irreversibly electroporated region that was
predicted by the simulation. Microscopic observation (Figure 11A) confirmed that
entrapping of erythrocytes occurred through the whole lobe tip whereas it was not
present in inner regions (Figure 11B).

[00101] Figure 8 shows a representation of the model employed to simulate the

electroporation of the liver lobe tip (gel is not shown). The liver lobe tip is
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electroporated between the disk electrodes E+ and E- (diameter = 10 mm,
conductivity = 1000 S/cm) separated at a distance of 5 mm. The applied voltage is
750 V and liver tissue conductivity is 1 mS/cm. The number of element of the mesh
is 61,346. |

[00102] Figure 9 shows the results from the simulation of the liver lobe
electroporation (plane x-y, z=0). Figure 9A shows the simulated results without gel;
an irregular electroporation pattern is obtained, a significant proportion of the tip is
not irreversible electroporated. Figure 9B shows simulated results of the presence of
filling gel with conductivity = 0.8 mS/cm is simulated; the tip region between the
electrodes is irreversibly electroporated.

[00103] Figure 10 shows a picture of the electroporated rat liver lobe. It was cut and
opened through the middle of the electrbporated region. White dots are placed at the
border between the treated tissue and the intact tissue.

[00104] Figure 11 shows a microscopic pictures of the electroporated liver lobe.
Figure 11A shows the tip of liver lobe; significant entrapping of erythrocytes
(marked with arrows) denotes that irreversible electroporation has been produced.
Figure 11B shows the central vein area in an inner zone; no alteration can be

observed. Bar indicates 100 um, both pictures are at the same magnification.

Thermotherapy in cavities and vessels based on conductive gels.

[00105] Among different applications, artificially induced hyperthermia is particularly
useful as a local reinforcement process for chemotherapy and radiotherapy.

[00106] Currently, there exist some clinically available tools that can be employed to
generate heat from the inside body vessels and cavities in a controlled fashion.
However, all of these instruments employ some sort of cumbersome catheters that
constrain their application in certain situations.

[00107] The present invention uses conductive gels for such a purpose. The method is
equivalent to that one proposed for the electroporation of cavities. That is, to fill the
cavity with a conductive gel and to apply an electric current between an electrode
connected to that gel and an external electrode on the body surface. In this case,
however, the applied electrical stimulus between both electrodes is not intended to
perform cell membrane electroporation but to heat the tissue and/or the gel by means

of the Joule effect. Therefore, the stimulus is an AC signal of lower amplitude but
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longer duration. As a matter of fact, the signal can be continuously injected through
the treatment duration and the amplitude can be modulated according to some kind of
temperature reading (e.g. temperature sensor on the catheter tip) in a controlled
mode.

[00108] As with the electroporation described above, therapeutic agents, such as
chemotherapeutic drugs, can be part of the gel composition.

[00109] Gel composition can be also differentiated for different purposes:

{00110] (1) In the case of high electrically conductive compositions (e.g high
electrolytic content), few thermal losses due to Joule effect will be produced within
the gel. Most energy will be dissipated in an annular region around the gel due to
higher electric current density and higher resistance.

[00111] (2) In the case of moderate electrically conductive compositions, significant
energy will be dissipated within the gel and surrounding tissues will be heated
because direct contact with the heated gel rather than because direct Joule dissipation
within them. This phenomenon can be enhanced by using additives, such as metal
nano-particles, that increase the thermal conductivity of the gel.

[00112] With either thermotherapy or electroporation, DC voltages can be applied
before, after or during (i.e. superimposed) the treatment between the electrodes in
order to induce iontophoresis of drugs. This may be done to increase the penetration
of these drugs into cells and tissues surrounding the gel.

[00113] The preceding merely illustrates the principles of the invention. It will be
appreciated that those skilled in the art will be able to devise various arrangements
which, although not explicitly described or shown herein, embody the principles of
the invention and are included within its spirit and scope. Furthermore, all examples
and conditional language recited herein are principally intended to aid the reader in
understanding the principles of the invention and the concepts contributed by the
inventors to furthering the art, and are to be construed as being without limitation to
such specifically recited examples and conditions. Moreover, all statements herein
reciting principles, aspects, and embodiments of the invention as well as specific
examples thereof, are intended to encompass both structural and functional
equivalents thereof. Additionally, it is intended that such equivalents include both

currently known equivalents and equivalents developed in the future, i.e., any
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elements developed that perform the same function, regardless of structure. The
scope of the present invention, therefore, is not intended to be limited to the
exemplary embodiments shown and described herein. Rather, the scope and spirit of

present invention is embodied by the appended claims.
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CLAIMS

That which is claimed is:

1. Use of a gel in the manufacture of a gel composition with a predetermined
conductivity relative to surrounding tissue, for a tissue electroporation treatment where
current is applied across tissue, in contact with the gel in an amount so that cells of the tissue
are subjected to electroporation.

2. The use of claim 1, wherein the conductivity of the gel is sufficiently below
that of the surrounding tissue such that when current is applied substantially no current flows
through the gel and the current is directed to a specific targeted area of tissue to be
electroporated.

3. The use of claim 1, wherein the conductivity of the gel is substantially the
same as that of surrounding tissue and when current is applied a homogeneous electrical
field is applied and a specific area of targeted tissue has its cells electroporated.

4. The use of claim 1, wherein the gel is comprised of a therapeutically active
drug.

5. The use of claim 1, wherein the gel is a hydrogel comprised of water and
solid phase polymer chains.

6. The use of claim 1, wherein the conductivity of the gel is adjusted by
incorporating a predetermined concentration of ions in the gel.

7. The use of claim 6, wherein ions are derived from NaCl in the gel.
8. The use of any of claims 1-7 wherein the electroporation is reversible.
9. The use of any of claims 1-7 wherein the electroporation is irreversible.

10.  Use of a gel in the manufacture of a gel composition with a predetermined
conductivity relative to surrounding tissue, for a tissue electroporation treatment where
current is applied across tissue, in contact with the gel in an amount so that cells of the tissue
are subjected to a temperature change sufficient to disrupt normal cell permeability.
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11.  The use of claim 10, wherein the temperature change is sufficient to change
cell permeability so as to result in cellular death.

12. The use of claim 1, wherein the electroporation treatment is carried out a
level so as to cause a temperature change sufficient to disrupt normal cell permeability.

13.  Akit for carrying out electroporation, comprising:
a gel having a predetermined conductivity relative to tissue surrounding an
area to be subjected to electroporation;
a syringe for injecting the gel;
first and second electrodes for creating a current between the electrode when
inserted in a patient; and
instructions for performing electroporation.

14.  The kit of claim 13, wherein the gel is comprised of a therapeutically active
drug.

15.  The kit of claim 13, wherein the gel is a hydrogel comprised of water and
solid phase polymer chains.

16. The kit of claim 13, further comprises:
an additive for adjusting the conductivity of the gel by incorporating a predetermined

concentration of ions in the gel.

17.  The kit of claim 16, wherein the additive comprises NaCl.
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