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Abstract

A medical system having a medical device and a computer configured to
treat target tissue cells using the medical device, the medical device being
configured to selectively deliver energy at a voltage at which tissue
electroporation occur, a voltage at which heat ablation occurs, a voltage between
the voltage at which tissue electroporation occurs and the voltage at which heat

ablation occurs.
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DEVICE FOR ABLATING AND ELECTROPORATING TISSUE CELLS

FIELD OF THE INVENTION

The present invention relates to a method and system for high-voltage

N

radiofrequency ablation using combined heat and electroporation to produce a deeper
lesion while avoiding the production of excess heat at the tissue surface.
BACKGROUND OF THE INVENTION
The use of an electric field 1s relatively new medical treatment for such
purposes as the enhancement of chemotherapy (electrochemotherapy), cellular
10 ablation, and intracellular electromanipulation. All three treatments involve pulses of
energy, although ustng difterent frequencies and pulse durations. Ablation, such as of
tumor or hver cells, occurs when cells are exposed to high-voltage electrical field
pulses. In the presence of these pulses, the electrochemical potential across the cell
membrane 1s altered and instabilities in the polarized lipid bilayer are induced, which
15  may lead to the development of irreversible pores (or enlargement of existing pores)
in the cell membrane. The phenomenon may cause cell death through the loss of
cellular contents or entry of surrounding contaminants.
This increase 1n cell membrane permeability when exposed to an electric field
1s generally referred to as electroporation, and may be brought about by the
20 application of pulses of direct current (DC) electrical energy applied internally (via,
for example, a catheter) or externally. However, the repetition frequency of electric
pulses 1s considered to ctfect muscle contractions, which can produce a burning
sensation Or (ntense pain in patients.,
Further, deep lesions are sometimes required to effectively treal some cardiac
25  conditons. For example, atrial [ibrillation may be caused by aberrant electrical
conductivity pathways through and around scarred myocardial tissue, which cause an
clectrical “feedback loop™ and irregular heartbeat. To destroy these aberrant
pathways, the myocardial tissue must be ablated deeply enough to stop the
problematic electrical signals from continuing. The creation of deep lesions requires
30 prolonged application of encrgy and/or high tempcraturcs. However, the surface of
the tissue must be maintained at cool enough temperatures to avoid charring or micro

embolus formation, which can lead to unintended tissue death or stroke.
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Therefore, a system and method are desired that 1s capable ot producing deep
lesions without the production of high heat and without causing patient disconmfort.
The system and method of the present invention involve the application of higher
voltage radiofrequency energy to use both heat and electroporation to perform

ablation while avoiding undesired tissue damage due to excess heat at the tissue

surtace.

SUMMARY OF THE INVENTION

The present invention advantageously provides a method and system for
producing deep lesions without the production of high heat. The method generally
includes treating target tissue cells using a medical device that 1s configured to
selecuvely deliver energy at a voltage at which tissue electroporation occurs, energy
at a voltage at which heat ablation occurs, or any voltage therebetween. 'The medical
device may also be configured to reduce the temperature of the tissue cells to a
temperature at which cryoablauon occurs. The applied energy may be radiofrequency
(RF) energy, and the RF energy may be an alternating current energy having a
frequency of between approximately 20 kHz and approximately 1MHz.
Electroporation energy may be delivered between approximately 500 volts RMS and
approximately 3000 volts RMS. Further, a voltage at which heat ablation occurs is
applied to target tssue cells before applying a voltage at which electroporation
occurs. Still further, the medical device may include a plurality of electrodes and
radiofrequency energy s delivered to each of the plurality of electrodes, the energy
dclivered to each of the plurality of electrodes being cither at in-phasc angle or out-of-
phase angle relative (o the energy delivered to adjacent electrodes.

In an another embodiment, the method may include positioning a medical
device in contact with an area ol target tissue, the medical device including a plurality
of electrodes in communication with a radiofrequency generator, the generator
programmable to deliver energy in at least one of bipolar mode and combination of
unipolar mode and bipolar mode, delivering to the target tissuc both radiofrequency
cnergy from the medical device at between approximately SO0 volts RMS to
approximately 3000 volts RMS, and delivering alternating current radiofrequency
energy from the medical device at between approxumately 100 volts RMS to

approximately 150 volts RMS to an area of target tissue. The method may further
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include delivering alternating current radiofrequency encrgy at a voltage between
approximately 150 volts RMS and approximately 500 volts RMS. The energy
delivered (o each of the plurality of electrodes may be delivered at either an in-phase
angle or out-of-phase angle relative to the energy delivered to adjacent electrodes.

The system may generally includes a medical device having a plurality of
electrodes at a distal end of the device, and energy generator in communication with
the plurality of electrodes, the generator programmable to deliver between
approximately 100 volts RMS and approximately 3000 volts RMS. 'The device may
further 1nclude one or more sensors at the distal end. The energy generator may be
programmabile to deliver between approximately 100 volts RMS and approximately
150 volts RMS during a first treatment cycle and between approximately 500 volts
RMS and approximatcly 3000 volts RMS during a second treatment cycle. Further,
the energy generator may be programmable to deliver energy to the plurality of
electrodes 1n at least one of unipolar mode, bipolar mode, and combination thereof
BRIEF DESCRIPTION OF TIIE DRAWINGS

A more complete understanding of the present invention, and the attendant
advantages and features thercof, will be more readily understood by reference to the
tollowing detailed description when considered in conjunction with the accompanying
drawings wherein:
FIG. 1 shows a first embodiment of a system in accordance with the present
invention:
FIG. 2 shows a second embodiment of a system in accordance with the present
invention;
FIGS. 3A and 3B show a distal portion of a medical device having a plurality of
electrodes and lesions created when the device i1s operating in unipolar or bipolar
mode; and
FIG. 4 shows a flow chart of a method in accordance with the present invention.
DETAILED DESCRIPTION OF THE INVENTION

The present invention provides systems and methods of use thercof for
producing deep lesions without the production of high heat and without causing
patient discomtort. Iligh-frequency alternating current (AC) radiotrequency (RF)

energy may 1s used (for example, between approximately 20 kHz and approximately
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1MHz, as this range does not stimulate the heart but still provides an ¢lectroporetic
effect) 1s used to ablate tissue through either cellular electroporation or heat or a
combination thereof, while maintaining tissue surface temperatures below a threshold
temperature that causes unintentional charring or the formation of micro emboli.
Further, this application of AC RF energy does not cause patient discomfort or pain as
does the application of DC encrgy. Still further, the AC RF encrgy may be applied at
a voltage capable of ablating tissue due to heat energy, a voltage capable ot ablating
tissue due to electroporation ettects, or a voltage at any point along a continuum
between heat energy and elecuroporation energy. Referring now to the drawing
figures 1n which like reference designations refer to like elements, FIG. 1 shows a first
embodiment of a system 10 for generating and applying high-voltage RF energy to an
arca of target tissue 12. The system 10 may gencrally include a medical deviee 14, an
energy generator 16, and a console 18 ftor operating, monitoring, and regulating the
operation of the device 14,

Referring to FIGS. 1 and 2, the medical device 14 may be a catheter, tor
example, an RF ablation catheter as shown in FIG. 1. The catheter 14 may be adapted
for use with a single energy modality only (for example, RF energy), or a combination
of energy modalities (for example, RF plus laser, microwave, cryoablation, and/or
ultrasound energy). Regardless of the number of energy modalities to which the
catheter 14 is suited, however, the catheter 14 must at least be capable of transmitting
an electric field that will electroporate target tissue cells 12. For example, the catheter
14 may be capable of transmitting RF energy at a voltage of approximately 2000 V or
greater. 'The catheter 14 may include a tlexible elongate body 20 having a proximal
portion 22 and a distal portion 24, The distal portion 24 of the elongate body 20 may
have a lixed diameter (as shown 1n FIG. 1), or may include an expandable element (as
shown 1n FIG. 2). The elongate body 20 may include a plurality of treatment
elements, such as electrodes 26, at the distal portion 24 for delivering energy to target
tissuc 12. If a secondary encrgy modality 1s used in addition to RF ¢nergy, the
treatment clements may also include a thermally-transmissive region in addition to the
plurality of electrodes 26, such as a balloon or other expandable element, metal
structure directly or indirectly exposed to a flow path of cryogenic fluid, or one or

more thermally-conductive polymers or composites. For example, FIG. 2 shows a
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catheter 14 having a cryoablation balloon 27 in addition to an ¢lectrode array 26. The
plurality of electrodes 26 may be of any number, configuration, or shape, for example,
a plurality ol discrete electrodes, band electrodes that partially or entirely

circumscribe the elongate body 20 (as shown in FIG. 1) or balloon 27, longitudinally

)

oriented electrodes (as shown in FIG. 2), a tip electrode (as shown in FIG. 2), or

clusters of electrodes. The electrodes may be in the form of conductive strips applied

to the outer surtace of the distal portion 24, and may b¢ made of metal, conductive

polymers, conductive ink printing, or micro-capillary printing. 'The electrodes 26 may

be adhesively bonded to the device 14 or applied by 1on-deposition or plasma

10 deposition. Alternatively, conductive matenals such as silver, platinum, or gold may
be doped or otherwise mixed 1nto the balloon 27 matenal.

The catheter 14 may detine one or more lumens 28 for providing mechanical,
electrical, and/or fluid communication between the proximal portion 22 and the distal
portion 24 of the elongate body 20. The one or more lumens 28 may be thermally

15  1nsulated to substantially prevent heat exchange between, for example, a lumen 28
(and any devices or components therein) and the plurality of electrodes 26. The distal
portion 24 of the clongate body 20 may further include one or more scnsors 29 for
detecting pressure, temperature, electrical impedance, or other system and/or
environmental parameters (for example, the surface temperature of the target tissue

20 12). The one or more sensors 29 may be of any configuration (for example, ring
sensors as shown in FIG. 1, or tip and balloon sensors as shown in FIG. 2), and may
be in communication with the console 18, with which the user may control the energy
delivered to the catheter 14, For example, if a temperature sensor 29 detects a tissue
12 surface temperature at or near a threshold temperature, the energy application may

25  be stopped (either automatcally by the system 10 or manually by the user) and/or the
RF voliage reduced 1n order to avord unintended tissue damage.

The proximal portion 22 of the elongate body 20 may be coupled to a handle
30, which may includ¢ various ports for clectrical and fluid connectors, lcads,
junctions, or tubes, and may also includce various control asscmblics, such as switches

30  or valves, as well as safety detection or shutdown components. For example, the

handle 30 may include connectors that are matable directly or indirectly by way of

one or more umbilicals to the console 18. Further, the handle 30) may also include an
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clement such as a iever or knob for manipulating or deflecting at least a portion of the
elongate body 20,

Continuing to refer to FIGS. 1 and 2, the energy generator 16 may be an RIY
energy generator capable of delivering energy in multiple modes, such as unipolar,
bipolar, and combination thereof, such as 4:1, 2:1, and 1:1 (a duty cycle-controlled
power dchivery system). Further, the generator 16 is capable of delivering pulsed
alternating current (AC’) RF energy of approximately 500 volts RMS to approximately
2000 volts RMS or more (for example, up to 3000 V). At these higher voltages, the
majority ol the cell damage would be due to electroporation of the target tissue 12
cells (for example, to a temperature of above 45 °C, without a substantial increase in
the temperature of the electrodes 26. During electroporation, the RF energy may be
dehivered 1in multiple ON/OFF cycles in which the ON cycle only represents
approximately 0.5% to approximately 1% of the total duty cycle time. These quick
burst of high-voltage energy create pores in membranes of target tissue cells, but will
not damage the tissue with heat. Therefore, deeper lesions may be achieved without a
substantial increase in heat energy, and thus unintended damage to non-target tissue
or tissuc charring may be avoided. For example, the tissue surface temperature may
be maintained at a temperature below 45 °C, the temperature at which irreversible
unintended damage may occur. This, in turn, reduces the likelihood of potentially
lethal complications (for example, the formation of micro emboli) and reduces patient
discomfort,

The generator 16 may also be capable of operating at a lower voltage (for
example, approximately 100 to approximately 150 volts RMS) for ablating tissue
using primarily heat energy. To generate heat energy, the RF energy may be
delivered in multiple ON/OFF cycles in which the ON cycle is greater than, (or
example, 2% of the total cycle. Tissue may be irreversibly damaged at temperatures
above 45 °C; however, sub-lethal heat energy may be applied to temporartly “stun”
(rather than irreversibly damage) an arca of target tissuce to help determine whether
the arca of stunned tissue is perpetuating an aberrant clectrical signal involved in an
arrhythmia, and therefore whether subsequent electroporation of the stunned area of
tissue will block the aberrant electrical signal. Because electroporation may not result

in immediate ablation of the treated tissue (that is, the treated cells may continue to
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function somewhat normally for a time after electroporation) and thus immediate
current blockage, it may be ditficult to determine whether the correct area of tissue
was electroporated. Therelore, the combination of heat energy and electroporation
may result in more effective and etficient ablation.

N The generator 16 may allow for the selection of simultaneous or selective
cnergy delivery across clectrode pairs, and may further include a user interface 32 for
monitoring ablation time, ¢lectrode temperature, time at temperature, and the like.
The energy output scheme of the generator 16 may be programmable independently
of the console 18 via the user interface 32. Further, the generator 16 may be capable

10 of dehivering an adjustable voltage so ablation may be caused using primarily heat
(for example, between approximately 100 V to approximately 150 V), primanily
clectroporation (tor example, between approximately SO0V and approximately 2000)
V or more), or any combination thereof (a voltage anywhere along the continuum
between heat voltage and electroporation voltage). Additionally, the generator 16

15  may be programmable to mampulate characteristics of the energy output, such as the
ON cycle percentage of the total duty cycle, the voltage, and the number of ON/OFF
sequences.  In a non-limiting example, the voltage could be adjusted to alternately
ablate tissue 12 using primarily heat, primarily electroporation, or combination
thereof. In an additional non-lhimiting example, cryoablation may be used in addition

20 to electroporation (as shown in FIG. 2), in which case the generator 16 may maintain
voltage at approximately 500 to approximately 2000 volts RMS or more to cause
electroporation of cells, which may complement the cryoablation. The cryoablation
and RF ablation may be used either simultaneously or alternately. The temperature
required for cryoablation may be lower than would normally be required to ablate

25  ussue, thus requiring lower coolant flow rates and/or volume. Still further, a second
generalor 34 may be used if microwave, laser, or ultrasound energy is also used.
Thus, the user may have very precise control over the treatment process.

Continuing to referring to FIGS. 1 and 2, the console 18 may be used to
control the temperature of on¢ or more components of the medical device 14 during

30 operation of the system 10. The console 18 may include a power source 35, a
computer 36 in communication with other system 1() components (such as the

plurality of electrodes 26, one or more sensors 29, and/or generator 16) and having
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one or more screens or displays 38 with which the user may monttor and/or adjust
system 10 parameters. Additonally or alternatively, the computer 36 may be
programmed (o automatically adjust such parameters as voltage delivered by the
generator 16, coolant volume and tlow delivered from a coolant source 40 (as shown
S5 in FIG. 2), and effective temperature of the one or more treatment elements based at
lcast in part on signals recerved from the one or more sensors 29, Further,
temperature regulation may be achieved through the implementation of on¢ or more
active thermal elements coupled to the medical device 14 and/or in communication
with the computer 36, such as one or more cooling components (such as subcoolers,

10 Peluer coolers, Joule-Thompson coolers, Stirling engine, or the like) and/or active
heat sources (such as heating elements, immersion heaters, circulation heaters, or
other devices tor warming fluids or gasces). It the system 10) 1s contigured for
cryoablation, the system 10 may include not only a coolant source 40, but a coolant
return reservolr and vacuum pump as well, and the device 14 may include a fluid

15  injection lumen, a fluid return tumen, a fluid injection element, and the like.

Referring now to FIGS. 3A and 3B, the distal portion 24 of the medical device
14 may include a plurality of electrodes 26, with each electrode being capable of
operating out of phase from one or more adjacent electrodes. This allows for the
device 14 to operate 1n unipolar mode, bipolar mode, or combination thereof., Further,

20 this mode selection may be used in conjunction with the voltage selection, thereby
making possible a wide variety of treatment effects. As shown in FIGS. 3A and 3B,
the distal portion 24 may include four clectrodes 26A, 26B, 26C, 261, although it is
understood that any number or configuration of electrodes may be used, such as an
array or mesh including a plurality of electrodes.

23 All four electrodes may be activated o apply energy at 1000 V RMS in
bipolar mode (as shown in FIG. 3A). As a non-limiting example, electrode 26 A may
apply energy at 1000 V at 0°, electrode 26B may apply energy at 1000 V at 180° out
of phasc trom clectrode 26 A, clectrode 26 may apply encrgy at 1000 V at ()° (same
phase as ¢electrode A), and clectrode 26D may apply energy at 1000 V at 18()° out of

30  phase [rom electrode 26(C. In this case, the energy applied between any two
electrodes would be twice the voltage applied by either electrode (e.g., 2000 V RMN).

However, using a different phase angle would create a different combined voltage.



CA 02882960 2015-02-25

WO 2014/039320 PCT/US2013/056756

10

15

20

9

For example, It electrodes 26A and 26C apply energy at 100X) V at ()° and elcctrodes
268 and 26D apply energy at 1000 V at 90°, the combined voltage between electrodes
26A and 26B (or any combination of adjacent electrodes) would be approximately
1400 V RMS (or approximately 1.414 tmes 1000 V). Similarly, a 60° shift would
result in a combined voltage between electrodes 26A and 26B (or any combination of
adjacent electrodes) of 1000 V (creating no increased effect). In fact, any phasc angle
between ()° and 180° could be used to create the desired combined voltage between
electrodes. Further, the amount of voltage delivered to the target tissue also depends
on the distance between electrodes. For example, if electrodes 26 A and 26B deliver a
combined voltage ot 1000 V and the electrodes are spaced 10mm apart, each mm of
tissue between the electrodes would receive 100 V. Alternatively, the electrodes may
be activated to apply cnergy in unipolar mode, with no phasc difference between
electrodes (as shown in 1'lG. 3B). 'Therefore, the multi-electrode device 14 is capable
of crealing a contiguous leston 42 when operating in bipolar mode or creating discrele
lesions 44 when operating in unipolar mode. Thus, the effective voltage applied to
the tissue may be manipulated by phase shift in bipolar mode and voltage delivered to
cach electrode (in either unipolar mode or bipolar mode), calculated as a function of
the distance between electrodes. Further, as discussed above, the device 14 may be
used to ablate tissue using either thermal energy, electroporation, or a combination
thereof. Still further, the device 14 may be used to ablate using electroporation and
another energy modality (such as cryoablation) simultaneously.

Reterring now to FIG. 4, a tlow chart of a method of ablation using
electroporation and heat energy 1s shown. It will be understood that cryoablation is
included herein as an “energy modality,” even though cryoablation involves the
removal ol heat from tissue. The method of FIG. 4 generally includes positioning a
medical device 14 proximal 1o an area of target tissue 12, determining the method
with which the target tissue 12 will be ablated, activating one or more treatment
clements, and adjusting an encrgy generator as necessary to ablate the target tissue 12.
Step 1 includes posiuoning a medical device 14 proximal to an arca of target tissuc
12. As non-limiting examples, the target tissue may be cardiac, (such an endocardial
or epicardial ussue), liver, pancreatic, renal, or tumor tissue. In fact, the target tissue

12 may be any biological tissue in which electroporation would create pores within
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the tissue cellular membranes and in which irreversible electroporation would cause
cell death.

In Step 2 of FIG. 4, the treatment elements are placed 1n contact with the
target tissue 12. For example, if cryoablation 1s used in addition RF energy (tor
electroporation), the balloon 27 and plurality of electrodes 26 should be placed in
contact with the target tissue 12. In Step 3, the method with which the target tissue 12
will be ablated is determined. For example, if only electroporation 1s desired, the
generator 16 may be programmed to deliver energy at between approximately 500 and
approximately 2000 V or greater (lor example, 3000 V; “electroporation voltage”™) (o
all of the plurality of electrodes 26. It the user desires to ablate the target tissue 12
using only heat energy or cryoablation, the generator 16 may be programmed to
dcliver energy at between approximately 100 to approximately 150 volts RMS
(“ablation voltage™) to all of the plurality of electrodes 26 and/or the flow of coolant
initiated. If the user desires to ablate the target tissue 12 using a combination of
electroporation and heat energy (and/or cryoablation), the generator may be
programmed to deliver energy at a desired voltage anywhere along the continuum
between clectroporation voltage and heat voltage. This may be accomplished by
adjusting the output voltage from the generator 16 or adjusting the phase angle
between adjacent electrodes. Or, electroporation vollage 1o some electrodes 26 and
ablation voltage to some electrodes 26. Or, the voltage level output by the plurality of
electrodes and/or duration of energy application may be adjusted such that the tissue
12 is ablated by both heat and electroporation. Thus, cach activated electrode 26 may
receive either electroporation voltage or ablation voltage; some electrodes may not
receive voltage at all (that 1s, may not be activated). Or, each activated electrode 26
may receive a voltage that elfects both electroporation and heat ablation. Further, the
generator 16 may be programmed to deliver heat voltage [ollowed by electroporation
voltage to all electrodes 26, such as when testing an area of tissue with heat energy to
determinge if clectroporation of that tissuc will effectively block an aberrant ¢lectrical
current. Therefore, the generator 16 may be programmed to deliver heat encrgy,
electroporation energy, or any combination thereof to the plurality of electrodes 26 as
desired (Steps 4A and 4B). Still further, the generator 16 may be programined to

deliver energy in unipolar mode, bipolar mode, or combination thereof.
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In Step 5 of FIG. 4, system 10 and tissue 12 parameters may be monitored.
During ablation, one or more sensors 29, such as temperature sensors, may measure
the temperature of the tissue surface. If the temperature sensors detect a tissue
temperature that 1s above a threshold temperature (for example, 45 °C), the system 10
may be adjusted manually by the user or the energy generator 16 and/or the computer
36 may be programmed to automatically adjust voltage, coolant flow, effective
temperature of treatment clements, and/or other system 1() parameters to ensure
unintended tissue damage does not occur (Step 6). Additionally, the medical device
14 may include one or more electrical conducuvity sensors, which may provide
mapping functionality and/or detect the status of the target tissue 12, For example,
based at least in part on electrical conductivity measurements, the user and/or system
10 may determine whether the target tissue 12 has been ablated (Step 6B). If the
target tissue 12 has not been satisfactorily ablated, the system 10 may likewise be
adjusted manually by the user or the energy generator 16 and/or the computer 36 may
be programmed to automatically adjust voltage, coolant flow, operating mode,
effective temperature of treatment elements, and/or other system 10 parameters to
cnsure complete ablation of the target tissue 12 (Step 0).

After completion of Steps 1-6, the target tissue 12 is ablated. In Step 7 of FIG.
4, the catheter 14 may be removed from the area of target tissue 12,

It will be appreciated by persons skilled in the art that the present invention is
not limited to what has been particularly shown and described herein above. In
addition, unless mention was made above to the contrary, it should be noted that all of
the accompanying drawings are not to scale. A variety of modifications and
variations are possible in light of the above teachings without departing from the

scope and spirit of the invention, which i1s limited only by the following claims



What 1s claimed 1s:
l. A medical system, comprising:

a medical device including a plurality of electrodes;

a radiofrequency energy source in communication with the plurality of electrodes, the
radiofrequency energy source being configured to produce sub-lethal thermal energy and non-
thermal electroporation energy, the non-thermal electroporation energy being high-frequency
alternating current radiofrequency energy; and

a computer being in communication with the radiofrequency energy source, the computer
being configured to:

thermally treat tissue by transmitting the sub-lethal thermal energy from the
radiofrequency energy source through the plurality of electrodes to stun the tissue;

determine whether the transmission of the sub-lethal thermal energy from the
radiofrequency energy source affects a perpetuation of an aberrant electrical signal within

a heart; and

when the computer determines that the transmission of the sub-lethal thermal
energy tfrom the radiofrequency energy source affects the perpetuation of the aberrant
clectrical signal within the heart, non-thermally electroporate the tissue by transmitting
the high-frequency alternating current radiofrequency energy from the radiofrequency
energy source through the plurality of electrodes,

the transmission of energy through cach of the plurality of electrodes being at at least one
of an in-phase angle and an out-of-phase angle relative to the energy transmitted through

adjacent electrodes.

2. The system of Claim 1, wherein the medical device 1s further configured to reduce the

temperature of the tissue to a temperature at which cryoablation occurs.
3. The system of Claim 1, wherein the non-thermal electroporation is irreversible.

4. The system of Claim 3, wherein the radiofrequency energy has a frequency of between
approximately 20 kHz and approximately 1 MHz.

5. The system of Claim 4, wherein the computer is configured to transmit the
radiofrequency energy between approximately 500 volts RMS and approximately 3000 volts
RMS.

12
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6. The system of Claim 1, wherein the computer is configured to apply a voltage at which
heat ablation occurs to target tissue cells before applying a voltage at which the non-thermal

electroporation occurs.

7. The system ot Claim 1, wherein the energy transmitted through each of the plurality of
electrodes 1s at an out-of-phase angle between adjacent electrodes, the out-of-phase angle being
determined at least in part by a desired voltage to be applied to the tissue.
8. The system of Claim 1, wherein the computer is further configured to maintain a surface
temperature of the tissue below a threshold temperature at which unintended tissue damage
occurs.
9. The system of Claim 1, wherein the plurality of electrodes are in communication with a
radiofrequency generator, the generator being programmable to:
deliver energy in at least one of bipolar mode and a combination of unipolar mode and
bipolar mode;
deliver alternating current radiofrequency energy from the medical device at between
approximately 500 volts RMS to approximately 3000 volts RMS to an arca of target tissue;
deliver alternating current radiofrequency energy from the medical device at between
approximately 100 volts RMS to approximately 150 volts RMS to the area of target tissue; and
deliver alternating current radiofrequency energy from the medical device at a voltage
between approximately 150 volts RMS and approximately 500 volts RMS to the area of target
tissue.
10.  The system of Claim 9, wherein the energy delivered to each of the plurality of electrodes

1S at an out-of-phase anglc between adjacent electrodes, the out-of-phase angle being determined

at least 1n part by a desired voltage to be applied to the target tissue.

13
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Position medical device 14 proximal to an area of target tissue 12 Step 1
Place one or more treatment elements
(such as electrodes 26) in contact with target tissue 12 Step 2

If energy modality used, program generator 16 and/or
console 18 to deliver energy to at least one treatment
element. If RF energy used, program RF generator 16
to deliver between approx. 100-150 V RMS to at least
one electrode 26. May use energy modality before,
after, or concurrently with electroporation. If electro-
poration used, program RF generator 16 to deliver
between approx. 500-2000+ V RMS to at least one
electrode 26. May use electroporation before, after,
or concurrently with energy modality.
Additionally or alternatively, may program RF
generator 16 to deliver energy at a voltage anywhere
along the continuum between 100 V RMS and 2000

Also, may program RF generator 16 to deliver RF new area of tissue
energy in unipolar, bipolar, or combination mode.
Step 4

Determine
method (or combin-
ation of methods) with
which to ablate
target

Has
stunned tissue 12
blocked aberrant
current?

Monitor system 10 and tissue 12
parameters at least in part using

one or more sensors 28
Step 5

Electroporate

area of
stunned

tissue

Adjust energy delivered
to device 14 and/or
temperature of one or
more treatment elements
(manually or automatically)

Step 6

Has
tissue 12
been
ablated?

tissue 12

temperature
above a threshold

temperature?

YES

NO

Ablation complete.
Remove medical
device 14.

Step /7

Ablation complete.
Remove medical

device 14.
Step 7/

FIG. 4
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