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Description
BACKGROUND

[0001] Electrical therapy techniques have been em-
ployed in medicine to treat pain and other and other con-
ditions. Electrical ablation techniques have been em-
ployed in medicine for the removal of diseased tissue or
abnormal growths from the body. Nevertheless, there is
a need for improved medical instruments to electrically
ablate or destroy diseased tissue or abnormal growths
from the body, such as cancer tissue. There may be a
need for such electrical therapy techniques to be per-
formed endoscopically.

[0002] Electrical therapy probes comprising elec-
trodes may be required to electrically treat diseased tis-
sue. The electrodes may be introduced into the patient
endoscopically to the tissue treatment region by passing
the electrodes through the working channel of an endo-
scope.

WO 99/09919 A discloses systems, methods and appa-
ratus for removing implanted objects from a patient’s
body, WO 2005/065284 A discloses a method for the
ablation of undesirable tissue.

SUMMARY

[0003] The invention is as set out in the appended
claims.

FIGURES

[0004] The novelfeatures of the various embodiments
of the invention are set forth with particularity in the ap-
pended claims. The various embodiments of the inven-
tion, however, both as to organization and methods of
operation, together with further objects and advantages
thereof, may best be understood by reference to the fol-
lowing description, taken in conjunction with the accom-
panying drawings as follows.

[0005] FIG. 1 illustrates one embodiment of an endo-
scopic ablation system.

[0006] FIG. 2 is an enlarged view of one embodiment
of a therapeutic/diagnostic probe of one embodiment of
the endoscopic ablation system shown in FIG. 1.
[0007] FIG. 3A is a side view of a distal end of one
embodiment of a therapeutic/diagnostic probe compris-
ing a biopsy probe and an electrical therapy electrode
assembly.

[0008] FIG. 3B is a sectional view of one embodiment
of atherapeutic/diagnostic probe taken along section line
3B-3B showing the geometric relationship between the
electrodes and the diagnostic probes.

[0009] FIG. 4 is a sectional view of the lower end of an
esophagus and the upper portion of a stomach of a hu-
man being.

[0010] FIG. 5illustrates the use of one embodiment of
an endoscopic ablation system to treat diseased tissue
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in the lower esophagus.

[0011] FIG. 6 illustrates the use of one embodiment of
an endoscopic ablation system to treat diseased tissue
in the lower esophagus.

[0012] FIG. 7 illustrates one embodiment of a necrotic
zone defined by the geometry and placement of the elec-
trical therapy electrodes.

[0013] FIG. 8 is a sectional view taken along the lon-
gitudinal axis of one embodiment of an endoscopic ab-
lation system shown in FIG. 1.

[0014] FIG. 9 is an end view taken along line 9--9 of
one embodiment of a therapeutic/diagnostic probe of the
endoscopic ablation system shown in FIG. 8.

[0015] FIG. 10 is a sectional view taken along line 10--
10 of a rotation tube of the endoscopic ablation system
shown in FIG. 8.

[0016] FIG. 11 shows one embodiment of a distal por-
tion of an endoscopic ablation system shown in FIG. 1
partially inserted into the esophagus of a patient.
[0017] FIG. 12 is a diagram of one embodiment of a
control loop for one embodiment of an irreversible elec-
troporation therapy procedure to treat diseased tissue as
described herein.

[0018] FIG. 13 illustrates one embodiment of an elec-
trical scalpel for dissecting tissue.

[0019] FIG. 14 is a graphical representation (graph) of
electric field strength (along the y-axis) as a function of
distance from an electrical therapy electrode under var-
ious conductivity environments near diseased tissue.

[0020] FIG.15is aclose up of the graph shownin FIG.
14.

DESCRIPTION

[0021] The various embodiments described herein are

directed to diagnostic and electrical therapy ablation de-
vices. The diagnostic devices comprise biopsy probes.
The electrical therapy ablation devices comprise probes
and electrodes that can be positioned in a tissue treat-
ment region of a patient endoscopically. An endoscopic
electrode is inserted through a working channel of an
endoscope. The placementand location of the electrodes
can be important for effective and efficient therapy. Once
positioned, the electrical therapy electrodes deliver elec-
trical current to the treatment region. The electrical cur-
rent is generated by a control unit or generator external
to the patient and typically has particular waveform char-
acteristics, such as frequency, amplitude, and pulse
width. Depending on the diagnostic or therapeutic treat-
ment rendered, the probes may comprise one electrode
containing both a cathode and an anode or may contain
a plurality of electrodes with at least one serving as a
cathode and at least one serving as an anode.

[0022] Electrical therapy ablation may employ electro-
poration, or electropermeabilization, techniques where
an externally applied electrical field significantly increas-
es the electrical conductivity and permeability of a cell
plasma membrane. Electroporation is the generation of
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a destabilizing electric potential across biological mem-
branes. In electroporation, pores are formed when the
voltage across the cell plasma membrane exceeds its
dielectric strength. Electroporation destabilizing electric
potentials are generally in the range of several hundred
volts across a distance of several millimeters. Below cer-
tain magnitude thresholds, the electric potentials may be
applied across a biological membrane as a way of intro-
ducing some substance into a cell, such as loading it with
a molecular probe, a drug that can change the function
of the cell, a piece of coding DNA, or increase the uptake
of drugs in cells. If the strength of the applied electrical
field and/or duration of exposure to it are properly chosen,
the pores formed by the electrical pulse reseal after a
short period of time, during which extra-cellular com-
pounds have a chance to enter into the cell. Thus, below
a certain threshold, the process is reversible and the po-
tential does not permanently damage the cellmembrane.
This process may be referred to as reversible electropo-
ration (RE).

[0023] On the other hand, the excessive exposure of
live cells to large electrical fields (or potentials) can cause
apoptosis and/or necrosis - the processes that result in
cell death. Accordingly, this may be referred to irrevers-
ible electroporation (IRE) because the cells die when ex-
posed to excessive electrical potentials across the cell
membranes. The various embodiments described herein
are directed to electrical therapy ablation devices such
as electroporation ablation devices. In one embodiment,
the electroporation ablation device may be an IRE device
to destroy cells by applying an electric potential to the
cellmembrane. The IRE potentials may be applied to cell
membranes of diseased tissue in order to kill the dis-
eased cells. The IRE may be applied in the form of direct
current (DC) electrical waveforms having a characteristic
frequency, amplitude, and pulse width.

[0024] Electroporation may be performed with devices
called electroporators, appliances which create the elec-
tric current and send it through the cell. The electropo-
rators may comprise two or more metallic (e.g., Ag, AgCl)
electrodes connected to an energy source to generate
an electric field having a suitable characteristic waveform
output in terms of frequency, amplitude, and pulse width.
[0025] Endoscopy means looking inside and refers to
looking inside the human body for medical reasons. En-
doscopy may be performed using an instrument called
an endoscope. Endoscopy is a minimally invasive diag-
nostic medical procedure used to evaluate the interior
surfaces of an organ by inserting a small tube into the
body, often, but not necessarily, through a natural body
opening. Through the endoscope, the operator is able to
see abnormal or diseased tissue such as lesions and
other surface conditions. The endoscope may have a
rigid or a flexible tube or member and in addition to pro-
viding an image for visual inspection and photography,
the endoscope enables taking biopsies, retrieving foreign
objects, and introducing medical instruments to a tissue
treatment region. Endoscopy is the vehicle for minimally
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invasive surgery.

[0026] The embodiments of the electrical therapy ab-
lation devices may be employed for treating diseased
tissue, tissue masses, tissue tumors, and lesions (dis-
eased tissue). More particularly, the electrical therapy
ablation devices may be employed in minimally invasive
therapeutic treatment of diseased tissue. The electrical
therapy ablation devices may be employed to deliver en-
ergy to the diseased tissue to ablate or destroy tumors,
masses, legions, and other abnormal tissue growths. In
one embodiment, the electrical therapy ablation devices
and techniques described herein may be employed in
the treatment of cancer by quickly creating necrosis of
live tissue and destroying cancerous tissue in-vivo.
These minimally invasive therapeutic treatment of dis-
eased tissue where medical instruments are introduced
to a tissue treatment region within the body of a patient
through a natural opening are known as Natural Orifice
Translumenal Endoscopic Surgery (NOTES)™.

[0027] A biopsy is a medical procedure involving the
removal of cells or tissues for examination. The tissue is
often examined under a microscope and can also be an-
alyzed chemically (for example, using polymerase chain
reaction [PCR] techniques). When only a sample of tis-
sue is removed, the procedure is called an incisional bi-
opsy or core biopsy. When an entire lump or suspicious
area is removed, the procedure is called an excisional
biopsy. When a sample of tissue or fluid is removed with
a needle, the procedure is called a needle aspiration bi-
opsy. A procedure called "optical biopsy" may be em-
ployed where optical coherence tomography may be
adapted to allow high-speed visualization of tissue in a
living animal with a catheter-endoscope 1 millimeter in
diameter. Optical biopsy may be used to obtain cross-
sectional images of internal tissues.

[0028] Biopsy specimens may be taken from part of a
lesion when the cause of a disease is uncertain or its
extent or exact character is in doubt. Vasculitis, for in-
stance, is usually diagnosed on biopsy. Additionally,
pathologic examination of a biopsy can determine wheth-
er a lesion is benign or malignant, and can help differen-
tiate between different types of cancer.

[0029] FIG. 1 illustrates one embodiment of an endo-
scopic ablation system 10. The endoscopic ablation sys-
tem 10 may be employed to electrically treat diseased
tissue such as tumors and lesions. The endoscopic ab-
lation system 10 may be configured to be positioned with-
in a natural opening of a patient such as the colon or the
esophagus and can be passed through the opening to a
tissue treatment region. The illustrated endoscopic ab-
lation system 10 may be used to treat diseased tissue
viathe colon or the esophagus of the patient, forexample.
The tissue treatment region may be located in the es-
ophagus, colon, liver, breast, brain, and lung, among oth-
ers. The endoscopic ablation system 10 can be config-
ured to treat a number of lesions and ostepathologies
including but not limited to metastatic lesions, tumors,
fractures, infected site, inflamed sites, and the like. Once
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positioned at the target tissue treatment region, the en-
doscopic ablation system 10 can be configured to treat
and ablate diseased tissue in that region. In one embod-
iment, the endoscopic ablation system 10 may be em-
ployed as a diagnostic instrument to collect a tissue sam-
ple using a biopsy device introduced into the tissue treat-
ment region via an endoscope (e.g., the endoscopic ab-
lation system 10). In one embodiment, the endoscopic
ablation system 10 may be adapted to treat diseased
tissue, such as cancers, of the gastrointestinal (Gl) tract
or esophagus that may be accessed orally. In another
embodiment, the endoscopic ablation system 10 may be
adapted to treat diseased tissue, such as cancers, of the
liver or other organs that may be accessible trans-anally
through the colon and/or the abdomen.

[0030] One embodiment of the endoscopic ablation
system 10 may be mounted on a flexible endoscope 12
(also referred to as endoscope 12), such as the GIF-100
model available from Olympus Corporation. The flexible
endoscope 12 includes an endoscope handle 34 and a
flexible shaft 32. The endoscopic ablation system 10 gen-
erally comprises one or more therapeutic/diagnostic
probe 20, a plurality of conductors 18, a handpiece 16
having a switch 62, and an electrical waveform generator
14. In one embodiment, the electrical waveform gener-
ator 14 may be a high voltage direct current (DC) irre-
versible electroporation (IRE) generator. The therapeu-
tic/diagnostic probe 20 is located at a distal end of the
flexible shaft 32 and the conductors 18 attach to the flex-
ible shaft 32 using a plurality of clips 30. The therapeutic/
diagnostic probe 20 comprises an elongate member at-
tached to an electrical energy delivery device comprising
one or more electrical therapy electrodes 28. In one em-
bodiment, the therapeutic/diagnostic probe 20 extends
through a bore in the flexible shaft 32 such as a working
channel 36 (FIG. 2). In one embodiment, therapeutic/
diagnostic probe 20 may comprise elongate diagnostic
probes 26 attached or joined to the electrodes 28 that
extend through the working channel 36. In another em-
bodiment, the flexible shaft 32 may comprise two working
channels 36 and a first diagnostic probe 26 joined to a
first electrode 28 extends through the distal end of a first
working channels 36 and a second diagnostic probe 26
joined toasecond electrode 28 extends through the distal
end of a second working channel 36. In one embodiment,
the diagnostic probe comprises one or more diagnostic
probes 26 attached or joined in any suitable manner to
the electrodes 28. For example, the diagnostic probes
26 may be joined or attached to the electrodes 28 by
welding, soldering, brazing or other well known tech-
niques. Many different energy sources may be used for
welding, soldering, or brazing such as, for example, a
gas flame, an electric arc, a laser, an electron beam,
friction, and ultrasound. Thus, in one embodiment, the
therapeutic/diagnostic probe 20 may be employed in a
diagnostic mode to take a biopsy sample of the diseased
tissue using the diagnostic probes 26 and, in one em-
bodiment the therapeutic/diagnostic probe 20 may be
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employed in a therapeutic mode by treating diseased tis-
sue with electrical current delivered by the electrodes 28.
In other embodiments, the therapeutic/diagnostic probe
20 may be employed in a combination of therapeutic and
diagnostic modes. The therapeutic/diagnostic probe 20
may be passed though the one or more working channels
36 located within the flexible shaft 32. The therapeutic/
diagnostic probe 20 is delivered to the tissue treatment
region endoscopically and is located on top of the dis-
eased tissue to be electrically treated. Once the thera-
peutic/diagnostic probe 20 is suitably located by the op-
erator, manual operation of the switch 62 on the hand-
piece 16 electrically connects or disconnects the elec-
trodes 28 to the electrical waveform generator 14. Alter-
natively, the switch 62 may be mounted on, for example,
a foot switch (not shown).

[0031] In one embodiment, the electrical waveform
generator 14 may be a conventional, bipolar/monopolar
electrosurgical generator (ICC200 Erbe Inc) or an IRE
generator such as one of many models commercially
available, including Model Number ECMB800, available
from BTX Boston, MA. The IRE generator generates
electrical waveforms having predetermined frequency,
amplitude, and pulse width. The application of these elec-
trical waveforms to the cell membrane causes the cell to
die. The IRE electrical waveforms are applied to the cell
membranes of diseased tissue in order to kill the dis-
eased cells and ablate the diseased tissue. IRE electrical
waveforms suitable to destroy the cells of diseased tis-
sues energy are generally in the form of direct current
(DC) electrical pulses delivered at a frequency in the
range of 1-20Hz, amplitude in the range of
100-1000VDC, and pulse width in the range of
0.01-100ms. Forexample, an electrical waveform having
amplitude of 500VDC and pulse duration of 20ms may
be delivered at a pulse repetition rate or frequency of 10
HZ can destroy a reasonably large volume of diseased
tissue. Unlike RF ablation systems which require high
powers and energy input into the tissue to heat and de-
stroy, IRE requires very little energy input into the tissue,
rather the destruction of the tissue is caused by high elec-
tric fields. It has been determined that in order to destroy
living tissue, the waveforms have to generate an electric
field of at least 30,000V/m in the tissue treatment region.
In one embodiment, the IRE generator 14 may generate
voltages from about 100-1000VDC. The IRE generator
14 may generate voltage pulses from 0.01-100ms. These
pulses may be generated at a suitable pulse repetition
rate. The electrical current depends on the voltage am-
plitude, pulse width, pulse repetition rate, and the volume
of tissue being treated. In one embodiment, the IRE gen-
erator 14 generates voltage 20ms pulses of 500VDC am-
plitude between the electrodes 28The embodiments,
however, are not limited in this context.

[0032] When using the RF generator 14 in monopolar
mode with two or more electrical therapy electrodes 28,
a grounding pad is not needed on the patient. Because
a generator will typically be constructed to operate upon
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sensing connection of ground pad to the patient when in
monopolar mode, it can be useful to provide an imped-
ance circuit to simulate the connection of a ground pad
to the patient. Accordingly, when the electrical ablation
system 10 is used in monopolar mode without a ground-
ing pad, an impedance circuit can be assembled by one
skilled in the art, and electrically connected in series with
one of the electrical therapy electrodes 28 that would
otherwise be used with a grounding pad attached to a
patient during monopolar electrosurgery. Use of an im-
pedance circuit allows use of the IRE generator in mo-
nopolar mode without use of a grounding pad attached
to the patient.

[0033] FIG. 2 is an enlarged view of one embodiment
of the therapeutic/diagnostic probe 20 of one embodi-
ment of the endoscopic ablation system 10 shown in FIG.
1. The therapeutic/diagnostic probe 20 extends through
the distal end of the flexible shaft 32. In one embodiment,
the therapeutic/diagnostic probe 20 protrudes from the
distal end of an internal lumen extending between the
proximal and distal ends of the flexible endoscope 12. In
one embodiment, the therapeutic/diagnostic probe 20
may comprise a biopsy device adapted and configured
toremove sample tissue using an incisional, core, needle
aspiration, or optical biopsy techniques. In one embodi-
ment, the biopsy device comprises one or more diagnos-
ticprobes 26. As previously discussed, the electrical ther-
apy electrodes 28 may be joined or attached to the diag-
nostic probes 26 in any suitable manner.

[0034] As previously discussed, the electrical therapy
electrodes 28 are connected to the diagnostic probes 26
in any known suitable manner and are located in a
spaced-apart relationship so as to define a distance D
between the electrodes. The distance D is adjustable and
can be increased or decreased by rotating one or both
of the diagnostic probes 26. The therapeutic/diagnostic
probe 20 are rotateable about central axis 39. Thus, the
diagnostic probes 26 and the electrodes 28 are rotatea-
ble about the central axis 39. The electrodes 28 may be
rotated to increase or decrease the relative distance D
between the electrode 28 either to focus the energy in a
smaller tissue region or to enlarge the tissue treatment
region. In this manner, the operator can surround the
diseased tissue such as a cancerous lesion, a polyp, or
a tumor. The electrodes 28 are energized with the elec-
trical waveform generator 14 to treat the diseased tissue.
The diagnostic probes 26 have a sharp tooth 33 at the
distal end and are moveable from the distal end to the
proximal end of the flexible shaft 32 capable of slicing a
thin section of the tissue to obtain a biopsy sample
(shown in more detail below). The diagnostic probes 26
may comprise a bore 35 (FIGS. 3A, B) at the distal end
extending from a proximal end to the distal end of the
diagnostic probes 26. Suction may be applied at the prox-
imal end of the probes to remove a tissue sample before
and/or after treatment through the bore 35 (FIGS. 3A, B)
formed through the diagnostic probes 26.

[0035] The electrical therapy electrodes 28 may be po-
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sitioned in any orientation relative to the diagnostic
probes 26. The electrodes 28 and the diagnostic probes
26 may have any suitable shape. In the illustrated em-
bodiment, the electrodes 28 may have a generally cuboi-
dal shape and the diagnostic probes 26 may have an
elongate cylindrical shape with a sharp tooth 33 and a
bore 35 formed therein at the distal end. The electrical
conductors 18 are electrically insulated from each other
and surrounding structure except for the electrical con-
nections the electrodes 28. The distal end of the flexible
shaft 32 of the flexible endoscope 12 may comprise a
light source 40, a viewing port 38, and one or more work-
ing channels 36. The viewing port 38 transmits an image
within its field of view to an optical device such as acharge
coupled device (CCD) camera within the flexible endo-
scope 12 so that an operator may view the image on a
display monitor (not shown). In the embodiment shown
in FIG. 2, the distal end of flexible shaft 32 is proximal to
the electrodes 28 and is within the viewing field of the
flexible endoscope 12 to enable the operator to see the
diseased tissue to be treated between the electrodes 28.
[0036] FIG. 3A is a side view of the distal end of one
embodiment of the therapeutic/diagnostic probe 20 com-
prising a biopsy probe 26 and an electrical therapy elec-
trode 28 assembly. FIG. 3B is a sectional view of one
embodiment of a therapeutic/diagnostic probe 20 taken
along section line 3B-3B showing the geometric relation-
ship between the electrodes 28 and the diagnostic
probes 26. In the embodimentillustrated in FIGS. 3A, B,
the cuboidal electrodes 28, each have a width "w", a
length "I", and a thickness or height "h". The electrodes
28 have parallel, adjacent edges 8 separated by a dis-
tance "D". This geometry of the electrodes 28, the dis-
tance D between them, and the electrical waveform may
be used to calculate an ablation index, which has partic-
ular significance to the location, size, shape, and depth
of ablation achievable, as will be described later. The
diagnostic probes 26 may be juxtaposed with the elec-
trodes 28. In this embodiment, the two cylindrically elon-
gate diagnostic probes 26 have a bore 35 for removing
ablated tissue or taking biopsy samples of the tissue by
way of suction. The length of the diagnostic probes 26
may extend through the entire length of the flexible en-
doscope 12. The conductors 18 are attached to the elec-
trodes 28 in any suitable manner including welding, sol-
dering, or brazing and may employ many different energy
sources such as, for example, a gas flame, heat source,
an electric arc, a laser, an electron beam, friction, and
ultrasound. The electrodes 28 are attached to the diag-
nostic probes 26 and may be rotated about central axis
39 in the directions indicated by arrows 31a and 31b.

[0037] FIG. 4is a sectional view of the lower end of an
esophagus 42 and the upper portion of a stomach 54 of
a human being. The esophagus 42 has a mucosal layer
46, a muscular layer 44, and a region of diseased tissue
48. The boundary between the mucosal layer 46 of the
esophagus 42 and a gastric mucosa 50 of the stomach
54 is a gastro-esophageal junction 52, which is approx-
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imately the location for the lower esophageal sphincter
(LES). The LES allows food to enter the stomach 54 while
preventing the contents of the stomach 54 from refluxing
into the lower esophagus 42 and damaging the mucosal
layer 46. The diseased tissue 48 can develop when
chronic reflux is not treated. In one form, the diseased
tissue 48 may be, for example, intestinal metaplasia,
which is an early stage of Barrett's esophagus. As can
be seen in FIG. 4, the esophagus 42 is relatively flaccid
and contains numerous folds and irregularities on the
interior lining.

[0038] FIG. 5illustrates the use of one embodiment of
the endoscopic ablation system 10 to treat the diseased
tissue 48 in the lower esophagus 42. The operator posi-
tions the therapeutic/diagnostic probe 20 using endo-
scopic visualization so that the diseased tissue 48 to be
treated is within the field of view of the flexible endoscope
12. Once the operator positions the therapeutic/diagnos-
tic probe 20 such that the electrical therapy electrodes
28 are located above the diseased tissue 48, the operator
may energize the electrodes 28 with the electrical wave-
form generator 14 to destroy the diseased tissue 48 in
the tissue treatment region. For example, the electrodes
28 may be energized with an electrical waveform having
amplitude of approximately 500VDC and a pulse width
of approximately 20ms at a frequency of approximately
10Hz. In this manner, the diseased tissue 48 in the tissue
treatment region may be destroyed. This procedure may
take very little time and may be repeated to destroy rel-
atively larger portions of the diseased tissue 48. Suction
may be applied to remove the treated tissue sample
through the bore 35 formed in the diagnostic probes 26.
[0039] FIG. 6 illustrates the use of the endoscopic ab-
lation system 10 to treat the diseased tissue 48 in the
lower esophagus 42. As shown in the illustrated embod-
iment, the electrical therapy electrodes 28 can be rotated
about the central axis 39 in the direction indicated by
arrows 31 a and 31 b. The treated tissue can be sucked
into the bore 35 ofthe biopsy probe 26 by applying suction
to thereto.

[0040] FIG. 7 illustrates one embodiment of a necrotic
zone 70 defined by the geometry and placement of the
electrical therapy electrodes 28. The energy delivered
by the waveform to the electrodes 28 in terms of frequen-
cy, amplitude, and pulse width should be suitable to de-
stroy the tissue in the necrotic zone 70. Based on the
location and geometry of the electrodes 28, and the en-
ergy delivered thereto, the necrotic zone 70 in the illus-
trated embodiment may be approximated generally as a
volume of width "w,,,", a thickness "t,.,", and alength "l ,,".
Energizing the electrodes 28 destroys the diseased tis-
sue 48 within the necrotic zone 70. In one embodiment,
electrodes 28 with a width "w = 0.5mm", a length "l =
10mm_", and a thickness "h=0.5mm" (as shown in FIGS.
3A, B) and awaveform of approximately 500VDC, a pulse
width of 20ms, and a frequency of 10Hz, would define a
necrotic zone 70 with dimensions of approximately w,,,
= 6mm wide, |, = 10mm long, and h,, = 2mm deep. If a

10

15

20

25

30

35

40

45

50

55

biopsy indicates that the treatment region includes dys-
plastic or malignant cells, or if the treatment region is
larger than the necrotic zone 70, the process may be
repeated until all the diseased tissue 48 is destroyed in
the treatment region and clean margins are recorded. In
one embodiment, optical biopsy may be used as an al-
ternative to the vacuum diagnostic probes 26 shown in
the illustrated embodiments. -

[0041] FIG. 8 is a sectional view taken along the lon-
gitudinal axis of one embodiment of an endoscopic ab-
lation system 10 shown in FIG. 1. The distal portion of
the flexible shaft 32 is located inside a rotation tube 22
of the endoscopic ablation system 10. The pair of elec-
trical conductors 18 pass through a strain relief 66 of a
rotation knob 58. In the illustrated embodiment an exter-
nal tube 64 may be located over the flexible shaft 32 such
that the conductors 18 pass between the external tube
64 and the rotation tube 22. Each of the conductors 18
connect electrically to the electrical therapy electrodes
28 in the therapeutic/diagnostic probe 20. The rotation
tube 22 rotatably joins the rotation knob 58. The operator
canrotatably orientthe electrodes 28, even afterinsertion
into the esophagus, by remotely rotating the diagnostic
probes 26 about the central axis 39 of each of the ther-
apeutic/diagnostic probe 20. The therapeutic/diagnostic
probe 20 is within the field of view of the flexible endo-
scope 12, thus enabling the operator to see on a display
monitor the tissue that is located between the electrodes
28. Optionally, in one embodiment, a valve element (not
shown) may extend from the distal end of therapeutic/
diagnostic probe 20 to prevent tissue or fluids from en-
tering the therapeutic/diagnostic probe 20.

[0042] FIG. 9 is an end view taken along line 9--9 of
one embodiment of the therapeutic/diagnostic probe 20
of the endoscopic ablation system 10 shown in FIG. 8.
The electrical conductors 18 connect to the electrical
therapy electrodes 28. The rotation tube 22 retains the
flexible shaft 32. The inside diameter of the rotation tube
22 is larger than the outer diameter of the flexible endo-
scope 12 to allow rotation of the rotation tube 22 while
holding the flexible endoscope 12 stationary, or vice ver-
sa. Each of the therapeutic/diagnostic probe 20 compris-
ing the diagnostic probes 26 attached to the electrodes
28 extend outwardly from the distal end of the flexible
shaft 32 through each of the working channels 36. In this
embodiment, the operator may endoscopically view the
tissue between the electrodes 28. The flexible endo-
scope 12 includes the light source 40, the viewing port
38, and the one or more working channels 36.

[0043] FIG. 10 is a sectional view taken along line 10--
10 of the rotation tube 22 of the endoscopic ablation sys-
tem 10 shown in FIG. 8. The external tube 64 and the
rotation tube 22 assemble and retain the electrical con-
ductors 18 as already described. The light source 40, the
viewing port 38, and the one or more working channels
36 of the flexible endoscope 12 are shown.

[0044] FIG. 11 shows one embodiment of the distal
portion of the endoscopic ablation system 10 shown in
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FIG. 1 partially inserted into the esophagus 42 of a pa-
tient. A tapered end cover 84 dilates the esophagus 42
as the operator gently inserts the therapeutic/diagnostic
probe 20 for positioning near the diseased tissue 48 to
be ablated. A flexible coupling 88 flexes as shown, re-
ducing the required insertion force and minimizing trau-
ma (and post-procedural pain).

[0045] The operator may treat the diseased tissue 48
using the embodiment of the endoscopic ablation system
10 comprising the therapeutic/diagnostic probe 20
shown in FIGS. 1-3 and 5-11 as follows. The operator
inserts the flexible shaft 32 of the endoscope 12 into the
lower esophagus 42 trans-orally. A rigid support member
at the distal end of the endoscope 12 holds lower es-
ophagus 42 open as the operator uses endoscopic vis-
ualization through the therapeutic/diagnostic probe 20 to
position the electrical therapy electrodes 28 next to the
diseased tissue 48 to be treated. The rigid support mem-
ber opens and supports a portion of the flaccid, lower
esophagus 42 and helps to bring the diseased tissue 48
to be treated into intimate contact with the electrodes 28
and within the field of view of the flexible endoscope 12.
While watching through the viewing port 38, the operator
actuates the switch 62, electrically connecting the elec-
trodes 28 to the electrical waveform generator 14 through
the electrical conductors 18. Electric current then passes
through the portion of the diseased tissue 48 positioned
between the electrodes 28 and within the field of view.
When the operator observes that the tissue in the field
of view has been ablated sufficiently, the operator deac-
tuates the switch 62 to stop the ablation. The operator
may reposition the electrodes 28 for subsequent tissue
treatment, or may withdraw the therapeutic/diagnostic
probe 20 (together with the flexible endoscope 12).
[0046] FIG. 12 is a diagram of one embodiment of a
control loop 80 for one embodiment of an IRE therapy
procedure to treat diseased tissue as described herein.
As previously discussed, the IRE therapy may be effec-
tive in quickly creating necrosis of live tissue and destroy-
ing diseased (e.g., cancerous) tissue in-vivo. Real time
information feedback about the size in volume of a necrot-
ic zone may be helpful during an IRE therapy procedure
for focal treatment of diseased tissue 48.

[0047] Prior to an IRE therapy procedure, a patient 82
will have an image of the diseased tissue 48 taken for
clinical purposes in an effort to reveal, diagnose, or ex-
amine the diseased tissue 48 and to identify its location
more precisely. The image information 84 will generally
include geometric information about the volume of the
diseased tissue 48. The image information 84 is provided
to an image processing module 86 to calculate the vol-
ume of the diseased tissue 48 and to display a virtual
model of the diseased tissue 48 on a monitor. The image
processing module 86 may comprise, for example, image
processing software applications such as Comsol Multi-
physics available by Comsol, Inc. to receive the image
information 84, extract the geometric information, and
determine (e.g., calculate) the voltage required to treat
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the proper volume and outline of the necrotic zone re-
quired to treat the diseased tissue 48. The image
processing module 86 creates a virtual model of a treat-
ment zone necessary to treat the diseased tissue 48. The
image processing module 86 then determines waveform
parameters 88 of a suitable electrical waveform neces-
sary to destroy the diseased tissue 48. The waveform
parameters 88 include the frequency, amplitude, and
pulse width of the electrical waveform to be generated
by the waveform generator 14. The waveform generator
14 would then generate the suitable electrical waveform
to destroy the diseased tissue 48 based on the calculated
waveform parameters 88.

[0048] The image processing module 86 also compris-
es image processing software applications such as Mat-
lab available by MathWorks, Inc. to receive the image
information 84 and the virtual model and display animage
of the diseased tissue 48 overlaid with an image of the
virtual model. The overlaid images enable the operator
to determine whether the calculated electrical waveform
parameters 88 are suitable for destroying the diseased
tissue 48, whether too strong or too weak. Thus, the IRE
waveform parameters 88 may be adjusted such that the
virtual model image substantially over-lays the entire dis-
eased tissue image. The calculated 88 parameters are
provided to the waveform generator 14 and the diseased
tissue may be treated with an electrical waveform 89
based on the calculated parameters 88 as discussed
herein. After the diseased tissue 48 is treated with the
electrical waveform 89, a new image of the diseased tis-
sue 48 can be generated to determine the extent or ef-
fectiveness of the treatment. The cycle may be repeated
as necessary to ablate the diseased tissue 48 as much
as possible.

[0049] FIG. 13 illustrates one embodiment of an elec-
trical scalpel 90 for dissecting tissue 92. In one embod-
iment, the electrical scalpel 90 may be driven by an IRE
waveform previously described. The scalpel 90 compris-
es a blade 98 that is formed of metal such as hardened
and tempered steel (and/or stainless in many applica-
tions). The blade 98 is connected to the electrical wave-
form generator 14 by multiple electrical conductors 96.
The electrical waveform generator 14 may generate an
IRE waveform (e.g., 10Hz frequency, 500VDC ampli-
tude, and 20ms pulse). As the blade 98 dissects the tis-
sue 92 along an incision 100, the electrical waveform
generator 14 may be activated or pulsed to create atissue
destruction zone 94 surrounding the blade 98. Accord-
ingly, as the blade 98 dissects the diseased tissue 92 it
generates the tissue destruction zone 94 beyond the in-
cision 100. This may help to ensure the destruction of
any diseased tissue cells left behind. The pulse repetition
rate or frequency of the electrical waveform generated
by the generator 14 may be selected to provide a con-
tinuous zone of tissue destruction 94 as the blade 98
moves through the diseased tissue 92. In one embodi-
ment, a feedback signal (e.g., audio, visual, or cut-off of
electrical power to the blade 98) may be provided to the
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operator to indicate that the scalpel 90 is moving too
quickly.

[0050] FIG. 14 is a graphical representation 110
(graph) of electric field strength (along the y-axis) as a
function of distance from an electrical therapy electrode
28 under various conductivity environments near the dis-
eased tissue 48. FIG. 15 is a close up of the graph 110
shown in FIG. 14A. In electrical therapy of diseased tis-
sue 48, the volume of tissue that can be destroyed by an
electrical waveform (e.g., the necrotic zone) may be de-
fined by a minimum electric field strength applied to the
tissue treatment region. The electric field strength in the
tissue treatment region varies throughout the tissue as
a function of the applied electrical waveform parameters
frequency, amplitude, and pulse width as well as the con-
ductivity of the tissue in the treatment region. When a
single electrical therapy electrode 28 is located in a first
position in the tissue treatment region of interest and a
return pad is placed at a distance relatively far from the
first position, an electric field is generated around the
electrode 28 when it is energized with a particular elec-
trical waveform. The magnitude of the electric field, how-
ever, diminishes rapidly in the radial direction away from
the electrode 28. When two electrodes 28 are placed
relatively close together, a larger pattern of tissue can be
destroyed. Injecting a fluid having a higher conductivity
than the tissue into the tissue treatment region extends
the electric field of sufficient strength to destroy the tissue
radially outwardly from the electrode 28. Thus, the addi-
tion of a fluid having higher conductivity than the tissue
to be treated creates a larger tissue destruction zone by
extending the electric field radially outwardly from the
electrodes 28.

[0051] The graph 110 illustrates the electric field
strength, along the y-axis, as a function of the radial dis-
tance from the electrical therapy electrode 28. The y-axis
is labeled in units of volts/meter (V/m x e°) and the x-axis
is labeled in units of mm. The graph 110 illustrates a
family of three functions with conductivity as a parameter.
A first function 112 illustrates the electric field strength
as a function of the radial distance from one of the elec-
trodes 28 with no conductivity plug introduced into the
tissue treatment region. A second function 114 illustrates
the electric field strength as a function of the radial dis-
tance from one of the electrodes 28 with a conductivity
plug of 0.2 S/m introduced in the tissue treatment region.
A third function 116 illustrates the electric field strength
as a function of the radial distance from one of the elec-
trodes 28 with a conductivity plug of 0.5 S/m introduced
in the tissue treatment region. As shown in the graph
110, the peak electric field strength of each of the func-
tions 112, 114, 116 decreases with increased conductiv-
ity in the tissue treatment region in proximity to the elec-
trode 28. However, the threshold 118 of each of the func-
tions 112, 114, 116 where the electric field strength drops
below the minimum threshold 118 of electric field strength
required to destroy tissue becomes wider as the conduc-
tivity increases. In other words, increasing the conduc-
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tivity of the tissue in the tissue treatment region extends
the range of an effective electric field to destroy tissue or
creates a larger necrotic zone. In one embodiment, the
minimum electric field strength threshold 118 is approx-
imately 30,000V/m.

[0052] The devices disclosed herein can be designed
to be disposed of after a single use, or they can be de-
signed to be used multiple times. In either case, however,
the device can be reconditioned for reuse after at least
one use. Reconditioning can include any combination of
the steps of disassembly of the device, followed by clean-
ing or replacement of particular pieces, and subsequent
reassembly. In particular, the device can be disassem-
bled, and any number of the particular pieces or parts of
the device can be selectively replaced or removed in any
combination. Upon cleaning and/or replacement of par-
ticular parts, the device can be reassembled for subse-
quent use either at a reconditioning facility, or by a sur-
gical team immediately prior to a surgical procedure.
Those skilled in the art will appreciate that reconditioning
of a device can utilize a variety of techniques for disas-
sembly, cleaning/replacement, and reassembly. Use of
such techniques, and the resulting reconditioned device,
are all within the scope of the present application.
[0053] Preferably, the various embodiments of the in-
vention described herein will be processed before sur-
gery. First, a new or used instrument is obtained and if
necessary cleaned. The instrument can then be steri-
lized. In one sterilization technique, the instrument is
placed in a closed and sealed container, such as a plastic
or TYVEK bag. The container and instrument are then
placed in a field of radiation that can penetrate the con-
tainer, such as gamma radiation, x-rays, or high-energy
electrons. The radiation kills bacteria on the instrument
and in the container. The sterilized instrument can then
be stored in the sterile container. The sealed container
keeps the instrument sterile until it is opened in the med-
ical facility.

[0054] It is preferred that the device is sterilized. This
can be done by any number of ways known to those
skilled in the art including beta or gamma radiation, eth-
ylene oxide, steam.

Claims
1. An ablation device comprising:

an elongate relatively flexible member (32) hav-
ing a proximal end and a distal end, the flexible
member (32) comprising a first working channel
(36) and a second working channel (36),

a first electrode (28) extending from the first
working channel (36) at the distal end of the flex-
ible member (32);

a first diagnostic probe (26) extending from the
first working channel (36) at the distal end of the
flexible member (32), the first diagnostic probe
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(26) is attached to the first electrode (28);

a second electrode (28) extending from the sec-
ond working channel (36) at the distal end of the
flexible member (32); and

a second diagnostic probe (26) extending from
the second working channel (36) at the distal
end of the flexible member (32), the second di-
agnostic probe (26) is attached to the second
electrode (28),

wherein the first and second electrodes (28) are
adapted to be endoscopically located in a tissue
treatment region, and are adapted to couple to
an electrical waveform generator (14) to receive
an irreversible electroporation electrical wave-
form sufficient to ablate tissue located between
the first and second electrodes (28),

the first and second diagnostic probes (26) com-
prise a bore (35) formed therethrough to receive
a tissue sample,

characterised in that each of the first and sec-
ond electrodes (28) is rotatable about a respec-
tive central axis (39) defined through the respec-
tive one of the firstand second diagnostic probes
(26), wherein a distance between the first and
second electrodes (28) is adjustable by rotating
either one or both of the first and second diag-
nostic probes (26) about said respective central
axis.

The ablation device of claim 1, comprising:

at least one illuminator (40) supported on the
device and positioned to illuminate tissue; and
an image sensor supported on the device and
positioned to image tissue therethrough.

An ablation system (10) comprising:

an ablation device of claim 1 or claim 2; and
an electrical waveform generator (14) electrical-
ly coupled to the ablation device to generate an
IRE waveform sufficient to ablate tissue located
between the first and second electrodes (28).

The ablation system of claim 3, wherein the electrical
waveform generator (14) is adapted to receive IRE
electrical waveform parameters from an image
processing module; wherein the IRE electrical wave-
form parameters are determined based image infor-
mation of the diseased tissue region in a patient.

The ablation system of claim 4, wherein the IRE elec-
trical waveform parameters comprise amplitude, fre-
quency, and pulse width of an electrical waveform
suitable to destroy the diseased tissue.

A method comprising:
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obtaining the ablation device of claim 1 or claim
2

sterilizing the ablation device and

storing the ablation device in a sterile container.

Patentanspriiche

1.

Ablationsvorrichtung, umfassend:

ein langgestrecktes flexibles Element (32) mit
einem proximalen Ende und einem distalen En-
de, wobei das flexible Element (32) einen ersten
Arbeitskanal (36) und einen zweiten Arbeitska-
nal (36) umfasst,

eine erste Elektrode (28), die sich von dem er-
sten Arbeitskanal (36) am distalen Ende des fle-
xiblen Elements (32) erstreckt;

eine erste diagnostische Sonde (26), die sich
von dem ersten Arbeitskanal (36) am distalen
Ende des flexiblen Elements (32) erstreckt, wo-
bei die erste diagnostische Sonde (26) an der
ersten Elektrode (28) befestigt ist;

eine zweite Elektrode (28), die sich von dem
zweiten Arbeitskanal (36) am distalen Ende des
flexiblen Elements (32) erstreckt; und

eine zweite diagnostische Sonde (26), die sich
von dem zweiten Arbeitskanal (36) am distalen
Ende des flexiblen Elements (32) erstreckt, wo-
bei die zweite diagnostische Sonde (26) an der
zweiten Elektrode (28) befestigt ist,

worin die ersten und zweiten Elektroden (28) en-
doskopischin einer Gewebebehandlungsregion
angeordnet werden kdnnen und mit einem elek-
trischen Wellenformgenerator (14) verbunden
werden kdnnen, um eine irreversible elektrische
Elektroporationswellenform zu empfangen, die
zur Ablation von Gewebe, das sich zwischen
den ersten und zweiten Elektroden (28) befin-
det, ausreicht,

wobei die ersten und zweiten diagnostischen
Sonden (26) eine durch sie hindurch geformte
Bohrung (35) zur Aufnahme einer Gewebepro-
be umfassen,

dadurch gekennzeichnet, dass die ersten und
zweiten Elektroden (28) jeweils um eine Mittel-
achse (39) drehbar sind, die durch die jeweilige
erste und zweite diagnostische Sonde (26) de-
finiert wird, worin ein Abstand zwischen den er-
sten und zweiten Elektroden (28) durch Dre-
hung entweder einer der ersten und zweiten dia-
gnostischen Sonden (26) oder beider um die je-
weilige Mittelachse einstellbar ist.

2. Ablationsvorrichtung nach Anspruch 1, umfassend:

zumindest ein Beleuchtungsgerat (40), das auf
der Vorrichtung getragen wird und zur Beleuch-
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tung von Gewebe angeordnet ist; und

einen Bildsensor, der auf der Vorrichtung getra-
gen wird und zur Abbildung von Gewebe durch
ihn hindurch angeordnet ist.

3. Ablationssystem (10), umfassend:

eine Ablationsvorrichtung nach Anspruch 1 oder
Anspruch 2; und

einen elektrischen Wellenformgenerator (14),
der elektrisch mit der Ablationsvorrichtung ver-
bunden ist, um eine IRE-Wellenform zu erzeu-
gen, die zur Ablation von Gewebe, das sich zwi-
schen den ersten und zweiten Elektroden (28)
befindet, ausreicht.

Ablationssystem nach Anspruch 3, worin der elek-
trische Wellenformgenerator (14) zur Aufnahme von
elektrischen IRE-Wellenformparametern von einem
Bildbearbeitungsmodul ausgelegt ist; worin die elek-
trischen IRE-Wellenformparameter auf Basis von
Bildinformationen der erkrankten Geweberegion in
einem Patienten bestimmt werden.

Ablationssystem nach Anspruch 4, worin die elektri-
schen IRE-Wellenformparameter Amplitude, Fre-
quenz und Pulsbreite einer zur Zerstérung des kran-
ken Gewebes geeigneten Wellenform umfassen.

Verfahren, umfassend:

Besorgung einer Ablationsvorrichtung nach An-
spruch 1 oder Anspruch 2;

Sterilisation der Ablationsvorrichtung und Auf-
bewahrung der Ablationsvorrichtung in einem
sterilen Behalter.

Revendications

Dispositif d’ablation, comprenant :

un élément flexible allongé (32) possédant une
extrémité proximale et une extrémité distale,
I'élément flexible (32) comprenant un premier
canal de travail (36) et un deuxieme canal de
travail (36),

une premiére électrode (28) s’étendant depuis
le premier canal de travail (36) au niveau de I'ex-
trémité distale de I’élément flexible (32) ;

une premiere sonde de diagnostic (26) s’éten-
dant depuis le premier canal de travail (36) au
niveau de l'extrémité distale de I'élémentflexible
(32), la premiere sonde de diagnostic (26) étant
fixée a la premiere électrode (28) ;

une deuxieme électrode (28) s’étendant depuis
le deuxieme canal de travail (36) au niveau de
I'extrémité distale de I'élément flexible (32) ; et
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une deuxiéme sonde de diagnostic (26) s’éten-
dant depuis le deuxiéme canal de travail (36) au
niveau de I'extrémité distale de I'élément flexible
(32), ladeuxiéme sonde de diagnostic (26) étant
fixée a la deuxieme électrode (28),

lesquelles premiére et deuxiéme électrodes (28)
sont congues pour étre mises en place endos-
copiquement dans une région de traitement tis-
sulaire, et sont congues pour se coupler a un
générateur de forme d’onde électrique (14) pour
recevoir une forme d’onde électrique d’électro-
poration irréversible suffisante pour réaliser
I'ablation du tissu situé entre les premiére et
deuxieme électrodes (28),

lesquelles premiére et deuxiéme sondes de dia-
gnostic (26) comprennent un alésage (35) mé-
nagé a travers elles pour recevoir un préléve-
ment tissulaire,

caractérisé en ce que chacune des premiére
et deuxieme électrodes (28) est rotative autour
d’un axe central respectif (39) défini a travers la
sonde de diagnostic respective parmi les pre-
miére et deuxiéme sondes de diagnostic (26),
une distance entre les premiére et deuxiéme
électrodes (28) étant réglable par rotation de la
premiére et/ou de la deuxiéme sonde de dia-
gnostic (26) autour dudit axe central respectif.

Dispositif d’ablation selon la revendication 1,
comprenant :

au moins un éclairage (40) porté par le dispositif
et positionné de maniére a éclairer le tissu ; et
un capteur d'image porté par le dispositif et po-
sitionné de maniéere a former une image du tissu
a travers lui.

3. Systéeme d’ablation (10), comprenant :

un dispositif d’ablation selon la revendication 1
ou la revendication 2 ; et

un générateur de forme d’onde électrique (14)
couplé électriquement au dispositif d’ablation
pour générer une forme d’onde IRE suffisante
pour réaliser I'ablation du tissu situé entre les
premiére et deuxiéme électrodes (28).

Systéme d’ablation selon la revendication 3, dans
lequel le générateur de forme d’onde électrique (14)
est congu pour recevoir des paramétres de forme
d’onde électrique IRE provenant d’'un module de trai-
tement d’image ; lesquels paramétres de forme
d’onde électrique IRE sont établis a partir d'informa-
tions d’'image relatives a la région de tissu malade
chez un patient.

Systéme d’ablation selon la revendication 4, dans
lequel les paramétres de forme d’onde électrique
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IRE comprennent une amplitude, une fréquence et
une largeur d’impulsion d’'une forme d’onde électri-
que aptes a provoquer la destruction du tissu mala-
de.

Procédé, comprenant les étapes consistant a :

obtenir le dispositif d’ablation selon la revendi-
cation 1 ou la revendication 2 ;

stériliser le dispositif d’ablation ; et

entreposer le dispositif d’ablation dans un con-
tenant stérile.
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FIG. 2
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