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(57) Abstract: An imaging, guidance, planning and treatment system integrated into a single unit or assembly of components, and a
method for using- same, that can he safely and effectively deployed to treat Benign Prostatic Hyperplasia in ail medical settings, in -
cluding in a physician's office or in an outpatient setting. The system utilizes the novel process of Radio-Frequency Flectrical Mem -
brane Breakdown ("EMB" or "RFEMB") to destroy the cellular membranes of unwanted BPH tissue without damaging sensitive
anatomical structures in the prostate. The system preferably comprises at least one EMB treatment probe 20, at least one ultrasound
scanner, at least one trackable anesthesia needle 300, and at least one controller unit for at least partially automating the treatment
process.
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RADIO-FREQUENCY ELECTRICAL MEMBRANE BREAKDOWN FOR THE
TREATMENT OF BENIGN PROSTATIC HYPERPLASIA

CROSS-REFERENCE TO RELATED APPLICATIONS

[001] The present application is a continuation of U.S. Provisional Patent Application No
62/111,854, filed February 4, 2015, which is a continugtion-in-part of U.S. Patent Application
Ser. No. 144451333, hled August 4, 2014, which claims prionty from U.S. Provisional Patent
Application Nos. 61/912,172, filed December §, 2013, 61/861,565, filed August 2, 2013, and

61/867,048, filed Angust 17, 2013, all of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

(002} 1. Feld of the mnvention

[003] The present invention relates generally to medical devices and treatment methaods, and
more particalarly, to a device and method of treating benign prostatic hyperplasia (BPH) by
ablating wnwanied Hssue causing BPH, nsing applied electric fields.

(0041 2. Backeround of the mvention

(005]  Tissue gblation is another, minimally invasive method of destroving undesirable tissue in
the body, and has been generally divided into thermal and non-thermal ablation technologies.
Thermal ablation encompasses both the addittion and removal of heat to destroy undesirable cells.
Cryoablation is a well-established technique that kills cells by freezing of the extracellular
compartment resulting in cell dehydration beginning ot <15 € and by intracellular ice formation
causing membrane rupture ocoursing at colder temperatures.

[006] Heat based techniques are also well established for ablation of both cancerous and non-
cancerouy tissuey and include radio-frequency (RF) thermal, muicrowave and high intensity

focused ultrasound ablation which raise localized ussue temperatures well above the body's
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normal 37°C. These methods use various techoiques 1o apply energy 1o the target cells to rawse
infersiitial temperatire. For example, RF thermal ablation uses a high frequency electuie ficld to
induce vibrations in the cell membrane that are converted to heat by friction. Cell death occurs
m-as little as thirty (30} seconds once the cell temperature reaches 30°C and increases as the
temperature rises, At 60°C, cell death is instantanecus. I the mtracellular temperature rises to
between about 60°C and 95°C, the mechanisms tavolved in cell death include cellular
desiceation and protem coagulation. When the intracellular temaperature reaches 100°C, cellular
vaporization occurs as intracetiular water boils to steam. In the context of tissue ablation, cell
temperatures not exceeding 50°C are not considered chnically significant.  Because cellular
proteins are denatured by the heat of thermal ablation techniques, they are not available to
stirmdate a specific immune response.  Both heat-based and cryoablation technigues suffer from
the drawback that they have little or no ability to spare normal stractures in the treatinent zone
amd so can be contraindicated based on tumor location or fead to complications from collateral
mjury.  Mapping blopsies, guided by ultrasound and augmented by information from
sophisticated imaging such as MRI, can allow exact targeting of a patient’s cancer to enable a
targeted focal ablation method.

(0071 Non-thermal  ablation  techmgques include  electrochemotherapy  and  frreversible
electroporation (IRE) which, ahboogh gquite distnot from one another, each rely on the
phenomenon of electroporation. With reference to FIG. 1, electroporation refers to the fact that
the plasma membrane of a cell exposed to high voltage pulsed eleciric fields within certain
parameters becomes temporarily permeable dae o destabilization of the hipid bilayer and the
formation of pores P. The cell plasma membrane consists of a hipid bilayer with a thickness /1 of

approximately § sm. With reference to FIG. 2{A), the membrane acts as a non-conducting,

o]
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dielectric barmier forming, v essence, & capacitor. Physiological conditions produce a natural
electric potential difference due to charge separation across the membrane between the inside
and outside of the cell even in the absence of an applied clectric field.  This resting
wansmembrane electric poteatial (V' m) ranges from 40my for adipose cells to SSmv for sheletal
muscle cells and 90myv for cardiac muscle cells and can vary by cell size and ion concentration,
among other things.

(008} With continned reference to FIGS. 2{B}-2{1D}, exposure of a cell to an externally apphed
electric field B induces an additional voltage V across the membrane as long as the external field

1s present. The induced transmembrane voltage s proportional to the strength of the external

occwrs i the comulative resting and applied twansmembrane potential exceeds the threshold
valtage, which may typically be between 200 mV and 1 V. Poration of the membrane is
reversible if the transmembrane potenizal does not exeeed the eritical value such that the pore
area 15 small in relation 1o the {otal membrane surface. In such reversible electroporation, the
cell membrane recovers after the applied field is removed and the cell remains viable. Above a
critical fransmembrane potential and with longer exposure times, poration becomes urreversible,
leading to eventual cell death due an mflux of exwracellular 1ons resulting m loss of homeostasis
and subsequent apoptosis.  Pathology after ureversible electroporation of a cell does not show
structural or cellular changes uniil twenty-four (24) hours after field exposere except in certain
very limited tissue types. However, in all cases the mechanism of celiular destruction and death
by IRE is apoptotic, which requires considerable time to pass and is not visible pathologically in
a time frame to be chinically usefil in determining the efficacy of IRE treatment, which is an

important clinical deawback to the method.

Lad
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(0091 Developed mn the early 19907°g, electrochemotherapy combines the physical effect of
reversible cell membrane poration with administration of chemotherapy drogs such as cisplatin
and bleomyein, By temporarily mereasing the cell membrane permeability, uptake of non-
permeant or poorly permeant chemotherapentic drugs i1s greatly enhanced.  After the electric
field is discontinued, the pores close and the drug molecules are retained inside the target cells
withont significant damage to the exposed cells. This approach io chemothervapy grew out of
earlier research developing electroporation as a technigue for transfection of genes and DNA
molecules for therapeutic effect. In this context, IRE leading to cell death was viewed as a
failure in as much as the treated cells did not survive to realize the modification as intended.
(00107 IRE as an ablation method grew owt of the realization that the “falure™ 1o achieve
reversible electroporation could be utitized to selectively kill undesired tissue. IRE effectively
kills a predictable treatment area without the drawbacks of thermal ablation methods that destroy
adjacent vascular and collagen structures. During a typical IRE treatment, one to three pairg of
electrodes are placed in or around the tumor, Electrical pulses carefolly chosen to induce an
electrical field strength above the eritical transmembrane potential are delivered 1n groups of ten
{10), usually for nine {9) cycles. Each ten-pulse cycle takes about one second, and the electrodes
pause briefly before starting the next cycle. As descrnibed in ULS. Patent Noo §,048067 o
Rubinsky, et. al and U.S. Patent Application No. 13/332.133 to Arena, et al., both of which are
mcorporated here by reference, the field strength and pulse characteristics are chosen to provide
the necessary field swrength for IRE but without inducing thermal effects as with RF thermal
ablation,

{00111 However, the DU pulses used in currently available IRE methods and devices have

characteristics that can limit thew use or add nisks for the patient because cuwrent methods and
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devices create severe muscle contraction during treatment.  This i & sipnificant disadvantage
because it requires that a patient be placed and supported vnder general ancsthesia with
neuromuscalar blockade in order for the procedure to be camvied out, and this carvies with it
additional substantial inherent patient risks and costs.  Moreover, since even relatively small
additional pulse fraw nsed in a thevapy regimen may be compromised without even being noticed
during the treatment session.

[0012] What is needed is a minimally invasive tissue ablation technology that can avoid
damaging healthy tissue.

HO0131 It wounld also be advantageous to provide a system and method for carrving out thus
treaiment in a medical setting such as a physician’s office or outpatient setting under local
anesthesia, using a methed fthat does not require general anesthesia or a newromuscular blockade.

[0014] Benign Prostatic Hyperplasia (BPH)

{00157 The prostate is @ walnut-sized gland that Borins part of the male reproductive system. The
gland consists of several lobes, or regions, enclosed by a dense fibrous capsule. It 1s located
between the bladder and the rectum and wraps around the urethra, the tube that carries urine out
from the bladder through the pents. There are penerally three glandular zones w a prostate
gland: central, peripheral and transitional. The transitional zone 15 located right behind the place
where the seminal vesicles merge with the wrethva,  This transitional zone tends io be
predisposed to benign enlargement. The prostate gland is generally composed of smooth
muscles and glandular epithelial tissue, The ¢landular epithelial tissue produces prostatic fluid,
The smooth muscles contract during sexual climax and squeeze the prostatic fluid into the

arethra as the sperm passes through the ejaculatory ducts and urethra. Prostatic flusd secreted by
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the prostate gland provides nutrition for ejaculated spenmatozoids, increases thew mobility, and
improves the spermatozoids” chances for sarvival afier gjaculation by making the eavironment in
the vaginal canal less acidic,

(00167 The prostate reaches its normal size and weight {gbout 20 grams) soon after puberty. The
size and weight of the prostate typically remain stable wanid the individual reaches his mid-
forties. At this age, the prostate typically beging to enlarge throngh a process of excessive cell
proliferation, called benign prostatic hyperplasia (BPH)  This overgrowth can ocowr in both
smooth muscle and glandular epithelial tissues and has been attributed o a mumber of different
causes, including hormones and growth factors as well as generally to the aging process.

[0017] Benign prostate hyperplasia can cause distressing unnation symptoms.  As the disease
progresses, the dense capsule swrounding the enlarging prostate prevemts i from further
expansion outward and forces the prostate to press against the wrethra, partially obstructing the
arine flow. The teasion in the smooth muscles of the prostate alse increases, which causes
further compression of the yrethra and reduction of the urine flow, Some symptoms of BPH
stem from the gradual loss of bladder function, leading to an incomplete emptying of the bladder.
The symptoms can mclude straining to urinate, a weak or intermittent stream, an increased
frequency of urination, pain dunng winstion, and incontinence, the involuntary loss of wme
following an wncontroliable sense of wrgency. These symptoms alone can negatively affect the
guality of life of affected men. Left untreated, BPH can cause even more severe complications,
such as urinary tract infection, acute urinary retention, and uremia.

[0018] Before age 40, onlv 10% of men have BPH; but by age 80, about 80% have signs of this

Lo

condlition, BPH is the most common non-cancerous form of cell growth in men. About 14



WO 2016/126778 PCT/US2016/016300

million men in United States have BPH, and about 375,000 new patients are diagnosed every
Year.

{00197 For many vears, researchers have tiied to find medicabions to shrink the prostate or at
least stop its growth. Between 1992 and 1997, the FDA approved four drugs for treatment of
BPH: finasteride, terazosin, tamsulosin, and doxazosin, Finasteride {Proscar) inhibits production
of the hormone DHT. DHT s one of the hormones that have been found o be involved w
prostate enlargement. Treatment with Finasteride has been shown to actoally shrink the prostate
i some men. Terazosim {(Hytrin), doxazosin (Cardura}, and tamsulosmn belong to the class of
drugs known as alpha-blockers.  Alpha-blockers act by relaxing the smooth muscle of the
prostate and bladder 1o improve uring flow and redoce bladder outlet obstruction.  In men with
severe symptons, though, these medications are not curative. They can delay bt not prevent the
eventual need for surgery.

[0020] Regardless of the efficacy of any drug treatment, the long torm exposure o xenobiotic
compounds may produce additional unwasted side effects that are not realized until vears after
treatment. Accordingly, 8 need exists for an apparatus and method for the treatment of BPH that
does not require the introduction of xenobiotic compounds.

[0021] For men with the most severe symptoms, surgery 15 generally considered to be the best
fong-term solution. There are several surgical procedures that have been developed for relieving
symptoms of BPH. However, all of them are very morbid, reguire a long hospital stay, generally
require the use of general anesthesia, suffer from significant side effects, and have possible
conplications.

{0022] In recent vears, a number of procedures have been introduced that are less invasive than

surgery. One such procedure i3 the fransurethral microwave thermal therapy deseribed 1n U,
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Patent No. 5,575,811 to Reid et al. In transurethral microwave thermal therapy, a Foley-type
catheter containing a microwave antenna is placed within the wethra. The microwave antenng
positioned adjacent {o the transitional zone of the prostate, where BPH s located, allows
selective heating of the prostate. Mamtainmg the temperature above 43°C durmg the
approximately one-hour session leads to necrosis of the tissues and subsequent resbsorption of
necrotic tissue by the body.

[00231 Another recently developed non-invasive technique is transurethral needle ablation
{TUNA). TUNA is described m ULS. Pat. No. 6,241,702 1o Lundquist et al. TUNA uses low
level radio frequency {RF) energy to heat the prostate. Using TUNA, two separate needles are
inserted into prostate through the wethra, Several watts of RF energy is apphied to cach needle
to cause thermal necrosis of the prostate cells around the needles. Application of this treatment
to several sites of the prosiate typically results in sufficient pecrosis to relieve symptoms of the
BPH,

(00247 Wiale generally successful, the nucrowave and RE theraptes ae relatively long
procedures. Also, because of the poor teraperature control of the heated volume, the volume of
removed tssue is often not sufficient for the long terms relief of the symptoms andior the healthy
tissue of the urethra s damaged. A damaged orethra is capable of restoring #tself] but the healing
is # long morbid process accompanied by slovghing of the necrotic tissue into vrethra and
excreting ¥t during wrination.  Therefore, a need existy for a mintmally jnvasive therapy for
treatment of BPH that requires shorter treatment times and Is less morbid than existing therapies.

{00257 It has been suggested that IRE might be a useful modality for the weatment of BPH.
However, as described above, TRE suffers from several drawbacks that hmit #s poteotial

effectiveness as a BPH weatment, such as severe nusele contraction during treatment.  In
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addition, it has been shown that sparking occurs at the junction of the msulation with the exposed
portion of the IRE elecwrode. This sparking can cause barotrauma to the tissues with unwanted
damage, thus possibly causing complications frrespective of the mechanism of action of IRE
itself

100267 Thus, the ability to create a BPH therspy throuph methods that do not have the inherent
Lmitations of either IRE or other thermal wethods would be an dmportant and substantial
advancement i the treatiment of BPH.

[0027] In addition, an ablation method that can be accurately targeted at previously idemtified
BPH ussue, and that does not require general anesthesia and neuromuscular blockade, that also
spares tissoe strocture and does not have sparking which can cause potential unwanted damage,
would provide a dramatic new treatment option for patients, and form the basis for an office

based procedure for the treatment of BPH.

SUMMARY OF THE INVENTION

(00281 I 1s, therefore, an object of the present invention fo provide a method for the treatment of
Benign Prostatic Hyperplasia (BPH} in an cutpatient or doctor’s office setting via tissue ablation
using electrical pulses which causes mnmediate cell death through the mechanism of complete
break down of the membrane of the BPH cell.

{0029] 1t s another object of the present Invention to provide such a treatment method that does
not require the administration of general anesthesia or a nenromuscular blockade to the patient.
{0030] The present invention is an imaging, cuidance, planning and treatment system imtegrated
mito a single wit or assembly of components, and a method for using same, that can be safely

and effectively deployed 1o treat BPH i all medical settings, including i a physician’s office or

9
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m oan outpatient setting. The systein utilizes the novel process of Radio-Freguengy Electnical
Membrane Breakdows ("EMB™ or "RFEMB”) to destroy the cellolar membranes of unwanted
BPH tissue without damage to the sorround vital structores and tissue.

{00311 The use of EMB to achieve focal ablation of unwanted tissue while preserving vital
nerves, vessels and other tissue structures, amony other capabihities 15 disclosed in ULS. Patent
Application No. 14/451 333 and International Patent Application No. PCT/USIA6RTT4, which
are both fully incorporated herein by reference.

[0032] EMB is the application of an external oscillating electric field to cause vibration and
flexing of the cell membrane, which results in a dramatic and mmediate mechanical tearing,
disintegration andor ruptaring of the cell membrane. Unlike the IRE process, in which nane-
pores are created in the cell membrane but through which little or no content of the cell is
refeased, EMB completely tears open the cell membrane such that the entire contents of the cell
are expelled mto the extracellular fluid, and imernal components of the cell membrane #tself are
exposed. EMB achieves this effect by applying specifically configured eleciric field profiles,
comprising sigmitcantly higher energy levels {as much as 100 times greater) as compared to the
IRE process, to directly and completely disinfegrate the cell membrane rather than to
electroporate the cell membrane, Such electric field profiles are not possible using currently
available IRE equipment asd protocols. The inability of current IRE methods and energy
profocols to deliver the energy secessary to cause EMB explains why IRE treated specimens
have never shown the pathologic characteristics of EMB treated specimens, and is a critical
regson why EMB had not until now been recognized as an aliernative method of cell destruction.
{0033] The system according to the present mvention comprises a software and hardware

systen, snd method for using the same, for defecting and measoring 8 mass of wnwanted BPH

10
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tissue in the prostate of a patient, for designing an EMB wreatment protocel to ablate sad
unwanted BPH fissue mass, and for spplving said EMB {reatment protocol in an outpatient or
doctor’s office setting.  The system includes an EMB pulse generator 18, one or more EMB
treatnent probes 20, and ong or mwore temperature probes 22, The system further employs a
software-hardware contrelier unit (SHCU ) operatively connected 1o said generator 16, probes 20,
ultrasound scanner SO0 and temperature probe(s) 22, along with one or wwore optional devices
such as trackable anesthesia needles 300, endoscopic imaging devices, ultrasound scanners,
and/or other imaging devices or energy sources, and operating software for controlling the

operation of each of these hardware devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG 1 15 a diagram of a cell membrane pore.

[0035] FIG 2 is g diggram of cell membrane pore formation by a prior art method,

[0036] FIG. 3 is a schematic diagram of the software and hardware systemn according to the
present mvention.

[0037] FIG. 4A is a comparison of a prior art charge reversal with an instant charge reversal
according to the present mvention.

[O038] FIG. 4B 15 a square wave from instant charge reversal pulse according to the present
mvention.

[0039] FIG. § is a diagram of the forces imposed on a cell membrane as a function of electric
field pulse width according to the present tnvention.

[00407 FIG. ¢ 13 a diagram of a prior art failure to deliver prescribed pulses due to excess

current.

1t
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(00417 FIG. 7A 18 a schematic diagram depicting a US scan of a suspect tissue mass.

H00421 FIG. 7B is a schematic dingram depicting the resulis of & 3D Fused hoage of a suspect
1SS MAss.

[0043] FIG. 8 is a schematie diagram depicting the farget treatment area and Predicted Ablation
Zong relative to a therapeutic EMB treatment probe 20 prior to delivering treatment,

[0044] FIG. 9 s a schematic diagram of a pulse generation and delivery system for applhication
of the method of the present invention.

[00457 FIG. 10 is a dingram of the parameters of a partizl pulse frain according to the present
mvention.

[0046] FIG. 11 is a schematic diagram depicting the target treatmient area snd Predicted Ablation
Zoue relative to a therapeutic EMB treatment probe 20 at the start of treatment delivery.

(00471 FIG. 12A s a schematic diagram of a therapeutic EMB treatment probe 20 according
one embodiment of the present invention.

{00481 FIG. 12B s a composite schematic diggram {1, 2 and 3) of the therapeutic EMB
treatment probe 20 of FIG. 12A showing insulating sheath 23 1o various stages of retraction.
{00497 FIG. 12C 15 a composite schematic diagram (1 and 2} of a therapeutic EMB treatment
probe 20 according to another embodiment of the present mvention.

HO0S0] FIG. 12D is a composite schematic diagram {1 and 2) of the therapeutic EMB treatment
probe 20 of FIG. 120 showing immsulating sheath 23 in various stages of refraction.

[0051] FIG. 13 is a schematic diagram of an EMB wreatment probe 20 comprising a sharp, rigid
needle accordimg to another embodiment of the present mvention, depicting how two needles

may be used, one with a positive and one with a negative electrode.
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(00321 FIG. 14 15 a schematic disgram of the enhanced trackable anesthesia needle 300
gecording to the present invention.

{00537 FIG. 18 13 o schematic diagram depicting the positioning of a catheter-type therapeutic
EMB treaunent probe 20 according to an embodiment of the present invention proximate the
treatment ares 2.

[0034] FIG. 16 38 3 schematic diagram depicting the positioning of a cathetertype therapeutic
EMB treatment probe 20 comprising a thermocouple 7 according to another embodiment of the
present invention proximate the treatment area 2.

{00551 FIG. 17 is a schematic diagram depicting the positioning of a catheter-type therapentic
EMB treaument probe 20 comprising 8 side pont § for exposure of needle 9 according to another
embodiment of the present nvention proximate the treatment area 2,

(00361 FIG. 18 is a schematic disgram depicting the positioning of a rigid needle-type
therapeutic EMB tregtment probe 20 comprising a unipolar electrode 11 according to another
embodiment of the present invention proximate the treatment area 2, wherein a remote electrode
15 i3 placed near another area of the patient’s body.

{0057} FIG. 19 is a schematic diagram depicting the positioning of a catheter-type therapeutic
EMB greatiment probe 20 compristng a side port 8 for exposure of electrode-bearing needle 17
according to another embodinment of the present invention proximate the treatment area 2.

{O058] FIG. 20 15 a schematic diagram depicting the posttioning of a catheter-type therapeuatic
EMB treatment probe 20 comprising EM sensor 26 according to another embodiment of the

present mvention inside the urethra.
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[0039] FIG. 21 15 a schematic diagram depicting the positioning of a catheter-type therapentic

-y
;
r

EMB treatment probe 20 comprising an expandable stabilizing balloon 27 according to another
embodiment of the present invention inside the urethra.

[0060] FIG. 22 is a schematic diagram depicting the positioning of a catheter-type thevapeuntic
EMB weatment probe 20 comprising an expandable electrode-bearing balloon 27 accordmng 10
another embodiment of the present mvention wside the urethra.

[0061] FIG. 23 is a schematic diagram depicting the positioning of a catheter-type therapeutic
EMB weatment probe 20 comprising an electrode-bearing sheath 23 according to another
embodiment of the present invention inside the urethra.

(00621 FIG. 24 ix g schematic diagram depicting the use of two therapeutic EMB treatment
probes 20 for delivery of EMB treatment.

(00631 FIG. 25 is a schematic disgram depicting the positioning of a rigid needle-type
(00641 FIG. 26 15 a composite (A & B) schematic diagram depicting the positioning of a
catheter-iype therapentic EMB treatment probe 20 comprising an inflatable stent 19 according fo
another embodiment of the present invention inside the wrethra.

[0063] FIG. 27 15 g schematic diagram depicting the positioning of a stent 19 left by catheter-
type EMB treatment probe 20 inside the vrethra.

[0066] FIG. 28 i3 a schematic diagram depicting the use of a non-electrode bearing inflatable
balloon 27 with catheter-type EMB treatment probe 20 inside the bladder of a patient for the
treatment of BPH.

[0067] FIG. 29 is a schematic diagram depicting two electrode-bearing needles 17 mserted

through s scope for the treatment of BPH.

14
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DETAILED DESCRIPTION

[0068] In general, the software-hardware controller unit (SHCU) operating the proprietary office
based BPH freatiment system software according to the present invention faciliates the treatment
of BPH by directing the placement of EMB treatment probe{s) 20, and, optionally, anesthesia
ngedie(s) 300, and by dehvering electric pulses designed to cause EMB within the unwanted
BPH pssue to EMDB treatment probe{s) 20, all while the entive process may be wonitored in real
time via one or more two- or three-dimensional imaging devices scans taken at strategic
locations to measure the extent of BPH tissue cell death. The system is such that the treatment
may be performed by a physician under the guidance of the software, or may be performed
completely avtomatically, from the process of imaging the weabment area 2 to the process of
placing one or more probes using robotic arms operatively connected to the SHCU to the process
of delivering electnic pulses and monitoring the results of same,  Specific components of the
mvention will now be described in greater detail.

(00691 EMB Pulse Generator 16

[007¢] FIG. 9 is a schematic diagram of a system for generation of the electric field necessary to
imduce EMB of cells 2 within g patient 12, The system includes the EMDB pulse generator 16
operatively coupled to Software Hardware Control Unit (SHCUY 14 for controlling generation
and delivery to the EMB weatment probes 20 {two are shown) of the electrical pulses necessary
to generate an appropriate electric field to achieve EMB. FIG. 9 also depicts optional onboard
controller 15 which 15 preferably the point of imterface betwesn EMB pulse penerator 16 and
SHCU 14, Thus, onboard controller 15 may perform functions such as accepting triggering data

from SHOU 14 for relay 1o pulse generator 16 and providing feedback to SHOU regarding the

pa—
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funciioning of the pulse generator 16, The EMB treatiment probes 20 (described in greater detail
below) are placed in proximity fo the unwanted BPH soft tissue 2 which are intended to be
ablated through the process of EMB and the bipolar pulses are shaped, designed and apphed ©
achieve that result in an optimal fashion. A temperature probe 22 may be provided for
percutaneous femperature measurement and feedback to the controller of the temperature at, on
or near the electrodes. The controller may preferably include an onboard digital processor and a
memory and may be a general purpose computer system, programmable Jogic controller or
similar digital logic control device. The controller is preferably configured to control the signal
output characteristics of the signal generation including the voltage, frequency, shape, polarity
and duration of pulses a3 well as the total muvnber of pulses debivered i a pulse train and the
duration of the infer pulse burst interval.

(0071} With continued reference to FIG. 8, the EMB protocol calls for a series of short and
intense bi-polar electric pulses delivered from the pulse generator through one or more EMB
treatrent probes 20 mserted divectly into, or placed around the target tissue 2. The bi-polar
pulses generate an oscillating electric field between the electrodes that induce a similarly rapid
and osciltating buildup of uansmembrane potential across the cell membrane. The butlt up
charge applies an oscillating and Hexing force to the cellular membrane which upon reaching a
critical value causes rupture of the membrane and spillage of the cellodar content. Bipolar pulses
are more lethal than monopolar pulses because the pulsed electnic field causes movement of
charged molecules in the cell membrane and reversal in the orientation or polarity of the electric
field canses a corresponding change e the direction of movement of the charged molecules and
of the forces acting on the cell. The added stresses that are placed on the cell membrane by

alternating changes i the movement of charged molecules create additional internal and extemnal
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changes that cause indemtations, crevasses, rifts and bregular sudden tears in the cell membrane
causing more extensive, diverse and random damage, and disimtegration of the cell membrane.
[0072] With reference o FIG. 4B, in addition to being bi-polar, the preferred embodiment of
eleciric pulses is one for which the voltage over ime traces a square wave form and is
characterized by instant charge reversal pulses (ICR). A square voltage wave form is one that
maintains a substantially constant voltage of not Tess than 80% of peak voltage for the duration
of the single polarity portion of the trace, except during the polarity ransition.  An instant charge
reversal pulse 1s a pulse that is specifically designed to ensure that substantially no relaxation
time is permitted between the positive and negative polarities of the bi-polar pulse (See FIG.
4AY Thatis, the polarity transition happens virtnally instantaneously.

{00731 The destruction of dielectric cell membranes through the process of Electrical Membrane
Breakdown is significantly more effective if the applied voltage pulse can transition from a
positive o a nogative polarity without delav in between.  Instamt charge reverssl prevents
rearrangement of induced surface charges resulting in & short state of tension and travsient
mechanical forces w the cells, the effects of which are amplified by large and abrupt force
reversals. Alternating stress on the target cell that causes structural fatigue is thought to reduce
the critical electric field strength required for EMB. The added structural fatigue inside and
along the cell membrane results 1 or contribates to physical changes in the structore of the cell.
These physical changes and defects appear in response to the foree applied with the oscillating
EMB protocol and approach dielectric membrane breskdown as the membrane position shifts in
response to the oscillation, up to the point of total membrane rupture and catastrophic discharge.
This can be analogized to fatigne or weakening of a material caused by progressive and localized

structural damage that ocowrs when a matenial is subjected to cyelic loading, such as for example
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a metal paper clip that is subjected to repeated bending. The nominal maximuom stress values
that cause such damage may be much less than the strength of the matenal under ordinary
conditions. The effectiveness of this waveform compared to other pulse waveforms can save up
to 175 or 146 of the total energy requirement,

the field strength (Volts‘om) which s a function of both the voltage 30 applied to the elecirodes
by the pulse generator 16 and the electrode spacing. Typical electrode spacing for a bi-polar,

needie tvpe probe might be 1 cm, while spacing between multiple needle probe electrodes can be
selected by the surgeon and mught typically be from .75 con to 1.5 cmi. A pulse generator for
application of the presemt invention is capable of delivering up to a 10 kV potential. The actusl
applied field strength will vary over the cowse of a treatment to control circuit amperage which
is the controlling factor m heat generation, and patient safety (preventing large unanticipated
current flows as the tissuc impedance falls during a treatment). Where voltage and thus ficld
strength is Hmited by heating concerns, the duration of the treatment ¢yele may be extended o
compensate for the diminished charge accumulation.  Absent thermal considerations, a preferred
field strength for EMB is m the range of 1,500 Vicm to 10,000 Viem.

[O075] With continued reference to FIG, 10, the frequency 31 of the electric signal supplied 1o
the EMB treatment probes 20, and thus of the ficld polanity oscillattons of the resulting electric
field, influences the total energy mparted on the subject tissue and thus the efficacy of the
treatment but are less critical than other characteristics. A preferred signal frequency is from
14.2 kHz to less than 500 kHz. The lower frequency bound imparts the maximum energy per
¢ycle below which no further incremental energy deposition is achieved. With reference to FIG.

3, the upper frequency humit 13 set based on the observation that above 300 kHz, the polarity
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oscillations are too short to develop enough motive force on the cell membrane to induce the
desired cell membrane distortion and movement. Move specifically, at 500 kHz the duration of a
single full cycle is 2 ps of which half s of postitve polarity and half negative. When the duration
of a single polarity approaches 1 us there is msufficient time for charge to accumulate and
maotive force to develop on the membrane. Consequently, membrane movement 18 reduced or
elinunated and EMB does not occnr. In a more preferred embodiment the signal frequency is
from 100 kHz to 450 kHz. Here the lower bound is determined by a desive to avoid the need for
anesthesia or newromuscular-blocking drugs to Hmit or avoid the muscle contraction stimulating
effects of electrical signals applied to the body. The upper bound in this more preferred
embodiment is suggested by the frequency of radiofrequency thermal ablation equipment already
approved by the FDA, which has been deemed safe for therapeutic use in medical patients,
[0076] In addition, the energy profiles that are nsed to create EMB also avoid potentially serious
patient risks from interference with cardiae sinus thythny, as well as bocalized barotrauma, which
can occur with other therapies.

(00777 EMB Treatment Probes 20

[0078] FIGs. 12A-128 depict a first embodiment of a therapeutic EMB weatment probe 28, The
core {or inner electrode) 21 of EMB treatment probe 20 is preferably a needle of gage 17-22 with
g length of 5-25em, and may be solid or hollow. Core 21 is preferably made of an electrically
conductive material, such as stainless steel, and may additionally comprise one or more coatings
of another conductive material, such as copper or gold, on the surface thereof As shown in
FiGs. 12A-12D, 1n the mstant embodiment, the core 21 of treatment probe 20 has a pointed tip,
wherein the pointed shape may be a 3-sided trocar pomt or a beveled point, however, n other

embodiments, the tip may be rounded or flat. Treatment probe 20 further comprises an outer
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electrode 24 covering core 21 on at least one side. In a preferred embodiment, outer electrode 24
is also a ovlindrical member completely sarrounding the diameter of core 21, An insulating
sheath 23, made of an inert material compatible with bodily tissue, such as Teflon® or Mylard®,
is disposed arownd the exterior of core 21 and isolates core 21 fom outer electrode 24, In this
preferred embodument, insulating sheath 23 is also a oyvlindrical body surrounding the entire
diameier of core 21 and completely encapsulating outer electrode 24 except at active area 25,
where outer electrode 24 is exposed directly to the treatment area 2. In an alternate embodiment,
shown in FiGs. 12C-12D, insulating sheath 23 comprises two solid eylindrical sheaths wherein
the outer sheath completely encapsulates the lateral area of cuter electrode 24 and only the distal
end of outer elecirode 24 1s exposed to the tregiment area 2 as active area 28, Insulating sheath
23 and outer electrode 24 ave preferably movable as a wnit along a lateral dimension of core 21
so that the surface area of core 21 that is exposed to the treatment area 2 is adjustable, thus
changing the size of the lesion created by the EMB pulses. FIGs. 12B(3) and 12C(2} depact
masulating sheath 23 and outer electrode 24 advanced towards the pointed tip of core 21, definming
a relatively small treatment area 2, while FIGs. 12B(2} and 12C(1) depict insnlating sheath 23
and outer electrode 24 retracted to define a relatively large treatment area. Electromagnetic
{EM} sensors 26 on both core 21 and insnlating sheath 23/puter electrode 24 member send
information to the Software Hardware Countroller Unit (SHCU) for determining the relative
positions of these two elements and thus the size of the treatment avea 2, preferably in real time.
EM sensors 26 may be a passive EM tracking sensor/field generator, such as the EM tracking
sensor mannfactured by Traxtal Inc.  Allemnatively, instead of utilizing EM sensors, EMB
treatment probes 20 may be tracked in real time and guided using endoscopy, ultrasound or other

imaging means known in the art.
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(00791 One means for enabling the relative movement between core 21 and insulating sheath
23fouter electrode 24 member is to attach insulating shesth 23/00ter electrode 24 member to a
fixed member {ie, a handle) at a distal end of probe 280 opposite the tip of core 21 by a screw
mechaniom, the fuming of which would advance and retract the insulating sheath 23/outer
glectrode 24 member along the body of the core 21, Other means for achieving this functionality
of EMB treatment probe 20 are known in the art.

TOOB0Y Oune of conductive elements 21, 24 comprises a positive electrode, while the other
comprises a negative electrode. Both core 21 and outer electrode 24 are conpected to the EMB
pulse generator 20 through msulated conductive wires, and which are capable of delivering
therapeutic EMB palsed radio frequency energy or biphasic pulsed electrical energy under
sufficient conditions and with sufficient ireatment parameters to achieve the destruction and
disintegration of the membranes of unwanted BPH tissue, through the process of EMB, as
described in more detail above, The msulated connection wires may etther be contained within
the interior of EMB treatment probes 20 or on the surface thereof. However, EMB treatment
probes 20 may also be designed to deliver thermal radio frequency energy treatment, if desired,
as a complement to or instead of EMB treatment.

[0081] In apother embodiment, EMB treatinent probes 20 take the form of at least one
therapeutic catheter-type probe 20, Catheter-tvpe probes 20 are prefembly of the flexible
catheter type known in the art and baving one or more central lamens to, among other things,
allow probe 20 to be placed over a guide wire for ease of insertion and/or placenient of probe 20
within a cavity 400 of the hwnan body according to the Seldinger technigue. A catheter for this

purpose may be a Foley-type catheter, sized between 10 French to 20 French and made of
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sihicone, latex or any other biocompatible, flexible matenial. Such a catheter 1s capable of being
placed to deliver EMB pulses from an unirsurethral location for the treatment of BPH.

{00827 In a preferred embodiment, tlustrated in FIG. 15, catheter-type probes 20 comprise one
positive 3 and one negative 4 electrode disposed on an outer swrface of probe 20 and spaced
apart by a distance along the longitudinal axis of probe 20 such that current sufficient to deliver
the EMB pulses described hevein may be generated between the electrodes 3, 4. The spacing
between positive 3 and negative 4 electrodes may vary by design preference, wherein a larger
distance between electrodes 3, 4 provides a larger treatment area 2. FIG. 15 depicts electrodes 3,
4 on an outer surface of probe 20; alternatively, electrodes 3, 4 are mtegral to the surface of
probe 20, In yet another embodiment, as shown m FIG. 23, one of electrodes 3, 4 {(negative
electrode 4 as shown 1 FIG. 23) may be placed on the end of an insulated sheath 23 that either
partially or fully surrounds probe 20 along 2 radial axis thereof and is movable along a
longitudinal axis of probe 20 relative to the tip thereof {on which positive electrode 3 s located
as shown in FIG. 23) 1o provide even further customizability with respect to the distance between
electrodes 3, 4 and thus the size of treatment area 2. By moving probe 20 relative to sheath 23,
various distances between the electrodes can be accomplished, thus changing the size and shape
of the reatment zone {see FIG. 23). Insulating sheath 23 iy prefergbly made of an mert materisl
compatible with bodily tissue, such as Teflon® or Mylar®. One means for enabling the relative
movement between probe 20 and insulating sheath 23 is to attach insulating sheath 23 to a fixed
member {i.2., a handle) at a distal end of probe 20 opposite the tip of probe 20 by a screw
mechamsm, the tarning of which would advance and retract the msulating sheath 23 along the
body of the probe 20, Other means for achieving this fanctionality of EMB treatment probe 20

are known in the art,
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[0083] Without himitation, electrodes 3, 4 on catheter-type probes 20 may be flat {i.e., formed on
only a single side of probe 20), cylindrical and sorrounding probe 20 around an axis thereof, ete.
Electrodes 3, 4 are wade of an elecirically conductive muaterial,  Flectrodes 3, 4 may be
operatively connected to EMB pulse generator 16 via one or more msulated wires 3 for the
delivery of EMB pulses from generator 16 to the treatment area 2. Connection wires 5 may
either be intraluminal to the catheter probe 20 or extra-lumiinal on the surface of catheter probe
20.

[0084] Electrical membrane breakdown, unlike IRE or other thermal ablation techniques, causes
mmmediate spillage of all intracellular components of the ruptured cells into an extracellular
space and exposes the mternal constitvent parts of the cell membrane to the extracellular space.
[O0RS] Thus, the catheter-type probe 20 according to the present nvention may bave a hollow
mterior defined by an nner lumen 10 of sufficient diameter 1o accommodate a spinal needle ® of
one or more standard ganges to be inserted there through for the injection of any beneficial
medications or drugs mnto the lesion formed by EMB treatment 1o enhance the of said treatment
{see FIG. 17). In a preferred embodiment, as shown m FIG. 17, mterior lumen 10 terminates
proximate an opening 8 m the side of probe 20 to allow needle 9 to exit probe 20 to access
treatment area 2 for delivery of the drugs, In an sltemnative embediment, shown i FIG, 29,
interior lomen 10 may tenmingte, and one or more needie(s) 9 may ex#t, with an opening at distal
end of probe 20. Alternatively, the mner lumen 10 may be sized to allow for the injection of
biochemical or biophysical nano-materials there through inte the EMB lesion to enhance the
efficacy of the local ablative effect, or to allow injection of reparative growth stimulating drugs,

chemicals or materials, A lumen 10 of the type described herein may also advantageousty allow
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the collection and removal of tissue or intra-cellular components from the treatment area 2 o1
nearby vicinity, for examination or festing whether before, during or after treatment.

{00861 It will also be onderstood thal, instead of a EMB treatment probe having a lomen 10
capable of providing a delivery path for wreatment enhancing drugs, such drugs may be
administered by any  means, mcluding  without hmitation, ntravenously, orally or
mtrammscwdarty, and may further be myected divectly info or adjacent to the target BPH dssue
immediately before or after applying the EMB electric field.

FO0R7] In ap alternative embodiment of EMB treatment probes 20, one of either the positive (+)
3 or negative {-) 4 electrodes is on an outer surface of EMB treatment probe 20, while the other
polarity of electrode is placed on the tp of a curved, electiode-beanng needle 17 inserted
through hunen 10 (zee FIG. 19}

[0088] In another embodiment of EMB treatment probes 20, unipolar or bipolar electrodes are
placed on an expandable balloon 27, the inflation of which may be controlled by the SHCU via g
preumatic motor or air pump, ot In this embodiment, when the balloon 27 is placed inside the
urethra {proximate a designated treatment area 2} and mflated, the electrodes on the surface of
balloon 27 are forced against the wall of the cavity 400 to provide a path for current to flow
between the postiive and negative electrodes {see FIG. 21). The positive and negative glectrodes
can have differenmt configurations on the balloon 27, i¢., they may be arranged horizontally
around the circumiference of the balloon 27 as in FIG. 21, or longiindinally along the long axis of
the balloon as in FIG. 22, In some embodiments, more than one each of positive and negative
electrodes mayv be arranged on a single balloon.

{0089] In certain embodiments, catheter-type EMB probe 20 may comprise 8 non-electrode-

containing balloon that i3 otherwise of the general type described above on it distal end, such
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that when the balloon 27 is inflated, the catheter and EMB treatment probe 20 are anchored
treaiment of an wwanted BPH tissue mass 2 proximate the peri-urethral prostatic tssue, by a
friction fit of balloon 27 m the bladder neck, as'shown in FIG. 28,

F00907 In yet another embodiment, EMB catheter-type probe 2¢ could deliver a stent 19 o the
abunormal region / treatment area 2 which is associated with a narrowing causing obstruciion,
This configwration would allow the delivery of an EMB treatment protocol at the same time as
stent 19 15 used to expand a stricture in a lumen. Stent 19 may alse comprise conducting and
non-conducting areas which comrespond to the unipolar or bipolar electrodes on EMB probe 20.
An example treatment protocol woukd include placement of EMB probe 20 having balloon 27
with a stent 19 over the balloon 27 in its non expanded state (FIG. 26(A)), expansion of balloon
27 which in turn expands stent 19 (FIG. 26(B)), delivery of the RFEMB treatment, and removal
of the EMB treatment probe 20 and balloon 27, leaving stent 19 in place n the patient {see FIG,
27

(00917 Any of the therapentic EMB treatment probes 20 described herein also preferably contain
sensors of the type described by Laufer et all in “Tissue Characterization Using Electrical
impedance Spectroscopy Datar A Linear Algebra Approach”™, Phyvsiol, Meas. 33 (2012) 997
1013, 1o investigate tssue chavactenistics to determine cancerous from non-cancerous Hssue,
Alternatively, or in addition to sensors of the type described by Laufer, EMB treatment probes
20 may contain sensors to determine cetlular content spillage as necessary to quantify cell death
in the treatment area 2 via EMB; one example of such a sensor s described by Miller et al. in
“Integrated Carbon Fiber Electrodes Within Hollow Polymer Microneedles For Transdermal

Flectrochemical Sensing”, Bromicrofhadics. 2011 Mar 30;3(11:13415,
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(00921 Alternatively, or i addition to the sensors described above, EMB treatment probes 20

T

may confgin a thormocouple 7 {see FIG. 16), such as a Type K- 40AWG thermocouple with
Polyiniide Primrary/Nylon Bond Coat insudation and a temperature range of 40 to +180C,
manufachred by Measurement Specialties. The lumen of the optional thermocouple 7 may be
focated on EMB treatment probe 20 such that the temperatire at the tip of the probe can be
momntored and the energy delivery to probe 20 modified to maintain a desired temperature at the
tip of probe 20.

[0093] Each of the probes 20 described above also preferably comprises one or more EM sensors
26, such as those described above, on various portions of probe 20 to allow the position of the
probe 20 and vartons parts thereof 1o be montiored and tracked in real time {see FIG, 20},
Alternatively, instead of uiilizing EM sensors, EMB treatment probes 20 may be tracked i yeal
time and goided using endoscopy, ultrasound or other imaging means known in the art.

[0094] One of ordinary skill in the art will ynderstand that the EMB treatment probe(s) 20 may
take various forms provided that they are still capable of dehivering EMB pulses from the EMB
pulse generator 14 of the type, duration, etc. described above. For example, the EMB treatment
probes 20 have been described herein as a rigid assembly, but may also be semi-rigid assembly
with formable, pliable andior deformable compongnts.  As another example, EMB treamment
probes 20 may be unipolar 11 and nsed with an indifferent clectrode placed on a remote location
from the area of treatment (see FIG. 18}, In vet another embodiment, two EMB wreatment probes
20 may be used, wherein each probe has one each of a posutive and negative electrode {See FIG.
24).

{00951 As vet another example, EMB probe 20 may comprise one or more sharp, rigid needles

that can be placed interstitially from 8 fransperineal route or a wansrectal route. These may be

20
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used as pairs in a bipolar mode (see FIG. 13) with one probe 20 comtaining a positive electrode 3
and the other probe 20 containing a pegative electrode 4, or with both positive and negative
slectrodes 3, 4 placed on a single probe 20 {see FIG. 25). Alternatively, the needle probes 20
may be used i & monopolar mode with a unipolar electrode 11 placed on the probe 20 and an
incdifferent electrode 15 placed on the patient’s body 1 a remote location {see FIG. 18). Riud
needle-type  probes 20 may  comprise one or more of each of the types of
sensors/transmitters/features described above with reference to probes 20

[0096] In yer another embodiment, the two curved, electrode-bearing needles 17 containing
electrodes 3, 4 can be placed though a scope and be visnalized as they extend out of the scope
and, ander direct scope visualization, plerce the walls of the wrethra and extend into the BPH

tissue for the treatiment of prostate BPH (see FIG. 29),

FO0971 Utrasound scanner 500

[0098] Unlike nreversible electroporation, electrical membrane breakdown EMB  causes
mnmediate visually observable tissue changes which can be monitored by an oltrasound scanner
300 {see FIG. 3) to show cellular membrane destruction and unmediate cell death. As a result,
the method of the present mvention may include visual evaluation of the teated target tissue 2
vig an ultrasound scanner 500 to verty treatment efficacy immediately upon completion of each
tissue treatment during the ongoing therapy procedure, while the patient 1s still in position for
additional, continued or futher treatment. Preferably, ulirasound scanner 300 is operatively
connected to SHCU 14 such that SHCU 14 may divect ultrasound scanngr 500 to scan certain

areas of the patient’s body andfor recetve mages from ulirasound scanner 500 for display to the

operator,

2]
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(00991 Additional treatment may be immediately admuustered via, 1., EMB treatment probe
20, based on the information obtained from the sensors on the probe or visual determination of

treaiment efficacy thropgh visual evaluation using wrasound scanner 500, without removing the

treatinent probe 20 from the treatinent area 2.

[00 100} Trackable Anesthesia Needles 300
100101} EMB, by virtoe of s bipolar wave forms in the described frequency range, does

not cause mascle twitching and contraction.  Therefore a procedure using the same may be
carrted out under local anesthesia without the need for general anesthesia and neuromuscular
blockade 1o attempt to induce paralysis during the procedure. Rather, anesthesia can be applied
locally for the control of pain without the need for the decper and riskier levels of sedation.

{00102} For this purpose, one or more trackable anesthesia needles 300 may be provided.
With reference to FIG. 14, Anesthesia neadles 300 may be of the type known m the art and
capable of delivering anesthesia to the Newrovascular bundles or other potential treatment
regions, mcluding the point of entry of needle 300, EMB probe 20, or any of the other devices
described herein through the skin to enhance pamn relief.  Anesthesia needles 300 may also
comprise sensorftransmitters 26 (electromagnetic or otherwise} built into the needle andior
needle body to track the location anesthesia neadie 300, Anesthesia negdles 300 are preferably
operatively connected to SHCU 14 {0 enable real-time tracking of anesthesia nesdle 300 by
SHCU 14 andfor to monitor administration of anesthesia, as described 1in more detail below.

(00103} Alternatively, trackable anesthesia needles 300 may be omitted in favor of
conventional anesthesta needles which may be apphied by the physician using conventional
manual targeting techniques and using the insertion point, msertion path and trajectories

generated by the software according to the preseat invention, as described in fiwther detai} below.
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(001041 Seftware Hardware Control Unit (SHCU) 14 god Treatment System Software
[O0105] With reference 1w FIG. 3, the Software Hardware Control Unit (SHCU) 14 »

operatively connected to one or more {and preferably all) of the therapeutic andfor diagnostic
probesineedies, imaging devices and energy sources described heretn: namely, I a preferred
gmibodiment; the SHCU 14 is operatively connected 1o one or more EMB pulse generator(s) 16,
EMB treatment probe(s) 20, slirasound scanner 500 and trackable anesthesia needle(s) 300 via
elecirical/manual connections for providing power {o the connected devices as necessary and via
data commnections, wired or wireless, for receiving data transmitted by the various sensors
attached to each connected device. SHCU 14 is preferably operatively connected to each of the
devices described herein such as to enable SHCU 14 to receive all available data regarding the
operation and placement of each of these devices. For example, SHOU 14 may be connected to
one or more trackable anesthesia needles 300 via a fluid pump through which liquid medication
is provided 1o ancsthesia needic 300 such that SHCU 14 mayv monitor and/or contral the volume,
rate, type, eic. of medication provided through seedle(s) 300,

(001061 In an alternative embodiment, SHCU 14 15 also connected to one or more of the
devices herem via at least one robot arm such that SHCOU 14 may itself direct the placement of
various aspects of the device relative o a patient, potentially enabling fully antomatized and
robotic treatment of vawanted BPH tssue via EMB. It 1s envisioned that the system disclosed
herein may be customizable with respect fo the level of automation, 1.e. the number and scope of
components of the herein disclosed method that are performed avtomatically at the direction of
the SHCU 14, At the opposite end of the spectrum from a fully avtomated system, SHCU 14
may operate software to guide a physician or other operator through a video monttor, audio cues,

or some other means, through the steps of the procedure based on the software’s determination of
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the best treatment protocol, such as by directing an operator where to place the EMB treamment
probe 28, eic. As examples of semi-antomation, SHCU 14 may be operatively connected to at
least one robotic anm comprising an alignment tool capable of supporting a treatment probe 20,
or providing an axis for alignment of probe 20, such that the tip of probe 20 i positioned at the
correet point and angle at the surfice of the patient’s skin to provide a direct path along the
longitudingl axis of probe 20 to the preforred location of the tip of probe 20 within the treatment
area 2. In another emabodiruent, as described i more detail below, SHCU 14 provides audio or
visual cues to the operator to indicate whether the insertion path of probe 20 is correct. In each
of these variations and embodiments, the svstem, at the direction of SHCU 14, directs the
planning, validation and verification of the Predicted Ablation Zone {to be described in more
detat] below), to control the application of therapentic energy to the selected region so as to
assure proper treatment, to prevent damage to sensitive structwres and/or to provide tracking,
storage, transmission andf/or rewrieval of data describing the treatment applied.

(00107} In a preferred embodiment, SHCU is a data processing system comprising at least
one apphication server and at least one workstation comprising a momtor capable of displaying to
the operator a still or video image, and at least one input device through which the eperator may
provide inputs o the svstem, 1. via 8 keyvboardmouse or touch screen, which runs software
programmed o conirol the system in two “modes” of operation, wherein each mode comprises
matractions to divect the system to perform one or more novel features of the present mvention.
The software according to the present mvention may preferably be operated from a personal
conputer connected to SHCU 14 via a divect, hardwire connection or via a communications
network, such that remote operation of the system is possible. The two contemplated modes are

Planning Mode and Treatment Mode. However, it will be undersiood to one of ordinary skill m
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the art that the software sond/or operating system may be desipned differently while sall
achicving the same prrposes. In all modes, the software can create, manipulate, and display to
the user vig a video monitor accurate, real-time three-dimensional images of the buman body,
which tages can be zoomed, enlarged, rotated, animated, marked, segmented and referenced by
the operator via the svstent’s data input device(s). As described above, in various embodiments
of the present wvestion the software and SHCU 14 can pantially or fully control various attached

components, probes, needles or devices fo automate various functions of such components,

probes, needles or devices, or facilitate robotic or remote control thereof

{00108} Planning Mode
(00109} The SHCU 1s preferably operatively connected 1o one or more external imaging

sources such as an maguetic resomance imaging (MRI), ulirasound (US), elecirical impedance
tomography {EIT), or any other imaging device known i the arf and capable of creating images
of the human body. Using inputs from these external sources, the SHCU first creates one or
more “3D Fused Images”™ of the patient’s body in the region of the unwanted BPH tissue. The
3D Fused lmages provide a 3D map of the selected treatment area 2 within the patient’s body
over which locational data obtained from the one or more probes, needles or ultrasound scans
according 1o the present invention may be overlaid to allow the operator to plan and monisor the
treatment in real-time aganst a visaal of the actual treatment area 2.

{00110} In a first embodiment, a 3D Fused lmage would be created from one or more MR1
and ultrasound image(s) of the same area of the patient’s body. An MRI image nsed for this
purpose may comprise d multi-parametric magnetic resonance image created using, te., a 3.0
Telsa MRI scanner (such as Achieve, manufactured by Philips Healthcare) with a 16-channel

cardiac surface cotl (such as a SENSE coil, manufactured by Philips Healtheare) placed over the
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pelvis of the patient with an endorectal coil (such as the BPX-30, manufactured by Medrad).
MRI sequences obtained by this method preferably include: & tri-planar T2-weighted image,
axial diffusion weighted imaging with apparent diffosion coefficient {(ADC) mapping, 3-
dumensional point resolved spatially localized spectroscopy, and an axial dynamic contrast
gnhanced MRIL  An ulrasound image used for this purpose may be one of more 2D images
obiained from a standard biplase transrectal nltvasound probe (such as the Huachi EUB 350},
The vltrasound tmage may be formed by, e, placing an EM fleld generator {such as that
manufactured by Northern Digital Inc.) above the pelvis of the patient, which allows for real-
time tracking of a custom ultrasound probe embedded with a passive EM tracking sensor (such
as that manufactored by Traxtal, Inc).

{00111} The 3D fused image s then formed by the software according to the presemt
mvention by encoding the uvltrasound data using a position-encoded prostate ultrasound stepping
device {such as that manufactured by Civee Inc) and then overlaying a virtual brachytherapy grid
over the 3D ultrasound fused MRI nmage. A brachytherapy grid is positionally correlated to the
resultant image by #s fred position to the US probe by the US stepping device. The software
according to the present mvention also records of the position of the suspected BPH ussue
abiained as collected by ultrasound scans for later use in guiding therapy.

[0} This protocoel thus generates a bageline, dingnostic 3D Fused bnage and displays
the diagnostic 3D Fused Image to the operator in real time via the SHCU video monitor.
Preferably, the svstem may request and/or receive additional 3D ultrasound images of the
treatment area 2 during treatment and fuse those subsequent images with the baseline 3D Fused

frmage for display to the operator.
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(00113} As an alternate means of creating the 3D Fused Image, a 2-dimensional US sweep
of the treatment area 2 is performed in the axial plane to render a three-dimensional ultrasound
ymage that is then registered and fused to a- previously taken MRI using landmarks common
both the ultvasound anage and MRI image such as the capsular margins of the prostate and
urethra.  Areas suspicious for causing BPH identified on MRI are semi-sutomatically
supertmposed on the real-time TRUS tmage. The 3D Fosed Image as oreated by any one of the
above methods 15 then stored in the non-transitive memory of the SHCU, which may employ
additional software to locate and electronically tag within the 31 Fused Image specific areas in
the prostate or s vicinity, including sensitive or critical structures and areas that require
anesthesia such as the Newrovascular Bundles, te. to enable the guidance of standard or
trackable anesthesia needles to those locations, The SHCU then displays the 31 Fosed Image to
the operator alone or overlaid with locational data from each of the additional devices deseribed
herein where available. The 3D Fused huage may be presented in real time in sector view, or the
software may be programmed to provide other views based on design preference. As described
above, the software may then direct the operator andfor a robotic arm to take a further ultrasound
scan of the identified area of concemn for unwanted BPH tissue, or in a specific location of
concern based on an automated gualysis of the inaging data and record the results of same,
which additionsl imaging scan may be tracked in real ttime. Analysis of the tmage scan results
which may be done by the system using mstomated Jmage analysis capabilities, or a
physician/technician, will indicate whether the tissue should be targeted for ablation. Thus, a 3D
map of BPH targeted tissue in the area of concern within the patient’s body may be created m

this way. The software may employ an algorithm to determine where mdividual fissue arcas
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should be evaluated further to ensure that all areas of concern in the region have been located
evaluated, and indexed against the 3D Fused Image.

f00114] Using the image evaluation result data i conjunction with the 3D Fused Image,
the software can create 8 targeted 3D Fused Image”, which can be used as the basis for an office
based treatment procedure for the patient (see FiGs. 7A-7TB). The SHCU also preferably stores
the tmage scan information indexed 1o location, orientation and scan swnnber, which imformation
can be provided to a radiologist for consaltation if desired, or other ireatment provider via a
conmmunications network 1o be displaved on his or ber remote workstation, allowing the other

treatment provider to interact with and record their findings or analysis about each image in real

tire.
(001151 Upon generation of one or more 31 Fused Images of the planned treatment area 2

and, preferably completion of the analysis of all of the image scans of the affected area, the
SHCU may display to the operator via g video terminal the precise location(s) of one or more
areas in the prostate {(or other treatment area), or its vicimty, which require therapy, via
annotations or markers on the 3D Fuosed Image(s)y: this area requiring therapy is termed the
Target Treatment Zone. This information i3 then used by the system or by a physician to
determine optimal placement of the EMB treatment probe(s) 20, Importantly, the 3D Fused
Image should also contain indicia to mark Neorovasculsr Bondles (NVB), the location of which
will be used to caleulate a path for placement of one or more anesthesia needles for delivery of
local anesthesia to the treatment area 2. If necessary due to changes in gland size, the geographic
location of each marker can be revised and repositioned, and the 3D Fused Image updated in real

time by the sofiware, using 3D ulirasound data as described above. The system may employ an
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alponithm for detecting changes m gland size and requesting additional ultrasound scans, may
reguest ultrasound scans on a regalar basis, or the hke.

{00116} In a preferred embodiment, the sofbware may provide one oy more “virtual” EMB
treatinent probes 20 which may be overlaid onto the 3D Fused Image by the software o1 by the
treatment provider 1o determine the extent of ablation that would be accomplished with each
configuration. The virtual probes also define a path to the target point by extending a line o
path from the target point to a second point defining the entry point on the skin swiace of the
patient for insertion of the real EMB treatmient probe.  Preferably, the software is configured to
test several possible probe 20 placements and calculate the probable results of weatment to the
affected area via such a probe 20 {the Predicted Ablation Zone) placement using a database of
known oufcomes from varions EMB treatment protocols or by utihzing an algorithe which
receives as inputs various treatment parameters such as pulse nwmber, amplitude, pulse width
and frequency. By companng the outcomes of these possible probe locations © the targeted
BPH tissue volunte as indicated by the 3D Fused Image, the system may determine the optimal
probe 20 placement. Alternatively, the sysiem may be configured to receive inputs from a
physician to allow him or her to manually arrange and adjust the virtual EMB treatment probes
to adegquately cover the treatment area 2 and volume based on his or her expertise. The system
may utilize virtual ancsthesia needles in the same way to plan treatment,

{00117} When the physician is satisfied with the Predicted Ablation Zone coverage shown
on the Target Treatment Zone based on the placement and configuration of the virtual EMB
treatment probes and the virtual anesthesia needles, as determined by the system or by the
physician himself, the physician “confirms”™ 1o the system (1.e. “locks in”) the three-dimensional

placement and energy/medication delivery configuration of the grouping of virtual EMB

[
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treatment probes and virtual angsthesis needles, and the svstem registers the position of each as
an actual software target to be overlaid on the 3D Fused Image and uwsed by the system for
guiding the isertion of the real probe{s) and needle{s} according fo the present invention (which
may be done automatically by the system via rebotic arms or by the physician by tracking s or
her progress on the 3D Fused Image.

(00118} I necessary, EMB treatment, as described in further detail below, may be carmied
out immediately after the treatment planning of the patient is performed. Altemately, EMB
treatment may take place days or even weeks afier one or more diagnostic scanning and imaging
studies are performed. In the latter case, the steps described with respect to the Planning Mode,

above, may be undertgken by the software/physician at any point between.  diagnostic scanning

and imaging and treatment.

jo0119] Treatment Mode
[00120} The software displays, via the SHCU video monitor, the previously confirmed

and “locked in” Target Treatment Zone, and Predicted Ablation Zone, with the location and
configuration of all previously confirmed virtual probes/veedles and their caleulated msertion
points, angular 3D geometry, and msertion depths, which can be updated as needed at time of
treatment to reflect any required changes as described above.

ooy Using the planned locations and targets established for the delivery of anesthesia,
and the displayed insertions paths, the software then guides the physician (or robotic arm) i veal
time to place one or more anesthesia needles and then to deliver the appropriate amount of
anesthesia to the targeted locations (e, m the vicmity of the Newrovascolar Bundles),
Deviations from the insertion path previously determined by the system in relation to the virtual

needies/probes may be highlighted by the software i real time so as to allow cowection of
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targeting at the earliest possible time m the process. This same process allows the planning and
placement of local anesthesia needles as previously described. In some embodiments, the system
may employ an algorithm to caleulate the required amount of anesthesia based on inputs such as
the mass of the tissue 1o be weated and individual characteristics of the patient which may be
inputied to the svstem manually by the operator or obtained from a central patient database via g
commupncations network, efc.

HO0122] Once anesthesia has been administered, the system displays the Predicted
Ablation Zone and the boundaries thereof as an overlay on the 3D Fused Image including the
Target Treatment Zone and directs the physician {or robotic arm) as to the placement of each
EMB weatment probe 20, The Predicted Ablation Zone mav be ppdated and displayed i real
time as the physician positions each probe 20 to give graphic verification of the boundaries of the
Target Treatment Zone, allowing the physician fo adjust and readjust the positioning of the
Therapeutic EMB Probes, sheaths, clecirode exposure and other treatmient parameters {which in
twrn are used o update the Predicted Ablation Zonej). When the physician {or, in the case of a
fully automated system, the software) is confident of accurate placement of the probes, be or she
may provide such an mput to the system, which then directs the adotmstration of EMB pulses
via the EMB pulse generator 16 and probes 20,

HO0123 The SHCU controls the pulse smphiude 30, heguency 31, polanty and shape
provided by the EMB pulse generator 16, as well as the number of pulses 32 to be applied in the
treatment series or pulse train, the duration of each pulse 32, and the inter pulse burst delay 33.
Although only two are depicted in FIG. 10 due to space constratmts, EMB gblation is preferably
performed by application of a series of not less than 100 electric pulses 32 in a pulse train 50 as

to unpart the energy necessary on the target tiasue 2 without developmyg thermal issues in any
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clinicallv significant way. The widih of each individual pulse 32 15 preferably from 100 o 1000
s with an inter pulse borst interval 33 doring which no voltage is applied m order {0 facilitate
heat dissipation and avoid thermal effects. The relationship between the duration of sach pulse
32 and the frequency 31 (pertod) determines the pumber of instantaneous charge reversals
gxperienced by the cell membrane during each pulse 32, The duration of each inter pulse burst
mterval 33 i3 determuned by the controller 14 based on thermal considerations. Io an alternate
embodiment the system is farther provided with a temperature probe 22 inserted proxinal to the
target tissue 2 to provide a localized temperature reading at the treatment site to the SHCU 14
The temperature probe 22 may be a separate, needle type probe having a thermocouple tip, or
may be integrally formed with or deployed from one or more of the needle electrodes, or the
Therapeutic EMB Probes.  The systemn may further employ an algorithm to determine proper
placement of this probe for accurate readings from same.  With temperature feedback in real
time, the system can modulate treatment parameters to chminate thermal effects as desived by
comparing the observed temperature with various temperature set points stored in memory.
More specifically, the system can shorten or increase the duration of each pulse 32 to mamtain a
set temperature at the treatment site to, for example, create a beating (high temp) for the peedie
tract o prevent bleeding or to lmit heating {fow temp) to prevent any coagulative necrosis, The
duration of the nter pulse burst interval can be modulated i the same manner in order to
eliminate the need to stop weatment and maximizing the deposition of energy to accomplish
EMB. Puilse amplitude 30 and total number of pulses in the pulse train may also be modulated
for the same purpose and result,

(00124} In yet another embodiment, the SHCU may monitor or determine awrent fow

through the tisswe during treatment for the purpose of avoiding overbeating while yet pernitting
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treatment to continue by reducing the applied voltage. Reduction mn tissue impedance duning
treatment doe to charge buildup and membrane ropture Can cauwse increased corrent How which
engenders additional beating ai the treatment site.  With reference to FIG. 6, prior treatment
methods have suffered from a need to cease treatment when the current excesds 8 maximum
allowable such that treatment poals are not met.  As with direct temperature monitoring, the
present jovention can avoid the seed 1o stop treatment by reducing the applied voltage and thus
current through the tissue to control and prevent wndesirable clinically significant thermal
effects.  Modulation of pulse duration and pulse burst interval duration may also be emploved
by the controller 14 for this purpose as described.

Ho01253 Durning treatment; the software captures all of the treatment parameters, all of the
tracking data and representational data in the Predicted Ablation Zone, the Target Treatment
Zone and in the 3D Mapped Image as updated 1n real time to the moment of therapeutic trigger.
Based on the data received by the system during treatment, the treatment protocol mav be
adjusted or repeated as necessary.

(001261 The software may also store, transmit andfor forwarding treatment data to a
ceniral database located on premises m the physician’s office andior externally via a
communications network so as to fhcilitate the permanent archiving and retrieval of all procedure
related dats. This will facilitate the use and review of treatment data, including for disgoostic

surposes for treatroent review purposes and other proper legal purposes including regulatory
purposes for treattoent veview purposes and other proper legal purposes including regulatory

review.
o127y The software mav also transmil treatment dats i real tdme to a remote

proctorftrainer who can interact in real time with the treating phvsician and all of the images
P £ paj g

displayed on the screen, so as to insure a safe learning experience for an jnexperienced treating
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physician, and 50 as o archive data useful to the training process and so as to provide system
generated guidance for the wreating physician, In another embodiment, the remote proctor can
control robotically all functions of the svstem.

FO0128] in other embodiments of the present invention, some or all of the treatment
protocol may be completed by robotic arms, which may melude an ablation probe guide which
places the specially desigued Therapentic EMB Probe {(or an ordinary ablation probe bot with
Hmitations imposed by its design) in the correct trajectory fo the tumor. Robotic arms may also
be used to hold the US transducer in place and rofate it to capture images for a 3D US
reconstruction. Robotic arms can be attached to an anesthesia needle guide which places the
anesthesia needle in the correct trajectory to the Newrovascular Bondles to goide the delivery of
anesthesia by the physician,

Fo0129] in other embodiments, the robotic anm can hold the anesthesia neadle #self or a
trackable ancsthesia needle (see FIG. 14) with sensor-transmitiers and aciuators built in, that can
be tracked in real time, and that can feed data to the software to assure accurate placement
thereof and enable the safe, accurate and effective delivery of anesthesia to the Neuwrovascular
bundles and other regions, and can divectly insert the needle wto the targeted areas of the
Neurovascular Bundle and other regions nsing and reacting robotivally to veal time positioning
data supported by the 3D Fused Image and Predicted Ablation Zone data and thereby achieving
full placement robotically, and upon activation of the flow actuators, the delivery of anesthesia as
planned or confinmed by the physician.

[00130] in addition, the robotic arm can hold the Therapeutic EMB Probe itself and can

divectly nsert the probe into the patient’s tumor using and reacting robotically to real time
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positioning data supported by the 3D Fused Image and Predicted Ablation Zone data and thereby
achieving full placement robotically,

{00131} Robotic components capable of being used for these purposes include the
ISR obotT™ Mona Lisa vebot, manufactured by Bicbot Surgical Pre. Lid. In such embodiments
the Software supports industry standard robotic control and programming languages such as
RATL, AMIL, VAL, AL, RPL, PYRO, Robotic Toolhox for MATLABR and OPRoX as well as
other robot manufacturer’s proprietary langoages.

(00132} The SHCU can fully support Interactive Automated Robotic Control through a
proprietary process for image sub-segmentation of prostate structures for planning and
performing robotically guided therapeutic interventions m an office based setting.

{00133 Sub-segmentation 1s the process of captusing and storing precise image detail of
the focation size and placement geometry of the described object so as to be able to define, wack,
manipulate and display the object and particularly its three-dimensional boundarics and accurate
location in the body relative to the rest of the objects in the field and to the anatomical
registration of the patient m the system so as to enable accwrate three-dimensional targeting of
the object or any part thereof, as well as the three-dimensional location of its boundaries
relation to the locations of all other subsegmented objects and computed software tarzets and
needle and probe pathways. The software sub-segmenis oul variows critical prostate
sabistructores, such as the newro-vascular bundles, peripheral zone, ejaculatory ducts, wrethra,
rectun, and Denonvilliers Fascia in a systematic and programmatically supported and required
fashion, which is purposefully designed to provide and enable the component capabilities of the

software as described herein.
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(00134} Having now fully set forth the preferred embodiment and centain modifications of
the concept underlying the present invention, varicus other embodiments as well as certain
variations and modifications of the embodiments herein shown and described will obviously
gcenr 1o those skilled in the art upon becoming familiar with said underlying concept. It is to be
understood, therefore, that the invention may be practiced otherwise than as specifically set forth

herein,
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STATEMENT OF INDUSTRIAL APPLICABILITY

Benign prostatic hyperplasia (BPH) s a disease affecting nearly eighty percent of men by
the age of eighty, and characterized by distressing uringtion symptoms which can negatively
affect the quality of hife of atfected men. Left untreated, BPH can cause even more severe
comphications, such as urinary tract infection, acute arimary retention, and uremta. The known
treatments for BPH are often painful, embarrassing, comprising long treatment or healing times
and/or unknown side effects. There would be great industrial applicatulity in an effective
ablation of BPH tissue that was minmmally invasive and less traumatic than classic methods of
removing unwanted tissue by surgical excision, and which could be conducted without the need
for general anesthesia, which may have dangerons side effects. The mstant inventon fulfills this
need by utilizing Radio-Frequency Electrical Membrane Breakdown to destroy the cellular
membranes BPH tissue without denaturing the intra-cellular contents of the cells comprising the

tissue,
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We claim:
i. A method of ablating undesirable soft tissue in a Hiving sabject using radio frequency
elecirical membrane breakdown, the method comprising:
identifying a location of said soft tssue within said subject;
introducing at least one electrode to said location within said subject; and
applying to said soft tissue at said location, via said at least one electrode, an elecivic field
sufficient to cause electrical membrane breakdown of a cell membrane of a
plurality of cells of said soft tissue to cause unmediate spillage of all intracellular
componants into an extracellular space and exposure of an internal constituent
part of said cell membrane to said extracelinlar space;
wherem said undesirable soft tissue comprises benign prostatic hyperplasia tissue.
2. The method of claim 1, wherein said step of mtroducing gt least one electrode fo said
location comprises:
faking a 3D moage of said location;
inserting one or more trackable biopsy needles into said location;
collecting one or more data pomts from said one or more trackable biopsy needles
mseried e sawd location;
overlaying said one or more data points from said one or more trackable biopsy needles
onto said 31 image of said location to form a 3D fused image of said locatton;
ysing said 3D fused image of said location to determine one or more msertion points on

said subject for one or more therapeutic EMB probes; and

£



WO 2016/126778 PCT/US2016/016300

inserting said one or more therapeutic EMB probes through said one or more insertion
points on said subject, said one or more therapeutic EMB probes each containing
one or more of said at least one elecirodes,
3 The method of claim 2, wheretn said step of using said 30 fused image of said location 1o
determine ong or more msertion points on said subject comprises:
generating one or move virtoal probe configurations, each of said one or more virtpal
probe configurations comprising the virtual locations of one or more virtual EMB
treattnent probes proximate said location;
overlaying said one or more virtual probe configurations onto said 3D fused image;
determining the extent of ablation that would be accomplished with each of said one or
more virtual probe configurations to generate a predicted ablation outcome for
each of said one or more virtual probe configurations; and
determining said one or more insertion pownts by comparing said one or more predicted
ablation oufcomes of each of said one or more virtoal probe configurations.
4. The method of claim 1, wheremn said step of introducing at least one electrode to said
location comprises:
performing an MRI on said location to generate an MR1I unage;
performing a two~-dimensional US sweep of said location in an axial plane thereof 1o
generate a three-dimensional altrasound image;
registering said three-dimensional ultrasound image to said MR image using landmarks
cominon to both said three-dimensional ultrasound mage and said MRI image;

wlentifving one or more greas suspictous for causing BPH on said MRI image;

Lo
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semt-antomatically superimposing said one or more areas pver a real-time TRUS image
of said location to gonerate g superimposed image of said location;
using said superimposed image of said location to determine one or more insertion points
on said subject for one or more thevapeutic EMB probes; and
inserting said one or more therapeutic EMB probes through said one or more insertion
points on said subject, said one or more therapentic EMB probes each containing
one or more of said at least one electrodes.
5. The method of claim 4, wherein said step of using said superimposed image of said
location to determing one or more insertion points on said subject comprises:
generating one or more virtual probe configurations, each of saxd one or more virtual
probe configurations comprising the virtual locations of one or more virtual EMB
freatment probes proximate said location;
overlaying said one or more virtual probe configurations onto said superimposed image;
determining the extent of ablation that would be accomphished with each of said one or
more virtnal probe configurations to generate a predicted ablation outcome for
each of said one or more virtual probe configurations; and
determinng said ong or more insertion points by comparing said one or more predicted
ablation outcomes of each of said one ormore virtual probe configurations.
6. The method of claim 2, wherein said steps of mserting one or more trackable biopsy
needies into said location and inserting said one or more therapentic EMB probes through said
one Or more insertion points on said subject are conducted at least in part by a robotic arm,
7. The method of clatm 1, wherein said step of introducing said at least one electrode

comprises:
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inserting a catheter through a urethra of said living subject; and
inserting one or more therapeutic EMB probes through a lumen of said catheter, wherein

said one or more therapeutic EMB probes each contain one or more of said at least one

electrodes.
8. The method of claim 7, wherein following said step of inserting said catheter through

said vrethrs of sawd Dving subject, satd catheter is held in the neck of a bladder of said hving
subject by a friction fit of a balloon on a distal end of said catheter.
9. The method of clavm 7, further comprising inserting one or more stents into said urethra
of said living subject using said catheter.
10, The method wn claim 1, wherein the method 1 monitored by endoscopic ultrasound.
11, The method of claim 1, wherein the method is carvied out without the application of
general anesthesia or & newromuscular bleckade to said living subject.
12, A system for ablating benipgn prostatic hyporplasta tissye in a living subject using radio
frequency electrical membrane breakdown, the system comprising:

at least one EMB pulse generator capable of generating an electric fleld sufficient to
cause electrical membrane breakdown of a cell membrane of a plurality of cells of said benign
prostatic hyperplasia tissue to cause mmediate spillage of all intracellular components into an
extracellular space and exposure of an internal constituent part of satd cell membrane 1o said
extraceliudar space;

at least one EMB treatment probe capable of delivering said electric field to said soft
Hssue;

at {east one ultrasound scanner; and

£
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at least one software hardware control umt operatively connected to said at least one
EMB pulse generator and said at legst one EMB treatment probe.
13, The system of claym 12, wherein said at least one EMB treatiment probe comprises:

a core comprised of an electrically conductive material;

an outer electrode covering said core on at least one sude; and

an insulatng sheath comprised of a non-electnically-conductive maternial, sad insulating
sheath forming a barrier between said core and said outer electrode.
14, The system of claim 13, wherein said outer electrode is mounted on said msulating
sheath, and wherein said outer electrode and said msulating sheath are movable as a unit along a
Tateral dimension of said core to enable adjustment of the laters! distance between a distal end of
said core and said ouder electrode.
15, The system of claim 14, further comprising at least one electromagnetic sensor on gach of
said core and said outer electrode.
1o, The system of claim 13, wherein said at least one EMB tregtinent probe comprises at
least oune sensor capable of determining or quantifving cell death i tissue adjacent {o said at least
One Sensor.
17, The system of clamn 13, wherein said at least one EMB treatment probe comprises a
hollow interior defined by an tmer Tomen of sufficient diameter to accommodate a needle of one
or more standard gauges.
18  The system of claim 17, wherein said at least one EMB treatiment probe comprises an
outer electrode on an outer surface thereof, and further comprising a needle sized to it within

said inner humen of said EMB treatinent probe, said needle comprising g needle electrode on a
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distal end thereof, wherein a polarity of said needle electrode is not equal 1o a polarity of said
outer electrode.
19, The system of claym 13, wherein said at least one EMB treatinent probe comprises an
expandable balloon at a distal end thereot, said expandable balloon further comprising one or
more electrodes for delivering said electric field.
20, The system of claim 13, whereo said at least one EMB treatment probe is a catheter-type
probe, wheremn said at least one EMB treatment probe further comprises:

a central lumen;

a positive electrode disposed at a first location on an onter surface of said EMB treatment
probe; and

a negative electrode disposed ou at a second location on an outer surface of said EMB
treatment probe, said first location and said second location being separated along a longitudinal
dimension of said at least one EMB treatment probe,
21 The system of claim 20, wherein one of said positive electrode or said negative electrode
is disposed on the end of an msulating sheath comprised of a non-electrically-conductive
material, said insulating sheath being movable along a longitudinal axis of said at least one EMB
treatment probe.
22, The method of claun 13, wherein said at least one EMB treatiment probe further
comprises one or more stents sized to fit within the wrethra of said living sabject.
23, The method of claim 22, wherein said one or more stents each comprise conducting and

non~conducting areas corresponding to said at feast ong electrode.
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lIl  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
This application contains the following species of the generic invention which are not so linked as to form a single general inventive

concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid

Group |: Claims 1-3, 6, 10-11 directed to a method of ablating undesirable soft tissue in a living subject using radio frequency electrical
membrane breakdown wherein the introducing an electrode includes inserting one or more trackable biopsy needles into said location;
collecting one or more data points from said one or more trackable biopsy needles inserted into said location.

--—--Continued on Supplemental Page----

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is

1re:?'stricted to the invention first mentioned in the claims; it is covered by claims Nos.:
-3, 6, 10-11

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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Continuation of Box Ill: Observations where unity of invention is lacking

Group II: Claims 1, 4-5, 10-11 directed to a method of ablating undesirable soft tissue in a living subject using radio frequency electrical
membrane breakdown wherein the introducing an electrode includes performing a two-dimensional US sweep of said location in an axial
plane thereof to generate a three-dimensional ultrasound image; registering said three-dimensional ultrasound image to said MRI image
using landmarks common to both said three-dimensional ultrasound image and said MRI image; identifying one or more areas
suspicious for causing BPH on said MRI image; semi-automatically superimposing said one or more areas over a real-time TRUS image
of said location to generate a superimposed image of said location.

Group llI: Claims 1, 7-11 directed to a method of ablating undesirable soft tissue in a living subject using radio frequency electrical
membrane breakdown wherein the introducing an electrode includes inserting a catheter through a urethra of said living subject; and
inserting one or more therapeutic EMB probes through a lumen of said catheter, wherein said one or more therapeutic EMB probes each
contain one or more of said at least one electrodes.

Group IV: Claims 12-23 directed to a system for ablating benign prostatic hyperplasia tissue in a living subject using radio frequency
electrical membrane breakdown. :

**Claims 1, 10-11 are generic to groups I-111.**

The inventions listed as Groups I-IV do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

SPECIAL TECHNICAL FEATURES

The special technical feature of each species (Groups I-ll) is provided in the group descriptions above. None of these special technical
features are common to the other species, nor do they correspond to a special technical feature in the other species.

Group IV includes the special technical features of at least one software hardware control unit operatively connected to said at least one
EMB pulse generator and said at least one EMB treatment probe, not required by the claims of groups I-lIl.

COMMON TECHNICAL FEATURES
Groups I-1Il are species of generic independent claim 1. The method is known in prior art as shown in US 2008/0071265 A1 (AZURE).

Regarding claim 1, Azure discloses a method of ablating undesirable soft tissue in a living subject using radio frequency electrical
membrane breakdown (para [0056], [0086]), the method comprising:

identifying a location of said soft tissue within said subject (para [004 1}, [0064]);

introducing at least one electrode (22) to said location within said subject (fig 1, para [0039], [0042]); and

applying to said soft tissue at said location, via said at least one electrode, an electric field sufficient to cause electrical membrane
breakdown of a cell membrane of a plurality of cells of said soft tissue to cause immediate spillage of all intracellular components into an
extracellular space and exposure of an internal constituent part of said cell membrane to said extracellular space (para [0042],-[0056),
{0086]);

wherein said undesirable soft tissue comprises benign prostatic hyperplasia tissue (para [0040]).

Groups -1V are also related as an apparatus (Group 1V) and methods of using the apparatus (Groups I-Iil). Groups I-IV share the
technical features of claim 12. The apparatus is known in prior art as shown in US 2008/0071265 At (AZURE).

Regarding claim 12, Azure discloses a system for ablating benign prostatic hyperplasia tissue in a living subject using radio frequency
electrical membrane breakdown (intended use, device capable of ablating prostatic hyperplasia tissue), the system comprising:

at least one EMB pulse generator (210, fig 16, para [0064]) capable of generating an electric field sufficient to cause electrical
membrane breakdown of a cell membrane of a plurality of cells of said benign prostatic hyperplasia tissue to cause immediate spillage of
all intracellular components into an extracellular space and exposure of an internal constituent part of said cell membrane to said
extracellular space (intended use, see para [0056), [0086});

at least one EMB treatment probe (12) capable of delivering said electric field to said soft tissue (fig 1, para [0039]);

at least one ultrasound scanner (para [0041], [0064]); and

at least one software hardware control unit (240, 250) operatively connected to said at least one EMB pulse generator and said at least
one EMB treatment probe (fig 16, para [0064]).

As the common features were known in'the art at the time of the invention, they cannot be considered special technical features that
would otherwise unify the groups. Therefore, Groups -V lack unity under PCT Rule 13 because they do not share a same or
corresponding special technical feature.
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