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CATHETER FOR TREATING TISSUE WITH NON-THERMAL ABLATION

FIELD OF THE INVENTION

[0001] The present invention relates generally to systems and methods for treating tissue and,

more specifically, to systems and methods for non-thermal treatment of tissue.

BACKGROUND

[0002] Enlargement of the prostate gland (known as benign prostatic hyperplasia or

hypertrophy - "BPH") is a common ailment in older men. BPH affects 40% of men in their 50s

and 90% of men in their 80s. The enlargement of the prostate is a form of benign tumor or

adenoma. Figure 1 illustrates a simplified view of the anatomy and location of the prostate 3, 4.

The urethra 1 passes upwards through the external urethral sphincter 2, through the prostate 3, 4

(surrounding the urethra), and into the bladder 5. The prostate 3, 4 comprises three lobes: two

major lobes 3, 4 and a median lobe. The median lobe is located generally behind the major lobes

3, 4.

[0003] As the prostate becomes enlarged, it may compress the urethra and cause one or

more of the following symptoms to occur: more frequent urination, weak urine stream, inability

to delay urination, difficulty starting and stopping urination, incomplete emptying of the bladder,

loss of bladder control, and painful or bloody urination.

[0004] If symptoms are mild and do not affect quality of life, treatment may not be

performed. If diagnosed with BPH but not pursuing treatment options, men typically receive

regular checkups and report increased BPH symptoms to the physician. If symptoms occur and

cause discomfort, affect activities of daily living, or endanger health, drug treatment or surgery

may be recommended. Treatment options for BPH include lifestyle changes (such as adjusting

fluid intake), herbal remedies, drug therapy, non-surgical procedures, and surgical procedures.

The goals of treatment are generally to improve urinary flow and decrease symptoms associated

with BPH. Treatment may delay or prevent the progression of BPH.

[0005] Drugs may be used to relieve the common urinary symptoms associated with BPH

by either reducing the size of the prostate gland or by slowing the growth of the prostate.

Common drug classes used to treat urinary symptoms include alpha blockers, such as doxazosin



or tamsulosin, and 5-alpha reductase inhibitors, such as finasteride or dutasteride. The

medications may have deleterious side effects such as decreased libido, impotence, retrograde

ejaculation, fatigue, dizziness, headache, and decreased blood pressure. If drug therapy does not

provide adequate relief of symptoms, surgery may be needed to help correct the prostate gland

overgrowth. Further, if more severe symptoms of BPH present, such as recurrent urinary

retention, recurrent blood in the urine, recurrent urinary tract infections or bladder stones, drug

therapy should not be initiated. Generally, upon presentation of these symptoms, surgery is

indicated.

[0006] Surgical treatments of BPH may or may not be minimally invasive. For the surgical

methods, access to the prostate may be via the urethra, the perineum, or other route.

[0007] Non-minimally invasive surgical treatments include Trans Urethral Resection of the

Prostate (TURP). Conducted in an operating room under general or spinal anesthetic, a probe is

passed through the urethra which scrapes away prostate tissue causing the blockage. Side effects

may include retrograde ejaculation, impotence, and a repeat of the procedure if the blockage

regrows. U.S. Patent No. 6,491,672, herein incorporated by reference, discloses one surgery

option for treating BPH.

[0008] Minimally invasive surgical treatments usually offer the incentives of less pain,

faster recovery, lower costs, and use of local anesthesia and a mild sedative. In general,

minimally invasive surgical treatments destroy prostate tissue through one of various

mechanisms. The destroyed prostate tissue may be reabsorbed by the body and/or discharged

into the urine over a period of time. Minimally-invasive surgical treatment options include

generation of heat, freezing, chemical means, and ultrasound to destroy prostate tissue. Care

must be taken to avoid damaging sensitive areas adjacent the prostate such as nerves controlling

sexual functions or the rectal wall.

[0009] Various types of laser treatment of BPH exist including laser prostatectomy,

interstitial laser coagulation, photosensitive vaporization of the prostate, Holmium laser ablation

of the prostate, and Holmium laser enucleation of the prostate (HoLEP). Laser prostatectomy

uses a transurethral laser device to cut or vaporize obstructions. Interstitial Laser Coagulation

uses a cystoscope through which a fiberoptic probe is directly introduced into the prostate. A



small laser fiber is inserted into the prostate through the device inserted in the urethra. Laser

energy heats a selected area and the probe may be moved several times to treat all areas of

obstruction. Photosensitive vaporization of the prostate (PVP) uses a laser delivered through an

endoscope inserted into the urethra. The high-energy laser vaporizes excess prostate tissue and

seals the treated area.

[0010] For microwave treatment of BPH, a microwave antenna is inserted transurethrally

into the prostate. Various forms of microwave treatment may include a cooling means for

minimizing patient discomfort and to protect adjacent urethral tissue from damage. Further

means may be used to dilate the urethra.

[0011] Heat for treatment of BPH may be generated, for example, via laser beams,

microwaves, radiofrequency current, or direct current. Other heat application techniques exist

for treating BPH including transurethral vaporization of the prostate (TUVP) wherein heat is

applied directly to the prostate with a grooved roller bar that vaporizes tissue and water-induced

thermotherapy (WIT) to destroy obstructive tissue wherein hot water flows through a

transurethrally-placed balloon. U.S. Patent Nos. 5,928,225 and 6,640,139, herein incorporated

by reference in their entirety, further disclose treatment methods using heat.

[0012] Non-thermal treatments of BPH include injection of ethanol (see, for example, U.S.

Patent No. 7,015,253) or direct current ablation (see, for example, U.S. Patent Nos. 7,079,890;

6,733,485; and 6,901,294).

[0013] Transurethral ethanol ablation of the prostate (TEAP) may be used to treat BPH and

typically uses a cystoscope with a curved needle to inject ethanol in various doses.

[0014] High intensity focused ultrasound (HIFU) may be used to treat BPH and

noninvasively focuses ultrasound waves to heat and destroy targeted prostate tissue.

[0015] Various radiofrequency current treatment methods of BPH have been developed.

Some methods are shown and described in U.S. Patent Nos. 6,106,521; 6,638,275; and

6,016,452, all herein incorporated by reference in their entireties. In one treatment method,

transurethral needle ablation, a small needle is inserted into the prostate from the urethra. Radio

frequency (RF) energy is applied to the needle to generate heat in specific areas of the prostate.



RF frequency based ablation of tissue is done via thermal treatment. Typically, treatment is done

until a certain temperature is reached and is then discontinued. An assumption is made that

sufficient ablation has occurred on the basis of the reached temperature.

[0016] As may be appreciated, many of these BPH treatment methods include transurethral

access. Transurethral access may involve catheter-based electrodes within the prostatic urethra

(see, for example, U.S. Patent Nos. 6,517,534 and 5,529,574) or electrodes designed to puncture

the urethra and dwell inside the prostate (see, for example, U.S. Patent Nos. 6,638,275;

6,016,452; 5,800,378; and 5,536,240), transurethral access including balloons for positioning and

stabilizing the electrodes (see, for example, U.S. Patent Nos. 6,517,534 and 7,066,905),

transurethral access including means for puncturing the urethral wall (see, for example, U.S.

Patent No. 5,385,544), and transurethral access including means for more accurately placing the

electrodes (see, for example, U.S. Patent No. 6,638,275).

[0017] Accordingly, a need exists in the art for a minimally invasive low power, non¬

thermal method of treating prostate tissue via direct current ablation.

BRIEF SUMMARY

[0018] Systems and methods for treating tissue, and particularly systems and methods for

non-thermal ablation of tissue, are provided. In various embodiments, the systems and methods

use a non-implantable system employing direct current ablation for targeting the area to be

treated. DC current ablates tissue by imparting extreme pH into the tissue surrounding the

electrode. In general, the systems and methods may be used to treat any form of tissue where

ablation is desired including, for example, adipose tissue, muscular tissue, glandular tissue,

nodular tissue, and fibrous tissue. In specific embodiments, the systems and methods may be

used to treat benign prostatic hypertrophy or hyperplasia (BPH). In other embodiments, the

systems and methods may be used to treat cancerous tissue and benign tumors. One skilled in

the art will appreciate that specifics of the systems and methods may be modified for access to

various sites in the body for treating different tissues.

[0019] In one embodiment, a catheter for use in a system for treating tissue in a body using

direct current ablation is provided. The catheter includes a tubular body having a proximal end,



a distal end, and a tip positioned at the distal end. The tubular body is semi-flexible, bi-

directionally torqueable, and chemically resistant. The tubular body includes a plurality of

routing holes provided between the proximal end and the distal end for facilitating deployment of

electrodes from the tubular body. The tubular body further comprises an inner sheath generally

at an interior portion and an outer sheath generally at an exterior portion and being chemically

resistant. The tubular body has a flex modulus of between about 0.4 and 3 GPa.

[0020] In another embodiment, a catheter for use in a system for treating tissue in a body using

direct current ablation is provided including a tubular body and a fixation element. The tubular

body is semi-flexible, bi-directionally torqueable, and chemically resistant. The tubular body

includes a plurality of routing holes provided between the proximal end and the distal end for

facilitating deployment of electrodes from the tubular body. The tubular body further comprises

an inner sheath generally at an interior portion and an outer sheath generally at an exterior

portion and being chemically resistant.

[0021] While multiple embodiments are disclosed, still other embodiments of the present

invention will become apparent to those skilled in the art from the following detailed description.

As will be apparent, the invention is capable of modifications in various obvious aspects, all

without departing from the spirit and scope of the present invention. Accordingly, the detailed

description is to be regarded as illustrative in nature and not restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Figure 1 illustrates a block anatomy diagram of the prostate area.

[0023] Figure 2a illustrates a system for treating tissue, in accordance with one embodiment.

[0024] Figure 2b illustrates a system for treating BPH, in accordance with one embodiment.

[0025] Figure 2c illustrates a cross section of an electrode having an inner core and an outer

shell, in accordance with one embodiment.

[0026] Figure 3a illustrates a side view of an electrode, radius of treatment, and treatment

zone, in accordance with one embodiment.



[0027] Figure 3b illustrates an end view of an electrode, radius of treatment, and treatment

zone, in accordance with one embodiment.

[0028] Figure 4a illustrates anatomy of a prostate region prior to deployment of a device for

treating tissue.

[0029] Figure 4b illustrates transurethral insertion of a catheter for deployment of a device for

treating tissue, in accordance with one embodiment.

[0030] Figure 4c illustrates deployment of electrodes, in accordance with one embodiment.

[0031] Figure 5 illustrates a block diagram of a method for treating tissue, in accordance with

one embodiment.

[0032] Figure 6a illustrates a treatment zone for a dose that just touches the capsule, in

accordance with one embodiment.

[0033] Figure 6b illustrates a treatment zone for a dose that is overdosed, in accordance with

one embodiment.

[0034] Figure 7 illustrates a table showing time-temperature relationship for 90% normalized

cell death in human BPH tissue from heating.

[0035] Figure 8a illustrates changes to the shape of the treatment zone, in accordance with

various embodiments.

[0036] Figure 8b illustrates coronal tracing of a treatment zone, in accordance with one

embodiment.

[0037] Figure 8c illustrates transverse tracing of a treatment zone, in accordance with one

embodiment.

[0038] Figure 9a illustrates a prostate anatomy with a large median lobe that extends up in the

bladder.



[0039] Figure 9b illustrates positioning of a system for treatment of the median lobe, in

accordance with one embodiment.

[0040] Figure 9c illustrates treatment zones created through treatment of the median lobe, in

accordance with one embodiment.

[0041] Figure 9d illustrates an alternative treatment method for treating the median lobe, in

accordance with one embodiment.

[0042] Figure 10a illustrates a perspective view of a system for median lobe treatment, in

accordance with one embodiment.

[0043] Figure 10b illustrates an end view of the catheter of the system of Figure 10a.

[0044] Figure 11 illustrates overlapping treatment zones, in accordance with one embodiment.

[0045] Figure 12 illustrates electrodes placed in close proximity, in accordance with one

embodiment.

[0046] Figure 13a illustrates dose delivered versus volume of tissue treated, in accordance with

one embodiment.

[0047] Figure 13b illustrates dose delivered versus expected radius of treatment for a 6 mm

electrode in prostatic tissue, in accordance with one embodiment.

[0048] Figure 13c illustrates dose delivered versus expected radius of treatment for 12 mm

electrode in prostatic tissue, in accordance with one embodiment.

[0049] Figure 13d illustrates current applied versus dose response, in accordance with one

embodiment.

[0050] Figure 14 illustrates and defines the period and amplitude of current ramping during the

start of treatment, in accordance with one embodiment.

[0051] Figure 15a is an in vivo image illustrating a liquefaction necrosis histology at the

boundary of a cathode treatment zone.



[0052] Figure 15b is an in vivo image illustrating a coagulation necrosis histology at the

boundary of an anode treatment zone.

[0053] Figure 16 illustrates a view of electrode deployment into pretreated tissue.

[0054] Figure 17a illustrates a system for tissue treatment including a catheter and electrodes

with the electrodes deployed without vacuum, in accordance with one embodiment.

[0055] Figure 17b illustrates a system for tissue treatment including a catheter and electrodes

with the electrodes deployed with vacuum, in accordance with one embodiment.

[0056] Figure 18 illustrates an embodiment of a system for treating tissue including vacuum

ports at the electrode holes, in accordance with one embodiment.

[0057] Figure 19a illustrates balloon deployment in a bladder, in accordance with one

embodiment.

[0058] Figure 19b illustrates catheter deployment while applying force towards a bladder, in

accordance with one embodiment.

[0059] Figure 19c illustrates catheter deployment while applying force away from the bladder

in accordance with one embodiment.

[0060] Figure 20a illustrates electrode deployment in a prostate, in accordance with one

embodiment.

[0061] Figure 20b illustrates catheter rotation for movement of electrodes, in accordance with

one embodiment.

[0062] Figure 21a illustrates a coronal view of a system comprising two axial planes of four

electrodes each, in accordance with one embodiment.

[0063] Figure 21b illustrates a transverse view of a system comprising four electrodes in each

axial plane, in accordance with one embodiment.



[0064] Figure 22a illustrates two cathodes in parallel and two anodes in parallel and the

associated treatment zones with moderate resistance, in accordance with one embodiment.

[0065] Figure 22b illustrates an electrical diagram of the embodiment of Figure 22a.

[0066] Figure 22c illustrates treatment zones with high resistance, in accordance with one

embodiment.

[0067] Figure 23 illustrates a device for treating tissue, in accordance with one embodiment.

[0068] Figure 24 illustrates a cross-section of the distal end of the catheter shown in Figure 23,

with linear deployment of the electrodes, in accordance with one embodiment.

[0069] Figure 25a illustrates a top end view of an electrode driver having four electrodes and

showing the position of the holes for holding the electrodes and for utility lines, in accordance

with one embodiment

[0070] Figure 25b illustrates a bottom end view of an electrode driver having eight electrodes

and showing the position of the holes for holding the electrodes and for utility lines, in

accordance with one embodiment.

[0071] Figure 26a illustrates an end view of a catheter having eight electrodes in a deployed

configuration, in accordance with one embodiment.

[0072] Figure 26b illustrates a side view of the catheter with the electrodes deployed

approximately normal to the catheter with all electrodes deployed at the same normal angle, in

accordance with one embodiment.

[0073] Figure 26c illustrates a side view of the catheter of with the electrodes deployed at a

non-normal angle to the catheter with all electrodes deployed at the same non-normal angle, in

accordance with one embodiment.

[0074] Figure 26d illustrates a side view of the catheter of with the electrodes deployed at a

non-normal angle to the catheter with a first row of electrodes deployed at a first non-normal



angle and a second row of electrodes deployed at a second-non-normal angle, in accordance with

one embodiment.

[0075] Figure 27a illustrates a system having 2 rows of and a total of 7 electrodes, in

accordance with one embodiment.

[0076] Figure 27b illustrates a side view of a first row of the embodiment of Figure 27a, the

first row having 3 electrodes.

[0077] Figure 27c illustrates an end view of a first row of the embodiment of Figure 27a, the

first row having 3 electrodes.

[0078] Figure 27d illustrates a side view of a second row of the embodiment of Figure 27a, the

first row having 4 electrodes.

[0079] Figure 27e illustrates an end view of a second row of the embodiment of Figure 27a,

the first row having 4 electrodes.

[0080] Figure 28a illustrates a deployed electrode configuration, in accordance with one

embodiment.

[0081] Figure 28b illustrates a deployed electrode configuration, in accordance with another

embodiment.

[0082] Figure 29 illustrates a cross-section of a distal portion of a device including an anode

ring that is the common connection for all anode electrodes, and a cathode ring that is the

common connection for all cathode electrodes, in accordance with one embodiment.

[0083] Figure 30 illustrates an end view of a catheter with diametrically opposed electrodes, in

accordance with one embodiment.

[0084] Figure 3 1 illustrates a side view of the distal end of a device and the design of a director

for linear electrode deployment, in accordance with one embodiment.

[0085] Figure 32a illustrates an exploded view of the distal end of a four electrode catheter

with linear electrode deployment, in accordance with one embodiment.



[0086] Figure 32b illustrates an exploded view of the distal end of an eight electrode catheter

with linear electrode deployment, in accordance with one embodiment.

[0087] Figure 33 illustrates a distal fixation element (tip and balloon) on the distal end of a

catheter, in accordance with one embodiment.

[0088] Figure 34 illustrates a cross-section of the human male anatomy with a catheter in place

for treatment of the prostate, in accordance with one embodiment.

[0089] Figure 35 illustrates a cross-section of the human male anatomy showing the urethra

with two separated balloons, in accordance with one embodiment.

[0090] Figure 36a illustrates a system including mechanical (airless) fixation anchors, with the

anchors in a lengthened configuration, in accordance with one embodiment.

[0091] Figure 36b illustrates the system of Figure 36a with the anchors in an expanded

configuration and the electrodes deployed.

[0092] Figure 37 illustrates a cross-section of the human male anatomy with a catheter in

position with the fixation element activated and the electrodes deployed, in accordance with one

embodiment.

[0093] Figure 38 illustrates a cross-section of a system showing detail of the distal end of a

linear electrode deployment catheter, in accordance with one embodiment.

[0094] Figure 39 illustrates a cross-section of a handle for linear deployment of electrodes, in

accordance with one embodiment.

[0095] Figure 40 illustrates a direct attachment mechanism of a handle for linear deployment

of electrodes, in accordance with one embodiment.

[0096] Figure 4 1 illustrates a lever mechanism of a handle for linear deployment of electrodes,

in accordance with one embodiment.

[0097] Figure 42 illustrates an actuation sequence for a trigger mechanism of a handle for

linear deployment of electrodes, in accordance with one embodiment.



[0098] Figure 43 illustrates a cross-section of a direct attachment mechanism of a handle for

rotational deployment of electrodes, in accordance with one embodiment.

[0099] Figure 44 illustrates external features of a catheter handle, in accordance with one

embodiment.

[0100] Figure 45a illustrates a first embodiment of a visual line indicator for indicating the

deployment length of the electrodes.

[0101] Figure 45b illustrates a second embodiment of a visual line indicator for indicating the

deployment length of the electrodes.

[0102] Figure 45c illustrates a third embodiment of a visual line indicator for indicating the

deployment length of the electrodes.

[0103] Figure 46a illustrates a catheter with fixation balloon activated and electrodes retracted,

in accordance with one embodiment.

[0104] Figure 46b illustrates a cross-section of a rotational electrode deployment catheter with

the fixation balloons activated and the electrodes retracted, in accordance with one embodiment.

[0105] Figure 46c illustrates a cross-section of a catheter with two fixation balloons activated,

showing the fill tube that supplies fluid to activate and deactivate them, in accordance with one

embodiment.

[0106] Figure 46d illustrates a rotational electrode deployment catheter with the fixation

balloons activated and the electrodes deployed, in accordance with one embodiment.

[0107] Figure 46e illustrates the distal end of a rotational electrode deployment catheter with

the fixation balloons activated and the electrodes deployed through director channels cut into the

catheter wall, in accordance with one embodiment.

[0108] Figure 47 illustrates the distal end of a rotational electrode catheter with the outer

sheath removed and the electrodes deployed, in accordance with one embodiment.



[0109] Figure 48 illustrates a close-up of the distal end of the outer sheath of a rotational

electrode catheter showing the director holes cut in the sheath, in accordance with one

embodiment.

[0110] Figure 49 illustrates an end view of a rotational electrode deployment catheter with the

electrodes deployed, in accordance with one embodiment.

[0111] Figure 50 illustrates the spool of a rotational electrode deployment catheter assembled

with o-rings, one on each end, in accordance with one embodiment.

[0112] Figure 51a illustrates a half of a rotational electrode deployment catheter spool, in

accordance with one embodiment.

[0113] Figure 51b illustrates a further view of the half of the rotational electrode deployment

catheter spool of Figure 51a.

[0114] Figure 52 illustrates another embodiment of a rotational electrode deployment catheter

spool having a single start helix for each of the 12 individual spools that comprise the whole

spool.

[0115] Figure 53 illustrates two halves of a spool winding tool for a rotational electrode

deployment catheter, in accordance with one embodiment.

[0116] Figure 54 illustrates a view of the assembled winding tool of Figure 53 winding

electrodes onto a spool, in accordance with one embodiment.

[0117] Figure 55 illustrates another embodiment of a handle assembly for the rotational

electrode deployment catheter.

[0118] Figure 56a illustrates a dial indicator on a handle dial and a rotational indicator line on

a grip, in accordance with one embodiment.

[0119] Figure 56b illustrates a groove in which the stop extension of the handle dial rotates,

and in which there are absolute stops and dimples for intermediate stops, in accordance with one

embodiment.



[0120] Figure 57 illustrates visual and physical indicators on a catheter including a rotational

indicator on a handle grip and an electrode deployment position indicator on a handle dial, in

accordance with one embodiment.

[0121] Figure 58 illustrates an emergency escape mechanism for disassembling the catheter so

the electrodes can be removed from the body, in accordance with one embodiment.

[0122] Figure 59a illustrates a PEEK tube for an outer or inner sleeve, in accordance with one

embodiment.

[0123] Figure 59b illustrates a PEEK tube and an inner core, with metal braiding on the

outside of the PEEK, and a Pebax layer over the metal braiding, in accordance with one

embodiment.

[0124] Figure 60 illustrates one embodiment of a curvature in a catheter for ease of insertion

and comfort during the treatment.

[0125] Figure 6 1 illustrates a catheter with different sections of differing durometer and so

flexibility, in accordance with one embodiment.

[0126] Figure 62a illustrates a cross-section of a catheter with an outer layer, a metal braid

layer, and an inner layer, and a ring electrode on the outside of the catheter body that is attached

to the metal braid, in accordance with one embodiment.

[0127] Figure 62b illustrates a cross-sectional end view of a catheter with an outer layer, a

metal braid layer, and an inner layer, in accordance with one embodiment.

[0128] Figure 63 illustrates a cross sectional view of the distal end of a radially deployed

electrode catheter, in accordance with one embodiment.

[0129] Figure 64 illustrates an end view of a single electrode being wrapped on a spool in a

radially deployed electrode catheter, in accordance with one embodiment.

[0130] Figure 65a illustrates a system including a pneumatic deploying electrode catheter, in

accordance with one embodiment.



[0131] Figure 65b illustrates the pneumatic deploying electrode catheter of Figure 65a.

[0132] Figure 66a illustrates an electric vibrator attached to the electrodes for improving

contact of the electrodes with the tissue and to remove gases, in accordance with one

embodiment.

[0133] Figure 66b illustrates an eccentric weight on a motor shaft as one embodiment for

vibrating the electrodes or catheter.

[0134] Figure 66c illustrates a weight offset from the shaft of the motor to produce vibration,

in accordance with one embodiment.

[0135] Figure 67a illustrates the human male anatomy with a catheter with multiple balloons

for customizing the position of electrodes inserted into the tissue, in accordance with one

embodiment.

[0136] Figure 67b illustrates the human male anatomy with a catheter of Figure 67a having a

new position after one of the balloons having been deflated and the electrodes repositioned to

create new treatment areas.

[0137] Figure 68 illustrates a balloon made from multiple layers to selectively make the side

toward the bladder neck stiffer and seat better in the bladder neck, and leave the single layered

portion directed toward the bladder.

[0138] Figure 69a illustrates a slice of prostate 20 days after treatment.

[0139] Figure 69b illustrates a slide of prostate 40 days after treatment.

[0140] Figure 70 illustrates treatment volume against charge delivered for anode treatment and

cathode treatment for beef rounds.

[0141] Figure 7 1 illustrates anode results for treatment volume against charge delivered for a

2OmA cathode, a 4OmA cathode, and a 6OmA cathode.

[0142] Figure 72a illustrates a Nitinol anode before starting a test.



[0143] Figure 72b illustrates the Nitinol anode of Figure 72a after the test was stopped.

[0144] Figure 73 illustrates results from the first two stages of human prostate tissue study.

[0145] Figure 74 is an in vivo image illustrating the necrotic volume achieved by the

transurethrally ablating tissue with DC ablation.

DETAILED DESCRIPTION

[0146] Systems and methods for treating tissue, and particularly systems and methods for

non-thermal ablation of tissue, are provided. In various embodiments, the systems and methods

use a non-implantable system employing direct current ablation for targeting the area to be

treated. DC current ablates tissue by imparting extreme pH into the tissue surrounding electrode.

DC current ablation uses low power to treat tissues and creates necrosis without a significant

increase in tissue temperatures. In general, the systems and methods may be used to treat any

form of tissue where ablation is desired including, for example, adipose tissue, muscular tissue,

glandular tissue, nodular tissue, and fibrous tissue. In specific embodiments, the systems and

methods may be used to treat benign prostatic hypertrophy or hyperplasia (BPH). In other

embodiments, the systems and methods may be used to treat cancerous tissue and benign tumors.

One skilled in the art will appreciate that specifics of the systems and methods may be modified

for access to various sites in the body for treating different tissues.

[0147] Ablation of pathologic tissue can be performed using low level DC current. This

may be done by powering multiple electrodes and imparting a high pH at one polarity electrode

and a low pH at the opposite polarity electrode. Generally, DC ablation resists diffusing across

tissue boundaries and thus can be used to treat tissue with minimal concern to affecting adjacent

tissues. Further, in systems employing a plurality of electrodes, treatment may be done with

relatively slow application of DC current with the total treatment time reduced by the plurality of

electrodes.

[0148] SYSTEM OVERVIEW

[0149] FIG. 2a illustrates a basic system configuration. As shown, the system 10 includes a

generator 12, a catheter 14, electrodes 18, and a cable 16 running from the generator 12 to the



catheter 14. The catheter 14 may be inserted in the body to a desired location for tissue

treatment. Once positioned, the electrodes 18 may be deployed, for example through the catheter

14. To treat tissue, power is provided by the generator 12 to the electrodes 18. The electrodes

then apply a DC current to a treatment area of the tissue. The tissue is thus treated by DC

ablation in a non-thermal manner.

[0150] FIG. 2b illustrates an embodiment of the system of FIG 2a configured for treatment of

prostate tissue (or BPH treatment). As shown, the system 10 includes a generator 12, a catheter

14, an electrical connection 16 from the generator to the catheter, a plurality of electrodes 18, a

mechanism 22 for deploying the electrodes, a stabilization mechanism or fixation element 20,

and a mechanism 24 for deploying the stabilization mechanism. In various embodiments, the

catheter 14 may be a transurethral catheter. In some embodiments, the electrodes 18 may be

provided as pairs of electrodes. In some embodiments, an electronic control system may be

included. The system and method may be used for treatment of BPH via deployment of the one

or more electrodes through the transurethral catheter and application of direct electrical current

to the one or more electrodes. In alternative embodiments, the system may comprise a catheter

for other laparoscopic or percutaneous access to a treatment site. The electrodes produce a field

of treatment that covers a predictable area of the target tissue. When deployed transurethrally,

the electrodes can produce a field of treatment covering a predictable area of prostatic tissue. A

necrotic zone may be created around each of the electrodes and the created necrotic zones

coalesce to form the field of treatment. The field of treatment begins at the electrode and

diffuses out generally passively.

[0151] The electrodes may be provided in any number, may have various shapes, may have

various deployment configurations, and may be manufactured of various materials, as shown and

discussed in copending U.S. Patent Application No. , herein incorporated by

reference in its entirety. In some embodiments, the electrodes are provided in pairs. The ability

to control the mechanical length, angle, and electrical polarity of each electrode, as well as the

amount of current passing through each electrode allows debulking of a predictable region in a

controlled manner while reducing risk of damage to adjacent, non-targeted areas. Generally,

application of DC ablation to treat tissue will not result in scar tissue such as arises from other

forms of treatment.



[0152] In the embodiment shown in Figure 2b, the electrodes 18 are provided as four electrode

pairs, each electrode being generally cylindrical. As shown, two of the electrode pairs comprise

shorter electrodes and two of the electrode pairs comprise longer electrodes. Each electrode pair

comprises an anode and a cathode. An anode is defined as the electrode with higher voltage

potential. A cathode is defined as the electrode with the lower voltage potential. In the

embodiment of Figure 2b, the electrodes deploy outward from the catheter. Such outward

deployment may be, for example, radial or may be linear. Generally, the electrodes may be

coupled to the catheter or to a support structure in the catheter. As can be appreciated, the

electrodes and their coupling with the catheter or a support structure provided within the catheter

may be configured to extend from the catheter at different angles, for different lengths, etc.

Angles of extension may further be influenced by the shape and configuration of the routing

holes. The various system configurations may be designed based on the tissue to be treated and a

selected access route to the tissue to be treated. In some embodiments, for example, the system

may be configured for treatment of prostate tissue, or more specifically, for treatment of a large

region of prostate tissue.

[0153] The electrodes 18 are configured for puncture and proper placement of the electrode tip

to create a desired treatment area. The electrodes 18 further are configured to resist corrosion.

In some embodiments, the electrodes 18 may comprise a Nitinol wire with a corrosion resistant

coating. The corrosion resistant coating may be, for example, platinum. In some embodiments,

the electrodes may be configured to be atraumatic. In an embodiment comprising needle

electrodes, for example, the tip of the needle electrode may be self-introducing. Using a

transurethral approach, deployment of the electrodes comprises extension from the transurethral

catheter and through the urethra. Accordingly, the electrodes pierce the urethra. Thus, in

embodiments for treating BPH, the electrode tip may be sufficiently sharp to penetrate the

urethra.

[0154] In some embodiments, the electrodes may comprise Nitinol clad with platinum, or a

Nitinol wire encased in a platinum tube. Platinum has a natural resistance to material

decomposition during the transfer of energy. Platinum does not react with chemicals found

naturally in the body or generated during electrolysis. Platinum is relatively soft, and a low

amount of force can permanently deform or break items manufactured of platinum. Materials



having similar properties and suitable for uses as described herein with respect to platinum

include, for example, Rhodium, Palladium, Indium, and Platinum Iridium.

[0155] Nitinol is a nickel, titanium, metal alloy. Nitinol is generally either superelastic or shape

memory. Shape memory material can be deformed at room temperature but, when the

temperature is elevated above its activation temperature, it returns to its preformed configuration.

Superelastic material has a transition temperature below room temperature such that, at room

temperature or above, it stays in a normal, preformed configuration (such as straight).

[0156] For use with the systems of treating tissue discussed herein, the electrodes may be

configured to have a high resistance to material decomposition when electrons are transferred

and also to have a high resistance to bending stress. Accordingly, a material with high resistance

to deformation, such as Nitinol, may be coated with a material with high resistance to material

decomposition, such as platinum.

[0157] Figure 2c illustrates a cross section of an electrode having an inner core 1330 and an

outer shell or coating 1332. The inner core 1330 may be, for example, superelastic Nitinol. The

outer shell 1332 may be, for example, platinum. The combination provides a corrosion resistant,

superelastic wire that is useful for electrodes whose shape retention is desirable. In various

embodiments, the electrodes may have a diameter between 0.25 mm and 0.5 mm. Such diameter

is sufficient for puncturing tissue but retains flexibility for retraction of the electrode after

treatment.

[0158] A Nitinol wire metal may withstand by-products of tissue treatment as provided herein

when used as a cathode. Further configuration of the Nitinol wire may be done to enhance its

suitability for withstanding by-products of tissue treatment when used as an anode. For example,

a Nitinol wire may be configured to withstand by-products of tissue treatment by the addition of

a corrosion resistant coating.

[0159] As mentioned, DC ablation is an electrolysis process. The electrolysis process, as well as

the acid, base, and chloride ions that are produced by the electrolysis, require the electrode

materials to be able to withstand a very corrosive environment. Many different coatings and

coating techniques were examined and tested for the ability to stand up to the electrolysis process



used in the DC ablation process. Platinum and Platinum Iridium are perfect electrode materials,

but do not retain their original shape when bent and the material flex fatigues after only a few

cycles. Stainless steel had the strength to stand up to the bending and flexing required by the

design, but it retained a permanent set when used in the design. Stainless steel would work for

only a short time (10 minutes) before dissolving as an anode. As a cathode, stainless steel would

be acceptable for a few hours. Nitinol is a material that will maintain its original preset condition

(bent, straight, etc.) under extreme bending conditions. Nitinol would last longer than the

stainless steel as a cathode, but would also dissolve after 10 to 15 minutes as an anode. As a

cathode, Nitinol would also be acceptable for several hours of use. It was determined that a

suitable combination of material for an anode or cathode is Nitinol with a platinum coating.

Such combination provides the mechanical characteristic and the chemical resistance to

electrolysis.

[0160] While combination electrodes are discussed herein, in one embodiment an electrode may

be used without the electrolysis resistant coating. In accordance with such embodiment, the

anodic electrodes dissolve in the body during the electrolysis process and thus need not be

removed after treatment.

[0161] Returning to combination (or composite) electrodes, there are different ways to coat

materials with platinum. Electrolytic coating uses an electrolytic process to coat platinum on the

surface of the metal. The parts are placed in a tank and a current is passed between the parts and

the solution of ions of material to be coated. Nickel and platinum electrolytic coatings were

attempted. This process did not give consistent coatings in thin layers, and testing showed that

the coating did not adhere well during flexing. The material had pin-holes that allowed corrosion

to take place through the coating. Another method, vapor deposition, is a process capable of

coating materials with thin and consistent coatings. In this process, the parts to be coated were

placed in a vacuum chamber, and material to be coated was ionized. The materials in the

chamber are coated with the ionized vapor. Platinum and Titanium Nitride were tested. Other

possible coatings are Iridium, Rhodium, crystalline and amorphous carbon, and Iridium Oxide.

The Platinum and Titanium Nitride coatings did not adhere strong enough to the wire to

withstand the bending and abrasion required of the electrodes. They also did not perform well in

the corrosion testing where pin holes caused anodic electrode failures due to the dissolving of the



core material (similar to the other coatings). These coatings would have prevented corrosion

better in thicker coatings, but thicker coatings tend to not stick to the surface or core as well as

thinner coatings. Thicker coatings also start to take over the composite material properties

(causing stress cracks from flex fatigue, and greater permanent set).

[0162] To get a strong, thin, pin-hole free coating, a continuous tube of conducting metal can be

applied over the core Nitinol wire. Two methods to achieve this are Drawn-Filled-Tube (DFT)

and Cladding. Both of these processes start out with an ingot of the center core material

surrounded by a tube of outer material. In the Drawn-Filled-Tube method, a tube of the outer

material is placed over the core material. In the cladding process, thin sheets of the outer tube

material are wrapped on the center core until the desired outer tube thickness is achieved. In

both cases, once the composite ingot is made, it is drawn down to the correct diameter in

successive steps with heat treatment cycles between the steps. In one embodiment a core of

Nitinol is used with an outer tube of platinum or platinum iridium. The drawing steps and heat

treatment cycles may be optimized to maintain the material properties of the Nitinol, such that

the platinum adheres to the core Nitinol.

[0163] In one embodiment, a Nitinol core is used with a 100% Platinum coating, with a core to

coating cross-sectional area ratio of 90/10%. During the processing two material layers (center

Nitinol core and outer platinum tube) separated. When the coating had 10% iridium added

(90/10% PtIr), the coating became harder and better matched to the core Nitinol. At the same

time, a thicker coating, with a core to coating cross sectional area of 80/20%, was created. The

resulting wire outside diameter was 0.28 mm with the outside coating thickness of 0.0127 mm.

The composite wire had Ultimate Tensile strength of 1100 to 1500 MPa, a Permanent Set of 0 to

1% Strain, and a Modulus of Elasticity of 55 to 75 GPa. In order to insert the wire into tissue,

the wire needs to have minimum buckle strength. Buckle strength is largely determined by the

material cross-section (including diameter), Modulus of Elasticity, and unsupported length. This

electrode wire did not have a large enough buckle strength to insert the electrode into the tissue.

A larger diameter was required. Wire diameters of .33 and .46 mm were made with the 90/10%

Platinum Iridium outer tube and a core to coating cross-sectional area ratio of 85/1 5%. The .33

mm diameter material was on the border of being able to penetrate tissue. The .46 mm diameter

material penetrated tissue with ease when sharpened. The new .46 mm diameter material had



some variations in material properties. Those with a Permanent Set of higher than 1% strain had

too low of a buckle strength to be used in the design. The material was required to have a

Permanent Set of less than 1% strain.

[0164] A suitable embodiment includes a coating composition of platinum with 5 to 20% iridium

added and Nitinol core with an 80 to 85% core cross sectional area. Improvements in annealing

and drawing capabilities may allow pure platinum and increase the core cross-sectional area to

90%. In one embodiment the composite electrode material may contain a minimum of 40% cold

work to maximize buckling strength. In another embodiment, the cold work may be reduced to

30 - 35% in order to minimize flex fatigue. Generally, the exact composition is a compromise

between needs for buckling strength and needs for flex fatigue. Thus, the composite electrode

may be varied for different applications with differing needs.

[0165] Other variations in electrode diameter and length will work for various electrode designs.

In one embodiment, an electrode may be .46 mm in diameter, 6 mm exposed electrode length,

and 32mm unsupported length. The exposed length may be between 3 and 12 mm. The .46 mm

diameter electrodes have been used up to 40 mm long. Smaller electrode diameters (.38, .41, and

.43 mm) may be used in with shorter unsupported lengths in this design. The electrode diameter

may be between .25 and 1 mm. The unsupported electrode length vs. electrode diameter is

design dependent. It is to be appreciated that these dimensions are exemplary of a specific

embodiment and are not intended to be limiting.

[0166] In one embodiment material specifications for the electrodes are as follows.

Material Core to Coating Cross-sectional Area Ratio: 90/10 % core to outer

coating to 70/30% core to outer coating

PtIr Coating: 95/5% PtIr to 70/30%

Cold Work: 30 to 45%

Ultimate Tensile Strength: 1100 to 1500 MPa

Permanent Set: Less than 1 % Strain



E = 55 fo 75 GPa (reference only)

[0167] The greater the percentage of cross sectional area taken by the outer shell or coating, the

more the composite material takes on the characteristics of the outer shell or coating. Where the

outer shell is used only to protect the inner core and the characteristics of the inner material, or a

high resistance to bending stress, are desirable, the percentages of the inner core and the outer

shell may be balanced accordingly. In some embodiments, it may be desirable to make the outer

shell coating as thick as possible with minimal effects on the mechanical characteristics of the

composite. For example, the outer shell may be from 5 to 50% of the diameter (thickness from

0.01 to 0.25mm). The outer coating may be adjusted by changing the percentage of cross-

sectional area, or by keeping that constant, changing the outer diameter of the composite wire.

Coating thickness may generally be between 5 and 50% of the electrode diameter (.01 to .25 mm

coating thickness).

[0168] In one embodiment, the electrodes may comprise a superelastic Nitinol wire encased in a

platinum/iridium tube. Superelastic Nitinol wire can experience a strain of approximately 8%

before permanent deformation occurs. The following equation thus can be used to determine a

safe relative size of the electrode diameter for a minimum bend radius:

Strain = (wire radius / (wire radius + bend radius))

8% (wire radius + bend radius) = wire radius

0.08 bend radius = ( 1 - 0.08) x wire radius

Bend radius = (0.92/0.08) x wire radius

Bend radius = 11.5 x wire radius

[0169] Thus, in one embodiment, a 0.3 mm diameter electrode wire may use a minimum bend

diameter of approximately 11.5 x 0.3 mm or approximately 3.2 mm. A bend diameter smaller

than this will cause permanent deformation. In another embodiment, a .46 mm diameter

electrode wire may use a minimum bend diameter of approximately 11.5 x 0.46 mm or

approximately 5.3 mm.



[0170] The amount of curvature left in a wire after it has been wrapped around a mandrel is

relative to the modulus of the core material, the ultimate strength of the outer tube of material,

and the radius of each. Pure platinum has the lowest material ultimate strength, giving the

largest residual bending radius of curvature. The following equation can be used to determine

residual wire bending radius of curvature.

Residual Wire Bending Radius of Curvature

= ((Ec)(r)(ri
4))-((r0(UTS)(r 4 - 4))/ ((UTS)(r4- 4))

Where:

Ec = core (Nitinol) modulus = 55 GPa

r = outer radius of the composite = 0.14 mm (0.3 mm diameter)

r = core radius = 0.133 mm (0.265 mm diameter if 90% cross-sectional area)

UTS = ultimate strength of outer tube = 172 MPa (platinum)

[0171] Using these predictions and methods, a wire resistant to corrosion during passive and

active electrolysis and having wire elastic characteristics of Nitinol may be provided. The wire

is relatively straight after being wrapped around a small mandrel.

[0172] In one embodiment, the electrode may comprise a 0.3 mm diameter wire with a 90% (by

volume) Nitinol core. In another embodiment, the electrode may comprise a 0.3 mm diameter

wire with an 80% (by volume) Nitinol core and an outer material of 90/10% Pt/Ir. The outer

material wall is approximately 0.016 mm thick. In this embodiment, the residual bending radius

of curvature is approximately 38 mm.

[0173] In accordance with further embodiments, the electrode wires may be insulated to control

the shape of the treatment zone and to protect the exposed wire end. Insulation may be used to

facilitate electrode penetration of tissue without treating that tissue. The insulation generally is

flexible and tough, and capable of adhering to the electrode so that it can be pulled inside the

catheter and pushed back out without removing the insulation. One suitable insulating material

is thin walled polyimide tubing adhered to the electrode with adhesive. Another insulating

material is Parylene, a vapor deposited coating. Other materials that may be used to insulate the



electrode include tubes of polyethylene, PTFE, silicone, PEEK, or insert molded thermoplastic

such as polycarbonate or ABS.

[0174] Insulation material may be placed on electrodes to limit where the active area of the

electrode is located. The insulation material may be PTFE, Polyimide, ETFE, Parylene, or other

similar insulation materials. The material may generally be fixed in place. Generally, the

insulation material is designed to remain in place through abrasion caused by the movement of

the electrode. The base electrode material, the thickness of the insulation material, and the type

and amount of abrasion will affect the ability of the insulation to stay in place. Some materials

like Parylene are vapor coated in place, with the exposed areas of the electrodes masked off.

This process can produce good results unless the masking is not accurately done or the material

does ot stick to the base electrode material. Some materials like PTFE and ETFE are more

difficult to bond to the electrode surface for the same reasons they are chemically inert. Some

materials like Polyimide are very tough even in thin cross sections (.05 to .08 mm wall

thickness), and can be easily bonded to the electrode surfaces. In various embodiments, wall

thicknesses for the insulation may be between .02 and .13 mm. Another method of fixing the

end of the insulation in place is through the use of a crimp tube that overlaps the insulation and is

crimped down onto the insulation, trapping the end between the crimp tube and the electrode. A

combination of these methods can also be used in which the tube is bonded in place with

adhesive and then the end is crimped in place.

[0175] In use, current is supplied to the electrodes to create a reaction around the electrodes to

change the structure of the tissue in a treatment zone around the electrodes. The system thus

may further include a generator for supplying current to the electrodes. The non-thermal

ablation system generally is a lower power system, using, for example, on the order of

milliwatts. The system thus does not create significant heat during treatment, thus mitigating

side effects often associated with thermal treatment. The size and shape of the treatment zone

varies depending on, at least, treatment time, current delivered, electrode size and shape, and

positioning of the electrode relative to tissue boundaries. As a general matter, by using a

plurality of electrodes that are properly placed, treatment may be done at a relatively slow rate

but the total treatment time may be relatively fast. The shape of the treatment zone around a

cylindrical electrode, such as shown in Figure 2b, is approximately an ellipsoid or cylinder with



hemispheric ends with the distance from the boundary of the treatment zone and the surface of

the electrode having a generally consistent radius, referred to herein as the radius of treatment.

[0176] Figure 3a illustrates a side view and Figure 3b illustrates an end view of an active .

electrode. As shown, the electrode 3 1 includes an active portion 32 and an insulated portion 36.

The insulated portion 36 of the electrode is resistant to the corrosive environment created during

ablation. Figures 3a and 3b further illustrate the radius of treatment 34, treatment zone 30

associated with the active portion 32 of the electrode 31.

[0177] Figures 4a-4c illustrate deployment of a device for treating tissue in a prostate region, in

accordance with one embodiment. Specifically, Figures 4a-4c illustrate the device relative the

urethra 40, prostate gland 41, prostate capsule or wall 50, and bladder 42. Before treatment, the

tissue to be treated may be assessed to determine appropriate treatment protocol. Figure 4a

illustrates a simplified diagram of the anatomy of a prostate region prior to deployment of a

device for treating tissue. Figure 4b illustrates transurethral insertion of the catheter 44 and

shows the distal end 43 of the catheter 44. Figure 4c illustrates deployment of the electrodes 48

and their insulation sleeves 49 through the catheter 44; with the catheter 44 generally fixed in

place by one or more balloons 46, 47 (or other fixation element).

[0178] Figure 4b illustrates an embodiment for BPH treatment wherein a catheter 44 is inserted

transurethrally. In various embodiments, the catheter 44 may be flexible or semi-flexible or

semi-rigid distally from the entrance of the urethra, as deployed. In one embodiment the catheter

body has a flex modulus of between about 0.4 and 3 GPa. The catheter may be advanced with

the guidance of a trans-rectal ultrasound (TRUS). In Figure 4b, the distal end 43 of the catheter

44 is shown inserted in the bladder 42. The catheter 44 may include one or more balloons 46 and

47, as shown in Figure 4c. To fix the system in place, one balloon 46 is expanded within the

bladder and one balloon 47 is expanded in the urethra 40. Other anchoring mechanisms or

fixation elements may alternatively be used. In some embodiments, the balloon 46 expanded

within the bladder 42 assists in placement of the catheter 44. For example, the balloon 46 may

be inflated after the catheter tip has entered the bladder and the catheter may be retracted until

resistance is felt by the balloon 46. The balloons further may assist in maintaining the catheter in



a treatment position. Various methods of imaging, such as ultrasound using a rectal probe, may

be used to help position the catheter.

[0179] Figure 4c illustrates electrode deployment after anchoring of the catheter. In the

embodiment of Figure 4c, the catheter 44 includes eight needle electrodes 48 at four different

positions on the catheter 44. The electrodes 48 and their electrical insulation sleeves 49 pierce

the urethra 40 and enter the prostate 4 1. As shown, the length of the electrodes 48 may be varied

to optimize the field of treatment for the given size and shape of the prostate 4 1. In the

deployment position, none of the electrodes 48 pierce the prostate wall 50. After the electrodes

have been positioned, current is applied to create acidic and basic zones and thus ablate tissue in

the treatment zone. In embodiments comprising eight electrodes, the system may be used to

create eight necrotic zones in a single deployment. Thus, the treatment may be performed with a

single deployment, employing relatively slow treatment with respect to application of current but

having relatively fast treatment time because all treatment zones may be formed substantially

simultaneously. This decreases physician time and burden to deliver the treatment to patients.

[0180] In some embodiments for treatment of BPH, the cathode may be placed proximate the

bladder neck or base of the prostate. A cathode so placed creates a large area of necrosis with

less relative variation. Because of the edemic reaction at the cathode, the healing response and

resorption of tissue into the body (and associated relief of symptomatic BPH) is accelerated. The

area closest to the bladder neck in the prostate is responsible for the greatest contribution to

lower urinary tract symptoms due to BPH. The anode may be placed closer to the

verumontanum or as an indifferent electrode. Another embodiment includes placing the

cathodes in the lateral posterior quadrant of the tissue relative to the urethra and placing the

anodes in the lateral or lateral anterior quadrant of the tissue relative to the urethra. A treatment

zone forms around each of the electrodes and diffuses out generally passively. Thus, the

electrodes may be placed in the tissue relative to each other such that the treatment zones overlap

and coalesce. In one embodiment an indifferent electrode is used as either the anode or cathode

in addition to the electrodes in the catheter which create the treatment zones. The indifferent

electrode can be a patch electrode that makes contact with the skin of the patient. In one

embodiment the patch is placed on the buttocks of the patient. The indifferent electrode may

have a substantially large surface area to reduce the electrochemical affect on the skin. In one



embodiment indifferent electrode incorporates a flushing system to maintain a neutral pH at the

surface of the skin-electrode interface.

[0181] METHOD OF TREATMENT

[0182] Figure 5 illustrates a block diagram of a method 100 for treating tissue. In the

embodiment shown, the method comprises assessing and measuring the prostate or other tissue

to be treated [block 102], determining dosage levels [block 104], application of an anesthetic

[block 105], inserting a catheter [block 106] and fixing the position of the catheter with a fixation

element [block 107], deploying electrodes via the catheter[block 108], applying current to the

electrodes to create acidic and basic treatment zones [block 110], cell necrosis [block 112],

withdrawal of the electrodes [block 114], and withdrawal of the catheter [block 116]. It is to be

appreciated that, in some embodiments, not all of these steps may be performed and/or additional

steps may be performed. Further, in some embodiments, one or more of the steps may be

performed in a manner other than specifically disclosed herein.

[0183] In treatment of BPH, prostate size may vary considerably and selection of appropriate

number and size of electrodes to deploy may vary based on size of the prostate. Generally, using

systems and methods such as disclosed herein, a minimum of 4 electrodes will be deployed. In

some embodiments, eight electrodes, with eight associated treatment zones are provided and

deployed in a single deployment. To evaluate the number and size of electrodes for deployment

and/or dosage levels, it may be desirable to examine the patient to determine size of the tissue

area to be treated. Such examination may be visual, tactile, or other. In one embodiment,

examination may be done using a cystoscope, a tubular instrument used to visually examine the

interior of the urinary bladder and urethra. In various embodiments, the location for electrode

deployment may be determined by estimating the size and shape of the prostate through

cystoscopy and/or transrectal ultrasound (TRUS) and/or other suitable imaging method. Other

options include CT, MRI, PET, or X-ray. Treatment zone size may also be determined to

minimize interaction with the prostate capsule and the prostatic urethra. Minimizing treatment

interactions with the capsule and prostatic urethra will reduce the amount of irritative urinary

symptoms after treatment. An appropriate system configuration thus may be selected based on

the prostate size to be treated to minimize these interactions. Dosage levels may be determined



based on the assessed treatment area. The desired treatment area can be determined by

measuring the overall prostate dimension such as transverse width, sagittal length, and anterior to

posterior height. Generally, the most important anatomical dimension to determine treatment

may be the prostate transverse width. Diffusion through tissue is typically predictable, thus

facilitating dosage setting.

[0184] In one embodiment, the generator is configured to display the predicted areas of

necrosis over an uploaded image from ultrasound. In other embodiments, other imaging devices

may be used to provide such imagery. The size and shape of the treatment zone varies with the

charge setting inputted into the generator. In some embodiments the generator is configured to

communicate with an ultrasound machine overlaying the predicted treatment zone on the

ultrasound image. In embodiments wherein the system is used for treatment of prostate, imaging

may be used prior to insertion of the system. Such imaging may be, for example, a rectal

ultrasound whereby the prostate is measured. Measurements of the prostate may then be

compared to a table to determine appropriate length of insertion and dose for treatment.

[0185] Block 104 of Figure 5 may include entry of input treatment parameters into the

generator. In some embodiments, the generator may include switches, keys or buttons for the

entry of one or more input treatment parameters by the user of the system and those input

treatment parameters may be used by the generator to control the delivery of current. During

treatment, the generator may compare measured treatment parameters with input treatment

parameters to determine when to pause or stop the treatment. In one embodiment, the input

treatment parameter may be dose (charge) in coulombs. During treatment, the generator stops

treatment when the measured charge is greater than or equal to the charge entered by the user. In

another embodiment, input treatment parameters may be current level and time. During

treatment, the generator may stop treatment when the measured charge is greater than or equal to

the product of the current level and time input parameters. In another embodiment, the input

treatment parameter may be current level. During treatment, the generator may pause or stop

treatment if the measured current level exceeds the current level input parameter. In another

embodiment, the input treatment parameter may be time with a predetermined current level.



[0186] The following look-up tables can be a guide for determining the charge to be

delivered and the length of insertion of the electrodes into prostates with varying transverse

widths to optimize treatment.

[0187] Table 1 shows optimized treatment settings for a catheter which has electrodes that

extend outward from the catheter generally perpendicular from the catheter body (Extension

angle between 60 and 120 degrees) (The active length of the electrode is assumed to be 6 to 8

mm in this table):

Table 1

[0188] Table 2 shows optimized treatment setting for a catheter which has electrodes that

extend outward from the catheter towards the catheter tip with an extension angle of 45 degrees

to 30 degrees. The active length of the electrode is assumed to be 6 to 8 mm in this table:

Table 2

[0189] Table 3 shows optimized treatment setting for a catheter which has electrodes that

extend outward from the catheter towards the catheter tip with an extension angle of 60 degrees

to 45 degrees. The active length of the electrode is assumed to be 6 to 8 mm in this table:



Table 3

[0190] Table 4 shows optimized treatment setting for a catheter which has electrodes that

extend outward from the catheter towards the catheter tip with an extension angle of 30 degrees

to 15 degrees. The active length of the electrode is assumed to be 6 to 8 mm in this table:

Table 4

[0191] To determine how many electrodes should be used to treat a prostate a cystoscopy

should be done to measure the distance between the bladder neck and the verumontanum. If the

measurement is less than 2.5 cm the patient is not well suited to be treated with a catheter that

has electrodes that angle away from the catheter of less than 60 degrees upon electrode extension

(extension angle). Table 5 shows the number of electrodes that should be used in treating

prostates with varying distances between the bladder neck and verumontanum with catheters

with different extension angles. This assumes that 4 electrodes are placed in each plane along

the urethra and each plane is spaced between 6 and 12 mm.



Table 5

[0192] In some embodiments, the prostate capsule may be used as a safety margin to deliver

DC ablation to the periphery zone of the prostate. Because of the capsule around the prostate

and the creation of ions using DC ablation, the prostate can be overdosed to effectively treat the

periphery zone, especially for applications for treating cancerous tissue. This overdose may

range from approximately 160% to approximately 260% of the dose for allowing the ionic

gradient to reach the prostate capsule. Figures 6a and 6b illustrate treatment zones for a dose that

just touches the capsule (Figure 6a) and a dose that is overdosed (Figure 6b). A cancer is shown

in each of the figures with the treatment radius of each electrode being suitable for treating the

cancer. Each of Figures 6a and 6b show the same electrode placement. Dose typically may be

determined assuming a radius that reaches the capsule but does not extend past the capsule,

radius r shown in Figure 6a. The dose may be increased to effectively increase radius but the

radius r towards the capsule will not extend past the capsule because of the anatomy of the

capsule. Thus, as shown in Figure 6b, radius r towards the capsule remains the same but radius

R away from the capsule increases. In one embodiment, the treatment radius in Figure 6a is

achieved using a dose of 30C and results in a radius r of 6mm. In one embodiment, the treatment

radius R in Figure 6b is achieved using a dose of 78C and results in a radius R of 10 mm. An

algorithm may be developed using routine experimentation for current and charge balancing to

produce the desired treatment zone.

[0193] In some embodiments, the area for treatment may be prepared for treatment, as shown

and discussed in copending U.S. Patent Application No. , herein incorporated

by reference in its entirety. Unlike many ablation methods, DC ablation does not use extremes

of temperature to cause necrosis and therefore can be used safely adjacent vascular structures.



[0194] In some embodiments, a saline solution or saline gel may be introduced to provide

additional safety margin where ablation of tissue is not desired. In some embodiments, a saline

solution with a pH of 7 may be provided adjacent to a treatment area. This substantially prevents

the acidic and basic treatment zones from advancing into that area. The neutral pH of the saline

dilutes the advancing acidic and basic gradient to a point which does not create necrosis in the

tissue in irrigated areas. The saline solution may be delivered to an area by any suitable method.

For example, in a first embodiment, saline may be introduced into a body lumen where

preservation is desired, such as the urethra, through the therapy delivery catheter or through a

separate dedicated irrigation catheter. In a second embodiment, saline may be injected through a

needle into a capsule to preserve a certain region within the capsule. In a third embodiment,

saline may be injected into a body cavity adjacent to the capsule of the body being treated to

preserve adjacent tissue, such as the rectum. Saline saturation of the treatment area may further

be done if a concern for dehydration arises. In other embodiments, distilled water may be used

as an alternative to saline solution. As discussed with respect to application of current to the

electrodes, muscle contractions may arise during treatment. Generally, muscle contractions are

undesirable during treatment. A nerve block may be used in some embodiments to minimize

patient discomfort during treatment. In some embodiments, anesthetic may be applied. It is to be

appreciated, however, that the system and method disclosed herein are significantly more

tolerable to patients than previous methods of BPH treatment and may be performed with

minimal anesthetic. For example, the methods disclosed herein may be performed with the

patient conscious.

[0195] Pain management during treatment according to the systems and methods provided

herein may be done by local anesthesia. For example, in some embodiments application of

anesthesia may comprise introducing a topical anesthetic gel (e.g. lidocaine) into the urethra.

This may be done, for example, by injecting into the urethra or coating a catheter that would be

inserted and removed prior to inserting the treatment catheter. Thus, in various treatment

applications, anesthetic gel may be applied to a transperineal, transrectal, or transurethral

catheter for delivery to the prostate or other tissue. In other embodiments, a nerve block may be

injected locally or a sedative may be orally ingested or intravenously delivered.



[0196] In some embodiments, the method may include visualization, for example to facilitate

placement and positioning of the system. Accordingly, visualization elements may be provided

as part of the system. Particularly in systems employing a plurality of electrodes, such as eight

electrodes, correct positioning can impact results. The positioning of the system impacts

positioning of all electrodes and, thus, positioning of all necrotic zones. Accurate placement of

transurethral catheters can be optimized with the use of a transrectal ultrasound. Ultrasound

imaging may be optimized by designing the catheter or other portion of the system for imaging.

The ability to image the system as the system is placed can enhance results and improve safety.

[0197] Magnetic resonance imaging may alternatively be used to verify position and

treatment for the system for treating tissue as provided herein. In accordance with one method,

the catheter is placed and the electrodes are inserted. The patient is positioned for MRI imaging

and DC ablation is activated at low levels. MRI is performed, tuned to measure the

electromagnetic field of DC current, and therapy is paused. The position of electrodes and

treatment region are verified through examination of the MRI image. Generally, the imaging

sequence may include electrical currents, via induced magnetic field, or H+ concentration, such

as for conventional MRI images, or other sequences such as known to those skilled in the art.

[0198] Angular orientation of the catheter and electrode array can be verified by a physical

marker on the body of the catheter or handle that is exposed outside the body. In certain

embodiments, this may be a linear marking or a bubble indicator. Such indicator may also be

internal to the body and may be seen through imaging such as ultrasound, MRI, CT, or X-Ray

[0199] The system may be deployed by inserting a catheter proximate the tissue to be treated

such that the treatment zone of an electrode deployed from the catheter overlaps the tissue to be

treated. The catheter may have a handle provided at a proximal end thereof for handling by a

physician, such as a surgeon or urologist. The catheter is inserted until location of the electrodes,

as determined with respect to the catheter, is at the desired tissue for treatment. Thus, for

example for BPH treatment, the catheter may be inserted into the urethra through the penis until

location of the electrodes is in the urethra proximate the prostate. In some embodiments, the

catheter may include an anchor for anchoring the catheter in place during treatment. For



example, a pair of pneumatically or hydraulically activated balloons may be used to anchor the

catheter.

[0200] After anchoring (if done) and placement confirmation, the electrodes may be

deployed from the catheter. Electrode deployment may be linear, rotational, or a hybrid of linear

and rotational. Deployment of the electrodes may be triggered, for example, using a push button

trigger, a slide mechanism, or other on the catheter handle. In some embodiments, the catheter

may be partially retracted or advanced to expose electrodes provided on a support structure

within the catheter. In some embodiments, the electrodes may be deployed through routing holes

provided in an outer sheath or sleeve of the catheter. The electrodes may extend generally

outwardly from the catheter to enter the tissue to be treated. The position of the electrodes in the

tissue affects the treatment zone. More particularly, the treatment zone generally surrounds the

electrodes

[0201] In some embodiments, the inserted length of all deployed electrodes may be

approximately equivalent. This permits the electrodes to be deployed with a single simple

mechanism. In other embodiments, multiple insertion lengths may be used. Such varied

insertion lengths may be achieved, for example, with multiple insertion mechanisms or various

cam and/or gearing mechanisms. Treatment zones around each electrode may be the same size

or may vary one to another. The amount of charge to each electrode may be controlled to

influence treatment zones. For example, where varying sizes of treatment zones are desired and

each electrode has the same length, different currents may be supplied to the electrodes from

independent current sources. Further, in some embodiments, portions of the electrode may be

insulated, for example portions closest to the catheter to increase the distance from the active

area of the electrode to a structure that is wished to be preserved, for example the urethra. This

facilitates preservation of the urethra to minimize post-procedural irritative symptoms such as

dysuria, hematuria, and urinary urgency.

[0202] After the electrodes have been positioned, current is applied to create acidic and basic

zones. Specifically, direct electrical current is applied to the electrodes. In some embodiments,

the direct electrical current is applied simultaneously to all electrodes from isolated current

sources having individually selectable polarity and charge delivery. The applied current creates



an acidic zone around the anode and an alkaline or basic zone around the cathode. Generally, the

treatment zone tends to follow, and not cross, a tissue plane. Accordingly, using DC ablation,

treatment may be up to the tissue plane. The sizes of the necrotic zones are based on the amount

of charge delivered to each electrode, where charge (coulombs) equals current (amperes)

multiplied by time (seconds). In some embodiments, the applied current is at a relatively low

level such as between approximately ImA and approximately 10OmA. Generally, treatment time

increases as current decreases. Treatment time decreases as the number of electrodes increases.

Treatment time may decrease if impedance decreases and the voltage compliance of the constant

current system is low or the system utilizes constant voltage. In accordance with one

embodiment, BPH treatment is achieved in approximately 30 minutes when using a 4, 6, 8, or 12

electrode array at 2OmA to deliver the treatment of 36 coulombs per electrode pair. Treatment

time is reduced to 24 minutes when the current is increased to 25 mA and delivering 36

coulombs per electrode pair. The systems and methods disclosed herein employ slow, low

current, low power treatment. Because of the plurality of electrodes and the substantially

simultaneous treatment through all electrodes, total treatment time is nevertheless kept low.

Table 6 shows the relationships between current, power, time, charge, and number of electrodes.

Table 6

[0203] The power applied to the electrodes is low compared to prior methods for treating

BPH. More specifically, the power applied in accordance with systems and methods disclosed

herein is on the order of milliwatts in the range of 20 to 3200 mW of power per electrode pair.

The power typically used for each electrode pair is between approximately 190 mW (25 mA into

a 300 ohm tissue impedance) to 1600 mW (40 mA into a 1000 ohm tissue impedance). A



common impedance level seen in tissue is 400 ohms, and treating with 50 mA equates to a

required power output of 1000 mW. This low power of treatment delivery allows for

insignificant heat transfer to occur between the device and body tissues. This reduces or

eliminates pain and discomfort from the heating of surrounding tissues during treatment that are

experienced with thermal technologies utilizing significantly higher power. It also reduces or

eliminates scarring and long healing times associated with a thermal wound. RF and microwave

technologies using thermal energies to create necrosis in soft tissue often have power ranges

between 15 and 75 W. The amount of power delivered by a thermal ablation system is not based

directly on the measurement of the power delivered, but is based on the temperature

measurement resulting from the power delivered. In contrast, the amount of charge delivered by

the DC ablation system is based directly on the measurement of the charge delivered, allowing

for more precise control of the size of the necrotic zones.

[0204] In order to create substantial cell death a temperature of at least 45 degrees C or an 8

degree increase in tissue temperature must be maintained for approximately one hour.

Substantial cell death occurs over 10 minutes at 55 degrees C. Figure 7 illustrates the

relationship between time and temperature. More specifically, Figure 7 illustrates the time-

temperature relationship for 90% normalized cell death in human BPH tissue from heating. At

greater than 100 degrees C the water present in the tissue boils and can cause impedance

increases such that thermal therapy becomes intermittent. RF thermal ablation devices attempt to

create tissue temperatures approaching 100 degrees C to create necrosis with minimal treatment

time. RF thermal ablation treatments can last between 1.5 and 5 minutes.

[0205] DC ablation applied with up to 50 mA only results in a maximum increase of 4 to 5

degrees C in the tissues surrounding the electrodes. Lower currents will cause a lesser change in

tissue temperature in the range of 0 to 3 degrees C. This mild increase in temperature does not

create necrosis or act as a mechanism in ablating the tissue over the duration of the DC ablation

treatment. These calculations are dependent on tissue type and vascularization of the tissue.

[0206] Inducing high localized temperatures causes surrounding tissues to also substantially

increase in temperature. This may lead to collateral damage of structures outside of the intended

treatment area such as, in the case of BPH treatment, the erectile nerves, rectum, or external



sphincter. Devices that use radiated energy to heat tissues such as microwave require a rectal

temperature probe to ensure that the rectum does not exceed an unsafe temperature. The high

temperatures surrounding the treatment area also leads to a burning sensation in the pelvic

region. Generally at 45 degrees a heat sensation is perceived. This is exceeded at the prostate

capsule during thermal ablation treatments. A non-thermal DC ablation system, such as

disclosed herein, does not have either of these concerns due to the low power that is delivered.

[0207] A single treatment can be done with no repositioning of the catheter and can be

completed in no less than 8 minutes assuming delivering 24 C per electrode at the rate of 50 mA.

A single treatment with no catheter repositioning can take as long as 100 minutes assuming

delivering 60 C per electrode at a rate of 10 mA. It should be appreciated that, generally, no

single treatment should last longer than 45 minutes for patient comfort and physician burden.

Thus a treatment of 60 C should be completed at a minimal rate of 22 mA. If more treatment is

required the catheter may be repositioned and a second treatment started.

[0208] In some embodiments, the electrodes may be generally cylindrical. The shape of the

treatment zone for a cylindrical electrode is a cylinder with hemispheric ends and approximates

an ellipsoid. By adjusting the electrode length and/or charge delivered, the shape of the ellipsoid

can be controlled to make shapes that are cylindrical, oval, or spherical. As current is applied to

the electrodes, an ellipsoid treatment zone forms around each electrode. The length of the

ellipsoid is approximately equal to the length of the exposed electrode plus the diameter of the

treatment zone. If the electrode length is significantly longer than the diameter of the treatment

zone, the shape of the zone will be nearly cylindrical. The ends will be round (hemispheres) but

the shape will be long and narrow like a cylinder. As the treatment continues, the diameter and

length of the zone grow. As a percentage of the previous dimension, the diameter grows faster

than the length. As this continues, the shape of the treatment zone becomes more oval than

cylindrical and eventually becomes nearly spherical.

[0209] Figure 8a illustrates a treatment zone around an electrode 60 wherein the treatment

zone is, for the purposes of illustration, divided into 4 zones 61, 62, 63, and 64, extending

radially outward from the electrode 60. As shown, the treatment zones 61, 62, 63, and 64 change

shape as they extend away from the electrode 60. The zone 6 1 closest to the electrode is nearly



cylindrical while the zone 64 farthest from the electrode is nearly spherical. Accordingly, with

electrodes of equal length, treatment zone size as well as shape may vary with different applied

currents when treating for an equal amount of time. Treatment shape will vary as well due to the

proximity of tissue planes that impede the diffusion of the treatment.

[0210] Figures 8b and 8c illustrate a suitable area to create necrosis in the prostate to relieve

symptomatic BPH. Figure 8b illustrates coronal tracing of a treatment zone. Figure 8c

illustrates transverse tracing of a treatment zone. As shown, the treatment zones 70 may be in

the lateral lobes 72 of the prostate adjacent to the bladder neck 74 and along the urethra 76 to the

verumontanum 78. Figure 8b also illustrates the bladder 7 1 for reference. Treating in the

treatment zones 70 maximizes symptom relief obtained by treatment as the necrotic tissue is

reabsorbed by the body and pressure is removed from the urethra. The urethral interaction of the

treatment may be minimized to reduce transient irritative symptoms such as hematuria, dysuria,

and urinary urgency. Amount of charge delivered, electrode shape and size, electrode array,

electrode positioning, number of electrodes, current level, and electrode insertion length are all

factors in treatment.

[0211] In another embodiment the electrodes may be staggered such that they do not align.

In another embodiment 3, 5, 6, 7, 9, 10, 11, and 12 electrode arrays may be utilized to treat the

prostate with DC ablation through the urethra and into the lateral lobes of the prostate. These

embodiments are optimized to created treatment zones as prescribed in Figures 8b and 8c.

[0212] In some patients it may be desirable to treat the median lobe of the prostate instead or in

addition to the lateral lobes. Figures 9a-9d illustrate median lobe treatment. Figure 9a shows a

prostate anatomy 704 with a large median lobe 702 which extends up into the bladder 700. A

large median lobe 702 can cause a urinary obstruction of the prostatic urethra 706 at the bladder

neck 708. Ablating the median lobe can be accomplished using DC ablation by using a modified

method and system for treating the lateral lobes as previously described.

[0213] Figure 9b illustrates positioning of a system for treatment of the median lobe. Figure

9c illustrates treatment zones created through such treatment. Treating the median lobe of the

prostate can be accomplished using methods described herein. As a preliminary matter, it may

be useful to assess the size and position of the median lobe through visualization of the median



lobe through Ultrasound, CT, MRI or cystoscopy. A transurethral delivery catheter 714 is routed

in proximity to the bladder neck 708 and the area to treat identified by inserting a cystoscope 710

through or adjacent to the delivery catheter. A plurality of electrodes 712, for example between

2 and 4 electrodes, may then be extended into the median lobe under cystoscopy guidance.

Insertion may be done either through the urethra near the bladder neck or from the bladder back

into the median lobe. After the electrodes are placed a dose or charge of 15 to 60 coulombs per

electrode may be delivered creating treatment zones 716 in the median lobe as shown in Figure

9c. The catheter may be anchored to prevent the electrodes from moving during treatment.

After treatment is completed the catheter and cystoscope is removed from the body.

[0214] Figure 9d illustrates an alternative treatment method for treating the median lobe. As

shown, the delivery catheter 714 may be routed into the bladder 700 and then curved back

towards the median lobe 702 where the electrodes may be inserted under guidance from a

cystoscope.

[0215] As may be appreciated by those skilled in the art, similar systems and methods may

be used for ablation of tissue in several different areas of the body. Such areas may include, for

example, the trachea, stomach, esophagus, rectum, colon, intestine, bladder, uterus, and other

tissues accessible from a lumen.

[0216] Figures 10a and 10b illustrate a specific embodiment of the delivery catheter for a

system for treating the median lobe. Figure 10a illustrates a perspective view and Figure 10b

illustrates an end view. As shown, the system may include a semi-flexible catheter 720 and a

plurality of electrodes 722 positioned for extension from the distal tip of the catheter. In some

embodiments, between 2 and 4 electrodes may be provided. A cystoscope 724 may be routed

down the center of an open lumen 721 of the delivery catheter. The electrodes 722 may be

actuated by a mechanism 726 which remains outside of the body during treatment. The delivery

catheter is connected to a generator 728 by an extension cable 730. The same generator can be

used in the median lobe system as the system for treating the lateral lobes previously described.

[0217] In some embodiments, the gas generation and diffusion through tissue can be used to

mark the necrotic region. By calibrating current and time to tissue type, the treatment zone (or

area of necrosis) can be visualized on ultrasound. As discussed, the gas created during DC



ablation diffuses through tissue being treated until it becomes absorbed in solution with the fluids

present in the tissue. By controlling the rate of therapy (current) and the total therapy delivered,

the region of gas bubbles in the tissue can be correlated to the area of necrosis,. Such

visualization may be used, for example, when DC ablation is used to treat benign and malignant

tumors.

[0218] In some embodiments, one anode and one cathode are provided per current source.

This may facilitate control of the treatment zone size. In other embodiments, more than one

anode and one cathode are provided per current source. This may reduce the likelihood of poor

tissue contact during treatment. If more than 2 electrodes are used per current source, current

may be directed to specific electrodes of the same polarity by making some electrodes have

higher (or lower) impedance than others. This may be accomplished by varying configurations

of the electrodes, for example by creating different surface textures on different electrodes, by

providing a means for venting gases via some electrodes but not others, etc.

[0219] In various embodiments, size of treatment zone may be customized for specific

treatment positions of the electrodes. For example, in treatment of BPH, smaller treatment zones

may be formed near the prostate base and apex and larger zones may be formed in bulkier areas.

Such varied treatment zone sizes may be provided by using different electrode sizes, differing

numbers of electrodes, differing current or charge delivery, or by varying other process or system

parameters. For example, shorter electrodes may be used at the distal and proximal ends and

longer electrodes may be used in the middle band(s), as shown in the embodiment of Figure 4c.

In an alternative embodiment, fewer electrodes can be used at distal and proximal ends and more

electrodes in the middle band(s). In a further embodiment, less charge may be delivered to

electrodes at distal and proximal ends and more charge may be delivered to electrodes in middle

band(s). In yet a further embodiment, the electrodes at distal and proximal ends may be

programmed as anodes and those in the middle band(s) as cathodes.

[0220] DC current ablates tissue by imparting extreme pH (< 5 or > 9 to 10) into the tissue

surrounding the electrode. The area surrounding the electrode affected by the extreme pH is

referred to as the treatment zone. In some embodiments, the system may be deployed to provide

overlapping polarity treatment zones. Such overlapping may optimize the radius of the treatment



zone for tissue ablation. When DC ablation electrodes are placed in close proximity, the extreme

pH zones grow. When they overlap for a paired electrode, the zones increase in radius more

readily than when separate for a given dose.

[0221] Figure 11 illustrates a radius of a combined treatment zone at the pH interface. The

treatment zone may increase approximately 10-20% in radius. Specifically, Figure 11 illustrates

a first electrode 70 with a first pH extreme 72, a second electrode 74 with a second pH extreme

76, and a typical treatment radius 78. Figure 11 further illustrates the increased radius 79 of the

combined treatment zone (shown by the dotted line).

[0222] Similarly, in other embodiments, the anode and cathode may be placed proximate one

another. By placing the anode and cathode (opposite polarity electrodes) in close proximity to

one another, extreme pHs can be achieved to necrose tissue. The opposite pH levels help to

neutralize one another to decrease the amount of time it takes for the surrounding tissue to return

to normal conditions.

[0223] Figure 12 illustrates an embodiment with two anodes 80 and two cathodes 82. In one

treatment area 83, an anode 80 is placed proximate a cathode 82, for example spaced between

approximately 2 and approximately 20 mm from one another. The same set up is provided in a

second treatment area 86- an anode 80 placed proximate a cathode 82. As a result, in each

treatment area 83 and 86, a high pH zone 88 and a low pH zone 89 each arise proximate to the

other. The zones 88 and 89 likely overlap one another. In the area of zone overlap, the pH of the

tissue can return to normal within, for example, hours of the DC ablation procedure.

[0224] Figures 13a through 13d illustrate various effects and relationships of dosage. Figure

13a illustrates the dose delivered versus the volume of tissue treated. Figure 13b illustrates the

dose delivered versus the upper and lower limit of expected radius of treatment for a 6mm

electrode in prostatic tissue. Figure 13c illustrates the dose delivered versus the upper and lower

limit of expected radius of treatment for a 12mm electrode in prostatic tissue. Figure 13d

illustrates current applied versus dose response.

[0225] Generally, DC ablation creates necrosis around a singular anode and a singular

cathode at a rate of approximately 0.07 - 0.05cc/C at the anode and at a rate of approximately



0.10 - 0.08 cc/C at the cathode. A typical period for treating BPH using systems and methods

for DC ablation as disclosed herein is under 30 minutes. Dosing at approximately 25 niA for

approximately 30 minutes will deliver 45 C. This in turn treats between approximately 5.8 cc

and approximately 7.7 cc of tissue per pair of electrodes. To achieve a more efficacious

treatment, multiple electrode pairs may be used. In some embodiments, 2 to 6 pairs of electrodes

may be used. This correlates to approximately 11.6 to approximately 14.4 cc of treated tissue for

2 pairs of electrodes and between approximately 34.8 and approximately 43.3 cc of treated tissue

for 6 pairs of electrodes. These numbers do not account for the overlap of treatment zones which

decrease the amount of treated tissue. In some embodiments, the treatment zones overlap.

Treatment times may vary between 15 and 45 minutes depending on the dosing required and rate

at which the treatment is delivered. Alternatively fewer pairs of electrodes could be used in a

device to achieve these same larger treatment zones if the catheter or electrodes are repositioned

between treatments.

[0226] The rate at which the charge is applied (current, units of milliamperes)does not affect

the ultimate radius of the treatment zone as long as the current provides more charge than the

tissue's natural ability to stabilize its own pH. The relationship between current applied and the

dose response is shown Figure 13d. As shown, in some embodiments, it may be desirable for the

treatment current to be at or above approximately ImA. In the example of Figure 13d, all

currents above 5mA exhibit generally the same dose response. While higher currents may not

increase dose response, higher currents may reduce treatment time to deliver the desired dosage.

The higher current, however, may increase likelihood of patient discomfort. Generally, as

current decreases, patient discomfort and muscle contractions (or muscle twitch) decrease. In

some embodiments, the dose may be delivered at a constant current to prevent nerves in the

region of treatment from being stimulated and causing muscle contraction. The magnitude of

current delivered may be adjusted during treatment to allow pain and treatment time to be

minimized. Care should be taken however, because a fast rate of current change may cause

patient discomfort and muscle twitch. Thus, in some embodiments, it may be advisable that any

change in the current delivered be done at a rate no greater than 10 mA/s to prevent muscle

contraction and patient discomfort. A suitable rate of change is approximately 1 mA/s.



[0227] Figure 14 illustrates current 90 increased gradually when current delivery is started to

prevent the stimulation of nerves. Current 90 is also decreased gradually when current delivery

is terminated. The increase or decrease may occur in steps of amplitude and period with the

ramp rate equal to the step amplitude divided by the step period. The upper limit on the

amplitude for preventing nerve stimulation is 0.5 mA for increasing current. A suitable

embodiment is approximately 0.2 mA for increasing the current. The upper limit on the

amplitude for preventing nerve stimulation is 1 mA for decreasing current. A suitable

embodiment is approximately 0.5 mA for decreasing the current. Regardless of the slowness of

the period of the steps, a large enough amplitude step will cause nerve stimulation. For

amplitudes below that limit, there is a minimum limit on the period for preventing nerve

stimulation. Small amplitude steps can still cause nerve stimulation if the steps occur too quickly

and result in a ramp rate greater than lOmA/s. The ramp rate (slope of broken line 92) should

ideally be as great as possible without resulting in a high risk of nerve stimulation. If the step

amplitudes are low enough, capacitance in the circuit may cause the output to look less like steps

and more like a straight line (such as broken line 92), which may help to reduce the risk of nerve

stimulation. These observations also apply to ramping down the current.

[0228] In some embodiments, an independent current source may be used to deliver the

current for each electrode pair in order to control the charge passing through each electrode and

thus the size of the treatment zone. Changing impedances at individual electrodes throughout the

therapy session may lead to an unpredictable imbalance in treatment zones if multiple cathodes

and anodes are put on a single current source. If multiple electrode pairs are placed on a single

current source, the treatment zones may be controlled by putting a coulomb counter on each

electrode and directing the desired amount of charge to each electrode.

[0229] The acidic and basic zones are created by the following chemical reaction:

Anode Reactions: H2O - 2e 1AO2 + 2H+ (Acid)

Cathode Reaction: 2H2O + 2e H2 + 2OH (Base)

The anode reactions also include a chlorine reaction that produces molecular chlorine. The

molecular chlorine reacts with water to form hypochlorous acid, chloride and hydrogen ions.



These reactions occur within both benign and malignant tissue including prostate. A marker,

such as an ultrasound marker, may be provided to indicate pH in real time during treatment.

[0230] The anode and cathode reactions create cell necrosis within the treatment zone. The

cathode causes necrosis via a combination of liquefaction cell necrosis and coagulation cell

necrosis. The anode causes necrosis via coagulation cell necrosis. Cell necrosis occurs in

normal prostate tissue, hyperplastic prostate tissue, and malignant prostate tissue. Accordingly,

dosage and configuration may be optimized to generally limit the treatment area to the

hyperplastic prostate tissue.

[0231] Figures 15a and 15b illustrate images of necrosis within necrotic prostate tissue

caused by DC ablation at a cathode and an anode. Figure 15a illustrates liquefaction necrosis

histology at the boundary of a cathode treatment zone. Normal tissue is shown at 13 1 and

liquefaction necrosis is shown at 133. As shown, a transition zone exists at 135 with a

liquefaction necrosis boundary 137 being formed. Figure 15b illustrates coagulation necrosis

histology at the boundary of an anode treatment zone. Specifically, normal tissue is shown at

131 and coagulation necrosis is shown at 139.

[0232] Liquefaction necrosis and coagulation necrosis create a change in the structure in the

prostate as the affected tissues become fibrous and are absorbed into the body through its natural

healing process. This thus causes removal of cellular mass, leaving a void. Because the

treatment zone is predictable, the void is predictable. By removing cellular mass within the

prostate, the interior of the prostate is debulked and excess pressure placed on the prostatic

urethra is reduced. This reduction in pressure on the urethra reduces or eliminates BPH

symptoms, sometimes referred to as Lower Urinary Tract Symptoms (LUTS). It is an advantage

of DC ablation over other techniques that the outer wall of .the prostate is more resistant to

damage caused by the electrochemical reaction than is inner prostate tissue. Hence, a set of

electrodes not perforating the outer wall but close to the wall destroys the desired prostate tissue

inside the boundary formed by the wall and not the wall itself. The outer boundary generally

appears to be more chemically robust as well as providing a mechanical boundary. Thus, while

thermal energy does not respect the tissue plane, DC ablation does.



[0233] In some embodiments, the electrodes may be withdrawn, the catheter repositioned,

and the electrodes redeployed to cover the desired treatment zones. In other embodiments, the

number of electrodes provided is sufficient to provide treatment without redeployment of the

system.

[0234] Once the reactions leading to cell necrosis have begun, the electrodes may be

withdrawn and the catheter is withdrawn. In some embodiments, the electrodes are withdrawn

into the catheter and the catheter is withdrawn. Withdrawing the electrodes into the catheter may

comprise release of a trigger or slide in the handle, may comprise collapsing the electrodes by

sliding a sheath over the electrodes, or may be done in other suitable manner. In some

embodiments, the electrodes and the catheter are withdrawn simultaneously.

[0235] The liquefaction and softening of treated tissue around the cathode results at least

from elevated pH; elevated pH causes necrosis and cell lysis. Rupture of the cell wall causes the

rigid pathologic tissue to soften, relieving symptoms of BPH related to excess compression of

the urethra. This effect can be employed to advantage in the removal of electrodes. Changing

the polarization of each electrode to cathodic at some time during treatment will soften the area

and allow easier removal of the electrode. Likewise, inserting the electrodes may be eased by

making each one cathodic during the insertion. If tenting of the urethra is evident during

insertion, causing each electrode to be cathodic at that time can soften the urethra at the electrode

tip sufficiently to allow easier penetration without significant additional damage to the urethra.

[0236] For example, with some physiologies it may be difficult to penetrate lumens, such as

the urethra, and tissue with a fine electrode. Chemical drilling may be used to aid in tissue

penetration. More specifically, DC ablation may be used to help penetrate the tissue. In some

embodiments, all of the electrodes may be negative or cathodic to aid in tissue penetration. This

takes advantage of the inherent electro-osmosis of DC ablation where fluids are drawn to the

cathodes and the tissue becomes edemic. The gelatinous tissue so treated is more easily

penetrated. Thus, in some embodiments, the electrode may be activated when first contacted

with the tissue but before advancement into the tissue. The electrodes may be advanced during

pre-treatment or pre-treatment may be done for a short period of time, for example

approximately 30 seconds, and the electrodes then advanced.



[0237] Figure 16 illustrates a view of electrode deployment into pretreated tissue. As shown,

the tissue 142 includes a pretreated region 144 that is substantially gelatinous. The electrode 140

is able to more easily penetrate the tissue 142 in the gelatinous region 144.

[0238] Figures 17a and 17b illustrate a further embodiment to facilitate electrode

penetration. In another embodiment of urethral preparation, a vacuum may be used to put the

urethra in direct and firm contact with the catheter of a system for treating tissue as provided

herein. Direct and firm contact of the urethra with the catheter facilitates piercing of the urethra

by electrodes. With some physiologies, the urethra may have a larger cross section than the

catheter placed therein. This increases column strength requirements for the catheter and makes

it more difficult for the electrodes to pierce the catheter. For example, the urethra may expand

and not be penetrated by the electrodes or the electrodes may buckle against the urethra. Figures

17a and 17b illustrate a system for tissue treatment including a catheter 146 and electrodes 149.

The figures illustrate an end view with the system deployed through the urethra 148. Figure 17a

illustrates electrodes 149 deployed (without vacuum) and causing expansion of the urethra 148.

As shown in Figure 17b, by drawing the urethra 148 firmly against the catheter 146, for example

by vacuum force, the electrodes 149 more easily penetrate the urethra 148. Thus, the electrodes

149 may be deployed relatively immediately after drawing of the urethra 148 against the catheter

146. Figure 17b illustrates electrodes 149 penetrating the urethra 148, with the urethra 148

vacuumed to the catheter 146.

[0239] Figure 18 illustrates an embodiment of a system for treating tissue including vacuum

ports at the electrode holes. As shown, the system 150 includes a catheter 152 having a proximal

end 154 and a distal end 156. As shown, the catheter 152 is configured to extend through the

urethra 158. A balloon or other fixation element 160 is provided at the distal end 156 of the

catheter 152 and is shown deployed in the bladder 162. A plurality of electrode holes 164 are

provided at a distal portion, near the distal end 156, of the catheter 152. The electrode holes 164

operate for facilitating deployment of electrodes 165 from the catheter 152 and also operate as

vacuum ports. A vacuum connector 166 and an electrical connector 168 are provided at the

proximal end 154 of the catheter 152. The vacuum connector 166 may couple to a syringe or

other means for achieving a vacuum. Drawing a vacuum before electrode penetration may

facilitate use of smaller electrodes. In some embodiments, the system shown in Figure 18 may



be used for saline injection and vacuum. More specifically, the electrode holes/vacuum ports

may be used to create a vacuum and also to distribute saline. Thus, in one embodiment, vacuum

is achieved during penetration of the electrodes and is followed by saline injection for buffering

during treatment.

[0240] As can be appreciated from the chemical reactions occurring at the electrodes, gases

may be generated by DC ablation. More specifically, during DC ablation of soft tissue, ions are

created at the anode and cathode electrodes when current passes through the electrodes. In order

for the current to pass, the impedance generally is stable and less than about 5kΩ to prevent

operating at high voltages. DC ablation creates hydrogen and oxygen gas during the hydrolysis

process. These gases can cause the impedance from the electrode to the tissue to spike greater

than about 5kΩ. This happens when the gas is allowed to build up around the electrode without

either diffusing into the tissue, being vented away from the treatment area, or going into solution

in fluid around the treatment zone. Typical impedance ranges within the prostate are between

approximately 300 and 500 ohms when treating with a current of greater than approximately 5

mA.

[0241] The amount of current delivered affects the amount of gas created. The rate at which

gas is created is directly proportional to the current at which it is delivered. For soft tissue

applications such as the prostate, DC ablation generally may be delivered between approximately

1OmA and approximately 50mA. Generally, at currents higher than 50mA, gas created by the

treatment may not have sufficient time to dissolve, diffuse, or vent. 75 to 100 mA may be used

to decrease treatment time if gas is able to sufficiently vent. Conversely, at currents lower than

10mA, the body's buffering may reduce effectiveness of the treatment. In one embodiment,

current level is between approximately 25mA and 40 mA.

[0242] Generally, the amount of gas generated by treatment is determined by dosing. The

amount of gas generated typically increases as current increases. In various embodiments, the

system may be provided with mechanisms for venting the gases generated. Means for venting

the gases may be provided within the electrodes, within the catheter, or other. Accordingly, the

method for BPH treatment may further comprise venting gases created during treatment.



Removal of the gases may lower the impedance and impedance fluctuations seen by the

electrodes, thereby permitting continued treatment in the desired range of current and voltage.

[0243] A first embodiment of a mechanism for venting gases is shown in Figures 19a- 19c.

Figures 19a- 19c illustrate relevant anatomy to BPH treatment including the bladder 303, urethra

304, and prostate 305. Figures 19a- 19c further illustrate a catheter 300, balloon 301, electrodes

302, and gaps 307. As shown in Figure 19a, the balloon 301 is located in the bladder 303 and

inflated. The electrodes 302, having punctured the urethra 304, reside within prostate 305 either

prior to or after applying current for DC ablation. In Figure 19b, the catheter 300 has been

pushed forward with force 306 towards the bladder 303 prior to applying current but after

deploying electrodes 302. Force 306 holds the electrodes 302 in the position shown in Figure

19b. This creates gaps 307 in the prostate 305 between the original electrode position of Figure

19a and the new position of Figure 19b. The gaps 307 serve to provide a path for the gases

generated during DC ablation to escape. In an alternative embodiment, shown in Figure 19c, the

catheter 300 may be pulled away from the bladder 303 after deploying the electrodes 302.

[0244] A second embodiment of a mechanism for venting gas is shown in Figures 20a and

20b. In yet another embodiment, the electrodes 302 may be rotated following deployment, as

shown in Figures 20a and 20b. In Figure 20a, electrodes 302 are shown deployed in prostate

305. The broken line represents the balloon 301 . In Figure 20b, the catheter 300 has been

rotated by force 306, causing the electrodes 302 to assume a new position and opening up gaps

307 through which the gases may escape. In alternative embodiments, other means for removing

gases may be used. For example, gas may be vented by having a negative pressure in the

delivery system or catheter to effectively vacuum gas away from the active electrode(s).

[0245] Figures 21a and 21b illustrate an embodiment comprising of two axial planes of four

electrodes and illustrate the axial electrode spacing and angular separation. Figure 21a is a

coronal or top view and Figure 21b is a transverse or end view. The system is shown including a

catheter 200, a plurality of electrodes including two electrodes 202 on one side of the catheter

200 and two electrodes 204 on the other side of the catheter 200, and a fixation element 205.

The catheter 200 is deployed transurethrally and the fixation element 205 positioned in the

bladder 206 such that deployment of the electrodes 202 is into the prostate 208. As shown in



Figure 21a, an axial spacing 210, comprising the distance between the electrodes 202 or 204 on

each side of the catheter 200, is provided between the electrodes 202 or 204. Dashed lines 209

indicate the longitudinal position of the electrodes 202 relative to the catheter 200. As shown in

Figure 21b, an angular spacing 212, comprising the distance between the electrodes 202 or 204

on each side of the catheter 200, is provided between the electrodes 202 or 204. The angular

spacing is the angle between the posterior and anterior electrode on each side of the catheter.

[0246] Providing multiple electrodes to an area to be ablated can reduce the number of

coulombs or the dose required from each electrode, thus decreasing the amount of gas created at

each electrode. In some embodiments, no single electrode delivers more than approximately 72

coulombs. In one embodiment, each electrode delivers between approximately 24 and 48

coulombs of charge with an axial electrode spacing (measured down the catheter) of

approximately 8 to 10 mm and an angular separation of between approximately 15 to 65 degrees.

A suitable angular spacing is approximately 30 to 45 degrees with 35 degrees being optimal in

certain embodiments. The axial spacing could be increased to 12 to 16 mm and up 20 mm if the

dosing is increased. The axial separation could be reduced to 4 to 6 mm if dose per electrode is

reduced and the number of electrodes is increased.

[0247] During treatment, the electrodes may lose ohmic contact with different types of

tissues, thereby making it difficult to deliver the desired current. When contact is lost, it can

cause the treatment zone to become more unpredictable and muscle contractions can occur due to

spikes in voltage and current. Loss of contact may take place for multiple reasons including, at

least:

1) Hydrogen gas created from the cathode reaction or oxygen gas from the anode reaction

may saturate the electrode surface and cause an increase of impedance;

2) Chlorine gas created from the anode reaction may saturate electrode surface and cause an

increase of impedance; and

3) The reaction at the anode may cause local dehydration and cause the tissue proximate to

the electrode to lose its conductive properties.



[0248] In some embodiments, actions may be taken to prevent an increase in impedance or to

counteract an increase in impedance arising at least from these sources. In one embodiment, a

positive force may be added to the tissue using the active portion of the electrode, by the shape

of the electrode design, or by using an array of electrodes and sequencing the therapy to allow

natural diffusion within prostatic tissue to overcome the increase of impedance at the electrode

site. Force to the electrode can be accomplished by adding a torque, an axial load down the

electrode, or an axial load down the catheter.

[0249] In another embodiment, an array of electrodes may be used including either or both of

multiple cathodes and anodes in parallel with each other to deliver the therapy. For example, as

shown in Figures 22a and 22c, multiple anodes and multiple cathodes may be provided in

parallel. Figure 22a illustrates a first anode 222, a second anode 220, a first cathode 226, and a

second cathode 224. Figure 22a further illustrates the treatment areas 223 and 227 associated

with the anodes 222, 220 and the cathodes 226, 224, respectively. Generally, each electrode of

an anode pair or cathode pair may be at approximately the same potential and be placed in close

proximity. Providing electrodes in parallel and in close proximity can ensure continued

treatment even if one electrode loses contact. More specifically, if one anode (or cathode) of an

anode (or cathode) pair loses contact, the area will continue to be treated by the other anode (or

cathode) in parallel. This is true whether the electrode pair is an anode pair or a cathode pair.

Figure 22a illustrates a pair of anodes 220 and 222 in parallel and a pair of cathodes 224 and 226

in parallel. Figure 22b illustrates an electric current diagram for Figure 22a. Figure 22c

illustrates the effective treatment areas 230 and 228 resulting from Rl and R2, respectively, of

Figure 22b. As shown, the effective treatment areas 230 and 228, or areas ablated, approximate

the effective treatment areas 223 and 227 of Figure 22a, where no impedance problems occur.

While Figures 22a-22c illustrate two anodes and two cathodes, more than two electrodes may be

put in parallel.

[0250] In one embodiment, the generator may be configured to monitor a measurement of

impedance between the electrodes and uses a pattern of impedance measurements to predict a

significant increase in impedance. Upon prediction of an increase in impedance, the generator

reduces the current level or turns off the current, thereby preventing a current spike that could

cause nerve stimulation.



[0251] Various current delivery mechanisms may be used to reduce the likelihood of

stimulating nerves. In one embodiment, the generator utilizes a current source circuit with a high

voltage compliance. Voltage compliance (or compliance voltage) is the maximum voltage a

current source will go to in its attempt to source the programmed current. Compliance voltage

values may be user settable, allowing user control over the sourcing and measurement process.

If the generator voltage compliance is higher than the current level multiplied by the impedance,

the current is controlled and current spikes are substantially prevented. For example, a voltage

compliance of 200 V allows the current source to deliver a current of 20 mA without current

spike due to an impedance change of 10 kΩ.

[0252] The likelihood of sudden impedance changes can be reduced by using low current,

such as less than or equal to about 30 mA. The low current substantially prevents the gas

generation rate from greatly exceeding the rate that the gas escapes from and/or diffuses into

tissue.

[0253] In another embodiment, to reduce the likelihood of sudden impedance changes and to

complete treatment in a relatively short time frame, treatment may be started with a relatively

high current, for example approximately 50 mA, and the current level may be reduced one or

more times during the treatment, for example to a level less than about 20 mA. At the start of

treatment, using the high current level, gas is generated at a high rate. Before enough gas

accumulates to cause the electrode to lose contact with the tissue, the gas generation rate is

decreased, by reducing current level, to better balance the gas generation and gas

escape/diffusion rates.

[0254] In yet another embodiment, a low level current (between approximately ImA and

approximately 2 mA) can be applied for a short time (for example, less than about 5 minutes)

before ramping up the current level. With the short delivery of a low level current, the area

around the anode dehydrates and holds the anode in place. The forced contact between electrode

and tissue may reduce impedance levels.

[0255] In a further embodiment, a low level current (between approximately ImA and

approximately 2 mA) of opposite polarity from what will be used in the treatment may be

applied for a short time (for example, less than about 5 minutes) before ramping up. The current



may change the properties of the tissue around each electrode to reduce an impedance problem

before ramping up the current.

[0256] SYSTEM FOR TREATMENT

Various embodiments of systems for treating tissue using direct current ablation are described

herein. It is to be appreciated that while specific dimensions or materials may be described,

these are for the purposes of illustration only and other suitable dimensions or materials may be

used.

[0257] Figure 23 illustrates an embodiment of a single use trans-lumen catheter 1000 for

delivering a non-thermal DC ablation treatment to tissues in proximity to the lumen. As shown

in Figure 23, the catheter 1000 comprises of a flexible outer catheter or sheath 1001 for routing

the device through a body lumen (e.g. urethra), a plurality of electrodes 1003 to deliver

treatment, a director 1002 for routing the electrodes 1003 into the tissue to be treated, a fixation

element 1014 (e.g. a silicone inflatable balloon, a soft tip 1015 for easy introduction and routing

in the lumen, a handle including an actuating mechanism 1016 for deploying the electrodes 1003

into the tissue and for retracting the electrodes 1003 back into the catheter, an electrical

connection and connector 1017, and a port and valve 1018 for activating and deactivating the

fixation element. In the preferred embodiment, the length of the tip 1015 is 58 mm. In other

embodiments the tip 1015 could be 20 to 75 mm in length. In the preferred embodiment, the

length of the director 1002 is 8.5 mm. In other embodiments the director 1002 could be 5 to 60

mm in length. In the preferred embodiment, the length of the outer sheath 1002 is 256 mm. In

other embodiments the outer sheath 1002 could be 100 to 750 mm in length. In the preferred

embodiment, the length of the handle 1016 is 243 mm. In other embodiments the handle 1016

could be 100 to 500 mm in length. The embodiment of Figure 23 is configured for any type of

electrode deployment (linear or rotational). In one example the catheter is inserted through the

urethra for deploying electrodes into the prostate and delivering DC ablation to the prostate to

treat BPH.

[0258] Figure 24 illustrates linear deployment of the electrodes. As shown, in the cross-

section in Figure 24, the catheter 1019 includes an outer sheath 1021, an electrode director 1022,

a plurality of electrodes 1023, an inner sheath 1024, an electrode driver 1025, a fixation element



fill tube 1026, an electrical connection to the electrodes 1027, insulated electrical conductors

1028, and insulation on the electrodes 1029. As the catheter 1019 is inserted through the lumen

in the body for positioning prior to deployment, the electrodes 1023 are completely within the

catheter 1019 to substantially prevent damaging the lumen or urethra. After the catheter 1019 is

positioned and the fixation element activated, the electrodes 1023 are deployed into the tissue to

begin treatment. In one embodiment the inner sheath 1024 is advanced through the outer sheath

1021. The driver 1025 is mechanically coupled to the inner sheath 1024, and the electrodes 1023

are fixed to the driver 1025. Thus the electrodes 1023 may be advanced distally and through the

electrode director 1022 which is attached to the outer sheath 1021. In another embodiment the

outer sheath 1021 may be pulled back over the inner sheath 1024, thereby forcing the electrodes

1023 out into the tissue through the director 1022.

[0259] In various embodiments, the driver/director interactions may be configured to reduce

buckling. More specifically, the electrode driver 1025 and director 1022 may be positioned at a

minimal distance D from each other to minimize buckling stresses in the electrodes 1023 during

deployment. The distance between the driver 1025 and the director 1022 generally may be a

minimum of the desired insertion length of the electrodes into the tissue. As can be appreciated

by those skilled in the arts, the larger the electrode diameter, the larger the permissible distance

between the director and driver. Various examples are given for the purposes of illustration.

When using an electrode between approximately 0.25 and 0.65 mm in diameter, the driver and

director may be a maximum distance of between approximately 14 and 24 mm apart. This short

distance of unsupported electrode substantially prevents buckling failure. In these embodiments

the catheter may be made of a composite of polymer materials to facilitate bending of the

catheter. In one embodiment the Figure 24 further illustrates the inner sheath of a catheter for

linear electrode deployment.

[0260] The inner sheath 1024 may comprise material that is flexible but has a higher axial

elastic modulus. This provides flexibility to the catheter 1019 to facilitate introduction and

routing in a body lumen such as the urethra while retaining dimensional stability when an axial

load is placed on it such as when the electrodes are deployed and retracted. Suitable materials

may include, for example, PEEK, braided PEBAX, or Polycarbonate with or without carbon fill.

A coextruded polymer with metallic or carbon fibers provides bending flexibility and axial



dimensional stability. The inner sheath 1024 generally may have an outer diameter small enough

to slide within the outer sheath 1021, yet not so small as to allow the inner sheath 1024 to buckle

within the outer sheath 1021. A suitable outer diameter of the inner sheath 1024 is between

approximately 4.0 and 5.6 mm. The wall thickness of the inner sheath may be approximately .26

to .46 when using PEEK as a material. One embodiment uses an outer diameter of 4.8 mm and

.30 mm wall thickness for the inner sheath 1024.

[0261] In the embodiment shown, the inner sheath 1024 is mechanically coupled to the

driver 1025. Such coupling may be done in any suitable manner. For example, this may be done

with an adhesive, such as cyanoacrylate, an epoxy, welded ultrasonically, or welded with heat.

In some embodiments, the driver may be made out of a non-conductive material, with good

dimensional stability such as polycarbonate, PEEK, or ABS. A glass or carbon filled material

may be used for further dimensional stability.

[0262] In the embodiment shown, the driver 1025 is mechanically coupled to the fixation

element fill tube 1026. The driver 1025 thus may be used to move the fill tube 1026 relative to

the outer sheath 1021, distal tip of the catheter, and fixation element (for example, a balloon). In

this embodiment, a sliding seal may be provided from the fixation element fill tube 1026 to the

distal tip to allow balloon inflation. This may be accomplished by o-ring features in the distal tip

that fit tightly over the distal end of the fill tube. In another embodiment the fill tube 1026 may

slide through the driver 1025 during electrode deployment and retraction and may be anchored in

the director 1022. The outside diameter of the driver 1025 may generally be the same or larger

than the outside diameter of the inner sheath 1024. The outside diameter of the driver 1025 may

be less than the inner diameter of outer sheath 1021 .

[0263] In the embodiment shown, the electrodes 1023 are mechanically coupled to the driver

1025. Such coupling may be done in any suitable manner. For example, the coupling may be by

adhesive or mechanical interference. In the embodiment shown, the electrical connection is

provided by a crimp tube 1027 and may be used to anchor the electrodes in the driver 1025. In

some embodiments, between 2 and 12 electrodes 1023 may be captured in the driver 1025.

[0264] Figures 25a and 25b illustrate electrode 1023 placements within the driver 1025.

Figures 25a and 25b illustrate drivers 1025 for differing numbers of electrodes 1023. Figure 25a



illustrates a driver 1025 for deploying 4 electrodes 1023. Figure 25b illustrates a driver 1025 for

deploying 8 electrodes 1023.

Figure 25a illustrates a top end view of an electrode driver 1025 having 4 electrodes 1023 and

showing the position of the routing holes for the electrodes and for utility lines. Utility lines may

comprise, for example, pneumatic/hydrolytic/saline flush lines. In addition to routing holes for 4

electrodes, the driver 1025 includes a hole 103 1 though which the urethra may be supplied with

saline to buffer treatment in the urethra, and a hole for a balloon fill tube 1026.

[0265] Figure 25b illustrates a bottom end view of an electrode driver 1025 having 8

electrodes 1023 and showing the position of the routing holes for the electrodes and for utility

lines. In addition to routing holes for 8 electrodes, the driver 1025 includes a hole for a balloon

fill tube 1026.

[0266] In some embodiments the driver may comprise two parts which are assembled around

the crimp joint from the electrodes to the electrical conductors. This mechanically locks the

electrodes in place within the driver. In one embodiment the electrodes are allowed to rotate

within the two piece driver and are properly aligned by mating the curved section in the director

with the pre-shaped curve in the electrodes. In another embodiment the electrode assemblies are

insert-molded within the driver. In another embodiment the driver has a keying feature to the

electrode crimp tubes which upon assembly allow the electrodes to have proper angular

orientation for insertion through the director.

[0267] Returning now to Figure 24, as shown the electrodes 1023 may be mechanically and

electrically coupled to conductive elements 1028 that run to the electrical connector (1017 of

Figure 23). Coupling may be done in any suitable manner. For example, the electrodes may be

attached by a crimp tube 1027, welded, or soldered if the plating on the electrodes allows. When

deployed or retracted from the tissue the electrodes are allowed to slide through the radiused

channels (routing holes) in the director 1022 in Figure 24. The shapes and orientations of these

channels direct the electrodes in the desired angle from the catheter into the tissue. The

electrodes may be insulated 1029 with polyimide, Parylene, PEEK, silicone, PTFE, or ETFE

around their outer diameter. The insulation thickness may range from 0.02 to 0.10 mm. Co-



pending Patent Application Serial No. xx/xxx,xxx discusses suitable electrodes for use in

systems for treating tissue and is herein incorporated by reference in its entirety.

[0268] Figures 26a-26d illustrate systems 320 with various deployments of electrodes from a

catheter through a director Figure 26a illustrates eight electrodes 322 and 324, deployed from

the catheter 326. Four electrodes 322 are longer than the other four electrodes 324. As shown in

Figure 26b, in some embodiments, the four long electrodes 322 may be on one level and the four

short electrodes 324 may be on another level. In other embodiments, long electrodes and short

electrodes may be provided on the same level. In some embodiments, the electrodes may be

deployed at non-normal angles to the catheter. Figure 26c illustrates an embodiment wherein all

electrodes 322, 324 are deployed at angle 328. Figure 26d illustrates an embodiment wherein

some electrodes 322 are deployed at angle 330 and other electrodes 324 are deployed at angle

332. Thus, Figures 26a-26d illustrate the flexibility of electrode deployment to reach a multitude

of tissue areas. Variously, a plurality of electrodes of different lengths, at different levels, and at

different angles, provide the opportunity to treat the geometry and size of an individual tissue

area safely while reducing the time of treatment and the number of times the catheter must be

redeployed and repositioned. Further, by facilitating nearly simultaneous deployment of a

plurality of electrodes, a single "stick" of electrodes, catheter position, and treatment can be used

for tissue treatment. This also reduces trauma, discomfort, the need for follow-up treatments,

and perhaps cost to the patient.

[0269] Figures 27a-27e illustrate a custom electrode deployment configuration specific to

prostate treatment. Figure 27a illustrates the overall device 340. As shown in Figure 27a, seven

pin electrodes 342 are deployed through a catheter 344. The device 340 includes two rows, a first

(proximal) row 346 of three electrodes 342 and a second (distal) row 348 of four electrodes 342.

Figures 27b and 27c illustrate the first row 346 of three electrodes 342. Figures 27d and 27e

illustrate the second row 348 of four electrodes 342. The electrodes 342 may be driven by an

internal cam or other driving mechanism. The three proximal electrodes of the first row 346 may

have, for example, between approximately 5mm and approximately 20mm separation and

approximately 45 degree rotation from the four distal electrodes of the second row 248. In some

embodiments, the proximal row 346 of three electrodes 342 may have a shallower angle because



they may treat a flatter section of the prostate. The configurations shown in Figures 27a-27e

facilitate close (small) location and efficient treatment of the prostate.

[0270] Figures 27b and 27c illustrate the proximal row 346 of electrodes 342. Figure 27b is

a prostate side view, showing the urethra. Figure 27c is a prostate end view, showing the

urethra. Figures 27d and 27e illustrate the distal row 348 of electrodes 342. Figure 27d

illustrates a prostate side view, showing the urethra. Figure 27e shows a prostate end view,

showing the urethra. Each of Figures 27b-27e illustrate the electrodes 342 as deployed.

[0271] In some embodiments, the depth of electrode insertion may vary between

approximately 8mm and approximately 25 mm and the angle of insertion may vary from

approximately 10 to approximately 90 degrees from the axis of the catheter depending on the

size of the tissue anatomy and targeted zone for treatment. In one embodiment the catheter has

indicators which indicate when the electrodes have been deployed 14, 16, 18, 20, and 22 mm. In

another embodiment the catheter has indicators which indicate when the electrodes have been

deployed 6, 8, 10, 12, 14, and 16 mm. Depending on the area to be treated, the electrodes may

be extended between 6 and 24 mm. The active portion of the electrode may vary in length

between approximately 3mm and approximately 12mm along the inserted portion of the

electrode. The position of the active portion of the electrode along the inserted length depends

on the electrode's position within the tissue, for example, within the prostate and its relative

position to the urethra and prostate capsule. An electrode that is near the prostate apex or

bladder neck will have an active portion in the middle of the inserted length. An electrode near

the middle of the prostate (its widest point) will have an active electrode at the distal end of the

inserted length. In one embodiment all electrodes have the active area at the distal end of the

electrode.

[0272] Figures 28a and 28b show examples of deployed electrode configurations of devices

350. In both figures the urethra 352 is shown extending through the prostate 354 into the bladder

356. The system includes a catheter deployed in the urethra 352. The catheter terminates in a

balloon 358. Figure 28a illustrates an embodiment having twelve electrodes 360, each of which

has insulation sleeve 362. Six of the electrodes 360 are shown extending laterally from the

catheter in the urethra 352. Three of the electrodes 360 are shown extending outwardly from the



paper and it is to be appreciated that three of the electrodes extend into the paper. Figure 28b

illustrates an embodiment having four electrodes 360, each of which has insulation sleeve 362.

The electrodes 360 are of the length and location to create the desired zones 364 of necrosis in

accordance with the shape and size of prostate 354. Insulation sleeve 362 can be used to separate

two different active surfaces on the same electrode. The electrode then consists of two

conductors forming a bipolar electrode. The bipolar electrode may allow for more precise

control and tailoring of the treatment. The disadvantage of the bipolar electrode is in the

complexity of the electrical connections in the catheter.

[0273] Figure 29 illustrates a portion of a device 370 having an alternative electrode

deployment embodiment. As shown, the deployment comprises a linear deployment electrode

tip 372 with polarity selection channels 374, 376. The tip includes first and second channels

374, 376 of two different polarities. The first channel 374 is a positive channel and the second

channel 376 is a negative channel. In the embodiment shown, the channels are counter sunk

channels with exposed linear electrode or insulated in channel to allow the other channel to

select polarity. In some embodiments, a flexible wire is attached to each polarity selection and to

a connector. Each polarity section 374, 376 has a channel that is available to mate with the

exposed end of an electrode, effectively selecting the polarity of the electrode 372. While Figure

29 illustrates 2 electrodes, the embodiment of Figure 29 facilitates polarity selection for an

unlimited number of electrodes. Further, multiple pairs of channels may be provided to allow for

multiple polarity pairs.

[0274] Figure 30 illustrates electrodes diametrically opposed to one another. Such electrodes

can enhance the performance of electrode penetration by force balancing the system. As shown,

the system 450 comprises a catheter 456 deployed in the urethra 458. Two electrode pairs, first

electrodes 452 and second electrodes 454, are deployed from the catheter 456 through the urethra

458. Paired electrodes push tissue in opposite directions as they deploy into tissue. This holds

the catheter 456 substantially in place during deployment of the electrodes. Tissue deflection

further is reduced during electrode insertion by approximately 1-2 mm before puncture, thereby

reducing the electrode diameter required for puncture by approximately 10 to 15%.Returning

now to Figure 24, description will be made of the director materials and geometry. The director



1022 as shown in Figure 24 may be constructed out of dimensional stable non-conductive

material such as PEEK, polycarbonate, Ultem, or ABS.

[0275] Figure 3 1 illustrates a side view of the distal end of a device and the design of a

director for linear electrode deployment, in accordance with one embodiment. As shown in

Figure 31, the channels 1031 (also referred to as routing hole) in the director 1032 that direct the

electrodes may have a radius 1033 of between approximately 5 and 7 mm, and a diameter 1034

of approximately 0.8 mm. This radius 1033 and diameter 1034 facilitates direction of 0.46 mm

diameter electrodes 1035 into the tissue 1036 at an angle 1037 of approximately 40 to 50 degrees

from the axis of the catheter towards the distal end of the catheter. The tangency of the radius

1038 of the channels 1031 may be approximately 40 to 50 degrees from the axis of the catheter

as it exits the director 1032. In another embodiment the channels 1031 have a diameter of 0.5 to

1.5 mm for a corresponding electrode diameter of 0.25 mm to 0.75 mm. The channel diameter

may be approximately 1.6 to 2.0 times the diameter of the electrode 1035. As can be appreciated

by those skilled in the art, a large channel radius and more acute tangency angle allows for a

more acute electrode deployment angle. In one embodiment a radius for deploying an electrode

at 15 to 30 degrees from the axis of the catheter is 10 to 14 mm with a tangency angle of 15 to 30

degrees. The channels 1031 may run outward along the center radius of the director or as close

to this route depending on the desired electrode array to minimize the force required to deploy

the electrodes 1035.

[0276] Figure 32a and 32b illustrate embodiments of directors for a 4 electrode configuration

1040 and an 8 electrode configuration 1050, respectively. Figure 32a shows a director with 4

channels with an entrance 1043 and exit 1044 for directing 4 electrodes 1003 into tissue when

they are advanced by a driver. The director comprises two pieces 1041 and 1042 and the driver

comprises two pieces 1045 and 1046. The director in this embodiment has the electrode

channels 1043 and 1044 that direct the electrodes off the axis of the catheter by capturing the

electrodes between two sets of channel features. In another embodiment, the director may be

made of out of 2 to 4 separate pieces that are mechanically coupled with an adhesive or

ultrasonically welded.



[0277] Eight electrode channels can be formed out of mating features of director parts 1051

and 1052, and director parts 1052 and 1053, forming channels 1000 and 1055 respectively, as

shown in Figure 32b. The channel features 1000 direct a set of 4 distal electrodes 1003 into

tissue. The channel features 1055 direct a set of 4 proximal electrodes 1003 into tissue. In one

embodiment elements 1056 and 1054 form the driver and mechanically attach to both the distal

and proximal electrodes 1003. Making the director and drivers out of multiple pieces allows it to

be injection molded or machined from stock. In one embodiment the 8 and/or the 4 electrode

directors and/or drivers may be made out of single pieces by integrating features shown in the

multiple pieces shown in Figure 32a and 32b.

[0278] Returning now to Figure 23, discussion will be made of director interaction with the

outer sheath 1001 and the tapered tip 1015. In the embodiment shown, the director 1002 is

mechanically coupled to the outer sheath 1001 on the proximal end, and a tapered tip 1015 on the

distal end. Coupling may be done in any suitable manner. For example, coupling may be done

with adhesive or a mechanical interlock. The tapered tip 1015 may comprise a softer, compliant,

and chemically resistant material such as silicone rubber. In one embodiment in which the

material is silicone, the durometer may be between a durometer of approximately 35 to 80 Shore

A. This maximizes the ease of insertion of the catheter into a small lumen and patient comfort as

the catheter is advanced through a lumen such as the urethra. The tapered tip 1015 may have a

tapered shape. As used herein, tapered is intended to refer to any shape that is non-perpendicular

to an axis of the catheter. For example, the tapered tip 1015 may be rounded, angled surfaces,

may have a Coude shape, or may be otherwise configured to ease the routing of the catheter

through the lumen or urethra. If the tip 1015 is too soft it may buckle back on itself and impede

its advancement through the urethra. If the tip 1015 is too hard it may puncture the lumen in

which it is being advanced. The length of the tip 1015 may be approximately 40 to 65 mm to

allow for fixation element mounting and to prevent buckling. The fixation element 1014 in

Figure 23 is bonded to the tapered tip 1015. One embodiment for a fixation element is a silicone

balloon which simplifies bonding with one embodiment of a silicone tip.

[0279] Figure 33 illustrates a distal tip with a fixation element provided therearound. As

shown, a distal positioning balloon 830 is provided that conforms to the shape of the distal tip

832 of a catheter 834. The balloon 830 is provided over the distal tip 832, thereby reducing drag



during the insertion and withdrawal of the system into the vessel (compared to systems having a

distal balloon not provided at the tip) because less of the balloon 830 is in contact with the side

walls of the vessel into which the device is inserted. This configuration also allows the length of

the device to be shortened because the tip surface serves two purposes. One purpose is as a

guiding tip surface and the other is as a deflated balloon surface. In another configuration,

additional tip length would be required for separate guiding tip and the deflated balloon surfaces.

Fixation may further be aided by using, in addition to the balloon, a row of electrodes or inactive

tines. The 14-20 mm of tissue, clamped between the balloon (in the bladder) and the electrodes

puncturing through the urethra provides for 2 way axial stability of device for a 20-45 minute

procedure.

[0280] The balloon 830 may be formed of an elastic material having sufficient thickness to

assure balloon integrity during inflation, yet suffipiently thin to permit inflation with the required

inflation pressure. The balloon 830 may be inflated using, for example, air or saline. Generally,

the balloon material should withstand environmental degradation during treatment and allow

adhesion to the base material of the distal end of the catheter. In one embodiment, the balloon

comprises of silicone rubber of 0.38 mm thickness. Another embodiment of a balloon comprises

of silicone rubber 0.20 to 0.77 mm in thickness. Alternative materials, such as polyurethane,

may be used. Silicone rubber provides superior chemical resistance from the bi-products of DC

ablation. An elastic material facilitates passive return of the balloon to its original configuration

when deflated, thus assuring minimal drag during the withdrawing process. The inside surface

of the balloon may be configured to be substantially a mirror image of the tip over which it is

positioned. Such configuration may be achieved via a molding process or a dipping process. A

molding process generally assures a tight, smooth surface on the outside of the balloon, thus

minimizing draft during insertion. Thickness, shape, material durometer, consistency of the

material, and process may be controlled to assure repeatability in the integrity of the balloon

during its expansion, the pressure required for its expansion, and the size of the balloon given a

certain pressure. Protrusions of material may be formed on one or both of the surfaces between

the balloon and tip to prevent like materials from self-adhering to each other.

[0281] Figure 34 illustrates a system having a long balloon fixation element. As shown, the

system includes a transurethral catheter 840 that extends through the urethra, the prostate and



into the bladder, with a proximal end 844 remaining outside the urethra, and a distal end 845

extending into the bladder. The distal end 845 is a tapered tip with a distal fixation element 842

attached to it. The distal fixation element is expanded fixing the catheter distal end 845 in the

bladder. A proximal fixation device 846 is located proximal to the prostate. Electrodes 843 are

extended into the prostate. In accordance with another embodiment, a system and method for

BPH treatment, as provided herein, comprises a transurethral catheter including at least one

balloon for fixation of the system in a treatment position. In some embodiments, the

transurethral catheter comprises a balloon for deployment outside of the prostate for fixation of

the catheter in the urethra to substantially prevent longitudinal or rotational motion of the device.

In the embodiment shown in Figure 34, the at least one balloon is a long balloon 846. A long

balloon 846 can reduce patient pain that may be associated with a small balloon pressure point.

In various embodiments, the balloon may comprise an elastic material such as latex, silicone, or

polyurethane, thus requiring relatively low pressures for inflation. The balloon(s) are deflated

for insertion of the device, inflated for fixation of the device during treatment, and deflated for

withdrawal of the device. The proximal and distal balloon can be inflated or deflated

concurrently or independently. In one embodiment the distal balloon is inflated before the

proximal balloon.

[0282] As shown in Figure 34 the transurethral catheter 840 may be deployed with a distal

end 845 extending into the bladder, the body of the catheter passing through the urethra, and the

proximal end 844 of the catheter extending outwardly from the penis of the patient to a handle.

A long balloon 846 may be provided on the catheter body. In various embodiments, the balloon

846 may comprise latex, silicone, or polyurethane. The balloon 846 extends for a portion of the

distance between the prostate and the end of the penis. In some embodiments, the balloon 846

extends over substantially all of the distance between the prostate and the end of the penis. The

extension of the balloon contributes to the available surface area on which pressure from the

balloon may be exerted. The balloon 846 is expanded once the catheter 840 is in a desired

location. In the expanded condition, the balloon 846 substantially retains the catheter 840,

longitudinally and rotationally, in the desired location. When treatment is completed, the balloon

846 is deflated and the system removed.



[0283] The stabilizing force of the balloon may be adjusted by adjusting the length of the

balloon, the material of the balloon, the thickness of the balloon, the shape of the balloon, the

pressure used to inflate the balloon, and/or the manufacturing process used for making and

securing the balloon to the surface of the catheter. Placement of the balloon outside of the

prostate, extension of the balloon over a large surface area, and relatively low inflation pressures

required reduce pain experienced by the patient while providing adequate stability to the device.

[0284] Figure 35 illustrates an embodiment of a fixation device that further acts to

substantially block the flow of contaminated materials. Figure 35 illustrates the catheter, 860a

fixation device 864, fluid 866, and a lumen 868. As previously discussed, a system and method

for treating BPH may include a catheter inserted into the urethra with electrodes extending into

the surrounding tissue. In some embodiments, a fixation device may be provided to substantially

block the flow of chemicals created by the electrolysis to structures adjacent to the urethra such

as the outer sphincter. It is to be appreciated that such fixation device may be used in other

applications for preventing flow of materials downstream. In the embodiment of Figure 35, the

catheter 860 includes balloons 864 as fixation devices. The catheter 860 is deployed in a tissue

vessel 862. The balloons 864 are expanded and fluid 866 is contained along the catheter 860

between the balloons 864.

[0285] Accordingly, in some embodiments, the fixation device for preventing flow of

materials comprises a balloon that substantially blocks a portion of a vessel in which it is

deployed until fluids in the blocked portion of the vessel can be diluted such that they do not risk

contaminating other areas of the vessel. In some embodiments, the balloon comprises silicone.

Silicone is resistant to acid and base as well as the electrolysis process. Thus, in accordance with

one embodiment, a silicone balloon is placed on the catheter between the treatment zone and the

tissue to be protected (e.g., the outer sphincter). Inflating the balloon in the urethra substantially

prevents excess acid and base from reaching the outer sphincter. While the balloon is inflated, a

solution may be injected into the contained area (proximal of the balloon and generally in the

treatment area) to dilute the acid or base in the contained area.

[0286] Returning to Figure 35, first and second balloons 864 are provided on the catheter

860 to create a contained area therebetween. Fluid 866 in the contained area is substantially



prevented from flowing past either balloon 864. The catheter may include at least one lumen

868 for transmitting a fluid (such as air or saline) from the proximal end of the catheter to the

first and second balloons 866 (or lumen if only one is provided) to inflate the balloons. In some

embodiments, the catheter 860 comprises a thin walled PEEK tube. The balloons 864 are sized

for inflation within the vessel, are compatible with fluids naturally occurring in the vessel as well

as by-products of the treatment, and are generally elastic to facilitate inflation. In one

embodiment, the balloons 864 comprise a high durometer silicone rubber (e.g., 60 shore A

durometer) with a thin wall (e.g., 0.25 mm). Fluid or other means may be transferred to the

contained area to neutralize or decontaminate the fluid in the contained area. After neutralization

or decontamination, the balloons may be deflated and fluid from the contained area permitted to

pass. In one embodiment the distal balloon 864 is used for positioning of the catheter in the

bladder neck.

[0287] In one specific embodiment, a system is provided for treating BPH and comprises a

catheter and associated electrodes. The catheter is extended through the prostatic urethra to treat

the prostate. Electrodes are deployed into the prostate. Treatment is done through the

electrodes, with electrolysis producing acid and base. Where it is desired to prevent acid or base

flow to other areas of the urethra, such as the outer sphincter, at least one balloon may be

provided to block flow from the treatment area. Thus, a balloon is placed and inflated between

the treatment area and the outer sphincter to contain the by-products of electrolysis for

neutralization or decontamination. Once the process is completed and the fluid is neutralized,

the balloon may be deflated and the catheter retracted.

[0288] In contrast to the embodiment of Figure35, Figures 36a and 36b illustrate a fixation

device that permits fluid flow during treatment. Figure 36a illustrates a side view with the

fixation device in a lengthened configuration. Figure 36b illustrates a side view with the fixation

device in an expanded configuration. In the embodiment of Figures 36a and 36b, fixation

devices (also referred to as mechanical anchors) 122 and 123 are provided for locking the

catheter in place. The mechanical anchors may be referred to as airless anchors, indicating that

they are not balloon anchors. Figures 36a and 36b illustrate anatomy of interest in treatment of

BPH including lateral lobes 121 of the prostate, bladder neck 124, targeted treatment areas 127,

and the urethra 128. Figures 36a and 36b further illustrate the first and second anchors 122 and



123, and the electrodes 125. The first and second anchors 122 and 123 expand and lock in place

when shortened to anchor the catheter within the urethra, thus providing linear and rotational

stability.

In one embodiment, the fixation device or anchor is a soft polymeric element. Generally, the

fixation device may include channels in the expanded configuration that permit passage of fluid.

As shown in Figure 36a, the fixation device is provided distally of electrodes or other treatment

mechanism. Figures 36a and 36b illustrates the fixation device having an extended length in the

collapsed configuration. To expand the fixation device, the catheter portion may be slid forward,

causing the fixation element to be compressed with a resulting larger diameter. This

compression applies a retention force against the tissue in which the catheter is inserted. As

shown in Figure 36b, in one embodiment, in the expanded configuration, the fixation device

includes first and second living hinges. The living hinges allow a fixation element to expand

and contract freely as the proximal and distal ends of the fixation element are slid longitudinally

along the catheter. The effect of this sliding is shown in Figure 36a, in which the fixation

element is forced into a smaller diameter cross-section by the movement of its ends. The smaller

diameter facilitates implantation and extraction of the fixation element along with the catheter.

In the embodiment shown, the fixation element comprises four anchor sections and four void

channels permitting flow of fluids or gases. In alternative embodiments, more or fewer anchor

sections and a corresponding number of void channels may be provided.

[0289] Figure 36a shows components of the distal end of a catheter in a position adjacent to a

prostate's lateral lobes 121. As shown, the targeted areas 127 of the prostate 121 have caused

compression of the urethra 128. The first anchor 122 is positioned proximally on the catheter.

The second anchor 123 is positioned distally on the catheter at the bladder neck 124. Figure 36a

illustrates the first and second anchors in a lengthened configuration.

[0290] Figure 36b illustrates the first and second anchors 122 and 123 in an expanded

configuration wherein their diameters have widened and their lengths have shortened. The

electrodes 125 are deployed into the prostate 121. The first anchor 122 expands against the

urethral wall to hold the catheter in place while the second anchor 123 maintains the distal tip of

the catheter at the bladder neck 124. The first and second anchors 122, 123 are shortened and



expanded via sleeves attached to the proximal end of the catheter. The electrodes 125 may be

extended and retracted by any suitable means, for example using a set of internal sleeves

attached to the proximal end of the electrode.

[0291] Figure 37 illustrates a cross-section of the human male anatomy with a catheter in

position with a fixation element activated and the electrodes deployed, in accordance with one

embodiment. The device is positioned using a distal balloon 1054 that is deployed from the

distal tip 1055 and into the urinary bladder 1052 in Figure 37. Once deployed to an appropriate

size, the device is retracted until the balloon is seated in the neck of the bladder above the

prostate 1053. In one embodiment, the distal balloon 1054 is silicone and has a low inflation

pressure. Referring back to Figure 33 when deflated, the distal balloon may have substantially

the same shape as the tip and may be fit tightly to the tip. In one embodiment a small amount of

silicone or fluoro-silicone mist or fluid may be placed on the inside surface of the balloon to

keep the balloon from knitting together with the silicone tip. In the embodiment of Figure 37,

when the balloon 1054 is in a deflated state, the balloon 1054 covers only a portion of the tip

1055 and takes the same shape of the tip 1055 in the area that it covers.

[0292] As shown in Figure 37, an air pressure pathway for inflation of the distal balloon

1054 may be provided through the center of the catheter. One embodiment of the pathway 1026

is shown in Figure 24. Another embodiment has an air or fluid pathway to activate the fixation

device along the inside wall of the inner sheath. One embodiment for the air or fluid pathway is

a thin walled metal, titanium, or stainless steel tube. Another embodiment uses other semi rigid

polymer materials such as PEEK or polycarbonate. Another embodiment uses a channel in a

multiple channel polymer tube. Materials prone to kinking such as silicone or polyimide must be

designed carefully to ensure that the fill tube does not kink during routing or electrode

deployment.

[0293] While each of the balloons discussed herein is discussed with respect to air inflation

of the balloon, it is to be appreciated that the balloon may alternatively be inflated using any

fluid. For example, in an alternative embodiment a saline solution may be used to inflate the

balloon. The balloon may be inflated with between 5 and 60 cc of fluid or air to ensure adequate

anchoring in the bladder. One suitable volume of fluid is 15 cc of saline. If fluoroscopy or x-ray



is used to image the position of the catheter in the body a radiopaque fluid may be used to fill the

balloon. Any fluid in the balloon aids in the imaging of device position under ultrasound.

[0294] The balloon may be actively filled with fluid in any suitable manner. For example,

the balloon may be filled with a syringe or bay attaching the line to a pneumatic or hydraulic

pump. In some embodiments this pump is integrated into the DC ablation generator. The

syringe or pump may be attached to the end of the fixation element fill line by the one way valve

1018, stop cock, or other valve as shown in Figure 23. This allows fluid (saline or air) to be

transported through the catheter and into the balloon to be filled.

[0295] Figure 38 illustrates an embodiment of a catheter 1060 with the proximal and distal

balloons 1070 and 1071 inflated and the electrodes 1063 in a deployed configuration. The distal

balloon 1071 is located proximate to the tip 1075 and is coupled to the tip 1075 of the catheter

1060. An electrical wire 1068 couples to each electrode and runs through the inner sheath 1064

and the handle 1076 of the catheter to the electrical connector 1078. The deflated proximal

balloon 1070 is coupled to the outer sheath 1061 of the catheter 1060. The proximal balloon

1070 is positioned outside the proximal urinary sphincter and is of a greater length than the tip

balloon 1071 so as to minimize any localized pain associated with its inflation.

[0296] The proximal balloon 1070 is coupled to the outer sheath 1061 of the catheter. In one

embodiment, the proximal balloon 1070 may have a relatively long length to minimize patient

discomfort associated with balloon inflation. For example, the proximal balloon 1070 may be

approximately 5 cm long. Like the distal balloon 1071, the proximal balloon 1070 may comprise

silicone and have a low inflation pressure. The positioning of the balloon is dependent on

assuring that it is in the urethra but outside the external sphincter of the urethra. In one

embodiment the catheter only has a distal balloon and the proximal balloon is omitted.

[0297] In some embodiments, the outer sheath comprises a flexible material capable of

torque of, for example, approximately 11Newton-meters (Nm). In a specific embodiment, the

outer sheath comprises a composite material of a PTFE inner layer covered with a .13 x .25 mm

304 stainless steel wire braid, with a Pebax outer coating. The PTFE provides an electrical

insulator, a chemical barrier against by-products of ablation, and a low friction surface upon

which the electrodes and O-rings can slide. In another embodiment, the outer sheath comprises a



composite material of a Pebax inner layer covered with a .05 mm diameter 304 stainless steel

wire braid, with a Pebax outer coating. The braid provides bi-directional torque-ability of the

shaft. The Pebax layer provides a good bonding surface, is resistant to the treatment by¬

products, and provides a smooth surface interface with the tissue. The composite shaft thus may

be flexible, bi-directionally torque-able, and chemically resistant. The outer sheath should have

an outer diameter of 5.3 to 7.3 mm (16 to 22 Fr) for transurethral application such as ablating

prostate tissue to treat BPH.

[0298] In some embodiments the outer sheath may have a lubricious coating (e.g. PTFE or

other hydrophobic coating) over it to prevent trauma to the tissues during the insertion and

removal of the catheter in the body's lumen. In some embodiments the outer sheath may have an

aqueous antibiotic coating on it to prophylactically prevent an infection such as a urinary tract

infection. In some embodiments the outer sheath may have an aqueous local analgesic coating

(e.g. Lidocaine) to minimize discomfort or pain to patient during catheter insertion, removal, or

placement in the body lumen (e.g. urethra).

[0299] Figures 39-42 illustrate portions of a handle for actuating the system for treating

tissue. As may be appreciated, in a device, there are some parts of the device that directly

control the activation, storage, orientation and deployment of the electrodes. Returning briefly to

Figure 38, the device includes electrodes 1063, a director 1062, inner sheath, 1064, an outer

sheath 1061, a handle and the drive mechanism 1076.

[0300] The primary function of the electrodes 1063 is to make electrical contact with the

tissue, and withstand the electrolysis process and its by-products. The function of the director

1062 is to assure the electrodes extend out from the device at the ideal location and direction.

The outer 1061 and inner sheaths 1064 serve several functions. One of the functions is to control

the movement of the electrodes 1063 in the director 1062, remotely from the handle 1076.

Another function is to position the director 1062 at a pre-determined distance from the handle

1076 so that the electrodes have the capability of being placed in the right position. Another

function is to control the rotational position of the director 1062 relative to the handle 1076. The

outer and inner sheaths are conduits for electrical conductors 1068 and hydraulic/pneumatic lines



1066 between the handle 1076 and the director 1062, electrodes 1063, and fixation balloons 1070

and 1071. The outer sheath is generally smooth and shaped to assure patient comfort.

[0301] In one embodiment as shown in Figure 39 the handle assembly 70 comprises of a

handle dial 72 and handle grip 7 1 and serves as an anchor to the outer 76 and inner sheath 75.

The relative and absolute movement of the outer and inner sheath is in relation to the movement

of the handle pieces 72 and 71. In the embodiment shown, the outer sheath 76 is coupled

directly to the handle grip 71. The inner sheath is coupled indirectly to the handle dial 72. If the

handle dial 72 is rotated relative to the handle grip 71, then the inner sheath 75 moves axially

within the outer sheath 76. The handle dial 72 is marked with indicators that indicate the length

of extension of the electrodes, and the direction to rotate the dial to increase and decrease that

extension. In one embodiment the handle grip 7 1 has a physical marker (e.g. marking or

protrusion) that indicates the rotational position of the director.

[0302] In other embodiments the handle mechanism includes a lever, a trigger, or rotating

part that causes the inner sheath 75 to move relative to the outer sheath 76 to deploy the

electrodes. The handle mechanism provides the required mechanical advantage to deploy the

electrodes with a low force that is easily able to be applied by the operator. If a rotary motion is

required to deploy and retract the electrodes, or no mechanical advantage was required, then

either a rotary or linear to rotary mechanism may be used. If a linear motion is required to

deploy and retract the electrodes and no mechanical advantage was required, then a linear direct

attachment slide may be used. If fine motion, accelerated motion, or mechanical advantage is

required, then a rotary to linear mechanism may be used. The trigger mechanism can be a simple

lever or a complicated, spring activated, lever or rotational to linear motion device. In another

embodiment, there may be a mechanism for winding up a spring which deploys the electrodes at

an accelerated rate when the spring is released using a trigger mechanism. In one embodiment

the handle may be built around or integrated with the mechanism. If the mechanism uses a lever

for activation, then a slot may be provided in the handle for accommodating the lever. If the

mechanism uses a rotational to -linear motion, then a portion of the handle may be configured to

rotate. In one embodiment of the handle, a linear piston is used to move the inner sheath axially

within the outer sheath. In one embodiment of the handle, a gear that converts the rotational



motion to linear motion is used to move the inner sheath within the outer sheath and provide

mechanical advantage.

[0303] Devices that use a linear movement to activate the electrodes generally create a linear

motion at the handle. In one embodiment, the linear motion may be provided with a direct

attachment to the inner sheath. In one embodiment, the linear motion may be provided with a

lever that is attached to the inner sheath and that can provide either a multiplication in speed or

mechanical advantage to the movement of the electrodes. In one embodiment, the linear motion

may be provided with a trigger mechanism. In one embodiment, the linear motion may be

provided with a rotation to linear gearing mechanism. Other embodiments may use pneumatic or

hydraulic fluids to actuate and move the inner sheath or the electrodes directly.

[0304] Figure 40 illustrates a direct attachment mechanism of a handle for linear deployment

of electrodes, in accordance with one embodiment. The linear motion can be provided with a

direct attachment to the inner sheath. As shown in Figure 40, a tab 1101 or part of the handle

1103 is directly coupled to the inner sheath 1104. The tab 1101 follows a groove 1102 in the

handle 3 to prevent rotation of the inner sheath 4 during its activation. This is the simplest

mechanism and works best for a device with a set deployment and retraction position.

Figure 4 1 illustrates a lever mechanism of a handle for linear deployment of electrodes, in

accordance with one embodiment. As shown, the lever 1111 is attached to a fulcrum 1112. The

lever may be any of the three basic types of levers (e.g. first class, second class, or third class).

The level of mechanical advantage and rate of activation is determined by the position at which

the fulcrum 1112 and inner sheath 1113 is attached to the lever 1111 and where the force 1114 is

applied to the lever 1 1 11. The activation of the lever 1111 within a cavity 1117 in the handle

1 1 15 causes the inner sheath 1113 to move axially relative to the outer sheath 1116 and handle

1115. The difference between the lever and direct attachment methods is that the lever can

provide either a multiplication in speed or mechanical advantage to the movement of the

electrodes. This mechanism provides some advantage over the direct attachment, but still is best

for a device with a set deployment or retraction position.

[0305] Figure 42 illustrates an actuation sequence for a trigger mechanism of a handle for

linear deployment of electrodes, in accordance with one embodiment. As shown, the electrodes



are deployed or retracted using a trigger mechanism. The trigger mechanism can be a lever as

described in Figure 42 or can be a more complicated mechanism that extends the electrodes 1121

when the trigger is pulled to one position 1123 and automatically resets the electrodes to a

retracted position 1124 at the completion of the trigger motion 1125. In one embodiment there

may be a positive, locking stop when the electrodes are extended to the desired extension. To

finish the motion, the trigger may be unlocked and the trigger motion completed. This type of

mechanism can have the advantage of faster deployment, some mechanical advantage, and

automatic retraction of the electrodes.

[0306] Returning now to Figure 39, discussion will be made of the rotation to linear gearing.

In one embodiment as shown in Figure 39 a rotation to linear gearing mechanism within the

handle is used to deploy and retract the electrodes. The advantage of a rotation to linear gearing

mechanism is that precise mechanical advantage can be achieved while making precision fine

adjustment to electrode deployment length. In one embodiment, a threaded piece 73 is attached

to the inner sheath 75. The threaded piece 73 is surrounded by the handle dial 72. The handle

dial 72 has an internal thread to match and engage the thread of the threaded piece 73. The

threaded piece 73 acts as a follower to the handle dial 72, moving axially within the handle dial

72 when it is rotated. The threaded piece is keyed to a feature in the handle grip 7 1 which it

slides within to prevent the threaded piece 73 from rotating with the handle dial 72. Preventing

the rotation of the threaded piece 73 is the key to the mechanism used in converting the

rotational motion into axial motion. It also prevents the rotation of the inner sheath 75 and

accordingly the electrodes within the distal tip. The handle dial 72 and grip 7 1 are held together

and allowed to rotate relative to one another with a feature such as a retaining ring, snap fits, or

pins. The thread pitch can be set to give the maximum linear motion required for a given amount

of rotation. In one embodiment, the thread pitch allows 24.5 mm of travel for one rotation.

Another embodiment of this mechanism is a set of "stop" features that create a positive stop for

maximum deployment and for retraction of the electrodes. In one embodiment of the "stop"

feature, the feature is made up of a radial groove that stops after 330 degrees of rotation and is

located in one of the handle pieces. In one embodiment, the stop features and radial grove are in

the handle dial 72. A follower, located in the handle grip 71, extends out from the handle surface

with a matching length, diameter, and radius to the "stop groove". The follower allows the

handle grip to rotate around the handle dial to a specific rotation and stop or vice versa. It is



obvious that this set of "stop features" has to be aligned with the other features of the handles

that are related to the rotation (location of the stop, location of different length indicators, and the

direction of rotation. Without these positive stops, the operation of the device can over-stress

joints leading to device failure.

[0307] Intermediate "stops" can be added to align with different extension indicators. In one

embodiment the intermediate stops are added with the use of a spring plunger in the follower and

dimples in the bottom of the "stop groove". As the follower revolves around the "stop groove",

the plunger falls into a dimple, causing it to stop. As the handle is further rotated, the spring of

the plunger allows the plunger to retract and the follower move to the next "stop" feature.

[0308] This embodiment of the stops is suitable when the thread pitch can be adjusted to give

the required linear motion in less than one rotation (for instance 330 degrees of rotation). If

more than one rotation is required then additional sets of "stop features" and parts can be added.

Once the maximum rotation is reached on one "stop feature", another "stop feature" is engaged.

This continues until the maximum rotation is achieved. Different spring plungers, each with

higher spring forces, can be used in each new succeeding layer of "stop features". This forces

the first stop feature to finish rotating before the second "stop feature" starts to rotate. This is

only important if there are intermediate stops on one of the "stop feature" layers.

[0309] Another mechanism involves the use of pneumatic or hydraulic fluids to actuate and

move the inner sheath or the electrodes directly. In this embodiment, a cylinder and plunger

mechanism would move linearly through the use of pressurized pneumatic (air) or hydraulic

fluids (water or other non-compressible fluid). The cylinder could be in the handle of the device,

moving the inner sheath back and forth to deploy or retract the electrodes. The cylinder could be

inside the distal end of the outer sheath, extending or retracting the electrodes from that position

in the device. There could be individual cylinders for each electrode or for groups of electrodes.

One advantage to this type of mechanism is that each electrode or sets of the electrodes could be

individually controlled. Another advantage is that a large mechanical advantage can be achieved

with pneumatic or hydraulic designs. Another advantage is that the increased speed of electrode

deployment and retraction that can be achieved.



[0310] In other embodiments, rotational deployment of electrodes is used. Devices that use a

rotational movement to activate the electrodes generally create a rotational motion at the handle.

This rotational motion can be provided with a direct attachment to the inner sheath.

[031 1] Figure 43 illustrates a cross-section of a direct attachment mechanism of a handle for

rotational deployment of electrodes, in accordance with one embodiment. As shown, rotational

motion can be provided with a direct attachment of the handle dial 1131 to the inner sheath 1134.

The handle grip 1132 would be attached to the outer sheath 1133. The handle dial 1131 would

be attached to the handle grip 1132 by a feature such as a retaining ring or a snap feature that the

two handle parts could not move linearly with respect to each other, but could rotate relative to

each other. As in a lever, some mechanical advantage can be achieved by increasing the handle

diameter. The greater the ratio between the handle dial diameter and the spool diameter, then the

greater the mechanical advantage.

[0312] The same embodiment of a mechanism for a "stop" feature and intermediate stops in

the rotational to linear gearing embodiment applies for the direct attachment rotational

embodiment as shown in Figure 43.

[0313] In further embodiments to the mechanisms discussed above, the mechanisms may be

modified with a spring mechanism that is "cocked" or 'wound-up" and set. This mechanism

may speed the deployment of the electrodes leading to a single fast "stick" instead of slow

penetration. This single "stick" may provide more comfort to the patient during the deployment

of the electrodes. This addition to one of the mechanisms may also make the insertion process

easier and more complete, forcing the deployment to the stop.

[0314] In any of the systems described above, independent control of electrodes can be

added allowing deployment of some electrodes and not others or deploying the electrodes to

different, adjustable lengths. This is done by duplicating existing design components and giving

them additional degrees of freedom of motion. The advantage of this is the ability to tailor the

device treatment to the specific tissue configuration. The handle either is part of the mechanism

or houses and interacts with portions of the mechanism. The handle is the interface between the

operator (physician) and the mechanism. The material, shape, indicators, and labeling provide



comfort in handling and operation, and intuitive instructions for use to the operator, often

determining the success or failure of the product.

[0315] In one embodiment as shown in Figure 44, the handle dial 1141 (proximal end of the

device) is tubular in shape and fits easily in a medium sized human hand. It has aesthetic

features 1142 that also improve the handle ergonomics. The markings 1143 on the handle dial

indicate the electrode deployment length and full retraction position. The handle is made from

ABS, polycarbonate or similar type of plastic that is a general grade of medical device plastics. It

has a relatively low coefficient of friction, but is relatively strong, bonds well with adhesives, can

be easily colored, and is compatible with general surgical situations and chemicals.

[0316] In the embodiment as shown in Figure 44, the handle grip 1144 (distal end of the

device) is tubular in shape and fits easily in a medium sized human hand. It has aesthetic

features 1145 that also improve the handle ergonomics. It has a flat feature 1146 to prevent the

device from rolling off a table. It has an extruded feature 1147 from the top which indicates the

rotational top-center of the device and electrode deployment. In some embodiments the extruded

feature 1147 also includes a printed marking 1148 to further indicate the top-center of the device.

The markings 1149 on the handle grip 1144 indicate the direction of rotation to achieve

deployment or retraction, a line on the top of the protrusion indicating the top center, and the

device logo. Figures 45a-45c illustrate embodiments of a visual line indicator for indicating the

deployment length of the electrodes.

[0317] As shown, the indicator 1151 for increasing the deployment length is a continuously

enlarging line indicator. This gives the operator the impression of a continuously increasing

deployment length instead of discrete steps of increasing length. The advantage of using this type

of indicator is that it provides the operator with a different type of intuitive instruction for use.

[0318] An alternative to the use of the line and extrusion as the visual indicator for top-center

is the use of a bubble level indicator located in their place or in addition to them. The bubble of

the level indicator appears when the handle is rotated with the top-center up. This is a very good

visual indicator. The bubble indicator may be placed on the top surface of the handle grip.



[0319] In one embodiment the catheter has the ability to be adjusted or calibrated to assure

that the electrode deployment length was the same as what the dial mark on the device displayed.

In one embodiment as shown in Figure 39 the device can adjust the length of the outer sheath 76.

The adjustment is done at the end of the assembly by rotating a threaded first adjuster piece 79a.

In order for this adjuster piece to rotate freely without rotating the outer tube, a second adjuster

piece 79b is added to the inside of the first adjuster piece. The second adjuster piece 79b is

permanently bonded to the outer sheath 76 and has features that mate with the handle grip 7 1 to

prevent the second adjuster piece 79b (and the outer sheath76) from rotating. The second

adjuster piece 79b is attached to the first adjuster piece 79a in a way that allows rotation, but

retains the relative positioning. The retention method may include a retaining ring or snap

features. As the first adjuster piece 79a is turned into the threads on the handle grip 71, the outer

sheath 76 is effectively shortened, increasing the deployed electrode length. This feature can be

fixed in place in any suitable manner such as using glue, thread-locker, or physical feature such

as a set screw. The method of fixing its position generally may be reversible to facilitate the

emergency field procedure for removing the electrodes after a handle or bond failure in the field.

[0320] In one embodiment, a unique wrench is provided to access the nut on the first adjuster

piece 79a as shown in Figure 39 and enable it to be unscrewed. The wrench features include a

gap in the hex portion of the wrench to enable it to go over the outer sheath from the side, and a

deep extension of the hex that allows it to reach down into the end of the handle grip 7 1 to enable

adjusting the position of the first adjuster piece 79a.

[0321] In one embodiment, the handle incorporates lubrication between moving parts to

prevent wear and ensure a smooth action of motion. In one embodiment, silicone based grease is

used between moving parts. In another embodiment, a lubricous material such as Delrin or

PTFE is used in the areas where moving parts are in contact. Another embodiment includes

selectively coating the involved surfaces of the parts with a lubricous coating (PTFE or Parylene

or a similar type material.). This allows the base parts to have low friction in the coated areas

and good bonding properties in the uncoated areas. The method for selective coating includes

masking the parts where the coating is not wanted. This can be done with masking tape or

specific tooling. The coating is then applied as a plasma vapor in a plasma deposition chamber.

The masking can then be removed.



[0322] The assembly of the device as shown in Figures 38 and 39 is simplified by

assembling the inner core including the inner sheath 75 of Figure 39, the Electrode-Driver

Assembly of Figure 38 (which includes electrodes 1067, the driver 1065, and electrical

conductors 1078), Threaded Piece 73 of Figure 39, Fill Tube Assembly 1066 of Figure 38, and

the electrical cable and connector 1078 of Figure 38. This allows the core pieces of the device to

be assembled, verified, and reworked if needed, prior to adding the handle pieces and outer

sheath and adjuster pieces. To finish the assembly, the handle dial 72 of Figure 39 is assembled

onto the thread, the handle grip 7 1 is assembled over the threaded piece 73 end, and the two

handle pieces are locked together using a retaining ring. The outer sheath 76 is bonded into the

second adjuster 79b, and the second adjuster piece 79b is locked into the first adjuster piece 79a

with a retaining ring. The outer sheath and adjuster pieces are assembled over the inner sheath

75, and onto the handle grip 71. The director 1062 of Figure 38 is assembled onto the electrodes

and bonded to the outer sheath 1061. The fill Tube end 1066 and the tip/balloon 1075 and 1071

are bonded onto the director 1066. The electrode deployment length is calibrated to the

indicator, and the end caps 77 and 78 of Figure 39 are put in place.

[0323] Other embodiments include using snap fits or other methods for joining pieces

together in position, while allowing them to rotate freely. These would be used specifically in

joining the handles, the adjuster pieces, and possibly the end caps.

[0324] In another embodiment the handle grip and dial can be molded as two pieces (split

along the length) and assembled together using adhesive, screws, or snap fits over the end of the

other handle piece to eliminate the use of that retaining ring or other joining method.

[0325] Figures 46a-46b illustrate yet a further embodiment of a system for treating tissue

including a spool upon which the electrodes are wound for rotation deployment of the electrodes.

The device for BPH treatment is designed to be inserted through the urethra until the distal end

of the device is in the bladder. It is to be appreciated that modifications will be obvious to those

skilled in the art to modify the embodiment of Figures 46a-46b for treatment of other tissues. In

the embodiment shown, a distal balloon is inflated and the device is retracted into treatment

position. A proximal balloon is inflated to hold the device in position and prevent the device

from rotating while the electrodes are deployed. The electrodes are deployed by rotating an



inner spool and unwinding the electrodes from the spool. As the spool is rotated, wires wrapped

around the spool are deployed through routing holes in an outer sheath of the device. The ends

of the electrodes may be un-insulated, may comprise a material resistant to electrochemical

corrosion, and may have adjustable positions relative to the urethra, thus controlling the position

and size of the treatment zone. When the treatment is completed, the electrodes are retracted by

winding the electrodes onto the spool, the balloons deflated, and the device removed.

[0326] Figures 46a-46b illustrate a catheter 400 having a tip 401 and a handle 402. Figures

46a and 46b illustrate the device generally. The distal end of the catheter 400, including a distal

balloon 405, electrical wire 403, and proximal balloon 404, is shown in Figure 46c. Figures 46d

and 46e illustrate electrodes 406 and positioning holes 407. Figure 47 illustrates a spool 410

with the electrodes 406 wrapped there around. Element number 410 is used to refer to a generic

spool, regardless of configuration. Figure 48 illustrates routing holes 407 in an outer sheath 413.

Figure 49 illustrates an end view of the device. Figures 50, 51a, and 51b illustrate alternative

spool embodiments. Figure 50 illustrates an exemplary spool 410. Figures 51a and 51b

illustrate a cross section of the spool 420, electrodes 406, conducting wire 422, and o-ring seals

423. Figure 52 illustrates a composite spool 425 comprising a plurality of individual spools 426.

Figure 53 illustrates a winding tool 450 comprising two parts 451 and 452 for wrapping

electrodes around a spool 410 of Figure 54. Figure 54 illustrates the use of the winding tool 434

for winding the multitude of electrodes 406 onto the spool 410 of an assembly 455.. Figure 55

illustrates a handle 430 comprising o-ring seals 43 1, 432, an inner handle (also referred to as

inner hub) 433, an outer handle (also referred to as outer hub) 434, and a retaining ring 435.

Figure 56a illustrates the inner handle 433 and outer handle 434 as well as indicator ring 438,

indicating the length of electrode extension, and cursor 439. Figure 56b illustrates an end view

of the outer handle 434 of 430, showing intermediate stops (depressions) 440, and the stops 441

for maximum extension and retraction.

[0327] In some embodiments, the tip 401 as shown in Figure 46e may have a tapered shape

and seals to create an O-ring seal on the outer sleeve of the catheter body used for conducting

pressure from the inside of an inner shaft of the catheter 400 to the distal balloon 405. The

tapered tip is thus attached to the outer sheath and an inner fill tube. This attachment

substantially prevents rotation of the tip relative to the outer sheath and airflow from the inner fill



tube. The inner fill tube may be, in some embodiments, stainless steel, and is provided within

the inner sheath. The 0-ring blocks air flow between the tip and the channel between the inner

and outer sheaths. The distal tip is made of a low durometer silicone (30 to 80 Shore A

durometer) and tapered and may include an upward curve to mimic a Coude tip for easy access

along the urethra.

[0328] As shown in Figure 46e, the distal balloon 405 inflates and is then used for locating

the device in the bladder neck. The proximal balloon 404 inflates to approximately the size of

the urethra to hold the linear and rotational position of the device in the urethra. The electrodes

406 extend through positioning holes 407 that direct the electrodes at a desired angle. In one

embodiment 3 or 4 rings of 4 electrodes each are provided. The electrodes may be typically

spaced, for example, 1 centimeter apart with one row angled up to both sides at a 15° angle to the

horizontal (assuming positioning line is up). Further, one row may be angled down at 40° on

both sides. An exemplary embodiment has the anterior electrodes 8 mm apart with the

electrodes at 0 degree angle to the horizon and the posterior row angled down at 35 degrees into

both lobes of the prostate.

[0329] Figure 47 illustrates the spool 410 with the electrodes 406 wrapped there around. As

may be appreciated from Figure 48, the holes 407 in the outer sheath 413 are positioned to

provide a desired angle of electrode extension relative to the steering handle alignment line.

Figure 49 illustrates the outer sheath 413 with the electrodes 406 extending out of the routing

holes 407. The electrodes 406 extend at a 90° angle 408 to the outside diameter of the spool.

[0330] During the deployment of the electrodes, the outer sheath is stationary, while the

inner spool or sheath rotates and the electrodes are directed out of the routing holes in the outer

sheath. Generally the catheter comprises an outer sheath and an inner sheath. Each of the inner

and outer sheaths may be configured to be flexible and also to be resistant to bi-directional

torque. Additionally, at least for the outer sheath, it may be desirable that the sheath be

chemically resistant. Various embodiments of catheters are shown and described in copending

U.S. Patent No. , herein incorporated by reference in its entirety.

[0331] As shown and discussed with respect to Figure 49, the outer sheath 413 is provided

with routing holes 407 for each electrode. The routing holes 407 may be provided in the outer



sheath 413 in any suitable manner. For example, the routing holes 407 may be LASER cut or

etched in the outer sheath 413. The position of each hole 407 along the length of the outer sheath

413 may be determined by the length of the electrode, the spacing between the rings of the

electrodes, and the final relative position of the spool within the outer sheath 413. Each hole 407

comprises a length and a width. The length of each hole 407 may be determined by the

maximum exposed length of the electrode. The width of each hole may be calculated by the

desired angle of the electrode as it exits tangent to the outer edge of the spool 410. The angular

position of each row of holes may be determined by determining a desired angle of deployment

and rotating that angle approximately 90° in the opposite direction from the deployment rotation.

The electrodes deploy tangent to the spool. Accordingly, the angular position of each row of

holes 417 may be determined by deciding the desired angle of deployment and rotating that

angle 90° opposite deployment rotation.

[0332] In one embodiment, three bands of electrodes are provided in four rows, with

deployment length of the electrodes being 10-14 mm, and deployment rotation being clockwise.

Figure 48 illustrates two rows of each of the three bands. The bands of electrodes are spaced one

centimeter apart. The needles deploy upwardly approximately 15° into the upper left and upper

right quadrants, and downwardly approximately 40° into the lower left and right quadrants. The

routing holes are thus positioned rotated to the counterclockwise 90°. Each hole is

approximately 5.1 mm long and approximately 0.18 mm wide, with length and width being from

a center line. Total width thus is approximately 0.7 mm. It is to be appreciated that this

embodiment is provided for illustrative purposes only and is not intended to be limiting.

[0333] As previously discussed, an inner sheath may be provided. In some embodiments, the

inner sheath may comprise a flexible material capable of significant torque (for example,

approximately 0.1 1 N-m). In one embodiment, the inner sheath comprises a composite material

of a Pebax inner layer, covered with a 0.13 mm x 0.26 mm 304 stainless steel wire braid, with a

Pebax outer coating. The braid provides bi-directional torqueability of the shaft. The Pebax

layers provide good bonding surfaces and structure for the braid. The composite shaft thus may

be flexible, bi-directionally torque-able, and chemically resistant.



[0334] The spool may be provided in any suitable manner. Figures 50, 51a, and 5Ib

illustrate an embodiment comprising a continuous spool with electrodes wrapped generally from

end to end on the spool. Figure 52 illustrates an embodiment comprising a plurality of individual

spools attached to one another. These spools may be oriented so that the electrodes on each

spool are equal distances from the routing holes. In this embodiment, each electrode is spaced

slightly below the previous electrode and the electrodes thus generally emerge as bands of one

electrode, not in bands of multiple electrodes.

[0335] Figure 50 illustrates a spool 410 without electrodes wound about it. The spool

provides column strength and support to the electrodes, allowing them to be pushed by the spool

out of the outer sheath. The configuration of the spool 410 in Figure 50 permits the electrodes to

emerge as uniform bands. Electrodes may generally be wrapped around the spool from end to

end on the spool. The number of electrodes in each band is related to the number of continuous

winds around the diameter of the spool. The number of continuous winds and the material

thickness requirements between the winds determine the minimum pitch required for the winds.

The pitch and the length of each electrode wound on the spool determine the minimum allowable

spacing between rings of needles/electrodes. The spacing between rings of electrodes typically

is a whole number times the pitch. The pitch of the wind and the length of the deployed

needle/electrode determine the minimum length and the position of the direction holes (on the

outer sheath). There also may be some translation of the electrode during its deployment due to

the pitch of the wind on the spool.

[0336] The electrodes may be coupled to the spool by placing the spool in the outer sheath

413 and inserting the wire into a hole in the spool (that makes electrical contact with a wire

running the length of the spool). When all of the wires are so attached, the wires are wound onto

the spool. In one embodiment, the spool may be split, the electrodes (with the electrical

conductors already connected) may be placed inside of the spool and adhered in place, and the

spool put together. Figure 51a shows half of a split spool 420 along with electrodes 406. The

electrodes 406 are made in rows with a single wire coupled to them. The end of the single wire

is coupled to a conducting wire 422 that runs to the handle. The spool is split so that the

electrodes 406 can be adhered to the inside of the spool. The spool halves 420 are adhered

together after the electrodes 406 are in place. Generally, each ring of wires is wound onto the



spool before the spool can be inserted into the outer sheath. A tool can be used to accomplish

this. Notches on the winding tool catch all the electrodes of a single band and hold them during

the winding process, moving the spool inside the sheath as the wires are wound on the spool.

This requires that the direction of the wind be so that it is directed proximately (as the spool is

wound). Once all the wires are wound onto the spool and the spool is inside the outer sheath, the

spool is advanced to the distal end of the outer sheath rotating the spool in the direction of the

wind. At this time the winding can be removed by splitting it in half and cutting the o-rings

helping to hold it together. Figure 51b shows half of the spool 420 with O-ring seals 423 on both

ends.

[0337] Figure 52 illustrates a spool 425 wherein each electrode is wound on an individual

spool 426. Using this design, each electrode is separated from another by at least the length of an

individual spool 426. Each electrode is deployed generally perpendicular to the spool. Further,

each of the individual spools 426 can be oriented. In one embodiment, the electrodes may be

coupled to each spool using a wire running the length of the composite spool. Individual

electrodes are inserted into a hole perpendicular to the wire, mechanically interfering with the

wire and coupling the electrode to the composite spool. The wire makes electrical contact with

the electrode and holds the electrode in place. Accordingly, the electrodes may be applied to the

device after the device is assembled.

[0338] Figures 53 and 54 illustrate a winding tool 450 that may be used to wind the

electrodes on the spool 410. In the embodiment shown in Figure 53, the winding tool 450

comprises two parts 451 and 452 to allow easy removal from assembly once the electrodes are

wound onto the spool 410 of the inner assembly (comprising, at least, the inner sheath). Figure

54 shows the assembled winding tool 434 and inner device assembly 455 with the electrodes

being wound on spool 410.

[0339] Figure 55 illustrates a handle for an operating device for BPH treatment including a

spool. The handle 430 may be designed to be lightweight, to be stiff, and to provide an adequate

grip for the physician. The handle 430 comprises two parts, an inner handle 433, and an outer

handle 434. As shown, the embodiment of Figures 51b and 55 includes three sets of O-ring

seals. The first set comprises O-rings 423 on the ends of the spool 420, as shown in Figures 51b.



These support the spool 420 and prevent contaminating fluids from entering the distal or

proximal cavities of the device. The proximal O-ring also acts as a seal for air pressure in the

cavity between the inner and outer device shafts. This cavity may be used for conducting the air

pressure from the handle to the proximal balloon that is used for stabilizing the device during the

insertion of the needles/electrodes. As shown in Figure 55, the second set of O-ring seals 43 1,

432 may be positioned between two parts of the handle 430. These are the proximal seals for the

air pressure between the shafts. The second set of O-ring seals 43 1, 432 also support the inner

handle 433 as it turns within the outer handle 434. The O-ring seals 43 1, 432 allow the cavity

between the inner shaft and the outer shaft to be pressurized to inflate a proximal balloon. The

inner handle 433 may be coupled to the steering handle with a retaining ring 435. The third set

of o-ring seals may be provided in the distal tip. A tube attached to the spool rides within the

seals. The seals prevent air leakage from the air conduit between the handle and the distal

balloon, yet allow the spool to turn within the outer sheath attached to the rubber tip.

[0340] Figures 56a and 56b illustrate aspects of a handle 430 that may be used to align the

device with the urethra (and prostate) and for deploying the needles/electrodes at discrete depths

into the prostate based upon the length, width, and depth of the prostate (as determined during

assessment of the tissue), and a predetermined chart. An indicator ring 438, shown in Figure

56a, may be used to indicate electrode extension distances. Figures 56b illustrate the inner

handle 433 and outer handle 434 of the handle 430. A spring plunger is used to create discrete

steps in the extension of the electrodes as well as stops for electrode extension and retraction.

The setting on the electrode extension indicator 438 may be selected via a cursor 439. Figure

56b is an end view of the handle 430 and shows depressions 440 for creating discrete steps for

the electrode extension with the spring plunger. A set of stops 441 is provided across the path of

the spring plunger to form stops for the electrode extension and retraction.

[0341] Figure 57 illustrates the overall system including a catheter 400 having a tip 401, a

handle having an outer hub 434 and a cursor 439 to indicate letter or number, and an inner hub

433 (shown exploded from the outer hub) with a letter or number or other designation 442 to

indicate electrode length deployed. In some embodiments, indication may be audible. The inner

hub 433 may be rotated relative the outer hub 434 to deploy electrodes through the catheter shaft.



[0342] In some embodiments, a removal mechanism may be provided for emergency

removal of electrodes in the event that normal retraction of the deployed electrodes fails. Such

removal mechanism may comprise an outer tube for placement over the deployed catheter and

electrodes. In some embodiments, the outer tube may be placed separately from the system for

BPH treatment and may only be placed upon failure of the electrode retraction. In other

embodiments, the outer tube may be part of the system for BPH treatment as deployed. In one

embodiment as shown in Figure 58, the outer sheath adjuster 1219 and outer sheath 1221 are

removed from the handle grip 1220. When the outer sheath adjuster 1219 is removed from the

handle grip 1220, the inner sheath 1204, the driver 1202, the electrical conductors 1208, and the

electrodes 1203 can be removed from the outer sheath 1221, director 1205, and tip 1206. This

causes the electrodes to be pulled back through the director and back into the inner lumen of the

outer catheter. At this point the entire catheter can safely be removed. In some embodiments the

system provides a custom wrench to remove the handle assembly from the inner catheter

assembly. In some embodiments the mechanism for releasing the inner catheter from the outer

catheter is covered by a cosmetic cap.

[0343] Various catheter configurations are suitable for use with a DC ablation system and

method as discussed herein. The catheters may comprise different materials and different

configurations. Generally, the catheter is provided as a semi-flexible tube. A flexible catheter is

generally more comfortable for patients. A rigid catheter, however, is generally easier for

electrode deployment. Catheters as provided herein have a balance of flexibility and rigidity to

maximize comfort while facilitating electrode deployment.

[0344] Generally, flexible catheters reduce tissue trauma during the treatment procedures,

particularly in the urethra. Particularly for transurethral insertion, it can be difficult to navigate

past the veromontanum in the prostate, where the urethra takes an approximately 30 degree

angle. However, rigidity is desirable for precise and consistent electrode deployment. Further,

in a specific embodiment routing holes may be cut into the catheter for facilitating electrode

extension therethrough. The routing holes may compromise torque resistance. In embodiments

wherein the electrodes are extended by rotation, that rotation exerts torque on the shaft. If the

shaft does not resist the torque, the electrodes may not fully deploy and/or may not deploy in the

intended direction. Accordingly, catheters for use with systems for treatment of tissue as



described herein balance the desirability of flexibility and rigidity. A 4 Newton force results in

approximately 60 to 80 mm of lateral deflection for an approximately 300 mm catheter shaft that

contains an outer and inner sheath. The shaft may be configured to withstand an approximately

40-80 Newton axial force with less than approximately 1% of strain over 300 mm length. This

combination of lateral flexibility and axial stiffness facilitates electrode deployment while

allowing the patient to be treated comfortably during a 20-45 minute procedure.

[0345] The material chosen for the catheter thus may be one having some degree of

flexibility and also some degree of rigidity. Chemically resistant materials useful for the catheter

include, for example, PEEK, Pebax, polyimide, silicone, platinum iridium, and Nitinol. In the

body of the catheter, wire braid covered by 63 D Pebax can provide a structurally stable tube that

provides good torsion and longitudinal stiffness, yet resists kinking, and allows the tube to bend

through tortuous delivery paths. In another embodiment the Pebax has a range of durometer of

50 D to 75 D. In a specific embodiment routing holes may be drilled through the braiding;

however, this may compromise the braid properties. Accordingly, in areas that require routing

holes, PEEK tubing may be used in place of the metal braiding. An approximately 0.3 to 0.4 mm

wall PEEK tube is torsionally stiff over an approximately 350-360 mm length, and is relatively

stiff to bend. In further embodiments, described below, the PEEK tubing may be combined with

a metal braiding and Pebax to provide a bendable, kink resistant tube that has a short, non-

braided section that can be laser drilled or machined to include routing holes. The layers may be

optimized to provided bendability and torque-ability to meet the needs of specific applications.

A tapered tip may be provided to substantially prevent perforation when inserting the device. In

some embodiments, the tip may be approximately 20-40 mm in length and made from silicone

rubber.

[0346] In some embodiments, the material of the catheter thus may be a composite material.

In one embodiment, the catheter is formed from a thermoplastic such as PEEK, which provides

high torque resistance even with holes cut therethrough. PEEK is biocompatible and resistant to

chemicals and processes such as electrolysis. PEEK can be heat shaped and, thus, may be

thermoformed to substantially match the area into which it is to sit during treatment, making

placement of the catheter and retention of the catheter during treatment easier.



[0347] Figures 59a and 59b illustrate various catheter embodiments. In one embodiment of a

PEEK catheter, shown in Figure 59a, the catheter 750 comprises a PEEK tube 752 having an

approximately 0.3 to 0.4 mm wall. Tube thickness may be adjusted for specific applications. In

another embodiment of a PEEK catheter, shown in Figure 59b, the catheter 750 comprises a

PEEK tube 753 with stainless steel braiding 754 and Pebax. The PEEK tube 753 with braiding

754 has torque resistance similar to the PEEK tube 752 alone but has increased flexibility. In

some embodiments, the catheter 750, and the tapered tip of the catheter, may be shaped to match

the veromontanum area.

[0348] The catheter may be shaped to match anatomy in which it is to be placed. Thus, for

example, in embodiments for BPH treatment, the catheter is intended for transurethral insertion

through the male anatomy. Accordingly, in a further embodiment, shown in Figure 60 the

catheter 750 comprises a bend 756 matching the bend in male anatomy wherein the device sits

during treatment. The bend facilitates easier insertion with less trauma through the male urethra,

enables the catheter to remain in place with less force and more comfortably during treatment,

and reduces trauma in catheter removal. In a specific iteration of the embodiment of Figure 60,

the catheter 750 may have a length of approximately 200 mm along the shaft 758 and a length of

approximately 100mm along the bend portion.760. The bend portion 760 may have a traveled

length 762 of approximately 40mm.

[0349] To form the catheter of Figure 60, a straight tube made of a flexible material, such as

PEEK is heat set to a pre-described radius and dimension. The tube may be of uniform diameter

and wall thickness for uniform tube flexibility. In alternative embodiments, the tube may be of

changing diameter and wall thickness to increase or soften the tube flexibility moving from a

first (or distal) end to a second (or proximal) end. The tube is formed with an angle

approximately 30 degrees, substantially matching the angle of the prostatic urethra from the

veromontanum to the bladder. The tip of the tube at its distal end may be flexible and angled at

approximately 30 degrees to facilitate tracking of the tube through the prostatic urethra.

[0350] Figure 6 1 illustrates a catheter 750 comprising alternating flexible and rigid sections.

Generally, a catheter having localized rigidity and compliance facilitates comfortable placement

and precise placement of treatment electrodes. In the embodiment of Figure 61, each section



may range, for example, between approximately 12 mm and approximately 24 mm in length.

The rigid sections enable catheter/electrode placement force to advance the treatment section.

The compliant sections facilitate steering of the tip through the urethra (or other structure). The

embodiment of Figure 6 1 illustrates a compliant tip 770 comprising an approximately 20-50

Shore A durometer. The catheter, from distal to proximal, includes compliant tip 770, rigid

section 772, compliant section 774, rigid section 776, and a flexible shaft 778 to handle. The

rigid section 772 may comprise an approximately 50-80 Shore D durometer. The compliant

section 774 has lateral flexibility. The rigid section 776 facilitates electrode deployment. Each of

sections 770-77'6 may have lengths of approximately 12 to approximately 24mm. The flexible

shaft 778 may have a length of approximately 200-25 Omm.

[0351] Figures62a and 62b illustrate an example composite material catheter 780. As shown,

the composite material comprises a plastic outer layer (Pebax) 782, a reinforcing middle layer

784, and a plastic inner layer (Pebax and/or PTFE) 786. The layers may be bonded or adhered to

one another or may be coupled substantially only through contact. Such composite is flexible yet

is resistant to bi-directional torque, for example torque of approximately 1 inch-pound. In one

embodiment, the reinforcing middle layer 784 may comprise a metal braid such as a 0.13 to 0.26

mm stainless steel wire braid In the embodiment of Figures 62a and 62b, the inner layer may be

Pebax or may be PTFE. For an inner sheath, the inner layer 786 may be Pebax to facilitate

adhesion to the attaching parts and the Pebax outer surface provides adhesion capabilities. In

contrast, for the outer sheath, the inner layer 786 may be PTFE for chemical resistance and low

friction. The PTFE provides an electrical insulator, a chemical barrier against by-products of the

treatment, and a low friction surface upon which the needles/electrodes and o-rings can slide.

For an outer shaft, the Pebax outer layer 782 provides a good bonding surface, is resistant to the

treatment by-products, and provides a smooth surface interface with the tissue.

[0352] Reference was made above to the use of braid in the catheter. The metal braid is

woven over an inner liner and mandrel in the process of making a torque-able catheter shaft.

This is for mechanical stability in pushing, pulling, and rotating the catheter during its use. This

is covered with an outer plastic jacket to reduce friction and provide mechanical and chemical

stability. By adding a ring to each end of the catheter and attaching rings to the braid the braid

becomes a multi-filar conductor with electrically insulating surfaces surrounding the conductor.



[0353] Returning to Figures 62a and 62b, Figure 62a shows a side view and Figure 62b

shows an end view of a catheter shaft 780. Both views include the inner insulation layer 786, the

middle metal braid layer 784, and the outer insulation layer 782. The side view also shows the

outer conduction ring 788 at one end of the shaft which is electrically attached to the middle

metal braid layer and the inner conduction ring 790 at the opposite end which is also electrically

attached to the middle metal braid layer. Braiding in the outer 20 Fr tube to get this combination

of lateral flexibility and axial and torsional stiffness can be achieved by stainless steel braid with

50-80 PPI (picks per inch) and wire cross section round or flat 0.13 mm to 0.26 mm.

[0354] The catheter may be made up of one or more layers of braid, with insulating layers

inside, outside and between braid layers. The ring or contact surface may be used for making

electrical contact with the ends of the catheter. These variations may save space inside the

catheter, allowing the catheter/device to be smaller. In some embodiments, two or more

electrically independent conducting braids may be woven together and separated by an insulating

jacket. Provided the flexibility of the overall braided assembly is maintained, this permits the

use of multiple conductors with very little increase in catheter diameter.

[0355] In its manufacture, a mandrel may be used to hold the inside diameter consistent and

provide support during the construction of the catheter. It is removed after the catheter

construction is complete. First, a plastic insulating layer is placed over a mandrel. If conduction

rings are desired on the inside of the catheter, the rings are placed on the mandrel next to the

ends of the inner insulation. The braid is formed over the inner insulation layer (and conduction

rings if present). If the rings are desired on the outside of the catheter, the rings are placed over

the braided conductor. The rings are attached to the braid. This may be accomplished through

silver soldering, laser welding, crimping, or swaging. The braid may also be formed into a ring

itself by welding or soldering the wires together. An insulating, durable layer is extruded or heat

shrunk over the braid and rings on the end of the braid. The entire process is repeated for the

desired number of conductors. A bonding process such as thermo-bonding may be used to bond

all the layers into one structure.

[0356] Catheters for use with the system and method for tissue treatment as discussed herein

may further be customized for specific uses. Figures 63 and 64 illustrate a rotary catheter for



prostate ablation, such as may be suitable with systems having radial electrode deployment.

Figure 63 illustrates a side view and Figure 64 illustrates an end or cross-sectional view. The

rotary catheter 800 comprises an outer sleeve 802 and a mandrel 804 (also referred to as an inner

sleeve or inner shaft). Electrodes 806 are coupled to the mandrel 804 and extend through the

outer sleeve 802. The size of the mandrel 804 may be chosen based on associated wrapping of

the electrodes 806. More specifically, a mandrel 804 having a larger diameter uses fewer

rotations of the electrodes 806 therearound to achieve the same penetration length. In the

embodiment of Figure 64 the electrode 806 wraps around the mandrel 804 with 2 1A wraps. As

the center mandrel 804 (or inner tube) is rotated, the electrodes 806 rotate and unwrap from the

catheter 800.

[0357] In some embodiments, a catheter assembly may be provided comprising an outer

guide catheter or sheath and an inner activation catheter or inner sheath. The outer catheter

guides the system into treatment position. The inner catheter provides the movement for the

activation of the electrodes. The catheter body may be optimized for the treatment site and path,

using any of the embodiments described above. In one embodiment, the outer catheter

comprises PEEK covered with braiding and a Pebax exterior. The PEEK, braiding wire size, and

braiding configuration control the flexibility and torque-ability of the catheter. A distal portion

of the catheter may not include a braid section to facilitate routing holes therethrough. PEEK

thickness may be chosen based on the length of the unbraided section, flexibility requirements,

and kink-resistance requirements. Other factors affecting the thickness of the PEEK include the

resistance the PEEK wall can provide to the electrode penetration as the electrodes are retracted

and extended through the outer catheter. In one embodiment, the PEEK wall is approximately

0.38 mm with a 0.15 mm 304 stainless steel wire braid with a 50 ppi configuration and a 0.18

mm wall Pebax cover. A 2-4 mm diameter PEEK pushrod inside of 5-7 mm diameter braided

outer tube can be used to balance lateral flexibility with torsional and axial rigidity.

[0358] Figures 65a and 65b illustrate a pneumatic catheter for use with systems and methods

for tissue treatment as discussed herein. The pneumatic catheter 810 and 8 11 can reduce the

catheter diameter and facilitate rapid electrode advancement if necessary for penetration. The

catheter 810 and 8 11 may further be used for transvenous applications where the length of the

catheter can make mechanical means for insertion more difficult or where catheter diameter must



be minimized. Catheter 810 shows one embodiment where the electrodes are deployed out the

distal end of the catheter and catheter 811 shows one embodiment where the electrodes are

deployed out laterally from the catheter. Generally, transurethral catheters may be between

approximately 14 and approximately 22 French (for example, between 17 and 20 French) but

transvenous catheters are generally between approximately 4 and approximately 12 French. In

the embodiment of Figure 65a, the catheter 810 has electrodes 812 cooperating therewith and is

coupled to an air pressure system 814. The catheter 810 includes an inflatable bladder or balloon

816 that may be expanded or inflated using the air pressure system 814. The catheter 810 further

is associated with an electrical generator 818 that delivers the therapy once the electrodes have

been deployed into tissue. The electrodes 812 may be deployed by inflating the bladder or

balloon 816. The air pressure system 814 may comprise a piston that is, for example,

pneumatically actuated to inflate the bladder or balloon 816. In another embodiment, the air

pressure system 814 may be associated with a pushrod in the catheter such that the air pressure

system actuates the pushrod.

[0359] A further embodiment comprises a vibrating catheter and electrode system. Systems

for treating tissue using DC ablation may result in high impedance due to formation of bubbles

during electrolysis. The combination of oxygen at the anode and hydrogen at the cathode leads

to impedance increases, which in turn increases therapy time because the current must be

lowered or paused. A vibration mechanism is coupled to or incorporated within the catheter.

For example, a suitable vibrating mechanism comprises a DC motor with an eccentric weight.

[0360] Figure 66a illustrates a catheter 820 embodiment including electrodes 821 and a

motor vibrating mechanism 822 mounted thereon. As shown, the vibrating mechanism 822 may

be placed near a proximate end of the catheter 820. In alternative embodiments, the vibrating

mechanism 822 may be placed at or near the handle, in the catheter, or at alternative suitable

position. The vibrating mechanism 822 may be actuated to cause vibration of the catheter 820

thereby breaking up the gas bubbles and lowering impedance between the treated tissue and the

electrode 821. Suitable frequencies for impedance reduction may range from approximately a

few hertz to a few kilohertz. In further embodiments, the vibrating mechanism may be

optimized to aid in tissue penetration or removal from the tissue. Frequencies for aiding in tissue

penetration may range from, for example, several hundred hertz to approximately 30 kilohertz.



Figure 66b illustrates an end view of a weighted motor suitable for use with a vibrating catheter

as described herein. As shown, the motor or vibrating mechanism 822 includes a weight 824.

Figure 66c illustrates a side view of a weighted motor, including a motor or vibrating mechanism

822 and a weight 824, suitable for use with a vibrating catheter as described herein.

[0361] In one embodiment the catheter assembly has a drainage conduit from the tip of the

catheter out to the back of the handle. This allows the bladder to be drained during treatment and

minimize any urinary urgency during treatment. The drained fluid may be allowed to free fall

from the catheter or be connected to a collecting bag with a connector on the catheter. A vacuum

may be added to further facilitate bladder drainage.

[0362] In one embodiment a conduit is provided within the catheter to supply saline or other

buffering solution to the lumen or urethra in which the catheter is placed. This allows additional

protection of the inner tissues of the lumen from the high and low pH created by treatment. This

fluid may be injected intermittently or continuously supplied from a fluid bag hung above the

patient. The fluid maybe introduced into the urethra from the ports at which the electrodes exit

the catheter or ancillary ports in proximity to the anticipated treatment zone.

[0363] When treating the prostate for BPH it may be advantageous to compress the tissues

during or immediately after treatment to acutely reduce urinary blockage. The treatment softens

the tissues and by compressing them it acutely opens that passageway until the treatment

permanently removes the pressure on the urethra by debulking the prostate. In one embodiment

the catheter has a small inflatable balloon adjacent to the area of treatment. This balloon can be

inflated with 3 to 15 cc of saline to put pressure on the treatment during or immediately after

treatment. In another embodiment the catheter is repositioned after treatment and the distal

fixation balloon is inflated in the urethra adjacent to the treatment zones to compress the tissue.

[0364] In some embodiments the catheter may be hooked up to a vacuum pump that puts

negative pressure within the body of the catheter and at holes in the catheter which are in

proximity to the treatment zone or electrode insertion points. This allows the tissue to be held

tightly to the catheter during the insertion of the electrodes and prevents the tissue from tenting

around each of the electrodes. This increases the precision of electrode placement in the tissue.

These vacuum ports in the catheter may also be used to suction the gas generated in the treatment



zones to prevent gas build up at the electrodes or from gas to transport a high or low pH solution

down the lumen or urethra. In some embodiments the vacuum ports in the catheter are the same

holes from which the electrodes extend. In another embodiment the vacuum ports are dedicated.

In some embodiments the ports may be used to put a positive pressure on the lumen or urethra

prior to electrode insertion to facilitate precision electrode positioning in the tissue. In some

embodiments the vacuum pump is integrated with the DC ablation generator.

[0365] In some embodiments, the catheter may be configured as a single-use disposable

device. The system may prevent more than one use of the catheter by disabling the catheter after

completion of one therapy session. In one embodiment, the catheter may include a non-volatile

memory. Before starting treatment, the generator checks the data in the memory and only starts

treatment if the data indicates that the catheter has not been previously used. When the generator

determines that treatment has been completed, the generator writes data to the catheter memory

to indicate that the catheter has been used, disabling the catheter for future use in the system.

The memory may be accessed via wires or wireless, for example an RFID (radio frequency

identification) device. In another embodiment, the catheter may include a fuse. Before starting

treatment, the generator checks whether the fuse is intact and only starts treatment if the fuse is

intact. When the generator determines that treatment has been completed, the generator may

output a high level of current to cause the fuse in the catheter to open, disabling the catheter for

future use in the system.

[0366] The deployed electrode length may be measured and indicated by using electronics in

the catheter. The deployed electrode length could be determined based on the rotational position

of the handle or based on the linear position of a shaft that controls deployed electrode length. A

circuit incorporating a switch or multiple switches may be used to detect the rotary position of

the handle or linear position of a shaft in the catheter and to indicate the corresponding deployed

electrode lengths. A circuit incorporating a rotary switch or potentiometer may be used to

determine the rotational position of the handle and indicate the corresponding deployed electrode

length. A circuit incorporating a slide switch or potentiometer may be used to determine the

linear position of a shaft in the catheter and indicate the corresponding deployed electrode

length. The deployed electrode length may be indicated using LED's or a display on the catheter

or using the display on the generator. In one embodiment a safety light or audible alert indicates



that the electrodes have been completely retracted and the catheter is safe to remove from the

body.

[0367] In one embodiment as illustrated in Figures 67a and 67b a transurethral catheter 1161

is placed in the urethra 1162 and advanced to the bladder 1163. Two balloons 1164 and 1165 are

inflated in the bladder. The balloons may be inflated together or independently. One balloon

1164 is more distal and than the balloon 1165 in its position in the bladder. The proximal

balloon 1165 is seated in the bladder neck and electrodes 1166 deployed into the prostate 1169.

DC ablation is performed and treatment zones 1167 are formed around the electrodes 1166 as

shown in Figure 67a. In larger prostates where more treatment zones are required to complete

the overall treatment, the electrodes 1166 can be retracted back into the catheter 1161, and the

proximal balloon 1165 deflated. As shown in Figure 67b the proximal balloon 1165 has been

deflated and the catheter repositioned such that the distal balloon 1164 now is seated in the

bladder neck. Electrodes 1166 can now deployed into the prostate in a new area proximal of the

first treatment zones 1167 and new treatment zones created 1168. After the second treatment is

completed the distal balloon 1164 is deflated, electrodes retracted and catheter removed. This

treatment utilizing multiple balloons to use as a fixation element can be used when a single

catheter is insufficient for treating larger prostates. In some embodiments the catheter 1161 may

have 2, 4, 6, or 8 electrodes. With two positions and treatments these yield 4, 8, 12, and 16

treatment zones to maximize the amount of tissue necrosis created within the prostate.

[0368] In one embodiment as shown in Figure 68 an inflatable silicone balloon 1 has

dissimilar stiffness or durometer from the proximal 1172 to distal half 1173. The proximal half

has a higher stiffness or durometer than the distal half. This can be accomplished by knitting

multiple layers of silicone on the proximal half or using two different durometers of material.

This will allow greater expansion of the distal half of the balloon than in the proximal half. This

will shape the proximal edge of the balloon to be flatter and more accurate in seating a catheter

1174 in annular orifices such as the bladder neck 1175. This will result in the ability to more

accurately place electrodes in tissues such as the prostate.

[0369] Each of the embodiments of the system for treating tissue comprises catheters and

electrodes as described above and further comprises an electronic control system or generator.



Examples

[0370] The following examples are for illustrative purposes only and are not intended to be

limiting.

Example 1

[0371] A study was performed to evaluate the chronic effects of DC ablation in canine

prostates. Eight chronic canine subjects were treated to evaluate the healing cascade, dose

response, prostate shrinkage, and the duration of time before necrotic tissues were reabsorbed

into the body.

[0372] Treatment was performed on the subjects by performing a laparotomy and inserting

electrodes through the prostate capsule. Treatment was performed at 40 mA and with a dose of

between 4 and 70 C. The subjects' blood, urine, general health, and behavior patterns were

monitored before sacrificing them at time intervals of 1, 3, 20, 40, and 60 days after treatment.

The prostate and surrounding tissues were dissected and examined after sacrifice. Ultrasound

and CT scans were used throughout the study to identify the necrotic lesions and identify any

changes that took place to the lesion.

[0373] Ultrasound, CT imaging, and visual verification during histology showed that voids

or cavities were created in the prostate tissue in the necrotic areas induced by DC ablation.

Figures 69a and 69b illustrate slices of prostate at 2 times of sacrifice through the center of

treatment zones. Figure 69a illustrates a slice of prostate 20 days after treatment. Figure 69b

illustrates a slice of prostate 40 days after treatment. The necrotic tissue was substantially

absorbed into the body by the first screening date, 20 days after treatment. Re-absorption

resulted in voids, shown in Figures 31a and 31b.

[0374] The voiding within the prostates caused the overall shape and size of the prostate to

shrink. In one subject the prostate had a measured width of 40mm prior to treatment. Twenty

days after treatment, the prostate had a measured width of 28mm.



[0375] The results of Example 1 show substantially complete absorption of the necrotic

tissue with little or no fibrotic scarring. The tissue around the voids created by DC ablation

remains soft and pliable without forming surrounding hardened scar tissue.

[0376] Sacrifice of the subjects and examination of the prostate showed that the necrotic

tissue was contained within the capsule and all tissues in the pelvic cavity remained healthy.

Within the prostate itself, tissue immediately adjacent to the necrotic zones remained healthy,

illustrating a sharp diffusion gradient. The size of the voids created coincided with dose

response algorithms previously developed. The studies thus confirmed that the treatment has a

sharp diffusion gradient and a predictable dose response

[0377] All subjects remained healthy throughout the study and maintained normal urination

and defecation patterns without signs of straining or discomfort.

[0378] Histology Results: Following treatment, all animals were terminated and subjected to

necropsy examinations. Representative prostate samples fixed in 10% neutral buffered formalin

were trimmed in the coronal plane perpendicular to the urethra, and 1.5 to 2.5 mm sequential

slices were photographed.

[0379] Bilateral coagulation to liquefaction necrosis was observed in both acute animals

(Animals 7Cl 6 1 and 7Cl 63). There was minimal associated inflammation and mild

hemorrhage. Bilateral multifocal to coalescing inflammation was observed in the subcapsular

parenchyma in all six chronic animals (Animals 7C201, 7C206, 7Cl 97, 7Cl 99, 7C202 and

7C204). There were cellular infiltrates (primarily lymphocytes and macrophages) expanding the

interacinar mesenchyme. Moderate reaction was observed in Animal 7C202 while the response

was minimal to mild in the multiple sections from the remaining animals from the three chronic

observation periods.

[0380] Acinar atrophy characterized by reduction of lobular and sublobular clusters of glands

with reduction of lumen and lining with attenuated cells was a consistent finding in all chronic

animals. The intensity ranged from minimal to moderate. Moderate acinar atrophy was

observed in multiple sections of all chronic animals except Animal 7C204 from the 60 day

group, in which the reaction was minimal in four of the five sections studied.



[0381] Bilateral loss of parenchyma leading to formation of cavities was present in multiple

sections from all six chronic prostate samples. These cavities were variable in size and often

coalesced with the adjacent urethra. In most sections, a unilateral cavity merged with the

urethra. In a few sections the urethra merged with bilateral cavities on either side of the prostate.

The cavities often were lined by urothelium, possibly a regenerative and reparative response

from the communicating urethral epithelium. Presence of cavities that represented loss of tissue

mass from the electrical devices in all the specimens from three treatment groups suggest the

lasting effect of reducing prostate mass by the devices over a period of 60 days. Also, there was

no significant inflammatory reaction in the tissue surrounding the cavities, suggesting such union

of necrotic tissue cavity and urethra either did not incite inflammatory response or the

inflammation had receded and resolved completely at the time points of observation.

Additionally, the urethra had one or many of the changes that included epithelial discontinuity in

the form of erosion and ulceration, focal subepithelial inflammation and minimal hemorrhage,

intracytoplasmic vacuolation of urothelium over a segment of urethra, focal aggregate of luminal

necrotic cellular debris, patchy granulation tissue in the adjacent stroma and a marginal increase

in periurethral mesenchyme.

[0382] Cystic dilation of glandular acini of variable degrees, ranging from isolated focal area

to a substantial proportion of the remaining prostate gland, was observed in all the animals.

These changes were present in multiple sections in the same animal. The changes were minimal

in Animal 7C202. The dilated acini were lined by cuboidal to attenuated cells and occasionally

contained sloughed cells, cellular debris and secretory product. Within the atrophic acini,

multifocal expanding islands of regenerating glands were observed in a few animals. The foci of

regeneration impinged the adjoining atrophic gland and were comprised of arborizing acini lined

by tall columnar cells with abundant eosinophilic cytoplasm, vesicular nuclei with rare mitotic

figures.

[0383] The study showed a reduction in the prostatic tissue mass using DC ablation as

evidenced by loss of tissue surrounding the electrode insertion sites and atrophic changes incited

elsewhere within the gland. The effects were persistent and observed in multiple sections of

prostates at 20, 40 and 60 days following the treatment procedure. The merging of device-



induced cavities and the urethra is likely a portal of drainage for the necrotic tissue mass

contributing to the minimization of the inflammatory reaction in the remaining tissue.

Example 2

[0384] A study was performed to determine comparative size of the treatment region of a

volume of tissue treated with a cathode and a volume of tissue treated with an anode. Beef round

samples and in-vitro canine prostates were treated.

[0385] The following protocol was used to examine the amount of treated volume in beef

round samples and in prostate at both the anode and the cathode:

Ia. Treat beef samples with the following currents: 20, 40, and 60 mA.

Ib. Treatment of in-vitro prostates with 4OmA of current.

2a. Treat beef samples with the following doses: 36, 72, 108, and 144 C.

2b. Treat in-vitro prostates with 4 and 13 C of dose.

3. Soak samples in formalin solution for a minimum of approximately 48 hours.

4. Slice samples with meat cutter into approximately 3 mm slices.

5. Measure thickness of each sample at anode and cathode treatment.

6. Photograph each slice.

7. Measure area of treatment in each sample using Microsoft Visio software.

8. Calculate volume treated (post-fixation) for anode and cathode.

9. Compare data.

[0386] Beef round samples were tested with 12mm simple Pt/lr pin electrodes. Prostate

samples were tested with various pin and coil sizes. Results are shown in Tables 7 and 8, below.



Table 8

[0387] Figure 70 illustrates treatment volume against dose delivered for both anode

treatment and cathode treatment for beef rounds. As shown in Figures 70 there is no significant

difference in treatment volumes between the anode and the cathode.

Example 3

[0388] A study was performed to determine the effects of delivering a dose at different

currents on the amount of treated volume. Beef round samples were treated. Protocol used for

Example 3 followed the protocol of Example 2 for beef round samples.

[0389] The results of the study indicated that in the range of current between 20 and 60 mA,

there is substantially no appreciable difference in the results of treatment.

[0390] Results are shown in Tables 9 and 10, below.





Table 10 - Anode results

[0391] Figures 7 1 illustrate tables of the data. Figure 7 1 illustrates cathode results for

treatment volume against dose delivered for a 2OmA cathode, a 4OmA cathode, and a 6OmA

cathode.

[0392] As shown in Figures 7 1 the dose to volume relationship is not influenced by the

amount of current delivered to the electrodes up to 144C and with a current between 20 and 60

mA. The relationship between dose and volume treated is linear. The variation between dose

and volume increases with dose, presumable due to the sensitivity of the radius of treatment zone

on the volume.

Example 4

[0393] A study was performed to determine the margin of safety that the capsule provides

from causing damage external to the prostate. Canine subjects were treated.

[0394] Two canines were treated with doses that were expected to interact with the capsule.

The following parameters were looked at to determine whether the dose delivered caused harm

to the patient by causing necrosis to tissues outside of the capsule:

1. Comparison of the ratio between actual treatment and the expected efficacious treatment.



2. Visual observation of blackened tissue outside of the capsule due to treatment.

3. Visual observation of blackened tissue visible on the capsule.

4. Histological evidence of capsule remaining.

[0395] The two canines had transverse widths of approximately 33 mm and 20 mm

respectively and were treated with 16 mm coil electrodes. Using these transverse widths and

assumptions listed below, a Targeted Prescribed Dose was determined for each prostate.

Assumptions:

a. Treatment diffuses equally from electrode.

b. Tissue dose response is in the range of 18 to 30 C/cc for canine prostatic tissue.

c. Targeted Prescribed Dose incorporates a 10% radius safety margin to the capsule while

preserving a 6 mm diameter in the center of the prostate for the urethra.

d. Targeted Prescribed Dose is the midpoint between the dose resulting in a treatment radius

following the above assumptions.

[0396] Targeted and Actual Doses delivered to the two subjects are shown in Table 11,

below.

Resulting Target and Actual Doses Delivered to the Two Subjects in this Study

Table 11



Indicates a dose was delivered that was 50% over recommended aggressive dosing.

# Indicates dosing if placement of electrode is absolute with a 10% safety margin from
interaction with capsule tissues

## Indicates dosing if placement error of electrode is known and no safety margin accounted for
in dosing

[0397] The treatment zone was visually verified to be contained within the capsule in Subject

1. In subject 2 the treatment zone penetrated through the capsule and affected tissues outside of

the prostate.

[0398] Tissues adjacent to the prostate were affected at the right caudal end. This lobe was

treated by the anode. Based on the position and length of the anode electrode, and taper of this

prostate anatomy, it was determined that the electrode was no further than approximately 2 mm

from the capsule. If it is assumed that the electrode is 2.5 mm from the capsule, the predicted

target dose may be about 9C. This calculates to a 2.6 to 1 Over Dose ratio in the right caudal

portion of this prostate with 16 mm electrodes.

[0399] After treatment in both subjects, a blackened treatment zone was visible on the left

lateral side of the prostate in Subject 1. Tissue adjacent to this zone appeared healthy. This

illustrates that the treatment zone did diffuse far enough that it interacted with the capsule. The

fact that no necrotic tissues were observed in adjacent tissue indicates that the hydrogen and

hydroxyl ions were contained within the capsule.

[0400] The capsule of Subject 2 saw extensive treated tissue up to the capsule boundary at

the cathode, presumably due to both the overtreatment of the capsule and the electrodes being

placed closer to the outer capsule than the urethra. This biased the treatment towards the capsule

more than would be expected with a 10% overdose. The overdose ratio was recalculated using

the actual distance from the capsule and it was found that the cathode in Subject 2 was overdosed

by 60%.

[0401] Examining the histology in areas where the treatment visually was adjacent to the

capsule was not definitively conclusive due to the fact that the slide preparation process can be

destructive to these boundary tissues. Histological evidence and the pathologist's conclusions

indicated that the cellular structures making up the capsule showed necrosis but the capsule's



structural integrity was maintained. This assessment agrees with the visual observations seen

during the procedure and necropsy with the exception of the right caudal portion of the prostate

of Subject 2.

[0402] In this acute animal study, prostates were nominally overdosed by 50 to 60%. No

treatment was observed outside of the prostate capsule except in the localized area where the

electrode was very close to the capsule. The estimated overdosing in this localized area was

160%. This indicates that, in a small sample size, the canine prostate capsule allows overdosing

somewhere between 50% and 160% without allowing the treatment to affect adjacent tissues

outside of the capsule. Anecdotal evidence indicates that the human capsule is more substantial

than the canine capsule.

Example 5

[0403] A study was performed to assess various impedance parameters including dose to

failure, effect of length, effect of electrode type, effect of electrode diameter, effect of pin

diameter, effect of insulation, effect of current and parallel paths,

[0404] The Dose to Failure evaluation showed that dose to failure is inversely proportional to

length and diameter of the electrode and is proportional to the amount of venting. The following

equation was determined:

DTF = (Gas Formation - Venting) * current
DTF = (l/(d*L) - (n2 ∆p/l))*I

where:
DTF = Dose Time to Failure
d= diameter of electrode
L = length of electrode
n = number of electrodes
∆p = pressure drop across vent
1= length of insulation
I = current at electrode

[0405] Through empirical testing it was shown that as pin length and diameter increases the

impedance stability of the system increases. Furthermore as the electrode surface area of the

active section increases the impedance stability increases. With a constant electrode surface area

of the active sections impedance stability increases with a lower magnitude of direct current or



running multiple electrodes in parallel. With a constant current and electrode surface area of the

active section the impedance stability increases by decreasing the insulation length from the

active area back to catheter by allowing the gases to vent out of the active area.

Example 6

[0406] A study was performed to assess the corrosive properties of Nitinol and platinum-

iridium-coated Nitinol wires. The study further observed the effects of Parylene-coated

electrodes on electrode corrosion and tissue treatment zones.

[0407] Nitinol is commonly used in medicine and is known to corrode at the anode with

applied direct current. Platinum is resistant to corrosion. Accordingly, for testing the invention

disclosed herein, platinum iridium coated Nitinol wires have been employed.

[0408] Parylene-C coating has high electro-resistivity, is corrosion resistant, has high

electrical impedance, and is impermeable to moisture. In this study, Parylene-C coating was

applied to both Nitinol and platinum iridium electrodes.

[0409] Two tests were performed. One test used Nitinol wires for both cathode and anode.

The other test used platinum iridium-coated Nitinol wires for both cathode and anode. The

electrodes were inserted into two separate gels and run for 120 coulombs at 25mA. To confirm

no corrosion of the platinum iridium-coated Nitinol electrodes, a further test was performed that

was run for 500 coulombs at 25mA. Pictures of each electrode were taken before and after the

tests in order to see changes in the appearance of the electrodes. Observations and results were

documented.

[0410] Figures 72a and 72b illustrate the Nitinol anode before starting the test and after the

test was stopped, respectively. The tests were to carry on for 120 coulombs at 25mA. After

approximately 20 minutes, the current for the Nitinol electrodes dropped to 0 (zero). This was

presumably due to corrosion of the anode, as illustrated in Figure 73c.

[0411] The Nitinol cathode had no apparent corrosion, nor did the platinum iridium-coated

electrodes. The confirmation test of 500 coulombs at 25mA also resulted in no observable

corrosion of either the anode of the cathode.



[0412] The Parylene-C coating also was found to be a dependable insulator. The portions of

the electrodes that were coated with Parylene C were not active. No ion exchange occurred in

these regions. This was observed at the start of the tests when the treatment sizes were not so big

that they overlapped the coated regions. This coating also appeared to have a positive effect on

impedance. It appeared that the microscopic insulation facilitated gas escape, resulting in a

lower impedance.

[0413] The results showed that the Nitinol anode had significant corrosion but the cathode

did not. The platinum/iridium-coated Nitinol wires had no corrosion, even after further testing

with 500 coulombs.

Example 7

[0414] A study was performed to determine the relationship between ease of insertion and

diameter in a prostate through the urethra from the capsule. Pig prostates were used.

[0415] Two pig prostates and urethras were inserted with various diameter pin electrodes.

The resulting ease of insertion to pierce through the capsule and into the urethra was subjectively

judged by the individuals inserting the pins into the urethras. Pins were approximately 8mm in

length. Other methods of introducing the pin into the tissue were tried and judged relative to the

initial insertion method. These methods include using a 0.5 mm diameter needle to pierce

through the capsule and into the swine urethra and using a pair of tweezers to pierce and pull the

tissues apart. The ease of insertion was then subjectively ranked by two individuals, each of

whom did the trials independently, with a rank of 10 being the easiest to insert and a rank of 1

indicating nearly impossible to insert.

[0416] Results are shown in Table 12, below.



Test Subject: Subject 1 (First Number); Subject 2 (Second Number)

Table 12

[0417] Both subjects ranked the diameter of electrodes in the following order: Best - 0.5

mm Pt/lr Pin, 0.8 mm Pt/lr Pin, Worst - 0.3 mm Pt/lr coated pin.

[0418] The 0.5 mm diameter pin provided substantial stiffness such that the electrode did not

buckle. The 0.8 mm pin did not insert as easily as the 0.5 mm pin, presumably because the

created hole is larger. It is hypothesized that if the tip of the 0.8 mm pin was sharpened or

tapered, it could perform as well as the 0.5 mm pin. The 0.3 mm pin provided very little

stiffness or mechanical advantage and buckled. This pin was unable to be inserted.

[0419] Using a needle or tweezers to create a pilot hole was only incrementally better as it

was difficult to find the hole.

[0420] Although the invention has been described with reference to specific embodiments,

persons skilled in the art will recognize that changes may be made in form and detail without

departing from the spirit and scope of the invention.

Example 8

[0421] Initial human feasibility studies using DC ablation in the prostate with the Neuflo

System have been conducted in Santiago, Chile. A summary of the studies conducted is given in

Table 13.

Table: Human Feasibility Studies Summary

Study Objectives Subjects Method Findings

Treat with DC ablation 1. Histological evidence
Stage 1: Ex Vivo post

1. Validate tissue using pin electrodes of liquifactive and
Radical Prostatectomy

response in human 3 Prostates inserted through the coagulative necrosis
(RP) study of

prostate tissue. capsule immediately
electrodes 2 . Obtained a initial

post RP charge setting

1. Histological evidence
1. Evaluate

Treat with DC ablation of liquifactive and
Stage 2: In Vivo study Treatment charge 5 Subjects using pin electrodes coagulative necrosis
of electrodes during setting with Prostate inserted through the
RP 2 . Evaluate Cancer 2. Necrosis stayed

capsule during RP within the capsule
Impedance

3 . Verified acceptable



Table 13

[0422] Stage 1 of the DC Ablation human studies involved treating three (3) human prostates

with pin electrodes immediately post-radical prostatectomy (RP) for prostate cancer. Results

showed the ability of DC ablation to induce consistent necrotic lesions within both malignant and

benign prostate tissue.

[0423] Stage 2 of the human studies (in vivo) was conducted by treating patients prior to

radical prostatectomy with pin electrodes to examine tissue response in living human prostate

tissue. Immediately following DC ablation treatment, the prostates were removed as RP

commenced following treatment completion.



[0424] Results from the first two stages of human prostate tissue study are shown in Figure

73.

[0425] Human prostates were treated ex vivo (Stage 3) and in vivo during radical

prostatectomy (Stage 4) with a Transurethral DC Ablation Catheter to more accurately represent

future treatments; and to optimize electrode placement and monitor the safety of the placement

of needles near the bladder and urethra.

[0426] Figure 74 is an in vivo image illustrating the necrosis volume achieved by the

transurethrally ablating tissue with DC ablation.

[0427] Sixteen BPH patients were treated with a transurethral DC ablation system to

investigate the safety and efficacy of using a TU DC ablation system as a treatment for BPH.

Prostate sizes ranged from 30 to 90 cm3. The procedure was administered in an office setting

using a topical Lidocaine gel in the urethra. No oral sedative or local nerve block was required.

Patients reported mild to no pain during the treatment.

[0428] Preliminary symptomatic relief data, as shown in Table 14, suggests that patients

experienced symptomatic relief one week after treatment.

Table 14

[0429] In addition, 3 subjects were treated within the OUS study in which the treatment rate

was 40 mA (Table 7). Based on the subject's transient ( 1 week) increase in symptoms, quality of



life and their diminished ability to urinate, a decision was made to utilize a treatment rate of 25

mA. Initial safety data revealed no severe adverse events in the first 16 patients. Urological

adverse events are listed in the Table 15.

* - includes monitored data only

Table 15



CLAIMS

What is claimed is:

1. A catheter for use in a system for treating tissue in a body using direct current ablation
comprising:

a tubular body having a proximal end and a distal end and being semi-flexible, bi-
directionally torqueable, and chemically resistant, the tubular body comprising:

a tip positioned at the distal end;

a plurality of routing holes provided between the proximal end and the distal end
for facilitating deployment of electrodes from the tubular body;

an inner sheath generally at an interior portion; and

a chemically resistant outer sheath generally at an exterior portion.

D. wherein the tubular body has a flex modulus of between about 0.5 and 3 GPa.

2. The catheter of claim 1, wherein the tubular body of capable of torque of approximately 1
inch-pound.

3. The catheter of claim 1, wherein the tubular body is configured to withstand an
approximately 40-80 Newton axial force with less than approximately 1% of strain over 300 mm
length.

4. The catheter of claim 1, wherein the inner sheath comprises a PEEK tube and the outer
sheath comprises a braided outer tube.

5. The catheter of claim 1, wherein the inner sheath comprises an inner layer, a reinforcing
layer, and an outer layer.

6. The catheter of claim 5, wherein the inner layer is PTFE, the reinforcing layer is a
stainless steel wire braid, and the outer layer comprises a Pebax coating.

7. The catheter of claim 5, wherein the inner layer is Pebax, the reinforcing layer is a
stainless steel wire braid, and the outer layer comprises a Pebax coating.

8. The catheter of claim 5, wherein a section of the stainless steel wire braid is replaced with
a non-braided section and wherein the routing holes are provided in the non-braided section.

9. The catheter of claim 1, wherein the inner sheath and the outer sheath are bonded to one
another.

10. The catheter of claim 1, wherein the chemically resistant outer sheath resists strong acid
and strong base.



11. The catheter of claim 1, wherein the routing holes are provided along a distal portion of
the tubular body proximate the distal end.

12. The catheter of claim 1, wherein the routing holes further operate as vacuum ports.

13. The catheter of claim 12, further comprising a vacuum connecter proximate the proximal
end of the catheter.

14. The catheter of claim 1, comprising 3 bands of routing holes in 4 rows.

15. The catheter of claim 14, wherein the bands are spaced 2 cm apart.

16. The catheter of claim 1, wherein the tip has a Coude shape.

17. The catheter of claim 1, wherein the tip comprises silicon rubber.

18. The catheter of claim 1, wherein the tip is flexible and angled at approximately 30
degrees to facilitate tracking of the catheter in the body.

19. The catheter of claim 1, further comprising a spool provided within the tubular body.

20. The catheter of claim 19, wherein electrodes may be wrapped around the inner sheath for
deployment through the routing holes.

21. The catheter of claim 1, wherein the inner sheath rotates relative the outer sheath for
deploying the electrodes.

22. The catheter of claim 1, further comprising a radiopaque marking along the tubular body.

23. The catheter of claim 1, further comprising an outer tube for placement over the outer
sheath and deployed electrodes for removal of the catheter.

24. The catheter of claim 1, wherein the tubular body is preformed to match a shape of the
area of the body to be treated.

25. The catheter of claim 24, wherein the tubular body is preformed to match the
veromontanum area.

26. The catheter of claim 25, wherein the tubular body comprises alternating rigid sections
and flexible sections.

27. The catheter of claim 1, further including an inflatable balloon for deploying electrodes
such that inflation of the balloon deploys electrodes from the catheter.

28. The catheter of claim 1, further comprising a vibrating mechanism associated with the
tubular body for vibrating the tubular body.

29. The catheter of claim 28, wherein the vibrating mechanism is provided proximate the
proximal end of the tubular body.

I l l



30. A catheter for use in a system for treating tissue in a body using direct current ablation
comprising:

a tubular body having a proximal end and a distal end and being semi-flexible, bi-
directionally torqueable, and chemically resistant, the tubular body comprising:

a tip positioned at the distal end;

a plurality of routing holes provided between the proximal end and the distal end
for facilitating deployment of electrodes from the tubular body;

an inner sheath generally at an interior portion; and

an outer sheath generally at an exterior portion and being chemically resistant;

a first fixation element operably coupled to the tubular body.

31. The catheter of claim 30, wherein the first fixation element is provided at the distal end of
the tubular body.

32. The catheter of claim 31, wherein the first fixation element comprises a balloon having a
shape similar to a shape of the tip.

33. The catheter of claim 30, wherein the first fixation element is provided at a location
proximal of the distal end of the tubular body.

34. The catheter of claim 33, wherein the first fixation element has a length of approximately
5 cm.

35. The catheter of claim 30, wherein the first fixation element is an elastomeric balloon.

36. The catheter of claim 35, wherein the balloon comprises silicon rubber.

37. The catheter of claim 35, wherein the first fixation element is configured for inflation by
air.

38. The catheter of claim 35, wherein the first fixation element is configured for inflation by
saline.

39. The catheter of claim 30, wherein the first fixation element comprises a balloon and is
configured and positioned to substantially block the flow of chemicals created by electrolysis to
other structures of the body.

40. The catheter of claim 39, further comprising a second fixation element comprising a
balloon configured and positioned such that the first fixation element and the second fixation
element may together form a contained area.

4 1. The catheter of claim 30, further comprising a second fixation element comprising
electrodes.



42. The catheter of claim 30, wherein the first fixation element is provided on the tubular
body between the proximal end and the distal end and wherein the first fixation element is
configured to permit fluid flow there across.

43. The catheter of claim 42, wherein the first fixation element comprises a polymeric
element including channels for fluid flow.
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