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Description

Technical Field

[0001] The present invention relates generally to a
controller for thermal treatment of tissue, and, more par-
ticularly, to a processor-based controller for Benign Pro-
static Hypertrophy (BPH) treatment via transurethral dia-
thermy.

Background of the Related Art

[0002] Benign prostate hyperplasia (BPH) or hyperpla-
sia affects over one out of every two males over the age
of fifty. BPH is the non-cancerous enlargement of the
prostate gland and is characterised generally by a con-
striction of the urethra by the prostate gland. An array of
symptoms are associated with BPH including frequent
urination, complications in urinary flow and associated
pain.
[0003] Generally there are two primary methods for
treating BPH, namely, drug therapy and surgical inter-
vention. Drug therapy incorporates the use of one or more
drugs such as Proscar™ and Hydrin™ to either reduce
the size of the prostate or to relax the urethral muscles
thereby facilitating the normal functioning of the urinary
system. Known drug therapies, however, are limited in
their effectiveness and present many drug side effect
concerns.
[0004] Surgical methods for treating BPH include
transurethral resection of the prostate (TURP), transure-
thral incision of the prostate (TUIP), visual laser assisted
prostatectomy (VLAP), balloon dilation and stenting.
TURP is the most common method employed for BPH
treatment today and involves the insertion of an electro-
surgical cutting instrument through the urethral passage.
The cutting elements of the instrument are positioned
adjacent the prostate gland, and the instrument is ener-
gized such that the cutting elements selectively cauterize
and resect tissue from the core of the prostate. The TURP
procedure, however, has many side effects including
bleeding, retrograde ejaculation, impotence, inconti-
nence, edema and a prolonged recovery period for the
patient.
[0005] A more recent form of treatment for BPH in-
volves thermally treating prostatic tissue with radio fre-
quency (RF) electromagnetic energy. For example, one
current technique, known as transurethral needle abla-
tion (TUNA), involves the transurethral application of a
medical instrument having a built-in RF needle electrode
system. The TUNA instrument is inserted into the urethra
and advanced to a position adjacent the prostate. There-
after, the RF needles are advanced to penetrate the ure-
thral wall and access the prostatic tissue. The RF system
is activated to penetrate the urethral wall and access the
prostatic tissue. The RF system is activated whereby a
RF current is transmitted through each electrode to pass
through the tissue to a grounding pad thereby forming a

necrotic lesion which is eventually absorbed by the body.
Apparatuses and method for treating BPH via the TUNA
technique are disclosed for example in US Patent No.
5,366,490.
[0006] The TUNA technique has several disadvantag-
es which detract from its usefulness. In particular, the
TUNA instruments are generally complex typically incor-
porating built-in optical systems, aspiration systems, etc.
As a result, the instruments are relatively expensive to
manufacture. Moreover, the TUNA instruments are gen-
erally enlarged by virtue of the various systems incorpo-
rated within the instrument, thus, increasing patient trau-
ma and discomfort during use.
[0007] US patent application Serial No. 08/699,091
filed August 16, 1996 (hereafter, the ’091 application),
and US provisional patent application No. 60/027600,
filed October 4, 1996 disclose highly effective appara-
tuses for the radio frequency (RF) thermal treatment of
prostatic tissue. The apparatus disclosed in the ’091 ap-
plication is intended for use in conjunction with a conven-
tional endoscope such as a cystoscope and incorporates
an RF system and associated mechanism that is at least
partially positionable within the working channel of the
scope. The apparatus, by use in conjunction with a con-
ventional cystoscope, makes use of the existing systems,
e.g. optical and illumination, of the scope, which effec-
tively results in a less complex and less expensive RF
thermal treatment device. Furthermore, the apparatus
may be used in cystoscopies as small as 5mm (or even
smaller) in diameter thereby providing a less invasive
system for transurethral ablation as compared to the TU-
NA instruments and technique.
[0008] It is known from US-A-5472441 (Edwards) to
provide an apparatus for use in conjunction with a radio
frequency (RF) ablation electrode insertable into a pa-
tient to ablate body tissue by delivering RF current there-
through, said apparatus comprising an RF generator for
outputting RF current sufficient to ablate body tissue,
temperature measuring circuitry coupled to a tempera-
ture sensor in a specific body region for measuring tem-
perature in that body region, processing circuitry coupled
to said RF generator for controlling said RF generator
and, input means coupled to said processing circuitry,
wherein said processing circuitry operates to compare
the measured temperature with a threshold value and
commands said RF generator to cease delivery of RF
current if said measured temperature exceeds said
threshold value.
[0009] An apparatus according to the present inven-
tion is characterised in that the input means enables a
user to input a representation of a numerical value of a
treatment volume corresponding to a target volume of
body tissue to be ablated,the threshold value corre-
sponding to said representation of a numerical value of
the treatment volume input by a user via the input means.
[0010] Preferable features of the invention are defined
in the dependent claims numbers 2 to 11.
[0011] Preferred embodiments of the present inven-
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tion will now be described, by way of example only, with
reference to the drawings, in which like reference numer-
als identify similar or identical components throughout
the several views, wherein:

Figure 1 is a perspective view of an embodiment of
an auxiliary apparatus for thermal treatment of tissue
incorporating a coaxial arranged bipolar electrode
assembly;
Figure 2 is a perspective view with parts separated
of the auxiliary apparatus of Figure 1;
Figure 3 is a side plan view of the apparatus with the
handle in cross-section;
Figure 4 is a perspective view of the distal end of the
elongate portion of the apparatus;
Figure 5 is a view similar to the view of Figure 3
illustrating actuation of the actuating portion to de-
ploy the electrode assembly beyond the directional
(delivery) tube of the elongate portion;
Figure 6 is a view similar to the view of Figure 5
further illustrating the electrode assembly deployed
from the directional tube;
Figure 7 is an enlarged cross-sectional view of the
distal end of the electrode assembly and deployed
beyond the directional tube;
FIGURE 7A is an enlarged isolated view of the distal
tip of the electrode assembly with a thermocouple
positioned therein for detecting the temperature at
the treatment area;
FIGURE 8 is a cross-sectional view taken along the
lines 8-8 of FIG. 7A;
FIGURE 9 is a cross-sectional view taken along the
lines 9-9 of FIG. 7A;
FIGURE 10 is a side plan view of the distal end of
the directional tube with portions cut away to depict
a second thermocouple for detecting the tempera-
ture of tissue adjacent the treatment area;
FIGURE 11 is a cross-sectional view taken along the
lines 11 - 11 of FIG. 10;
FIGURE 12 is a view illustrating insertion of a cys-
toscope and mounted thermal treatment apparatus
within the urethral passage with the directional tube
partially deployed;
FIGURE 13 is a view illustrating the cystoscope and
mounted apparatus inserted within the urethral pas-
sage with the directional tube fully deployed;
FIGURE 14 is an enlarged view further illustrating
the directional tube deployed;
FIGURE 15 is a view similar to the view of FIG. 13
illustrating the electrode assembly deployed beyond
the directional tube and penetrating the prostatic tis-
sue;
FIGURE 16 is an isolated view further illustrating the
electrode assembly deployed within the prostatic tis-
sue;
FIGURE 17 is a view of an alternate embodiment of
the auxiliary thermal treatment apparatus of FIG. 1
incorporating a monopolar electrode assembly;

FIGURE 18 is a perspective view of the distal end
of the electrode assembly with the monopolar elec-
trode deployed beyond the distal end of the direc-
tional tube;
FIGURE 19 is a cross-sectional view of the electrode
illustrating a thermocouple disposed within the elec-
trode for detecting the temperature of the treatment
area;
FIGURE 20 is a side plan view of the electrode and
directional tube with the directional tube partially cut-
away to illustrate a second thermocouple for detect-
ing the temperature of the tissue adjacent the treat-
ment area;
FIGURE 21 is a cross-sectional view taken along the
lines 21-21 of FIG. 20;
FIGURE 22 is a side plan view of another alternate
embodiment of the auxiliary thermal treatment ap-
paratus incorporating a dissipating agent for facili-
tating transfer of the electromagnetic energy to the
treated tissue;
FIGURE 23 is a view taken along the lines 23-23 of
FIG. 22 depicting components of the handle of the
apparatus of FIG. 22;
FIGURE 24 is a side plan view of the apparatus with
the handle in partial cross section;
FIGURE 25 is a side plan view of the distal end of
the elongate portion with portions of the directional
tube and the electrode assembly cut-away;
FIGURE 26 is a cross-sectional view taken along the
lines 26-26 of FIG. 25;
FIGURE 27 is a cross-sectional view taken along the
lines 27-27 of FIG. 25;
FIGURE 28 is a plan view of the handle illustrating
a syringe connected to the handle;
FIGURE 29 is a view illustrating the cystoscope and
mounted thermal treatment apparatus inserted with-
in the urethral passage;
FIGURE 30 is an isolated view illustrating deploy-
ment of the electrode assembly within the prostatic
tissue;
FIGURE 31 is a perspective view of an alternate em-
bodiment of a handle to be utilized with the monop-
olar electrode embodiments of FIGS. 17-28;
FIGURE 32 is a perspective view with parts sepa-
rated of the handle of FIG. 31;
FIGURE 33 is a side cross-sectional view of a handle
in an unactuated position;
FIGURE 34 is a side plan view of the handle of FIG.
31 mounted to a cystoscope;
FIGURE 35 is a view similar to the view of FIG. 33
illustrating rotation of the control member to selec-
tively deploy the delivery catheter; and
FIGURE 36 is a view similar to the view of FIG. 33
illustrating the deployment member advanced to de-
ploy the electromagnetic probe.
FIGURE 37 schematically illustrates a BPH treat-
ment system of the present disclosure;
FIGURE 38 is a block diagram showing hardware
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components within the controller of the present dis-
closure;
FIGURES 39, 40A, 40B and 41 are schematic block
diagrams of specific hardware portions within the
controller hardware; and
FIGURES 42A-42I are software flow diagrams rep-
resenting software running on the processor within
the controller.

[0012] Although the principles of the disclosure are ap-
plicable with various instruments utilized in the RF treat-
ment of tissue, the disclosure will be fully understood
from the following illustration of its application in the RF
thermal treatment apparatus disclosed in U.S. patent ap-
plication Serial No. 081699,091, the contents of which
are incorporated herein by reference. However, it is un-
derstood that the system disclosed herein may be used
with other thermal treatment instruments and in other sur-
gical procedures such as cardiac ablation, cancer treat-
ment, etc. The system may be used in any minimally
invasive procedure where thermal treatment of tissue is
desired and access to the tissue is limited.
[0013] The apparatuses to be described are particu-
larly intended to be used in conjunction with an endo-
scope such as a cystoscope, fiber scope, laparoscope,
urethroscope, etc... to provide the scope with thermal
treatment capabilities. More specifically, the apparatuses
are at least partially insertable within the working channel
of an endoscope, which is positioned in the body to ac-
cess a targeted tissue area to thermally treat the desired
tissue.
[0014] Referring now to FIGS. 1-3, there is illustrated
an embodiment of an auxiliary RF thermal treatment ap-
paratus of the present disclosure, which is also one of
the embodiments disclosed in the ’091 application. Ap-
paratus 400 includes housing or handle 402, elongate
portion 404 connected to the handle and extending dis-
tally therefrom, and a bipolar or monopolar electrode unit
406 which extends beyond the distal end of the elongate
portion 404. Handle 402 includes frame 408 defining a
generally cylindrical configuration and having diametri-
cally opposed finger rings 410 mounted thereto. Finger
rings 410 accommodate the fingers of the user to facilitate
holding and manipulation of the apparatus 400. Handle
402 further includes actuating portion 412 which is
mounted to frame 408.
[0015] Actuating portion 412 includes a distal inner cy-
lindrical mounting section 414 which is received within
an internal bore of frame 408 to mount the actuating por-
tion 412 to frame 408. Mounting section 414 is dimen-
sioned to slide within frame 408 thereby permitting rela-
tive movement between the two components, i.e., actu-
ating portion 412 is reciprocally moveable relative to
frame 408 to operate the apparatus as will be discussed.
Actuating portion 412 further includes a thumb ring struc-
ture 415 for accommodating the thumb of the user. A coil
spring 417 mounted about mounting section 414 to nor-
mally bias the actuating portion 412 to a normal proxi-

malmost position.
[0016] The components of handle 402 are preferably
fabricated from a suitable rigid polymeric material or a
metal such as stainless steel. The supporting compo-
nents including frame 408 and actuating portion 412 pref-
erably incorporate respective half sections 408a, 412a
(FIG. 2) which are secured to each other about their pe-
ripheries with the use of adhesives, screws, etc...
[0017] Referring now to FIGS. 4-7, in conjunction with
FIG. 2, elongate portion 404 is mounted to the distal end
of frame 408 through ferrule 416 which is fixedly mounted
within corresponding recesses 418 defined in frame 408
(FIG. 2). Elongate portion 404 includes outer delivery
catheter 420. Outer delivery tube or catheter 420 is fab-
ricated from a flexible material and has a shape memory
portion 422 at its distal end. At its proximal end, delivery
tube 420 is fixedly mounted to ferrule 416 by the use of
adhesives, crimping, etc... Materials of fabrication for the
shape memory portion 422 of delivery catheter 420 in-
clude Nitinol. In the normal unstressed condition of de-
livery catheter 420, memory portion 422 defines an ar-
cuate orientation angularly oriented relative to the longi-
tudinal axis as shown. In a preferred embodiment (e.g.,
in BPH application), memory portion 422 defines a radius
of curvature "r" ranging between about 0.300 to about
0.500 inches, preferably about 0.400 inches. Delivery
catheter 420 preferably has an outer diameter of about
0.04 inches. A Teflon’ shrink tubing 424 is preferably dis-
posed about delivery tube 420 as best depicted in FIG. 7.
[0018] Bipolar electrode unit 406 is disposed within de-
livery catheter 420 and extends through handle 402
where it is connected to actuating portion 412 through
ferrule 426. Ferrule 426 is fixedly mounted within a cor-
respondingly dimensioned recess 428 (FIG. 22) formed
in actuating portion 412. Through this arrangement,
movement of actuating portion 412 causes correspond-
ing translation of electrode unit 406 within delivery cath-
eter 420.
[0019] As best illustrated in FIGS. 6-7 which depict
electrode unit or assembly 406 deployed via advance-
ment of actuating portion 412, the electrode assembly
406 includes an outer tubular bipolar electrode 430 and
an inner tubular bipolar electrode 432 coaxially mounted
within the outer electrode 430. Inner bipolar electrode
432 extends distally beyond outer tubular electrode 430.
Each electrode 430, 432 has insulating layers 434, 436
respectively. Inner electrode 432 is preferably a needle
electrode having a sharpened penetrating end as shown.
[0020] Referring now to FIGS. 7-9, apparatus 400 fur-
ther includes a first thermocouple 438 which extends
within the axial bore of inner electrode 432. First thermo-
couple 438 is intended to measure the temperature of
the tissue within the treatment area for monitoring pur-
poses during the surgical procedure. An epoxy sealant
440 may be applied about the distal end of the thermo-
couple 438. First thermocouple 438 may be disposed
within a protective sleeve 442 as shown. As depicted in
FIGS. 10-11, a second thermocouple 444 may also be
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provided to measure the temperature of the tissue out-
side and adjacent the treatment area to ensure that this
tissue is not undesirably thermally ablated. Second ther-
mocouple 444 preferably extends between delivery cath-
eter 420 and shrink tubing 424 which, as stated above,
is wrapped about the outer surface of delivery catheter
420.
[0021] With reference again to FIGS. 2, 3 and 5, ap-
paratus 400 further includes an electrical connector 446
which is mounted within a corresponding recess 448 in
actuating portion 412 of handle 402. Connector 446 elec-
trically connects the electrode assembly 406 and ther-
mocouples 438, 444 to the RF energy source and the
thermocouple accessory instrumentation, respectively,
through appropriate wires 450. Instrumentation contem-
plated for use with thermocouples 438, 444 include a
digital monitor to provide a readout of the temperatures
ascertained with the thermocouples, as will be described
hereinbelow.
[0022] Referring now to FIGS. 12-14, use of the appa-
ratus 400 in connection with the thermal treatment of pro-
static tissue to treat BPH will be discussed. Apparatus
400 is intended for use with a conventional scope such
as cystoscope 200 which is identical to the cystoscope
described in the ’091 application and is insertable within
a working channel of the scope through instrument port
216. In a preferred method of application, cystoscope
200 is initially inserted and advanced within the urethral
passage "u" whereby the distal end of the scope is posi-
tioned adjacent the prostatic tissue to be treated. Auxil-
iary apparatus 400 is thereafter introduced through chan-
nel port 216 and advanced within the working channel.
Alternatively, the apparatus 400 can be inserted through
the working channel port 216 and the working channel,
and the entire assembly inserted into the urethral pas-
sage. It is to be noted that memory portion 422 of delivery
catheter 420 assumes a generally linear configuration
upon insertion within the cystoscope working channel.
Upon exiting the distal end of working channel 214, mem-
ory portion 422 assumes its normal unstressed curved
orientation depicted in FIGS. 12-14. FIG. 12 illustrates
memory portion 422 partially deployed while FIGS. 13-14
illustrate the memory portion 424 in the fully deployed
position. As shown in FIG. 14, memory portion 422 will
not penetrate the prostatic tissue upon deployment, but,
rather will engage the inner wall of the urethra and bias
the wall inwardly.
[0023] With reference now to FIGS. 15-16, actuating
portion 412 is then advanced in the direction of the di-
rectional arrow of FIG. 15 to advance the electrode as-
sembly 406, i.e., actuating portion 412 is advanced from
the position depicted in FIG. 3 to the position depicted in
FIG. 5. Upon deployment, the needle portion of inner
electrode 432 pierces the urethral wall "u"’to access the
prostatic tissue "p". Electrode unit 406 is continually ad-
vanced whereby outer electrode 430 is disposed within
the prostatic tissue and insulating layer 434 of the outer
electrode 430 is adjacent the urethral lining. The system

is thereafter energized whereby a thermal treatment re-
gion is created by transfer of RF energy between the
outer and inner electrodes 430, 432.
[0024] The coaxial arrangement of the electrode as-
sembly 406 reduces the overall diameter of the elongate
portion 404 of the thermal treatment apparatus, thus, fa-
cilitating incorporability within a cystoscope. It is to be
appreciated that the arrangement and lengths of the ex-
posed electrodes 430, 432 (and thus insulation) may be
varied to create other thermal treatment capacities.
[0025] FIGS. 17-21 illustrate an alternate embodiment
of an auxiliary thermal treatment apparatus. This appa-
ratus is similar in most respects to the prior embodiment,
but, incorporates a monopolar electrode assembly hav-
ing a single monopolar electrode 460 with insulating layer
462. The apparatus may be utilized with a grounding pad
positioned adjacent the body as is conventional in the
art. Delivery catheter 420 and memory portion 422 are
substantially similar to the prior embodiment. A shrink
tubing 424 is positioned about delivery catheter 420. As
best depicted in FIGS. 20-21, thermocouple 438 is dis-
posed within delivery catheter 420 and thermocouple 444
is disposed between the shrink tubing 424 and the outer
surface of delivery catheter 420.
[0026] Referring now to FIGS. 22-23, an alternate em-
bodiment of the monopolar thermal treatment apparatus
of FIGS. 17-21 is illustrated. Apparatus 500 includes han-
dle portion 502 having frame 504 and actuating portion
506 slidably mounted to the frame. Actuating portion 506
includes dual connectors, namely, electrode connector
508 and infusion port 510. Electrode connector 508 con-
nects to a RF energy source. Infusion port 510 is prefer-
ably a luer-type connector and operatively connects to
an infusion liquid or dissipating agent utilized to facilitate
dissipation of the RF energy at the electrode end. Actu-
ating portion 506 further includes thermocouple connec-
tor 512 which connects to one of the thermocouples of
the instrument. Frame 504 of handle portion 502 includes
a separate thermocouple connector 514 mounted thereto
which electrically connects with a second thermocouple
incorporated in the instrument. Actuating portion 506 is
slidably mounted to frame 504 and is connected to the
electrode unit in an identical manner to that described
above. The remaining components are identical to their
corresponding parts described in connection with the em-
bodiment of FIG. 1.
[0027] In accordance with this embodiment, other than
the hollow passage discussed below, the electrode unit
is substantially identical to that described in connection
with the aforedescribed embodiment of FIGS. 17-21.
[0028] As depicted in FIGS. 25-27, a first thermocouple
516 extends between the outer shrink tubing 518 and
delivery catheter 520 and is utilized to measure the tem-
perature of the tissue adjacent the treatment area. First
thermocouple 516 is electrically connected to electrode
connector 508 of actuating portion 506. A second ther-
mocouple 522 extends between insulating layer 524 and
monopolar needle electrode 526 to detect the tempera-
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ture of the tissue within the treatment area. Second ther-
mocouple 522 is electrically connected to electrode con-
nector 514 of frame 504.
[0029] FIGS. 26-27 also illustrate the dissipating agent
or fluid 528 , e.g., saline solution, which passes through
the hollow passage of the electrode 526 as will be dis-
cussed.
[0030] With reference now to FIGS. 28-30, use of the
apparatus 500 will be described. A syringe 530 contain-
ing the dissipating fluid, e.g. hypertonic saline solution,
is connected to infusion port 510. In the alternative, a
fluid bag may also be utilized and connected to the port
in a conventional manner. With the cystoscope 200 ac-
cessing the urethral passage, the apparatus 500 is in-
serted and the needle electrode 526 is deployed by ad-
vancing actuating portion 506. Prior to and during treat-
ment, i.e. energization of the system to apply RF energy
saline solution is infused with syringe 530 through the
hollow passage of electrode 526 and into the treatment
site to facilitate dissipation of the thermal energy and to
assist in focusing the current on the target tissue. Pref-
erably, a tube 532 is provided (FIG. 24) to fluidly connect
port 510 and the inner passageway of electrode 526.
During treatment, the temperature of the treatment area
and area adjacent the treatment area may be monitored
with thermocouples 516, 522. Other fluids can be injected
through the hollow passage of electrode 526 such as an
anaesthetic agent or drug post op to minimize edema.
[0031] Port 550 can be provided for suction or irriga-
tion, e.g. injection of isotomic saline in the working chan-
nel in the space surrounding the delivery tubes.
[0032] Referring now to FIGS. 31-33, there is illustrat-
ed an alternate handle of the apparatus of the present
disclosure. Handle 600 is contemplated for use with a
monopolar electrode assembly, e.g., those depicted in
FIGS. 17-21 and FIGS. 22-28. Handle 600 includes sta-
tionary housing portion 602 and movable housing portion
604 which is longitudinally moveable relative to stationary
housing portion 602. Stationary housing portion 602 has
a mounting collar 606 mounted at its distal end which
supports the elongate body of the apparatus. Stationary
housing portion 602 further defines at its proximal end a
threaded portion 608. Movable portion 604 includes a
frame 610 and an elongated drive portion 612 extending
from the frame 610. The elongated drive portion 612 is
at least partially accommodated within the axial bore of
stationary housing 602 and is adapted to move within the
stationary housing 602 to deploy the delivery catheter as
will be discussed.
[0033] A rotatable control member 614 is coaxially
mounted about elongated drive portion 612. Rotatable
control member 614 is longitudinally fixed with respect
to movable housing portion 604 through an interfitting
relationship of a locking groove and collar arrangement.
More particularly, rotatable control member 614 includes
a collar 615 which fits within a groove 617 of movable
housing portion 604 to longitudinally fix the rotatable con-
trol member 614 to the movable housing portion 604.

Rotatable control member 614 has an internal thread 616
which cooperates with threaded portion 608 of stationary
housing 602 to longitudinally move the movable housing
portion 604 upon rotation of the control member 614.
[0034] A deployment member 618 is mounted within
the main frame 610 of movable housing 604 and is adapt-
ed to move longitudinally with respect to the movable
housing portion 604. As will be appreciated from the de-
scription provided below, deployment member 618 is
connected to the electromagnetic probe and functions in
deploying the probe from the distal end of the delivery
catheter.
[0035] Referring particularly to FIG. 33, in view of FIG.
32, the interrelationship of the delivery catheter and elec-
tromagnetic probe with the components of handle 600
will be discussed. The delivery catheter and electromag-
netic probe are identical to the delivery catheter and
probe discussed in connection with the embodiment of
FIG. 17 or in the embodiment of FIG. 22. Delivery catheter
620 extends within handle 600 and through an axial bore
of movable housing 604. The proximal end of delivery
catheter 620 is longitudinally fixed to elongated portion
612 of movable housing portion 604. Any conventional
means for securing delivery catheter 620 to elongated
drive portion 612 may be utilized including welding, ce-
ments, adhesives, etc... Accordingly, upon movement of
movable housing portion 604 in the longitudinal direction
as effectuated through rotation of rotatable control mem-
ber 614, the delivery catheter 62 0 also moves longitu-
dinally.
[0036] Electromagnetic probe 622 extends through
delivery catheter 620 whereby the proximal end of the
electromagnetic probe 622 continues within the main
frame 610 of the movable housing portion 604. The prox-
imal end of the electromagnetic probe 622 further ex-
tends through collar 619 mounted within deployment
member 618 and terminates within a ferrule connector
624 disposed proximal of the deployment member 618.
Electromagnetic probe 622 is longitudinally secured to
collar 619 which is fixed to deployment member 618 such
that movement of the deployment member causes cor-
responding longitudinal motion of the electromagnetic
probe. Ferrule connector 624 is preferably mounted with-
in a longitudinal recess or groove defined in the frame of
the movable housing portion 604. Ferrule connector 624
is fixed to the proximal end of electromagnetic probe 622
by conventional means including welding, cements, ad-
hesives, etc... and serves to provide the electrical con-
nection between the electromagnetic probe 622 and the
service line or cable 626 which supplies the electromag-
netic energy from the energy source. Ferrule connector
624 also serves in receiving the saline solution tube 628
to connect the tube to the interior lumen extending within
the electromagnetic probe 622.
[0037] Also depicted in FIG. 33 are the source lines
servicing the two thermocouples. In particular, the first
line 630 services the thermocouple extending between
the outer shrink tubing and delivery catheter (see discus-
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sion in connection with embodiment of FIGS. 17-22)
which detects or measures the temperature of tissue ad-
jacent the tissue area. The second line 632 services the
thermocouple which extends within the electromagnetic
probe 622 for detecting the temperature of the tissue in
the treatment area.
[0038] Referring now to FIG. 34 the use of the appa-
ratus will be discussed. With the cystoscope 200 access-
ing the urethral passage as discussed above, the elon-
gated portion of the apparatus is inserted within the work-
ing channel of the scope and advanced until the handle
engages the working channel port connector 216 extend-
ing from the proximal end of the working channel of the
cystoscope as depicted in FIG. 34. Preferably, handle
600 includes a Luer type connector at its distal end which
releasably engages the port connector 216. With refer-
ence to FIG. 35, the delivery catheter 620 is deployed by
rotating the rotatable control member 614 in the direction
depicted in FIG. 35. As rotatable control member 614
rotates the movable housing portion 604 advances
through the threaded engagement of the threaded por-
tions 608, 616 of rotatable control member 614 and the
stationary housing 602 thereby advancing the delivery
catheter 620 within the elongated portion of the appara-
tus and beyond the distal end of the working channel of
the scope 200. It is appreciated that the rotatable control
member 614 can be selectively incrementally rotated to
provide selective incremental deployment of the delivery
catheter 620, thus, providing enhanced control over the
amount of deployment of the memory portion thereof. In
effect, therefore, the angular orientation of the distal end
of the delivery catheter 620 can be varied through the
amount of deployment of the memory portion to achieve
desired paths of entry into urethral tissue.
[0039] Once the delivery catheter 620 is deployed as
desired, attention is directed to deploying electromagnet-
ic probe 622. With reference now to FIG. 36, deployment
member 618 is advanced in the direction of the directional
arrow to deploy the electromagnetic probe 622 from the
end of the deployment catheter. As the deployment mem-
ber 618 moves in the longitudinal direction, the ferrule
connector 624 is also carried longitudinally due to the
fixing of the proximal end of the electromagnetic probe
and the ferrule connector 624 as discussed above. It is
to be noted that the service lines 626, 630 and 632 serv-
icing both the thermocouples and the electromagnetic
probe 622 have sufficient slack to permit advancing
movement of the deployment member 618. Lines 626,
630 and 632 extend from handle 600 into a cable 642
that originates from a control unit (to be described below).
Fluid line 628 may originate from the control unit which
controls the flow rate during the procedure. Optionally,
cable 642 may have a connector 643b that mates with a
connector 643a on handle 600 to permit manual attach-
ment of cable 642 to handle 600.
[0040] It is also envisioned that the auxiliary apparatus
described above can be used other than with a scope.
For example, the delivery (directing) tubes can be insert-

ed directly into the urethra or other body lumens. The
tubes and electrodes can be monitored by ultrasound,
MRI, fluoroscopy or other hanging techniques. Ultra-
sound can also be used in conjunction with the endo-
scope to image the needles in the adenoma. Further, the
auxiliary apparatus may be used to thermally treat the
BPH condition via the patient’s rectum rather than via the
urethra. To implement this procedure, the catheter/treat-
ment electrode can be inserted within the working chan-
nel of a transrectal ultrasound (TRUS) instrument, where
the TRUS instrument is used to help guide the catheter
to the proper location adjacent the prostate.
[0041] An exemplary embodiment of a system in ac-
cordance with the present disclosure will now be de-
scribed as a BPH thermal therapy system, including a
controller and auxiliary treatment apparatus operating in
a monopolar operating mode. However, it is understood
that the system disclosed herein may be used with other
thermal treatment instruments such as the bipolar instru-
ment described above or those in the ’091 application.
In addition, the system may be used in surgical proce-
dures other than for treatment of the BPH condition.
[0042] Referring now to FIG. 37, an exemplary BPH
therapy system in accordance with the present disclosure
includes an RF generator/controller 10, handle/electrode
assembly 600 (described hereinabove) and a grounding
plate 22 positioned in abutting relation to the patient’s
body during BPH treatment. Assembly 600 includes the
delivery catheter 620 which may be inserted directly into
the patient’s urethral passage and advanced by means
of deployment member 618. Optionally, a cystoscope
(not shown) may be used in conjunction with assembly
600, in which case the delivery catheter 620 is inserted
into the working channel of the cystoscope, and the cys-
toscope working channel is inserted into the urethral pas-
sage.
[0043] Generator/controller 10 includes an RF current
generator to produce high frequency RF power (e.g., 50
watts output at 500 KHz) upon command from a proces-
sor within controller 10. The RF current is provided be-
tween the monopolar needle electrode within catheter
620 and the grounding plate 22, the latter typically being
held against the patient’s back. Current is caused to flow
within the resistive human tissue between the monopolar
electrode and grounding plate 22, to thereby thermally
treat (e.g., ablate, vaporize or cauterize) the targeted pro-
static tissue. Since the electrode has a much smaller sur-
face area than the grounding plate, the current flowing
in the vicinity of an exposed distal portion of the electrode
is much higher in intensity than at the grounding plate.
As a result, by using an appropriate RF power level, only
the prostate tissue in the vicinity of the electrode is ther-
mally treated while other body tissue in between the elec-
trode and the grounding plate carries a low enough cur-
rent to remain unperturbed. As a result of this treatment,
the targeted prostatic tissue necroses and dies, thus, re-
lieving pressure off the urethral wall and alleviating the
symptoms of BPH. The ablation of the targeted prostatic
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tissue is facilitated by infusing hypertonic saline into the
treatment area through catheter 620. The hypertonic sa-
line functions to increase the effective treatment zone.
The hypertonic saline essentially acts as a large elec-
trode which is "activated" by "plugging in" the monopolar
needle electrode. The size and speed in which a thermal
lesion can be created is a function of the infusion rate,
the amount of saline delivered prior to RF power delivery,
the saline concentration and the magnitude of RF power
delivery. Accordingly, combining intraprostatic infusion
of hypertonic saline and radio frequency energy delivery
allows tissue destructive thermal lesions to be quickly
created (e.g., in 30-75 seconds) without need for multiple
applications.
[0044] In addition, the saline solution serves to allow
a more uniform ablation of the targeted prostate tissue
and also to prevent charring of the tissue against the
monopolar electrode surface. Such charring would oth-
erwise present a high impedance at the electrode surface
which would inhibit ablation of a desired volume of pros-
tate tissue.
[0045] As discussed above, patient cable 642 includes
two pairs of thermocouple wires and a wire that connects
to the monopolar electrode. Cable 642 has a connector
on its end to allow manual connection to connector 196
on the controller housing. Saline line 628 connects to a
disposable syringe 17 mounted within controller 10,
where syringe 17 is removable through a hatch door 19
on the controller housing. Saline flow from syringe 17 is
automatically induced by means of a processor-control-
led saline pump within controller 10. Prior to the insertion
of catheter 620 into the patient, a "purge" operation is
performed to remove air from the saline line. During the
purge operation, which is initiated by manual depression
of a purge switch 14c, saline is caused to flow at a con-
stant rate, e.g., 4cc/minute. After catheter 620 is inserted
within the patient and the footswitch is depressed, saline
is caused to flow at a constant rate, e.g. 2cc/minute, dur-
ing both a pre-infusion period (e.g. 30 seconds) in which
no RF energy is applied, and also during the time period
of RF power treatment.
[0046] Grounding plate 22 is connected to a return line
28 which completes the RF current path from the mo-
nopolar electrode. An optional continuity sensor 36 may
be mounted on grounding plate 22 to sense improper
surface contact of the grounding plate against the patient
and to provide a corresponding signal on lines 38 to con-
troller 10. The quality of the ground plate contact with the
patient may be determined based on the magnitude of
the return signal from sensor 36. An alarm may be sound-
ed if patient continuity between two or more points on
the ground plate is unsatisfactory. The processor would
automatically cause termination of RF power delivery
when this alarm condition occurs.
[0047] An optional rectal probe 40 includes a thermis-
tor 44 to sense rectal temperature. Controller 10 displays
rectal, prostate and urethral temperatures during the
BPH treatment procedure on a colour bar display 18 and

also on an alphanumeric display 16. Rectal probe 40 is
attached on the side of an ultrasound instrument 47 in-
cluding a display to allow the operators to see and control
the position of catheter 20 within the urethra. This enables
the physician to make a determination of what volume of
prostate tissue should be thermally treated. The proces-
sor automatically causes termination of RF power deliv-
ery if the rectal temperature exceeds a predetermined
threshold.
[0048] Controller 10 also includes push button switch-
es 14 to permit user-control of various aspects of the
treatment. Among the switches 14 are several "treatment
volume" switches, each of which corresponds to a se-
lected target volume of prostate tissue to be ablated dur-
ing the subsequent treatment (i.e., the volumetric size of
the thermal lesion to be created). The targeted treatment
volume is presumed to be reached as soon as a specific
treatment time, i.e., a specific time duration of RF power
delivery corresponding to that treatment volume, is
reached. Exemplary treatment times are 30, 45 and 75
seconds for treatment volumes of <4cm, 4-8cm, and >
8cm, respectively. The RF output power is automatically
turned off by the controller when the treatment time is
reached. If, however, the measured prostate or urethral
temperature exceeds a safety limit. e.g., 104°C, prior to
the treatment time being reached, RF power automati-
cally shuts off.
[0049] Also included among switches 14 are a "pump
retract" switch 14a, a "pump advance" switch 14b and
the aforementioned purge switch 14c, each of which con-
trol the position of a push rod connected to the saline
pump. Switch 14a facilitates replacement of the syringe.
Switch 14b is depressed in order to advance a pushing
rod against a plug within the syringe. Depression of purge
switch 14c causes saline to flow prior to RF current de-
livery. The purge switch 14c is depressed in the pre-op-
erative procedure, mentioned above, to cause saline flow
through catheter 620 before the catheter is inserted into
the patient, in order to remove any air that may be
present. Once the purge button is released, saline flow
ceases.
[0050] Controller 10 also includes a connection to
pneumatic footswitch 12 which initiates the start of treat-
ment when depressed. LEDs 15 are included to provide
visual indications of various alarm conditions. An RS 232
connector 13 enables connection of controller 10 to an
external computer such that unit software ear be upload-
ed and log files of treatments performed can be down-
loaded from controller 10 to the computer.
[0051] At the outset of a treatment, controller 10 per-
forms a self-test. The operator purges the saline prior to
inserting catheter 620 within the patient by depressing
the purge switch 14c. After a first treatment is complete
(i.e., after the predetermined treatment t time corre-
sponding to the treatment volume is reached) the oper-
ator has the option to treat another portion of the prostate
(or other tissue being treated) by manipulating the cath-
eter 620 and the monopolar electrode position. Once the
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new position is selected, the operator then depresses a
"re-start" button on the controller 10 housing. When the
restart button is depressed, the purge switch 14c is pref-
erably disabled. The operator then once again selects a
treatment volume. Then, the new treatment area is pre-
infused for, e.g., 30 seconds when the footswitch is de-
pressed. T’he saline is also caused to flow during the
new treatment as RF is applied in the same manner as
in the first treatment. Additional treatments are also con-
templated by pressing the re-start button again in the
above-described manner.
[0052] With reference now to FIG. 38, a simplified
block diagram of exemplary electronics within RF gen-
erator/controller 10 is shown. A microprocessor 100 in-
cludes memory 105 which stores the software program
controlling the BPH therapy procedure. Memory 105 also
stores log files for each treatment performed for subse-
quent unloading to an external computer. An RF gener-
ator 110 connects to ablation electrode 24 and to ground
plate 22 and outputs RF current therebetween upon com-
mand from microprocessor 100. When the RF power is
turned on, circuitry within RF generator 110 measures
the output power P, voltage V between its output leads
112 and 114, "forward current I1 on lead 112 and reverse
current I2 on lead 114. Analog signals corresponding to
these parameters are forwarded to an analog to digital
(A/D) converter 115 where they are digitized and provid-
ed to processor 100. The impedance between lines 112
and 114 is computed periodically (e.g., every second) by
microprocessor 100 based on these signals. This imped-
ance corresponds substantially to the impedance be-
tween electrode 24 and ground plate 22 in contact with
the patient, and is typically in the range of 35-300 ohms
under normal conditions. An excessively high impedance
may indicate that undesirable charring is present on the
surface of the ablation electrode. If the impedance ex-
ceeds a predetermined value stored in memory (e.g. 300
ohms) then RF current flow is terminated via a command
from processor 100 to RF generator 110. In addition, if
impedance is below a predetermined threshold, RF cur-
rent flow is terminated via a command from processor
100. Microprocessor 100 also activates an audio alarm
160 when a high or low impedance condition occurs dur-
ing the course of treatment.
[0053] For each BPH treatment, microprocessor 100
writes various information into the log file of memory 105.
Data corresponding to at least the following items are
written into the log file for subsequent downloading to an
external computer: date; time of start session; treatment
volume selected; time stamp; prostate temperature; ure-
thra temperature; rectal temperature; impedance; re-
verse current; and forward current and power. The data
is written into the log file at periodic intervals, e.g., every
second, during the course of treatment.
[0054] As mentioned above, saline solution (prefera-
bly, hypertonic saline solution) is stored within disposable
syringe 17 mounted within controller 10. Microprocessor
100 controls the saline flow by providing commands to

pump electronics 130 which in turn control an infusion
pump 135. Pump 135 drives a ram 137 at a controlled
rate during the treatment to provide a constant saline
flow.
[0055] A temperature measuring circuit 120 is coupled
to the prostate and urethral thermocouples and to the
rectal thermistor. Circuit 120 sends temperature data to
microprocessor 100 corresponding to the temperatures
sensed by the respective sensors. Microprocessor 100
displays the current prostate, urethral and rectal temper-
atures on digital display 16 as well as on bar graph display
18. As mentioned above, the user selects a treatment
volume by depression of one of the front panel push but-
tons 14. For each treatment volume, specific treatment
times are stored in memory 105. By way of example, the
user may select one of three treatment volumes, e.g.,
less than 4cm, 4cm-8cm, or greater than 8cm. Corre-
sponding treatment times stored in memory 105 may be
30, 45 and 75 seconds, respectively. During the treat-
ment, if a threshold temperature corresponding to a safe-
ty Limit is reached at either the urethra, prostate or rec-
tum, processor 100 commands RF generator 110 to shut
off the RF output power, thus terminating any further RF
ablation. These safety limits are preferably fixed for the
respective prostate, urethra and rectal regions, regard-
less of the treatment volume selected. In addition, if the
circuitry determines that any of the thermocouples is
open, RF output power will be automatically shut off and
an alarm will be generated. As an alternative to allowing
user-selection from one of several treatment volumes,
the software can be modified by storing a simple algo-
rithm that computes a treatment time as a function of a
user-inputted treatment volume. User input may be
through a computer connected to port 13 or through a
keypad input on the controller 10 housing.
[0056] Optionally, to provide an additional safeguard,
an independent hardware timer clock can be provided,
which would be active whenever the RF energy is on.
This clock is continuously polled, and if the cumulative
time that the RF energy has been applied during the pro-
cedure exceeds a predetermined threshold, the control-
ler automatically shuts off the RF energy.
[0057] As an alternative to terminating the treatment
when the treatment time corresponding to the treatment
volume is reached or if a safety temperature limit is
reached, treatment temperatures corresponding to each
treatment volume can be stored in the controller memory,
and the controller software can designed to terminate
treatment as soon as the treatment temperature is
reached. For this embodiment, a safety treatment time
would preferably be stored in memory, and the treatment
would be automatically terminated if the treatment time
is reached prior to the treatment temperature being
reached. This safety treatment time could be different for
the respective treatment volumes.
[0058] Controller 10 operates off AC line voltage which
is filtered to reduce noise by filters 170 and converted to
DC by AC/DC converter 180. The DC voltage is stepped
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down to +28V and isolated by DC/DC converter 182. RF
generator 110 and pump electronics 130 are each fed
the +28V for operating voltage. Another DC/DC converter
184 is utilized to step down the +28V to lower voltages
(+SV, + 15V, -15V) which are used to power the other
electronics of controller 10. A power monitor 187 moni-
tors the lower voltages and provides signals to micro-
processor 100 indicative of whether the voltages are with-
in predetermined tolerance ranges. To minimize the pos-
sibility of electric shock to the patient, the +28V DC is
isolated from the patient by using opto-couplers or other
isolation measures between the components contacting
the patient and the electronics operating with +28V.
[0059] FIGS. 39-41 show exemplary controller 10 elec-
tronics in more detail. Referring to FIG. 39, RF generator
110 is of the pulse width modulation (PWM) type and
simulates a sinusoidal RF output with alternating voltage
pulses at a SOOKHZ rate. Of course, other frequencies
are possible. Microprocessor 100 controls the RF output
state by providing a RF ON or RF OFF command to an
opto-coupler 162 (the latter being used to isolate the mi-
croprocessor from the RF generator voltages). The com-
mand is forwarded to a D/A converter 164 which produc-
es an output voltage in the range of O-SV DC to corre-
spondingly control RF output power to O-SOW. The an-
alog voltage output from D/A converter 164 is either OV
or SV to correspondingly produce RF power output of 0
watts (RF OFF) or 50 watts (RF ON). In other embodi-
ments, a variable RF output power may be provided.
[0060] The above-mentioned P, V, I1, and I2 signals
representing measured output power, voltage, forward
current and reverse current, respectively, are periodically
forwarded as voltage pulses on respective coaxial trans-
mission lines 172-175 to A/D converter 115. The corre-
sponding digitized values are digitized and applied via a
parallel interface to microprocessor 100. Suitable isola-
tion (as indicated by dotted lines 178) is provided be-
tween the transmission line voltages and the RF output
voltage applied to the patient.
[0061] A reset timer circuit 166 responds to a com-
mand from microprocessor 100 by resetting an internal
clock within RF generator 110. The internal clock is a
SOOKHZ, two phase clock which controls the output volt-
age waveform.
[0062] With reference to FIG. 40A, microprocessor
100 initiates saline solution flow to the patient by forward-
ing a command to opto-isolator 21 1, which in turn sends
a corresponding isolated command signal to pump elec-
tronics 130 through level converter 216. Pump 135 is
then controlled to drive a ram 137 at a constant rate, for
example, 2cc per minute. The constant flow rate condi-
tion occurs either when the user activates the purge
switch 14c on the front panel, when the footswitch is first
depressed, or, whenever RF current is caused to flow.
Ram 137 is shown within syringe 17 in FIG. 40B. A sec-
ond command from processor 100, initiated by user ac-
tivation of the "pump retract" switch 14a, causes ram 137
to retract in the reverse direction to facilitate installing or

removing the syringe. Once a new syringe is installed,
the user typically depresses the "advance pump" button
14b on the controller front panel. This results in a com-
mand from microprocessor 100 to the pump electronics
to cause ram 137 to move forward to a detent position
ready for purge. The detent position corresponds to the
pushing member 223 of ram 137 contacting a plug 227
within syringe 17 with sufficient force. (Prior to installation
of syringe 17 into the hatch door compartment of control-
ler 10, the syringe is filled and plug 227 is placed near
the open end of the syringe). Feedback signals indicative
of the actual position of ram 137 are fed back by pump
electronics 130 to microprocessor 100 via level converter
216 and opto-isolator 212. From these feedback signals,
microprocessor 100 determines a corresponding saline
volume within syringe 17.
[0063] A pneumatic to metallic converter 156 is cou-
pled to footswitch 12 via an air hose and provides signals
to processor 100 indicative of the footswitch depression.
When footswitch 12 is depressed, the software running
on processor 100 starts a timer and initiates saline flow.
A predetermined time thereafter (e.g. 30 seconds) it will
start the RF current flow and continue solution flow until
the threshold therapy treatment time corresponding to
the selected treatment volume is reached or a safety tem-
perature limit is reached, whichever is first. For example,
the safety temperature limits may be 45°C for the urethra,
104°C for the prostate, and 42°C for the rectum. If the
foot switch is released, the solution flow will be stopped
after a predetermined timeout duration, e.g., a two sec-
ond delay, and the RF current flow will be stopped. A
message indicative of the footswitch being released will
be displayed on LCD display 16. If the footswitch is de-
pressed before the time out duration is complete, then
the solution flow will continue without interruption at the
prescribed rate (e.g., 2cc/minute).
[0064] Referring to FIG. 41, temperature measuring
circuit 120 digitizes analog temperature data on each
copper wire pair 192, 193 and 194. Copper wire pairs
192 and 193 connect within connector 196 to the prostate
and urethra thermocouple wire pairs 630 and 632, re-
spectively. Copper wire pair 194 connects to the rectal
thermistor 44. A thermistor 198 is used to measure the
temperature of connector 196 in order to calibrate the
thermocouple wire to the copper wire. The digitized tem-
perature data is forwarded to processor 100 on serial
port interface (SPI) 199. Processor 100 uses the temper-
ature measured by thermistor 198 as a reference to cal-
culate the prostate and urethra temperatures. Processor
100 also receives ambient temperature data from ther-
mometer 152. The treatment electrode wire 626 also con-
nects to the RF generator wire 112 within connector 196.
[0065] With reference now to FIGS. 42A-42I, a soft-
ware flow diagram illustrating software running on proc-
essor 100 is presented. When the user turns the power
on (step 220) a self test is performed and a corresponding
message displayed on the LCD display (steps 222-226).
If the self-test fails in step 228, a test fault description is
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displayed (step 230) and the user mode is suspended.
Otherwise, a "self-test complete, checking instruments"
message is displayed and the controller enables the
pump retract button (steps 235-240). When the retract
button is depressed, the pump is retracted upon com-
mand of processor 100 in steps 245-255 (unless it is al-
ready in the retracted position). With the pump retracted,
the user can then unload and load the disposable syringe
17. Once the pump advance and purge buttons are en-
abled in step 260, the pump will be advanced to the detent
position upon user depression of the pump advance but-
ton (step 270).
[0066] Next, in step 275, proper connection of the pa-
tient cable 642 is checked by means of the processor
reading temperature or fault data from the temperature
measuring circuit 120 (step 275). A message indicative
of the cable connection is then displayed either in step
277 or 280. The software then checks for the proper con-
nection of the disposable handle electrode assembly 600
connected to the patient cable (step 285) and displays a
corresponding message in either step 280 or 290. The
presence of the ground plate 22 (RF return) and rectal
cable are then checked and corresponding messages
displayed (steps 295-310).
[0067] As mentioned above, depression of the purge
button 14c on the front panel, prior to insertion of the
treatment catheter within the patient, causes saline to
flow for the purpose of removing air from the system. The
software design is such that the purge operation is a man-
datory pre-operative operation. The software determines
whether the purge button 14c has been pressed in step
315, and if so, solution flow is enabled and a "purge" LED
is lit to verify the same to the user (steps 325-330). The
software commands solution flow to continue and the
purge LED is lit until the purge button is released (steps
335-345). Following the purge, the above-discussed
treatment volume buttons are enabled in step 350.
[0068] If in step 315 the purge button was not pressed,
it is then determined in step 320 whether a first thermal
treatment has already been performed and the pump has
been retracted. If so, the flow continues to step 350. Oth-
erwise, the software flow returns to step 245 (FIG. 42A).
At this point, if one of the treatment volume buttons have
been pressed in step 355 then the next step is to deter-
mine whether the saline level is adequate in step 360. (If
no treatment volume button is pressed, the, flow returns
to step 245 of FIG. 42A). The saline level is checked by
means of feedback signals being sent from the pump
electronics 130 to processor 100 indicative of the ram
position, where processor 100 compares the ram position
to a predetermined threshold position corresponding to
an adequate saline level. If the saline level is inadequate,
an error message is displayed in step 362 and the user
mode is suspended. The operator would then have to fill
the saline syringe and restart the procedure by activating
a "restart" switch on the front panel.
[0069] If the saline level is adequate in step 360, a
treatment volume LED is lit corresponding to the treat-

ment volume selected (step 365). The purge, pump re-
tract and pump advance buttons are then disabled in
steps 370-380 whereby user depression of any of these
will not disturb the saline flow. The temperature LEDs
are then activated, foot switch 12 enabled and a "ready"
message displayed (steps 385-395). At this juncture, the
user presents the instrument into the urethra (if not al-
ready inserted). When the user depresses and holds the
foot switch, the treatment commences whereupon a "in-
fusion on" message is displayed (step 400). The treat-
ment volume buttons are disabled in step 405 to prevent
the user from changing the treatment volume at this point.
An infusion LED is then lit, an audible infusion tone
sounded and solution flow enabled (steps 410-420).
[0070] Next, processor 100 activates the log file in
memory 105 (step 430) and begins a series of measure-
ments and checks prior to initiating the delivery of RF
power. In step 435, processor 100 computes the imped-
ance between the electrodes based on the measured
current and voltage values supplied by the RF generator.
If the impedance is within limits, the processor then de-
termines: if the saline supply is adequate; if the foot switch
is still depressed; if the patient cable continuity is satis-
factory; and if the measured temperature in the prostate
and urethra are within limits (steps 440-455). If any of
the determinations in steps 435-455 are unsatisfactory,
an error message is displayed corresponding to the fault
condition, a fault LED is lit and an audio fault tone sound-
ed (steps 465-475). The occurrence of the fault causes
saline flow to be disabled, LEDs to be deactivated, an
audio RF tone to be disabled and the user mode sus-
pended (steps 480-508). Once the fault condition is rem-
edied, the user may restart the procedure by depressing
the restart button (step 509) causing the software flow to
return to step 245 (FIG. 42A).
[0071] Following the temperature checks of step 455,
if the temperatures are within limits the software then
ascertains whether a predetermined infusion time is with-
in limit (step 460). If so, the prostate region has not been
yet been fully pre-infused and the flow returns to step
435. If not, the pre-infusion period is complete and the
RF energy is turned on. A corresponding text message
is displayed, an LED is lit and an audio tone sounded
indicating that RF is on (steps 510-525). While RF is be-
ing delivered, the software again performs checks for ca-
ble continuity and saline level (steps 530-535). RF flow
is stopped in step 537 if a fault occurs, the flow then
returning to step 465. Otherwise, the software checks
whether the measured impedance, temperatures and
treatment duration are within limits (steps 540-550). If
either is out of limits, RF energy is stopped and a "treat-
ment complete" message is displayed (steps 555-560).
Otherwise, the treatment continues as the software flow
returns to step 530.
[0072] Once the RF output is terminated, saline flow
is disabled, as are the various LEDs and RF audio tone
(steps 565-585). The log file is then deactivated following
a short post RF log time interval (steps 590-595). As men-

19 20 



EP 1 769 762 B9

12

5

10

15

20

25

30

35

40

45

50

55

tioned above, as the various parameters such as imped-
ance, temperature and so on are measured or read by
the processor during the procedure, the data is written
into the log file at periodic intervals. Finally, the temper-
ature LEDs are deactivated and the user mode suspend-
ed, unless the restart button is depressed to begin an-
other procedure.
[0073] While the above description contains many
specifics, these specifics should not be construed as lim-
itations on the scope of the disclosure, but merely as
exemplifications of preferred embodiments thereof. For
example, the above-described controller may be modi-
fied to deliver RF current between a pair of bipolar elec-
trodes as an alternative to the monopolar operation de-
scribed. Further, the RF energy could be delivered to the
target body region over a wide range of RF frequencies,
including the microwave band.

Claims

1. An apparatus for use in conjunction with a radio fre-
quency (RF) ablation electrode insertable into a pa-
tient to ablate body tissue by delivering RF current
therethrough, said apparatus comprising an RF gen-
erator (110) for outputting RF current sufficient to
ablate body tissue, temperature measuring circuitry
(120) coupled to a temperature sensor in a specific
body region for measuring temperature in that body
region, processing circuitry (100) coupled to said RF
generator (110) for controlling said RF generator
(110) and, input means (14) coupled to said process-
ing circuitry (100), wherein said processing circuitry
(100) operates to compare the measured tempera-
ture with a threshold value and commands said RF
generator (110) to cease delivery of RF current if
said measured temperature exceeds said threshold
value, characterised in that the input means (14)
enables a user to input a representation of a numer-
ical value of a treatment volume corresponding to a
target volume of body tissue to be ablated, the
threshold value corresponding to said representa-
tion of a numerical value of the treatment volume
input by a user via the input means (14).

2. The apparatus of claim 1, further comprising a
ground plate (22) adapted to be placed in abutting
relation to the patient’s skin, said apparatus thereby
operative to ablate body tissue in a monopolar mode.

3. The apparatus of claim 1 claim 2, wherein said input
means (14) comprises a plurality of user-activated
switches on said apparatus, each corresponding to
a specific treatment volume or range.

4. The apparatus of any preceding claim, wherein said
processing circuitry (100) comprises a microproces-
sor (100) that retrieves said threshold value from a

memory (105).

5. The apparatus of any preceding claim, wherein said
RF generator (110) outputs sufficient RF current to
ablate prostate tissue.

6. The apparatus of any preceding claim, wherein said
specific body region in which said temperature sen-
sor is disposed comprises the prostate region, and
further wherein said temperature measuring circuitry
(120) is coupled to at least one additional sensor
disposed in a different body region, said RF gener-
ator (110) being caused to cease delivery of RF cur-
rent if the temperature in the different body region
exceeds a threshold.

7. The apparatus of any preceding claim, further includ-
ing an infusion pump (135) for pumping a solution
into a body region encompassing said body tissue
to be ablated, said infusion pump (135) being con-
trolled by said processing circuitry (100) to pump said
fluid at a controlled rate.

8. The apparatus of claim 7, further including means
for mounting a syringe (17) containing said fluid, said
fluid being pumped out of said syringe (17) through
a fluid line connected to said apparatus, by means
of a ram (137) driven by said infusion pump (135).

9. The apparatus of claim 7 or 8, wherein the RF abla-
tion electrode (24) is a transurethral radio frequency
(RF) ablation electrode insertable into a patients
prostate region.

10. The apparatus of any of claims 7 to 9, wherein said
fluid comprises hypertonic saline solution.

11. The apparatus of any of claims 7 to 10, wherein said
infusion pump (135) is operative, under control of
said processing circuitry (100), to pump said fluid at
a controlled rate both immediately prior to delivery
to RF current and during delivery of RF current.

Patentansprüche

1. Gerät zur Verwendung in Verbindung mit einer Ra-
diofrequenz-(RF-)Ablationselektrode, die in einen
Patienten einführbar ist, um Körpergewebe abzutra-
gen, indem RF-Strom hindurch zugeführt wird, wo-
bei das Gerät einen RF-Generator (110) zur Ausga-
be von RF-Strom umfasst, der ausreicht, um Kör-
pergewebe abzutragen, ferner eine Temperatur-
messschaltung (120), die mit einem Temperatursen-
sor in einem bestimmten Körperbereich gekoppelt
ist, um Temperatur in diesem Körperbereich zu mes-
sen, ferner eine Verarbeitungsschaltung (100), die
mit dem RF-Generator (110) gekoppelt ist, um den
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RF-Generator (110) zu steuern, sowie eine Einga-
beeinrichtung (14), die mit der Verarbeitungsschal-
tung (100) gekoppelt ist, wobei die Verarbeitungs-
schaltung (100) dazu ausgelegt ist, die gemessene
Temperatur mit einem Schwellenwert zu vergleichen
und den RF-Generator (110) anweist, die Zufuhr von
RF-Strom zu stoppen, wenn die gemessene Tem-
peratur den Schwellenwert übersteigt, dadurch ge-
kennzeichnet, dass die Eingabeeinrichtung (14) es
einem Benutzer ermöglicht, eine Darstellung eines
numerischen Werts eines Behandlungsvolumens
einzugeben, das einem Sollvolumen von abzutra-
gendem Körpergewebe entspricht, wobei der
Schwellenwert der von einem Benutzer mittels der
Eingabeeinrichtung (14) eingegebenen Darstellung
eines numerischen Werts des Behandlungsvolu-
mens entspricht.

2. Gerät nach Anspruch 1, ferner umfassend eine Er-
dungsplatte (22), die dazu ausgelegt ist, an die Haut
des Patienten anliegend platziert zu werden, wo-
durch das Gerät dazu ausgelegt ist, Körpergewebe
in einem monpolaren Modus abzutragen.

3. Gerät nach Anspruch 1 oder Anspruch 2, wobei die
Eingabeeinrichtung (14) eine Mehrzahl von benut-
zeraktivierten Schaltern auf dem Gerät umfasst, wo-
bei jeder einem bestimmten Behandlungsvolumen
oder -bereich entspricht.

4. Gerät nach einem der vorhergehenden Ansprüche,
wobei die Verarbeitungsschaltung (100) einen Mi-
kroprozessor (100) umfasst, der den Schwellenwert
aus einem Speicher (105) abruft.

5. Gerät nach einem der vorhergehenden Ansprüche,
wobei der RF-Generator (110) ausreichenden RF-
Strom ausgibt, um Prostatagewebe abzutragen.

6. Gerät nach einem der vorhergehenden Ansprüche,
wobei der bestimmte Körperbereich, in dem der
Temperatursensor angeordnet ist, den Prostatabe-
reich umfasst, und wobei ferner die Temperatur-
messschaltung (120) mit wenigstens einem weiteren
Sensor gekoppelt ist, der in einem anderen Körper-
bereich angeordnet ist, wobei veranlasst wird, dass
der RF-Generator (110) die Zufuhr von RF-Strom
stoppt, wenn die Temperatur in dem anderen Kör-
perbereich eine Schwelle übersteigt.

7. Gerät nach einem der vorhergehenden Ansprüche,
ferner umfassend eine Infusionspumpe (135) zum
Pumpen einer Lösung in einen Körperbereich, der
das abzutragende Körpergewebe umgibt, wobei die
Infusionspumpe (135) durch die Verarbeitungs-
schaltung (100) dazu gesteuert wird, das Fluid mit
einer gesteuerten Rate zu pumpen.

8. Gerät nach Anspruch 7, ferner umfassend eine Ein-
richtung zum Montieren einer Spritze (17), die das
Fluid enthält, wobei das Fluid aus der Spritze (17)
heraus durch eine an das Gerät angeschlossene
Fluidleitung mittels eines Kolbens (137) heraus ge-
pumpt wird, der durch die Infusionspumpe (135) an-
getrieben wird.

9. Gerät nach Anspruch 7 oder 8, wobei die RF-Abla-
tionselektrode (24) eine Transurethral-Radiofre-
quenz-(RF-)Ablationselektrode ist, die in den Pro-
statabereich eines Patienten einführbar ist.

10. Gerät nach einem der Ansprüche 7 bis 9, wobei das
Fluid hypertonische Kochsalzlösung umfasst.

11. Gerät nach einem der Ansprüche 7 bis 10, wobei die
Infusionspumpe (135) dazu ausgelegt ist, gesteuert
von der Verarbeitungsschaltung (100) das Fluid mit
einer gesteuerten Rate sowohl unmittelbar vor der
Zufuhr des RF-Stroms als auch während der Zufuhr
des RF-Stroms zu pumpen.

Revendications

1. Appareil destiné à être utilisé en association avec
une électrode d’ablation à haute fréquence (HF) pou-
vant être insérée dans un patient pour procéder à
l’ablation de tissu corporel par la délivrance d’un cou-
rant haute fréquence à travers celui-ci, ledit appareil
comprenant un générateur haute fréquence (110)
pour délivrer en sortie un courant haute fréquence
suffisant pour procéder à l’ablation d’un tissu corpo-
rel, des circuits de mesure de température (120) cou-
plés à un capteur de température dans une région
spécifique du corps pour mesurer la température
dans cette région du corps, des circuits de traitement
(100) couplés audit générateur haute fréquence
(110) pour commander ledit générateur haute fré-
quence (110), et des moyens d’entrée (14) couplés
auxdits circuits de traitement (100), dans lequel les-
dits circuits de traitement (100) fonctionnent de façon
à comparer la température mesurée à une valeur de
seuil et ordonnent audit générateur haute fréquence
(110) de cesser la délivrance de courant haute fré-
quence si ladite température mesurée dépasse la-
dite valeur de seuil, caractérisé en ce que les
moyens d’entrée (14) permettent à un utilisateur
d’entrer une représentation d’une valeur numérique
d’un volume de traitement correspondant à un volu-
me cible de tissu corporel devant subir une ablation,
la valeur de seuil correspondant à ladite représen-
tation d’une valeur numérique du volume de traite-
ment entrée par un utilisateur par l’intermédiaire des
moyens d’entrée (14).

2. Appareil selon la revendication 1, comprenant de
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plus une plaque de masse (22) adaptée de façon à
être placée en relation de butée avec la peau du
patient, ledit appareil étant par conséquent opéra-
tionnel pour procéder à l’ablation de tissu corporel
dans un mode monopolaire.

3. Appareil selon la revendication 1 ou la revendication
2, dans lequel lesdits moyens d’entrée (14) com-
prennent une pluralité de commutateurs actionnés
par l’utilisateur sur ledit appareil, correspondant cha-
cun à un volume ou à une plage de traitement spé-
cifique.

4. Appareil selon l’une quelconque des revendications
précédentes, dans lequel lesdits circuits de traite-
ment (100) comprennent un microprocesseur (100)
qui récupère ladite valeur de seuil à partir d’une mé-
moire (105).

5. Appareil selon l’une quelconque des revendications
précédentes, dans lequel ledit générateur haute fré-
quence (110) délivre en sortie un courant haute fré-
quence suffisant pour procéder à l’ablation d’un tissu
de prostate.

6. Appareil selon l’une quelconque des revendications
précédentes, dans lequel ladite région spécifique du
corps dans laquelle est disposé ledit capteur de tem-
pérature comprend la région de la prostate, et dans
lequel, de plus, lesdits circuits de mesure de tempé-
rature (120) sont couplés à,au moins un capteur ad-
ditionnel disposé dans une région différente du
corps, ledit générateur haute fréquence (110) étant
amené à cesser la délivrance de courant haute fré-
quence si la température dans la région différente
du corps dépasse un seuil.

7. Appareil selon l’une quelconque des revendications
précédentes, comprenant de plus une pompe d’in-
jection (135) pour pomper une solution dans une ré-
gion du corps englobant ledit tissu corporel devant
subir une ablation, ladite pompe d’injection (135)
étant commandée par lesdits circuits de traitement
(100) de façon à pomper ledit fluide à un débit con-
trôlé.

8. Appareil selon la revendication 7, comprenant de
plus des moyens pour monter une seringue (17) con-
tenant ledit fluide, ledit fluide étant pompé hors de
ladite seringue (17) par l’intermédiaire d’une ligne
de fluide reliée audit appareil, à l’aide d’un piston
(137) actionné par ladite pompe d’injection (135).

9. Appareil selon la revendication 7 ou 8, dans lequel
l’électrode d’ablation à haute fréquence (24) est une
électrode d’ablation à haute fréquence (HF) transu-
rétrale pouvant être insérée dans la région de la pros-
tate d’un patient.

10. Appareil selon l’une quelconque des revendications
7 à 9, dans lequel ledit fluide comprend une solution
saline hypertonique.

11. Appareil selon l’une quelconque des revendications
7 à 10, dans lequel ladite pompe d’injection (135)
agit, sous la commande desdits circuits de traitement
(100), de façon à pomper ledit fluide à un débit con-
trôlé aussi bien immédiatement avant la délivrance
d’un courant haute fréquence que pendant la déli-
vrance d’un courant haute fréquence.
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