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57) ABSTRACT

An cnergy radiation applicator apparatus for hyperthermic
treatment of targeted tissue in a patient is provided. The
apparatus comprises a catheter for insertion info the patient,
and an applicator operatively attached to the catheter and an
energy source sufficient for elevating the temperature of
targeted tissue in proximity to the applicator 1o a preselected
lemperature and for maintaining the preselected temperature
during treatment. It may also comprise a positioning mecha-
nism operatively attached to the catheter so that the appli-
cator may be positioned at a desired position in proximity to
the targeted tissue to be treated, a temperature sensor opera-
tively attached to the catheter and in operative association
with the applicator lor measuring the temperature of the
targeted tissue, and a locator for determining whether the
applicator remains at the desired position. The locator is
operatively attached to the cnergy source and deactivates the
energy source when the conditions exist that permit the
applicator to move from the desired position.

31 Claims, 6 Drawing Sheets
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1
APPARATUS AND METHOD FOR HEAT
TREATMENT OF TISSUE

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to energy radiation devices for
medical hyperthermic treatments and, more particularly, to a
combined catheter and energy applicator for treating pros-
tatomegaly such as benign prostatic hypertrophy, prostatitis,
and prostatc malignancy.

2. State of the Art

Hyperthermia or induced high body temperature has been
considered beneficial in treating various human diseases
including many types of cancer. More specifically, various
types of malignant growths are considered by many
rescarchers to have a relatively narrow hyperthermia treat-
ment temperature range. Below a threshold temperature of
about 41.5 degrees Celsius, thermal destruction of these
malignancies is generally not possible, and may even stimu-
late their growth. However, at temperatures above a range of
about 43 to 45 degrees Celsius, thermal damage to most
normal body tissue cells oceurs il exposure lasts for even a
relatively short duration.

While some types of superficial cancers are known to
respond to direct application of surface heat, deeply located
or subsurface malignant growths, owing to limited penctra-
tion depth of externally applied energy, tissue blood flow,
and heat transfer properties of the body, are more difficult to
heat to the desired temperature without damaging overlying
and adjaccnt healthy tissue. A solution to this problem has
been the development of radiation heating devices for induc-
ing hyperthermia. This form of treatment is historically
known as “diathermia.”

Radiation heating of subsurface growths from an exterior
surface using, for example, electromagnetic (EM) or ultra-
sound (US) radiation, is ordinarily enabled by the configu-
ration and placement of one or more applicators and by
appropriate sclection of EM or US radiation frequency,
phasc and intensity. Nevertheless, tissuc growths inside of,
or in close proximity to, heat sensitive tissue or organs, are
much more effectively and safely heated by radiation irra
diating applicators positioned within the body as close as
possible to the growth requiring treatment.

The advantages of positioning radiation applicators rela-
tively close to the growth to be heated by radiation include
more direct treatment of the enlarged tissues causing the
undesirable symptoms. It also permits improved heating
control, more localized healing, and consequently less pos-
sibility of overheating adjacent bealthy tissuc.

Close applicator access to certain types of discased tissue
growth may be provided by surgical procedures for naturally

i assages such as the csophagus, larynx,
occurring body passages such as the csophagus, larynx, s

urethra, prostate gland and colon. Surgical procedures may
enlarge the passage by cutting away the discased tissue.
Some heating methods use small radiation applicators
placed over the tissue or in an incision to provide direct
irradiation ol the growth.

Special and difficult problems often attend growths found
along natural body passages. For example, diseased tissue
tends to spread around and along the passage, often in a
relatively thin layer. Typically, patient problems may origi-
nate from a tissue layer which is less than one centimeler
thick, and may extend as far as 6—10 centimetors along the
passage. Care must be taken to avoid the use of applicators
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which may result in nonuniform radiation heating of the
elongated growth. To make one end of the applicator hot
enough to kill the unwanted elongated growth, it may be
necessary to make the temperature at the other end of the
applicator so hot that it may kill surrounding healthy tissue.
To treat a longer tissue along the urethra or other passage,
multiple treatments of short, adjacent lengths of tissue may
be necessary with the antenna manually repositioned along
the urethra between each treatment.

Attempts to properly position the applicator in proximity
to the targeted tissue include the use of balloon catheters,
which utilize pressurized fluid to inflate the balloon in the
neck of the bladder, thercby positioning and maintaining the
applicator at a desired position in proximity to the targeted
tissue. A lack of a reliable method to determine the position
of the applicator and whether the applicator has moved
during the treatment may result in inconsistent treatment
results or unwanted heating of healthy tissue. Consequently,
care must be taken to insure that the applicator remains at the
desired position in response to deflation of the balloon or
other movement of the catheler.

SUMMARY AND OBJECTS OF THE
INVENTION

Accordingly, it is an object of the invention to provide an
improved energy radiation device for medical hyperthermic
treatment.

Another object ol the invention is to provide an urethral
insertable energy applicator for treating benign prostatic
hyperplasia or other tissue diseases associated with the
urinary tract.

A further object of the invention is to provide an urethral
insertable energy applicator which can be positioned with
respect to the prostate and maintained against movement
therelrom during treatment.

A more specific object of the invention is to provide a
system for determining whether the cucrgy applicator has
moved or may move during treatment and to signal the
operator and/or deactivate a power source In response to
such conditions. A related object is to provide an urethral
insertable energy applicator {or treating BPIH which includes
a system for determining whether conditions cxist in which
the applicator may move during treatment and signal the
operator of such conditions.

These and other features and advantages of the invention
will be more readily apparent upon reading the following
description of a preferred exemplified embodiment of the
invention and upon relerence to the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view of one embodiment of an energy radiation
device for medical hyperthermic treatment in accordance
with the invention;

FIG. 2 is an cxploded view ol an urcthral inscrtable
catheter shown in FIG. 1;

FIG. 3 is a cross-scctional view of the catheter taken along
line 3-—3 in FIG. 1;

FIG. 4 is an enlarged fragmentary section of the catheter
taken along line 4—4 in FIG. 3;

FIG. 5 is a schematic view of an embodiment of a
temperature sensor and power source control circuit; and

FIG. 6 is a schematic view of the catheter positioned
inside a bladder and prostate of a patient.
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While the invention will be described and disclosed in
connection with certain preferred embodiments and
procedures, it is not intended to limit the invention to those
specific embodiments. Rather it is intended to cover all such
alternative embodiments and modifications as fall within the
spirit and scope of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring now to the figures, a radiation applicator system
10 in accordance with the invention is shown. The radiation
applicator system 10 may include a catheter 12 insertable
into a patient’s body through, for example, the urethra or
other passage, a radiation applicator generally referenced as
14 for radiating energy into targeted tissue using a radiation
heating antenna 18, a positioning mechanism, such as a
balloon, for positioning and maintaining the catheter 12 at a
desired position, and, in accordance with certain objects of
the invention, a locator mechanism generally referenced as
18 for determining whether the heating antenna 15 remains
at the desired position. The structure and operation of the
radiation applicator system 10 will be described in connec-
tion with a urinary catheter for the treatment of BPH, but is,
of course, applicable to other medical hyperthermic treat-
ments. Other excmplary radiation applicators and catheters
suitable for use with the system 10 in accordance with the
invention are described in U.S. Pat. Nos. 4,967,765 to
Turner et al., U.S. Pat. No. 5,220,927 to Astrahan et al., U.S.
Pat. No. 5,249,585 to Turner et al,, and U.S. Pat. No.

5,344,435 to Turner et al., which are hereby incorporated by -

reference.
Relerring to FIGS. 1-3, the exemplary catheter 12 may
be, for example, a balloon type urinary catheter having a

flexible, plastic tubular body 30 and a balloon 31. The ,

catheter has at least one passage. The body 30 of the
exemplary catheter, best shown in FIG. 3, may have a
drainage passage 34, and a pressurized fluid passage 38
defined by the catheter walls for inflating a balloon 31. The
catheter 12 may also have at least one sensor passage 48 for
receiving a corresponding temperature sensor 50 capable of
measuring the temperature of the tissue surrounding the
catheter 12. The catheter 12 has a proximal end 11 closest to
a power source 54 and a distal or insertion end 13 farthest
from the power source 54. In other embodiments, the
catheter may have other passages such as separate drainage
and applicator passages.

Abifurcated access fitting 40 located at the proximal end
11 of the tubular body 30 facilitates communication with the

passages in the body 30. The access piece 40 has a first s

opening 42 for connecting the central drainage passage 34 to
a waste receiving receptacle (not shown) and a second
opening 44 for introducing a pressurized fluid into passage
38 to inflate the balloon 31.

It will be appreciated that the catheter may have a
positioning mechanism for positioning the antenna 15 to a
desired position relative 1o the targeted tissue. One approach
has been to utilize a catheter having an integral balloon 31,
disposed at the distal end 13 of the catheter 12, and in open
communication with the outlet of the pressurized fuid
passage 38 to facilitate inflation and deflation of the balloon
31. The balloon 31 may be disposed between the stops 62
and 64 formed on the tubular body 30. An injection valve 46
attached to the fitting opening 44 controls the inflation of the
balloon 31 and the retention of the balloon filling fluid. An
excmplary valve 46 opens when a syringe (not shown) is
inserted to supply pressurized fluid, such as air or water, to
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inflatc the balloon 31. The valve 46 closcs to retain the
pressurized fluid in the balloon 31 when the syringe is
removed.

In use, the distal cnd 13 of the catheter 12 is inserted
through the patient’s urethral passage and the prostate P, and
into the bladder B, as schematically shown in FIG. 6. When
the distal end 13 of the catheter 12 is in the bladder,
pressurized fluid is introduced through valve 46 and fitting
490 into passage 38 to intlate balloon 31 within the bladder
B. With the balloon 31 inflated in the bladder B, the catheter
12 is pulled slightly outwardly so that the balloon 31 seats
in the neck N of the bladder B. This positively locates and
positions the catheter 12 with respect to the bladder B and
prostale P immediately adjacent to the bladder B as shown
in FIG. 6. It effectively anchors the antenna 15 and mini-
mizes and, preferably, climinates any movement of the
antenna 15 for the duration of the hyperthermic treatment.
The interior of the balloon 31 may, for example, also have
a ribbed configuration to minimize adhesion of the balloon
lo the shalft.

In accordance with certain objects of the invention, the
energy applicator 15 may be placed at a known and prede-
termined position relative to the distal end 13 of the catheter
12 and the balloon 31. Consequently, when the position of
the balloon 31 is fixed in relation to the prostate P, the
position of antenna 15 relative to the prostate remains fixed
and constant throughout treatment and the accurate place-
ment of the applicator 14 in the prostate is repeatable from
treatment to trealment and from patient to patient. ‘The
ability to accuratcly place the antenna 15 relative to the
prostate P without complicated probing, visual imaging, or
other positioning procedures, and the stability of the posi-
tioning so that the position relative to the prostate P remains
constan! during lreatment, is an Important aspect ol the
invention and important to the practical hyperthermic treat-
ment of the prostate P.

It is also desirable that the position of the catheter 12
remain constant with respect to the bladder B and prostate P
during the treatment regardless of any variation in length of
the urethral passage during treatment. Movement of the
applicator 14 and the antenna 15 during treatment away
from the targeted tissue may cause healthy tissue to be
heated. In accordance with certain objects of the invention,
the system 10 has a locator mechanism generally designated
60 for determining whether the applicator 14 is properly
positioned relative to the targeted tissue. The locator mecha-
nism 60 is connected via signal cable 61 to the control circuit
74. In one embodiment, the locator mechanism 60 monitors
the positioning mechanism to determine whether conditions
exist that permit movernent of the applicator antenna 15. An
excmplary locator mechanism 60 may include a pressure
monitor, such as a pressure transducer, for monitoring the
pressure within the pressurized fluid passage 38 and balloon
31. In response to a pressure decrease, indicating that the
balloon 31 has deflated and/or ruptured so that the antenna
15 may move from the predetermined location relative to the
targeted tissue, the locator mechanism 60 in the form of a
pressure monitor signals the power source 54 for the appli-
cator 14 to be deactivated before any damage to non-targeted
tissue may oceur. Alternatively, the pressurc transducer may
activate a visual or auditory signal to alert the operator of the
possibility of movement of the antenna 15 so the operator
may deactivate the power source 54. The pressure monitor
may be positioned in proximity to or communication with
the injcction valve 46 of the catheter 12.

The locator mechanism 60 may also be a pressurc switch
which is actuated in the prescnee of predefined pressure
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levels. The exemplary pressure switch may have activated
and deactivated positions which activate or deactivale,
respectively, the power source 54 for applicator 14. Back
pressurc within the desired pressure range in the pressure
passage 38 and balloon 31 positions the switch to the
activated position, thereby activating the power source 54.
However, in response 10 a decrease in the pressure, indicat-
ing deflation of the balloon 31 and the potential for move-
ment of the antenna 158, the switch moves to the deactivated
position and signals for deactivation of the power source.

Another embodiment of the locator mechanism may
include an optical sensor (not shown) operatively attached to
the opening 42 of the drainage passage 34 and the control
circuit 74 which measures, for example, dye levels in the
balloon 31 and the passage 34. Optically sensitive dye may
be placed in the balloon. Dye leakage from the balloon
would cause increased dye levels within the drainage pas-
sage 34 so that the sensor, upon measuring the increased dye
levels, may deactivate the power source or send another
appropriate signal to the operator. Yet another locator
mechanism may include a monitor, for example, that mea-
sures relative movement ol the catheter within the urethra.
The monitor may be attached to the patient, for example, so
that movement of the patient does not erroneously indicate
movement of the catheter within the urethra. In response to
movement of the catheter and ultimately the antenna 18
within the urethra that exceeds predetermined limits, the
locator mechanism deactivates the power source. Various
additional modifications ol the locator mechanism specifi-
cally illustrated and described hercin will be appareat to
those skilled in the art, particularly in light of the tcachings
of this invention. The invention should not be construed as
limited to the specific form shown and described herein.

The system 10 requires at least one radiation applicator 14
having a radiating antenna 15 for conducting heat energy,

such as electromagnetic (EM) radiation, ultrasound (US) -

radiation or other heat sources, 1o heat the targeted tissue 10
a desired temperature, typically about 41.5 to about 80
degrees Celsius. The antenna 15 may include a microwave
helical coil, a metallic surface or other suitable configuration
adapted to radiate the targeted tissue with energy. As best
shown in IFIG. 4, the antenna 15 has a distal end 17 farthest
from the power source 54 and a proximal end 16 closest to
the power source. ‘The antenna 15 may be positioned adja-
cent a stop 62 inboard of the catheter balloon 31.

The antenna 15 may be connected to an energy or power
source 54 by a transmission line, such as coaxial cable 56,
dimensioned to fit within the drainage passage 34. While any
suitable transmission line may be used, the exemplary cable
56 shown in FIG. 3 has an inner conductor 564, an insulator
560, an outer metal braided cover 56¢ and a cover 56d such
as a silicon tube, to protect the cable from urine. In the
exemplary embodiment shown in FIG. 4, the cable 56 may
pass through at least the proximal end 16 and along the
center axis of the antenna coil 15, The distal and proximal
ends 17, 16 of the antenna 15 may be connected for example,
by soldering wires 68 and 69 to the inner conductor 56a and
the braided cover 56¢, respectively.

The antenna coil 15 may also contain one or more of the
following physical features:

(a) open or closed connection to the tip of the coil and

center coaxial conductor;

(b) open or closed connection to the base of the coil and

the outer coaxial conductor;

(c) conductor breaks or gaps within the coil winding;

(d) multiple coils stacked longitudinally and connceted to

individual coaxial cables to allow modification of the
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heat pattern length using cither cohcrent or non-
coherent phase energy into cach coil;

(e) straight but flexible coil conductors or electrodes along
the antcnna to serve as EM cmitters;

(f) a coil with progressively increasing conductor width or
diameter towards or away from the tip of the applicator;

(g) an antenna or electrode with center conductor diam-
eter exposed beyond the outer conductor at the tip
region;

(h) an antenna or electrode which has the center conductor
exposed beyond the outer conductor and having an
increased metal surface area per unit length closer to
lhe tip region to increase the heating toward the tip
region;

(i) a coil with diffcrent turns ratio per unit length;

(j) diameter variations of the center conductor within the
coil length; and

(k) modification of the dielectric material or thickness
around the center conductor or coil antenna;

(1) a temperaturc scasor within the antenna region so as to
scnse the temperature of the surrounding tissuc being
heated. While variations f, j, and k are illustrated
together in FIG. 4, any of the variations may be used
alone or in other combinations to provide desired
characteristics of the applicator 14. The various dimen-
sions shown in the figures is greatly exaggerated so as
o be visible.

In the exemplary embodiment shown in the figures, a
dielectric sheath 70 having a tubular or other suitable
configuration may be attached over the antenna 15 so as to
avoid direct contact between the antenna and tissue and to
create a desired external, electric tissue heating field along
the length of the antenna 15. The thickness and configuration
of the sheath 70 may be varied as necessary to obtain a
desired heating field. While any suitable material may be
used, silicone rubber has been found to be acceptable. While
direct contact between the metal portions of the applicator
14 and the targeted tissue should normally be avoided,
contact may be allowable if sufficient protection is provided
to prevent undesirable muscle stimulation, cramping and the
like.

Any energy source 54 capable of delivering the energy
levels to the antenna 15 through the coaxial cable 56
necessary to heat the targeted tissue to the desired tempera-
ture levels may be used. An exemplary power source appli-
cator illustrated in the figures may comprise an oscillator
capable ot supplying about 70 watts electrical power at a
[requency ol about 300 to 2450 MHz lor microwave-lype
anlennas, or about 100 kHz 1o 300 MIHz for electrode-lype
or ultrasound-type antennas.

A control and display pancl 72 may be used to sclect and
control the treatment time and/or the desired temperature in
the targeted tissue. The controller circuit 74 controls the
operation of the system 10, including the amount of power
supplicd by the energy source 54 (o the applicator 14
necessary to control and maintain a desired temperature in
the targeted tissue being treated. Control signals are sent
from the controller circuit 74 to the cnergy source 54 by
control cable 86 so as to maintain the power supplied to the
applicators sufficient to generate a tissue temperature
between about 41.5 degree Celsius and about 80 degree
Celsius. The system controller circuit 74 is connected to the
control and display panel 72 for two way communication via

5 cable 150. The control and display panel 72 includes energy

on/off switches 78 and 80, a temperature control 82 for
sclecting the desired operating temperature, and a timer 84
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tor sclecting the treatment time. These coatrol functions can
also be provided by other equivalent forms of displays such
as switches, buttons, microprocessors, computer terminals
and the like.

In an exemplary embodiment, a separable insulated tem-
perature sensor 50 measures the temperature of the tissue
surrounding the catheter 12, as shown generally in FIG. 1
and by electrical schematic in FIG. 5. The temperature
sensor 50 may be placed into the region of the targeted tissue
during treatment, preferably by being inserted into a tem-

perature sensor passage 48 of the catheter 12. The passage

48 may be attached to the exterior of the catheter 12, such
as by gluing. As with the other passages in the catheter 12,
the temperature sensor passage 48 may alternately be a tube
embedded in the catheter or may be formed ntegrally with
the catheter. While a single seusor passage 48 and corre-
sponding temperature sensor 50 are illustrated, it will be
readily appreciated by those skilled in this art that more than
one sensor passage and associated temperature sensor may
be utilized if desired.

The exemplary control circuit 74 shown in I'IG. 5 may be
connceted to a temperature sensor 50, by a four lead cable
56. Auy suitable temperature sensor may be used but a
conventional precalibrated thermistor has been found to be
acceptable. The thermistor 50 may be connected to a con-
stant current source 99 and an amplifier 92 for amplifying
the thermistor output to a working level. A high gain
comparator 94, which has input terminals connected to the
amplifier 92 and to a temperature setting potentiometer 96 of
the temperature controlicr 82 (FIG. 1), compares the ampli-
fied thermistor output with a desired temperature reference
voltage. The high gain comparator 94 has its output con-
nected to the junction of a timer 84 and an electrically
controlled pole of a double pole switch 98.

Consequently, when the temperature sensor 50 indicates

that the targeted tissue is below the desired temperature, the

comparator 94 outputs control signals to activate the switch
98 and, thereby, deliver power to the antenna 15 so as to heat
the targeted tissue. When the temperature sensor 50 indi-
cates the targeted tissue is at or above the desired
temperature, the comparator 94 outputs control signals to
deactivate the switch 98 and, thereby, deactivate the power
source 34 so that the antenna 15 does not further heat the
targeled tissue.

The timer 84 also controls the switch 98 and the power
source 54. Power is transmitted to the antenna 15 when the
timer 84 is activated and terminated when the timer 84 is
deactivated. In one embodiment, the timer 84 may be
activated in response to the initial receipt of power from the
comparator 94 for a pre-selected treatment time. At the end
ol the treatment period, the timer 84 deactivates the switch
98 and, thereby, the power source.

In accordance with certain objects of the invention, the
switch 98 may also be controlled by the locator mechanism
60 which deactivates the switch (or provides other appro-

priate signals to the operator) in response to conditions, such :

as deflation of the balloon, which indicate the possibility of
movement of the applicator 14, In one exemplary
embodiment, the locator mechanism monitors the back
pressure of the balloon 31 and/or pressurized fluid passage
38. While the back pressure remains within a predetermined
range, the switch remains activated and power is supplied to
the applicator 14. However, the locator mechanism deacti-
vates the switch 98 in response to pressure decreases in the
batloon 31 or [luid passage which may indicate movement ol
the applicator 14.

The switch 98, of course, may also be manually controlied
by the control switches 78 and 80. When the switch 98 is
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activated as shown in FIG. 5, a control signal is output on
lead 100 to activate the power source 54. Conversely, when
the switch 80 is deactivated, the power source 54 is deac-
tivated.

While an exemplary embodiment of the microwave con-
trol circuit 74, the control and display pancl 72, and the
temperature sensor circuit 88 has been illustrated and
described herein, it will be readily appareat to those skilled
in this art that a variety of modifications could be made to
this overall control system if desired. For example, the timer
84, comparator 94, temperature setting potentiometer 96,
control switch 98, or other portions of the control circuit can
be microprocessor controtled or otherwise automated if
desired. It will be appreciated that additional temperature
sensors inscrted through corresponding tube, leads and
control circuits (not shown) may be added as additional
temperature monitors.

In use, the catheter 12 is inserted through the patient’s
urethral passage, the prostate P, and into the bladder B, as
schematically shown in FIG. 6. It is thus important that the
catheter 12 be flexible cnough to be casily inserted through
the urcthral passage. When the distal cod 13 of the catheter
12 is in the bladder, pressurized fluid is introduced through
valve 46 and opening 44 into passage 38 to inflate balloon
31 within the bladder. With the balloon 31 inflated in the
bladder B, the catheter 12 is pulled slightly outwardly so that
the balloon 31 seats in the neck N of the bladder B. This
positively locates and positions the catheter 12, as well as
the antenna 15, with respect to the bladder and prostate
immediately adjacent to the bladder as shown in FIG. 6. In
this position of the catheter 12 and the antenna 15 remains
constant with respect to the bladder and prostate regardless
of any variation in length of the urethral passage during
treatment. While catheter 12 is positioned in the bladder B,
drainage passage 34 permits urine drainage tube from the
bladder, out the drainage opening 42 to a liquid waste
receptacle (not shown).

In the exemplary embodiment, the applicator 14 creates
an external, electromagnetic heating field which extends for
a desired length along the antenna 15 to create a heating
portion of the applicator 14. In some embodiments, this
heating field may be approximately uniform along the length
of the antenna 15.

In operation, with the apparatus properly positioned as
described above, the timer 84 and the temperature control 82
are selected as desired, and the generator 54 1s activated by
switch 98. The applicator 14 radiates heat into the targeted
tissue of the prostate gland extending along the antenna 15
of the applicator 14 until the desired temperature is reached
and/or the treatment time expires. When the desired tissue
lemperature is reached, the comparator 94 outputs control
signals to the power source 54 to control the power output
to the applicator 14 to maintain the temperature substantially
constant for the selected treatment time period. At the end of
the treatment time, the power source 54 is automatically
turned off by timer 84. However, the power 54 can be turned
off at any time using the “off” switch 80. As described above,
the applicator 14 deactivates the power source or sends
another appropriate signal to the operator should coaditions
cxist that permit movement of the antenna 15 from the
desired location.

Thus, it will be seen that a novel and improved energy
radiation device for medical hyperthermic treatments has
been provided which attains the alorementioned objects.
Various additional modifications ol the embodiments spe-
cifically illustrated and described hercin will be apparent to
thosc skilled in the art, particularly in light of the tcachings
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of this invention. The inveation should not be construcd as
limited to the specitic form shown and described, but instead
is set forth in the following claims.

What is claimed is:

1. An energy radiation applicator apparatus for hyperther-
mic treatment of largeted tissue in a patienl, comprising:

a catheter for insertion into the patient;

an antenna operatively carried by the catheter and an
energy source sufficient for elevating the temperature
of targeted tissue in proximity to the antenna to a
preselected temperature and for maintaining the prese-
lected temperature during treatment;

a positioning mechanism operatively attached to the
catheter, separate from the antenna, for positioning the
antenna (n desired proximity to the targeted tissue to be
treated;

a temperature sensor operatively attached to the catheter
and In operative association with the antenna for mea-
suring the temperature of the targeted tissue; and

a locator for determining whether the antenna remains at
the desired position, wherein the locator measures the
relative movement between the catheter and the patient
to determine whether the antenna has moved from the
desired position, and wherein the locator is operatively
attached to the energy source for deactivating the
energy source when the antenna moves from the
desired position.

2. An energy radiation applicator apparatus according to
claim 1 wherein the locator monitors the condition of the
positioning mechanism and is operatively attached to the
energy source so as to deactivate the energy source when the
condition of the positioning mechanism permits movement
of the antenna from the desired position.

3. An energy radiation applicator apparatus according to
claim 1 wherein the locator monitors the condition of the
positioning mechanism and is operatively attached to a
signal device and the signal device generates a signal when
the condition of the positioning mechanism permits move-
ment of the antenna from the desired position.

4. An energy radiation applicator apparatus according to
claim 1 wherein the locator measures the relative movement
between the catheter and the patient to determine whether
the antenna has moved [rom the desired position, and
wherein the locator is operatively attached to a signal device
which generates a signal when the antenna moves from the
desired position.

5. An energy radiation applicator apparatus comprising:

a catheter;

an antenna operalively carried by the catheter and an
cnergy source sufficient for clevating the temperature
of targeted tissuc in proximity to the antcnna to a
preselected temperature and for maintaining the prese-
lected temperature during treatment;

a positioning mechanism operatively attached to the
catheler, for positioning the antenna at a desired posi-
tion in proximity to the targeted tissue to be treated;

a temperature seasor operatively attached to the catheter
and in operative association with the antenna for mea-
suring the temperature of the targeted tissue; and

a locator for determining whether the antenna remains at
the desired position, wherein the positioning mecha-
nism comprises an inflatable balloon operatively
attached to the catheter so at least a portion of the
balloon may cxtend into the paticnt’s bladder, and the
catheter comprises a passage communicating with the
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balloon and a source of pressurized fluid so the balloon
can be inflated and position the catheter when the
antenna is at the desired position, and wherein the
locator measures relative movement between the cath-
eter and the patient to determine whether the antenna
has moved from the desired position.

6. An energy radiation applicator apparalus comprising:

a catheter;

an antenna operatively carried by the catheter and an
energy source sufficient for elevating lhe temperature
of targeted tissue in proximity to the antenna to a
presclected temperature and for maintaining the prese-
lected temperature during treatment;

a positioning mechanism operatively attached to envelop
a portion of the catheter separate from the antenna, for
positioning the antenna at a desired position in prox-
imity to the targeted tissue to be treated, wherein the
posilioning mechanism comprises an inflatable balloon
operatively attached to the catheter so at feast a portion
of the balloon may cxtend into a patient’s bladder, and
the catheter comprises a passage communicating with
the balloon and a source ol pressurized [luid so the
balloon can be inflated and position the catheter when
the antenna is at the desired position;
temperature sensor operatively attached to the catheter
and in operative association with the antenna for mea-
suring the temperature of the targeted tissue; and
locator for determining whether the antenna remains at
the desired position, wherein the locator comprises a
pressure monitor operatively attached to the balloon for
measuring the pressure in the balloon, and wherein the
locator measures relative movement between the cath-
cter and the patient to determine whether the antenna
has moved from the desired position.

7. An energy radiation applicator apparatus comprising;:

a catheter;

an antenna operatively carricd by the catheter and an
cnergy source sufficient for clevating the temperaturc
of targeted tissue in proximity to the applicator to a
preselected temperature and for maintaining the prese-
lected temperature during treatment;

a positioning mechanism operatively attached Lo the
catheter, for positioning the antenna at a desired posi-
tion in proximity to the targeted tissue to be treated,
whercin the positioning mechanism compriscs an
inflatable balloon operatively attached to the catheter so
at least a portion of the balloon may extend into a
patient’s bladder, and the catheter comprises a passage
communicating with the balloon and a source ol pres-
surized fluid so the balloon can be inflated and position
the catheter when the antenna is at the desired position;

a temperature sensor operatively attached to the catheter
and in operative association with the antenna for mea-
suring the temperature of the targeted tissue; and

a locator for determining whether the antenna remains at
the desired position, wherein the locator comprises a
pressure monitor operatively attached to the balloon for
measuring the pressure in the balloon, wherein the
pressure moaitor is operatively attached to the energy
source and deactivates the coergy source when the
batloon pressures decreases below a predetermined
pressure that permits movement of the antenna from the
desired position relative to the largeted tissue, and
wherein the locator measures relative movement
between the catheter and the patient to delermine
whether the antenna bhas moved from the desired posi-
tion.
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8. An cnergy radiation applicator apparatus comprising:
a catheter;
an antenna operatively carried by the catheter and an

cnergy source suflicient for elevating the temperature
of targeted tissue in proximity to the antenna to a
preselected temperature and for maintaining the prese-
lected temperature during treatment;

a positioning mechanism operatively attached to the cath-

eter for positioning the antenna at a desired position in
proximity to the targeted tissue to be treated, wherein
the positioning mechanism comprises an inflatable bal-
loon operatively attached to the catheter so at least a
portion of the balloon may extend into a patient’s
bladder, and the catheter comprises a passage commu-
nicating with the balloon and a source of pressurized
fluid so the balloon can be inflated and position the
catheter when the antenna is at the desired position;

a temperature sensor operatively attached to the catheter

and in operative association with the antenna for mea-
suring the temperature of the targeted tissue; and

a locator for determining whether the antenna remains at

the desired position comprising a pressurc monitor
operatively attached to the balloon for measuring the
pressure in the balloon, wherein the pressure monitor is
operatively attached to a signal device, and the signal
device generates a signal when the balloon pressures
decreases below a predetermined pressure that permits
movement of the antenna from the desired position
relative to the targeted tissuc, and whercein the locator
measurcs relative movement between the catheter and
the patient to determine whether the antenna has moved
from the desired position.

9. An energy radiation applicator apparatus comprising:
a catheter;
an antenna operatively carried by the catheter and an

energy source sufficient for elevaling the temperature
of targeted tissuc in proximity to the antenna to a
preselected temperature and for maintaining the prese-
lected temperature during treatment;

positioning mechanism operatively attached to the
catheter, for positioning the antenna at a desired posi-
tion 1n proximity to the targeted tissue o be treated,
wherein the positioning mechanism comprises a bal-
loon including a material located substantially inside
the balloon during proper operation of the apparatus;

a temperature sensor operatively attached to the catheter

and 1n operative association with the antenna for mea-
suring the temperature of the targeted tissue; and

a locator for determining whether the antenna remains at

the desired position, wherein the locator is operatively
attached to the encrgy source and optically measurcs
the presence of the material outside the balloon indi-
cating that the balloon has at least partially deflated
permitting movement of the catheter, and wherein the
locator deactivates the energy source when the locator
measures the presence of the material outside the
balloon.

10. An energy radiation applicator apparatus comprising:
a catheter;
an antenna operatively carried by the catheter and an

energy source sufficient for elevating the temperature
of targeted tissue in proximity to the antenna to a
preselected temperature and for maintaining the prese-
lected temperature during treatment;

positioning mechanism operatively attached to the
catheter, for positioning the antenoa at a desired posi-
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tion in proximity to the targeted tissue to be treated,
wherein the posilioning mechanism comprises a bal-
loon including a material located substantially inside
the balloon during proper operation of the apparatus;

a temperature sensor operatively attached to the catheter

and in operative association with the antenna for mea-
suring the temperature of the targeted tissue; and
a locator for determining whether the antenna remains at
the desired position, wherein the locator is operatively
attached to a signal device and optically measures the
presence of the material outside the balloon indicating
that the balloon has at least partially deflated permitting
movement of the catheter, the locator activates the
signal device when the locator measures the presence
of the material outside the balloon.
11. A method for hyperthermic treatment of target tissue
in a patient’s body comprising:
operatively associaling an antenna with a catheter and
with an energy source sufficient to elevate the tempera-
turc of the targeted tissue to a presclected temperature
and for maintaining the preselected temperature during
treatment;
inserting the catheter into the paticnt’s body so the
antenna carried by the catheter is at a desired position
in proximity to the targeted tissue to be treated;

positioning the antenna at the desired position by dispos-
ing a positioning mechanism in a location separate
from the targeted lissue;

determining whether the antenna remains in the desired

position by mecasuring relative movement between the
catheter and the patient; and

indicating when the antenna may move from the desired

position.
12. Amethod according to claim 11 comprising indicating
when the antenna may move from the desired position by
deactivating the energy source.
13. Amethod according to claim 12 comprising indicating
when the antenna may move from the desired position by
deactivating the energy source when the relative movement
exceeds a predetermined amount.
14. A method according to claim 12 comprising indicating
when the antenna may move from the desired position by
generating a signal when the relative movement exceeds a
predetermined amount.
15. A method for hyperthermic treatment of target tissuc
in a patient’s bocy comprising:
operatively associating an anterma with a catheter and
with an energy source sufficient to elevate the tempera-
ture of the targeted tissue to a preselected temperature
and for maintaining the preselected temperature during
treatment;
inserting the catheter into the patient’s body so the
antenna carried by the catheter is at a desired-position
in proximity to the targeted tissue to be treated;

inserting an inflatable balloon operatively attached to the
catheter for positioning and maintaining the antenna in
the desired position into the patient’s urethra so at least
a portion of the balloon may extend into the patient’s
bladder;

positioning the antenna at the desired position;

positioning the catheter when the antenna is at the desired

position by inflating the balloon through a pressurized
fluid passage communicating with the balloon and a
source of pressurized fluid;

determining whether the antenna remains in the desired

position by mcasuring rclative movement between the
catheter and the paticnt; and
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indicating when the antenna may move from the desired
position.

16. A method for hyperthermic treatment of target tissue

a patient’s body comprising:

operatively associating an antenna with a catheter and
with an energy source sufficient to elevate the tempera-
ture of the targeted tissue to a preselected temperature
and for maintaining the preselected temperature during
treatment;

inserting the catheter into the patient’s body so the
antenna carried by the catheter is at a desired position
in proximity to the targeted tissue to be treated;

inserting an inflatable balloon operatively attached to the
catheter for positioning and maintaining the antenna in
the desired position into the patient’s urethra so at least
a portion of the balloon may extend into the patient’s
bladder;

positioning the antenna at the desired position;

positioning the catheter when the antenna is at the desired
position by inflating the balloon through a pressurized
fluid passage communicating with the balloon and a
source of pressurized fluid; and

determining whether the antenna remains at the desired
position by measuring relative movernent between the
catheter and the patient;

indicating when the antenna may move from the desired
position.

17. A method for hyperthermic treatment of target tissue

a patient’s body comprising:

operatively associating an antenna with a catheter and
with an energy source sufficient to elevate the tempera-
ture of the targeted tissue to a preselected temperature
and for maintaining the presclected temperature during
(reatment;

inserting the catheter into the patient’s body so the
antenna carricd by the catheter is at a desired position
in proximity to the targeted tissuc to be treated;

inserting an inflatable balloon operatively attached to the
catheter for positioning and maintaining the antenna in
the desired position into the patient’s urethra so at least
a portion of the balloon may extend into the patient’s
hladder;

positioning the antenna at the desired position;

positioning the catheter when the antenna is at the desired
position by inflating the balloon through a pressurized
fluid passage communicating with the balloon and a
source of pressurized fluid; and

determining whether the antenna remains at the desired
position by measuring relative movement between the
catheter and the patient;

indicating when the antenna may move from the desired
position by deactivating the energy source when the
balloon pressures decreases below a predetermined
pressure that permits the antenna to move from the
desired position relative to the targeted tissue.

18. A method for hyperthermic treatment of target tissuc

a paticnt’s body comprising:

operatively associating an anfecnna with a catheter and
with an energy source suflicient to elevate the tempera-
ture of the targeted tissue to a preselected temperature
and for maintaining the preselected temperature during
treatment;

inserting the catheter into the patient’s body so the
antenna carried by the catheter is at a desired position
in proximity to the targeted tissue to be treated;
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inscrting an inflatable balloon operatively attached to the
catheter for positioning and maintaining the antenna in
the desired position into the patient’s urethra so at least
a portion of the balloon may extend into the patient’s
bladder;

positioning the antenna at the desired position;

positioning the catheter when the antenna is at the desired
position by inflating the balloon through a pressurized
fluid passage communicating with the balloon and a
source of pressurized fluid; and

determining whether the antenna remains at the desired
position by measuring relative movement between the
catheter and the patient;

indicating when the antenna may move tfrom the desired
position by generating a signal when the balloon pres-
sures decreases below a predetermined pressure that
permits the antenna to move from the desired position
relative fo the targeted tissue.

19. A method for hyperthermic treatment of target tissuc

in a patient’s body comprising:

operatively associating an antenna with a catheter and
with an energy source sufficient to elevate the tempera-
ture of the targeted tissue to a preselected temperature
and for maintaining the preselected temperature during
treatment;

inserting the catheter inio the patient’s body so the
antenna carried by the catheter is at a desired posilion
in proximity to the targeted tissuc to be treated;

{nserting an inflatable balloon operatively attached to the
catheter for positioning and maintaining the antenna in
the desired position into the patient’s urethra so at least
a portion of the balloon may extend into the patient’s
bladder;

positioning the antenna at the desired position;

positioning the catheter when the antenna is at the desired
position by inflating the balloon through a pressurized
fluid passage communicating with the balloon and a
source of pressurized fluid;

determining whether the antenna remains in the desired
position by placing a material substantially inside the
balloon and optically seasing the presence of a material
outside the balloon indicating that the balloon has at
least partially deflated so as to permit movement of the
applicator; and

indicating when the antenna may move from the desired
position.

20. A method for hyperthermic treatment of target tissue

in & paticnt’s body comprising:

operatively associating an antcnna with a catheter and
with an cnergy source sufficient to clevate the tempera-
ture of the targeted tissue to a preselected temperature
and for maintaining the preselected temperature during
treatment;

inserting the catheter into the patient’s body so the
antenna carried by the catheter Is at a desired position
in proximity to the targeted tissue to be treated;

inserting an inflatable balloon operatively attached to the
catheler for positioning and maintaining the antenna in
the desired position into the patient’s urethra so at least
a portion of the balloon may extend into the patient’s
bladder;

positioning the antenna at the desired position;

positioning the catheter when the antenna s at the desired
position by inflating the balloon through a pressurized
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fluid passage communicating with the balloon and a
source of pressurized fluid,

determining whether the antenna remains in the desired
position by placing a material substantially inside the
balloon and optically sensing the presence of a material
outside the balloon indicating that the balloon has at
least partially deflated so as to permit movement of the
applicator; and

indicating when the antenna may move from the desired
position by deactivating the power source when the
material escapes from the balloon.

21. A method for hyperthermic treatment of target tissue

in a patient’s body comprising:

operatively associating an antenna with a catheter and
with an encrgy source sufficicat to clevate the tempera-
ture of the targeted tissue to a preselected temperature
and for maintaining the preselected temperature during
treatment;

inserting the catheter into the patient’s body so the
antenna carried by the catheter is at a desired position
in proximity to the targeted tissue to be treated;

inserting an inflatable balloon operatively attached to the
catheter for positioning and maintaining the antenna in
the desired position into the patient’s urethra so at least
a portion of the balloon may extend into the patient’s
bladder;

positioning the antenna at the desired position;

positioning the catheter when the antenna is at the desired
position by inflating the balloon through a pressurized
fluid passage communicating with the balloon and a
source of pressurized fluid;

determining whether the antenna remains in the desired
position by placing a material substantially inside the
balloon and optically sensing the presence of a material
outside the balloon indicating that the balloon has at
least partially deflated so as to permit movement of the
applicator; and

indicating when the antenna may move from the desired
position by generating a signal when the material
escapes [rom the balloon.

22. An energy radiation applicator apparatus for hyper-

thermic treatment of targeted tissue in a paticnt, comprising:
a catheter for insertion into the patient;

an antenna operatively carried by the catheter and an
energy source sufficient for elevating the temperature
of targeted tissue in proximity to the antenna to a
preselected temperature and for maintaining the prese-
lected temperature during treatment;

a positioning mechanism operatively attached to the cath-
cter for positioning the antenna in desired proximity to
the targeted tissue to be treated; and

a locator for measuring relative movement between the
catheter and the patient to determine whether the
antenna has moved from the desired position.

23. The energy radiation applicator apparatus of claim 22
wherein the locator is operatively attached to the energy
source for deactivating the energy source when the relative
movement exceeds a predetermined amount.
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24. The caergy radiation applicator apparatus of claim 22
comprising:

a temperature operatively attached to the catheter and in
operative association with the antcana for measuring
the temperature of the targeted tissue.

25. The encrgy radiation applicator apparatus ol claim 22
whercin the positioning mechanism is scparate from the
antenna.

26. A method for hyperthermic treatment of target tissue
in a patient’s body comprising;:

operatively associating an antenna with a catheter and
with an energy source sullicient to elevate the tempera-
ture ol the targeted tissue lo a preselecled temperature
and for maintaining the presclected temperature during
treatment;

inserting the catheter into the patient’s body so the
antenna carried by the catheter is at a desired position
in proximity to the targeted tissue to be treated; and

determining whether the antenna remains in the desired
position during treatment by measuring relative move-
ment between the catheter and the patient.

27. The method of claim 26 comprising;:

positioning the antenna at the desired position by dispos-
ing a positioning mechanism in a location separate
from the target tissue.

28. The method of claim 26 comprising:

indicating the antenna may have moved from the desire
position when the relative movement exceeds a prede-
termined amount.

29. The method of claim 26 comprising:

deactivating the energy source when the relative move-
ment exceeds a predetermined amount.

30. A method for hyperthermic treatment of prostrate

tissue in a patient’s body comprising:

operatively associating an antenpa with a catheter and
with an cncrgy source sufficicnt to clevate the tempera-
ture of the prostrate tissue to a preselected temperature
and for maintaining the preselected temperature during
treatment;

operatively associating a balloon near a distal end of the
catheter;

inserting the catheter into the paticnt’s urcthral passage
until the distal end of the catheter is in the patient’s
bladder;

inflating the balloon within the bladder so that the balleon
seats on a neck of the bladder, the action of the balloon
inflating against the neck causing the catheter to be
pulled slightly outwardly to positively locate the
antenna in a desired position with respect to the pros-
trate tissue during trcatment determining whether the
antenna remains in the desired position during treat-
ment by measuring relative movement between the
catheter and the patient.

31. The method of claim 20 comprising:

deactivating the energy source when the relative move-
menl exceeds a predetermined amount.






