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Description

[0001] The present invention relates to urethral cath-
eters for treating the prostate. In particular, the present
invention relates to urethral catheters of delivering vary-
ing amounts of energy to the prostate along the prostatic
urethra.
[0002] The prostate gland is a complex, chestnut-
shaped organ which encircles the urethra immediately
below the bladder. The portion of the urethra extending
through the prostate (i.e., the prostatic urethra) includes
a proximal segment, which communicates with the blad-
der, and a distal segment, which extends at an angle
relative to the proximal segment by the verumontanum.
[0003] Although a relatively small organ, the prostate
is the most frequently diseased of all internal organs and
is often the site of a common affliction among older men,
benign prostatic hyperplasia (BPH), as well as a more
serious affliction, cancer. BPH is a nonmalignant, bilat-
eral expansion of prostate tissue occurring mainly in the
transition zone of the prostate adjacent to the proximal
segment of the prostatic urethra. As this tissue grows in
volume, it encroaches on the urethra extending into the
region of the bladder neck at the base of the bladder. Left
untreated, BPH causes obstruction of the urethra which
usually results in increased urinary frequency, urgency,
incontinence, nocturia and slow or interrupted urinary
stream. BPH may also result in more severe complica-
tions, such as urinary tract infection, acute urinary reten-
tion, hydronephrosis and uraemia.
[0004] Benign prostatic hyperplasia (BPH) may be
treated using transurethral thermal therapy as described
in further detail in U.S. Patent 5,413,588 and in co-pend-
ing U.S. patent application Serial No. 08/309,137. During
transurethral thermal therapy, the transition zone of the
prostate is heated to necrose the tumorous tissue that
encroaches on the urethra. Transurethral thermal thera-
py is administered by use of a microwave antenna-con-
taining catheter which includes a multi-lumen shaft. The
catheter is positioned in the urethra with the microwave
antenna located adjacent to the hyperplastic prostatic
tissue. Energization of the microwave antenna causes
the antenna to emit electromagnetic energy which heats
tissue within the prostate.
[0005] One of the main objectives of transurethral ther-
mal therapy is to selectively deliver a sufficient intensity
of electromagnetic energy to the hyperplastic tissues of
the prostate to generate necrosis-producing tempera-
tures in those tissues without harming adjacent healthy
tissue. In this regard, it is important to avoid thermal dam-
age to urethral, rectal and bladder neck tissues.
[0006] Damage to the bladder neck may cause such
complications as bladder contractures and trigone dam-
age. Bladder neck contractures occur when the muscle
of the bladder neck becomes damaged and as a result
contracts and becomes fibrotic. As a result, the opening
between the bladder neck and the urethra narrows and
possibly closes due to scarring. Occlusion of the opening

between the bladder neck and the urethra causes urinary
retention. However, removal of scarring to reopen the
opening between the bladder neck and the urethra poses
a risk of severe infections and bladder stones. In addition,
removing scarring often leads to additional new scarring.
As a result, bladder neck contractures require continual
treatment.
[0007] Damage to the bladder wall or trigone occurs
when the portion of the bladder wall located between the
urethral orifices and the bladder neck is damaged by ex-
cessive heat such as that caused by electromagnetic en-
ergy. The trigone contains nerves which signal the need
for urination. As a result, damage to the trigone causes
irritation, dysuria, which is pain upon urination, and pos-
sibly hematuria bleeding.
[0008] U.S. Patent No. 5,220,927 describes a urethral
inserted applicator for prostate electromagnetic hyper-
thermia, where the applicator includes an apparatus for
holding and positioning at least one electromagnetic en-
ergy applicator in a urethral passage extending through
a prostate gland.
[0009] The present invention is defined by the features
of the claims and relates to a urethral catheter for treating
prostate conditions, such as benign prostatic hyperplasia
(BPH). The catheter can be used in a method which in-
cludes the step of delivering energy to the prostate to
elevate a temperature of prostatic tissue sufficient to
cause necrosis of the prostatic tissue. The amount of
energy delivered to the prostatic tissue varies longitudi-
nally along the prostatic urethra.
[0010] In one preferred embodiment, a first amount of
electromagnetic energy is delivered to prostatic tissue
adjacent to the bladder and a second amount of electro-
magnetic energy, less than the first amount, is delivered
to prostatic tissue distant from the bladder.
[0011] The invention is described in connection with
the drawings.

Figure 1 is a vertical sectional view of a male pelvic
region showing the urinary organs effected by benign
prostatic hyperplasia.
Figure 2A is a side view of the distal end of a urethral
catheter of the present invention.
Figure 2B is an enlarged sectional view of the prox-
imal end of the urethral catheter of the present in-
vention.
Figure 3 is a cross-sectional view of the urethral cath-
eter of Figure 2B taken along line 3--3.
Figure 4 is a perspective view of a proximal end of
the urethral catheter with the end portion taken in
section from line 4--4 of Figure 2B.
Figure 5 is an enlarged vertical sectional view of the
proximal end of the urethral catheter of the present
invention positioned within the prostate region.
Figure 6 is an enlarged vertical sectional view of a
first alternative embodiment of the catheter of the
present invention positioned within the prostate re-
gion.
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Figure 7 is an enlarged vertical sectional view of a
catheter positioned within the prostate region.
Figure 8A is a cross-sectional view of the urethral
catheter of Figure 7 taken along line 8A--8A of Figure
7.
Figure 8B is a cross-sectional view of the urethral
catheter of Figure 7 taken along line 8B--8B of Figure
7.
Figure 9A is a cross-sectional view of a urethral cath-
eter.
Figure 9B is a cross-sectional view of the urethral
catheter of Figure 9A.
Figure 10 is a vertical sectional view of a urethral
catheter positioned within the prostate region.
Figure 11 is a vertical sectional view of a urethral
catheter within the prostate region.

[0012] Figures 7-11 do not show embodiments of the
invention but are included for illustrative purposes.
[0013] Figure 1 is a vertical sectional view of a male
pelvic region showing the effect benign prostatic hyper-
plasia (BPH) has on the urinary organs. Urethra 10 is a
duct leading from bladder neck 11 of bladder 12, through
prostate 14 and out orifice 16 of penis end 18. Urethra
10 comprises proximal urethral segment 10A, which
communicates with bladder 12 at bladder neck 11, and
distal urethral segment 10B. Benign tumorous tissue
growth within prostate 14 tends to be located adjacent
to proximal urethral segment 10A from bladder neck 11
to the junction of the proximal and distal urethral seg-
ments, which causes constriction 20 of urethra 10 and
interrupts the flow of urine from bladder 12 to orifice 16.
The tumorous tissue of prostate 14 which encroaches
urethra 10 and causes constriction 20 can be effectively
removed by heating and necrosing the encroaching tu-
morous tissue. Ideally, with the present invention, only
periurethral tumorous tissue of prostate 14 anterior and
lateral to urethra 10 is heated and necrosed to avoid un-
necessary and undesirous damage to urethra 10 and to
adjacent healthy tissues, such as bladder 12, bladder
neck 11, ejaculatory duct 24 and rectum 26. A selective
heating of prostate 14 (transurethral thermal therapy) is
made possible by microwave antenna-containing cathe-
ter 28 of the present invention, which is shown in Figures
2A, 2B, 3, 4 and 5.
[0014] Figure 2A shows a side view of a distal end of
catheter 28. Figure 2B shows an enlarged sectional view
of a proximal end of catheter 28. As shown in Figures 2A
and 2B, catheter 28 generally includes multi-port mani-
fold 30, multi-lumen shaft 32. shaft position retention bal-
loon 34, connection manifold 35, cooling system 36, mi-
crowave generating source 37 and urethral/bladder ther-
mometry unit 38.
[0015] Multi-port manifold 30 includes inflation port 40,
urine drainage port 42, microwave antenna port 44, cool-
ing fluid in port 46 and cooling fluid out port 48. Ports
40-48 communicate with corresponding lumens within
shaft 32. Manifold 30 is preferably made of medical-grade

silicone sold by Dow Corning under the trademark Silas-
tic Q-7-4850
[0016] Multi-lumen shaft 32 is connected to manifold
30 at shaft distal end 50. Shaft 32 is a multi-lumen, Foley-
type urethral catheter shaft which is extruded from a flex-
ible, medical-grade silicone sold by Dow Corning under
the trademark Silastic Q-7-4850. Shaft 32, which has an
outer diameter of about 19 French, includes outer surface
52, which is generally elliptical in cross-section as shown
in Figure 3. Shaft 32 is long enough to permit insertion
of proximal shaft end 54 through urethra 10 and into blad-
der 12. In one preferred embodiment, shaft 32 is coated
with a hydrophilic solution sold by Hydromer, Inc. under
the mark Hydromer, which lubricates outer surface 52 of
shaft 32 and facilitates its advancement within urethra 10.
[0017] As shown in Figures 2B-4, shaft 32 includes
temperature sensing lumen 56, microwave antenna lu-
men 58, urine drainage lumen 60, balloon inflation lumen
62, cooling fluid intake lumens 64A and 64B. and cooling
fluid exhaust lumens 66A and 66B. Lumens 56-66B gen-
erally extend from distal shaft end 50 to proximal shaft
end 54.
[0018] As shown in Figure 2B, temperature sensing
lumen 56 is positioned near first side 68 of shaft 32. Tem-
perature sensing lumen 56 communicates with micro-
wave antenna port 44 and receives a multi-fiber thermo-
sensor which constitutes urethral thermometry sensor 69
and bladder thermometry sensors 71. Urethral thermom-
etry sensor 69 is positioned within shaft 32 so as to be
situated adjacent to prostate 14 when shaft 32 is inserted
within urethra 10 to monitor the temperature of surround-
ing tissue. Sensor 69 exits through port 44 and is con-
nected through connection manifold 35 to urethral ther-
mometry unit 38 Urethral thermometry unit 38 measures
urethral temperature based upon signals from tempera-
ture sensor 69 within catheter 28. Bladder thermometry
sensors 71 are positioned at a distal portion of balloon
34 adjacent to the wall of balloon 34 so as to be situated
by the bladder neck when balloon 34 is inflated and fixed
in the bladder. Bladder thermometry sensor 71 preferably
includes three temperature sensors 71A, 71B, 71C,
which are generally equidistantly spaced from one an-
other. Sensors 71 exit through port 44 and are also con-
nected through connection manifold 35 to urethral/blad-
der thermometry unit 38, to measure bladder neck tem-
perature based upon signals from temperature sensors
71. Bladder thermometry sensors 71A-71C and urethral/
bladder thermometry unit 38 measure bladder neck tem-
perature and the temperature of prostate 14 adjacent
bladder neck 11. By monitoring bladder neck tempera-
ture, the amount of electromagnetic energy emitted by
antenna 74 to prostate tissue proximate to bladder neck
11 (shown in Figure 1) can be controlled to avoid damage
to bladder neck 11. In a preferred embodiment, thermom-
etry sensors 69 and 71 A-71C are fiber optic lumines-
cence type temperature sensors sold by Luxtron Corpo-
ration. Temperature sensing lumen 56 is sealed at prox-
imal end 54 by silicone plug 70.
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[0019] As shown in Figures 3 and 4, microwave anten-
na lumen 58 is eccentric to the longitudinal axis of shaft
32, antenna lumen 58 being positioned nearer first side
68 of shaft 32 than second side 72 of shaft 32. Antenna
lumen 58 is sealed at proximal end 54 by silicone plug
70A At its distal end, antenna lumen 58 communicates
with microwave antenna port 44 In one embodiment, mi-
crowave antenna 74 (shown in Figure 2B) is permanently
positioned within antenna lumen 58 near balloon 34. An-
tenna 74 is positioned within antenna lumen 58 so as to
be generally situated in the proximal urethral segment
10A adjacent to the benign tumorous tissue of prostate
14 when shaft 32 is properly positioned within urethra
10. As shown in Figures 2A-2B, in one embodiment, an-
tenna 74 is bonded within antenna lumen 58 by adhesive
bond 75. Antenna 74 is carried at the proximal-most end
of coaxial cable 76. The distal-most end of coaxial cable
76 is connected to connection manifold 35 by a conven-
tional quick-coupling fitting 73. Coaxial cable 76 commu-
nicates with microwave generating source 37 by connec-
tion cable 76A, which is connected between microwave
generating source 37 and connection manifold 35. In one
embodiment, connection cable 76A is a standard RG 400
coaxial cable. Microwave generating source 37 produces
a maximum of 100 watts of electrical power at a frequency
of about 915 MHz +/- 13MHz, which is within the FCC-
ISM standards. When antenna 74 is energized by micro-
wave generating source 37, antenna 74 emits electro-
magnetic energy which causes heating of tissue within
prostate 14.
[0020] Urine drainage lumen 60 is positioned adjacent
antenna lumen 58, between antenna lumen 58 and sec-
ond side 72. Urine drainage lumen 60 communicates with
urine drainage port 42 and defines a drainage path for
urine when proximal end 54 of shaft 32 is inserted within
bladder 12. Urine drainage lumen 60 is connected to
urine drainage lumen extension 78 at proximal end 54.
Urine drainage lumen extension 78 is bonded within prox-
imal end cap 80. End cap 80 is further bonded over outer
surface 52 of shaft 32 at proximal shaft end 54, with cavity
82 surrounding lumen extension 78. With end cap 80 and
urine drainage lumen extension 78 in place, opening 84
to lumen extension 78 permits urine to drain from bladder
12 through urine drainage lumen 60 and out urine drain-
age port 42 when proximal shaft end 54 is inserted within
bladder 12. Drainage of urine from bladder 12 is neces-
sary due to frequent bladder spasms which occur during
transurethral thermal therapy.
[0021] Balloon inflation lumen 62 is positioned near
second side 72, generally between urine drainage lumen
60 and second side 72. Balloon inflation lumen 62 com-
municates with inflation port 40 and is sealed at proximal
end 54 by silicone plug 70B. Balloon inflation lumen 62
communicates with interior 86 of balloon 34 by opening
88.
[0022] Balloon 34, which is formed from a tubular sec-
tion of a flexible, medical-grade silicone sold by Dow
Corning under the trademark Silastic Q-7-4720, is se-

cured over shaft 32 by bonding balloon waists 90 and 92
over exterior surface 52 of shaft 32 near proximal shaft
end 54. Balloon 34 is inflated (e.g. by air) by an inflation
device (not shown), which is connected to inflation port
40 and which supplies positive fluid pressure to interior
86 of balloon 34. Balloon 34 is deflated when the inflation
device supplies a negative fluid pressure (i.e., a vacuum)
to interior 86 of balloon 34. Balloon 34 serves to retain
shaft 32 in a fixed position within urethra 10 when balloon
34 is inflated within bladder 12 near bladder neck 11, as
shown in Figure 5. When inflated, balloon 34 also pref-
erably supports sensors 71A-71C adjacent to bladder
neck 11.
[0023] As shown in Figure 2B, Figure 3 and Figure 4,
cooling fluid intake lumens 64A, 64B are positioned cir-
cumjacent to first side 68, between first side 68 and an-
tenna lumen 58. Cooling fluid intake lumens 64A, 64B
extend from distal shaft end 50 to proximal shaft end 54
where lumens 64A, 64B are exposed to cavity 82 of end
cap 80 Intake lumens 64A, 64B are relatively narrow in
cross-section and have a relatively small cross-sectional
surface area. Water contained within intake lumens 64A,
64B performs two essential functions. First, water con-
tained within lumens 64A, 64B absorbs some of the mi-
crowave energy emitted by antenna 74. This assists, in
part, in controlling the volume of tissue adjacent to first
side 68 of shaft 32 that is heated above about 45° C.
Second, the water within lumens 64A, 64B absorbs heat
energy generated by the microwave energy from adja-
cent tissues (i.e., urethra 10) via thermal conduction. This
prevents urethra 10 from being overheated and damaged
when antenna 74 is energized
[0024] Cooling fluid exhaust lumens 66A, 66B are cir-
cumjacent to second side 72 with lumens 66A, 66B gen-
erally positioned between second side 72 and antenna
lumen 58. Like intake lumens 64A, 64B, exhaust lumens
66A, 66B extend from shaft distal end 50 to shaft proximal
end 54 where exhaust lumens 66A, 66B are exposed to
cavity 82 of end cap 80. Exhaust lumens 66A, 66B are
wider in cross-section than intake lumens 64A, 64B, and
have a cross-sectional area greater than the cross-sec-
tional area of intake lumens 64A, 64B. Water within ex-
haust lumens 66A, 66B is therefore capable of absorbing
a greater amount of microwave energy when antenna 74
is energized As a result, for a given power output from
microwave generating source 37, a relatively large vol-
ume of tissue adjacent second side 72 will remain below
about 45°C Water within exhaust lumens 66A, 66B also
absorbs heat energy from adjacent tissue (i.e., urethra
10) when antenna 74 is energized, which prevents the
urethra from being overheated and damaged when an-
tenna 74 is energized.
[0025] Intake lumens 64A, 64B and exhaust lumens
66A, 66B are supplied with water from cooling system
36. Water from cooling system 36 is chilled and main-
tained at a temperature of between about 7°C to 25°C,
preferably at about 8°C, and pumped at a rate of between
about 100-150 milliliters per minute via water feed line
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94A to connection manifold 35. The water flows through
connection manifold 35 to water feed line 94B and to
water intake port 46, which communicates with water in-
take lumens 64A, 64B. Under fluid pressure, the water
circulates through intake lumens 64A, 64B to cavity 82
of end cap 80. The water returns to cooling system 36
through exhaust lumens 66A, 66B to fluid exhaust port
48. The water is carried from water exhaust port 48 via
water return line 96B to connection manifold 35, and from
connection manifold 35 to cooling system 36 via water
return line 96A. The water is then re-chilled and re-circu-
lated. Water feed line 94B and water return line 96B are
each provided with a conventional quick-coupling fitting
65A and 65B, respectively, which permits catheter 28 to
be easily disconnected from cooling system 36.
[0026] Figure 5 is an enlarged vertical sectional view
of the proximal end of catheter 28 inserted into a prostatic
portion of urethra 10. As shown by Figure 5, proximal
end of catheter 28 is inserted into urethra 10 so as to
position balloon 34 within bladder 12 at bladder neck 11.
Once positioned within bladder 12, balloon 34 is inflated
as shown in Figure 5 to anchor shaft 32 in a relatively
fixed position within urethra 10.
[0027] As further shown by Figure 5, microwave an-
tenna 74 is carried at the proximal-most end of coaxial
cable 76 and is generally situated between bladder neck
11 and verumontanum 100. Preferably, the proximal-
most end 115 of antenna 74 is spaced from balloon 34
and is spaced from bladder neck 11 by a distance suffi-
cient to produce necrosis of as much hyperplastic pros-
tatic tissue as possible without damaging bladder neck
11 In one embodiment, antenna 74 is longitudinally
spaced from balloon 34 by a distance of about 0.5 cm.
The distal-most end 114 of antenna 74 is preferably po-
sitioned just proximal of verumontanum 100. Antenna 74
has a generally helical dipole construction as further de-
scribed in U.S. Patent 5,300,099, which is incorporated
by reference herein. Antenna 74 is preferably formed
from a single elongate wire section helically wound about
cable 76 to form windings 110. Windings 110 are asym-
metrically or unequally spaced from one another along
an axial length of cable 76
[0028] As best shown by Figure 5, windings 110 of
antenna 74 are preferably spaced closer to one another
at the proximal-most end 115 of antenna 74 in the vicinity
of bladder neck 11 than the distal-most end 114 of an-
tenna 74 in the vicinity of verumontanum 100. In other
words, antenna 74 has a smaller pitch in the vicinity of
bladder 22 than in the vicinity of verumontanum 100. Pref-
erably, a first portion 112 of the wire section forming an-
tenna 74 has a first pitch and a second portion 113 of the
wire section forming antenna 74 has a second pitch,
which is larger than the first pitch of first portion 112. As
a result, for a given amount of power delivered to antenna
74, portion 112 of antenna 74 emits a greater power per
unit mass of electromagnetic energy, commonly known
as specific absorption rate (SAR), to prostatic tissue prox-
imate to bladder neck 11 than the SAR of electromagnetic

energy directed at prostatic tissue adjacent verumonta-
num 100 by section 113 of antenna 74 Antenna 74 emits
and directs electromagnetic energy along its axis to
asymmetrically deliver energy to prostatic tissue along
an axis of antenna 74 between bladder neck 11 and veru-
montanum 100. This asymmetrical delivery of energy
along the axis of antenna 74 enables a sufficient elevation
of the temperature of prostatic tissue along the axis of
antenna 74 to achieve a desired volume of tissue necro-
sis about urethra 10
[0029] In one embodiment, windings 110 are equally
spaced from one another along the length of each portion
112, 113. Consequently, this configuration of antenna 74
produces a generally stepped deliverance of electromag-
netic energy to prostatic tissue along an axis of antenna
74 In an alternative embodiment, the spacings between
windings 110 or the pitch of antenna 74 may be gradually
reduced from distal end 114 of antenna 74 towards prox-
imal end 115 of antenna 74 to deliver a gradually varying
distribution of electromagnetic energy to prostatic tissue.
[0030] The intensity or SAR of electromagnetic energy
emitted is directly proportional to the heat produced in a
medium within the electromagnetic field. Unless dissipat-
ed, the entire amount of heat produced in the medium
results in a corresponding temperature elevation of the
medium. In a homogenous medium, temperature eleva-
tion of the medium directly corresponds to the amount of
heat produced in the medium. As a result, peak temper-
atures are achieved where the intensity of the electro-
magnetic energy is the greatest, absent any cooling be-
tween the antenna and the adjacent medium. For a lon-
gitudinally uniform radial distribution of electromagnetic
energy, the temperature distribution for a given volume
will be generally symmetrical, essentially reflecting the
distribution of electromagnetic energy in that given vol-
ume.
[0031] Tissue, however, is not a homogenous medi-
um. In tissue, vascularity impacts the tissue’s ability to
dissipate heat, with well vascularized tissue being able
to dissipate heat better than less vascularized tissue. It
has recently been discovered that improved treatment of
BPH may be achieved by delivering a greater amount of
energy, such as electromagnetic energy, to prostatic tis-
sue in a vicinity of the bladder neck 11 than in a vicinity
of the verumontanum 100. In particular, it has been dis-
covered that tissue of prostate 14 proximate to bladder
neck 11 may have an increased vascularity relative to
portions of prostate 14 in the vicinity of verumontanum
100. Due to this increased vascularity, the tissue of pros-
tate 14 proximate to bladder neck 11 has an increased
ability to vent or carry away excess heat. As a result, for
a given power level, a longitudinally uniform radial distri-
bution of electromagnetic energy results in an asymmet-
rical temperature elevation of the prostate with less tem-
perature rise adjacent to the bladder neck than is desir-
able to provide the most effective therapy possible. Be-
cause section 112 of antenna 74 directs a greater amount
of electromagnetic energy to prostatic tissue in a vicinity
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of bladder neck 11 than section 113 of antenna 74 directs
to prostatic tissue in a vicinity of verumontanum 100,
catheter 28 is able to supply more heat energy to prostatic
tissue in the vicinity of bladder neck 11 to overcome the
newly discovered increased vascularity and energy vent-
ing ability of prostate tissue proximate to bladder neck
11. This enables sufficient temperature elevation to
necrose a suitable volume of tissue near the bladder
neck.
[0032] Figure 6 is an enlarged vertical sectional view
of catheter 128, a first alternative embodiment of the
present invention, with the proximal end of catheter 128
inserted into a prostatic portion of urethra 10. Catheter
128 has all the attributes and features of catheter 28
shown in Figures 2-5 except that catheter 128 includes
antenna 174 in lieu of antenna 74. For ease of illustration,
those remaining elements of catheter 128 which are the
same as corresponding elements of catheter 28 are sim-
ilarly numbered Antenna 174 is similar to antenna 74
except that instead of being formed from a single wire
section, antenna 174 is formed from wire sections 142
and 144 which are interconnected by connector 146.
Wire section 142 is formed from a single section of wire
helically coiled or wrapped about cable 76 at proximal
end 115 of cable 76 proximate to bladder neck 11. Wire
section 142 includes windings 180 that are preferably
equally spaced along an axis of cable 76.
[0033] Wire section 144 is formed from a single seg-
ment of wire helically wrapped or coiled about cable 76
at a distal end 114 of antenna 174 towards and in the
vicinity of verumontanum 100. Wire section 144 includes
a plurality of windings 182 which are equally spaced from
one another along an axis of cable 76. The spacing be-
tween windings 182 of wire section 144 is greater than
spacing between windings 180 of wire section 142. In
other words, wire section 144 has a greater pitch than
wire section 142. As a result, wire section 142 of cable
76 directs a greater amount of electromagnetic energy
at prostatic tissue than does wire section 144. Thus, an-
tenna 174 produces an electromagnetic energy distribu-
tion profile such that the temperature distribution in the
prostatic tissue in the vicinity of bladder neck 11 approx-
imates the temperature distribution in the prostatic tissue
in the vicinity of verumontanum 100. Because antenna
174 is formed from two distinct wire sections 142 and
144, each having a generally uniform pitch, antenna 174
may be more easily manufactured.
[0034] Antenna 174 emits electromagnetic energy
which varies along its axis in a step-wise manner. In par-
ticular, the SAR emitted by antenna 174 step-wise in-
creases towards bladder neck 11 at connector 146 inter-
connecting sections 142 and 144. The emission of elec-
tromagnetic energy by sections 142 and 144, individually,
is generally uniform along each section’s axial length be-
cause each section has a generally uniform pitch along
its length. Alternatively, the spacing between windings
180 or windings 182 of sections 142 and 144, respec-
tively, may be varied along each section’s axial length

so that each section itself emits an asymmetric amount
of electromagnetic energy along each section’s length.
As can be appreciated, antenna 174 may be formed from
a multitude of different wire sections, different pitches
and different axial lengths. In addition, antenna 174 may
alternatively be formed so as to generate a convention-
ally known standing wave pattern emitting a greater vol-
ume and intensity of electromagnetic energy at proximal
end 115 of antenna 174 than at distal end 114 of antenna
174 to deliver a greater amount of energy to prostate
tissue in the vicinity of bladder neck 11 than in the vicinity
of verumontanum 100.
[0035] Figures 7-10 illustrate alternative catheters for
delivering asymmetrical or unequal amounts of energy
to prostatic tissue along a longitudinal axis of the catheter
between bladder neck 11 and verumontanum 100 As dis-
cussed above, catheters 28 and 128 include antennas
74 and 174, respectively, that asymmetrically emit elec-
tromagnetic energy to prostatic tissue along an axis of
the antenna and the catheter, preferably with a greater
amount of energy being delivered to prostatic tissue in
the vicinity of the bladder neck than in the vicinity of the
verumontanum. The energy delivered to prostatic tissue
along the axis of the catheter is generally a function of
the amount of energy emitted by the antenna towards
the prostatic tissue less any energy shielded or absorbed
by the catheter before reaching the prostate tissue and
less any energy and heat extracted from the tissue and
carried away by the catheter. Thus, in lieu of the antenna
emitting different amounts of energy along an axis of
catheter 28, the catheters illustrated in Figures 7-11 al-
ternatively shield, block or absorb different amounts of
emitted energy before the energy reaches the prostatic
tissue or conductively extract different amounts of energy
(heat) from surrounding prostatic tissue and along the
axis of the respective catheters to vary the amount of
energy delivered to prostatic tissue.
[0036] Figure 7 is an enlarged vertical sectional view
of a proximal end of catheter 228, inserted into a prostatic
portion of urethra 10. Catheter 228 has all the attributes
and features of catheters 28 shown in Figures 2-6 except
that catheter 228 includes antenna 274, cooling fluid in-
take lumens 264A, 264B (shown in Figures 8A and 8B)
and cooling fluid exhaust lumens 266A, 266B (shown in
Figures 8A and 8B), in lieu of antenna 74, cooling fluid
intake lumens 64A, 64B and cooling fluid exhaust lumens
66A, 66B of catheter 28. Antenna 274 is similar to anten-
na 74 except that antenna 274 includes windings 280
that have a uniform pitch or spacing along the axial length
of antenna 274. As a result, antenna 274 emits a relatively
uniform volume and SAR of electromagnetic energy to
prostatic tissue along the axial length of antenna 274.
However, cooling fluid intake lumens 264A, 264B and
cooling fluid exhaust lumens 266A, 266A (shown in Fig-
ures 8A and 8B) are configured to asymmetrically absorb
electromagnetic energy along the axial length of antenna
274 so that catheter 228 delivers a greater amount of
electromagnetic energy to prostatic tissue proximate to
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bladder neck 11 than proximate to verumontanum 100.
[0037] Figures 8A and 8B are cross-sectional views of
shaft 232 of catheter 228 taken along lines 8A--8A and
8B--8B respectively. Figures 8A and 8B illustrate the lon-
gitudinally varying cross-sectional dimensions of cooling
fluid intake lumens 264A and 264B and cooling fluid ex-
haust lumens 266A and 266B as a way to variably absorb
energy emitted by antenna 274 and thereby to vary the
amount of energy delivered to prostatic tissue. As shown
in Figures 8A and 8B, cooling fluid intake lumens 264A
and 264B have a reduced cross-sectional area at a prox-
imal-most end 115 of antenna 274 (shown in Figure 7)
as compared to a distal-most end 114 of antenna 274
(shown in Figure 7) Similarly, cooling fluid exhaust lu-
mens 266A and 266B have a reduced cross-sectional
area at proximal-most end 115 of antenna 274 as com-
pared to distal-most end 114 of antenna 274. In other
words, cooling fluid lumens 264A, 264B, 266A and 266B
have a larger cross-sectional area in the vicinity of cath-
eter 228 corresponding to verumontanum 100 and a
smaller cross-sectional area in the vicinity of catheter 228
corresponding to bladder neck 11. Preferably, the cross-
sectional area of lumens 264A, 264B, 266A and 266B is
gradually reduced from distal end 114 to proximal end
115 of antenna 274 Alternatively, the cross-sectional ar-
eas of lumens 264A, 264B, 266A and 266B may be step-
wise reduced as desired. Because the cross-sectional
areas of lumens 264A, 264B, 266A and 266B are varied
along the axial length of catheter 228, the amount of en-
ergy absorbed by fluid circulating within lumens 264A,
264B, 266A and 266B is also varied. Accordingly, a great-
er amount of electromagnetic energy is delivered to pro-
static tissue proximate to bladder neck 11 than proximate
to verumontanum 100.
[0038] Figures 9A and 9B are cross-sectional views of
shaft 332 of catheter 328. Catheter 328 is similar to cath-
eter 228 except that catheter 328 includes shaft 332 in
lieu of shaft 32 For ease of illustration, those elements
of catheter 328 that are the same as corresponding ele-
ments of catheter 228 are numbered similarly. Shaft 332
is similar to shaft 232 of catheter 228 except that shaft
332 includes cooling fluid intake lumens 364A, 364B,
cooling fluid exhaust lumens 366A, 366B and wall 370.
Cooling fluid intake lumens 364A, 364B and cooling fluid
exhaust lumens 366A, 366B are essentially identical in
dimension to cooling fluid intake lumens 64A, 64B and
cooling fluid exhaust lumens 66A, 66B of Figures 3 and
4. Wall 370 of shaft 332 has a cross-sectional thickness
which varies along the axial length of shaft 332 circum-
jacent to antenna 274 (shown in Figure 7).
[0039] As shown by Figure 9B, wall 370 encircling and
circumjacent to cooling fluid intake lumens 364A and
364B and cooling fluid exhaust lumens 366A and 366B
at the proximal-most end 115 of antenna 274 is thicker
than wall 370 at the distal-most end 114 of antenna 274
(shown in Figure 9B). The increased thickness of wall
370 at the proximal-most end 115 of antenna 274 de-
creases the amount of energy extracted from surround-

ing prostatic tissue by the cooling fluid circulating through
lumens 364A, 364B, 366A and 366B to lower the con-
ductive cooling coefficient of catheter 328 towards the
proximal-most end 115 of antenna 274 As a result, the
cooling fluid circulating through lumens 364A, 364B,
366A and 366B absorb a greater amount of energy in
the vicinity of verumontanum 100 than in the vicinity of
bladder neck 11. Thus, catheter 328 delivers a corre-
spondingly greater amount of energy to prostatic tissue
in the vicinity of bladder neck 11 than in the vicinity of
verumontanum 100. The thickness of outer wall 370 of
shaft 332 is preferably gradually decreased from the vi-
cinity of bladder neck 11 towards the vicinity of verumon-
tanum 100. Alternatively, the thickness of outer wall 370
may be step-wise decreased. Thus, because the thick-
ness of wall 370 varies to vary thermal conductivity of
wall 370, the amount of energy or heat conductively ex-
tracted from surrounding prostatic tissue by the circulat-
ing cooling fluid also varies along the axial length of shaft
332 between bladder neck 11 and verumontanum 100.
As can be appreciated, the thermal conductivity or energy
absorbing characteristics of wall 370 may be varied along
the axial length of shaft 332 between bladder neck 11
and verumontanum 100 by various alternative shaft con-
figurations. For example, in lieu of having a varying thick-
ness along an axis of shaft 332, wall 370 may alternatively
be formed from different materials or different blends of
different materials haying varying energy absorbing and
thermal conducting characteristics so that catheter 328
delivers asymmetrical amounts of energy between blad-
der neck 11 and verumontanum 100 as desired. Further-
more, the thermal absorbing characteristics of catheter
328 may alternatively be varied along the axial length of
shaft 332 by providing at least two distinct cooling fluid
circulation lumens along distinct axial segments of shaft
332 and by circulating cooling fluids through each distinct
lumen at different temperatures or flow rates.
[0040] Figure 10 is an enlarged vertical sectional view
of prostate 14 with catheter 428. Catheter 428 has all the
attributes and features of catheter 28 except that catheter
428 includes antenna 474 in lieu of antenna 74, and cool-
ing balloon 436 Antenna 474 is similar to antenna 74
except that antenna 474 includes windings 480 which
are uniformly spaced apart along the axis of antenna 474
to provide for uniform emission of electromagnetic radi-
ation along the axis of antenna 374.
[0041] Cooling balloon 436 is an elongate inflatable
balloon encircling shaft 32 and having a hollow cross-
sectional area for being filled with a cooled fluid. Cooling
balloon 436 extends along an axis of catheter 428 prox-
imate to antenna 474. Opposing ends of balloon 436 are
preferably secured on proximal end of shaft 32 with an
adhesive. Balloon 436 is supplied with a cooled fluid from
exhaust lumen 66B through hole 380 and exits from bal-
loon 436 into exhaust lumen 66A through hole 382. Holes
480 and 482 are axially and laterally spaced apart to cre-
ate a pressure differential between holes 480 and 482
causing a passive inflation of cooling balloon 436 and
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ensuring that adequate fluid circulation will occur through
cooling balloon 436 as cooling fluid moves through cool-
ing lumen 64A, 64B and 66A, 66B. Balloon 436 has a
radially tapered inner and outer circumference which de-
fines a relatively small cross-sectional area for cooled
fluid adjacent to a proximal end 115 of antenna 474 prox-
imate to bladder neck 11 and a relatively large cross-
sectional area adjacent to a distal end 115 of antenna
474. As a result, microwave energy emitted from antenna
474 is absorbed in varying quantities along the length of
balloon 436, with a greater amount of energy being ab-
sorbed adjacent to the distal end of antenna 374 than
adjacent to the proximal end of antenna 474. With cath-
eter 428 properly positioned in situ, catheter 428 delivers
a greater amount of electromagnetic energy to prostatic
tissue proximate to bladder neck 11 than to prostatic tis-
sue proximate to verumontanum 100.
[0042] Figure 11 is an enlarged vertical sectional view
of prostate 14 with catheter 528. Catheter 528 has all the
features and attributes of catheter 28 except that catheter
528 includes antenna 574 in lieu of antenna 74. Antenna
574 is similar to antenna 74 except that antenna 574
includes windings 580 which helically encircle cable 76
and which are equally spaced from one another for uni-
formly emitting electromagnetic radiation along the
length of antenna 574. Antenna 574 is movable within
lumen 58 of shaft 32 of catheter 528 so that proximal end
575 of antenna 574 may be selectively positioned relative
to balloon 34 and bladder neck 11. Catheter 528 permits
precise positioning of antenna 574 based upon temper-
ature signals received by urethral/bladder thermometry
unit 38 shown in Figure 2A and from bladder thermometry
sensors 71A-11C.
[0043] Antenna 574 is positioned in lumen 58 with
proximal end 575 located approximately 0,5 cm from
base 576 of retention balloon 34. Catheter 528 is inserted
into urethra 10 and advanced until retention balloon 34
lies within bladder 12. Retention balloon 34 is then inflat-
ed, preferably with air, and catheter 528 is withdrawn
sufficient amount to anchor , retention balloon 34 against
bladder neck 11. So positioned, thermosensors 71A-71C
are oriented to sense the temperature of tissue of bladder
neck 11. Power is then applied to antenna 574 to emit
electromagnetic energy into hyperplastic prostatic tis-
sues adjacent to antenna 574. Cooling fluid is coinciden-
tally circulated through cooling lumens 64A, 64B, 66A
and 66B to selectively deliver sufficient electromagnetic
energy to the hyperplastic tissues to generate necrosis-
producing temperatures in those tissues, and to protect
the urethral wall from thermal damage. To ensure that
as much hyperplastic tissue as possible is safely
necrosed in the region of bladder neck 11, thermosen-
sors 71A-71C are monitored. In one preferred embodi-
ment, bladder neck 11 is maintained at a temperature
below about 45°C throughout the treatment, with antenna
574 being repositioned as necessary relative to base 576
of retention balloon 34 to maintain this temperature. Re-
positioning is preferably controlled in increments of ap-

proximately 0.5 mm, until the desired bladder neck tem-
perature is achieved. Power is continuously applied
through treatment, the duration of which is between about
30 minutes to about one hour. By this operation, hyper-
plastic prostatic tissue proximate to bladder neck 11 can
be safely necrosed without thermally damaging bladder
neck 11.
[0044] It has been recently discovered that the pros-
tatic tissues in the vicinity of the bladder neck have a
greater vascularity as compared to other regions of the
prostate. Consequently, for an equal distribution of en-
ergy along the length of an antenna oriented in the urethra
adjacent to the transition zone of the prostate and the
bladder neck, less temperature elevation of tissue occurs
in the hyperplastic prostatic tissue near the bladder neck
than would be desirable. To safely increase the volume
of hyperplastic tissue necrosed near the bladder neck
which contribute to urethral obstruction, and thereby im-
prove therapy, the various embodiments of the present
invention are capable of producing a variable distribution
of energy along the length of the antenna, with the great-
est amount of energy being delivered next to the portion
of the antenna which, in use, lies adjacent to the bladder
neck. By delivering additional energy to these tissues,
sufficient heat can be generated to overcome the heat
dissipating capability of these more vascularized tissues.
As a result, with the aid of temperature sensing of bladder
neck tissues and a selective longitudinal distribution of
energy in the prostate, an additional volume of obstruc-
tive prostatic tissue adjacent to the bladder neck can be
safely necrosed without harming bladder neck tissue -
an accomplishment which, to date, has not been possi-
ble.
[0045] The present invention delivers additional ener-
gy to hyperplastic prostatic tissue near the bladder neck
to safely necrose an additional volume of obstructive pro-
static tissue without harming bladder neck tissue. The
present invention includes embodiments which safely
deliver additional energy to hyperplastic prostatic tissue
near the bladder neck. With the catheter of the present
invention the amount of energy emitted by the antenna
may be varied along the axial length of the antenna to
emit a greater amount of electromagnetic energy near
the bladder neck. The amount of electromagnetic energy
absorbed by the catheter may be varied along the axial
length of the catheter, with a smaller amount of energy
absorbed by the catheter near the bladder neck. The
amount of energy or heat conductively extracted from
surrounding prostatic tissue may be varied along the
length of the catheter, preferably with a smaller amount
of energy being extracted from surrounding prostatic tis-
sue near the bladder neck. The energy emitting antenna
may be selectively moved relative to the bladder neck
based upon temperature sensing of bladder neck tissues
to necrose an additional volume of obstructive prostatic
tissue adjacent the bladder neck without harming the
bladder neck tissue. Although each of these general
methods and embodiments for necrosing an additional
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volume of obstructive prostatic tissue adjacent the blad-
der neck have been described independent of one an-
other, the catheter of the present invention may be se-
lectively combined with each of the other distinct struc-
tures to achieve a desired volume of prostatic tissue
necrosis.
[0046] Although the present invention has been de-
scribed with reference to preferred embodiments, work-
ers skilled in the art will recognize that changes may be
made in form and detail without departing from the scope
of the invention as defined by the claims.

Claims

1. A urethral catheter (12, 128, 228, 328, 528, 628) for
treating a prostate (14) with heat having an insertion
end, a coaxial cable (76) positioned within the ure-
thral catheter and extending toward the insertion
end, and an antenna (74, 174) connected to the co-
axial cable (76) characterized in that the antenna
(74, 174) has a lenght and comprises a first portion
(112) adjacent to the insertion end and a second
portion (113) distant from the insertion end, and is
configured to emit energy, the intensity of energy
emitted by the first portion (112) being greater than
the intensity of energy emitted by he second portion
(113).

2. The urethral catheter of claim 1, wherein the antenna
comprises a helical wire antenna.

3. The urethral catheter of claim 1 or 2, wherein the first
portion comprises a first helical wire portion having
a first spacing of helical windings and wherein the
second portion comprises a second helical wire por-
tion having a second spacing of helical windings, the
spacing of the windings of the second helical wire
portion being larger than the spacing of the windings
of the first helical wire portion.

4. The urethral catheter of any of claims 1 to 3, wherein
the energy emitted by the antenna is emitted along
its axis.

5. The urethral catheter of any of claims 1 to 4, wherein
the catheter further includes an inflatable balloon
(34) mounted on the catheter near the insertion end
and means communicating with the balloon for in-
flating the balloon (34), the balloon being positioned
between the insertion end of the catheter and the
first portion of the antenna.

6. The urethral catheter of any of claims 1 to 5, wherein
the antenna comprises a contiguous helical wound
wire, and is spaced from the balloon by about 0.5
centimeters.

7. The urethral catheter of any of claim 3, wherein the
windings of the first helical wire portion are generally
equally spaced relative to one another, and wherein
the windings of the second helical wire portion are
generally equally spaced relative to one another.

8. The urethral catheter of any of claims 1 to 7, wherein
the spacing of the windings of the antenna is grad-
ually reduced from the distal end of the antenna to
the proximal end of the antenna.

Patentansprüche

1. Harnröhrenkatheter (12, 128, 228, 328, 528, 628)
zur Behandlung einer Prostata (14) mit Wärme mit
einem Einführungsende, einem Koaxialkabel (76),
das im Harnröhrenkatheter angeordnet ist und sich
zum Einführungsende erstreckt, und einer Antenne
(74, 174), die mit dem Koaxialkabel (76) verbunden
ist, dadurch gekennzeichnet, dass die Antenne
(74, 174) eine Länge aufweist und einen ersten Ab-
schnitt (112) benachbart zum Einführungsende und
einen zweiten Abschnitt (113) entfernt vom Einfüh-
rungsende aufweist, und konfiguriert ist, Energie zu
emittieren, wobei die Intensität der durch den ersten
Abschnitt (112) emittierten Energie größer als die
Intensität der durch den zweiten Abschnitt (113)
emittierten Energie ist.

2. Harnröhrenkatheter nach Anspruch 1, wobei die An-
tenne eine spiralförmige Drahtantenne aufweist.

3. Harnröhrenkatheter nach Anspruch 1 oder 2, wobei
der erste Abschnitt einen ersten spiralförmigen
Drahtabschnitt mit einem ersten Abstand der spiral-
förmigen Windungen aufweist, und wobei der zweite
Abschnitt einen zweiten spiralförmigen Drahtab-
schnitt mit einem zweiten Abstand der spiralförmi-
gen Windungen aufweist, wobei der Abstand der
Windungen des zweiten spiralförmigen Drahtab-
schnitts größer als der Abstand der Windungen des
ersten spiralförmigen Drahtabschnitts ist.

4. Harnröhrenkatheter nach einem der Ansprüche 1 bis
3, wobei die durch die Antenne emittierte Energie
längs ihrer Achse emittiert wird.

5. Harnröhrenkatheter nach einem der Ansprüche 1 bis
4, wobei der Katheter ferner einen aufblasbaren Bal-
lon (34), der am Katheter nahe des Einführungsen-
des angebracht ist, und eine Einrichtung aufweist,
die zum Aufblasen des Ballons (34) mit dem Ballon
in Verbindung steht, wobei der Ballon zwischen dem
Einführungsende des Katheters und dem ersten Ab-
schnitt der Antenne angeordnet ist.

6. Harnröhrenkatheter nach einem der Ansprüche 1 bis
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5, wobei die Antenne einen zusammenhängenden,
spiralförmig gewickelten Draht aufweist und vom
Ballon etwa 0,5 Zentimeter beabstandet ist.

7. Harnröhrenkatheter nach Anspruch 3, wobei die
Windungen des ersten spiralförmigen Drahtab-
schnitts relativ zueinander im Wesentlichen gleich-
mäßig beabstandet sind, und wobei die Windungen
des zweiten spiralförmigen Drahtabschnitts relativ
zueinander im Wesentlichen gleichmäßig beabstan-
det sind.

8. Harnröhrenkatheter nach einem der Ansprüche 1 bis
7, wobei der Abstand der Windungen der Antenne
vom distalen Ende der Antenne zum proximalen En-
de der Antenne allmählich reduziert wird.

Revendications

1. Cathéter urétral (12, 128, 228, 328, 528, 628) pour
traiter une prostate (14) avec de la chaleur, ayant
une extrémité d’insertion, un câble coaxial (76) po-
sitionné à l’intérieur du cathéter urétral et s’étendant
vers l’extrémité d’insertion, et une antenne (74, 174)
raccordée au câble coaxial (76), caractérisé en ce
que l’antenne (74, 174) a une longueur et comprend
une première partie (112) adjacente à l’extrémité
d’insertion et une deuxième partie (113) à distance
de l’extrémité d’insertion, et est configurée pour
émettre de l’énergie, l’intensité d’énergie émise par
la première partie (112) étant supérieure à l’intensité
d’énergie émise par la deuxième partie (113).

2. Cathéter urétral selon la revendication 1, dans lequel
l’antenne comprend une antenne à fil hélicoïdal.

3. Cathéter urétral selon la revendication 1 ou 2, dans
lequel la première partie comprend une première
partie de fil hélicoïdal ayant un premier espacement
d’enroulements hélicoïdaux et dans lequel la deuxiè-
me partie comprend une deuxième partie de fil hé-
licoïdal ayant un deuxième espacement d’enroule-
ments hélicoïdaux, l’espacement des enroulements
de la deuxième partie de fil hélicoïdal étant supérieur
à l’espacement des enroulements de la première
partie de fil hélicoïdal.

4. Cathéter urétral selon l’une quelconque des reven-
dications 1 à 3, dans lequel l’énergie émise par l’an-
tenne est émise le long de son axe.

5. Cathéter urétral selon l’une quelconque des reven-
dications 1 à 4, dans lequel le cathéter comprend en
outre un ballonnet gonflable (34) monté sur le cathé-
ter à proximité de l’extrémité d’insertion et des
moyens communiquant avec le ballonnet pour gon-
fler le ballonnet (34), le ballonnet étant positionné

entre l’extrémité d’insertion du cathéter et la premiè-
re partie de l’antenne.

6. Cathéter urétral selon l’une quelconque des reven-
dications 1 à 5, dans lequel l’antenne comprend un
fil hélicoïdal enroulé contigu et est espacée du bal-
lonnet d’environ 0,5 centimètre.

7. Cathéter urétral selon la revendication 3, dans lequel
les enroulements de la première partie de fil hélicoï-
dal sont généralement à égale distance les uns des
autres, et dans lequel les enroulements de la deuxiè-
me partie de fil hélicoïdal sont généralement à égale
distance les uns des autres.

8. Cathéter urétral selon l’une quelconque des reven-
dications 1 à 7, dans lequel l’espacement des en-
roulements de l’antenne est progressivement réduit
à partir de l’extrémité distale de l’antenne jusqu’à
l’extrémité proximale de l’antenne.
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