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Baloon cathether and method for treatment of a mammalian duct or cavity
by pressure or heat.

Field of the invention

The present invention relates to balloon catheters
for treatment of a mammalian duct or cavity using pres-
sure and heat. The invention also involves a method ot

medical treatment.

Background of the invention

Catheters for the treatment of tissues using heat
find many uses 1n medicine. Quite often the treatment re-
sides in the use of relatively high temperatures to ne-
crotise tissues, so called thermotherapy. Such treatment
is frequently related to organs which are accessible only

via narrow passages, the heat-releasing part of the

catheter being arranged in the front or distal part ot
the catheter. The heat-releasing distal section as well
as the catheter handle must have such a small diameter
that the catheter can be introduced through a narrow pas-
sage at the same time as the passage must be protected
from excessive heat.

In the treatment of so called menorraghia, 1.e.
abundant menstrual haemorrhage, using thermotherapy the
mucous lining of the uterus cavity will be necrotised. A
catheter is inserted transvaginally through the cervix
canal which normally has a diameter of 4-6 mm. Even 1if
the dimension of the cavity is considerably greater than
the cervix canal the heat treatment can take place for
example by using as a heat releasing distal section a
high frequency cathode or microwave antenna which 1s
moved back and forth in the cavity, the emitted heat be-
ing used to heat the tissue to be treated. The supply of
power takes place by means of an electric lead wvia the
catheter handle.
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In the heat treatment of the uterus lining it 1s 1m-
portant that the narrow cervix canal will not be sub-
jected to excess heat. In a simlilar manner benign pro-
static hyperplasia, BPH, 1s treated using microwave heat
and a small catheter containing electric lead and a dis-
tal antenna is inserted through penile urethra which has
a diameter of 6-7 mm. The catheter 1s via an electric
lead connected to an oscillator and a control unit. In
the treatment microwaves are emitted from the antenna and
are converted into heat in the prostate tissue.

In order to maintain a constant temperature the mi-
crowave antenna 1s cooled by circulating liquid, for ex-
ample water. This also gives the advantage that the lig-
uid forms a bridge between the antenna and the tissue
which contributes to a homogeneous distribution of waves.
Since the liquid will be heated i1t must be circulated and
cooled. At the same time heat is moved from the tissue of
the urinary tract, whereas the microwaves pass through
the tissue and penetrate deeper into the tissue which 1s
partially necrotised. In this manner the prostatic ure-
thra is protected at least partly from burns, something
which in certain cases 1s considered to accelerate the
healing process.

The system with thermotherapy using microwaves 1s,
however, complicated and expensive and 1s unsulted for
use 1n doctors” office and 1is suitable only for use at
major hospitals. Furthermore, the result 1s not convinc-
ing from a medical point of view.

An apparatus and a method for microwave treatment of
BPH using also simultaneous dilation by means of a bal-
loon is described in US patent 5,496,271 to Burton et al.
From figures 7a-d and the corresponding passage of the
description, column 15, line 31 to column 17, line 48,
different embodiments for such cooling systems relating
to direct cooling of the heat-releasing microwave antenna

are described.
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US patents 5,257,977 and 5,549,559 describe an appa-

ratus for the treatment of inter alia BPH by means of a
combination of dilation and heat. The apparatus 1s con-
strued by a balloon catheter communicating with an exter-
nal source of heat. The catheter 1s inserted through the
urinary tract so that the balloon 1s positioned inside
the prostate. A heated liquid is then circulated through
the system under pressure so that the balloon will be ex-
panded and will release heat under pressure for the
treatment of the prostate.

According to available literature the treatment tem-
perature is at most 60°C and the period of treatment
about 45 minutes. In order to protect the rest of the
urethra and the external sphincter from being heated the
parts of the catheter excluding the balloon are thermally
insulated by means of a plurality of sealed elongated
closures, which contains trapped gas.

The skilled artisan knows that considerably higher
temperature would be desirable for a good heat penetra-
tion in the prostate in order to obtain a deeper necroti-
sation of tissue. A higher temperature of for example 70-
80°C, would also make a substantial shortening of the
treatment time possible. This i1s important for several
reasons, for example to reduce the degree of anaesthesia.
As already mentioned 1t 1s 1mportant that only the af-
fected prostatic tissue 1s treated and that the adjacent
organs, for example the external sphincter, rectum and
penile urethra, are not damaged in view of high tempera-
tures.

As mentioned, the diameter of the catheter should
not exceed 6 and at most 7 mm in order to be capable of
insertion through the urinary tract. Accordingly, there
are strict limitations concerning thickness of insula-
tion, since the central part of the catheter must have
accommodation for circulating liquid, drainage tube for
urine, etc. Experiments have shown that the surface tem-

perature of the insulation in a device similar to that
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described in US patent 5,257,977 will be about 40-41°C at
a temperature of a circulated liquid of 60°C.
43°C is considered to be the temperature which as a
maximum can be allowed to avoid pain and burn damages.
S Another limitation with the above method is that 9 dif-
ferent catheters are needed to treat prostate lengths of

between 2 and 6 cm.

Objects and summary of the invention

10 The present invention has for an object to provide a
balloon catheter for heat treatment under pressure sur-
rounding tissue of mammalian duct or cavity while avoid-
ing excessive heating of adjacent organs or sites.

Another object of the invention is to provide a bal-

15 loon catheter, wherein such excessive heating 1s avoided
by the use of a combination of a heat-insulating medium
and a liquid cooling medium, said media belng substan-
tially co-extensive within the area to be protected from
excessive heating.

20 Yet another object of the invention is to provide a
catheter allowing flow of cooling medium past said co-
extensive heat-insulating medium on the outside thereof.

A further object of the invention 1s to provide a
balloon catheter enabling variation of the balloon length

25 to match treatment sites of various extensions.

Still another object of the invention 1s to provide
a balloon catheter useful for heat treatment under pres-
sure of the prostata.

A further object of the invention 1s to provide a

30 balloon catheter carrying a radially expansible stent en-
compassing the balloon and capable of being i1mplanted af-
ter radial expansion and heat treatment upon withdrawal
of the catheter from the site of treatment.

Still another object of the invention is to provide

35 a balloon catheter having a stent made of a thermoplastic
biodegradable polymer deformable using heat at a tempera-

ture above body temperature.
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A further object of the invention 1s to provide a
method for the treatment of a mammalian duct or cavity
site by heating the surrounding tissue thereof.

Still another object of the invention is to provide
such method of treatment wherein the treatment site 1s
reached via a heat-sensitive area which is protected from
excessive heating.

The above and other objects of the invention will be
readily apparent from the following description involving
a summarising part of the invention a description of spe-
cific embodiments thereof.

The balloon catheter according to the invention for
exerting internal pressure on surrounding tissue of a
mammalian duct or cavity comprises an elongate distal
section and a flexible and expandable balloon accommodat -
ing said distal section which, together with said balloon
is intended for insertion into said duct or cavity. Fur-
thermore, means are provided for the supply of a pressure
medium for expansion of said balloon and heating means
for heating said medium. The catheter further comprises
an intermediate section and a proximal section for oper-
ating the device, said distal and intermediate sections
containing a central tube, whose distal part 1s provided
with at least one outlet for said medium within said bal-
loon, and whose intermediate part is surrounded by an
axially extending tube, at whose distal end the proximal
end of said balloon is attached, the distal end of said
balloon being attached to said central tube. By the ex-
pression "at whose distal end" is meant that the proximal
end of the balloon is attached either to the central tube
or to the axially extending tube.

The balloon catheter according to the invention 1S
characterised by an intermediate tube concentrically po-
sitioned within said axially extending tube and surround-
ing said central tube so as to form an annular space Dbe-
tween said central tube and said intermediate tube con-

taining a heat-insulating medium and a second annular
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space between said intermediate tube and said axially ex-
tending tube, the second annular space being divided into
at least two separate axially extending compartments by
at least two opposite radial partitions, said compart-
ments being in fluid communication at the distal ends
thereof, and one compartment having a proximal inlet for
a cooling medium and another compartment having a proxi-
mal outlet for said cooling medium.

It is preferred to arrange for another tube which
surrounds the central tube and forms a distally and
proximally open annular space between said another tube
and the central tube, said annular space allowling return
and recirculation of a pressure medium introduced 1nto
the balloon.

Said heating means can be positioned within the bal-
loon, in the intermediate section, or externally.

Circulation means are suitably provided which gener-
ate circulation of said medium within or through the bal-
loon.

The heating means 1s preferably selected from elec-
tric resistance elements, PTC resistors, laser energy oOr
micro wave energy emitting means, and external heat ex-
changers.

In a particularly preferred embodiment of the inven-
tion the balloon catheter is designed so that the axially
extending tube together with said i1ntermediate tube forms
a unit which 1s axially displaceable in relation to the
distal end of the balloon, and so that the proximal end
of said balloon 1s attached to the distal end of said
unit so as to confer adjustability of the axial length of
the balloon. Such embodiment further comprises locking
means for a desired balloon length as axially adjusted.

As an alternative for providing balloon length ad-
justment the central tube 1s composed of at least two
telescoplic concentric partially overlapping tubes, one of
which protrudes distally and carries the distal end of

the balloon, and the other one of which carries the
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proximal end of the balloon whereby axial relative dis-
placement of said tubes enables balloon length adjust-
ment. Also in this embodiment the catheter comprises

locking means for maintaining a desired balloon length.

Further, in the balloon catheter of this invention
it is preferred that the radial extension of said axially
extending tube, said intermediate tube, and said central
tube including the annular spaces therebetween occupy
from about 15% to about 40% of the catheter radius.

According to a preferred embodiment the radial par-
titions ending short of the distal end of the axially ex-
tending tube are formed by axially extending interior
ridges defined by corresponding exterior grooves.

According to an alternative embodiment the i1nterme-
diate tube may be provided with axially extending exte-
rior grooves accommodating flexible threads forming the
radial partitions. To establish fluid communication be-
tween the compartments the partitions end short of the
distal end of the intermediate tube.

For the treatment of the prostate the balloon cathe-
ter according to the invention is preferably provided
with a heat insulation at the proximal end of the balloon
for the protection of the sensitive area adjacent to
sphincter. In this connection it 1s particularly pre-
ferred that said heat insulation 1s extended towards the
rectum area to protect the part of the prostate cavity
facing the thin rectum wall.

In another preferred embodiment of the invention the
balloon catheter is provided with a radially expansible
stent encompassing the balloon. Such stent 1s deformable
to expand synchronously with the radial expansion of the
balloon when inserted, thereby being retained expanded 1n
the treatment site when the catheter 1s drawn from the
duct or cavity.

It 1s preferred that such stent is made of a thermo-
plastic biodegradable polymer which is deformable with

heating by having a softening point above body tempera-
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ture. The polymer 1is preferably selected from PCA, PLLA

and PLGA and co-polymers thereof.

An alternative material for such stent 1s consti-
tuted by a so called memory metal having a certain tran-
sition temperature above which the material and thereby
the stent returns to a preprogrammed expanded state.

The present invention also relates to a method for a
treatment of a mammalian duct or cavity site by heating
surrounding tissue thereof, and said site 1s reached via
heat-sensitive area. Such method comprises the steps:

a) passing a heating medium through said area to said
site; and

b) radially surrounding said medium when passing sailid
area with a heat insulating layer which in turn 1s ra-
dially surrounded by a heat-diverting medium, thereby
protecting said area from excessive heating.

It is preferred that the heat-diverting medium 1s a
flowing ligquid, such as water or an aqueous solution.

For prostate treatment the heating 1s preferably
formed at a temperature of from about 60 to about the
boiling point of water, and the temperature at said heat-
sensitive area is kept at a value not causing tissual
damage, such as lower than about 42 to 45°C.

An alternative method according to the invention
comprises the steps:

a) applying onto a balloon a radially expansible stent
capable of radial deformation;

b) distending said balloon by i1ntroducing a pressurised
fluid therein to exert pressure on said tissue to
widen to a predetermined degree sald site and to ex-
pand the stent by using a balloon of predetermined
limited radial expansion thereby expanding the stent;
and

c) removing fluid from said balloon and withdrawing same
1n a collapsed state from said site leaving the stent

behind 1in an expanded state.
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The treatment using pressure and heating i1s sulta-

bly maintained for a period of time to achieve a thera-

peutic effect in the tissue to be treated.

In a method according to the invention wherein the

stent 1s made of a thermoplastic biodegradable polymer

having a softening point above body temperature, the

method suitably comprises the steps:

a) inserting said balloon carrying said stent into a pro-
static urethra;

b) expanding said balloon by introducing a pressurised
fluid and supplying heat to soften and expand the
stent and to widen said urethra to a predetermined de-
gree;

c) maintaining pressure and heating for a period of time
and at a temperature resulting in partial necrosis of
prostatic tissue;

d) interrupting heating for lowering the temperature to

fortify the stent; and
e) releasing the pressure to deflate the balloon and

withdrawing same while leaving the stent behind in an

expanded state.
As a further refinement of the method according to

the invention a further step preceding step d) may be
added residing in partial deflation of the balloon to a

desired final degree of expansion of the stent.

In the instant disclosure the expressions "distal"
and "proximal" are used with the meaning "front" and

"rear", respectively, 1.e. related to the operator of the

catheter.

Detailed description of the invention

The i1nvention will in the following be further de-
scribed by exemplifying embodiments which, however, must
not be construed to restrict the scope of protection ex-
cept as defined in the appended claims. These embodiments

are described with reference to the appended drawings,

wherein:
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Fig. 1 is a simplified diagrammatic i1illustration of
a balloon catheter described in pending Swedish patent
application 0001978-6;

Fig. 2 is an enlarged diagrammatic illustration 1in
section of part of the device according to the present
invention;

Fig. 3 is a section along line A-A of the embodiment
according to Fig. 2;

Fig. 4 is a perspective view of a detail of the em-
bodiment shown i1n Fig. 2;

Fig. 5 is a simplified diagrammatic illustration by
a section through the catheter”s two outer tubes showing
the partition arrangement;

Fig. 6 is an alternative arrangement showlng an-
other way of providing partitions;

Fig. 7 is a simplified diagrammatic illustration of
a section of a detail of an alternative cooling arrange-
ment of the catheter;

Fig. 8 1is a perspective view of a detail shown 1in
Fig. 7;

Fig. 9 is a simplified diagrammatic view of the dis-
tal end of a catheter embodiment provided with proximal
balloon insulation;

Fig. 10 is an end view of the embodiment shown 1n
Fig. 9;

Fig. 11 is a diagrammatic view 1n section of a spe-
cific 1nsulation design;

Fig. 12 is a simplified illustration of the distal
end of a balloon catheter according to the i1nvention ena-
bling an alternative arrangement for adjusting the axial
extension of the balloon; and

Fig. 13 shows an enlarged view in section a detail
as seen along line A-A in Fig. 12.

In pending Swedish patent application No. 0001978-6
a device for the treatment of inter alia BPH 1s de-
scribed. One embodiment of this device 1is diagrammatil-

cally shown in a Figure 1. The catheter shown in Figure 1
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and generally designated 1 1s useful for the treatment ot
benign prostate hyperplasia (BPH) using pressure and
heat. As seen to the left in Figure 1 there is shown the
distal end 2 of the catheter intended for insertion from
the outside through the urethra and which comprises two
concentric tubes 3,4 which are axially displaceable rela-
tive each other, tube 4 partly enclosing tube 3. An elas-
tic, i1nflatable balloon 5 for the treatment with pressure
and heat is at its distal end attached to tube 3 at 6 and
at 1ts proximal end attached to tubes 4 and 17 at 7. At
the outermost distal end of catheter 1 a second, intlat-
able balloon 8 1s arranged for positioning of the cathe-
ter during treatment so that the active part of balloon 5
will be correctly positioned between bladder neck and the
external sphincter.

Balloons 5 and 8 are in Figure 1 shown by full lines
in deflated condition and by dashed lines 1n expanded po-
sition.

Catheter 1 also includes an intermediate section 11
containing an enlargement 12 of tube 4 and a locking nut
13 together forming a handle. The enlargement 12 and the
locking nut 13 surround a body 14 which 1s 1nteriorally
connected to tube 3. Accordingly, the length of the elas-
tic balloon 5 can be varied by displacement of the han-
dle. The length of the balloon can be read on a scale on
body 14 and the desired length can be maintained by turn-
ing the locking nut 13.

Catheter 1 has a proximal part 30 shown signifi-
cantly shortened and comprising a flexible tube 25 for
connection to a control unit (not shown) and conduits
26,27 for the supply of medium for the expansion of bal-
loons 5 and 8 and for the circulation of heating medium
from an external heat source through balloon 5.

The body 14 contalns passages 15 and 16 connected to
a flexible multilumen tube 25 containing an inlet lumen
26 and an outlet lumen 27 for the i1ntroduction of a heat-

ing medium and discharge of the medium, respectively (ar-
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rows a and c). Concentric to the tube 3 and the axially
displaceable tube 4 there is arranged an intermediate
tube 17 extending from the distal end of tube 4 and
proximally into a bore 18 provided in the body 14. At the
distal end thereof the intermediate tube 17 1s sealingly
attached to an inward flange 19 on the tube 4. In this
manner tubes 4 and 17 can be axially displaced as a unit
for the adaptation of the balloon length as described
above. By the concentric arrangement of the intermediate
tube 17 around tube 3 there i1is provided an outlet annular
passage gap opening 20 providing connection inside the
body 14 with the outlet passage 16. Between the interme-
diate tube 17 and the surrounding axially displaceable
tube 4 an insulating annular space 21 is formed acting as
a heat insulation to prevent excessive heating of the
urethra.

Openings 23 in tube 3 provide connection between the
inlet lumen 26, the passage 15, the interior of the tube
3 and the interior of the balloon 5. At the distal sec-
tion of the tube 3 a distal body 22 is arranged whereiln
tube 3 is inserted. Radial openings 24 in body 22 provide
connection with a fine tube (not shown) positioned in the
inlet lumen 26, extending along the passage 15, 1nside
the tube 3 and into the interior of the balloon 8.

As mentioned above tube 25 1s intended for connec-
tion to a control unit (not shown) from which a heat-
carrying medium, for example a liquid, can be introduced
into the catheter. During treatment the medium 1s heated
in an externally arranged heat exchanger to the desired
temperature and is circulated by means of an external
pump in a circuit comprising pump, heat exchanger, con-
trol unit for inter alia control of pressure, tempera-
ture, amount of liquid, etc.

Figure 2 shows a detail of an embodiment of the
catheter according to the invention for heat- and pres-
sure-treatment of an organ, for example the prostate. In

this embodiment the balloon catheter operates according
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to a similar principal as described in relation to the
catheter shown in Figure 1. Figure 2 only shows the sec-
tion of the catheter comprising the catheter handle cor-
responding to the section between the balloon attached at
7 and the enlargement of the intermediate section 12. It
is this section of the catheter which during the treat-
ment using heat and pressure 1is positioned 1n the heat-
sensitive penile urethra.

The reference numerals used in Figure 1 are corre-
spondingly used in relation to Figure 2. Thus, only the
proximal part of the balloon 5 is shown 1n Figure 2, the
central tube 3 1s intended for the supply of hot pressure
medium, and tube 17 enables removal of the circulating
hot medium through outlet 20. A concentric tube 33 1nside
tube 4 defines a space 21 for heat insulation. A fine
supply tube 28 is positioned inside tube 3 and enables
supply of pressure medium for expansion of the position-
ing balloon 8 shown in Figure 1.

In the embodiment of the invention shown i1in Figure 2
three concentric tubes 4, 33, 17 are sealingly attached
at their proximal ends to a flange 19, whereas tube 33 at
the proximal end i1s sealingly attached to the tube 12.
Between tubes 4 and 33 an annular space 37 1s formed hav-
ing a proximal inlet 39 for cooling liquid and an oppo-
sitely placed outlet 41.

In Figure 3 there 1s shown a section A-A through the
catheter detail shown i1n Figure 2. In the annular space
37 between tubes 4 and 33 two axilially extending and oppo-
sitely positioned sealing partitions 54 and 55 are ar-
ranged which divide space 37 1nto two parts, one upper
part 37a and one lower part 37b. One partition 55 1is
shown with dashed lines 1in Figure 2. Proximally the two
partitions extend from a proximal position between inlet
39 and outlet 41, whereas at the distal end the parti-

tions extend short of the flange 19, thereby forming con-

nection between the two parts 37a, 37b of the annular

space 37.
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When a liquid, for example water, is supplied to 1in-
let 39 the liquid will form a film filling the upper half
37a and flowing axially up to the distal end of the upper
part 37a to turn downwardly and flow back in the lower
part 37b and out through outlet 41.

As a safety measure tube 4 can be preferably made of
a plastic material having incorporated therein a colour-
changing material. Such material is designated to change
colour at a desired temperature, said change starting at
for example about 38°C and being completed at about 41°C.
The material is composed of a bright-coloured pigment en-

capsulated in another less coloured pigment which, at the

desired temperature, melts and becomes transparent
thereby making the bright-coloured pigment visible. An
example of such material 1s Chromazone.

Figure 4 shows in a perspective view a detail of the
distal part of the catheter section shown in Figure 2 11-
lustrating the concentric tubes 28,3,17,33 and 4 and a
partition 56. Arrows 60 show how the flowing cooling lig-
uid turns around the distal end of partition 56 at the
distal ends of tubes 4, 33.

As previously mentioned it is important, 1in for ex-
ample the treatment of prostatic disorders, for example
BPH, to make only the prostate tissue subject to treat-
ment by a combination of pressure and heat. It has also
been found that the highest temperature which can be used
in treatment with a circulating liquid and using only
heat-insulation of the catheter handle is about 60°C.

Allowing a catheter diameter of at most 7 mm the
thickness of the heat-insulation can hardly exceed 1,5
mm, sSince there must be space for the necessary arrange-
ment for circulation, pressure control etc, and such
heat-insulation 1s not sufficient when using treatment
temperatures above 60°C. For temperatures between for ex-
ample 75°C and 90°C a surface temperature of about 40°C
for avoiding heating damages would require a thickness of

the heat-insulation corresponding to a catheter diameter
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of 9-10 mm. Such catheter diameter cannot be used for the
treatment of BPH since it would not allow excess through
the penile urethra.

It has now surprisingly been found that it is possi-
ble by using a catheter design as described in connection
with Figures 2 to 4 to produce a catheter having a diame-
ter as small as about 4.5 to 5 mm, the intermediate sec-
tion of which when circulating a hot ligquid of up to 90°C
and more can have an exterior temperature of below 40°C
without using complicated cooling devices but merely wa-
ter of room temperature at a very low flow rate.

To this end the catheter according to the invention
as described contains five concentric tubes, of which the
three inner tubes 28,3,17 two are used for the circula-
tion of hot heating medium and one for inflating the
treatment and positioning balloons. The function of the
outer tubes 4 and 33 1s to provide an exterior tempera-
ture on tube 4 not exceeding for example about 40°C.

Practical experiments have surprisingly shown that
this can be provided with a very thin annular insulation
21 of air and a very thin liquid flowing annular film 37.
As an example there can be mentioned that experiments
have shown that an air gap 21 of 0.15 mm and a water film
37 of 0.15 mm were fully sufficient to keep the tempera-
ture on the exterior surface of the catheter tube 4 at
32-35°C at such a minute flow of water of 25°C as 15 to 20
ml/min equivalent to about 2 drops/sec. The quantity of
circulating hot water for the heat treatment was 1in this
case about 100 ml/min. at temperatures between 90°C and
65°C. The latter temperature range is fully sufficient to
provide a therapeutic effect using a balloon catheter of
the described design. It is also surprising that the ex-
terior temperature on tube 4 seems to be substantially
independent of the temperature of the circulating hot wa-
ter.

A very simple and cheap device can be used for con-

trolling that the necessary quantity of water flows
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through the annular space 37. One way 1is to use the infu-
sion systems used by hospitals for intravenous supply of
ligquid where the liquid supply can be adjusted and an
alarm signal alerted into function 1f the supply will be
interrupted.

As mentioned above the gquantities of liquid are very
minute - of the order of about 2 drops/sec., and there-
fore the liquid need not be circulated but can be col-
lected in a container. The total quantity of liquid for
half an hour of treatment is thus only about 0.5 L.

In the above described embodiment the catheter han-
dle contains five concentrically arranged tubes. It 1s an
advantage if these are thin so that the catheter handle
obtains the smallest possible diameter yet leaving the
necessary space for circulation of liquid and other func-
tions necessary for the treatment.

Catheters having the design shown 1in Figure 2 have
been made with an outer diameter of 5 mm, which 1s very
advantageous for trans-urethral insertion. The tubes can
be made of thin stainless steel having a wall thickness
of between 0.15 and 0.25 mm. The outer diameter of tube
17 in Figure 3 containing all necessary functions, such
as passages for heat water circulation, is in this case
3.4 mm. Accordingly, the difference in diameter 1s 5-3.4
mm = 1.6 mm. Thus, a total of wall thickness of about 0.8
mm is taken by the outer sleeve comprising the thickness
of tubes 4 and 33 and space 37 for a thin cold water film
and space 21 for a thin annular of air. Totally, 1.6 mm
have been taken from 5 mm equal to 30% to reduce the sur-
face temperature of tube 17 from for example 90°C to 40°C
and with very low heat losses. With a catheter diameter
of at most 7 mm the corresponding value would have been
about 20%.

As previously mentioned it 1s i1mportant 1n the heat
treatment of the prostate to avoid damages to adjacent

organs, such as the sphincter and the rectum. On the
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other hand it is often gquite important to heat treat the
prostate tissue also close to the sphincter.

In the device according to pending Swedish patent
application 0001978-6 an arrangement 1s described whereby
the treatment balloon 5 can be adjusted 1n axial exten-
sion so that when necessary treatment close to the
sphincter can be made. This can initiate a situation
where heat spreads axially from the proximal attachment
of balloon 5 and along a length of outer tube 4 passing
inside the sphincter. By using the design according to
the present invention this risk will be eliminated 1in
view of the fact thét heat adjacent to flange 19 will be
removed from the outer tube 4.

Figures 5 and 6 show two different designs relating
to the partitions for dividing annular space 37 1into an
upper part 37a and a lower part 37b. The embodiment ac-
cording to Figure 5 1s constituted by arranging 1nwardly
directed grooves 32 on tube 33, salid grooves accommodat -
ing elements or threads 34 acting as partitions and ex-
tending axially along tube 33. Such grooves can be made
on tube 33 without changing the circular interior con-
figuration of the tube.

Figure 6 shows an alternative arrangement, according
to which the outer tube 4 1s provided with i1nwardly ex-
tending axial ridges 36 and correspondlng outward grooves
38, said ridges forming the desired partitions.

According to yet another alternative it 1s possible
to simultaneously co-extrude tubes 4,33 together with the
radial partitions to form an integral multi-lumen tube
construction. This 1s particularly the case when using as
a material a thermoplastic polymer.

The invention i1s not restricted to the design for
the formation of a thin, flowing film of water as de-
scribed in connection with Figures 2 to 4, and an alter-
native design 1s described below.

Figures 7 and 8 show a detall of another embodiment

of the invention, according to which the flowing ligquid
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film is divided into several parts flows. Figure 7 shows
a liquid distributor 65 having an 1inlet 66 for water
leading to a chamber 67 which liquid-tight by means of O-
rings 68 fully encloses a tube 50. From chamber 67 a num-
ber of inlet openings 69 lead to an annular space 51
formed between tubes 4,50. In this case space 51 1s di-
vided up by a number of axially extending sealing parti-
tions 70, as shown in Figure 8 also showing the O-rings
68. Accordingly, water will pass through inlet openings
69, will be guided axially between the sealing partitions
70 towards the distal part of the catheter in the same
manner as shown in connection with Figure 4, the water
flow turns as shown by arrows 72 and flows axially back
into the proximal part of the catheter handle and will be
discharged through outlet 75 via outlet openings 71 and
chamber 74.

Yet another embodiment of the invention 1is shown 1n
Figure 9 illustrating the distal part of the balloon
catheter of similar type as that described in Figures 1
and 2. The balloon catheter according to this embodiment
is particularly suitable for heat treatment of the pros-
tate and includes in this case a positioning balloon 8,
an elastic, inflatable balloon 5 for the heat treatment
of the prostate and a catheter tube 4, wherein the proxi-
mal part of balloon 5 is attached at 7.

Balloon 5 which for example 1s constituted by a pre-
formed flexible material, 1s double-walled, at least at
the proximal end 80 of the balloon to form a space 81 re-
stricting the heat-release from the heating medium within
the balloon at the proximal end of balloon 5.

Space 81 can be filled with air, but since the bal-
loon material has a certain gas penetrability and a cer-
tain pressure exists in the space when the balloon is 1in-
flated causing risk for collapse of space 81, 1t can al-
ternatively be filled with a material of good heat-
insulating capacity. In order to facilitate the movabil-

ity of the balloon material during expansion the insulat-



CA 02437865 2003-08-08

WO 02/064070 PCT/SE02/00212

5

10

15

20

25

30

35

19

ing material can consist of a balanced quantity of porous
spheres or an elastic, porous weave.

By this embodiment of the invention the heat convec-
tion towards the sphincter positioned adjacent to the
proximal end of the balloon will be reduced as illus-
trated by arrows 82 of different length i1n Figure 9.

Figure 10 shows the insulation 80 as seen distally.
In this case the insulation has been extended at 83 to
restrict the heat convection in direction towards the
part of the prostate cavity which 1s facing the rectum
wall, said wall being thin and sensitive to influence by
heat.

Figure 11 shows another embodiment of the heat 1insu-
lation. The double-walled balloon 5 has an exterior wall
90 and an interior wall 91, the latter being provided
with a number of small protrusions 92. In this manner an
air-filled insulating space 81 is formed when the balloon
is inflated. The interior part of the balloon can be eas-
ily manufactured by injection moulding of for example a
silicon material. Suitable height of the protruding parts
is for example about 1 mm and a distance of about 1 mm
between each part.

Figure 12 shows an alternative arrangement for ad-
justing the axial length of the balloon to match treat-
ment sites of different sizes. The device shown i1n Figure
12, illustrating the distal part of the balloon catheter
only, contains two telescopically arranged tubes, a cen-
tral tube 101 and a telescopic tube 102 within the cen-
tral tube 101 and an intermediate tube 103. All tubes fit
tightly within each other and are axially displaceable
relative to each other. A stop ring 104 is attached onto
and at the proximal end of the telescopic tube 102 and 1s
constituted by a short tube having the same size as the
intermediate tube 103. Between tube 103 and the stop ring
104 a locking ring 105 of an elastic material 1s ar-
ranged. The central tube 101 has two extensions 106 and

107 extending axially. In a corresponding manner there
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are two extensions 1n stop ring 104 which have for an ef-
fect that the telescopic tube 102 having the stop ring
104 and the intermediate tube 103 can be axially dis-
placed 1n central tube 101 but not rotated. If on the
other hand the intermediate tube 103 1s axially displaced
in relation to the telescopic tube 102 and the stop ring
104 so that the elastic ring 105 will be expanded, then
the telescopic tube 102 will be locked in relation to the
central tube 101.

In the distal part of the telescopic tube 102 an
elongate body 109 has been firmly inserted. Body 109 1s
provided with an exterior thread 110 and containé a canal
Oor passage 115.

The distal part 116 of the catheter can be perma-
nently bent upwardly and contains a bore 117 having an
interior thread co-operating with thread 110 in body 109.

A sleeve 118 1s attached to and surrounds the distal
part of intermediate tube 103. The proximal part 119 of
this sleeve 118 acts as a stopper against the distal part
of the central tube 101 when the telescopic tube is axi-
ally pushed into central tube 101.

The distal part 116 of the catheter is threaded onto
body 109 so that i1ts proximal part rests against sleeve
118 and the distal part of intermediate tube 103 at the
same time as the proximal part of the intermediate tube
103 without force rests against ring 105 which i1n turn
rests against stop ring 104. In this position telescopic
tube 102 can be axially displaced forwardly or rearwardly
in central tube 101.

A positioning balloon 130 and treatment balloon 131
are shown 1n Figure 12, and the distal part 132 of the
treatment balloon 131 as well as the positioning balloon
130 are attached to sleeve 118. The proximal part of
treatment balloon 131 i1s attached to the central tube 101
(not shown in the Figure).

The axial length of the treatment balloon 131 can be

adjusted before treatment by displacing telescopic tube



CA 02437865 2003-08-08

WO 02/064070 PCT/SE02/00212

10

15

20

25

30

21

102 in relation to central tube 101 until the distance
between the proximal attachment of the treatment balloon
131 onto central tube 101 and the distal attachment to
telescopic tube 132 corresponds to the desired length.
Locking of this position takes place by rotating the dis-
tal part 116 to engage the intermediate tube 103 against
locking ring 105 so as to result 1n expansion thereof.

Figure 12 also shows a flexible capillary tube 133
through which air can be injected to expand the position-
ing balloon 130. By designing the distal part of the cap-
illary tube 133 as a coil the capillary tube can move
along with extension or shortening of the telescopic ar-
rangement.

The alternative arrangement for providing adjust-
ability of the axial length of the treatment balloon as
shown in Figures 12 and 13 gives an added advantage 1n
relation to the design according to Figure 1. By moving
the system for adjustment of axial length of the treat-
ment balloon from the intermediate or handle part of the
catheter to the distal part thereof greater freedom will
be obtained in regard to the design of the 1ntermediate
part of the catheter. Accordingly, this part can be made
flexible oxr can be given a bent shape for better accommo-
dation to a particular treatment site, such as the pros-
cate.

It is to be noted that many variations of the 1inven-
tion as described are conceivable and within the skill of
the artisan, and the invention 1s to be limited solely by

the scope of the appended claims.
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The embodiments of the invention in which an exclusive property or privilege
is claimed are defined as follows:

1. Balloon catheter for exerting internal pressure on
surrounding tissue of a mammalian duct or cavity 1n a
section thereof, comprising an elongate distal section
and a flexible and expandable balloon accommodating said
distal section which, together with said balloon is
intended for insertion into said duct or cavity section,
further comprising means for the supply of a pressure
medium for expansion of said balloon and heating means
for heating said medium, the catheter further comprising
an intermediate section and a proximal section for
operating the device, said distal and intermediate
sections containing a central tube, whose distal part 1s
provided with at least one outlet for said medium within
sald balloon, and whose intermediate part 1s surrounded
by an axially extending tube, at whose distal end the
proximal end of sald balloon 1s attached, the distal end
of said balloon being attached to said central tube,
characterized by an intermediate tube concentrically
positioned within said axially extending tube and
surrounding said central tube so as to form an annular
space between said central tube and said intermediate
tube containing a heat-insulating medium and a second
annular space between said intermediate tube and said
axially extending tube, the second annular space being
divided into at least two separate axially extending
compartments by at least two opposite radial partitions,
sald compartments being in fluid communication at the
distal ends thereof, and one compartment having a

proximal inlet for a cooling medium and another
compartment having a proximal outlet for said cooling

medium.
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2. Balloon catheter according to claim 1, characterized
by another tube surrounding saild central tube so as to
form a distally and proximally open annular space between
said another tube and said central tube allowing return

and recirculation of pressure medium introduced 1into said

balloon.

3. Balloon catheter according to claim 1 or 2, whereln

sald heating means 1is positioned within said balloon.

4. Balloon catheter according to claim 1 or 2, comprising

circulation means generating circulation of said medium

within or through said balloon.

5. Balloon catheter according to claim 2, whereln said

heating means is positioned in said intermediate section.

6. Balloon catheter according to claim 2, wherein said

heating means is positioned externally of said sections.

7. Balloon catheter according to any one of claims 1 to
6, wherein said heating means is selected from electric
resistance elements, PTC resistors, laser energy emlittling

means, and external heat exchangers.

8. Balloon catheter according to any one of claims 1 to
7, wherein the axially extending tube together with said
intermediate tube forms a unit which 1is axially
displaceable in relation to the distal end of said
balloon, and wherein the proximal end of said balloon 1s
attached to the distal end of said unit so as to confer
adjustability of the axial length of the balloon, the

catheter comprising locking means for maintaining a
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desired balloon length.

9, Balloon catheter according to any one of claims 1 to
7, wherein said central tube is composed of at least two
telescopic and concentric partially overlapping tubes,
one of which protrudes distally and carries the distal
end of the balloon, and the other one of which carries
the proximal end of the balloon whereby axilial relative
displacement of said tubes enables balloon length
adjustment, the catheter comprising locking means for

maintaining a desired balloon length.

10. Balloon catheter according to any one of claims 1 to
9, wherein the radial extension of said axially extending
tube, said intermediate tube, and said central tube
including the annular spaces therebetween occupy from

about 15% to about 40% of the catheter radius.

11. Balloon catheter according to any one of claims 1 to
10, wherein said axially extending tube is provided with
axially extending interior ridges defined by

corresponding exterior grooves, said ridges forming said
radial partitions ending short of the distal end of said
axially extending tube, thereby establishing saild fluid

communication between said compartments.

12. Balloon catheter according to any one of claims 1 to
10, wherein said intermediate tube is provided with
axially extending exterior grooves accommodating flexible
threads forming said radial partitions, said partitions
ending short of the distal end of said intermediate tube

thereby establishing said fluid communication between

sald compartments,
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13. Balloon catheter according to any one of claims 1 to
12 for the treatment of the prostate, wherein said
balloon at the proximal end thereof is provided with a
heat insulation for the protection of the sensitive area

adjacent to sphincter.

14. Balloon catheter according to claim 13, wherein said
heat 1nsulation 1s extended toward the rectum area to
protect the part of the prostate cavity facing the thin

rectum wall.

15. Balloon catheter according to any one of claims 1 to
14, characterized by a radially expansible stent
encompassing said balloon, said stent being deformable to
expand synchronously with the radial expansion of the
balloon when inserted in said duct or cavity, thereby
being retained expanded therein upon withdrawal of the

catheter from said duct or cavity.

l6. Balloon catheter according to claim 15, wherein said
stent 1s made of a thermoplastic biodegradable polymer
which is deformable with heating by having a softening

point above body temperature.

17. Balloon catheter according to claim 16, wherein said
polymer 1is selected from PCA, PLLA and PLGA and

copolymers thereof.

18. Balloon catheter according any one of claims 15 to
17, wherein said stent has been made subject to heat
forming at a temperature near melting temperature to give
a desired stent configuration as i1mplanted, and then

formed to a desired configuration for insertion.



CA 02437865 2009-05-28

L i ——
WP S AV R swie NG b m— o— . g— g A~ -llll"!'lll'[+Jqllllbll"l.|tll.l e ale A
-
-
-

04

- -
Wl e -~

604

& = aEmmm——y 4 1 T e
‘-_-._--

: ) . L
) el I
A W W "‘.’"“”"’ ".”‘ \‘l %‘-““ ............. \‘
e —————— (L L
L

— /1= mf%/a S
2%,

""a"‘.'"""‘.‘ """’.’""""""4 ""’ \\
et 2 L R TE LT T TPy Iy Ty ‘b. k
- v : /.../
[ ]

-
.

-
- ’
- -
A e ol = -uiy v &

Lil

-
[ rae——

7

e . AN

iz L2 0§ 9

‘/ ..-lrdlral.ra ""
m/v. m”“““””n l\
PN

® .
“ ff.’.’"ﬂ'ﬁﬂﬁ"f’l‘llillllll!ooo . \

”ll....l/..

"'f_lr‘l""f“f‘fﬂ“!dﬂlﬂ'll.
.\ \\\ § /r .....
11111 - “\‘\“.‘.‘.‘- I'4 _ _l.‘-..‘ " “\

VI TV T OITIrases ke b L L L L L L L L LT AL !\h:. . \ 4/

!Jllll-'-'

‘I‘..'..”

6L ) W
h B oz

911



00000000000000000000

o N N N N N NE N N N N N N N N N N N N N N R N N

B E AN EEEEEEE AL L A A

VRV AV S A ENINEEEE E AL LA LS .AeAewA
N

. . . V. "R, . . . . . . . . I S . O .. . . .

" Fig. 7
9

6
) ] 71
— A AT
<130
LYY |
g . ¢ Fig. 8 )
T e 2

5 Fig. 9

8 92
S 90
(N 81

)
91 . Cin A4

SUBSTITUTE SHEET (RULE 26)




CA 02437865 2003-08-08
WO 02/064070 PCT/SE02/00212

SUBSTITUTE SHEET (RULE 26)



s 19 !

- | ﬂlllm'//////// Rlec ! ‘/

pp———_

" e e T,
'M‘ P P PN AL 7 7 - oL Py VTP ISrIyyys n“‘-“‘,‘
I\ - "I “ ""!_’!ﬂ"’“ I\'J v 'I.r";”’ ‘.\
. WY A gy
fi== R I
’ N - - ———- -"/ st\\wl;“ \“\\\\‘\\‘\‘ \L

£ \j'6 5 7 17 27 57 ¢
8 13 18 14 16



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - abstract drawing

