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= (57) Abstract: The invention relates to balloon catheters and methods of treatment for exerting internal pressure on surrounding tis-
sue of a mammalian duct or cavity in a section thereof having a substantially circular cylindrical configuration. Such balloon catheter
comprises an elongate rigid distal section and a flexible and elastic balloon accomodating 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 the expansion of said balloon, the catheter further comprising an intermediate section and a proximal section for operating the
device. The distal and intermediate sections contain a central tube, whose distal part is provided with at least one outlet for said
medium within said balloon, and whose intermediate aprt is surrounded by an axially displaceable tube, onto whose distal end the
~~ proximal end of said balloon is attached. The balloon has an envelope which is constituted by at least one substantially gas- and
liquid-impermeable and elastic internal layer and an external layer of limited radial expansion, said expansion being substantially
independent of the axial length of said balloon. As an alternative the invention invloves balloon catheters where the balloon is en-
compassed by a radially expansible stent deformable to expand synchronously with the radial expansion of the balloon. As a further
feature balloon catheters according to the invention can be equipped with means for supplementing treatment using pressure with

heat treatment.
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BALLOON CATHETER

Field of the invention

The present invention relates to devices and methods
for the treatment of mammalian tissues using pressure or
pressure combined with heat. Examples of such mammalian
tissues including human tissues are found in arteries,

prostate and oesophagus.

Background art

Catheters using an extensible balloon have many ar-
eas of use in medical technologies. It is often related
to the treatment of restrictions in certain organs which
are accessible only via narrow passages. With the balloon
in a deflated state it is introduced into the site of
treatment and is then made subject to expansion. For cer-
tain purposes balloons having a limited elasticity in a
radial direction are used, i.e. the balloon takes a pre-
determined shape when distended, for example cylindrical
shape.

Such balloon catheters have been extensively used to
open restrictions, so called stenoses, in for example the
vascular system. This treatment, so called PTC- or PTCA-
techniques, take place under several bars of pressure,
and it is therefore important that the balloon can expand
only up to the predetermined diameter so as to avoid dam-
age to the vessel by over-dilation.

For the treatment of benign prostate enlargement
(BPH) it has been suggested to dilate urethra and pros-
tate using a balloon of reétricted radial expansion which
when distended from a dilated diameter of about 5 to 7 mm
forms a cylinder having a diameter of about 30 mm. The
inflation of the balloon must take place under high pres-
sure in view of the resistance of the surrounding tissue.

As a material for dilation balloons for PTA, PTCA or
dilation of the prostate different flexible but inelastic
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materials are used. One example is polyethylene ter-
ephtale (PET). This material can be pre-shaped and has
high mechanical strength in spite of a wall thickness of
only 0.03 to 0.04 mm which is an advantage, in particular
in relation to dilation of fine blood wvessels.

A drawback of such inelastic material is, however,
that folds are formed when the balloon is in an unex-
panded state, for example when the balloon catheter is
introduced into or withdrawn from fine bedily ducts. In
US patent No 5,423,755 (Kesten et al.) there is described
a balloon catheter for dilation of urethra and prosﬁate,
the balloon being made of such inelastic material. In or-
der to reduce the formation of folds both ends of the di-
lation balloon are each attached to two telescopically
arranged central tubes. A spring has bias separate the
two tubes axially so that the balloon is maintained in a
stretched position when the system is unpressurised. When
pressure is supplied the balloon diameter increases at
the same time as the balloon length will be reduced in
view of the acting forces until the predetermined balloon
dimension in regard to diameter and length has been
reached. In this manner the formation of folds across the
balloon will be reduced but the problem of axial folding
remains.

In the patent No GB 1 566 674 (Hanecka et al.) there
is described a similar balloon catheter for dilation of
blood vessels, oesophagus, ductus scholedochus, the for-
mation of folds being reduced by the use of two co-axial
tubes, one slidable, within the other to prevent an ir-
regular and unlimited extension. The balloon is rein-
forced by a synthetic fabric embedded in the balloon. The
filaments of the fabric extend along helices of opposite
sense so that only a limited extension in the radial di-
rection is allowed. For introduction the balloon is
stretched in an axial direction increasing its length by
60% and simultaneously decreasing the diameter to 40% of

the pressurised balloon. At pressurising the balloon will
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expand in a radial direction to the desired diameter
while its length becomes shortened. In case of stenoses
which are longer than the balloon the catheter is in-
serted further and the expansion repeated.

In US patent No 5,314,443 (Rudnick) there is de-
scribed a similar balloon catheter with two co-axial
slidable tubes where the elastic balloon material is con-
stituted by for example polyurethane, silicone or latex
reinforced with glass fibre, nylon or carbon fibres,
which are materials of low elasticity.

In US patent No 4,637,396 (Cook) there is described
a balloon catheter using an elastic balloon for dilation
to a certain predetermined diameter. The balloon wall
consists of three layers, one inner elastic tight ure-
thane membrane, a middle layer of a knitted fabric tube
and an outer layer of an elastic impervious urethane mem-
brane. The three materials are attached together at their
ends and form a tube-shaped balloon.

The material of the knitted fabric tube is a yarn of
limited elasticity, for example composed of inelastic
strong fibres, such as Dacron, and by elastic fibres, for
example Spandex. When such yarn is stretched it is ex-
tended by its elasticity up to a certain limit at which
the inelastic fibres of the material are fully stretched
and can absorb relatively strong forces. ‘

The advantage of this balloon catheter is that there
is a minimum of fold formation and that there is no
change of length when the balloon is inflated or when the
pressure is released. Accordingly, this results in a sim-
ple design with the balloon attached to one single cen-
tral tube. In this manner a balloon is obtained which has
the same fixed length both as deflated and inflated.

When treating certain human organs it is important
that the dilatation takes place only at a precise prede-
termined site and for a length which is adapted to the
restriction to be treated. As an example there can be

mentioned dilatation of an enlarged prostate at BPH. In
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dilatation using for example ASI UROPLASTI™ Dilatation
system, Advanced surgical intervention Inc. USA, it is
important that the proximal end of the balloon is posi-
tioned at the apex adjacent to the external sphincter and
that it should not extend beyond the bladder neck. Since
the length of the prostate varies to a large extent from
patient to patient this length must first be determined
using a special calibration catheter with a Foley balloon
in the distal end under cystoscopy after.which the urolo-
gist selects the correct balloon size. Therefore, nine
catheters with balloon lengths in a range between 15 to
55 mm must be available with 5 mm increments. To allow
exact positioning of the selected balloon catheter this
has a separately expandable Folley balloon at the distal
end of the catheter for precise placement of the distal
end of the dilatation balloon at the bladder neck.

In certain cases restrictions are treated with a
combination of pressures and heat from a heat-releasing
balloon. US patent No 5,257,977 (Eshel) thus describes a
method for the treatment of enlarged prostate with an ex-
pandable balloon. A heater fluid supply inflates under a
pressure of 1-4 atm a balloon and provides a pressure and
heat treatment to the prostate and bladder neck. The cor-
responding catheters commercially available from Argomed
Inc, Morrisville, USA. Even in this case catheterg in 9
different balloon lengths from 2 to 6 cm are available.
This is, of course, a significant disadvantage and in-
volves high costs for manufacture and storage both for

producer and hospital.

Objects and summary of the invention

The main object of the present invention is to pro-
vide a balloon catheter for the treatment of a mammalian,
including human, duct or cavity by exerting internal
pressure on a surrounding tissue, the catheter being pro-
vided with a balloon the expansion of which is substan-

tially independent of the axial length of the balloon.
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Another object of the invention is to provide a
method for the treatment of such duct or cavity in a sec-
tion thereof having a substantially circular cylindrical
configuration, internal pressure being exerted on the
surrounding tissue of said duct or cavity.

Yet another object of the invention is to provide a
balloon catheter provided with a balloon the axial exten-
sion of which can be varied to match treatment sites of
different lengths.

A further object of the invention is to provide a
balloon catheter and a method associated therewith which
is provided with a positioning balloon attached at the
front end of the catheter for correct positioning of the
catheter before treatment.

Still another object of the invention is to provide
a balloon catheter and a method where the balloon carries
a radially expansible stent capable of synchronous expan-
sion with a balloon, said stent being left behind in the
site of treatment after withdrawal of the catheter.

Another object of the invention is to provide a bal-
loon catheter and a associated method wherein the treat-
ment of pressures exertion is combined with heating.

Accordingly, a first aspect of the invention is the
provision of a balloon catheter for exerting internal
pressure on surrounding tissue of a mammalian duct ox
cavity in a section thereof having a substantially circu-
lar cylindrical configuration. Said balloon catheter com-
prises a elongate, rigid distal section and a flexible
and elastic balloon accommodating said distal section,
further comprising means for the supply of a pressure me-
dium for the expansion of the balloon. The catheter fur-
ther comprises an intermediate section and a proximal
section for operating the device. Said latter section can
for convenience be flexible.

As characterising features for this balloon catheter
said and intermediate sections contain a central tube,

whose distal part is provided with at least one outlet
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for said medium within the balloon, and whose intermedi-

ate part is surrounded by an axially displaceable tube,

onto whose distal end the proximal end of the balloon is

attached. Furthermore, said balloon has an envelope which

is constituted by at least one substantially gas- and

liquid-impermeable and elastic internal layer and an ex-

ternal layer of limited radial expansion, said expansion

being substantially independent of the axial length of

the balloon.

Further features of this first aspect of the inven-

tion are presented in appended claimg 2 to 20, inclusive,

and 52.

According to a second aspect of the invention there

is provided a method for the treatment of a mammalian

duct or cavity, said method comprising the steps:

a) estimating the axial extension of said section;

b) adjusting and securing the distance between the

axial ends of an elastic balloon to match said axial ex-

tension;

c) inserting the balloon thus prepared into said

duct or cavity section;

d) expanding said balloon by introducing a pressur-

ized fluid therein to exert pressure on said walls to

widen to a predetermined degree said duct or cavity

within said section by using a balloon of predetermined

limited radial expansion;

e) deflating said balloon and withdrawing same from

said duct or cavity section.

Further method features under this second aspect of

the invention are given in appended claims 22 to 32, in-

clusive. In regard to the two-step procedure of claim 22

it can be noted that the second step of renewed insertion

for implantation of a stent makes use of the balloon

length calibration made in the first step.

According to a third aspect of the invention there

is provided a balloon catheter for exerting internal

pressures on surrounding tissue of a mammalian,

including
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human, duct or cavity in a section thereof having a sub-
stantially circular cylindrical configuration. This bal-
loon catheter comprises an elongate rigid distal section
and a flexible and elastic balloon accommodating said
distal section which, together with said balloon is in-
tended for insertion into said duct or cavity section,
further comprising a central tube contained in said dis-
tal section and whose distal part is provided with at
least one outlet for said medium within said balloon.
Characterizing features of this balloon catheter include
that the balloon has an envelope which is constituted, by
at least one substantially gas- and liquid-impermeable
and elastic internal layer and an external layer of lim-
ited radial expansion, and further a radially expansible
stent encompassing said balloon, said stent being deform-
able 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, means generating cir-
culation of said medium within or through said balloon,
and heating means for combining pressure treatment with
heat.

Further features of this third aspect balloon cathe-
ter according to the invention are found in appended
claims 34 to 43, inclusive.

A fourth aspect of the invention resides in a method
of treatment of mammalian tissue of a mammalian duct or
cavity in a section thereof having a substantially circu-
lar cylindrical configuration, said method comprising the
steps:

a) applying onto a balloon before insertion thereof
a radially expansible stent capable of radial deforma-
tion;

b) inserting the balloon thus prepared into said
duct or cavity section;

c) distending said balloon by introducing a pressur-

ized fluid therein to exert pressure on said tissue to



10

15

20

25

30

35

WO 01/89619 PCT/EP01/05544

8

widen to a predetermined degree said duct or cavity
within said section and to expand the stent by using a
balloon of predetermined limited radial expansion; and

e) removing fluid from said balloon and withdrawing
same in a collapsed state from said duct or cavity sec-
tion leaving the stent behind in an expanded state.

Further features under this aspect of the invention
are given in claims 45 to 47, inclusive.

As an alternative to this aspect of - the invention
there is provided a method comprising the steps:

a) estimating the axial extension of said section;

b) adjusting and securing the distance between the
axlal ends of an elastic balloon to match said axial ex-
tension;

c) applying onto a balloon before insertion thereof
a radially expansible stent;

d) inserting said balloon carrying said into said
section;

e) expanding said balloon by introducing a pressur-
ized fluid to expand the stent; and

f) releasing the pressure to deflate the balloon and
withdrawing same while leaving the stent behind in an ex-
panded state.

Common to all embodiments involving a stent carried
by the balloon is the feature of axial adjustment of the
stent in length to conform to the balloon of likewise ad-
justable axial extension.

It goes without saying that the stent can be adapted
in length by cutting it in advance to the desired length.
In this disclosure the expressions "distal" and
"proximal'" are used with the meaning "front" and " rear",
respectively, i.e. related to the operator of the instru-

ment or device.

Detailed description of the invention

The invention will in the following be further de-

scribed by exemplifying embodiments which, however, must
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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

Fig. 1 is a simplified diagrammatic illustration of
a device according to the present invention;

Fig. 2 is a more detailed diagrammatic illustration,
partly in section, of the device shown in Fig. 1;

Fig. 3 is a side view, partly in section, of a spe-
cific embodiment of the device according to the inven-
tion;

Fig. 4 shows diagrammatically an enlarged detail in
section of the balloon enclosure;

Fig. 5 is an enlarged detail of the braid of the in-
termediate layer of the balloon;

Fig. 6 shows a detail of an alternative arrangement
of the intermediate layer of the balloon; and

Fig. 7 is a detail of the balloon carrying an ex-
pandable stent.

Fig. 8 is a simplified illustration of the distal
end of a balloon catheter according to the invention ena-
bling an alternative arrangement for adjusting the axial
extension of the balloon; and

Fig. 9 shows an enlarged view in section a detail a
seen along line A-A in Fig. 8.

Figure 1 shows diagrammatically in a side view an
embodiment of the invention in the form of a catheter
generally designated 1 for the treatment of benign pros-
tate hyperplasia (BPH) using pressure and heat. This re-
sults in an efficient combination of widening of the
prostate and partial necrosis of prostate tissue. As seen
to the left in Fig. 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 relative each
other, tube 4 partly enclosing tube 3. An elastic, in-

flatable balloon 5 for the treatment with pressure and



10

15

20

25

30

35

WO 01/89619 PCT/EP01/05544

10

heat is at its distal end attached to tube 3 at 6 and at
its proximal end attached to tube 4 at 7. The balloon 5
is in possession of special properties to be described
below so that it in an inflated position takes an elon-
gate shape with predetermined diameter and length as il-
lustrated by the full lines. At the outermost distal end
of catheter 1 a second, inflatable balloon 8 is arranged
for positioning of the catheter during treatment so that
the active part of balloon 5 will be correctly positioned
between bladder neck and the external sphincter.

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 the body 14 which is interiorally
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 15
on body 14 and the desired length can be maintained by
turning the locking nut 13.

Catheter 1 has a proximal part 30 shown signifi-
cantly shortened and comprising a flexible tube for con-
nection to a control unit (not shown) and conduits for
the supply of medium for the expansion of balloons 5 and
8 and for the circulation of heating medium from an ex-
ternal heat source through balloon 5.

Figure 2 shows more in detail a section through the
apparatus of Fig. 1. The different parts have been given
the same reference numerals in both figures. Balloons 5
and 8 are in Fig. 2 shown by full lines in deflated con-
dition and by dashed lines in expanded position.

The body 14 contains passages 15 and 16 connected to
a flexible multilumen tube 25 containing an inlet lumen
26 and an outlet lumen 27 for the introduction of a heat-
ing medium and discharge of the medium, respectively (ar-
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
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proximally into a bore 18 provided in the body 14. At the
distal end thereof the intermediate tube 17 is 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 is provided an outlet passage
gap 20 opening providing connection inside the body 14
with the outlet passage 16. Between the intermediate tube
17 and the surrounding axially displaceable tube 4 an in-
sulating annular space 21 is formed acting as a heat in-
sulation 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. In the distal sec-
tion of the tube 3 sleeve 22 is arranged concentric with
the tube 3. Openings 24 provide connection with a fine
tube (not shown) positioned in the inlet lumen 26, along
the passage 15, the tube 3 and the interior of the bal-
loon 8.

As mentioned tube 25 is intended for connection to a
control unit (not shown) from which a heat-carrying me-
dium, for example a ligquid, can be introduced into the
catheter. During treatment the medium is heated in an ex-
ternally arranged heat exchanger to the desired tempera-
ture and is circulated by means of an external pump in a
circuit comprising pump, heat exchanger, control unit for
inter alia control of pressure, temperature, amount of
liguid, etc.

Figure 3 shows a detail of the distal part 2 of the
catheter. In figure 3 the same reference numerals have
been used as in figures 1 and 2. Arrows a and b show sup-
ply of heating medium and arrow c the discharge thereof.
The fine tube mentioned earlier extending in tube 3 has
been designated 28 and is connected with an aperture 24

in the sleeve 22 for supply of a medium, for example air,
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for the distension of the balloon 8 for positioning of
the catheter in the urethra (arrows d and e).

Balloon 5 is shown in its expanded state. The enclo-
sure of the balloon consists of three layers - one inner
layer 31, one intermediate layer 32 and one outer layer
33 as shown in detail in figure 4. Layers 31 and 33 con-
sist of a thin, liquid-tight highly elastic film of an
elastic material, such as silicon film. The intermediate
layer 33 is constituted by a braid of a yarn with limited
elasticity. The yarn has a core of elastic polyurethane,
for example Lycra®, around which filaments of inelastic
fibre, such as nylon, have been spun. The yarn is quite
stretchable and can be stretched out to a certain maximum
limit until the inelastic filaments are fully extended.
In the stretching the diameter of the yarn decreases.
Suitable stretchability is in this case about 350%. By
this percentage is meant that the stretch is 350% greater
than the original length of the yarn. With the balloon in
an expanded state the threads of the braid have been
stretched to the maximum limit and the threads or fila-
ments form a network of 64 crossing filaments determining
the shape of the balloon.

Figure 5 shows a detail of the network where the
longitudinal axis of the balloon has been indicated with
A-A and the angle between the crossing filaments as seen
in the direction of the longitudinal axis has been desig-
nated «.

It has now been surprisingly found that by using the
device according to figures 1 to 3 it is possible to ad-
just and set different balloon length by axial displace-
ment of tube 4 relative to tube 3, the highly elastic
three-layered balloon material being stretched in a cor-
responding degree without affecting the diameter of the
balloon in a distended state. This is important from a
medicinal viewpoint since it allows for treatment of
prostates of different lengths but under otherwise simi-

lar conditions. The invention algo makes it possible to
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perform exact setting of the balloon length and by suit-
able selection of properties of the material of the bal-
loon it is possible with one and the same catheter to
double a certain given minimum balloon length while main-
taining the same diameter in expanded state. In this man-
ner it is possible to cover a span of prostate lengths of
from about 20 to about 60 mm using only two catheters,
one of which covers the range 20-35 mm and the other 35-
60 mm. Each catheter can be adjusted with an accuracy of
one millimetre. This can be compared with previously men-
tioned catheters from Advanced Surgical Intervention and
Argomed Inc. requiring manufacture and storage of 9 dif-
ferent catheters each of fixed balloon length.

The procedure in the treatment of BPH will be as
follows. First, the operator determines in a manner known
per se using a cystoscope the length of the prostate be-
tween the bladder and the apex. Then, the adequate in-
strument with regard to length range and diameter in ex-
panded condition is selected and the predetermined length
is set by displacement of tube 12. Then, the setting is
fixed using locking nut 13.

The catheter connected to the external system is
filled with liquid, for example glycine, is inserted via
the urethra to a position where balloon 8 is positioned
inside the bladder neck. The balloon 8 is then distended
by the supply of a suitable quantity of air (for example
15 ml) . The catheter 1 is somewhat retracted so that bal-
loon 8 rests against the bladder neck and ig maintained
in this position during the whole treatment procedure.

Alternatively, the adjustment of the balloon length
can take place after insertion of the catheter by posi-
tioning the proximal attachment 7 of balloon 5 in rela-
tion to the apex. This can be done using a cystoscope or
fluoroscope.

Balloon 5 is then distended by the supply of further
amount of liquid to the system, suitably to an overpres-

sure of about 0.5-2 bar, which normally is sufficient to
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give even a very uneven urethra a cylindric shape con-
forming to the distended balloon.

The treatment can now start by the circulation of
the heat-emitting medium as described so that an adequate
treatment temperature can be maintained during the treat-
ment period. As an example there can be mentioned a
treatment temperature of about 55 to 90°C for about 10-60
minutes.

The system for external heating and circulation as
described with reference to figures 1 to 3 can advanta-
geously be replaced with the system which is described in
PCT-application SE99/02396 "Device and method for medical
treatment" in connection to figures 4, 5 and 6. The dis-
closure of this patent application is incorporated herein
by reference.

As mentioned earlier the balloon described in rela-
tion to figures 1 to 3 consists of three separate layers
- one inner layer and one outer layer consisting for ex-
ample of a liquid-tight silicon film, and an intermediate
layer of a braid of a yarn of limited elasticity.

For the inner and outer layers it is advantageous to
use a material which is highly elastic and capable of
substantial elastic elongation as well as radial exten-
sion. It is preferred that the material has an elongation
to break of at least more than about 700% and preferably
1000% or more. A silicon rubber, such as a material manu-
factured and sold by Dow Corning is suitable and if axi-
ally extended up to say three times it can still be radi-
ally extended four to five times.

In the described embodiment the three layers are
free in relation to each other when the balloon is de-
flated except for the two ends thereof where they to-
gether are liquid-tight fixed to tube 3 and the flange 19
(figure 3) by a suture winding.

As previously mentioned it is the elasticity proper-
ties of the yarn and the braid configuration which will

determine the shape of the inflated balloon. It is desgir-
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able that the stretchability of the braid axially is

maintained and it is therefore suitable to fix same un-
stretched when assembled. In order that the balloon in an
expanded state shall take a stable shape symmetrically
surrounding the central tube 3 and tube 4 it has been
found suitable in the assembly thereof to pre-stretch at
least one of the two silicon layers 31 and 33 (figure 4)
or, alternatively, to stretch all three layers 31, 32 and
33 by an extension of about 50-100%. As an example there
can be menticned a catheter manufactured for pressure and
heat treatment of BPH having the following specifica-
tions.

A braid is manufactured of 64 crossing yarns of re-
stricted elasticity consistiné of a core of Lycra® spun
around by a nylon thread. The yarn has a d-tex value of
80 and a stretchability of 350%. The braid in the form of
a stocking of about 4 wm diameter is passed onto a tube
of highly elastic silicon (Dow Corning) stretched by 50%.
The wall thickness of the tube is 0.2 mm and its diameter
5 mm. An outer silicon tube of the same dimensions is ap-
plied without pre-stretching, whereafter the three-
layered balloon is attached to two concentric tubes cor-
responding to tubes 3 and 19 as earlier described: The
attachment is at 6 and 7 (figure 2 and 3) suitably by us-
ing a suture winding.

The distance between the two sutures, i.e. the
shortest balloon length is 15 mm. In assembly the balloon
is stretched so that the shortest balloon length is 20
mm. In an unexpanded state the balloon hag a diameter of
5 mm, which is suitable for insertion into the urethra.
The balloon is applied to the catheter and distended by
liquid to a pressure of 1 bar. The diameter is measured
to 22 mm. The angle o« (figure 5) between the crossing
threads is about 120°. The liquid is then evacuated, and
different balloon lengths from 20 mm up to 40 mm can be

adjusted and the balloon expanded to 1 bar. The variation



10

15

20

25

30

35

WO 01/89619 PCT/EP01/05544

16

in diameter in these measurements is only 1 mm, i.e. *5%.
The same result is obtained at a pressure of 1.5 bar.

It has been found in relation to the described em-
bodiment of the balloons consisting of three separate
layers that there is a risk that the threads of the bal-
loon can slide sidewise at high pressures, which can re-
sult in an uneven balloon shape. This can be prevented by
having the intermediate layer 32 of limited elasticity
(figure 4) incorporated in or attached to the surface
layer of one of the outer layers 31 and 33. This can be
done in connection with extrusion or injection moulding
of the film layer. In another embodiment the intermediate
layer 32 is attached to at least one of the outer layers
31 and 33 using an elastic adhesive. Alternatively, the
intermediate layer is imbedded in one single layer of
silicon.

In view of the fact that the intermediate layer 32
is incorporated in or attached to the surface of at least
one of silicon layers 31 and 32 sliding sidewise is pre-
vented, and it has been found that balloons of this type
can withstand very high pressures, for example 3-5 bar or
more.

Thin films of silicon have a relatively high gas
penetration. It has been found that air is often released
and assembles in balloons using a liquid as a expansion
medium. In the embodiment described above with three dif-
ferent layers air can penetrate through the inner silicon
layer in view of the gas penetration capacity thereof and
remain between the two silicon layers and even separate
the layers impairing the heat conduction through the lay-
ers.

This can be prevented by first attaching the inner
layer 33 and the intermediate layer 32 of the balloon
liquid-tight to tubes 3 and 4 by for example a winding of
sutures, the outer layer being then applied onto the in-
termediate layer 32 with or without adhesive attachment.

In this manner gas, for example air, collected in the
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balloon can leak out into the intermediate layer in view
of the overpressure and vanish out between the suture
winding and the surrounding outer layer.

In the embodiments hitherto described the intermedi-
ate layer consists of praids of yarn of limited elastic-
ity which in most cases are preferred. However, such
braids can be replaced with a knitted fabric, for example
consisting of a series of spaced loops made of one single
varn of limited elasticity. It has been found suitable
that such knitted structure contains an extra interwoven
filament of limited elasticity in a spiral configuration.
Figure 6 illustrates such an embodiment, wherein B-B des-
ignates the longitudinal axis of the balloon, 35 the
knitted structure and 36 the interwoven filament. In such
embodiment the elastic structure 35 functions as a sup-
port for the spiral 36 restricting the radial expansion
at the same time as movability in an axial direction is
possible without substantially affecting the radial ex-
pansion capacity according to the inventive concept.

In the embodiment according to figures 1-3 the posi-
tioning of the treatment balloon 5 relative to the pros-
tate to be treated takes place by using the separate in-
flatable positioning balloon 8 which during treatment is
maintained in position against the bladder neck as de-
scribed above.

Alternatively, the balloon 8 can be connected to the
system for the supply and circulation of the pressure-
heating medium. In this case the fine tube 28 can be
eliminated and openings 24 of tube 3 can open in balloon
8 instead of in balloon 5. If connection passages between
balloons 8 and 5 are arranged between tube 3 and the at-
tachment at 6 (figure 3) the heating medium can be circu-
lated first through balloon 8 and then through balloon 5.
Balloon 8 can in this case act as a positioning balloon
and also for heat treatment of the bladder neck.

It is known since long to heat treat BPH using high

frequency heating, such as microwave heating. This takes
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place with catheters in the distal part of which a micro-
wave antenna is encapsulated. The antenna transmits mi-
crowaves creating heat into the prostate. The frequencies
used are between 900 and 1300 MHz. Correct positioning of
the antenna is achieved with a positioning balloon at the
tip of the catheter. To match the length of the prostate
catheters with different antenna lengths are available.
The antenna is surrounded by a tube with canals wherein a
stream of cold water protects the urethra from the heat
induced by the microwave cabling. A disadvantage of this
method is that it does not enable simultaneous treatment
with heat and pressure.

In another embodiment of the invention this is made
possible by using a heat source constituted by a micro-
wave antenna or radio-frequency emitter centrally posi-
tioned in the balloon, whereas the medium for the expan-
sion of the balloon is a pressurised circulating cooling
medium. In this manner there is obtained an improved ef-
fect of the generated heat by the fact that the prostate
tissue is compressed at the same time as the urethra is
protected from the heat. \

It is known in less invasive systems for the\ffeat—
ment of BPH in the form of thermotherapy with e.g. laser
or microwave, there is a swelling of the prostaté, which
increases retention and decreases the flow rates of urine
due to this obstruction. This calls for a long catheteri-
sation time compared to the present predominant treatment
resection TURP, which is a drawback.

It has therefore been suggested to insert a stent
after the thermotherapy. Different types of metallic
stents are available for the treatment of stenoses. A
drawback is that such devices need a special catheter for
insertion and expansion. An example is a balloon catheter
with the unexpanded stent fixed around the deflated bal-
loon at the tip of the catheter. After insertion the bal-
loon is inflated so that the stent expands to a predeter-
mined diameter. For the treatment of for example BPH a
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non-degradable stent is preferably removed after some
time.

As an alternative it has been suggested to use bio-
degradable stents, which completely degrade after the
therapy. Suitable materials for such stents are for exam-
ple polymers of poly-k-hydroxiacids such as polyglycotic
acid (PGA) or polylactic acid (PLLA) used since many
years in bone surgery. These materials are thermoplastic
and can be thermoformed or drawn in the form of strips or
wires and formed to for instance spirals.

An example of such a spiral for the treatment of BPH
is the spiroflo® gtent (Mentor, USA) which is made of a
copolymer of PGA and PLLA (PLGA). This spiral can be in-
serted with the help of a cystoscope. Although such
stents can self-extend somewhat after insertion due to
influence of the body temperature, the extension is mod-
erate.

For the use after treatment with pressure and heat
it would be desirable with high radial expansion rates of
3 to 5 times of the stent to get a good fixation.

It has now been found possible to use catheters
within the inventive concept for the treatment of for ex-
ample BPH using pressure and heat for a subsequent im-
plantation of a stent of a thermoplastic, wviscoelastic
degradable material, such as polyglycolide (PGA), poly-1-
lactide (PLLA), poly-L-D-lactide (PLA) or a copolymer of
polylactide and glycolide (PLGA). The implantation can
take place immediately after conclusion of the
heat/pressure treatment and removal of the balloon cathe-
ter. The stent is passed on to the deflated balloon and
the catheter is then reinserted and the balloon once more
distended. The stent expands in harmony with the expan-
sion of the balloon in view of its elasticity and simul-
taneous mechanical deformation.

The balloon is expanded to a suitable diameter, and
when the expansion i1s finished the expanded stent is

fixed between the wall of the urethra and the ballocon.
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Heated liquid is then circulated though the balloon at a
suitable temperature adapted to the softening temperature
of the stent material (or its glass transition tempera-
ture), for example 60-90°C, and the heat treatment is
then concluded. After cooling the stent will thus main-
tain its expanded state. In this manner obstruction in
view of the swelling during the healing period will be
prevented. Alternatively, the expansion of the stent can
be facilitated by initiating heating when the catheter
has been positioned at the same time as the expansion is
started.

The expansion of the stent can also take place
through the viscoelastic memory properties of the mate-
rial. Thus, the stent can be constituted by a spiral pro-
duced from a filament of e.g. PLGA drawn with straight
configuration or wound to a spiral with a large diameter
at a temperature near melting but which then in a cold
condition has been wound to a spiral of small diameter,
for example 5 mm.

It has been found that such spiral mounted onto a
balloon catheter according to the invention expands by
itself when heated to a diameter depending on the tem-
perature so that the diameter will be larger the higher
the temperature. In this manner for example spiral stents
with a minimum diameter of 5 mm can be produced which ex-
pand to for example 12 mm diameter at a temperature of
about 50°C. In other words, it is possible to determine
the diameter of the expanded stent by selection of tem-
perature.

The method described above of implanting a stent us-
ing the treatment catheter has many advantages. Thus, it
involves cost saving in view of the fact that no special
introduction instrument will be needed. At the same time
the stent will be placed in correct position in the ure-
thra and will expand quickly so as to obtain good fixa-
tion. It has also been found possible to use catheters

according to the invention for treatment of for example
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BPH with pressure and heat with simultaneocus implantation
of a degradable stent of a thermoplastic viscoelastic de-
gradable material as previously described. In this case
the procedure will be as follows.

After establishing the length of the treatment site
and adjusting the balloon catheter correspondingly a
stent of corresponding length is mounted onto the bal-
loon. Before insertion the pressure will be somewhat in-
creased so that the stent will be kept in position but
without expansion. When the catheter has reached the cor-
rect position balloon and stent are expanded during heat-
ing to the diameter reguired for adequate treatment at
the same time as the material of the stent will soften.
After finished treatment heating is interrupted and the
stent will rigidify and maintain the diameter taken by
the balloon after interrupted heating. By partial defla-
tion of the balloon adaptation of the stent diameter can
be made by measuring the volume of discharged pressure
medium.

In for example treatment of BPH a suitable balloon
diameter can be for example about 20 to 25 mm. However,
it 1s desirable that the diameter of the stent after
cooling is only about 12 to 14 mm. It has been found pos-
sible to produce a stent of for example PLGA which can be
expanded to a large diameter during heat treatment, and
the stent can then take a smaller diameter during the
healing period by making use of the memory properties of
the material.

Thus, for example a spiral stent can be manufactured
from a monofilament wound to a spiral configuration with
for example a diameter of about 12 mm at a temperature
near melting temperature. The stent is then shaped in a
cold condition to a spiral of a small diameter, for exam-
ple 6 mm. Such stent will when heated tend to expand to
an extent which is dependent on temperature. It has been
surprisingly found that if such stent having a diameter

of 6 mm is mounted onto a balloon catheter according to
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the invention and introduced into the urethra for the
treatment of BPH it can expand to the desired diameter,
for example 22 mm, under the influence of heat and pres-
sure. When the treatment is concluded and the balloon is
deflated the stent will take a reduced diameter and the
desired final diameter can be obtained by adaptation of
the diameter it was given during the original preparation
of the stent.

According to one embodiment of the invention the
stent will be assembled with the catheter so that it sur-
rounds the balloon already in manufacture. One requisite
is that the stent is stretchable in an axial direction.
By having such stent attached to the balloon at least at
both ends thereof the stent accompanies the balloon when
the balloon length is adjusted. In this manner the meas-
ures taken by the operator will be substantially facili-
tated and exact positioning of the stent will be ob-
tained.

A number of stent configurations are conceivable for
this purpose. In figure 7 there is shown a stent gener-
ally having a spiral configuration but extended in zigzag
in the cylinder plane of the spiral. Expansion is possi-
ble radially in view of the straightening of the =zigzag
shape at the same time as the stent is axially stretch-
able in view of its spiral shape.

Figures 8 and 9 show an alternative arrangement for
adjusting the axial length of the balloon to match treat-
ment sites of different sizes. The device shown in Figure
8, 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 is
constituted by a short tube having the same gize as the

intermediate tube 103. Between tube 103 and the stop ring
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104 a locking ring 105 of an elastic material is ar-
ranged. The central tube 101 has two extensions 106 and
107 extending axially. In a corresponding manner there
are two extensions in 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 in central tube 101 but not rotated. If on the
other hand the intermediate tube 103 is 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 is
provided with an exterior thread 110 and contains 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 sleevé 118 is 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 its 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 in 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 in Figure 3, 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
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treatment balloon 131 is attached to the central tube 101
(not shown in the Figures).

The axial length of the treatment balloon 131 can be
adjusted before treatment by displacing telescopic tube
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 in expansion thereof.

Figure 8 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 adjusta-
bility of the axial length of the treatment balloon as
shown in Figures 8 and 9 gives an added advantage in re-
lation to the design according to Figure 1. By moving the
system for adjustment of axial length of the treatment
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 intermediate
part of the catheter. Accordingly, this part can be made
flexible or can be given a bent shape for better accommo-
dation to a particular treatment site, such as the pros-
tate.

It is to be noted that many variations of the inven-
tion as described are conceivable and within the skill of
the artisan and the invention is to be limited solely by
the scope of the appended claims.
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CLATMS

1. Balloon catheter for exerting internal pressure
on surrounding tissue of a mammalian duct or cavity in a
section thereof having a substantially circular cylindri-
cal configuration, comprising an elongate, rigid distal
section and a flexible and elastic 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 me-
dium for the expansion of said balloon, the catheter fur-
ther comprising an intermediate section and a proximal
section for operating the device, characterized in that
said distal and intermediate sections contain a central
tube, whose distal part is provided with at least one
outlet for said medium within said balloon, and whose in-
termediate part is surrounded by an axially displacable
tube, onto whose distal end the proximal end of said bal-
loon is attached, further characterized in that said bal-
loon has an envelope which is constituted by at least one
substantially gas- and liquid-impermeable and elastic in-
ternal layer and an external layer of limited radial ex-
pansion, said expansion being substantially independent
of the axial length of said balloon.

2. Balloon catheter according to claim 1, wherein
said external layer is constituted by a braid or spiral
structure with filaments of limited elasticity, or a
knitted structure, optionally containing an extra inter-
woven filament in spiral configuration and of limited
elasticity.

3. Balloon catheter according to claim 1 or 2,
wherein said envelope is constituted by a triple-layered
structure, where two substantially gas- and liquid-
impermeable elastic layers are flanking or embracing an
intermediate layer of limited radial expansion.

4. Balloon catheter according to any preceding

claim, wherein said internal and external layers are in-
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tegrated with the layer of limited radial expansion so as
to constitute one single layer.

5. Balloon catheter according to any one of claims 1
to 3, wherein the layer of limited radial expansion is
attached to at least one flanking layer.

6. Balloon catheter according to claim 3, wherein
said layer of limited radial expansion is constituted by
a braid structure, the filaments of which have a limited
stretchability of about 150 to about 400%.

7. Balloon catheter according to claim 6, wherein
the number of filaments is at least about 20 in each di-
rection of winding.

8. Balloon catheter according to-claim 6 or 7,
wherein crossing filaments define an axially directed an-
gle a lying within the range about 100° to about 140°.

9. Balloon catheter according to any one of the pre-
ceding claims, characterized by means for axially inter-
locking said tubes to each other in a position corre-
sponding to a desired length of said balloon.

10. Balloon catheter according to any preceding
claim for treatment of the prostate comprising a posi-
tioning balloon attached at the front end of said distal
section and being expansible within the urinary bladder
by introduction therein of said pressure medium or a
separate pressure medium.

11. Balloon catheter according to any one of the
preceding claims, comprising means generating circulation
of said pressure medium within or through said balloon.

12. Balloon catheter according to any one of the
preceding claims, characterized by a heating means for
heating said pressure medium.

13. Balloon catheter according to claim 12, wherein
said heating means is positioned within said balloon.

14. Balloon catheter according to claim 12, wherein
said heating means is positioned within said intermediate

section.
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15. Balloon catheter according to claim 11, compris-
ing a microwave antenna or radio-frequency emitter placed
within said distal section, said antenna or emitter cre-
ating heat in the interior of surrounding tissue, whereas
the circulation pressure medium cools a surface layer of
said tissue around the balloon.

16. Balloon catheter according to any preceding
claim, characterized by a radially expansible stent en-
compassing said balloon, said stent being deformable to
expand synchronously with the radial expansion of the
balloon when inserted in said duct or cavity, thereby be-
ing retained expanded therein upon withdrawal of the
catheter from saild duct or cavity.

17. Balloon catheter according to claim 16, wherein
said stent is made of a thermoplastic material.

18. Balloon catheter according to claim 17, wherein
said material is biodegradable, such as selected from
PCA, PLLA and PLGA.

19. Balloon catheter according to claim 16, 17 or
18, wherein said stent has been made subject to heat
forming at a temperature near melting temperature to give
a desired stent configuration as implanted, and then cold
formed to a desired configuration for insertion.

20. Balloon catheter according to any one of claims
16 to 19, characterized by means for partially deflating
the balloon after expansion thereof for maintaining a de-
sired diameter of the stent as implanted.

21. A method of treatment of a mammalian duct or
cavity in a section thereof having a substantially circu-
lar cylindrical configuration by exerting an internal
pressure on surrounding tissue thereof, comprising the
steps:

a) estimating the axial extension of said section;

b) adjusting and securing the distance between the
axial ends of an elastic balloon to match said axial ex-

tension;
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¢) inserting the balloon thus prepared into said
duct or cavity section;

d) initiating treatment by expanding said balloon by
introducing a pressurized fluid therein to exert pressure
on said walls to widen to a predetermined degree said
duct or cavity within said section by using a balloon of
predetermined limited radial expansion;

e) deflating said balloon and withdrawing same from
said duct or cavity section. ‘

22. A method according to claim 21, characterized by
the further steps:

f) applying onto said balloon before renewed inser-
tion thereof a radially expansible stent capable of ra-
dial deformation;

g) inserting said balloon carrying said stent into
said section;

h) expanding said balloon by introducing a pressur-
ized fluid to expand the stent; and

i) releasing the pressure to deflate the balloon and
withdrawing same leaving the stent behind in an expanded
state.

23. A method according to claim 21 or 22, wherein
step b) is performed after step c), alternatively after
step d).

24 . A method according to claim 21, 22 or 23,
wherein the pressure treatment is combined with heating
to maintain pressure and temperature for a period of time
to achieve a therapeutic effect in the tissue to be
treated.

25. A method according to claim 24, wherein said
fluid is circulated within or through said balloon.

26. A method according to claim 25, wherein said
fluid also acts as a heating medium.

27. A method according to claim 24, wherein heating
is provided by the generation of microwaves, the circu-
lating pressure medium acting as coolant of the surface

of surrounding tissue adjacent to the balloon.
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28. A method according to any one of claims 24 to 27
directed to treatment of a prostate, comprising heating
to maintain a temperature for a period of time resulting
in partial necrosis of prostatic tissue.

29. A method according to any one of claims 21 and
23 to 28, characterized by the further step of applying
onto the balloon before insertion thereof a radially ex-
pansible stent which is expanded by deformation synchro-
nously with the expansion of the balloon  said stent being
left expanded behind upon removal of said catheter.

30. A method according to claim 29, wherein said
stent is made of a thermoplastic material, the method
comprising the steps:

a) inserting said balloon carrying said stent into
said duct or cavity such as a prostatic urethra;

b) expanding said balloon by introducing a pressur-
ized fluid and supplying heat sufficient to soften the
stent to expand same and to widen said;

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

d) interrupting heating for lowering temperature to
fortify the stent; and

e) deflating the balloon and withdrawing same while
leaving the stent behind in an expanded state.

31. A method according to claim 30, wherein said
stent is constituted by a thermoplastic polymer and is
made subject to heat forming at a temperature near melt-
ing temperature to give a desired stent configuration as
implanted, and then cold formed to a desired configura-
tion for insertion, the deflation of the balloon in step
e) taking place before or simultaneously with interrupt-
ing heating.

32. A method according to claim 30 or 31, wherein
after step c) the balloon is partially deflated for main-

taining a desired diameter of the stent.
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33. Balloon catheter for exerting internal pressure
on surrounding tissue of a mammalian duct or cavity in a
section thereof having a substantially circular cylindri-
cal configuration, comprising an elongate, rigid distal
section and a flexible and elastic balloon accommodating
sald distal section which, together with said balloon is
intended for insertion into said duct or cavity section,
further comprising a central tube contained in said dis-
tal section and whose distal part is provided with at
least one outlet for said medium within said balloon,
characterized in that said balloon has an envelope which
is constituted by at least one substantially gas- and
ligquid-impermeable and elastic internal layer and an ex-
ternal layer of limited radial expansion, and further
characterized by a radially expansible stent encompassing
said balloon, said stent being deformable to expand syn-
chronously 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, means generating circulation of said
medium within or through said balloon, and heating means
for combining pressure treatment with heat.

34. Balloon catheter according to claim 33, wherein
said stent is made of a thermoplastic material.

35. Balloon catheter according to claim 34, wherein
salid material is a biodegradable polymer which is deform-
able with heating by having a softening point above body
temperature, such as one selected from PCA, PLLA and
PLGA.

36. Balloon catheter according to any one of claims
33 to 35, wherein said external layer is constituted by a
braid or spiral structure with filaments of limited elas-
ticity, or a knitted structure, optionally containing an
extra interwoven filament in spiral configuration and of
limited elasticity.

37. Balloon catheter according to claim 36, wherein

said envelope is constituted by a triple-layered struc-
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ture, where two substantially gas- and liquid-impermeable
elastic layers are flanking or embracing an intermediate
layer of limited radial expansion.

38. Balloon catheter according to claim 37, wherein
said internal and external layers are integrated with the
layer of limited radial expansion so as to constitute one
single layer.

39. Balloon catheter according to claim 37 or 38,
wherein said layer of limited radial expansion is consti-
tuted by a braid structure, the filaments of which have a
limited stretchability of about 150 to about 400%.

40. Balloon catheter according to claim 39, wherein
the number of filaments is at least about 20 in each di-
rection of winding.

41. Balloon catheter according to claim 39 or 40,
wherein crossing filaments define an axially directed an-
gle a lying within the range about 100° to about 140°.

42. Balloon catheter according to any one of claims
33 to 37 and 39 to 41, wherein the intermediate layer of
limited radial expansion is attached to at least one
flanking layer.

43. Balloon catheter according to any one of claims
33 to 42 for treatment of the prostate comprising a posi-
tioning balloon attached at the front end of said distal
section and being expansible within the urinary bladder
by introduction therein of said pressure medium or a
separate pressure medium.

44. A method of treatment of a mammalian duct or
cavity in a section thereof having a substantially circu-
lar cylindrical configuration by exerting an internal
pressure on surrounding tissue thereof, comprising the
steps:

a) applying onto a balloon before insertion thereof
a radially expansible stent capable of radial deforma-
tion;

b) inserting the balloon thus prepared into said

duct or cavity section;
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c) distending said balloon by introducing a pressur-
ized fluid therein to exert pressure on said tissue to
widen to a predetermined degree said duct or cavity
within said section and to expand the stent by using a
balloon of predetermined limited radial expansion; and

e) removing fluid from said balloon and withdrawing
same in a collapsed state from said duct or cavity sec-
tion leaving the stent behind in an expanded state.

45. A method according to claim 44, wherein the
pressure treatment is combined with heating to maintain a
pressure and a temperature for a period of time to
achieve a therapeutic effect in the tissue to be treated.

46. A method according to claim 45 directed to
treatment of prostate, comprising heating to maintain a
temperature for a period of time to result in partial ne-
crosis of prostatic tissue.

47. A method according to claim 46, wherein said
stent is made of a thermoplastic material, the method
comprising the steps:

a) inserting said balloon carrying said stent into a
prostatic‘urethra;

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

¢) 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) interrupting the heating and releasing the pres-
sure to deflate the balloon and withdrawing same while
leaving the stent behind in an expanded state.

48. A method of treatment of a mammalian duct or
cavity in a section thereof having a substantially circu-

lar cylindrical configuration by exerting an internal
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pressure on surrounding tissue thereof, comprising the
steps:

a) estimating the axial extension of said section;

b) adjusting and securing the distance between the
axial ends of an elastic balloon to match said axial ex-
tension;

c) applying onto a balloon before insertion thereof
a radially expansible stent;

d) inserting said balloon carrying said into said
section;

e) expanding said balloon by introducing a pressur-
ized fluid to expand the stent; and

f) releasing the pressure to deflate the balloon and
withdrawing same while leaving the stent behind in an ex-
panded state.

49. A method according to claim 48, wherein said
stent is made of a thermoplastic material, and wherein
heat is supplied to said pressurized fluid, the heating,
optionally after partial deflation, being interrupted for
lowering the temperature to fortify the stent.

50. Balloon catheter according to any one of claims
16 to 18, wherein said stent is axially adjustable in
length to conform to the balloon of likewise adjustable
axial extension.

51. A method according to any one of claims 29 to
32, wherein said stent is axially adjustable in length to
conform to the balloon of likewise adjustable axial ex-
tension.

52. Balloon catheter according to any one of claims
1 to 20, wherein said central tube is composed of at
least two telescopic and concentric partially overlapping
tubes, one of which protrudés distally and carries the
distal end of the balloon, and the other one of which
carries the proximal end of the balloon whereby axial
relative displacement of said tubes enables balloon
length adjustment, the catheter comprising locking means

for maintaining a desired balloon length.
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