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(857) Abstract

A device for carrying out hyperthermia in a mammalian uterine cavity or body cavities or ducts. It comprises an elongate, rigid
distal section (3) and a flexible and elastic bladder (9) encompassing the distal section, which is intended to be inserted in the uterine.
Further, comprising means (27) for the supply of a heat transmitting fluid for the expansion of the bladder heating means (29), an axially
displaceable tube (21, 35) and means (15, 45) for determining the axial position of the distal end (23, 51) of the displaceable tube so that
the length of the bladder matches the depth of the cavity subject to treatment. Also comprising means (13, 47) for locking the tube with
its distal end in such matching position. The invention also includes methods of thermal treatment a mammalian uterine cavity.
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DEVICE AND METHOD FOR MEDICAL TREATMENT

__“_mm—___—

Field of the invention

The present invention relates to a device for ther-
mal treatment of a mammalian body cavity or duct, such as

for carrying out hyperthermia in a mammalian uterus cavi-

ty or a urethra, and to methods for such treatment.

Background arct

In the treatment of certain disorders occurring in
body cavities or ducts frequently heat is supplied, so
called hyperthermia. It has for example been known for a
long time that so called menorrhagia, i.e. a disorderly
condition, characterized by strong menstrual bleeding,
can be cured by heat destruction of the so called endome-
trium, which is a mucosal membrane lining the uterus ca-
vity. Said cavity has in a front view a triangular shape
with a base facing upward. The cervix canal opens in the
lower triangle apex and the fallopian tubes in the upper,
counter-positioned triangle apexes.

Since access to the cavity can take place only thro-
ugh the cervical canal which is narrow it has inter alia
been suggested to use catheters having an expandable
bladder connected to the distal end of the catheter. When
treating menorrhagia the front end of the catheter com-
prising the unexpanded bladder is inserted into the ute-
rus cavity via vagina and cervix.

The bladder is then expanded by means of the supply
of a pressure medium, for example a liquid, via a canal
centrally placed in the catheter from a liquid container,
whereby the usually rather flat cavity is widened so that
the balloon will engage the major part of the surface of

the endometrium. Clinical tests have shown that it is im-
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portant fdr a successful result of the treatment that the
entire endometrium is heated with the exception of the
cervical area and that the pressure is maintained at a
relatively high level, suitably up to 160-200 mm Hg, so
as to i1mprove heat convection, partly in view of the fact
that the circulation of blood in the tissue will be redu-
ced. On the other hand the pressure should not exceed
about 250-300 mm Hg in view of risk of rupture of the
tissue. |

The pressure medium is then heated by heat-releasing
means, for example an electric resistance element, to a
sultable temperature, for example between 70 and 90°C.

When the temperature has been reached the treatment

- starts and 1s directed to necrotizing the endometrium un-

der heat and pressure to a depth of about 5-7 mm. Normal-

ly, a period of treatment of between 6 and 15 minutes is

sufficient.

Expandable balloon catheters for the heat treatment
of menorrhagia are described for example in US patent
4,949,718 (Neuwirth et al), US patent 5,693,080 (Walls-
tén), W094/21202 (Wallstén et al), WO096/26695 (Clarén et
al), US patent 5,084,044 (Quint).

Since the cervical canal normally has a diameter of
only 3-5 mm the treatment must as a rule be preceded by
dilatation with a so called Hegar dilator in order to al-
low for passage of the balloon catheter. The dilatation
1s painful and the degree of pain is often related to the
extent of dilatation. For certain catheters appearing on
the market a dilatation to 8-9 mm must be made which inc-
reases the requirement for anaesthesia.

Therefore, it is highly desirable to design such
catheters with a small diameter in order to reduce the

degree of dilatation and to facilitate insertion. On the

T —
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other hand the cervical canal is sensitive to the effect
of heat. Heating can result in the formation of stenosis
completely obstructing the canal. Therefore, the canal
has to be protected by heat insulation surrounding the
canal. Since the efficiency of the heat insulation is
largely dependent on the radial thickness thereof one has
to compromise between the wish for a small catheter dia-
meter and an efficient heat insulation.

In US patent 4,949,718 and US patent 5,693,080 bal-
loon catheters are described where the heat-releasing me-
ans is centrally positioned in the balloon. In the first
case it is constituted by an electric resistance coil and
in the other case a non-linear electric resistance of so
called PTC type.

In the latter case forced circulation is generated
within the balloon by exerting pulsation on the heating
medium in the inlet passage, whereas no circulation is
used in the device according to US patent 4,949,718. In
the devices described in W094/21202, W096/26695 and US
5,084,044 the liquid 1is circulated through an inlet pas-
sage and an outlet passage between the balloon and an ex-
ternal heat source.

Generally, one can say that devices using a circula-
ting liquid result in an effective and even heat transfer
and thereby good result of treatment. On the other hand
it is i1mportant that the expanded balloon is adapted to
the cavity surface to be treated. Such devices also re-
qulire efficient i1nsulation in the cervical area in view
of the large amount of hot liguid that circulates through
the supply and discharge conduits. '

The size of the uterus cavity varies greatly between
different patients. The length or depth of the cavity 1is
usually between about 40 mm and 80 mm and the length of
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the cervical canal varies between about 20 and 40 mm. The
cavity volume as extended by a balloon or bladder is bet -
ween about 3 and 60 ml.

A problem associated with devices for heat destruc-
tion of the endometrium using balloon catheters is the
large variation of volumes and cavity depths. As previo-
usly indicated it is important that the balloon or blad-
der engages the major part of the endometrium surface and
that it can be expande& outwardly towards the fallopian
corners. On the other hand the cervical canal and its

opening into the cavity, the so called istmus region,

must be protected from influence by heat.

This problem has been solved in said US patent
4,949,718 in that the catheter has a scale graduation by
which a suitable insertion depth can be selected. Since
the proximal end of the bladder is attached to the distal
end of the catheter, whereas the distal end of the blad-
der is free, the balloon will move axially forward when
expanded so as to be brought into contact with the endo-
metrium (Figs. 1, 2, 7 and claim 1). The intention is
that the operator choses the insertion depth so that the
attachment of the bladder to the catheter is forward of
the cervix so as to prevent all contact between the blad-
der and the cervical canal.

This device is associated with several drawbacks.
Since the distal end of the catheter moves freely somew-
here in the middle‘of the cavity, and since the balloon
or bladder when expanded exerts a certain counterpressu-
re, it 1s difficult for the operator to check the correct
position, whereby there is risk for heat damages on the
cervix. Furthermore, there is risk that the catheter -
points obliquely so as to perforate the cavity wall or so

as to cause burn damage in view of contact between the
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hot resistance element and the wall. Another disadvantage
is that the proximal part of the balloon also can expand
axially rearwardly causing risk for heat damage at the
opening of the cervical canal into the cavity.

In the devices according to the other references the
balloon is attached to the cavity both in its proximal
and in its distal part. When inserted the catheter 1s mo-
ved so as to reach the cavity fundus. In view of the fact
that the catheter is attached at both ends thereof it
will in its expansion automatically be centered to the
center of the cavity.

The balloons of the device according to W094/21202
are constituted by for example pre-shaped balloons. The
pre-shaped balloons or bladders are designed with the
wide part placed distally. Such balloons are, according-
ly, adapted to the shape of the cavity and would have the
advantage that they will have a better reach when expan-
ded out into the fallopian corners. The pre-shaped bal-
loons are folded around the catheter before insertion,

which is a disadvantage in view of a increase of the dia-

meter.

In a particular embodiment the pre-shaped balloon
ban be axially stretched so that the diameter will be re-
duced and insertion facilitated. After the insertion of
the catheter the balloon is reverted to its original po-
sition so that it can completely f£ill the uterus cavity.

In WO96/26695 there is described a balloon catheter
which is connected to an external heat source and where
the liquid is circulated between the balloon and an ex-
ternal liquid container via passages or canals. The cat-
heter is constituted by a tube which is closed at 1its
distal end. The distal section of the tube is surrounded

by an elastic piece of hose of silicon rubber which in an

- — — — —— — /s AV LW ES A
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unexpanded state adheres to the exterior surface of the
tube and is attached to the tube at both ends thereof.
With supply of liquid the hose plece will be extended to

a balloon.

A sleeve is arranged around the catheter tube and is
axially displacable thereon. Near its distal end the sle-
eve has an exterior shoulder. With retracted sleeve the

catheter is inserted and the sleeve is then pushed for-

‘ward-until engaging the cavity entrance, the so called

scale. The expandable part of the hose piece, i.e. the
length of the balloon, can thus be adapted to the cavity
depth of the uterus.

However, this device is associated with several dis-

advantages. As a balloon material there can only be used

a tubular piece so as to enable displacement of the slee-
ve. Furthermore, the displacable sleeve with the necessa-
ry play between the sleeve and the catheter tube results
in a considerable increase of the diameter of the cathe-
ter which, as previously indicated, is not desirable.
From the description of said patent application it is not
clear how the necessary heat insulation of the catheter
part positioned in the cervical canal is arranged. It is,

however, obvious, that in view of the necessary gap or

play blood and body liquid can enter and impair the insu-

lation.

A further disadvantage is that the length of the

balloon according to this device is determined by the
sound measure. Since the latter can also vary from indi-
vidual to individual as introductorily mentioned the

length of the balloon will not always match the cavity
depth.
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Except for W096/26695 all devices mentioned above

contain no means for adjusting the balloon length to

match different cavity depths.

Obijects and summary of the invention

The present invention has for an object to provide
hyperthermia for the treatment of disorders in the ute-
rus cavity by means of a balloon catheter designed in
such a manner that tﬁe active length, i.e. the heat-
emitting length of the balloon can be adjusted before
the heat treatment to match the depth of a cavity sub-
ject to treatment and locked in such position.

Another object of the invention is to enable varia-
tion of said balloon length to match cavity depths
within the range about 3 to about 10 cm corresponding to
the minimum and maximum cavity depths, respectively,
without substantial influence on the so called plateau
pressure of the balloon.

Yet another object of the invention is to provide a
catheter of small diameter of the section to be introdu-
ced through the cervical canal.

A further object of the invention is to provide a
balloon catheter, the balloqn material of which is high-
ly elastic allowing the balloon when mounted onto the
catheter tube to be pre-stretched also in the position
corresponding to a small cavity depth in order to stabi-
lize the shape of the expanded balloon.

Still another object of the invention is to provide
a balloon catheter using a pre-formed balloon of a high-
ly elastic material in the shape of a cone, the balloon
being pre-stretched at the mounting operation so that in
the position corresponding to the minimum cavity depth

the balloon takes a substantially cylindric shape for
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‘the purpose of facilitating insertion and removal of the
catheter.

Another object of the invention is to provide a bal-
loon catheter consisting of a few parts for ease of mass
production, said parts being easy to assemble thereby
allowing low production costs.

Yet another object of the invention is to provide a
balloon catheter designed to enable removal of gases,
especially air, contéined in the catheter in a simple
manner in connection with filling the catheter with hea-
ting medium in preparation for treatment.

A further object of the invention is to provide a
balloon catheter having means for measuring the pressure
inside the balloon, said means better reflecting the

Crue pressure inside the balloon.

In development work leading to the present invention

1t was unexpectedly found that the degree of radial ex-
pansion was substantially independent of the degreee of
axlial stretch of the bladder. Moreover, the axial
stretch of the bladder was not seen to have any influen-
ce on the so called plateau pressure. These surprising
findings have enabled a high degree of operational flex-
ibility in regard to adapting the catheter to uteri of
varying depths and shapes.

The above and other objects will be appafent from
the following description embracing a summarizing part
Oof the invention and description of specific embodiments
thereof.

The device for carrying out hyperthermia in a mamma-
lian uterus cavity, more particularly a human uterus ca-
vity, comprises an elongate, rigid distal section and a

flexible and elastic bladder encompassing said distal

section. Said section together with the bladder is in-
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tended for insertion into a uterus cavity subject to

treatment. The device further comprises means for the

supply of a heat transmitting medium under pressure for
the expansidn of said bladder within the uterus cavity,
and heating means for heating said medium. The device
further comprises an intermediate section whose distal
part when inserted is positioned in a cervix canal asso-
ciated with the uterus subject to Creatment, and a prox-
imal section for operéting the device. The distal and
intermediate sections contain at least a central tube
the distal part of which is surrounded by said bladder
and 1s provided with at least one outlet for the medium
to enter said bladder. Its intermediate part is surroun-
ded by an axially displacable tube, onto whose distal
end the proximal end of the bladder is attached. The de-
vice according to the invention contains for its proper
function means for determining the axial position of the
distal end of the axially displacable tube and thereby
also the axial position of the proximal end of the blad-
der, so that the heat-emitting length of the bladder
will match the depth of the cavity subject to treatment.
For such a function the device also contains means for
locking the axially displacable tube with its distal end
in such matching position.

The axially displacable tube is suitably displacable
between a first position matching a minimal cavity depth
and a second position matching a maximal cavity depth.
It 1s preferred that the distance corresponding to said
minimal depth results in a pre-stretched position of the
bladder.

The device according to the invention comprises, ac-
cording to one aspect of the invention, means generating

internal circulation through said bladder. The heating
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means may be comprised by heating element placed within
the bladder or a heating element placed within the prox-
imal section of the device.

Sultable heating elements are selected from elements
of the type based on electric resistance heating, micro-
waves, laser and autocontrol. An element of the autocon-
trol type preferably contains PTC or Curie point materi-
als.

For evacuation of air when filling the system the
device according to the invention may be provided with a
valve arranged at the distal end of the central tube. It
1s preferred for proper orientation of the distal end of
the central tube that it is attached to the distal wall
of the bladder.

In a particularly preferred embodiment of the inven-
tion the device is provided with an inlet passage for
1ntroducing medium into the bladder and an outlet passa-
ge for said medium. Said outlet passage can enable eva-
cuation of air from the system in connection with such
introduction of medium.

For providing efficient heat transfer to the uterus
lining the device according to the invention may contain
a pulsating pressure means placed in the inlet passage
and counteracting back valves positioned between such
pulsating means and the bladder. In this arrangement one
of the valves is arranged to open the inlet passage on a
positive pulse; whereas the other valve opens a connec-
tion between the outlet passage and the inlet passage on
a negative pulse. By such arrangement circulation of the
medium through the bladder will be provided.

According to one embodiment of the invention a
pressure means may be connected to the outlet passage

for measuring pressure inside the bladder during treat-
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ment.

In a particularly preferred embodiment of the pre-
sent invention the device contains an intermediate tube
concentric with and surrounding the central tube. Such
intermediate tube is at its distal end connected to the
axially displacable tube so that it can move as a unit
together with said axially displacable tube. In this
manner the distal part of the outlet passage is formed
by a gap defined between the central tube and the sur-
rounding intermediate tube.

In order to protect the cervical canal and in parti-
cular the cervix from excessive heating the axially '
displacable tube surrounds the central tube or the
inermediate tube with the formation of an annular gap
acting as a thermal insulation. Said gap may either be
filled with a gas, especially air, or with a porous ma-
terial providing efficient heat insulation.

The invention also provides a method for thermal
treatment of a human uterus cavity lining, said method
comprising the steps:

a) estimating the depth of said cavity;

b) adjusting and securing the distance between the
axial ends of the heat-emitting part of an elastic blad-
der to match said cavity depth;

c) inserting the bladder prepared as per step b)
above into said cavity;

d) inflating said bladder by introducing a fluid
therein under pressure to bring said bladder into contact
with substantially all of said lining;

e) heating said fluid to a treatment temperature and
maintaining sald temperature for a period of time resul-

ting in necrosis of substantially all of said lining; and
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f) removing said fluid from said bladder and
withdrawing the latter in a collapsed state from said ca-
vity. '

As an aiternative to the method according to the in-
vention as outlined above steps b) and c¢) can be reversed
in that the adjusting and securing of the distance betwe-
en the axial ends of the heat-emitting part of the blad-
der to match said cavity depth follows step a), whereas
insertion of the axiaily extended bladder into the cavity
subject to treatment takes place subsequent to the ad-
justment and securing step.

In this disclosure the expressions ”“distal” and
“proximal” are used with the wmeaning ”“front” and “rear”,

respectively, 1.e. related to the operator of the instru-

ment or device.

Detailed description of the invention

The i1nvention will in the following be further desc-
ribed by exemplifying embodiments which, however, must
not be construed to restrict the 3cope 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 1is an enlarged diagrammatic illustration
partly in section of part of the device shown in Fig. 1}

Fig. 3 i1s a side view partly in section of another
embodiment of the device according to the invention;

Fig. 4 1s a similar view of yet another embodiment

of the device according to the invention;

Fig. 5 1s an enlarged section of a detail of the de-

vice shown in Fig. 4; and
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Fig. 6 1llustrates a detail of the device involving
the system for introducing heating medium and for connec-
tion to a central unit for the operation of the device.

Figure 1.shows in a simplified manner a sideview of

5 a device designed in accordance with the present inven-
tion. To the left in Figure 1 there is diagrammatically
shown a human uterus 11 into which the distal section 3
of the device generally indicated 1 has been inserted.
After the insertion a bladder 9 has been brought to ex-

10 pand inside the uterus cavity as shown by point-dashed

lines in Figure 1.

The device shown further comprises an intermediate
section 5, a proximal section 7, a scale 15 to be used
when adjusting the heat-emitting length of the balloon 9

15 to the cavity depth, and a locking nut 13 for securing or
maintaining this position.

Figure 2 shows more in detail the distal and inter-
mediate sections 3,5 of the device shown in Figure 1. Ex-
tending through said two sections 3,5 is a central tube

20 17. At 1its distal part central tube 17 carries a resis-
tance heating element indicated as a coil 29, and said
heating element is in turn surrounded by a housing 18 at-
tached to the central tube 17 at both ends thereof. The
central tube 17 and the housing 18 are provided with ra-

25 dial holes 19 and 20 for a purpose to be described below.

In the intermediate section 5 the central tube 17 is
surrounded by an axially displacable tube 21 which at its
distal end 23 sealingly by an O-ring 24 surrounds the
central tube 17. An annular space 22 is formed between

30 the axially displacable tube 21 and the central tube 17
and has for its purpose to provide heat insulation. The
bladder 9 embraces a distal part of the central tube 17

and the housing 18 and is attached at its distal end to
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the front end of the device and at its proximal end 25 to
the distal end 23 of the axially displacable tube. The
bladder 9 1s shown by full lines in its unexpanded state
closely surrounding the distal end of the device and in a

5 partly expanded state corresponding to its heat-emitting
length by point-dashed lines.

When axially moved the displacable tube 21 together
with a locking nut 13 moves along the scale 15 which is
graduated so that the proximal end 26 of tube 21 can be

10 placed i1n a position corresponding to the cavity depth.
The displacable tube 21 is then locked by turning locking
nut 13 to a locking position. Such locking can be made by
by an excenter design or by clamping tongues or jaws.

Figure 1 shows in a diagrammatic manner electric

15 leads 31,33 for the supply of electric current to the
heating element 29, for registration temperature or the
like. Furthermore, an inlet at arrow a) is indicated by a
flexible hose 27 attached to the distal end of central
tube 17 for the purpose of introducing a heating medium

20 1into the instrument for the expansion of the bladder and
heating of the uterus cavity endometrium and for removal
of the medium after treatment.

The instrument shown in Figures 1 and 2 is based on
non-circulation of the heating medium which is introduced

25 at arrow a) through conduit 27 and central tube 17, where .
1t enters the interior of the bladder through openings 19
and 20. When heating the uterus cavity it is important
that the heat-emitting length of the bladder is adapted

to the cavity depth so that heating of the cervical canal

30 at the proximal end of the bladder is avoided.
The instrument shown in Figures 1 and 2 contains the
feature of adjusting the balloon length which is made

possible by the arrangement with the axially displacable
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tube 21 having the proximal end of bladder 9 attached to
1ts distal end 23. Before starting treatment the operator
Or physicilian measures by the use of a sound the distance
composed of the cavity depth b and the length ¢ of the
cervical canal as indicated in Figure 1. This distance

b + ¢ is called the probe or sound measure. After estima-
ting the length of the cervical canal and subtracting
this length from the sound measure there is obtained a
measure b equaling the depth of the cavity. By unlocking
nut 13 the displacable tube 21 can now be moved, as defi-
ned by the proximal end 26 of said tube 21, to a position
along graduated scale 15 corresponding to the estimated
cavity depth. The nut 13 is then turned into locking po-
sition and the catheter can be inserted into position,
the bladder inflated and the treatment can be started. By
the adjustment of the heat-emitting length of the balloon
undesired heating of the cervical canal can now be avoi-
ded.

The advantage of the device shown in Figures 1 and 2
is inter alia that the bladder must not necessarily have
a straight tubular shape. By moving the displacable tube
21 the bladder material can be axially stretched thereby
enabling easy insertion through the cervical canal in
preparation for treatment.

When studying the expansion capacity of balloons or
bladders the term plateau pressure is of significance. By
this is meant the pressure needed to expand the bladder
without exterior restriction to a certain volume or a
certain diameter. The plateau pressure is inter alia de-
pendent on the elastic properties of the bladder materi-
al, the shape of the bladder in expanded state and the
wall thickness of the material. When using bladders for

the treatment of uterus using heat it is desirable that
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the plateau pressure is low also during expansion to lar-
ge volumes. A high plateau pressure would reduce the ef-
fect of heat conduction and blood circulation when the
bladder is expanded under a pressure of 160 to 200 mm Hg,
particularly when treating large uterus volumes.

Figure 3 shows another embodiment bf the device ac-
cording to the invention. In this embodiment the central
tube and the bladder are indicated with the same referen-
ce numerals as those used in Figures 1 and 2. However, at
the front end of the central tube 17 a sleeve 57 is ar-
ranged concentric with the tube 17, and the distal end of
sleeve 57 i1is attached to the inside of the bladder 9.
Openings 19 provide connection between the interior of
the central tube 17 and the interior of bladder 9.

The axially displacable tube 35 is in this embodi-
ment provided with a proximal enlarged part 37 and a
distal narrower part 39. The proximal part 37 is slidably
arranged on an elongate body 41 containing passages 57
and 59 for the introduction of a heating medium and dis-
charge of the medium, respectively. Concentric to the
central tube 17 and the axially displacable tube 35 there
18 arranged an intermediate tube 49 extending from the
distal end of tube 35 and proximally into a bore 42 pro-
vided 1in the elongate body 41. At the distal end thereof
the intermediate tube 49 is sealingly attached to an in-
ward flange 51 on the axially displacable tube 35. In
this manner tubes 39 and 49 can be axially displaced as a
unit for the adaptation of the bladder length as descri-
bed above. By the concentric arrangement of the interme-
diate tube 49 around central tube 17 there is provided an
outlet passage gap 55 opening providing connection inside
the elongate body 41 with the outlet passage 59. Between

the intermediate tube and the surrounding axially displa-
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cable tube part 39 an insulating annular space 53 is for-
med acting as a heat insulation to prevent excessive hea-
ting of the cervical canal.

The enlarged part 37 of the axially displacable tube
35 1s provided with an axially extending slot 43 and con-
necting side recesses or cut-outs 45 for a purpose to be
desribed. Extending out through a slot 43 or cut-out 45
1s a knob or locking element for a purpose also to be

described.

By rotating the axially displacable tube 35 the knob
47 can move 1nto the axially extending slot 43 thereby
allowing axial displacement of tube 35. After measuring
the sound measure as described above the knob 47 can then
be positioned in a recess‘or cut-out 45 matching the ca-
vity depth as measured. Slot 43 and recesses 45 further-
more contribute to ventilation of the air contained in
the annular space 53 to further improve the heat insula-
ting efficiency. ‘

In the embodiment shown in Figure 3 circulation is
used 1n that heated medium is introduced through inlet
passage 57 to fill the bladder 9 and to exert pressure on
the surrounding cavity lining and also heating thereof
and the medium introduced is discharged through outlet
passage 59. The heating takes place by external heat ex-
change in a manner not shown in the drawing. However, the
heating system can be of the type for example in
WO96/26695, the disclosure of which is incorporated here-

1in by reference.

In Figures 4 and 5 there is described an embodiment
similar to that shown in Figure 3 but wherein the heating
element and an arrangement of valves are arranged inside
the elongate body 41. As is seen in Figure 4 a heating

element 1s located inside body 41 in the inlet passage
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57, and said element 61 can be of any type as described
earlier. The valve system is further illustrated by an
enlarged view 1in section shown in Figure 5 and operates
as follows.

Two backvalves 63,65 are arranged within a recess in
the elongate body 41. Valve 63 is of a ball type with a
valve seat 67 and a ball 69. The other backvalve 65 is
accomodated in an annular space within body 41 and invol-
ves an annular valve seat 71 cooperating with a tubular
elastic hose piece 73 resting against said valve seat 71
in its neutral position. A side connection 75 provides
access to outlet passage 59.

The valve arrangement shown in Figure 5 cooperates
with a pulse generator not shown, said pulse generator
imparting to the heating medium pulsating movement where-
by via 1nlet passage 57 ball valve 63 opens on a positive
pulse, whereas the other back wvalve 65 provides connec-
tion between outlet passage 59 and inlet passage 57 on a
negative pulse. A pulsating system useful for the purpose
is disclosed in Swedish patent 9404021-9 in great detail
and can be used together with the valve system shown in
Figure 5 to provide for circulation of the heating medium
through the balloon for improving heat transfer.

In accordance with the invention it is advantageous
to use a material in the bladder which is highly elastic
and capable of substantial axial 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
about 1000% or more. A silicon rubber, such as manufactu-
red and sold by Dow Corning, is a suitable material and
1f axially extended up to say 3 times it can still be ra-
dially expanded four to five times. Accordingly, such ma-

terial can be adapted to a variety of cavity sizes and
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degrees of extension both axially and radially.

In accordance with one embodiment of the invention
the bladder 9 can be preshaped for adaptation to the sha-
pe of the uterus cavity in that it widens towards the
distal end thereof. In preparation for insertion into the
uterus cavity bladder 9 will be axially extended so as to

closely surround the catheter tube.

The filling and emptying of the system with regard
to the heating medium takes place as follows.

In preparation for treatment the medium is introdu-
ced through inlet passage 57 and passes through back wval-
ve 63 and over element 61 to reach the interior of blad-
dexr 9 through openings 19. In this filling operation the
medium displaces air in the system and the air is di-
scharged through outlet passage 59 and a connecting pas-
sage 60 as described further below and is replaced by me-
dium.

After concluded heat treatment the medium is drawn
from the system via outlet passage 59, through side con-
nection 75, back valve 65 and inlet passage 57 which, in
this emptying procedure, acts as a discharge passage.

In Figure 6 there is shown part of a pulse genera-
ting system also including means for introducing heat me-
dium into the system at the same time evacuating air from
the system.

Inlet passage 57 and connecting passage 60 are indi-
cated in Figure 6. When filling the system heating medium
1s introduced into the system using for example a syringe
79 which via a passage or conduit 81 introduces the medi-
um to pass a pulse generating membrane 83 and further
into inlet passage 57. The evacuation of air takes place
through outlet passage 59 and connecting passage 60 via a

pressure sensing membrane 85, a passage 89, a safety val-




CA 02355121 2001-06-15

WO 00/35391 PCT/SE99/02396

10

15

20

25

30

20

ve 87 and a discharge conduit 91. Membranes 83,85 and sa-
fety valve 87 are arranged in a housing 77 which is adap-
ted for connection to a central unit providing the desi-
red functions for the instrument. Such connecting housing
77 and functions provided in connection with the central
unit are described more fully in the above-mentioned Swe-
dish patent 9404021-9, the full disclosure of which is
introduced herein by reference.

Using the instrument shown in Figures 4 and 6 the
preparations are the same as described in relation to Fi-
gures 1 and 2 and before inserting the instrument into
the cavity subject to treatment evacuation of air from
the instrument, which is important for efficient func-
tion, 1s performed in a simple manner and in one step by
injecting heating liquid using syringe 79, said liquid
passing through passage 81 via membrane 83 into inlet
passage 57 and further through back valve 63 through in-
let tube 17 into the bladder 9. Keeping the distal end of

the instrument downward air in bladder 9 and other parts
of the instrument will be displaced through outlet passa-
ge 59, and connecting passage 60, via membrane 85, passa-
ge 89, safety valve 87 in open position and discharge
conduit 91. When the medium appears at conduit 91 and all
alr has been removed housing 77 is inserted into its re-
cess 1n the central unit. This will actuate the safety
valve 87 and the balloon is deflated by retracting the
syringe piston. The safety valve can, of course, be re-
placed by an ordinary valve to be closed after the eva-
cuation of air. The instrument is now ready for proper
treatment as outlined above.

With reference to Figure 6 it can be seen that
rather than described in Swedish patent 9404021-9 the

pressure sensing membrane 85 is positioned in connection
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with connecting passage 60 and outlet passage 59, which
is an advantage since the pressure as measured will bet-
ter reflect the bladder pressure.

In the introductory part of the specification refe-
rence was made to known catheters requiring dilatation to
8-9 mm as a preparation for catheter insertion. The cat-
heter diameter problem will be particularly pronounced in
a design where the length of the bladder i1s varied by the
use of a sleeve surroﬁnding the bladder, such as descri-
bed in W096/26695.

The present invention makes it possible to signifi-
cantly reduce the diameter of the part of the catheter to
be inserted down to diameters of about 5 to 6 mm. By this
reduction of the diameter of the catheter substantial di-
latation can be avoided and thereby the requirement for
anesthesia will be significantly reduced.

The embodiments described above are all embodying
the inventive concept of adapting the length of the blad-
der to the depth of the cavity subject to treatment, and
this concept substantially reduces the risk for excessive
heating of the sensitive cervical canal and its cervix at
the same time as the instrument can be designed so as to
avoid undue dilitation of the cervical canal before in-
sertion of the instrument.

As an alternative to thermal treatment of human ute-
ri the invention also provides a device for thermal tre-
atment of mammalian body cavities or ducts in general,
such as for treating a mammalian urethra. Such alternati-
ve may involve treatment of prostate disorders. This al-
ternative device contains features described in appended
claim 24. The device can incorporate all features contai-

ned in the appended dependent device claims.
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CLAIMS

1. A method of thermal treatment of a human uterus
cavity lining, comprising the steps:

a) estimating the depth of said cavity;

b) adjusting and securing the distance between the
axial ends of the heat-emitting part of an elastic blad-
der to match said cavity depth;

c) inserting the bladder prepared as per step b)
above into said cavity;

d) inflating said bladder by introducing a fluid
therein under pressure to bring sald bladder i1nto contact
with substantially all of said lining;

e) heating said fluid to a treatment temperature and

maintaining said temperature for a period of time resul-

ting in necrosis of substantially all of said lining; and

f) removing said fluid from said bladder and
withdrawing the latter in a collapsed state from said ca-
vity.

2. A method of thermal treatment of a human uterus
cavity lining, comprising the steps:

a) estimating the depth of said cavity;

b) inserting an axially extended elastic bladder
into said cavity;

c) adjusting and maintaining during treatment the
distance between the axial ends of the heat-emitting part
of said bladder to match said cavity depth;

d) inflating said bladder by introducing a fluid
therein under pressure to bring said bladder into contact
with substantially all of said lining;

e) heating said fluid to a treatment temperature and
maintaining said temperature for a period of time resul-

ting in necrosis of substantially all of said lining; and
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f) removing said fluid from said bladder and
withdrawing the latter in a collapsed state from said ca-
vity.

3. A method according to claim 1 or 2, wherein said
distance is adjustable between a minimum length matching
a minimal cavity depth and a maximum length matching a
maximal cavity depth.

4. A method according to claim 3, wherein the di-
stance given by said minimum length results 1n a pre-
stretched position of the bladder.

5. A method according to any preceding claim, where-
in said fluid is circulated within or through said blad-
der during treatment.

6. A method according to any preceding claim, where-
in said fluid is heated inside said bladder.

7. A method according to any one of claims 1 to 5,
wherein said fluid is heated outside said bladder.

8. A device for carrying out hyperthermia in a mam-
malian uterus cavity, comprising an elongate, rigid
distal section (3) and a flexible and elastic bladder
(9) encompassing said distal section which, together with
said bladder, is intended for insertion into said uterus
cavity, further comprising means (27) for the supply of a
heat-transmitting medium under pressure for the expansion
of said bladder (9) within said uterus cavity, and hea-
ting means (29) for heating said medium, the device
further comprising an intermediate section (5) whose
distal part when inserted is positioned in a cervix canal
belonging to said uterus, and a proximal section (7) for
operating the device, said distal and intermediate sec-
tions (3,5) containing at least a central tube (17), who-
se distal part is surrounded by said bladder and 1s pro-

vided with at least one outlet (19) for said medium
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within said bladder, and whose intermediate part is sur-
rounded by an axially displacable tube (21;35), onto who-
se distal end (23;51) the proximal end (25) of said blad-
der (9) is attached, characterized by means (15;45) for
determining the axial position of the distal end (23;51)
of said axially displacable tube and thereby also the ax-
ial position of the proximal end (25) of said bladder (9)
so that the heat-emitting length of said bladder (9) mat-
ches the depth of a caﬁity subject to treatment, and me-
ang (13;47) for locking said tube (21;35) with 1its
distal end (25;51) in such matching position.

9. A device according to claim 8, wherein said disp-
lacable tube (21;35) 1s axially displacable between a
first position matching a minimal cavity depth and a se-
cond position matching a maximal cavity depth.

10. A device according to claim 9, wherein the di-
stance given by said minimal depth results in a pre-
stretched position of the bladdexr (9).

11. A device according to any one of claims 8 to 10,
comprising means (57;59;63;65;83) generating circulation
through said bladder (9). .

12. A device according to any one of claims 8 to 10,
wherein said heating means is comprised by a heating ele-
ment (29) placed within said bladder.

13. A device according to any one of claims 8 to 11,
wherein said heating means is comprised by a heating ele-
ment (61) placed within said intermediate section (5).

14. A device according to any one of claims 8 to 13,
wherein said heating element (29;61) is selected from
elements of the type based on electric resistance hea-
ting, microwaves, laser and autocontrol.

15. A device according to claim 14, wherein said au?

tocontrol type of element contains PTC or Curie point ma-
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terials.

16. A device according to any one of claims 8 to 15,
characterized by a valve arranged at the distal end of
said central tube by which air remaining in the system
can be evacuated, said tube at its distal end being fixed
to the distal wall of the bladder.

17. A device according to any one of claims 8 to 15,
characterized by an inlet passage (57) for introducing
said medium into the bladder (9), and by an outlet passa-
ge (59,60) for said medium.

18. A device according to claim 17, wherein said

outlet passage (59,60) enables evacuation of air from the

system in connection with such introduction of medium.

19. A device according to claim 17 or 18, characte-
rized by a pulsating pressure'méans (83) placed in said
inlet passage (57), and by counteracting back valves
(63;65) placed in said inlet passage (57) between said
pulsation means (83) and said bladder (9), one (63) of
said valves opening said inlet passage on a positive pul-
se, and the other valve (65) opening connection between
said outlet passage (59,60) and said inlet passage (57)
on a negative pulse, thereby creating circulation of said
medium through said bladder (9).

20. A device according to any one of claims 17 to
19, characterized by a pressure sensing means (85) con-
nected to said outlet passage (59,60) for measuring
pressure inside the bladder (9) during treatment.

21. A device according to any one of claims 17 to
20, characterized by an intermediate tube (49) concentric
with and surrounding the central tube (17), said interme-
diate tube (49) being connected at its distal end to the
distal end of said axially displacable tube (35) so as to

move as a unit together with said axially displacable
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tube (35), the distal part of said outlet passage (59,60)
being formed by a gap (55) defined between said central
tube (17) and the surrounding intermediate tube (49).

22. A device according to any one of claims 8 to 20,
wherein said axially displacable tube (21) surrounds the
central tube (17) with the formation of an annular gap
(22) acting as a thermal insulation to protect the cervi-
cal tissue from excessive heating.

23. A device accofding to claim 21, wherein said ax-
ially displacable tube (35) surrounds the intermediate
tube (49) with the formation of an annular gap (53) ac-
ting as a thermal insulation to protect the cervical ti-
sue from excessive heating.

24. A device for thermal treatment of a mammalian
urethra, comprising an elongate, rigid distal section
(3) and a flexible and elastic bladder (9)encompassing
said distal section which, together with said bladder, 1s
intended for insertion into said urethra, further compri-
sing means (27) for the supply of a heat-transmitting me-
dium under pressure for the expansion of said bladder (9)
within said urethra, and heating means (29) for heating
said medium, the device further comprising an intermedia-
te section (5), and a proximal section (7) for operating
the device, said distal and intermediate sections (3,5)
containing at least a central tube (17), whose distal
part is surrounded by said bladder and is provided with
at least one outlet (19) for said medium within said
bladder, and whose intermediate part is surrounded by an
axially displacable tube (21;35), onto whose distal end
(23;51) the proximal end (25) of said bladder (9) 1s at-
tached, characterized by means (15;45) for determining
the axial position of the distal end (23;51) of said axi-

ally displacable tube and thereby also the axial position
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of the proximal end (25) of said bladder (9) so that the

heat-emitting length of said bladder (9) matches the area
subject to treatment, and means (13;47) for locking said
tube (21;35)'with its distal end (25;51) in such matching

5 position.
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