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(57) Abstract: The invention discloses an apparatus for adjusting the temperature of a

Fig. 4

body comprising a sheath for providing a channel from outside said body to a cavity
inside said body, where said sheath comprises a guiding section being angular to said
channel. The apparatus further comprises a heat exchange unit comprising an inlet and
an outlet, an outer contour and an inner tluid channel, adapted for inserting through said
channel of said sheath.
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TITLE
A System for adjusting temperature of a body

FIELD OF THE INVENTION
An apparatus for adjusting the temperature of a body and components for such

an apparatus.

DESCRIPTION OF PRIOR ART

Controlling the temperature of bodies of patients is sometimes a preferable or
important part of medical treatment. This is for example the case for people who
have been cooled down to a point, where it has become dangerous to their
heaith, such as especially those suffering from hypothermia. These patients may
die if not treated correctly, and even severe interventions are often performed to

try to help the body recover.

Most simply, the body may be heated or cooled by outside elements, for example

blankets, warm water and so on.

A more severe intervention is extracorporeal heating, where blood is drawn from
the patient and warmed actively by an outside heater, whereupon the blood is
reintroduced into the body. This has the advantage of having a higher heat
transfer speed compared to simple heating by blankets etc.

Further, WO2006/036357A2 discloses a system for controlling the temperature of
a patient by way of an intravenous heat control system, where a catheter is
placed within the veins of a patient, and where controlling the temperature of a
liquid within the catheter then controls the temperature of the blood of the patient,
thus either cooling or heating the patient. This has the advantage of not drawing
blood out of the body of the patient, thus likely inducing less strain this way.

US2002/151942A1, US2004/044387, WOO0158397A1 and US6685733B1
disclose variations of intravenous temperature controlling apparatuses with
different placements within the bloodstream and different shapes of the catheters

CA 3022461 2019-03-25
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within the blood stream. These all seek to increase the efficiency of intravenous
heat controlling.

Alternatively, heated or cooled liquid may be injected directly into cavities inside
the patient. For example, to treat hypothermia a heated liquid is injected into the
pleural cavity or the abdominal cavity. This has the advantage of heating centrally

in the body, where the heating is most critical.

For the simple heating, heat transfer is not sufficient to help in many cases.
Extracorporeal heating, although it is faster than simple heating, is still not quite
fast enough for all situations due to the blood being typically removed from a vein

distant to the heart, where heat transfer is then not achieved centrally.

Intravenous heat controlling, whether it is heating or cooling, requires insertion of
foreign elements into the blood stream of a patient. To achieve the best results
relating to heat transfer, the catheters should be inserted as close to the heart as
possible, thus requiring advanced surgery. Further and complicated even more,
when these systems are introduced close to the heart, their design aspires to a
maximal surface area to increase heat transfer which necessarily requires a
significant size. Blood flow is then necessarily hampered which may create further
complications relating to blood clotting, or more accurately, thrombosis. Anti-
coagulant medicine is then needed if intravenous heating is utilised, thus bringing

the complications which these entail.

Directly injecting heated or cooled liquid into cavities of a patient to control his/her
temperature necessarily builds up liquid in the patient which must be drained. The
liquid used has been in direct contact with the patient and is therefore not safe
for further use. Treatment by this method may use as much as a hundred litres
of medical grade isotonic saline. Besides the high use of liquid, the electrolyte
balance may be disrupted, whereby salt is washed out with the saline. Lastly,
heating is performed most preferably in the pleural cavity as it is closest to the
heart and lungs of the two cavities. However, injecting liquid into the pleural cavity
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removes the vacuum needed to retain the function of the lungs consequently

puncturing the lungs.

Further, the above-described methods all require significant amounts of
equipment, whereby treatment of patients is limited to hospitals. This is a problem
as treatment of rescued persons cannot begin either in a helicopter or in an
ambulance, whereby treatment may be delayed for a long period of time. Further,
the specialised personnel needed for the heart-related surgery may not be

available for use in response teams.

SUMMARY OF THE INVENTION

The invention discloses a system and an apparatus for adjusting the temperature
of a body comprising a sheath for providing a channel from outside said body to
a cavity inside said body, where said sheath comprises a guiding section being
angular to said channel and a heat exchange unit comprising an inner fluid
channel, an outer contour, a fluid inlet, and a fluid outlet, where at least a part of
said inner fluid channel of said heat exchange unit is adapted for inserting through
the channel of said sheath and for passing liquid through said fluid inlet into and
through said inner fluid channel and from said inner fluid channel through said
fluid outlet.

By this system, a more benign operation may be performed on a patient, whereby
severe trauma is hopefully avoided while supplying an eftective and rapid

temperature adjustment.

By body is meant a body of an animal, preferably a mammal, most preferably a
human. By cavity is meant an inner compartment of the body able to receive a
heat exchange unit as described. Preferably, a pleural cavity or an abdominal
cavity is meant. In an embodiment of the invention, blood vessels are thereby

expressly understood to not be encompassed .

In an embodiment of the invention, the sheath further comprises fastening means

for securing said sheath to skin around said sheath. Thereby, once the correct
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orientation of the guiding means is established, it can be maintained conveniently
while also avoiding depressurisation of the cavity of the patient.

In an embodiment of the invention, the heat exchange unit is inserted into either
the right pleural cavity, the left pleural cavity, the abdominal cavity, or a
combination of any of the cavities. Thereby, access is gained to a central region

of the body without penetrating blood vessels.

In an embodiment of the invention, the sheath further comprises a self-sealing
means inside said channel. Thereby, depressurisation of the cavity of the patient
is avoided, while also allowing the operation procedure to be performed stepwise

and be interrupted after insertion of the sheath without harm to the patient.

In an embodiment of the invention, the heat exchange unit is adapted to change
shape, where emptying said inner channel of said heat exchange unit of fluid, a
compressed shape is achieved, and where an outer contour of said heat
exchange unit is smaller than the inner diameter of said channel of said sheath.
Thereby, a heat exchange unit may be inserted into the cavity having a larger
surface area than would otherwise be possible through a hole of the same size.

In an embodiment of the invention, at least two heat exchange units may be
inserted into at least one cavity of the patient, such as for example inserting a
heat exchange unit into each pleural cavity, inserting one into the pleural cavity
and one into the abdominal cavity, or even several into each. This allows
conveniently placing heat exchange units centrally. By this, a fast and central

heating of the patient is achieved.

The invention further relates to a sheath and a heat exchange unit for use in a

system according to the invention.

In an embodiment of the invention, it further relates to a treatment controlling
means and an inlet tube and an outlet tube to be used as part of a system
according to the invention.
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LIST OF FIGURES
In the following, example embodiments are described according to the invention.

Fig. 1 is a side view of a patient and an advantageous insertion region.

Fig. 2 is a view of a liquid heat controlling system according to the invention.

Fig. 3 is a cross-sectional view of a sheath according to the invention.

Fig. 4 illustrates a pleural heating apparatus according to the invention.

Fig. 5 illustrates the sheath inserted into a patient according to the invention.

Fig. 6 illustrates a heat transfer unit inserted into a patient according to the

invention.

DESCRIPTION OF DRAWINGS

In Fig. 1, a preferable insertion location of a patient is seen. Any location on the
body may be used, where insertion below the armpit may be a useful location for
achieving a non-traumatising access into the pleural cavity. A cut is made, for
example between two ribs. Access to the pleural cavity is conveniently achieved
by making a cut of 1.5 cm — 2 cm in breadth, although there is no technical

limitation as to the size of the cut.

Fig. 2 illustrates a liquid heat transfer system 200 according to the invention. This
liquid heat transfer system 200 comprises a heat exchange unit 220 for absorbing
heat from the body or radiating heat to the body, a treatment controller unit 210
for warming or cooling a heat adjustment liquid, an inlet tube 201 and an outlet
tube 202 for transporting the heat adjustment liquid between the treatment

controller unit to and the heat exchange unit.

The heat exchange unit 220 and the treatment controller 210 are connected
through an inlet tube 201 and outlet tube 202. The inlet tube connects the
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treatment controller to the inlet on the heat exchange unit. Liquid having
substantially the target temperature flows through the inlet tube. The outlet tube
connects the heat exchange unit to the temperature adjuster, and the liquid
flowing through the outlet tube has substantially the temperature of the body. This
ensures a closed liquid loop which allows a limited compression of the lungs as
conseguence of heating compared to injecting liquid directly into the pleural cavity
as well as a significantly controlled and lower liquid use compared to free liquid

flow into a cavity.

The heat exchange unit 220 is illustrated in Fig. 2 as a compressed heat
exchange unit 220’. In this state, the heat exchange unit is emptied of fluid, thus
being prepared for insertion into the patient. The heat exchange unitis a channel
through which liquid flows to transfer heat between the liquid and the body.

The heat exchange unit is formed of a flexible material which allows it to be
compressed before insertion into the body and then being expandable after
insertion. This compression may be performed in a variety of ways, where
bending it in a wave-like fashion may be advantageous to allow easy expansion
by introduction of liquid in its inner channel after insertion. It may, however, also
be rolled or compressed in a different manner, such as randomly. The heat
exchange unit is compressed either before connection to the liquid system 200,
such as at time of production, or it is compressed by the treatment controller. In
an embodiment of the invention, the heat exchange unit compresses
automatically to a substantially cylindrical shape or to have an elliptical cross
section. In this state, the outer diameter of the heat exchange unit is smaller than
the inner diameter of the sheath, and it may thus be inserted through the sheath
300. In another embodiment of the invention, the compression of the heat
exchange unit 220 is enhanced by inserting it into a tube having a fitting diameter
during compression, where a fitting diameter may be a diameter equal to the
diameter of the sheath.

The heat exchange unit 220 is produced in a flexible medical grade material, such
as silicone, polyurethane, polyethylene, polytetrafluoroethylene or another
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material, typically a polymer and has at least two openings being an inlet 221 and
an outlet 222.

The treatment controller unit 210 is adapted to heat or cool a liquid passing
through it. This may be achieved through heating elements or cooling elements.
In one embodiment of the invention, the temperature controller unit heats or cools
the liquid to a predetermined value. In another embodiment, the target value may
be changed. This is especially useful as different conditions may require different
target temperatures. Also, this allows faster action by initially heating or cooling

the liquid at a high rate.

In an embodiment of the invention, where the target temperature may be
changed, the treatment controller 210 comprises both heating and cooling

elements.

In an embodiment of the invention, the heat transfer system further comprises a
sensing unit measuring parameters relating to the heat transfer liquid. These
parameters comprise at least one of either the liquid pressure or liquid
temperature. For example, liquid pressure may be monitored in either of or both
the tubes 201, 202. Temperature may be monitored in either tube 201, 202 and/or
in the heat exchange unit. Measuring the temperature in the outlet tube allows
evaluating the transferred heat to or from the liquid which informs on treatment.
In another embodiment of the invention, temperature is monitored at the inlet
tube, at the outlet tube and at a position corresponding to the heat exchange unit,
whereby heat transfer to the patient may be precisely calculated compensating

for any loss happening between the inlet tube and outlet tube inside the sheath.

Fig. 3 is a cross-sectional view of a sheath 300 according to the invention said
sheath 300 being adapted to allow convenient access to a desired cavity of a
patient for placing the heat transfer unit. The sheath 300 comprises: a channel
301 for inserting the compressed heat exchange unit 220’ through, a self-sealing
means 302 inside said channel 301 for inhibiting depressurisation of the cavity
through the channel before, during and/or ideally after use, a fastening means
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303 for fastening the sheath to the body and inhibiting depressurisation and
bleeding around the sheath, and a guiding section 304 for directing the inserted
sheath in a desired direction once inside the desired cavity, preferably the pleural
cavity.

The channel 301 may have various shapes, such as having a substantially hard
cylindrical shape which allows the hole to stay expanded. In another embodiment,
the sheath is made substantially of a softer material, but comprises at least two
elongated elements of a stiffer material, such as metal wire or hard plastic sheets
or tubes embedded into the wall of the channel along its length, whereby the
sheath can be rotated and controlled even inside the body. In this embodiment,
the sheath does not automatically retain its cylindrical shape against the pressure
exerted by the body, instead substantially allowing the hole to close thus avoiding

depressurisation of the pleural cavity.

Preferably, the inner channel through the sheath comprises a self-sealing means
302. This is desirable so as to inhibit depressurisation of the pleural cavity through
the channel 301 of the sheath 300 as well as limiting or avoiding fluid
communication, thus potentially avoiding contaminants. By self-sealing is meant
a structure that allows the sheath to at least inhibit fluid communication between
the cavity of the patient and the outside while inserted in the patient. The self-
sealing means does not have to be repeatedly sealable, and may thus be a film
that is breakable on further treatment. In a preferable embodiment of the
invention, the self-sealing means seals around the heat exchange unit on
insertion and later seals around the tubes, while also allowing the pulling out of

the heat exchange unit without the heat exchange unit getting stuck.

In an embodiment of the invention, this self-sealing means is formed by the
channel 301 being flexible with at least two stiffening elements in the length of
the sheath. In this embodiment, the flexible wall of the sheath allows the walls of
the sheath to be pressed towards each other under the forces of the body and so
seals the sheath at least partially.
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In an embodiment of the invention, a channel 301 is fitted with a self-sealing
membrane. In another embodiment of the invention, a sealing section is fitted
with a compressible and at least partially air-impregnable material such as a
closed-cell or an open-cell foam material adhered along the inside radial wall of
the channel. This material limits depressurisation of the cavity substantially while
allowing the heat exchange unit to press it outwards towards the inner wall of the
channel on insertion of the heat exchange unit. In an embodiment of the
invention, the self-sealing function is achieved by a combination of a flexible
channel and a layer of compressible and at least partially air-impregnable

material inside the channel 301.

The sheath is fastened to the body of the patient during treatment by fastening
means 303. Conveniently, this is an adhesive fitted to adhere to the body of the
patient further providing fluidtight seal around the sheath. This further ensures
that the pleural cavity is not depressurised as a result of access to the pleural
cavity between the hole and the sheath. Access to the pleural cavity is then
limited to the channel 301 through the sheath 300.

The guiding section 304 is able to guide the heat exchange unit 220 in a specific
direction as dictated by the orientation of the guiding section 304.
Advantageously, the sheath is L-shaped with a rounded corner. The end of the
guiding section being farthest from the channel does not comprise a hard
material, but is made from a flexible material ensuring that rotating the sheath
does not cause excessive trauma on the cavity. To control the orientation of the
guiding section after insertion, when it cannot visually be determined, the channel

preferably has a mark above the fastening means to signify the orientation.

Fig. 4 illustrates the pleural heat control apparatus 400 in a position, where the
heat exchange unit 220 has been inserted through the sheath 300 and then

expanded by insertion of fluid.

In Fig. 4 an example embodiment of the heat exchange unit 220 is shown in the
expanded state 220”. The heat exchange unit 220 comprises two outer surfaces
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and an inner channel. The heat exchange unit may take various shapes, such as
being two sheets between which the heat adjustment fluid flows, and is preferably
shaped as a capillary net. By a capillary net may be understood a channel that
runs from an inlet 221 to an outlet 222 through a series of channels, where these
channels may be few and wide at the inlet and outlet, and thinner and more
plentiful about halfway through the heat exchange unit 220. In another
embodiment of the invention, capillary net signifies simply a series of channels,
where these may diverge and converge in any manner throughout the inner
channel. These tubes may advantageously be the inner surface of two mutually
adhered sheets thus affording structural integrity to the capillary net meaning at
least that the tubes do not tangle or get displaced relative to each other while
retaining the heat transfer rate. In an embodiment of the invention, this is
important because the heat exchange unit needs to be able to expand and

contract depending on the fluid content.

In an embodiment of the invention, where the heat exchange unit is adapted to
be able to take at least two different shapes, it comprises at least one, possibly
two and advantageously at least three elongated and rigid elements running in a
direction parallel to the inlet tube and outlet tube. These elements are adapted to
at least partially withstand the compression of the heat exchange element on
removal of fluid thus forcing the compression to be performed substantially
perpendicular to the insertion direction. This element may be any useful material,
such as a thicker and/or different plastic material or an enveloped metal wire or

bendable metal sheet.

In an embodiment of the invention, where the heat exchange unit is adapted to
be able to take at least two different shapes, it comprises at least one elongated,
substantially elastic element running perpendicular to the insertion direction of
the heat exchange unit, and where this element is in a relaxed state when the
heat exchange unit is compressed and is in an expanded state when the heat
exchange unit is in an expanded state. On decompression, this elastic material
ensures that compression is performed substantially perpendicular to the

10
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insertion direction. This element may be of any useful material, such as any

rubber type material.

The heat exchange unit 220 has at least two openings being an inlet 221 and an
outlet 222, where the two openings are placed at opposite ends of the fluid
channel of the heat exchange unit 220. These two ends may be physically placed
close to each other depending on the specific shape of the fluid channel and heat
exchange unit. For example, by constructing the heat exchange unit as
substantially U-shaped, the fluid channel may begin and end physically close to
each other allowing both openings to enter the patient as the last part of the heat
exchange unit thus allowing a single hole to hold both the inlet and outlet
catheters. Other shapes may be envisioned using the same principles as
mentioned here, such as substantially M-shaped, wave-shaped and even being
circular or square. In an embodiment of the invention, the heat exchange unit may

not need to be U-shaped, instead only the fluid channel needs to be U-shaped.

By monitoring the fluid pressure of the inlet tube 201 and the outlet tube 202 and
comparing them, a controlled expansion of the heat exchange unit may be
achieved. When the heat exchange unit is compressed and inserted in the
desired position, inserting heat controlling liquid through the inlet tube expands
the heat exchange unit. This increases the pressure in the inlet tube, where the
outlet tube may still be empty or without significant liquid pressure. In an
embodiment of the invention, fluid flow is blocked in the outlet tube, whereby
liquid inserted through the inlet tube necessarily expands the heat exchange unit.
As the heat exchange unit expands, the resistance to this expansion produces a
pressure in the inlet tube which is then measured in the treatment controller unit.
When the heat exchanger unit is fully expanded, the flow increases prompting a
pressure drop which is used to initiate the liquid circulation. Ideally, a tolerance
should be observed ensuring that the heat exchange unit and catheters do not
break due to pressure built. This can be performed manually or ideally by the

treatment controller unit.

11
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Fig. 5is a side view of the first steps of treatment according to the invention. First,
a cut is made to the desired cavity such as preferably the pleural cavity (not
shown). By using the pleural cavity, a central position in the body is used, where
heat exchange is performed in close proximity to heart and lungs without directly
intervening in the blood flow of the body. Heart and lungs are heated which is
effective since these are central to the blood circulation system, while not opening
the blood circulatory system up directly avoids a series of complications. After the

cut has been made, a sheath 300 is inserted into the produced hole.

The guiding section 304 is inserted first. When the length of the sheath is inside
the hole, the sheath can be controllably rotated inside the hole, where rotation of
the sheath rotates the guiding section 304. In an embodiment, the sheath is
inserted with the guiding element pointing parallel to the length of the body and
plane A as shown in Fig. 5A. Then, as seen in Fig. 5B, the sheath 300 is rotated
approximately ninety degrees or another angle suitable to bring the guiding
element to direct the heat transfer unit 220 towards the front centre of the body
and thus substantially over the lungs and/or heart, this angle being substantially
plane B. This desired orientation may vary substantially from plane B by an angle
of even ninety degrees in either direction, preferably forty-five degrees or most
preferably twenty-five degrees relative to plane B. By this inserting in direction A,
ease of insertion is achieved. By rotating to plane B, the most effective treatment
is achieved.

In an embodiment of the invention, the sheath, once inserted into the hole and
rotated so the guiding element directs it in a desired angle, is then fastened to
the body with fastening means 303. This ensures that the guiding element retains
its correct orientation. Treatment may be momentarily paused at this point due to
the self-sealing means in the sheath. Thereby, even a relatively short
transportation may be used for treatment according to the invention preparing for

later steps to be performed.

Fig. 6 is a side view of subsequent steps of treatment according to the invention.
First, the heat exchange unit 220 is moved through the sheath 300 which has

12
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been prepared with the intended guiding angle, as seen in Fig. 6A. When the heat
exchange unit has been inserted into its desired position, liquid is moved through
the inlet tube 201 and into the heat exchange unit 220. As the liquid enters the
heat exchange unit, it expands the channels running through it and eventually
fully expands the heat exchange unit, as seen in Fig. 6B. When the heat
exchange unit is fully expanded, fluid flow increases thus prompting a decrease
in pressure at the inlet tube and signaling the fluid circulation to begin, and the

treatment controller unit draws liquid from the outlet tube.

As the heat exchange unit and catheter are moved through the sheath, either the
heat exchange unit or catheter may comprise a fluid-sealing means, such as a
plug to fit inside the sheath or an adhesive surface to fasten to the area around
the hole. This is especially advantageous if the self-sealing means 302 of the
sheath 300 loses its sealing ability once the heat exchange unit has passed

through, such as if it is a breakable membrane.

In an embodiment of the invention, the heat exchange unit is designed to have
the smallest volume when inserted, but to have the maximal surface area when

inserted and expanded.

After use, the heat exchange unit is compressed whereupon it is carefully
extracted from the cavity through the sheath.

By this method, a conventional operating procedure of gaining access to the
pleural cavity through a hole under the armpit may be used in conjunction with
new steps to achieve the means of the invention, and so no or few complicated
or specialised methods must be performed to treat according to the invention.
Even in situations, where no specialist personnel is available, the operation may
be started or completed on site or during transportation to a hospital. Inserting
the sheath is a simple procedure, while inserting and activating the heat
exchange unit only require the closed liquid system and relatively low volume of
saline comprised in the system, which may be as little as 10 litres, 5 litres, 4 litres,
3 litres, 2 litres, 1 litre, or even 0.5 litres.

13
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Further, in an embodiment of the invention, two parallel heat exchange systems
may be inserted, one into each of the two pleural cavities of a patient to work
simultaneously. In another embodiment, any number of heat exchange units may
be used simultaneously. In the art, by direct injection of saline, one pleural cavity
is filled with saline, while the other is drained. Thus, the invention further achieves
a significantly higher and/or more controlled heat transfer rate.

In an embodiment of the invention, the heat exchange unit is merely inserted

partway through the sheath.

14
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REFERENCE NUMBERS
101 — preferred insertion area

200 - liquid heat transfer system

201 —inlet tube

202 - outlet tube

210 — treatment controlling device

220 — heat exchange unit

220’ — compressed heat exchange unit
220" — expanded heat exchange unit
221 —inlet

222 — outlet

300 — sheath

301 — channel

302 — self-sealing means
303 — fastening means
304 — guiding section

400 — pleural heating apparatus

A — preferred insertion direction

B — preferred guiding direction
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Claims:
1. A system for adjusting the temperature of a body comprising

e a sheath for providing a channel from outside said body to a cavity inside
said body,

e wherein said sheath comprises a guiding section being angular to said
channel

e a heat exchange unit comprising an inner fluid channel, an outer contour,
a fluid inlet, and a fluid outlet, where at least a part of said inner fluid
channel of said heat exchange unit is adapted for inserting through the
channel of said sheath and for passing liquid through said fluid inlet into

and through said inner fluid channel and from said inner fluid channel

through said fluid outlet, and
wherein said heat exchange unit is adapted to change shape, wherein a
compressed shape is achieved when emptying said inner channel of said
heat exchange unit of fluid, where an outer contour of said heat
exchange unit is smaller than the inner diameter of said channel of said

sheath and the inner diameter of said guiding section of said sheath.

2. A system according to claim 1, where said guiding section is rotatable around

an axis extending through the channel by rotating said channel.

3. A system according to any one of claims 1-2, wherein the angle of the

guiding section is substantially perpendicular relative to the channel.

4. A system according to any one of claims 1-3, wherein said sheath further
comprises fastening means for securing said sheath to skin around said sheath.

5. A system according to any one of claims 1-4, wherein said sheath further

comprises a self-sealing means inside said channel.

6. A system according to claim 5, where the self-sealing means comprises a

compressible, at least partially fluid-impregnable sponge.
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7. A system according to any one of claims 5-6, where the self-sealing means
comprises the walls of said channel being flexible allowing said walls to collapse

under the pressure of displaced tissue.

8. A system according to any one of claims 1-7 further comprising a treatment
controlling means for modifying a temperature of a liquid passing through said

treatment controlling means.
9. A system according to claim 8, wherein said system further comprises

e an inlet tube for passing liquid from said treatment controlling means to
said fluid inlet of said heat exchange unit and
e an outlet tube for passing liquid from said fluid outlet of said heat

exchange unit to said treatment controlling means.

10. A heat exchange unit for a system for adjusting the temperature of a body

according to any one of claims 1-9.
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