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DESCRIPTION

Field of the invention

[0001] The present invention belongs to the field of medical devices for treatment with carbon
dioxide, more precisely to the field of devices for transcutaneous application of carbon dioxide.
The invention also belongs to the field of piping, connections and valves for medical devices
and medical use. The invention relates to a device for transcutaneous application of carbon
dioxide for treatment of chronic wounds and/or neuropathy.

Background of the invention and the technical problem

[0002] CO, can be applied to treat a variety of disorders, mostly treatment for peripheral
vascular disorders (Dogliotti et al, 2011, Int Angiol. 30(1):12-7.). The benefits of bathing in
COs-enriched water have been described (Hartmann et al, 1997,
https://doi.org/10.1177/000331979704800406; Toriyama et al., 2002, Int Angiol. 21(4):367-73).
It has been observed that CO- stimulates blood flow and microcirculation to increase partial O5

pressure in local tissue, which is known as the Bohr effect (Irie et al, 2005, Circulation
111:1523-1529; Bohr et al.,, 1904, https://doi.org/10.1111/j.1748-1716.1904.tb01382.x). The
Bohr effect indeed occurs in human body after transcutaneous administration of CO5 as shown
by Sakai et al. (2011, PloS One, 6, 9: e24137). More recently, CO, therapy has been found to
induce mitochondrial apoptosis in human tumours, hence it has also been suggested for
clinical testing for treatment of primary tumours (Oe et al, 2011, Biochem Biophys Res
Commun 407: 148-152; Onishi et al, 2012, https://doi.org/10.1371/journal.pone.0049189;
Takeda et al 2014, PLoS One 9: €100530; Ueha et al 2107,
https://doi.org/10.3892/0r.2017.5591).

[0003] Usually, CO> therapy is performed by bathing in CO, enriched water or by injection,
wherein transcutaneous CO» application using 100% CO5 gas is supported by applying CO5

absorption-enhancing hydrogel (Onishi et al, 2012). Both known methods have disadvantages.
CO5 enriched water is prepared by supplying CO» in gaseous form from tanks, however the

amount of CO» in water is small, due to potential danger of inhaling toxic amounts of CO». It
has been estimated that the concentration of CO» in the enriched water is only 0.1 % and there

is no evidence showing absorption in human body (Hashimoto et al, 2004, J Appl Physiol
96:226-232; Yamamoto et al, 2007, Int J Biometeorol 51:201-208). Further, such bathing is not
suitable for hospital treatments and for patients with chronic or acute wounds.

[0004] A chronic wound is a wound that does not heal in a usual manner and it is widely
accepted that wounds that do not heal within three months are considered chronic. Chronic
wounds have different causes (ischemic, neuropathic, etc.) and may differ in the stage of
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healing in which they are detained. In some cases, such wounds may never heal or take years
to do so. Delayed wound healing has also been linked to peripheral neuropathy, which is a
condition where peripheral nerves are damaged and cause various unpleasant sensations,
including pain. Peripheral neuropathy can be a result of several different causes - traumatic
injuries, infections, metabolic problems, inherited causes and exposure to toxins, however one
of the most common causes is diabetes. In patients with this metabolic condition, nerve
damage tends to lead to a loss of sensation in limbs, usually feet. Wounds on the lower
extremities are often overlooked, resulting in delayed wound care and untreated infection that,
if it turns gangrenous, may need to be amputated to stop the spread.

[0005] Amputations could be decreased, limited or even prevented by improving blood flow
and circulation in affected areas. As carbon dioxide has been known to exert these desired
effects, there is a need for a device for transcutaneous application of carbon dioxide, which will
allow safe treatment of neuropathy or chronic wounds without the need for bathing, injection or
any supplemental hydrogel or water-based CO5 carriers, which could deteriorate the state of

wounds in diabetic patients. Thus, the technical problem solved by the present invention is
construction of a device and all its parts, which will enable safe delivery of adequate amounts
of CO5 through the patient's skin for treatment.

State of the art

[0006] Several different devices for trans- or subcutaneous delivery of CO» into human body

are already known, but they use different approaches than the present invention. Mostly, the
known solutions are for injection-based therapy (subcutaneous delivery). One such solution is
disclosed at web page http://mwww.mbemedicale.it/en/prodotto/venusian-co2-therapy. This
device is primarily intended for use in gynaecology for ultrasound scans where CO5 is supplied

into the abdominal cavity in order to separate the space between individual organs. Webpage
available at the address https://www.alibaba.com/showroom/co2-carboxy-therapy-
machine.html discloses a pen for cosmetic purposes that comprise CO, ampules. Such

solutions do not deliver the needed amounts of CO, for successful treatments and the above
described Bohr effect. Although subcutaneous CO5 injections can deliver 100% CO», they are

invasive, involve risks for infection and are only local, meaning that coverage of larger parts of
human body is challenging.

[0007] On the other hand, Sakai et al (2011, PloS One, 6, 9. €24137) used a device for
transcutaneous CO» delivery comprising a wrap for covering a part of the body and allowing

supply of 100% CO, together with a hydrogel, so that the supplied CO, remained in the wrap.

Similar approach was used by Ueha et al (2017; https://doi.org/10.3892/0r.2017.5591), where
transcutaneous administration of CO5 to the area of skin around the tumour was achieved with

a CO, hydrogel. The area was then sealed with a polyethylene bag, and 100% CO, gas was

delivered into the bag.
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[0008] The solution shown on the web page https://www.airjectorvet.com/ comprises a bag
placed around the part of an animal that has to be treated with CO,. The latter is introduced

into the sealed bag with an especially adapted gun. After the treatment the CO5 is released

into the environment, which must be an open space to prevent intoxications with the gas. This
solution differs from the present invention in many aspects, most importantly the gun does not
allow introduction of concentrated CO, into the bag. Further, the present invention has a

controlled release of CO5 so that users of the device and the medical staff are safe.

[0009] Patent application W0O2018142171 discloses an apparatus adapted for transcutaneous
treatment by gas. The apparatus comprises a rigid-wall cabinet and having an upper opening
and at least one openable panel, wherein a seat is arranged inside the cabinet, and the
cabinet comprises at least one gas concentration measurement unit, and the cabinet further
comprises a gas inlet for feeding the treatment gas and a gas outlet for discharging the
treatment gas; a gas supply unit coupled to the gas inlet of the cabinet via a pipe and through
an interposed controllable valve; and a gas tank connected to the gas supply unit. The
apparatus further comprises a ventilation unit connected to the gas outlet of the cabinet
through an interposed controllable valve, said ventilation unit being coupled via a further pipe
to a space hermetically separated from the room containing the cabinet, and wherein said
ventilation unit is designed so that it can discharge the entire volume of the treatment gas from
the inner space of the cabinet within at most 5 seconds. The apparatus further comprises a
control unit for receiving the signals of the gas concentration measurement unit and for
controlling operation of the valves and said ventilation unit based on at least the signals of the
gas concentration measurement unit.

[0010] Patent application US2013079703 describes a method of carbon dioxide gas treatment
for improvement or promotion of circulation of blood in an ischemic region. The following steps
(a) to (d) are continued at least once per day for four weeks, that is, a step (a) of pulverizing
and dissolving carbon dioxide gas into a liquid, and producing a carbon dioxide gas mist by
forming the same into a mist; a step (b) of spraying the carbon dioxide gas mist into a carbon
dioxide gas mist-enclosing means for enclosing the living organism in an air tight state, a step
(c) of expelling gas existing in the carbon dioxide gas mist-enclosing means into the outside, if
necessary in parallel with the step (b), in order to maintain the pressure of gas within the
carbon dioxide gas mist-enclosing means at or above a prescribed value being higher than the
atmospheric pressure, and a step (d) of continuing such a step of supplying, for at least 20
minutes, the carbon dioxide mist into the carbon dioxide gas mist-enclosing means. These
steps differ significantly form the present invention. Furthermore, the CO5 is present in a

relatively low amount and not even in gaseous state, thus sufficient sealing is not required.
Suitable sealing is also not described.

[0011] Utility model DE20307743 discloses a carbon dioxide skin absorption treatment unit that
a sack like element with a gas tight closure fixed to a folding box with regulator inlet from the
CO5 tank and gas warming and humidifying unit and inflatable pillow and bed. This solution is
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not for medical use as the device does not allow leak-free emptying of the unit, which may lead
to significant amounts of CO5 into air inhaled by the user.

[0012] The present invention solves the above-mentioned disadvantages of the known
solutions.

Description of the solution of the technical problem

[0013] The invention is intended for performing transcutaneous CO, application treatments of

all kinds of chronic or acute wounds and conditions where the basic problem is insufficient
blood supply and is defined in the appended claims. Transcutaneous CO» administration is

enabled by law of diffusion from the part with high CO5 concentration (chamber of the device)
to the part with a lower CO», concentration (the patient's body or body part). By introducing
significant amounts of CO5 onto the patient's body or body part blood circulation is improved,

as well as nutritive perfusion of the treated area, which is crucial for faster healing of chronic
wounds and neuropathy.

[0014] The essence of the device for transcutaneous application of carbon dioxide for
treatment of chronic wounds or neuropathy is in that the device comprises at least:

+ a therapeutic chamber comprising at least a portion to receive a part of a patient's body
to which the carbon dioxide is to be applied,
= an inlet/outlet pipe connecting the chamber with a CO, distribution system, wherein the

inlet/outlet pipe is connected to the chamber with a suitable element or a valve;
e the CO, distribution system comprising a housing where at least the following

components are installed:
o a first pipe with a first valve for suction of air out of the chamber,

o a second pipe with a second valve for supplying CO, from a tank/reservoir; wherein the

first and second pipe are combined into the inlet/outlet pipe upstream of the valves;

o at least one device for ensuring air flow through the said valves and inlet/outlet pipe,
preferably a ventilator or a pump;

o preferably at least one airflow measuring device for measuring the air flow through the
valve on the inlet/outlet pipe or through any valve;

o preferably a reservoir for CO,, where it is stored at the pressure of 1 to 5 bar,

connected to the second pipe;

o an outlet pipe for leading the used air from the chamber through the wall to the
external environment of the building where the device is installed; and
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» at least one tank for storing CO5 suitably connected to the CO, distribution system or

preferably to the reservoir.

[0015] The outlet pipe is connected to the inlet/outlet pipe through the first pipe of the CO5

distribution system.

[0016] The device can be further provided with a filter in the CO, distribution system to filter

out any impurities and/or a silencer for decreasing the sound resulting from the flow of gas
under pressure. Said filter is preferably installed in the pipe of the CO5 distribution system

between the ventilator and the inlet/outlet pipe. It is attached in any suitable way, usually with
clamps. The silencer is preferably installed between the second valve and the ventilator. The
CO, distributing system may have more pipes and valves, preferably one additional pipe with a

valve is provided for delivering air to the chamber before it is filled with CO> in order to achieve

CO5 concentrations below 100%.

[0017] The device may be further equipped with suitable electronics for easier controlling and
managing of the device, wherein the controller has suitable buttons connected with a control
device that opens and closes the valves used in the CO» distribution system, so that any

particular CO5 concentration in the chamber may be achieved.

[0018] The chamber comprising at least a portion to receive a part of a patient's body to which
the carbon dioxide is to be applied can be a flexible (soft) chamber such as a wrap or it can be
designed as a chamber with supporting elements enabling a certain geometry of the chamber
when it is filled with air and/or carbon dioxide. The chamber may have different sizes, wherein
it can be appropriately small to receive only a foot, a part of a leg, a whole leg, an arm or a part
of an arm or it can be bigger to accommodate the whole body of a patient with the exception of
patient's head. Possible materials for the chamber are all biocompatible materials, which are
not permeable to CO,, wherein the preferred choice is polyethylene, especially low-density

polyethylene. The chamber is preferably for single use for hygienic reasons to prevent possible
transfer of infections.

[0019] The inlet/outlet pipe to the chamber is only one, thereby rendering the construction of
the device simpler. Further, its maintenance is easier. The inlet/outlet pipe is coupled to the
chamber with a suitable passage valve (the gate valve), preferably the valve is comprising a
rotating part and a static part, the latter being adapted for introduction into the inlet/outlet pipe.
The rotating part has two removable parts, which are screwed into place from the interior of
the chamber. Thereby the passage valve allows safe supply and suction of air to and from the
chamber. WWhen the chamber is flexible (soft) as a wrap, the gate valve is necessary.

[0020] The device can be preferably equipped with the reservoir for storing CO, at pressure

from 1 to 5 bar. The reservoir is connected to the gas tank, where the gas is stored at
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pressures around 50 bars. Presence of the reservoir allows faster filling of the chamber, as the
gas is already in gaseous state, at a suitable temperature and at suitable pressure. Namely, a
part of the gas is led from the gas tank to the reservoir, where it due to a larger space
expands, thereby also warming without any heaters. Airtightness of the CO5, distribution system

inside the housing is ensured by using suitable seals and/or welding all metal components to
each other, meaning that the valves are welded to the pipes, while the pipes are welded to the
housing of the ventilator. The inlet/outlet pipe is connected to the system with a clamp and all
attachments are provided with suitable seals, so that the CO, does not leak into the room

where the device is used. The ventilator is preferably housed in a two-part housing welded
together, wherein the housing is provided with a suitable number of holes for attachment of the
required number of pipes. The valves may be any suitable, including electromagnetic or
mechanic, controlled in any suitable way. The pipes are preferably metal, but can also be
made of plastic materials, wherein welding is not possible but can be replaced with suitable
seals such as rubber, silicon, Teflon and similar seals known in the art.

[0021] The outlet pipe for leading the used air from the chamber through the wall to the
external environment of the building where the device is installed is preferably equipped with a
telescopic transition for easy adjustment to a wide variety of walls, which often have different
thicknesses. The telescopic transition may be extended or retracted depending on the wall,
wherein its construction enables that it discharges the whole air from the chamber to the
environment. The telescopic transition also seals the passage through the wall and prevents
escape or return of the gas back into the room with the device according to the invention. The
inner part of the telescopic transition may be provided with a seal, preferably installed on the
flange of the inner part.

[0022] The examples and functioning method are left for illustrative purposes but do not form
part of the present invention as they do not contain all the features of the claims.

[0023] Afirst preferred example of the device for transcutaneous application of carbon dioxide
for treatment of chronic wounds or neuropathy is in that the device comprises:

¢ a therapeutic chamber comprising at least a portion to receive a part of a patient's body
to which the carbon dioxide is to be applied,
« an inlet/outlet pipe connecting the chamber with a CO» distribution system;

« the CO, distribution system comprising a housing where at least the following
components are installed:

o a first pipe with a first valve for suction of air out of the chamber, and a first airflow
measuring device for measuring the air flow through the first valve,

o a second pipe with a second valve for supplying air to the chamber and a second air
flow measuring device for measuring the air flow through the second valve,

o a third pipe with a third valve for supplying CO, from a tank or a reservoir and a third

air flow measuring device for measuring the air flow through the third valve;
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wherein the first, second and third pipe are combined into the inlet/outlet pipe upstream
of the valves;

o one ventilator, preferably two, for ensuring air flow through the said valves and
inlet/outlet pipe,

o preferably a reservoir for CO»,, where the gas is stored at the pressure of 1 to 5 bar,

connected to the third pipe;

o an outlet pipe for leading the used air from the chamber through the wall to the
external environment of the building where the device is installed; and

« at least one tank for storing CO, suitably connected to CO5 distribution system or

preferably to the reservoir.

[0024] Said airflow measuring devices on individual pipes and valves may be replaced with
one airflow measuring device installed on the inlet/outlet pipe and preferably also measuring
the airflow through the gate valve. Every embodiment may be further equipped with a silencer
and/or a filter and/or electronics for control. In case two ventilators are used, they are rotating
in different directions with regards to the airflow (into the chamber or out of the chamber).

[0025] The second preferred example of the device for transcutaneous application of carbon
dioxide for treatment of chronic wounds or neuropathy is in that the device comprises:

» a therapeutic chamber comprising at least a portion to receive a part of a patient's body
to which the carbon dioxide is to be applied,
¢ an inlet/outlet pipe connecting the chamber with a CO» distribution system,

e the CO, distribution system comprising a housing where at least the following

components are installed:
o a first pipe with a first valve for suction of air out of the chamber,

o a second pipe with a second valve for supplying CO, from a tank or reservoir;

wherein the first and second pipe are combined into the inlet/outlet pipe upstream of the
valves;

o a ventilator in a sealed housing for ensuring air flow through the said valves and
inlet/outlet pipe,

o preferably a reservoir for CO,, where the gas is stored at the pressure of 1 to 5 bar,

connected to the second pipe;

o preferably a silencer for decreasing the sound resulting from the flow of gas under
pressure;
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o preferably a removable filter for filtering any impurities so that they do not reach the
chamber;

o an outlet pipe for leading the used air from the chamber through the wall to the
external environment of the building where the device is installed; and

» at least one tank for storing CO5 suitably connected to the CO, distribution system or

preferably to the reservoir.

[0026] Presence of at least two valves and suitable piping ensures that the carbon dioxide
concentration is adapted to the needs of therapy.

[0027] The three valves (first, second, third) and at least one air flow measuring device in the
first preferred embodiment enable controlling air composition inside the chamber, so that
different CO» concentrations can be achieved. The preferred range of CO5 concentration

inside the chamber is 10 to 100 %, wherein most preferred range is between 30 and 90 %. For
example, if a 30 % (V/V) concentration is needed inside the chamber and the total volume of
the chamber is 100 L, 70 L of air will be supplied through the second valve and 30 L of CO, will

be supplied through the third valve. A 90 % (V/V) concentration may be achieved by supplying
10 L of air through the second valve and 90 L of CO5 through the third valve.

[0028] Preferably, the valves are controlled with a controller or a suitable computer/computer
program in order to ensure correct CO, concentrations inside the chamber. The controller

preferably has a button for emptying the chamber, which can turn on ventilator and open the
first valve for air suction. All other valves are closed. When the chamber is completely empty,
the ventilator is turned off and the first valve is closed. Then the actual volume of the chamber
is determined by filling it with air, wherein information is obtained by measuring air flow. Based
on the actual volume of the chamber the amount of air has to be pumped out and which
amount of CO, has to be led into the chamber. When the chamber is full the operator stops

filling by pressing a suitable button. After the therapy is done, a discharge button provided on
the controller is pushed and this leads to the first valve being open and the second valve is
closed, so that all air/fCO> from the chamber is led to the exterior of the building.

[0029] The two valves and the airflow measuring device in the second preferred embodiment
enable controlling of CO5 concentrations inside the chamber so that the air is sucked from the

chamber through the first pipe with the first valve and CO» is supplied from the tank or the
reservoir to the chamber through the second pipe with the second valve. Thereby a CO5
concentration near 100% is achieved in the chamber. If a lower concentration of CO5 is

required, the chamber is initially not emptied, but a certain amount of air may be left inside it.
This embodiment has simpler operation and requires no electronics for control, although they
are preferred.
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[0030] The functioning method of the said device comprises the following steps:

» in case of flexible chamber, first attaching the chamber to the inlet-outlet pipe via the
valve or the gate valve;

+ placing at least a part of patient's body into the chamber and sealing the chamber;

» sucking out all air from the chamber with the first valve with a ventilator and leading all
sucked air to the exterior of the building with the room where the device is used;

¢ leading CO, from the tank to the CO» distribution system or preferably the reservoir for

allowing the CO5 to expand in the reservoir, which results in decrease of its pressure in

an increase of its temperature;

= closing the first valve and opening the second valve to supply a desired amount of air
into the chamber and/or opening the third valve to supply a desired amount of 100%
CO5 into the chamber.

[0031] When the CO, administration is finished, the air with the CO, is sucked from the

chamber through the outlet pipe and led outside of the building where the device is installed.
When all air has been emptied from the chamber, it can be unsealed and removed, so that the
patient may leave. Usually the therapy lasts for 10 minutes to up to 2 hours, wherein the length
of each therapy can be adjusted based on the patient's state.

[0032] Use of the device is suitable for all patients with impaired microcirculation; especially but
not limited to patients affected with: chronic and acute wounds, neuropathy, muscle tears, etc.

[0033] The invention has been tested on 47 patients (38 males and 9 females aged 65.4£12.0
years) with the total number of 61 diabetic wounds. Control group consisted of 26 patients (21
males and 5 females aged 66.5+10.7 years) with the total number of 31 diabetic wounds

(median volume: 528 mm?3, median area: 253 mm?), who underwent placebo treatment with
transcutaneous application of air. Experimental group consisted of 21 patients (21 males and 5
females aged 66.5+10.7) with the total number of 30 diabetic wounds (median volume: 351

mm3, median area: 241 mm?), who underwent treatment with transcutaneous application of
CO5 using the invention. Testing lasted for 4 weeks and laser Doppler blood perfusion in foot

skin microcirculation, heart rate and blood pressure measurements were carried out. Further,
each subject underwent monofilament and vibration sensation tests. After the treatments
following main findings were observed:

1. 1) 67% (20 out of 30) of all the wounds from the experimental groups were successfully
healed, whereas the volume and area of the unhealed wounds on average decreased
by 96% and 89%, respectively. None of the wounds from the control group was healed.

2.2) The results of the monofilament and vibration tests showed statistically significant
improvement in terms of the sites with perceived monofilament/vibration stimulus for the
experimental group.

3. 3) Results of laser Doppler blood perfusion indicate that the function of the endothelial
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and neurogenic vascular tone regulating mechanisms of microcirculation improved
significantly for the experimental group.
4.4) Absolute values of heart rate and arterial blood pressure before and after CO5

therapies indicate that no systemic effects were caused during the treatment.

[0034] The device for transcutaneous application of carbon dioxide for treatment of chronic
wounds or neuropathy, will be described in further detail based on possible embodiments and
figures, which show:

Figure 1
An embodiment of the device according to the invention
Figure 2
Detailed view of the device shown in figure 1
Figure 3
Valves and piping inside the CO, distribution system connected to the chamber with the
inlet/outlet pipe with two pipes (a) and three pipes (b)
Figure 4
The gate valve for supplying gas into the chamber from the inlet/outlet pipe
Figure 5
Installation of the gate valve shown in figure 4 into the chamber
Figure 6
Outlet pipe with the telescopic intra-wall part
Figure 7
installation of telescopic intra-wall part in the wall of a building

[0035] The Figures form part of the invention when the device comprises a gate valve as in the
embodiment of Fig.4. Embodiments not comprising a gate valve as claimed in claim 1 do not
form part of the invention.

[0036] Figure 1 shows an embodiment of the device 1 according to the invention, the device 1
comprising the following:

a therapeutic chamber 2 comprising at least a portion to receive a part of a patient's
body to which the carbon dioxide is to be applied,
« one inlet-outlet pipe 3 connecting the chamber 2 with a CO» distribution system 4,

wherein a gate valve 7 is preferably used, especially if the chamber 2 is flexible;
o the CO» distribution system 4;

» an outlet pipe 5 for leading the used air from the chamber 2 through a telescopic part 51
and an outlet 52 in a wall to the external environment of the building where the device is
installed; and

» atleast one tank 6 for storing CO5 suitably connected to the CO, distribution system.
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[0037] Figure 2 shows a detailed view of the preferred embodiment of the device, wherein CO5
is provided from the tank into a reservoir 44 forming a part of the CO» distribution system. The
CO5 expands in the reservoir and can be then supplied to the chamber via the piping, valves
and ventilator as described above. As said above, this enables that the CO5 is at pressure 1 to
5 bar, which speeds up filling of the chamber. The CO5 distribution system 4 has at least a first

pipe 41 and a second pipe 42, connected to a ventilator 43, which is connected to the
inlet/outlet pipe 3 with a pipe 45, which is preferably equipped with a filter 45a. When the CO5

administration is finished, the CO5 is led out through the first pipe 41 to the outlet pipe 5 into

the exterior of the building.

[0038] Figure 3a shows a possible embodiment of the CO, distribution system comprising a
housing where two pipes 41,42 are installed, each pipe having its own valve 41a, 42a, and
both pipes connected to the ventilator 43, which is then connected to the inlet/outlet pipe 3 and
consequently the chamber 2.

[0039] Figure 3b shows the preferred embodiment of the CO, distribution system comprising a

housing where the following components are installed:

« a first pipe 41" with a first valve 41'a for supplying CO, from the reservoir or the tank;

« a second pipe 42' with a second valve 42'a for supplying air from the environment;

» a third pipe 42" with a third valve 42"a for suction of air out of the chamber;
wherein the said pipes are combined into the inlet/outlet pipe 3 upstream of the valves;

« two ventilators 43' and 43" for ensuring air flow through the said valves and inlet/outlet
pipe,

« at least one airflow measuring device 41'b, 42'b, 42"b for measuring the air flow through
the gate valve on the inlet/outlet pipe or through any valve;

« the reservoir for CO,, where it is stored at the pressure of 1 to 5 bar, connected to the

third pipe;

[0040] Pipes, valves, ventilator and the reservoir are connected airtightly with suitable welding
and sealing. The valves may be any suitable valves such as electromagnetic or mechanical
valves, wherein the gate valve has to be present in case the chamber is designed as a flexible
wrap.

[0041] The gate valve 7 for connecting the inlet/outlet pipe 3 to the chamber 2 is shown in
figure 4 and it comprises:

« a rotating part 72;
o preferably a washer 73;
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e aseal 74; and

e a static part 71, the latter being adapted for introduction into the inlet/outlet pipe; wherein
the rotating part has two removable parts, which are screwed into place from the interior
of the chamber. The seal 74 is installed in the static part, while the washer prevents
rotation of the chamber, when the rotating part is screwed into place with the static part
71. The washer is especially useful for flexible chambers, while it is not needed in hard
chambers. Preferably the gate valve is made of biocompatible medical grade plastics.
Figure 5 shows installation of the gate valve 7, wherein the rotating part 72 and the
washer 73 are installed from the interior of the chamber, while the seal and the static
part are installed from the direction of the inlet/outlet pipe 3. The rotating part 72 and the
static part 71 have corresponding treads, which can interlock so that air leakage is
prevented. This is further ensured with the seal 74.

[0042] Figure 6 and 7 show the telescopic intra-wall part 51 and its installation into the wall W.
The telescopic part 51 comprises:

e an inner part 511; the inner part's flange optionally provided with a seal for improved
sealing

s an outer part 512;

e awasher 513; and

anut514.

[0043] The wall has to be equipped with a pre-prepared hole having a diameter between 10
mm to 100m, into which the telescopic part 51 is installed. The smaller inner part 511 can
move along the outer part 512, wherein a threaded pole 511' runs through the entire length of
the telescopic part 51. A second nut is provided for tightening. The telescopic part can be
adjusted so that it corresponds to the thickness of the wall W into which it is to be installed. The
outlet 52 can be performed in any suitable way. Air can travel through the telescopic part into
the interior of the CO, distribution system, more precisely towards the first pipe 41, or can

travel to the exterior of the building when the therapy is over.

[0044] Within the scope of the invention as described herein and defined in the claims, other
embodiments of the device for transcutaneous application of carbon dioxide for treatment of
chronic wounds or neuropathy that are clear to person skilled in the art may be possible, which
does not limit the essence of the invention as described herein and defined in the claims.
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Patentkrav

1. Indretning (1) til transkutan anvendelse af carbondioxid til behandling af kro-
niske sar eller neuropati omfattende mindst:

- et terapeutisk kammer (2) omfattende mindst et afsnit til at modtage en del
af en patients krop, pa hvilken carbondioxiden skal anvendes,

- et CO2-distributionssystem (4), omfattende

o et farste rar (41) med en farste ventil (41a) til at tilfare CO2 fra en tank (6)
eller en beholder,

o et andet rer (42) med en anden ventil (42a) til udsugning af luft fra kammeret
(2);

- mindst en tank (6) til at lagre CO2 hensigtsmaessigt forbundet til CO2-distri-
butionssystemet (4) eller fortrinsvis til en beholder (44),

kendetegnet ved, at indretningen (1) endvidere omfatter:

- et indlgbs-/udlagbsrar (3), der forbinder kammeret (2) med et COz-distributi-
onssystem, hvor indlgbs-/udigbsraret er forbundet til kammeret (2) med et eg-
net element eller en ventil (7);

- 0og ved, at COz-distributionssystemet (4) omfatter et hus:

hvor det farste og andet rar er kombineret i indlabs-/udlgbsreret (3) opstrems
for ventilerne; og systemet (4) yderligere omfatter:

o mindst en indretning til at sikre luftstram gennem ventilerne og indlabs-/ud-
lebsraret, fortrinsvis en ventilator (43) eller en pumpe;

o fortrinsvis mindst en luftstremsmaleindretning (41'b, 42'b, 42"b) til maling af
luftstremmen gennem ventilen eller indlabs-/udigbsraret eller gennem en hvil-
ken som helst ventil;

o fortrinsvis en beholder (44) til CO2, hvor det er lagret ved et tryk pa 1 til 5 bar,
forbundet til det andet rar (42);

o et udlebsrar (5) til at fare den brugte luft fra kammeret gennem veeggen til
de ydre omgivelser af bygningen, hvor indretningen er installeret; og

- 0g ved, at indlgbs-/udlgbsraret er koblet til kammeret (2) med en skydeventil
(7), der omfatter:

o en roterende del (72);

o fortrinsvis en spaendeskive (73);

o en teetning (74); og

o en statisk del (71) indrettet til indfering i indlebs-/udlgbsreret;
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o hvor den roterende del (72) har to aftagelige dele, der er skruet pa plads fra
det indre af kammeret, taetningen (74) er installeret i den statiske del (71),
mens den foretrukne speendeskive (73) forhindrer rotation af kammeret, nar
den roterende del (72) skrues pa plads med den statiske del (71), og hvor den
roterende del (72) og den statiske del (71) har tilsvarende gevind, der kan
sammenlases, saledes at luftlaekage forhindres.

2. Indretning ifelge krav 1, kendetegnet ved, at CO2x-distributionssystemet
kan have flere r@r og ventiler, fortrinsvis er et yderligere r@r med en ventil til-
vejebragt til tilfersel af Iuft til kammeret, fer det fyldes med COz for at opna
CO2z-koncentrationer under 100 %.

3. Indretning ifelge krav 1 eller krav 2, kendetegnet ved, at indretningen (1)
kan have en Iuftstremsmaleindretning (41'b, 42'b, 42"b) til at male luftstrem
gennem indlabs-/udlgbsraret (3) eller flere luftstremsmaleindretninger (41'b,
42'b, 42"b) installeret pa hvert rar (41, 42, 5) af CO2-distributionssystemet (4)
til at male luftstrem gennem ventilen pa hvert rer (41, 42, 5).

4. Indretning ifelge et af de foregaende krav, kendetegnet ved, at kammeret
(2) er til engangsbrug.

5. Indretning ifalge et af de foregaende krav, kendetegnet ved, at kammeret
(2) er et fleksibelt kammer sdsom en indpakning eller er udformet som et kam-
mer med stetteelementer, der muligger en bestemt geometri af kammeret, nar
det er fyldt med Iuft og/eller CO2, hvor kammeret kan have en hvilken som
helst starrelse og veere lavet at et hvilken som helst biokompatibelt materiale,
der ikke er gennemtraengeligt af COz2, idet det foretrukne valg er polyethylen,
isger polyethylen med lav densitet.

6. Indretning ifelge et af de foregaende krav, kendetegnet ved, at indretnin-
gen (1) er forsynet med beholderen (44) til lagring af CO2 ved et tryk fra 1 til 5
bar, hvilken beholder (44) er forbundet til gastanken (6), hvor gassen lagres
ved tryk pa omkring 50 bar.
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7. Indretning ifalge et af de foregaende krav, kendetegnet ved, at CO2-distri-
butionssystemet (4) inden i huset er luftteet, hvilket sikres med egnede teetnin-
ger til ikke-metalkomponenter og/eller ved at svejse alle komponenter til hin-
anden, hvilket betyder, at ventilerne svejses til rarene, mens rgrene svejses til
ventilatorens (43) hus; og, at indlabs-/udigbsraret (3) er forbundet til systemet
med en klemme, og alle fastgerelsesmidler er forsynet med egnede teetninger,
saledes at COz2 ikke laekker til rummet, hvor indretningen (1) anvendes.

8. Indretning ifelge et af de foregaende krav, kendetegnet ved, at ventilerne
kan veere hvilke som helst egnede, herunder elektromagnetiske eller mekani-
ske, styret pa en hvilken som helst egnet made.

9. Indretning ifelge et af de foregaende krav, kendetegnet ved, at udigbsraret
(5) til at fere den brugte Iuft fra kammeret gennem veeggen til de ydre omgi-
velser af bygningen, hvor indretningen er installeret, er udstyret med en tele-
skopisk overgang til nem justering til mange forskellige vaegge, hvor den tele-
skopiske del (51) omfatter:

- en indvendig del (511), hvor den indvendige dels flange eventuelt er forsynet
med en teetning til forbedret forsegling;

- en udvendig del (512);

- en speendeskive (513); og

- en metrik (514) til stramning;

hvor den mindre indvendige del (511) kan bevaege sig langs den udvendige
del (512) og en gevindstang (511') laber gennem hele leengden af den tele-
skopiske del (51).

10. Indretning ifalge et af de foregaende krav, kendetegnet ved, at den yder-
ligere er forsynet med et filter i CO2-distributionssystemet (4) for at filtrere
eventuelle urenheder veek og/eller en lyddeemper for at mindske lyden som
felge af stremmen af gas under tryk, hvor filteret fortrinsvis er installeret i rgret
til CO2-distributionssystemet mellem ventilatoren (43) og indlebs-/udiagbsreret
(3), og lyddeemperen fortrinsvis er installeret mellem den anden ventil og ven-
tilatoren.
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11. Indretning ifalge et af de foregaende krav, kendetegnet ved, at den yder-
ligere er udstyret med egnet elektronik til nemmere styring og handtering af
indretningen, hvor styreenheden har egnede knapper forbundet med en styre-
indretning, der abner og lukker ventilerne anvendt i CO2-distributionssystemet
(4), séledes at en hvilken som helst bestemt CO2-koncentration i kammeret
kan opnas.

12. Indretning ifelge et af de foregéende krav til anvendelse i behandling af
patienter med nedsat mikrocirkulation; iseer men ikke begreenset til patienter
pavirket af: kroniske og akutte sar, neuropati, fiberspraengninger etc.

13. Indretning ifelge et af de foregaende krav, kendetegnet ved, at det fore-
trukne omrade CO2-koncentration inden i kammeret er 10 til 100 %.

14. Indretning ifelge et af de foregaende krav, indrettet til at muliggere fal-
gende trin:

- i tilfeelde af fleksible kamre, er kammeret fastgjort til indl@bs-udlabsraret via
ventilen eller skydeventilen og er indrettet til at muliggere placering af i det
mindste en del af en patients krop i kammeret og at forsegle kammeret;

- at udsuge al luft fra kammeret med den farste ventil med en ventilator og fare
al udsuget luft til det ydre af bygningen med rummet, hvor indretningen anven-
des;

- at fere CO2 fra tanken til CO2-distributionssystemet eller fortrinsvis beholde-
ren for at muliggere, at CO2 udvides i beholderen, hvilket medfarer fald i dens
tryk i en stigning af dens temperatur;

- at lukke den ferste ventil og abne den anden ventil for at tilfeare en snsket
meengde Iuft i kammeret og/eller at abne den tredje ventil for at tilfere en @n-
sket maengde 100 % CO:2 i kammeret; og

- nar anvendelsen af indretningen (1) er feerdig, udsuges luften med COz fra
kammeret (2) gennem udlgbsraret (5) og feres uden for bygningen, hvor ind-
retningen (1) er installeret.
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DRAWINGS

Figure 1
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Figure 4

Figure 5
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