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Apparatus for transcutaneous treatment by gas

The present invention relates to a treatment apparatus, in particular for
transcutaneous therapeutic or preventive treatment by gaseous materials or gas
mixtures.

The favourable effects of natural gases or gas mixtures, for example carbon
dioxide, for treating various health conditions or diseases have been known for
thousands of years. The appropriately selected gases take their effects in a
transcutaneous way, i.e. by adsorption through the skin. The development of devices
capable of feeding gases or gas mixtures into a treatment space made it feasible to
perform human applications and therapeutic treatments under artificial
circumstances. In addition to the natural gases, gas mixtures or vapour mixtures,
one can also use synthetic gas mixtures, medical gases or gas compounds
comprising components in portions different from that of the ambient air. Depending
on the components of the gases or gas mixtures, the indications also vary. For
example, the carbon dioxide gas has shown favourable results in the treatment of
angiologic diseases.

With respect to the fact that some of the components of the gas mixtures or
vapour mixtures used in the treatments, when inbreathed, have harmful or toxic
effects, the performance of the treatment in a safe and controlled way is of great
importance. At the design of devices using such gas mixtures or vapour mixtures, a
safety system composed of cooperating and integrated elements should be involved,
which can provide a successful and secure therapeutic treatment for the patient
subject to the treatment, the persons around and also for the operating staff.

The documents US 2013/079703 and US 2011/125083 disclose a carbon
dioxide treatment device wherein the body of the patient is accommodated in a
hermetically sealed inner space of the device, while his head is kept outside the
device, in the open air. Within the inner space of the device there is a pressurized
gas, the desired pressure of which is maintained by means of a passive discharge
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The documents US 2005/056279 and WO 2004/047710 also disclose gas
treatment devices which comprise a hermetically sealed cabinet with a ventilation
unit for evacuating gas from the cabinet.

A drawback of the above devices is that in case of emergency, the active and
substantially quick discharge of the gas from the inner space of the cabinet into
another space hermetically separated from the treatment space, for example into the
open air, has not been solved.

It is an object of the present invention to provide a treatment apparatus that is
adapted for an immediate and fast discharge of the treating gas from the inner space
of the cabinet into another hermetically separated space at the end of the treatment
using gaseous materials or even at an emergency situation occurring in course of a
treatment.

The invention is based on the inventive idea that if the treatment apparatus is
provided with a ventilation unit that at a normal treatment or at an emergency stop,
conveys the gas from the treatment cabinet within a short time into a space
hermetically separated from the room of treatment, e.g. into the open air, then the
treatment can be performed with the highest safety in an indoor treating room even
with using gases that are otherwise harmful for the human health.

The above objects are achieved by providing an apparatus according to claim

Preferably, the cabinet further comprises at least one sensor for indicating
opening of an openable panel, said sensor being coupled to the control unit. As an
openable panel, the cabinet further comprises a door on its side, preferably on its
front side, and in this case the at least one opening indication sensor is a sensor
adapted to detect opening of the door.

As an additional openable panel, the apparatus may further comprise an
openable or removable lid on the upper side of the cabinet, and in this case, a
sensor may be associated with the lid for indicating displacement of the lid.

Preferably, the apparatus further comprises a displacement sensor built in a
back rest of the seat or in an inner side wall of the cabinet, said displacement sensor
being in the form of a proximity sensor or a pressure sensor.

A preferred embodiment of the apparatus further comprises a sensor for
measuring the gas concentration around the cabinet and for indicating that the
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surrounding gas concentration reaches a preset concentration, said sensor being
coupled to the control unit.

It is also preferred that the apparatus further comprises at least one emergency
stop switch coupled to the control unit.

The invention will now be described in detail with reference to the drawings. In
the drawings:

Figure 1 is a functional block diagram of a preferred embodiment of the
apparatus according to the invention, in which a cabinet is shown in a sectional view.

Figure 2 is a flow diagram illustrating the operation of a computer program
controlling the safety functions of the apparatus according to the invention.

The design of the apparatus 10 according to the present invention is shown in
Figure 1. The apparatus 10 comprises a cabinet 20, preferably having rigid walls, in
which the gas treatment is performed. The cabinet 20 generally comprises a bottom
wall 21 and side walls 22, and on its upper side it has an opening through which the
head of a patient projects from the cabinet 20.

The cabinet 20 has at least one openable panel that is preferably formed by at
least one door 23 on one side, for example on the front side, of the cabinet 20, but
the cabinet 20 may also comprise a hinged or removable lid 24, preferably on its
upper side. The lid 24, when turned down or being put in place, is adapted for
preventing the patient participating in the treatment from bending his or her head into
the cabinet 20, and also the treatment gas from escaping from the inner space of the
cabinet 20 to a substantial extent.

Inside the cabinet 20 there is a seat 25 on which the patient can sit during the
treatment. In the backrest of the seat 25, at least one sensor 26 may be integrated
that is capable of indicating the displacement of the patient staying within the cabinet
20 from a secure sitting position (in predetermined directions to a predetermined
extent). The sensor 26 may, for example, be a proximity sensor or a pressure
sensor. The cabinet 20 may further comprise a sensor 27 for indicating opening or
removal of the lid 24, as well as a further sensor 28 for indicating opening of the door
23. The cabinet 20 preferably comprises at least one piece of at least one type of the
aforementioned sensors 26, 27 and 28, and more preferably it comprises at least
one piece of at least two types of said sensors, and most preferably it comprises at
least one piece of all the three types of said sensors.
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The cabinet 20 further comprises at least one gas concentration measurement
unit 29a for measuring the concentration of the treatment gas adjacent to the upper
side of the cabinet 20 during the treatment. The amount of gas fed into the cabinet
20 is regulated on the basis of the signal of the gas concentration measurement unit
29a at a predetermined level or within a predetermined range. In case of a treatment
using carbon dioxide gas, the concentration of carbon dioxide is maintained at a
level of at most 80% by volume, for example, so that the concentration of the carbon
dioxide gas is permanently maintained within a range between 70% and 80% per
volume.

The cabinet 20 also has a gas inlet 30 for feeding the treatment gas into the
cabinet 20 and an outlet 31 for discharging the gas therefrom. In a preferred
embodiment of the apparatus 10, as shown in Figure 1, in addition to the gas
concentration measurement unit 29a, another gas concentration measurement unit
29b is also provided within the cabinet 20, preferably at the level of the knees of the
patient sitting in the cabinet 20.

The cabinet 20 may further be provided with a handle 32 and also with an
adjustable foot rest 33 for enhancing convenience of the patient. The handle 32 is
adapted for providing a support for the patient at entering or quitting the cabinet 20
and also while taking his or her position therein. The adjustable foot rest 33 is
adapted for supporting the feet of the patient sitting on the seat 25 in a comfortable
posture.

To the gas inlet 30 of the cabinet 20, a gas supply unit 40 is coupled through a
pipe 41. The gas supply unit 40 controls the amount of gas flowing into the cabinet
20 within a unit of time.

The apparatus 10 further comprises a gas tank 50 coupled to the gas supply
unit 40 through a pipe 51. The gas tank 50 is used for storing the treatment gas.

The apparatus 10 further comprises a ventilation unit 60 that is coupled to the
outlet 31 through a pipe 61 and to a space 70 hermetically separated from the room
containing the cabinet 20, through a pipe 62. The ventilation unit 60 is adapted for an
active and high-speed discharge of the gas from the cabinet 20 into the space 70.
The space 70 may, for example, be an outdoor space or a suctioning space
arranged within the same building.

The apparatus further comprises a control unit 80 that receives the signals of

the one or more sensors or measurement units of the group including at least the
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gas concentration measurement unit 29a, and preferably the sensors 26, 27, 28 and
the gas concentration measurement unit 29b, and based on their signals, it controls
the operation of the gas supply unit 50 and the ventilation unit 60 according to a pre-
stored control program.

The gas supply unit 40 of the apparatus 10 is preferably provided with a first
controllable valve 42 which is preferably formed by a remote-controlled magnetic
safety valve. The first valve 42 opens or closes according to the commands of the
control unit 80. In its closed state the valve 42 prevents the gas from flowing into the
cabinet 20, whereas in its open state the valve 42 allows the gas to flow from the
tank 50 into the cabinet 20 through the gas inlet 30.

Additionally, the outlet 31 of the apparatus 10 according to the invention is also
provided with a second controllable valve 63, which is preferably arranged in the
outlet 31 or adjacent to it, within the pipe 61, and which is preferably formed by a
controllable magnetic safety valve or a butterfly valve mounted in the pipe. The
second valve 63 opens or closes according to the commands of the control unit 80.
In its closed state the valve 63 prevents the gas from flowing out from the cabinet 20,
whereas in its open state the valve 63 allows the gas to be pumped from the cabinet
20 by means of the ventilation unit 60.

As it can be seen in Figure 1, the apparatus 10 preferably comprises at least
one emergency stop switch 90a, 90b, by means of which the treatment can be
immediately stopped at any time. The at least one emergency stop switch 90a, 90b
is also in communication with the control unit 80. In a particularly preferred
embodiment of the apparatus 10, the apparatus 10 comprises three emergency stop
switches, two switches 90a of which being arranged in the inner space of the cabinet
20, for example on the right side and on the left side, with an additional switch 90b
being arranged outside the cabinet 20. The inner emergency stop switch 90a within
the cabinet 20 can be used by the patient, whereas the outer emergency stop switch
90b can be used by the operating staff to stop the treatment.

Preferably, the apparatus 10 further comprises a detector 100 for measuring
the gas concentration around the cabinet 20, said detector being adapted for
detecting a specific concentration of the treatment gas in the treatment room
containing the cabinet 20 or to analyze the content of the gas mixture in the
treatment room. The detector 100 measures the concentration of the one or more

gases and optionally, it also analyzes them at a level of approximately 5 to 10 cm in
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the treatment room. The detector 100 is provided with a built-in power supply, so it
can permanently operate even at a power cut. The level of gas concentration to be
detected by the detector 100 can be preset. Upon reaching the preset level or range,
the detector 100 sends a signal to the control unit 80 which, in turn, controls the
operation of the apparatus10 according to this signal.

The connection of the above mentioned sensors, detectors and switches to the
control unit 80 of the apparatus 10 according to the invention as well as their
communication with the control unit 80 are well known for those skilled in the art,
therefore their detailed description is omitted here. In case of gas leakage, the
control unit 80 preferably generates a sound signal and it alerts, and it inhibits re-
starting the treatment while the gas concentration in the treatment room is at a
dangerous level.

The normal operation mode and the use of a preferred embodiment of the
apparatus 10 shown in Figure 1 will be described below. Before the treatment the
door 23 of the apparatus 10 is open and its lid 24 is in a turned-up position or
removed, thus the patient to be treated can take his or her place on the seat 25
arranged in the cabinet 20. Once the patient has taken an appropriate posture inside
the cabinet 20, the door 23 shall be closed and the lid 24 shall be turned down or put
into place, which actions are checked by the sensor 28 indicating opening of the
door 23 and the sensor 27 indicating opening or removal of the lid 24, respectively.
The treatment can be commenced only if the sensors 27, 28 output a closed-state
signal to the control unit 80, i.e. when the door 23 is closed and the lid 24 is turned
down or put on the cabinet. Additionally, before the treatment the one or more
sensors 26 built in the back rest of the seat 25 or in the inner side of the cabinet also
check whether the patient to be treated is in a safe posture for starting the treatment.
In a particularly preferred embodiment of the apparatus, both on the right and the left
side of the inner space of the cabinet 20, there is a sensor 26 for the sake of even
higher safety.

The operation of the apparatus according to the invention shown in Figure 1 will
now be described. After starting the treatment the detector 100 measuring the gas
concentration of the room containing the cabinet 20 checks whether the level of gas
concentration around the cabinet 20 falls within an appropriate range. The control
unit 80 starts the treatment only if all of the afore-mentioned safety conditions are

complied with, i.e. each of the sensors 26, 27, 28 and 100 sends an enabling signal.
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After starting the treatment the gas supply unit 40 directs the gas from the gas
tank 50 through the inlet 30 into the cabinet 20 in a controlled way. The inner space
of the cabinet 20 is shaped so that during the treatment preferably more than 25% of
the body surface of the patient gets into contact with the treatment gas. During the
period of the treatment the gas in the cabinet 20 exerts its therapeutic effect in a
transcutaneous way.

As the cabinet 20 of the apparatus 10 is not hermetically sealed during the
treatment, the concentrations of the gases in the cabinet 20 are continuously
measured at least by the gas concentration measurement unit 29a and optionally,
also by the gas concentration measurement unit 29b while the cabinet 20 is being
filled with the gas and also during the entire period of the treatment. When the level
of a gas concentration exceeds a preset threshold associated with a specific
measurement height, the control unit 80 switches off the gas supply and closes the
first valve 42. When the amount of gas in the cabinet 20 decreases below a preset
level, the control unit 80 opens the valve 42 and allows the gas to flow into the
cabinet until a preset gas concentration level is reached.

At the end of the treatment the ventilation unit 60 conveys the gas from the
cabinet 20 through the outlet 31 into a space 70 which is hermetically separated
from the treatment room, for example into the open air. At the end of the treatment
the secure removal of the gaseous materials from the cabinet 20 takes at most 5
seconds in a normal operation mode. In case of a normal termination, however, it is
recommended to replace the air of the treatment room and to refresh the air
therefore the period of gas discharge is preferably set to a longer period, for example
60 seconds. The period of gas feeding and the period of gas discharge can be
preset to a time period optimized with respect to the treatment.

During the treatment various hazardous situations can take place with respect
to security. These situations may be dangerous both for the patient and the staff
operating the apparatus. In such emergency cases, like an excessive gas leakage
from the cabinet 20 or the displacement of the patient in a specific direction to a
specific extent, opening of any of the openable panels, such as the door 23 or the lid
24, the treatment has to be immediately interrupted. In an emergency case the
control unit 80 immediately stops the treatment and removes the gas from the
cabinet 20 within the shortest possible time. The emergency stop process

commences when at least one of the following events takes place:
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- the patient is not sitting in an appropriate posture on the seat 25 (detected

by the sensor 26),

- the door 23 of the cabinet 20 has been opened (detected by the sensor 28),

- the lid 24 has been removed (detected by the sensor 27, preferably for a

displacement of approximately 1 to 2 cm),

- the gas concentration around the apparatus 10 exceeds a preset gas

concentration level (detected by the detector 100),

- any one of the emergency stop switches 90 outputs a signal.

At this time, because of the emergency, one or more of the sensors 26, 27, 28,
100 of the apparatus transit into a disabling state and send an inhibition signal to the
control unit 80. Preferably, in their active (disabling) state the sensors 26, 27, 28,
100 also provide an audio or visual alert. The audio alert may, for example, include a
sharp, discontinuous sound. The visual alert may, for example, include a text
presented on a display. The alert lasts a specific time period, for example about 3
seconds. After the alert has begun, it isn’'t allowed to re-start the treatment, as the
control unit 80 disables the gas supply unit in a programmed manner, and the
treatment can be re-started or continued only after an appropriate intervention of an
operator.

If after the expiry of an alert period the emergency situation still exists and any
one of the sensors 26, 27, 28, 100 is still in a disabling state, the emergency stop
process will be initiated.

After initiating the emergency stop process the concentration of the gas in the
cabinet 20 has to be reduced within the shortest possible time to a secure
concentration level prescribed for the cabinet 20, then the entire amount of gas has
to be discharged. The secure gas concentration level of the cabinet 20 is a level at
which the concentrations of the gas components right around the patient are below a
prescribed secure threshold value. The gas is conveyed by the ventilation unit 60
from the cabinet 20 through the outlet 31 to the space 70 via the pipe 62. During the
treatment, in case of an immediate stop at any moment, in order to reach a secure
gas concentration level, removal of the gaseous therapeutic materials should
preferably be completed in less than 3 seconds, and at least 90% of the gaseous
materials shall preferably be removed within at most 5 seconds. For example, a
pump unit 60 having a power of 350 liters/m® can withdraw the entire amount of gas

from a cabinet 20 having a volume of 350 liters in approximately 3,6 seconds, which
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is a substantially short period for the patient or any person around to stay in the
treatment room without significant health damage even in relatively extreme
situations.

After the gas has been entirely withdrawn, the door 23 and the lid 24 of the
cabinet 20 can be opened and the patient can quit the apparatus 10 under secure
circumstances since in the respiration space of the patient and around the cabinet
20 the concentrations of the gas components are below the secure threshold value.
For example, in case of the use of carbon dioxide gas, the threshold value is 0,5%
per volume according to the respective health care regulations. Any external
intervention or re-start of the treatment is allowed only after the ventilation of the
cabinet 20, which is indicated by the end of the alert. After an emergency stop, it is
preferred to replace the air of the treatment room and to perform an air refreshment.

As a summary, during its operation the apparatus 10 according to the present
invention first conveys the treatment gas into the cabinet in a controlled way, then it
holds the gas or the gas mixture within the treatment space in a secure way during
the entire period of the treatment, and finally, at the end of the treatment it provides a
scheduled discharge of the gas. Furthermore, in any situation regarded as a
dangerous event from a point of view of security, it allows a fast removal of the
gaseous materials from the inner space of the cabinet in a way that is not dangerous
to the patient or the operating staff around the cabinet while being in accordance
with the safety regulations.

In the following, the operation of the computer program controlling the security
functions of the apparatus according to the present invention will be described.

a) initialization, system boot (enabling module A, without a time limit,
recommended period: 120 sec)

b) security check of the inner unit (enabling module B; test of temperature, gas
sensors, locks, valves)

c) external check (enabling module K; outer gas sensors, temperature, alert)

d) start of treatment (carried out by the control module | if all of the modules A,
B and C are in an enabling state); then the module I fills in the gas mixture up to the
level corresponding to the inner gas concentration measurement units (e.g. 29a,
29b)

e) timing (module T, adjusting the period of treatment based on the program

selection)
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f) normal stop (secure discharge of the gaseous materials (t<5 sec) and
conveying them away)

bv.) inner system emergency stop, which stops the modules BV and T, and
immediately activates the operation of the termination unit EX.

kv.) external system emergency stop, which stops the modules BV and T, and
immediately activates the termination unit EX.

In the above, the module BV is a module for controlling the gas feeding.

In order to reach a secure level, the module EX performs the removal of the
gaseous materials preferably within a period t<3 sec, whereas it removes the entire

volume of the gaseous materials in a secure way preferably within a period t<5 sec.
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Claims

1. An apparatus (10) for transcutaneous treatment by gas, said apparatus (10)
comprising

a rigid-wall cabinet (20) arranged in a treatment room and having an upper
opening and at least one openable panel, wherein a seat (25) is arranged inside the
cabinet (20), and the cabinet (20) comprises at least one gas concentration
measurement unit (29a), and the cabinet (20) further comprises a gas inlet (30) for
feeding the treatment gas and a gas outlet (31) for discharging the treatment gas,

a gas supply unit (40) coupled to the gas inlet (30) of the cabinet (20) via a pipe
(41) and through an interposed controllable valve (42), and

a gas tank (50) connected to the gas supply unit (40),

a ventilation unit (60) connected to the gas outlet (31) of the cabinet (20)
through an interposed controllable valve (63), a control unit (80) for receiving the
signals of the gas concentration measurement unit (29a) and for controlling operation
of the valves (42, 63) and said ventilation unit (60) based on at least the signals of
the gas concentration measurement unit (29a),

wherein the apparatus further comprises at least one emergency sensor (26,
27, 28, 100), and the control unit (80) is further configured to determine an
emergency based on the signal of said at least one emergency sensor (26, 27, 28,
100);

characterized in that

the cabinet (20) is not hermetically sealed,

said ventilation unit (60) is coupled via a further pipe (62) to a space (70)
hermetically separated from the treatment room containing the cabinet (20),

wherein said ventilation unit (60) is a pump unit having a power suitable for
removing, in case of emergency determined by the control unit (80), at least 90% of
the volume of the treatment gas from the inner space of the cabinet (20) to said

hermetically separated space (70) within at most 5 seconds.
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2. The apparatus (10) according to claim 1, characterized in that the cabinet
(20) further comprises at least one sensor for indicating opening of an openable
panel, said sensor being coupled to the control unit (80).

3. The apparatus (10) according to claim 1 or 2, characterized in that the
cabinet (20) further comprises a door (23) as an openable panel on its side,
preferably on its front side, wherein the at least one opening indication sensor is a
sensor (28) adapted to detect opening of the door (23).

4. The apparatus (10) according to claim 3, characterized in that the apparatus
further comprises an openable or removable lid (24) on the upper side of the cabinet
(20) as an additional openable panel, and a further sensor (27) for indicating

displacement of the lid (24).

5. The apparatus (10) according to any one of claims 1 to 4, characterized in
that the apparatus further comprises a displacement sensor (26) built in a back rest
of the seat (25) or in an inner side wall of the cabinet (20), said displacement sensor

(26) being in the form of a proximity sensor or a pressure sensor.

6. The apparatus (10) according to any one of claims 1 to 5, characterized in
that the apparatus further comprises a sensor (100) for measuring the gas
concentration around the cabinet (20) and for indicating that the surrounding gas
concentration reaches a preset concentration, said sensor (100) being coupled to the
control unit (80).

7. The apparatus (10) according to any one of claims 1 to 6, characterized in
that the apparatus further comprises at least one emergency stop switch (90) coupled
to the control unit (80).



