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DESCRIPTION

Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This Patent Application claims priority from Italian Patent Application No.
102021000000521 filed on January 13, 2021.

TECHNICAL FIELD

[0002] The present invention concerns an artificial diuresis device.

[0003] Examples of prior art devices are disclosed in US2013/0206655A1 and
US2017/0173251.

PRIOR ART

[0004] In various clinical situations elimination of the excess fluid accumulated in the organism
due to various pathologies (heart failure, kidney failure, edematous disorders) together with the
urine (physiological diuresis) is inadequate or insufficient. In these conditions the fluid overload
causes serious clinical complications, increase in hospitalization and mortality. In many of these
cases, diuretic-based pharmacological solutions are used to obtain an increase in renal urine
excretion (forced diuresis). Nevertheless, in a significant percentage of patients the
pharmacological approach does not achieve the desired outcome and the medical condition of
fluid overload persists in patients, with negative clinical and social outcomes.

[0005] The use of techniques for removal of the excess fluid by means of extracorporeal
ultrafiltration is known, however the equipment is cumbersome and suitable for use only in
highly specialized settings due to the complexity of use and potential risks for the patient in the
case of incorrect use. Said risks are connected with the high volume of blood present in the
extracorporeal circuit and the flow necessary to treat the blood with traditional filters for adults:
inappropriate use can cause loss of the blood which cannot be restored to the patient, and can
result in serious drops in body blood pressure.

[0006] Therefore, the ultrafiltration equipment of known type is not commonly used to support
other therapies or in departments for different pathologies due both to its cumbersomeness
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and the need for the presence of specialist staff. In these situations, therefore,
pharmacological treatments are frequently used to support other therapies; however,
pharmacological treatment is not as effective as the use of ultrafiltration equipment.

[0007] By ultrafiltration we mean an established and well-known process for the production of
plasma water, but not cells or colloids, from blood containing electrolytes and cristalloids by
means of separation obtained through a membrane.

DESCRIPTION OF THE INVENTION

[0008] The object of the present invention is, therefore, to provide an artificial diuresis device
that overcomes the drawbacks described above.

[0009] The object of the present invention is to provide a simple, portable and safe device that
makes the technique of ultrafiltration feasible in any setting, either in hospital or at home,
facilitating any self-administration of the therapy by the patient.

[0010] According to the present invention an artificial diuresis device is provided according to
the attached claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] For a better understanding of the invention embodiments are described, purely by way
of example, in which:

« figure 1 is a schematic view with some parts removed for clarity of a preferred
embodiment of an artificial diuresis device according to the present invention;

» figure 2 illustrates a detail of the device of figure 1;

« figure 3 is a schematic view of a detail of the device of figure 1 in an operating
configuration;

« figure 4 illustrates a detail of figure 3;

« figure 5 is the section according to the line V-V of figure 4;

» figure 6 is the section according to the line VI-VI of figure 4;

« figure 7 is the section according to the line VII-VII of figure 4; and

« figure 8 is a schematic view of a detail of the device of figure 1.

PREFERRED EMBODIMENTS OF THE INVENTION

[0012] In figure 1 the number 1 indicates overall an artificial diuresis device according to the
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present invention. Advantageously, the artificial diuresis device 1 is portable, namely it can be
worn by a patient H allowing movements (such as walking, sitting and the like). In other words,
the artificial diuresis device 1 has reduced dimensions and weight so that it can be lifted and
moved easily by any person.

[0013] The device 1 is configured to work with a volume of extracorporeal blood of less than
40 ml, preferably 30 ml.

[0014] The device 1, being portable, having reduced dimensions and working with a volume of
extracorporeal blood of less than 40 ml, intrinsically reduces patient risk in the event of blood
loss.

[0015] The artificial diuresis device 1 comprises a reusable machine 2 and a disposable unit 3.

[0016] As illustrated schematically in figure 2, the machine 2 comprises a box-like body 21
having an inner cavity 22; in this way, advantageously, the part of the most costly and
cumbersome components of the device 1 are enclosed within the cavity 22 of the machine 2
(and are not accessible) so that they can be used several times.

[0017] As illustrated in further detail in figure 3, the disposable unit 3 can be used one single
time and comprises components that come into contact, in use, with the organic liquids Lh of
the patient H. At the end of each treatment the disposable unit 3 is disposed of in compliance
with the law.

[0018] As illustrated schematically in figure 3, the disposable unit is connected, in use, to the
patient H by means of:

e a vascular access device N1 (of known type and illustrated schematically) to extract
organic liquid Lh1, which is fed into the disposable unit 3;

+ a vascular access device N2 (of known type and illustrated schematically) for reinfusion
of the treated organic liquid Lh2 into the patient H.

[0019] For example, the vascular access devices N1 and N2 are needles and/or catheters or
similar. Each vascular access device N1, N2 is connected, in use, to the disposable unit 3 as
will be illustrated in greater detail below.

[0020] Advantageously, as will be illustrated in greater detail below, the disposable unit 3 is
completely filled, before use, with treatment liquid Lt. The treatment liquid Lt can be saline
solution, if necessary mixed with other substances such as heparin, for example.

[0021] According to the example illustrated in figure 1, the device 1 further comprises a cover
20 having substantially the form of a cup-shaped body with concavity facing, when coupled, the
body 21 of the machine 2 coupled with the machine 2. In use the cover 20 covers and screens,
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at least partly, the disposable unit 3.

[0022] According to the example illustrated, the disposable unit 3 comprises: an operating box
4: a plurality of flexible tubes T for the flow of the organic liquids Lh; a filtering unit 5; and a
collecting bag 6.

[0023] Advantageously, the device 1 comprises a plurality of measuring apparatuses S, as will
be illustrated in further detail below, in order to verify correct execution of the treatment.

[0024] The device 1 further comprises a control unit 7, which is housed inside the inner cavity
22 and with which each measuring apparatus S exchanges signals, in use.

[0025] Advantageously, the body 21 of the machine 2 and the box 4 are configured to couple
with each other, for example by means of shape and/or interference couplings (of known type
and notillustrated), in a predefined position, as will be illustrated in greater detail below.

[0026] Advantageously, the box 4 is made in one single piece. Advantageously the box 4 is
made by molding of polymeric material. In this way, the box 4 is lightweight and easy to wear.

[0027] Furthermore, the box 4 is optimized so as to reduce the overall dimensions and thus
facilitate portability.

[0028] Advantageously, the box 4 is configured so as to minimize the volume of blood present
in the extracorporeal circuit of the disposable unit 3.

[0029] Preferably, the box 4 is configured to limit the volume of blood present in the
extracorporeal circuit to below 40 ml, preferably approximately 30 ml.

[0030] As illustrated in figures 3 and 4, the box 4 has:

» an inlet |1 for organic liquid Lh1 to be treated and coming from the patient H;

= an outlet U1 for sending the organic liquid Lh1 to be treated to the filtering unit 5;
¢ aninlet channel C1 that connects the inlet |1 to the outlet U1;

» an inlet 12 for the treated organic liquid Lh2 coming from the filtering unit 5;

« an outlet U2 for sending the treated organic liquid Lh2 to the patient H; and,

¢ an outlet channel C2 that connects the inlet 12 to the outlet U2.

[0031] Advantageously, the box 4 has an interaction area A1 configured to interface, in use,
with the machine 2. The interaction area A1 is arranged along the inlet channel C1. According
to the example illustrated, the interaction area A1 has a substantially cylindrical shape. Without
loss of generality, the interaction area A1 can have different shapes and dimensions from
those illustrated.
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[0032] The device 1 comprises a measuring apparatus S1 (schematized in figure 5) which is
configured to detect the pressure of the organic liquid Lh1 to be treated in the interaction area
Al

[0033] Preferably, the box 4 comprises a membrane 30 which laterally delimits a respective
portion of the interaction area A1. The machine 2 comprises, in turn, a pressure transducer 31
which detects, in use, variations in the pressure of the organic liquid Lh1 to be treated inside
the interference area A1 according to the deformation of the membrane 31. The pressure
transducer 31 is housed inside the cavity 22 of the machine 2 and exchanges signals (in a
known manner not illustrated) with the control unit 7.

[0034] Advantageously, the box 4 has an interaction area A2 configured to interface, in use,
with the machine 2. The interaction area A2 is arranged along the outlet channel C2. According
to the example illustrated, the interaction area A2 has a substantially cylindrical shape. Without
loss of generality, the interaction area A2 can have shapes and dimensions different from
those illustrated.

[0035] The device 1 comprises a measuring apparatus S2 (schematized in figure 5) which is
configured to detect the pressure of the treated organic liquid Lh2 flowing out of the filtering
unit 5 and in the area of the interaction area A2. Preferably, the box 4 comprises a membrane
32 that laterally delimits a respective portion of the interaction area A2. The machine 2
comprises, in turn, a pressure transducer 33 which detects, in use, variations in the pressure of
the treated organic liquid Lh2 inside the interference area A2 according to the deformation of
the membrane 32. The pressure transducer 33 is housed inside the cavity 22 of the machine 2
and exchanges signals (in a known manner not illustrated) with the control unit 7.

[0036] Advantageously, the box 4 furthermore has:

» an inlet I3 for the ultra-filtered liquid LU; and
« an outlet U3 for sending the ultra-filtered liquid LU to the collecting bag 6; and,
¢ an ultra-filtered channel C3 that connects the inlet 13 to the outlet U3.

[0037] Advantageously, as will be illustrated in greater detail below, the box 4 furthermore has
an inlet 14 for introducing auxiliary liquid LA into the ultra-filtered channel C3. The auxiliary
liquid LA can correspond to the treatment liquid Lt or be of different type.

[0038] Advantageously, the box 4 has an interaction area A3 configured to interface, in use,
with the machine 2. In particular, the machine 2 comprises, in turn, a measuring apparatus S3
for detecting the flow of the ultra-filtered liquid LU in the interaction area A3.

[0039] The measuring apparatus S3 comprises a flowmeter 34.

[0040] Advantageously, the measuring apparatus S3 comprises a flow adjustment element 35
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which cooperates with the flowmeter 34. According to the example illustrated in figure 7, the
adjustment element 35 is a cartridge which has a shaped profile facing in use the inside of the
ultra-filtered channel C3 and in contact with the ultra-filtered liquid LU.

[0041] The form of the shaped profile is predefined according to the desired flow rate value of
the ultra-filtered liquid LU in the interaction area A3, in particular in the area of the flowmeter
34.

[0042] Advantageously the cartridge 35 is fixed to the box 4 in the interaction area A3, so as to
delimit a respective section Q of the ultra-filtered channel C3.

[0043] Advantageously, the flowmeter 34 is fixed to the box 4 so as to delimit a respective
section Q of the ultra-filtered channel C3.

[0044] The flowmeter 34 and the cartridge 35 delimit laterally, at least partially, the same
passage section Q as the ultra-filtered channel C3.

[0045] Advantageously, the cartridge 35 is chosen from within a group of cartridges 35
different from one another in terms of the shape and dimension of the shaped profile intended
to be in contact, in use, with the ultra-filtered liquid LU.

[0046] Advantageously the form and dimension of the shaped profile of a cartridge 35 obtain
respective different flow rates of the ultra-filtered liquid LU which flows through the passage
section Q.

[0047] According to a variation not illustrated, the adjustment element 35 is made in one single
piece with the box 4. In other words, the adjustment element 35 is substantially obtained with a
corresponding appropriately shaped portion of the box 4.

[0048] For example the flowmeter 34 is produced in principle according to the teachings
described in the patent application EP 3 566 729 A1 or in the patent application EP 2 946 179
Al

[0049] Advantageously but without limitation, the flowmeter 34 comprises an electric/electronic
measuring circuit 41, which is provided with at least one thermo-resistive electric component
42. The thermo-resistive electric component 42 can expediently comprise, for example, a
thermal sensor, preferably a thermal anemometer, the thermo-resistive (sensitive) electric
component of which is used both as a dissipative sensor and as a temperature sensor. It is
understood that the thermo-resistive electric component 42 is used for temperature
compensation of the fluid thus making the flow rate independent of the fluid temperature.

[0050] Preferably, the thermo-resistive electric component 42 can comprise a PTC (Positive
Temperature Coefficient) resistor or any similar thermistor electric/electronic component.
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[0051] The thermo-resistive electric component 42 can be associated/coupled/arranged with/in
the ultra-filtered channel C3 (schematized by a broken line in figure 8) so that it can transmit
and/or receive heat, directly or indirectly, to/from the liquid that passes through the ultra-filtered
channel C3.

[0052] In this way, the thermo-resistive electric component 42 is expediently lapped by the
ultra-filtered liquid LU (coming into contact with the ultra-filtered liquid LU) and varies its
resistance according to the temperature and flow rate of the ultra-filtered liquid LU.

[0053] According to a variation not illustrated, the ultra-filtered channel C3 can be at least
partially provided through the flowmeter 34.

[0054] The measuring circuit 41 can further comprise a voltage measuring device 45, which is
electrically coupled to the thermo-resistive component 42, for example at the (terminal) ends
thereof. The voltage measuring device 45 is configured so as to measure the electric voltages
VL and VH at the ends of the resistive component 42.

[0055] The flowmeter 34 can further comprise a calculation device 46 configured so as to
implement the calculation operations to determine the liquid flow rate.

[0056] The calculation device 46 can be programmed/configured so as to:

= receive from the voltage measuring device 45 the voltages VL and VH of the thermo-
resistive component 42 measured according to predefined methods;

» calculate respective resistive values R indicative of the electrical resistance of the
thermo-resistive component 42.

[0057] Advantageously, the flowmeter 34 is an integrated electromechanical microsystem in
miniaturized form, generally known as MEMS (Micro Electro-Mechanical System). In other
words, advantageously, the flowmeter 34 is miniaturized.

[0058] Advantageously, the flowmeter 34 is disposable, namely it can be used one single time.

[0059] The flowmeter 34 is configured to exchange signals relative to the resistive values R
detected with the control unit 7.

[0060] Advantageously, the box 4 has an interaction area A4 configured to interface, in use,
with the machine 2. In particular, the machine 2 comprises, in turn, a measuring apparatus S4
for measuring blood traces to detect any blood losses in the ultra-filtered liquid LU in the
interaction area A4.

[0061] For example, the measuring apparatus S4 comprises an optical sensor 36, for example
a sensor of the type generally known as BLD. The measuring apparatus S4 further comprises
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a reflecting element 37 which faces the optical sensor 36 so that, in use, when the ultra-filtered
liquid LU passes through the interaction area A4 it flows between the sensor 36 and the
reflecting element 37. For example, the reflecting element 37 is a mirror surface that laterally
delimits the ultra-filtered channel C3.

[0062] Advantageously, the reflecting element 37 is configured to increase the contrast so as
to optimize the detection of any blood traces.

[0063] Without loss of generality and by way of example, according to the example illustrated
in figure 7, the interaction areas A3 and A4 are distinct areas.

[0064] According to a variation not illustrated, the interaction areas A3 and A4 coincide and are
overlapped, namely detection of the flow and the presence of blood occur in one single area.

[0065] According to a variation not illustrated, the flowmeter 34 and the optical sensor 36 are
inserted inside a cartridge 35 configured to be applied, by means of a shape and/or
interference coupling, to the box 4 in the interaction area A3/A4. The differential flowmeter 34
and the optical sensor 36 face the inside of the ultra-filtered channel C3.

[0066] Advantageously, the device 1 comprises a measuring apparatus S5 for detecting
bubbles in the treated organic liquid Lh2 before it is sent to the patient H. For example, the
measuring apparatus S5 is applied in the area of the outlet U2.

[0067] Advantageously, the device 1 further comprises, for each vascular access device N1,
N2, a measuring apparatus S6 for detecting correct insertion of the latter during the treatment.

[0068] Advantageously, each measuring apparatus S, S1, S2, S3, S4, S5 and S6 exchanges
signals, in use, with the control unit 7.

[0069] According to the example illustrated, the filtering unit 5 is a filter. According to a
variation not illustrated, the filtering unit can comprise a plurality of filters installed in parallel or
in series. The filtering unit 5 is of known type and is schematically illustrated.

[0070] By way of non-exhaustive example, the filtering unit 5 is a hollow capillary fiber
hemofilter with cutoff lower than 55 kDa so as to avoid albumin losses in the ultra-filtered liquid
LU. The hollow capillary membrane of the filtering unit 5 can be made of polysulfone

(Medisulfone®, produced by Medica S.p.A) or, alternatively,
polyethersulfone/polyvinylpyrrolidone (generally known as PUREMA® H membrane produced
by 3M®).

[0071] Advantageously, the filtering unit 5 guarantees a flow of ultra-filtered liquid LU equal to
at least 5% of the flow of the pump 12. For example, the flow of the ultra-filtered liquid LU is
between 1 ml/min and 4 ml/min.
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[0072] According to a variation not illustrated, the filtering unit 5 is not a hemofilter but a hollow
capillary fiber plasmafilter, with membrane in PES/PVP produced by Medica SpA (Versatile-

PES®) which performs plasma filtration, namely separation of the blood cell components
(which remain in the lumen of the fibers) from the plasma. Said filter has a cutoff of
approximately 1000 kDa and advantageously allows slow continuous plasma filtering.

[0073] In a known manner, the filtering unit 5 has:

» an inlet |5 for the incoming organic liquid Lh1;
= an outlet U4 for the ultra-filtered liquid LU;
e an outlet U5 for the treated organic liquid Lh2.

[0074] The filtering unit 5 further comprises an inlet 16 for auxiliary liquid LA which can be
inserted by manual pumping means preloaded for any backflush.

[0075] As illustrated in figure 3, the outlet U4 is in fluidic communication with the inlet I3 of the
box 4.

[0076] As illustrated in figures 1 and 2, the artificial diuresis device 1 further comprises a pump
12, in particular a peristaltic pump, for circulation of the organic liquid Lh through the
disposable unit 3. Advantageously, the pump 12 comprises a head 8, which protrudes outside
the body 21 of the machine 2, and an operation unit 9, which is inserted inside the cavity 22 of
the machine 2 and, in use, rotates the head 8 around an axis of rotation Y. The head 8 of the
peristaltic pump is configured to interact with the disposable unit 3, as will be illustrated in
greater detail below, so as to cause circulation of the organic liquid Lh. The peristaltic pump 12
is of known type and schematically illustrated.

[0077] The pump 12 is configured to obtain a pumping of 20-40 ml/minute. In other words, the
flow rate of the pump 12 is certainly lower than that of the pumps commonly used in the fixed
machines of known type for hemofiltration which is in the order of magnitude of 200 ml/minute.

[0078] The disposable unit 3 further comprises:

» an inlet tube T1 which is fluidically connected to the inlet I1 and is configured to connect,
in use, to the vascular access device N1 for drawing organic liquid Lh1 from the patient

H;

» a tube T2 that fluidically connects the outlet U1 of the box 4 to the inlet I5 of the filtering
unit 5;

e a tube T3 that fluidically connects the outlet U5 of the filtering unit 5 to the inlet 12 of the
box 4;

« a tube T4 which is fluidically connected to the outlet U2 of the box 4 and is configured to
connect, in use, to the vascular access device N2 for the reinfusion of treated organic
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liquid Lh2 into the patient H; and
« atube T5 that connects the outlet U3 of the box 4 to the collecting bag 6.

[0079] The tubes T1, T2, T3, T4 and T5 indicated above are of known type and schematically
illustrated. In particular, they are made of flexible PVC and are disposable.

[0080] Advantageously, the device 1 comprises one or more electric contacts (of known type
and not illustrated) between the box 4 and the machine 2 for the passage of signals from one
or more sensitive elements S, S1, S2, S3, S4 to the control unit 7.

[0081] Advantageously, the device 1 is powered by a battery 14. In this way, advantageously,
the device 1 does not have to be connected to a fixed electric power supply network, allowing a
patient H to move during the treatment.

[0082] The device 1 further comprises a plurality of clamps Z of known type and schematically
illustrated, each of which is configured to close the area of passage of a respective tube T so
as to stop the passage of fluid. In particular, the device 1 comprises:

= aclamp Z1 applied to the tube T1;
s aclamp Z2 applied to the tube T5; and
» aclamp Z3 applied to the tube T1.

[0083] Advantageously, the device 1 further comprises a needle free valve 15 applied to close
the inlet 14 of the box 4. The valve 15 is of known type and is schematically illustrated.
Advantageously, an operator can inject liquid, by means of a syringe, into the ultra-filtered
channel C3 through the valve 15.

[0084] Advantageously, before use, the disposable unit 3 is completely filled with saline
solution. This guarantees the absence of air inside the disposable unit 3 at the time of
connection with the vascular access devices N1 and N2 and it is possible to immediately use
the device 1 without carrying out a series of operations, generally known as priming
operations, which necessarily have to be performed on board fixed hemofiltration machines.

[0085] In other words, before the first use the following are completely filled with saline
solution: the tube T1, the inlet channel C1, the tube T2, the filtering unit 5, the tube T3, the
outlet channel C2, the tube T4, the ultra-filtered channel C3 and the tube T5.

[0086] Advantageously, the device 1 of the type described above is portable, therefore it can
be used by a patient H in any place, at the same time allowing him/her to move.

[0087] Advantageously, the device 1 of the type described above does not require the
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intervention of medical staff specialized in hemofiltration treatments in order to be applied to
the patient.

[0088] Therefore the device 1 of the type described above can be used also in any type of
department and by medical staff not specialized in hemofiltration.

[0089] According to the example illustrated, the machine 2 further comprises a display 25
which dialogues with the control unit 7 and is configured to exchange data with the user. For
example, the display can be a graphic interface applied to the outside of the box-like body 21
of the machine 2. Alternatively, the display can be a graphic interface of a remote device such
as, for example, the screen of a computer, tablet, smartphone and the like.

[0090] In use, the machine 2 and the disposable unit 3 are pre-arranged.

[0091] Advantageously, the disposable unit 3 is hermetically sealed inside sterile packaging
and is pre-filled with saline solution so as to guarantee the use thereof without the need to
carry out a circuit preparation and filling phase, as with traditional devices.

[0092] The disposable unit 3, once removed from its packaging, is applied to the box-like body
21 of the machine 2. In particular, the box 4 is coupled to the body 21 by means of the shape
and/or interference couplings provided so as to guarantee that the disposable unit 3 assumes
a predefined position during use.

[0093] Therefore, the tubes T are positioned in a predefined manner.

[0094] In particular, the tube T2 is partially wound around the head 8 of the pump 12. The
cartridge 35 is inserted in its housing if not already present. The collecting bag 6 is connected
to the tube T5 if not already present.

[0095] Simultaneously or subsequently to pre-arrangement of the disposable unit 3 on the
machine 2, the vascular access devices N1 and N2 are applied to the patient H according to
hemofiltration treatment methods known and not illustrated.

[0096] The vascular access device N1 for drawing organic liquid Lh1 from the patient H is then
connected to the inlet tube T1; analogously, the vascular access device N2 for the reinfusion of
treated organic liquid Lh2 is connected to the outlet tube T2.

[0097] When the ignition signal of the device 1 is given, for example via the display 25, the
pump 12 is operated, causing the organic liquid Lh1 coming from the tube T1 to flow, pushing
it into the filtering unit 5.

[0098] The organic liquid Lh1 taken from the patient H enters the channel C1 of the disposable
unit 3 and passes through the interaction area A1. In the interaction area A1 the pressure
measuring apparatus S1 detects the inlet pressure P1 of the incoming organic liquid Lh1.
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Advantageously, the inlet pressure value P1 serves to determine if there are obstructions or if
the vascular access device N1 has become detached.

[0099] Once the organic liquid Lh1 has flowed out of the inlet channel C1, it passes through
the tube T2 and is pushed by the pump 12 into the filtering unit 5.

[0100] The filtering unit 5 separates, in a known manner, the ultra-filtered liquid LU from the
treated organic liquid Lh2.

[0101] At the outlet of the filtering unit 5, the treated organic liquid Lh2 is pushed into the outlet
channel C2 and passes through the interaction area A2.

[0102] In the interaction area A2 the pressure measuring apparatus S2 detects the outlet
pressure P2 of the treated organic liquid Lh2.

[0103] Advantageously, the outlet pressure value P2 serves to determine if there are any
obstructions or if the vascular access device N2 has become detached.

[0104] As will be illustrated in greater detail below, in the case of bubbles being detected in the
treated organic liquid Lh2, the measuring apparatus S5 exchanges signals with the control unit
7 to stop operation of the device 1.

[0105] The ultra-filtered liquid LU is pushed as it flows out of the filtering unit 5 through the
outlet U4 into the ultra-filtered channel C3.

[0106] In the ultra-filtered channel C3, the ultra-filtered liquid LU passes through the interaction
areas A3 and A4. In the interaction areas A3 and A4 the flow rate is detected by means of the
measuring apparatus S3 for detecting the flow and/or the presence of any blood traces by
means of the blood measuring apparatus S4. At the outlet of the ultra-filtered channel C3, the
ultra-filtered liquid LU enters the collecting bag 6.

[0107] If, during the treatment, the control unit 7 detects abnormal functioning based on the
signals detected by one or more of the measuring apparatuses S; S1, S2, S3, S4, S5 the
control unit adjusts, in particular it slows down or stops, the operation unit 9 of the pump 12. In
this way, advantageously, the treatment is stopped in a relatively short time.

[0108] Advantageously, the control unit 7 has a software to adjust the operation unit 9
according to the type of treatment to be carried out.

[0109] The display 25 is configured to emit acoustic or visual alarms to draw the attention of
the healthcare operators.

[0110] In order to carry out washing operations on the filtering unit 5 the clamp Z3 is tightened
so as to close the passage section of the tube T5. An operator can then inject treatment liquid
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Lt through the needle free valve 15 and inside the ultra-filtering channel C3 so as to obtain
back-washing of the filtering unit 5. Additionally or alternatively, an operator with pre-loaded
manual pumping means can introduce auxiliary liquid LA through the inlet 16 for any backflush.

[0111] Advantageously, the device 1 of the type described above has reduced dimensions and
is easy to apply.

[0112] Advantageously, given the reduced flow rate of the organic liquid Lh through the device
1, it is possible to use the device 1 to carry out the treatments for longer periods of time than
those carried out with traditional apparatuses.

[0113] Given the reduced quantity of organic liquid Lh in circulation through the device 1,
stopping of the device 1 does not harm the patient.

[0114] Advantageously, the device 1 of the type described above allows artificial diuresis to be
obtained which is:

= continuous (the device 1 can carry out treatments lasting several hours, for example 24
hours or for fractions of a day, or a few hours);

» slow and progressive;

« adjustable and safe; and

e manageable at the patient's bed or even at home.

[0115] Advantageously, the device 1 of the type described above is simple to apply thus
allowing the performance of ultrafiltration processes also in situations where up to now these
types of treatment were not applicable or could be obtained only by means of pharmaceutical
treatment.

[0116] Purely by way of example, the device 1 can be used to carry out the following
treatments:

1. 1. Acute heart decompensation: slow progressive removal of fluid adjustable to a
variable speed similar to physiological diuresis;

2. 2. Critical condition in intensive care: management of fluid balance in the case of oliguria
or excessive need for infusion, independently of dialysis therapy;

3. 3. Recent kidney transplant. management of fluid balance in the case of slow graft
function;

4. 4. Patients in ECMO: management of fluid balance after or during extracorporeal
oxygenation;

5. 5. Decompensated nephrotic syndrome and anasarca: management of fluid overload;

6. 6. Decompensating cirrhosis: management of anasarcatic and ascitic state;

7. 7. Chronic heart decompensation: management of fluid overload in initial stages of
decompensation (rescue therapy) or management of prevention of re-hospitalizations
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with periodic treatments (elective therapy);
8. 8. Patient with initial kidney failure and need for fluid rebalance:
9. 9. Hypoalbuminemia and generalized edematous states: reduction of fluid overload;
10. 10. Pediatric patients requiring fluid balance optimization: the miniaturized nature of the
device allows use in young patients right down to neonatal level,
11. 11. Treatment of fluid overload in the interdialytic period in patients in thrice-weekly
hemodialysis;
12. 12. Periodic treatment of hyperhydration in patients in peritoneal dialysis with insufficient
transperitoneal fluid removal;
13. 13. Therapy in protected settings: for example care homes and limited care centers;
14. 14. Home therapy: home management of chronic edema.
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PATENTKRAV

1. Kunstig diureseindretning, der kan baeres af en patient (H), og som omfatter en
genanvendelig maskine (2) og en engangsenhed (3), kendetegnet ved, at naevnte
engangsenhed (3) er hermetisk forseglet og fuldsteendigt forfyldt med en
behandlingsvaeske (Lt), hvor der ingen Iuft er inde i engangsenheden pa
tidspunktet for tilslutning til den genanvendelige maskine (2) med henblik pa at
give mulighed for gjeblikkelig anvendelse af den kunstige diureseindretning (1),

uden at udfgre operationer til fyldning af engangsenheden (3).

2. Kunstig diureseindretning ifglge krav 1, hvor engangsenheden (3) omfatter en
betjeningsboks (4), som igen omfatter en flerhed af maleapparater (S; S1; S2;
S3; S4; S5), hvor naevnte maskine (2) og neevnte boks (4) er indrettet til at blive

koblet til hinanden i en foruddefineret konfiguration.

3. Kunstig diureseindretning ifglge krav 1, hvor betjeningsboksen (4) har:

- et fgrste indlgb (I1) til en organisk vaeske, der skal behandles (Lh1), og som er
udtaget fra patienten (H),

- et fgrste udlgb (U1) til at sende den organiske vasske, der skal behandles (Lh1),
til en filtreringsenhed (5),

- en indlgbskanal (C1), der forbinder det fgrste indlgb (I1) med det fgrste
udlgb (U1),

- et andet indlgb (I12) til en behandlet organisk vaeske (Lh2), der kommer fra
naevnte filtreringsenhed (5),

- et andet udlgb (U2) til at sende den behandlede organiske vaeske (Lh2) til
patienten (H),

- en udlgbskanal (C2), der forbinder det andet indlgb (I2) med det andet
udlgb (U2).

4. Indretning ifglge krav 3, hvor neaevnte boks (4) har et fgrste interaktions-
omrade (A1) langs naevnte indlgbskanal (C1), hvor naevnte indretning (1) omfatter
et fgrste maleapparat (S1), der i brug detekterer trykket i den organiske veeske,

som skal behandles (Lh1) i det fgrste interaktionsomrade (A1).

5. Indretning ifglge krav 4, hvor neevnte boks (4) har et andet interaktions-

omrade (A2), hvor naevnte indretning (1) omfatter et andet méaleapparat (S2), der
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i brug detekterer trykket i den behandlede organiske veeske (Lh2) i det andet

interaktionsomrade (A2).

6. Kunstig diureseindretning ifglge et hvilket som helst af kravene 3 til 5, hvor
boksen (4) har:

- et tredje indlgb (I3) til en ultrafiltreret vaeske (LU),

- et tredje udlgb (U3) til at sende den ultrafiltrerede vaeske (LU) til en opsamlings-
pose,

- en ultrafiltreretkanal (C3), som forbinder det tredje indlgb (I3) med det tredje
udlgb (U3).

7. Kunstig diureseindretning ifglge krav 6, hvor boksen (4) har et fjerde indlgb (14)

til at injicere vaeske ind i ultrafiltreretkanal (C3).

8. Indretning ifglge krav 6 eller 7, hvor naevnte boks (4) har et tredje interaktions-
omrade (A3) til interaktionen med neevnte maskine (2) langs naevnte
ultrafiltreretkanal (C3), hvor neevnte indretning (1) omfatter et tredje
maleapparat (S3) til at detektere stremningen af den ultrafiltrerede vaeske (LU) i

det tredje interaktionsomrade (A3).

9. Indretning ifglge et hvilket som helst af kravene 6 til 8, hvor neevnte boks (4)
har et fijerde interaktionsomrade (A4) langs naevnte ultrafiltreretkanal (C3), hvor
neevnte indretning (1) omfatter et fjerde maleapparat (S4) til at detektere

blodspor i den ultrafiltrerede vaeske (LU).

10. Indretning ifglge krav 8 og 9, hvor det tredje interaktionsomrade (A3) og det

fierde interaktionsomrade (A4) er sammenfaldende.

11. Indretning ifglge krav 9 eller 10, hvor det tredje maleapparat (S3) og det
fierde maleapparat (S4) er indbygget i en engangsenhed (35), der kan anvendes

én gang.

12. Indretning ifglge et hvilket som helst af kravene 9 til 11, hvor neevnte
maskine (2) omfatter et reflekterende element (37), der lateralt afgraenser en
respektive del af det fjerde interaktionsomrade (A4) og interagerer med naevnte

fierde méleapparat (S4) med henblik pd at afgreense en passagesektion (Q) for
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den ultrafiltrerede vaeske (LU) og @ge kontrasten for mulige blodspor i den

ultrafiltrerede vasske (LU).

13. Indretning ifglge et hvilket som helst af kravene 4 til 12, hvor neevnte
maskine (2) omfatter et legeme (21), der har et indre hulrum (22), hvor ét eller
flere maleapparater (S1, S2) rummes inde i det indre hulrum (22) og i brug
interagerer med en respektive del af engangsenheden (3) i de respektive

interaktionsomrader (A1, A2).

14. Indretning ifglge et hvilket som helst af kravene 3 til 13, der omfatter et femte
maleapparat (S5), som er indrettet til at detektere tilstedevaerelsen af bobler i den
behandlede organiske vaeske (Lh2), hvor naevnte femte maleapparat (S5) er

anbragt i naevnte andet udlgbs (U2) omrade.

15. Indretning ifglge et hvilket som helst af kravene 4 til 14, der omfatter en styre-
enhed (7), hvor ét eller flere méleapparater (S1, S2, S3, S4, S5) udveksler signaler
med naevnte styreenhed (7), hvor naevnte styreenhed (7) er indrettet til at stoppe
driften af indretningen (1) og/eller udsende lyd- og/eller lysalarmsignaler i tilfeelde

af, at der detekteres veerdier, som ikke overholder forudbestemte parametre.

16. Indretning ifglge krav 15, hvor neevnte maskine (2) omfatter en peristaltisk
pumpe (12), hvor neevnte styreenhed (7) justerer pumpens (12) drift afthaengigt
af de signaler, der detekteres af ét eller flere maleapparater (S1, S2, S3, S4, S5).

17. Indretning ifglge krav 15 eller 16, der omfatter en greenseflade (25), iseer et
display, til udveksling af indstillingsdata og/eller driftsparametre og/eller alarm-
signaler med det ydre miljg, hvor neevnte greenseflade (25) kan integreres i
maskinen (2) og/eller i en ekstern indretning, sdsom en computer, en tablet, en

smartphone eller lignende.
18. Indretning ifglge et hvilket som helst af kravene 6 til 17, hvor naevnte boks (4)

er ét enkelt udeleligt legeme, hvor neevnte kanaler (C1, C2, C3) er tilvejebragt

inde i legemet af naevnte boks (4).

- 24 -
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