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TITLE

Medical device for introduction of a fluid into the blood
circulation system of a patient and method for controlling
leakage currents in a medical device provided or combined with

a warming unit.

DESCRIPTION

Field of the invention

The present invention relates to a medical device for
introduction of a fluid into the blood circulation system of
a patient which is combined with, or comprises, a warming unit
configured to warm the fluid before entering the blood
circulation system of the patient. The warming unit may be
part of the medical device or may be a separate device which
is in communication with the medical device.

The invention also concerns a method for controlling leakage
currents in medical device provided or combined with a warming
unit.

In particular, the present invention relates to patient safety
in the field of medical devices wherein the fluid flowing to
the body of the patient is warmed to prevent hypothermia of
the patient.

The medical device may be an extracorporeal blood treatment
apparatus wherein blood and/or infusion/dialysis fluids is/are
warmed. The medical device may also be a IV pole infusion
device for intravenous infusions of medical fluids (e.g.
saline, saline and drug, nutritional solution, or even blood

for transfusion).

Background

In accordance with known solutions, blood warming units acting
on the blood return line and capable of directly warming blood

have been used.
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In accordance with other solutions, patient’s blood cooling is
prevented by warming each of the infusion fluids prior to their
infusion in the blood circuit or dialyzer.

Fluid/blood 1lines are passed through heat exchanger of a
fluid/blood warming unit to achieve the required fluid or
treated blood temperature before passing to the patient blood
circulation. This heat exchanger is conductively in contact
with fluid/blood line for efficient heat transfer.

For instance, during use of the warming unit, fluid flows in
a plastic bag inserted into a heat exchanger of the warming
unit to achieve the required fluid or blood temperature before
passing to the patient blood circulation. The warming unit
usually comprises heater elements powered by 230V/110V mains
to heat the heat exchanger. An electrical insulator is placed
between the heater elements and the heat exchanger to keep the
heater elements close enough to heat exchanger for a better
transfer of heat energy.

The dielectric material property of the mentioned electrical
insulator forms a capacitance between the heater elements and
the heat exchanger. Thus, the heater elements capacitive couple
with fluid/blood path connected to patient, which disturbs
other diagnostic devices connected to patient and also the
organ structure, 1in particular the heart, which may be
electrically stimulated. In other words, the warmed
fluid/blood forms an electrically conductive path from the
heat exchanger to the patient, bypassing the skin resistance.
Through the electrical conductive path, leakage currents are
conducted to the patient in contact with the fluid.

The mentioned warming units must comply with the high
requirements for electrical safety of said fluid/blood warming
units used in medicine and the strict safety standards of the

international uniform classification "CF” (cardiac floating).
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According to these standard, patient leakage currents, i.e.,
leakage currents conducted through a person in contact with
the fluid, must not exceed a current magnitude of a total of
10 pA (microamperes) under normal conditions and 50 pA in case
of a single fault, in which the patient is connected to the
mains voltage of the warmer.

Systems for managing leakage currents under normal and single
fault conditions in resistance based fluid warming systems are
known.

For example, document US 2014/0050463 discloses a warmer having
a resistance heating element with two electrical supply
connection conductors having switches. A functional grounding
conductor with switch is electrically conductively connected
to heat transfer element. A sensor determines present magnitude
of leakage current. A control device 1is structured to
simultaneously switch all the switches into open switching
state within defined time interval on occurrence of leakage
current that is greater than or equal to the defined maximum
threshold current magnitude. A resistor placed on the ground
line between the heat transfer plates and the sensor is also
disclosed.

The warming units of the prior art have some drawbacks.

In particular, the solution disclosed in document US
2014/0050463 stops heating the fluid on occurrence of leakage
current that is greater than the defined maximum threshold

current magnitude and this may imply problems for the patients.

Summary of the invention

In view of the above, it is an object of the present invention
to propose a medical device (e.g. infusion device for
intravenous infusions of medical fluids, extracorporeal blood
treatment apparatus) provided with a warming unit which is able

to assure safety and comfort of the patient.
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It is an object of the present invention to propose a fluid
warming unit for medical devices which is able to control
leakage currents during the normal working condition and in
case of single fault, in which the patient is connected to the

mains voltage of the warming unit.

It is a further object of the present invention to propose a
fluid warming unit for medical devices configured to provide
heating also in case of single fault.

An object of the present invention is also to ensure that the
fluid warming unit meets the relevant standard of the
international safety CF classification to ensure a higher level
of electrical safety.

It is a further object of the present invention to simplify
the electronics and manufacturability of a fluid warming unit
for medical devices.

It is a further object of the present invention to provide a
fluid warming unit for medical devices which is reliable and
cost effective.

At least one of the above objects is substantially achieved by
connecting a heat transfer element of the fluid warming unit
to a ground connection through a resistance element, which
keeps a normal condition patient leakage current below a first
limit wvalue, and by disconnecting the heat transfer element
from the ground connection if a current indicating that the
patient is connected to the mains voltage is sensed through
the resistance element, in order to keep a fault condition
patient leakage current below a second limit wvalue.

Aspects of the invention are disclosed in the following.

In accordance with a 1t independent aspect, a medical device
for introduction of a fluid into the blood circulation system

of a patient, comprises:
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at least a fluid circuit configured to be coupled to a vascular

access of the patient to introduce a fluid in the patient,

wherein the fluid circuit presents a heated portion;

a warming unit coupled or configured to be coupled to the

heated portion to warm the fluid before passing to the blood

circulation system of the patient;

wherein the warming unit comprises:

at least an electrical heater element connected to a main
electrical source providing a mains voltage,

at least a heat transfer element in contact or configured
to be put in contact with the heated portion,

an electrical safety insulation interposed between the
electrical heater element and the heat transfer element,
a ground connection connected to the heat transfer
element,

a leakage current reduction circuit operatively
interposed between the heat transfer element and the

ground connection;

wherein the leakage current reduction circuit comprises:

a resistance element placed between the heat transfer
element and the ground connection,
a current sense circuitry configured to sense a current

through the ground connection.

In accordance with a 2" independent aspect, a warming unit for

a medical device comprises:

at least an electrical heater element connected to a main
electrical source providing a mains voltage,

at least a heat transfer element in contact or configured
to be put in contact with a heated portion of a fluid
circuit of a medical device,

an electrical safety insulation interposed between the
electrical heater element and the heat transfer element,
a ground connection connected to the heat transfer

element,
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- a leakage current reduction circuit operatively
interposed between the heat transfer element and the
ground connection;

wherein the leakage current reduction circuit comprises:

- a resistance element placed between the heat transfer
element and the ground connection,

- a current sense circuitry configured to sense a current
through the ground connection.

In accordance with a 3@ independent aspect, it is provided a
method for controlling leakage currents in a medical device
provided or combined with a warming unit; wherein the warming
unit comprises: at least an electrical heater element connected
to a main electrical source providing a mains voltage, at least
a heat transfer element in contact or configured to be put in
contact with a heated portion of a fluid circuit of the medical
device, an electrical safety insulation interposed between the
electrical heater element and the heat transfer element, a
ground connection connected to the heat transfer element.

In a 4t aspect according aspect 1 or 2, the leakage current
reduction circuit is configured to perform the following
procedure:

- monitoring a current in the resistance element through
the current sense circuitry and, if the monitored current
is greater than a threshold current indicating that a
patient is connected to the mains voltage, disconnecting
the ground connection from the heat transfer element while
keeping the electrical heater element connected to the
main electrical source to keep heating;

- trying to connect the ground connection to the heat
transfer element every time interval while keeping
heating, and, if the monitored current is lower than the
threshold current, then keeping the ground connection
connected to the heat transfer element, otherwise

disconnecting again the ground connection from the heat



10

15

20

25

30

WO 2020/007666 PCT/EP2019/066878

transfer element and trying connecting again after said
time interval.
In a 5" aspect according to aspect 1, 2 or 3, the leakage
current reduction circuit is <configured to perform the
following procedure and/or the method comprises:

- keeping leakage currents below a first limit wvalue
under normal working conditions of the warming unit
in which the electrical heater element is connected
to the main electrical source to perform heating;

- keeping leakage currents below a second limit value
under a fault condition of the warming unit in which
a patient is connected to the mains voltage.

In a 6 aspect according to aspect 5, keeping the leakage
currents below the first limit value comprises: connecting the
main electrical source to the ground connection through a
resistance element placed between the heat transfer element
and the ground connection.

In a 7 aspect according to aspect 6, keeping the leakage
currents below the second limit value comprises: disconnecting
the ground connection from the heat transfer element, while
keeping the electrical heater element connected to the main
electrical source to keep heating.

In a 8th aspect according to aspect 7, comprising, after
disconnecting the ground connection from the heat transfer
element: trying to reconnect the ground connection to the heat
transfer element every time interval until the fault condition
is no longer present and while keeping the electrical heater
element connected to the main electrical source to keep
heating.

In a 9" aspect according to aspect 4 or 8, the time interval
is comprised between 5 s and 15 s, optionally of 10 s.

In a 10t aspect according to aspect 5, the first limit wvalue

is comprised between 8 pA and 12 pA, optionally of 10 pA.



10

15

20

25

30

WO 2020/007666 PCT/EP2019/066878

In a 11 aspect according to aspect 5 or 10, the second limit
value is comprised between 45 pA and 55 pA, optionally of 50
HA.

In a 12th aspect according to aspect 1, 2, 4 or 6, the
resistance element has a resistance comprised between 0.8 kOhm
and 1.2 kOhm, optionally of 1 kOhm.

In a 13 aspect according to aspect 6, 7 or 8, it is provided
to check if the warming unit is under a fault condition by
monitoring a current flowing through the resistance element of
the ground connection.

In a 14t aspect according to aspect 1, 2, 4, 6 or 12, if the
current flowing through the resistance element is lower than
a threshold current, the warming unit performs normal working
conditions.

In a 15%® aspect according to aspect 1, 2, 4, o6, 12 or 14, if
the current flowing through the resistance element is higher
than a threshold current, the warming unit is under the fault
condition.

In a 16 aspect according to previous aspect 4, 14 or 15, the
threshold current is comprised between +/- 140 pA, optionally
between +/- 137 pA, optionally between +/- 40 pA, optionally
between +/- 35 pA.

In a 17" aspect according to aspect 4, 7, 8 or 9, connecting
or disconnecting the ground connection to/from the heat
transfer element comprises: closing or opening an electrical
operated switch placed between the heat transfer element and
the ground connection.

In a 18%™ aspect according to aspect 1, 2, 4 or 5, the leakage
current reduction circuit comprises an electrical operated
switch configured to connect or disconnect the ground
connection to/from the heat transfer element.

In a 19" aspect according to aspect 17 or 18, the electrical

operated switch is a solid state relay.
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In a 20" aspect according toaspect 17, 18 or 19, the resistance
element is placed in series with the electrical operated switch
between the heat transfer element and the ground connection.
In a 21st aspect according to any of aspects 1 to 20, the
warming unit comprises a plurality of electrical heater
elements. Optionally, the warming unit comprises two
electrical heater elements, one for each transfer element.
Optionally, when the ground connection is disconnected from
the heat transfer element, the electrical heater elements are
switched in parallel state.

In a 227 aspect according to aspect 1, 2 or 4, the current
sense circuitry comprises a differential amplifier configured
to detect the current through the resistance element.

In a 237 aspect according to aspect 22, the differential
amplifier comprises two gain stages and a window comparator.
In a 24t aspect according to any of the previous aspects 1 to
23, the heated portion of the fluid c¢ircuit is a bag,
optionally a plastic bag, optionally a soft bag, optionally a
disposable bag.

In a 25%" aspect according to any of the previous aspects 1 to
24, the warming unit comprises a casing delimiting a seat for
the bag.

In a 26" aspect according to any of the previous aspects 1 to
25, the warming unit comprises two heat transfer elements
placed on opposite sides of a seat to accommodate between them
the bag. An electrical safety insulation is interposed between
each electrical heater element and the respective heat transfer
element. Optionally, the casing of the warming unit has a slot
configured to insert the bag between the two heat transfer
elements.

In a 27t aspect according to the previous aspect 26, the heat
transfer elements are metal plates, optionally aluminum

plates.
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In a 28t aspect according to any of the previous aspects 1 to
27, the medical device is an infusion apparatus for intravenous
infusions of medical fluids, 1like saline, saline and drug,
nutritional solution or blood for transfusion.

In a 29" aspect according to the previous aspect 28, said
infusion apparatus is a IV pole infusion apparatus.

In a 30" aspect according to the any of the previous aspects
1 to 27, the medical device is an extracorporeal blood
treatment apparatus.

In a 31st aspect according to the previous aspect 30, the
extracorporeal blood treatment apparatus comprises a blood
treatment device and the fluid circuit; wherein the fluid
circuit comprises: an extracorporeal blood circuit coupled to
the blood treatment device and configured to be coupled to
vascular accesses of the patient, a blood pump configured to
be coupled to a pump section of the extracorporeal blood
circuit.

In a 32nd aspect according to the previous aspect 31, the fluid
circuit comprises a treatment fluid circuit operatively
connected to the extracorporeal blood circuit and at least a
fluid pump configured to be coupled to the treatment fluid
circuit.

In a 3379 aspect according to the previous aspect 31 or 32, the
extracorporeal Dblood circuit and/or the treatment fluid
circuit present/s said heated portion.

The leakage current reduction circuit and/or the method allows
to meet the patient leakage current limits under normal and
single fault conditions. The leakage current reduction circuit
and/or the method connect/s the heat transfer element to the
protective ground connection through the resistance element in
normal working conditions (no faults detected), which keeps
the patient leakage current below the first limit value.

If a current 1is sensed through the resistance element,

indicating the patient 1s connected to mains voltage, the

10
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electrical operated switch is opened, disconnecting the heat
transfer element from the protective ground connection.

This keeps the patient leakage current under the second limit
value which is the specified limit under the single fault
condition (patient connected to mains). Heating remains active
in this state.

The electrical operated switch is slowly turned back on every
time interval, to determine if the patient is still connected
to mains. If any current above the threshold current is
measured, the electrical operated switch is immediately turned
off. If a current below threshold current is detected,
indicating the removal of the patient connected to mains fault
condition, then the switch is fully turned on, connecting the
heat transfer element to protective ground connection through

the resistance element.

Description of the drawings

The following drawings relating to aspects of the invention
are provided by way of non-limiting example:

FIG.1 shows a schematic representation of an extracorporeal
blood treatment apparatus provided with a warming unit;

FIG.2 shows a schematic representation of an infusion apparatus
for intravenous infusions of medical fluids provided with a
warming unit;

FIG.3 shows a schematic representation of the warming unit of
figures 1 or 2 with an embodiment of a circuitry according to
the invention;

FIG.4 shows a flow chart of a method for controlling leakage

currents according to the invention.

Detailed description

With reference to the appended drawings, FIG.l1 shows a
schematic representation of an extracorporeal blood treatment

apparatus 1.

11
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The apparatus 1 comprises one blood treatment device 2, for
example a hemofilter, a hemodiafilter, a plasmafilter, a
dialysis filter or other unit suitable for processing the blood
taken from a patient P.

The blood treatment device 2 has a first compartment or blood
chamber 3 and a second compartment or fluid chamber 4 separated
from one another by a semipermeable membrane 5. A Dblood
withdrawal line 6 is connected to an inlet port 3a of the blood
chamber 3 and is configured, in an operative condition of
connection to the patient P, to remove blood from a vascular
access device inserted, for example in a fistula on the patient
P. A blood return line 7 connected to an outlet port 3b of the
blood chamber 3 is configured to receive treated blood from
the treatment unit 2 and to return the treated blood, e.g. to
a further vascular access also connected to the fistula of the
patient P. Note that wvarious configurations for the wvascular
access device may be envisaged: for example, typical access
devices include a needle or catheter inserted into a wvascular
access which may be a fistula, a graft or a central (e.g.
jugular vein) or peripheral vein (femoral vein) and so on. The
blood withdrawal line 6 and the blood return line 7 are part
of an extracorporeal blood circuit of the apparatus 1.

The extracorporeal blood circuit 6, 7 and the treatment unit
2 are usually disposable parts which are loaded onto a frame
of a blood treatment machine, not shown.

As shown in FIG. 1, the apparatus 1 comprises at least a first
actuator, in the present example a blood pump 8, which is part
of said machine and operates at the blood withdrawal line 6,
to cause movement of the blood removed from the patient P from
a first end of the withdrawal line 6 connected to the patient
P to the blood chamber 3. The blood pump 8 is, for example, a
peristaltic pump, as shown 1in FIG. 1, which acts on a

respective pump section of the withdrawal line 6.

12
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It should be noted that for the purposes of the present
description and the appended claims, the terms "upstream" and
"downstream" may be used with reference to the relative
positions taken by components belonging to or operating on the
extracorporeal blood circuit. These terms are to be understood
with reference to a blood flow direction from the first end of
the blood withdrawal line 6 connected to the patient P towards
the blood chamber 3 and then from the blood chamber 3 towards
a second end of the blood return line 7 connected to the
vascular access of the patient P.

The apparatus 1 may further comprise an air trapping device 9
operating on the blood return line 7 (the air trapping device
9 is a venous deaeration chamber). The air trapping device 9
is placed online in the blood return line 7.

A first section of the blood return line 7 puts in fluid
communication the outlet port 3b of the blood chamber 3 with
the air trapping device 9 and a second section of the blood
return line 7 puts in fluid communication the air trapping
device 9 with the patient P. The blood coming from the blood
chamber 3 of the treatment device 2 enters and exits the air
trapping device 9 before reaching the patient P.

The apparatus 1 of FIG. 1 further comprises one fluid
evacuation line 10 connected with an outlet port 4b of the
fluid chamber 4 such as to receive the filtered waste fluid
through the semipermeable membrane 5. The fluid evacuation
line 10 receives such filtered waste fluid coming from the
fluid chamber 4 of the treatment device 2, for example,
comprising used dialysis liquid and/or ligquid ultra-filtered
through the membrane 5. The fluid evacuation line 10 leads to
a receiving element, not shown, for example having a collection
bag or a drainage pipe for the waste fluid. One or more
dialysate pumps, not shown, may operate on the fluid evacuation

line 10.

13
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In the example of FIG. 1, a dialysis line 11 is also present
for supplying a fresh treatment fluid into the inlet port 4a
of the fluid chamber 4. The presence of this dialysis line 11
is not strictly necessary since, in the absence of the dialysis
line 11, the apparatus 1 is still able to perform treatments
such as ultrafiltration, hemofiltration or plasma-filtration.
In case the dialysis line 11 is present, a fluid flow intercept
device may be used, not shown, to selectively allow or inhibit
fluid passage through the dialysis 1line 11, depending on
whether or not a purification by diffusive effect is to be
performed inside the treatment device 2.

The dialysis line 11, if present, is typically equipped with
a dialysis pump 12 and is able to receive a fresh fluid from
a module, not shown, for example a bag or on-line preparation
section of dialysis fluid, and to send such a fluid to the
inlet port 4a of the fluid chamber 4.

The fluid evacuation line 10, the dialysis line 11 and the
fluid chamber 4 are part of a treatment fluid circuit.

The apparatus 1 as shown in FIG. 1 further comprises an
infusion circuit comprising one or more infusion lines of a
replacement fluid. According to the embodiment of FIG. 1, a
pre-infusion line 13 is connected to the blood withdrawal line
6 between the blood pump 8 and the inlet port 3a of the blood
chamber 3. A pre pump infusion line 14 is connected to the
blood withdrawal line 6 upstream of the blood pump 8, between
said blood pump 8 and the vascular access device inserted in
the fistula on the patient P. A post-infusion 1line 15 1is
connected to the blood return 1line 7 upstream of the air
trapping device 9. Each of the pre- and/or post-infusion lines
13, 14, 15 are provided with a respective pump 16, 17, 18. The
pre- and/or post-infusion lines 13, 14, 15 may be supplied by
fluid coming from bags or directly by infusion fluid prepared
on-line. Each of the pre- and/or post-infusion lines 13, 14,

15 are part of the treatment fluid circuit.

14
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The blood return line 7 presents a heated portion 19 in which
blood is warmed before flowing into the blood circulation
system of the patient P.

The heated portion 19 comprises a disposable soft plastic bag
20 presenting a bag inlet 20a for blood to be warmed and coming
from the blood chamber 3 of the blood treatment device 2 and
a bag outlet 20b for warmed blood flowing towards the air
trapping device 9 and then into the patient P. The bag 20 is
placed in a seat of a warming unit 21 which is schematically
represented in FIG. 1.

In addition to or in place of the heated portion 19 for warming
blood, the extracorporeal Dblood treatment apparatus 1 may
comprise heated portions 19 in the treatment fluid circuit to
warm treatment fluid. For instance, heated portions 19 (shown
in dashed line in FIG. 1) may be present in the dialysis line
11, in the pre-infusion line 13, in the pre pump infusion line
14, in the post-infusion line 15. These heated portions 19 too
may comprise a bag placed in a seat of a warming unit.

FIG.2 shows a schematic representation of an infusion apparatus
100 for intravenous infusions of medical fluids (like saline,
saline and drug, nutritional solution or blood for
transfusion). The apparatus of FIG. 2 is a IV pole infusion
device provided with a vertical pole 101, a base 102 with a
plurality of caster wheels and two top hooks 103.

The vertical pole 101 carries an infusion device 104 provided
with an infusion pump 105, for example a peristaltic pump and
a control unit, not shown.

A container 106, like a flexible bag, for infusion fluid is
suspended on one of the top hooks 103. A fluid line 107 departs
from the infusion fluid container 106, goes through the
infusion device 104 and presents a terminal end provided with
a vascular access device inserted in the fistula on the patient
P. The fluid line 107 is the fluid circuit configured to be

coupled to the vascular access of the patient P.

15



10

15

20

25

30

WO 2020/007666 PCT/EP2019/066878

Through the infusion device 104, the peristaltic infusion pump
105 acts on a respective pump section of the fluid line 107.
When rotated, e.g., counter-clockwise, the infusion pump 105
causes a flow of infusion fluid along the fluid 1line 107
towards the patient P.

Downstream of the infusion pump 105, the fluid 1line 107
presents the heated portion 19 in which infusion fluid is
warmed before flowing into the blood circulation system of the
patient P.

The heated portion 19 comprises a plastic bag 20 presenting a
bag inlet 20a for fluid to be warmed and coming from the
infusion fluid container 106 and a bag outlet 20b for warmed
fluid flowing towards the patient P. The bag 20 is placed in
a seat of a casing of a warming unit 21 which is schematically
represented in FIG. 2.

FIG. 3 shows schematically a first embodiment of the warming
unit 21 (which may be implemented in the extracorporeal blood
treatment apparatus 1 of FIG. 1 or in the infusion apparatus
100 of FIG. 2) coupled to the bag 20 of the heated portion 19.
Said heated portion 19 may be part of the blood return line 7
of the extracorporeal blood treatment apparatus 1 of FIG. 1 or
may be part of the fluid line 107 of the infusion apparatus
100 of FIG. 2.

The warming unit 21 comprises a heat transfer element 22 shaped
substantially 1like a metallic plate, optionally aluminum
plate, having a first face 22a facing a face of the bag 20
which is substantially flat.

In some embodiments, the warming unit 21 comprises two heat
transfer elements 22 shaped like two metallic plates parallel
to each other and spaced one from the other to delimit the
seat for the bag 20.

In some embodiments, the warming unit 21 comprises a casing

which accommodates the two metallic plates delimiting the seat.
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The casing has a slot configured to insert the bag 20 between
the two metallic plates.

The heat transfer element or elements 22 is/are in contact or
configured to be put in contact with the bag 20.

The warming unit 21 further comprises an electrical heater
element 23 provided with one or more electric resistors and
connected to a main electrical source 24 (200V or 110V, 50/60
Hz) .

The main electrical source 24 applies to the electrical heater
element 23 a mains voltage “W” to generate heat.

The electrical heater element 23 spreads over an area which is
substantially equal to an area of the heat transfer element
22.

The main electrical source 24 is connected to the electrical
heater element 23.

In some embodiments, the electrical heater element 23 comprises
two electric resistors, each operatively coupled to a
respective heat transfer element / metallic plate 22.

An electrical safety insulation 25 is interposed between the
electrical heater element 23 and the heat transfer element 22.
The electrical safety insulation 25 shown in figure 3 comprises
a first and a second insulation layers 26, 27. Furthermore,
the electrical heater element 23 is embedded in an insulation
body 28.

A mains circuit 29 of the warming unit 21 comprises the
electrical heater element 23 and the main electrical source
24,

A secondary circuit 30 of the warming unit 21 is isolated with
respect to the mains circuit 29 and comprises the heat transfer
element 22, the bag 20 and a warmer control circuitry 31
provided with a TRIAC control.

The warming unit 21 further comprises a leakage current
reduction circuit 32 operatively interposed between the heat

transfer element 22 and a protective ground connection 33.
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The leakage current reduction circuit 32 comprisesa resistance
element 34 placed between the heat transfer element 22 and the
protective ground connection 33, an electrical operated switch
36 placed in series with the resistance element 34 and
configured to connect or disconnect the ground connection 22
to/from the heat transfer element 22 and a current sense
circuitry 35 configured to sense the current through the
resistance element 34 and to command the electrical operated
switch 36. In the embodiment shown in figure 3, the electrical
operated switch 36 is a solid state relay and the resistance
element 34 has a resistance of 1 kOhm.

In one embodiment, the current sense circuitry 35 comprises a
differential amplifier comprising two gain stages and a window
comparator configured to detect the current through the
resistance element 34.

A first isolated power supply 37 and a second isolated power
supply 38 are operatively interposed between the mains circuit
29 and the secondary circuit 30 to power the warmer control
circuitry 31 and the leakage current reduction circuit 32.
According to a method for controlling leakage currents, the
leakage current reduction circuit 32 is configured to keep
leakage currents below a first limit value (usually of 10 nA)
under normal working conditions of the warming unit 21, in
which the electrical heater element 23 is connected to the
main electrical source 24 to perform heating, and to keep
leakage currents below a second limit value (usually of 50 na)
under a fault condition of the warming unit 21 in which a
patient P is connected to the mains voltage “W7.

Under normal working conditions, the leakage currents are kept
below the first limit value thanks to the resistance element
34 placed between the heat transfer element 22 and the
protective ground connection 33.

This connection steers parasitic heating currents through the

heat transfer element and out the protective ground connection,
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which would normally flow through the patient, 1if the heat
transfer element was not connected. These parasitic currents
flow via capacitance between the electrical heater element to
the heat transfer element, and capacitance between the heat
transfer element to the patient fluid in the warming unit.
Meanwhile, a current in the resistance element 34 is monitored
through the current sense circuitry 35.

If a current flowing through the resistance element 34 is lower

”

than a threshold current “i.” (e.g. of +/- 137 pA), the warming

unit 21 keeps performing normal working conditions.

W ”

If a current greater than the threshold current “ip.” is sensed
through the resistance element 34, indicating the patient is
connected to mains voltage “W” (fault condition of the warning
unit 21), the electrical operated switch 36 1is opened,
disconnecting the heat transfer element 22 from the protective
ground connection 33. When connected to ground and the heater
elements fire, parasitic currents of 50pA flow through the
ground connection. Under minimum patient at MAINS conditions
(90VAC, low flow rates which creates minimum capacitive
coupling) the minimum current we see through the plates is
usually over 200pA. So at 137pA the circuit is wusually
guaranteed to trip.

The protective ground connection 33 is disconnected from the
heat transfer element 22 but the electrical heater element 23
remains connected to the main electrical source 24 to keep
heating.

Optionally, in this condition, the electrical heater elements
23 are switched into the parallel state, which allows the same
amount of heating power to be delivered with 1/4 of the TRIAC
conduction time. The patient leakage current due to heating,
while the heat transfer elements 22 are disconnected from

protective ground connection 33, is proportional to the amount

of time that the TRIACS are conducting.
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This keeps the patient leakage current under the second limit
value which is the specified limit under the single fault
condition (patient connected to mains) while heating remains
active in this state.

While the main electrical source 24 keeps heating, the
electrical operated switch 36 is slowly turned back on every
time interval “At” (e.g. of 10 s), to determine if the patient

P 1is still connected to mains “W”7.

W ”

If any current above the threshold current “i.” is measured,

the electrical operated switch is immediately turned off. If

”

a current below threshold current “i.” is detected, indicating
the removal of the patient P connected to mains “W” fault
condition, then the electrical operated switch 36 is fully
turned on, connecting the heat transfer element 22 to
protective ground connection 33 through the resistance element
34 again.

While the invention has been described in connection with what
is presently considered to be the most practical and preferred
embodiment, it is to be understood that the invention is not
to be limited to the disclosed embodiment, but on the contrary,
is intended to cover various modifications and equivalent

arrangements included within the spirit and the scope of the

appended claims.
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CLAIMS

1. Medical device for introduction of a fluid into the
blood circulation system of a patient, comprising:
at least a fluid circuit (e, 7, 10, 11, 13, 14, 15; 107)
configured to be coupled to a wvascular access of the patient
(P) to introduce a fluid in the patient (P), wherein the fluid
circuit (6, 7, 10, 11, 13, 14, 15; 107) presents a heated
portion (19);
a warming unit (21) coupled or configured to be coupled to the
heated portion (19) to warm the fluid before passing to the
blood circulation system of the patient (P);
wherein the warming unit (21) comprises:

- at least an electrical heater element (23) connected to
a main electrical source (24) providing a mains voltage
V),

- at least a heat transfer element (22) in contact or
configured to be put in contact with the heated portion
(19),

- an electrical safety insulation (27) interposed between
the electrical heater element (23) and the heat transfer
element (22),

- a ground connection (33) connected to the heat transfer
element (22),

- a leakage current reduction circuit (32) operatively
interposed between the heat transfer element (22) and the
ground connection (33);

wherein the leakage current reduction circuit (32) comprises:

- a resistance element (34) placed between the heat transfer
element (22) and the ground connection (33),

- a current sense circuitry (35) configured to sense a
current through the ground connection (33);

wherein the leakage current reduction circuit (35) is

configured to perform the following procedure:
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- monitoring a current 1in the resistance element (34)
through the current sense circuitry (35) and, if the
monitored current is greater than a threshold current (i)
indicating that the patient (P) is connected to the mains
voltage (V), disconnecting the ground connection (33)
from the heat transfer element (22) while keeping the
electrical heater element (23) connected to the main
electrical source (24) to keep heating;

- trying to connect the ground connection (33) to the heat
transfer element (22) every time interval (AL),
optionally of 10 s, while keeping heating, and, if the
monitored current is lower than the threshold current
(i+), then keeping the ground connection (33) connected
to the heat transfer element (22), otherwise
disconnecting again the ground connection (33) from the
heat transfer element (22) and trying connecting again
after said time interval (At).

2. The device of claim 1, wherein the resistance element
(34) has an electrical resistance comprised between 0.8 kOhm
and 1.2 kOhm, optionally of 1 kOhm.

3. The device of claim 1 or 2, wherein the threshold
current (i:) 1s comprised Dbetween +/- 140 pA, optionally
between +/- 137 uA.

4. The device of claim 1 or 2 or 3, wherein the leakage
current reduction circuit (35) comprises an electrical
operated switch (36), optionally a solid state relay,
configured to connect or disconnect the ground connection (33)
to/from the heat transfer element (22).

S. The device of claim 4, wherein the resistance element
(34) is placed in series with the electrical operated switch
(36) between the heat transfer element (22) and the ground
connection (33).

6. The device of any of the preceding claims, wherein the

warming unit (21) comprises a plurality of electrical heater
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elements (23), wherein, when the ground connection (33) is
disconnected from the heat transfer element (22), the

electrical heater elements (23) are switched in parallel

state.
7. The device of any of the preceding claims, wherein the
current sense circuitry (35) comprises a differential

amplifier configured to detect the current through the
resistance element (34).

8. The device of the preceding claim, wherein the
differential amplifier comprises two gain stages and a window
comparator.

9. A method for controlling leakage currents in a medical
device (1, 100) providedor combined with a warming unit (21);
wherein the warming unit (21) comprises: at least an electrical
heater element (23) connected to a main electrical source (24)
providing a mains voltage (V), at least a heat transfer element
(22) in contact or configured to be put in contact with a
heated portion (19) of a fluid circuit of the medical device
(1, 100), an electrical safety insulation (27) interposed
between the electrical heater element (23) and the heat
transfer element (22), a ground connection (33) connected to
the heat transfer element (22);
wherein the method comprises:

- keeping leakage currents below a first limit value,
optionally of 10 pA, under normal working conditions
of the warming unit (21) in which the electrical
heater element (23) 1s <connected to the main
electrical source (24) to perform heating;

- keeping leakage currents below a second limit value,
optionally of 50 pA, under a fault condition of the
warming unit (21) in which a patient (P) is connected
to the mains voltage (V) ;

wherein keeping the leakage currents below the first limit

value comprises: connecting to the main electrical source (24)
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to the ground connection (33) through a resistance element
(34), optionally having a resistance comprised between 0.8
kOhm and 1.2 kOhm, optionally of 1 kOhm, placed between the
heat transfer element (22) and the ground connection (33);
wherein keeping the leakage currents below the second limit
value comprises: disconnecting the ground connection (33) from
the heat transfer element (22), while keeping the electrical
heater element (23) connected to the main electrical source
(24) to keep heating.

10. The method of claim 9, comprising, after disconnecting
the ground connection (33) from the heat transfer element (22):
trying to reconnect the ground connection (33) to the heat
transfer element (22) every time interval (At), optionally of
10 s, until the fault condition is no longer present and while
keeping the electrical heater element (23) connected to the
main electrical source (24) to keep heating.

11. The method of claim 9 or 10, comprising: checking if
the warming unit (21) is under a fault condition by monitoring
a current flowing through the resistance element (34) of the
ground connection (33).

12. The method of claim 11, wherein, if the current flowing
through the resistance element (34) is lower than a threshold
current (i:), optionally comprised between +/- 140 A,
optionally between +/- 137 pA, the warming unit (21) performs
normal working conditions.

13. The method of claim 11 or 12, wherein, if the current
flowing through the resistance element (34) is higher than a
threshold current (i:), optionally comprised between +/- 140
BmA, optionally between +/- 137 pA, the warming unit (21) 1is
under the fault condition.

14. The method of «c¢laim 9, wherein connecting or
disconnecting the ground connection (33) to/from the heat
transfer element (22) comprises: closing or opening an

electrical operated switch (36), optionally a solid state
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relay, placed between the heat transfer element (22) and the
ground connection (33).

15. The method of claim 9 or 10, wherein the warming unit
(21) comprises a plurality of electrical heater elements (23)
and the method comprises: switching the electrical heater
elements (23) in parallel state when the ground connection

(33) 1s disconnected from the heat transfer element (22).
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HEATING A HEATED PORTION OF A FLUID CIRCUIT OF A MEDICAL DEVICE
THROUGH A WARMING UNIT, WHEREIN THE WARMING UNIT COMPRISES AT
LEAST AN ELECTRICAL HEATER ELEMENT CONNECTED TO A MAIN ELECTRICAL
SOURCE PROVIDING A MAINS VOLTAGE, AT LEAST A HEAT TRANSFER ELEMENT
IN CONTACT OR CONFIGURED TO BE PUT IN CONTACT WITH THE HEATED
PORTION, A GROUND CONNECTION CONNECTED TO THE HEAT TRANSFER
ELEMENT, A LEAKAGE CURRENT REDUCTION CIRCUIT OPERATIVELY
INTERPOSED BETWEEN THE HEAT TRANSFER ELEMENT AND THE GROUND
CONNECTION

MONITORING A CURRENT IN A RESISTANCE ELEMENT PLACED
BETWEEN THE HEAT TRANSFER ELEMENT AND A GROUND
CONNECTION THROUGH THE CURRENT SENSE CIRCUITRY

WHILE HEATING THE HEATED PORTION

IS THE MONITORED
CURRENT LOWER THAN
A THRESHOLD
CURRENT?

YES

DISCONNECTING THE GROUND CONNECTION FROM THE HEAT
TRANSFER ELEMENT WHILE KEEPING THE ELECTRICAL
HEATER ELEMENT CONNECTED TO THE MAIN ELECTRICAL
SOURCE TO KEEP HEATING THE HEATED PORTION

TRYING TO RECONNECT THE GROUND CONNECTION TO THE
HEAT TRANSFER WHILE KEEPING HEATING AFTERATIME ~ [~a—
INTERVAL

IS THE MONITORED
CURRENT LOWER THAN
A THRESHOLD
CURRENT?

YES NO

FIG.4
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