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use with systems of the. CGMS type (Continuous Glucose Monitoring Sys-
tems) and the like, capable of complete management of operations relating to
the management of dialysis collection and/or return fluids either in "mul-
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apt to all the various requirements for sampling and analysis both in a hos-
pital setting and in the context of laboratory operations.
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DEVICE FOR MANAGEMENT AND SAMPLING OF DIALYSIS FLUIDS FOR USE
WITH SYSTEMS OF THE CGMS TYPE (CONTINIUOUS GLUCOSE M,ONITORIN'G _
SYSTEMS) AND THE LIKE = |

Field of the invention

The present invention relates to the field of multi-task and multi-day programming and
management of spent dialysis fluids, for use in CGMS systems (Continuous Glucose
Monitoring Systems) and/or in systems of a similar type that envisage transducers for
measuring the concentration of specific molecules (among which we may mention, for
. purposes of illustration and non-exhaustively: lactate, pyruvate, cortisol, calcium,
magnesium étc.) for use in therapy and/or in infensive care.

Priorart

In existing CGMS systems, used for example for multi-day monitoring and control of
glucose in patients with diabetes both of type 1 and of type 2, there is an opportunity
for diverting and collecting the fluids taken and/or recycled in dialysis for use in
subsequent laboratory analyses for identifying various énalytes (for example lactate
and pyruvate etc.), hormones (for example cortisol, glucagon etc.) and ions (for
example magnesium, calcium, potassium etc.). This possibility of using dialysis fluids
is particularly interesting with regard to hospital patients in intensive care, for whom
dialysis tubes are generally inserted in veins. The aforementioned activity of dialysis

sampling is usually programmed, timed and executed manually, and exclusively on
| hospitalized patients.

Also in laboratories for basic medical research that utilize both subcutaneous and
venous dialysis tubes implanted in guinea pigs, systems are used that collect spent -
fluids (which can then be treated using measuring - transducers for finding the
concentration of specific molecules -or hormones), fractionable in various amounts
and at various limited times and attributable to physiological phenomena of various

kinds, both natural (such as wakefulness, sleep, muscular activity etc.) and induced

(such as feeding, administration of drugs etc.)
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These systems, which envisage the use of dialysis for a limited time, are normally
operated manually or. controlled by standard or standardizable management
programs. ' '

Recently, especially in the area of intensive care, there has been further extension of
the use of both subcutaneous and venous probes that envisage the use of measuring
systems with ‘multi-day management programs for the real-time analysis -of speciﬁc
analytes, such as in the case of CGMS systems for determination of giycaemia; the
dialyéis recovery received from a CGMS system can in fact be used advantégeously

for preparing samples for subsequent laboratory ana'lysis.

Based 6n the requirements in the area of research and in the hospital context, a new
generation of CGMS systems has recently been developed, equipped with systems
for remote communication — based for example on the Bluetooth communication
protocol — capable of transmitting and/or ;eceiving data acquired and/or processed by
the microprocessors of their management system. |

In view of the foregoing, the purpose of the présent invention is to introduce a device
for automating the management of dialysis collection and/or return fluids received
from systems of the CGMS type.

The device according to the present invéntion, preferably comprising a
microprocessor-based electronic control unit, is capable of completely managing the
operations relating to the aforementioned management of dialysis collection and/or
return fluids and can advantageously be programmed so as to operate in "multi-task”
(or "multi-collector") and "multi-day” mode for adapting to all the various requirements
for sampling and analysis both in the hospital setting and in the context of laboratory

operations.
The innovative characteristics introduced by the present invention include, among

others:
o minimizing the time delay between sampling and separation of the samples

achieved by the use of an internal hydraulic circuit for sorting of the dialysis

collection and/or return fluids received from the CGMS system of minimum



WO 2012/127513 PCT/IT2011/000093

length;

o 'optimized management of sorting of the dialysis collection and/or return fluids
received from the CGMS system and storage thereof in one or more collecting
units;

o communication, through a bidirectional interface, with external management

and control systems with the possibility of altering the internal programming;

« processing of the data received from said external systems and the possibility

of requesting adjustment thereof to the processes under development;

+ management of hybrid systems for processing external data, such as sampling
timetables, volumes of the various samples, multiple reading barcodes for

sample identification;
« storage of multi-day programs for dialysis collection and/or return received

from the CGMS system;

» management of programs for periodical maintenance and automatic cleaning

of the hydraulic system.

Brief description of the drawings
Fig. 1 shows a functional block diagram of the device according to the present

invention.

Fig. 2 shows a first preferred embodiment of the blocks: hydraulic actuator (15), flow
transducer (14) and respective connections to said collection modules (16/1-16/n)
and discharge unit (17).

Fig. 3 shows possible timing profiles for controlling the microvalves of the electrically-
operated hydraulic actuatorf(1 5) of fh_é device according to the present invention.

Fig. 4 shows a second preferred embodiment of the blocks: hydraulic actuator (15),
flow transducer (14) and respective connections to said collection modules (16/1-
16/n) and discharge unit (17).

Summary of the invention
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The device for management and sampling of dialysis fluids for use with systems of
the CGMS type (Continuous Glucose Monitoring Systems) and the like according to
the present invéntion can provide complete management of operations relating to the
manavgement of dialysis collection énd/or return fluids and can advantageously be
programmed to operate in "multi-task” (or "multi-collector”) and "multi-day” mode so
as to be abie to adapt to all the various requirements for sampling and -analysis both
in the hospital setting and in the context of laboratory operations.

Detailed description of the invention
Referring to the appended Fig. 1, the device for management of dialysis fluids for use

with CGMS systems and the like according to the present invention comprises: a
sampling device (10) that can be interfaced with a CGMS system or the like (1) by
means of return fluid line (4) to the discharge bag of dialysis tube (2) of said CGMS
system (1); an electronic control module (12) for controlling the operations of said
sampling device; a wireless bidirectional communication moduie (13) able to manage
the flow of input/output data according to the required protocol; a flow transducer (1..4)
able to supply an electrical signal propbrtional to the flow rate of the collection and/or
return dialysis fluid arriving from the connected CGSM,; an electrically-operated
hydraulic actuator (15) for controlling the flow of the separate dialysis collection
and/or return fluids to the individual outlet tubes; a refrigeration and/or conditioning
module (18) able to regulaté the temperature of the optional separate fractions,
subject to biological alteration of a thermal origin; at least one collecting moduie
(16/1-16/n) for receiving the separated dialysis collection and/or return fluids; a
discharge unit (17) for receiving the dialysis collection and/or return fluids that ha\}e
not been separated, and a pdwer module (11) able to sqpp‘ly the requ_ired electric

currents and voltages to said modules of said sampling device (10). -

- In detail, said elegtrically-'operated hydraulic actuator (15) preferably comprises a
plurality of microvalves (50, 51/1-51/n, 52) for managing the sampling of said dialysis
~coliection and/or return fluids, separating them and sending them to the individual

outlet tubes based on suitable operating signals,' as shown for example in the

appended Figs. 3a and 3b.
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In more detail, said p'ower module (11) is of the independent, autonomous type and
comprises batteries of the replaceable or rechargeable type: It can moreover be
- equipped with a battery charging unit with possibility of connection to the mains by ba
suitable isolating transformer. Still referring to the appended Fig. 1, said power
module comprises suitable -electrical connections to said control module (12) (20), to
~said module for bidirectional communication (13) (21), to said electrically-operated
hydraulic actuator (15) (22) and to said refrigeration and/or conditioning module (18)
(23).

Said electronic control unit (12) is preferably provided with a microprocessor of
sufficient size for management of software, resident or receivable from the outside via
said bidirectional communication unit (13), capable of real-time operation, and of
executing — for example — the following functions: management of units for calculating
and processing data detectable by the internal functions of said sampling system;
management and processing of the data received from units external to said sampling
© system such as systems of the CGMS type (1); storage and management in simple or
combinatorial mode of the data received from the flow transducer (14); production of
multi-day and multi-coliection / multi-separation (multi-task) combinatorial programs
~for management of spent dialysis fluids; storage and management, in simple or
combinatorial mode, of the combining of recognition data (typologically identifiable as
barcodes or similar systems normally employed in the clinic/hospital setting and/or in
the clinic/laboratory setting) with said collection modules (16/1,...16/n); management,
storage and processing of data received from systems of measuring transducers (60)
usable in said sampling system (10).

Said bidirectional communication unit (13) can be equipped, as a non-limiting
example for purposes of illustration, with communication equipment of the wireless‘
Bluetooth and/or RF type (WiFi or similar), or alternatively with equipment of the
optical IR type or éimilar.

The appended Fig. 2 shows in more detail a first preferred embodiment of the
following blocks: the electrically-operated hydraulic actuator (15), the flow transducert

(14) and the connections to said collection modules (16/1-167n) and said discharge



WO 2012/127513 PCT/IT2011/000093

unit (17). Typically, the return fluid line (4), received from.the dialysis tube (2), has one -
end (4a) provided with a connector for connection to the discharge system of the
CGMS system. The sampling device according to .the present invention is equipped
with a fluid intake (40) connected to said flow transducer (14) and compatible with the
terminal connector (4a) of said dialysis tube (2). Said electrically-operated hydraulic
actuatof (15) preferably comprises a miniature three-way solenoid valve (50) provided
with two outlets, one normally open connected to a first ﬂuid’ line (42) that supplies
said discharge unit (17), by means of a connection preferably of the Luer lock type
(43, 17/a), and the other normally closed connected to a second fluid line (44). In a
further preferred embodiment of the present invention, said miniature solenoid valve
(50) can be replaced with a pair of two-way micro-solenoid valves actuated alternately
in opposite conditions of opening, inserted before the fluid line (44) (not shown in the
drawing) which supply a plurality of microvalves (51/1- 51/n and 52), downstream of

which the containers for collection (16/1- 16/n) of the fractions of collected analyte are
. connected.

The appended Fig. 4 shows a second preferred embodiment of the aforementioned
blocks: hydraulic actuator (15), flow transducer (14) and connections to said collection
modules (16/1-16/n) and discharge unit (17). In this second preferred embodiment,
which is provided for aliowing continuous measurement of the concentration of
another specific molecule, a measuring transducer (60), enzymatic or of some other
type, is used, which is capable of carrying out the real-time determination of another
analyte, and is connected to said first fluid line (42) via a micropump (61) and a
microvalve (62). Another microvalve (63) is inserted in said first fluid line (42),

immediately before the discharge connector (43).

The operation of the device according to the present invention is ‘as follows:

As described préviovusly, said device can be interfaced with the dialysis tube (2) of the
measuring unit, for example of the CGMS type or similar, by means of the connection
of the return fluid line (4), received from dialysis tube (2) to the fluid feed inlet (40) of

the sampling device (10). This connection, for purposes of illustration and non-
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exhaustively, can enilisage the use of a connector of the Luer lock type, to be
provided depending on the type of probe used by the CGMS system. .

Said fiuid feed inlet (40) is connécted to the flow tran'sducer (14), which is abie to
supply, as output, an electrical signal proportional to the measured instantaneous flow
rate, which in the field of application of the present invention is between 0.3 pl/min
and 10 pi/min. Said signal is sent, via a suitable electrical connection (31); to the
internal microprocessor of said electronic control unit (12). A
Downstream of the flow transducer (14), and connected to it by a hydraulic connector,
there is said electrically-operated hydraulic actuator (15), which comprises a
miniature three-way solenoid valve (50) (for example similar to the model
LHDA1211111H 3-way valve from LEE Co. - Westbrook - CN USA), préferably
installed on a multifunctional support (manifold) (41) provided with two outlets, one
normally open (N.O. port) and one normally closed (N.C. port), which supply fiuid tube
(42) and fluid tube (44) respectively.

Fluid tube (42) supplies in its turn the discharge container (17) — which can be in the
form of an ampoule, a bag etc. - to which it is connected by means of, for example, a
connector of the Luer lock type; male (43) and female (17/a).

For its part, fluid tube (44) supplies various branch connectors to said containers
(16/1...... 16/n) for differential collection and separation of the spent dialysis fluids.
Each branch is provided with a microvalve (51/1- 51/n) preferably of the two-way type
(for example similar to the model Typel from Bartels Microtechnik GmbH —
Dortmund, Germany).

Said fiuid tube (44) additionally supplies, after the aforementioned branches, another
two-way microvalve (52) operated by a logic control element, the state of which is a
'funbtion of the state of closure of the microvalves (51/1- 51/n). Said microvalve
- connects fluid line (44) to line (45), connected in its turn directly to tube (42), which
feeds the discharge container (17).

It is known that various parameters identifiable in dialysis fluids are subject to
circadian variations - for example the alternation of day and night, the administration

of drugs, physical activity etc. - characterized by a maximum speed of response of the
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concentrations of the order of minutes: the time program for sampling that controls
the device according to the present invention must therefore take this speed of
circadian modulation into account and must therefore permit sampling of the various
fractions with the appro'priate accuracy. | '

This objective can be achieved by suitable modulation of the pulses of the
aforementioned microvalves (50, 51/1-51/N, 52), as shown in Fig. 3a and Fig. 3b.

To obtain greater time precision, it is necessary to use microvalves that are
characterized by a high speed of response, typically less than a millisecond, which
make it possible to work with overall sampling times of the order of a few seconds for
all of the microvalves, thus achieving differential separation of the spent dialysis
fluids. v

Moreover, the device according to the present invention will have to make it.possible
to collect various amounts of the individual fractions, to satisfy the requirements of the
laboratories carrying out the analyses on said fractions: these requirements can be
met by modulating the temporal duration of the various microvalves, as shown in Fig.
3b in the case of microvalve (51/2).

More precisely, Fig. 3a shows the time sequence of operation of solenoid valves (50),
‘ (51/1), (51/2) and (52) in continuous mode, and Fig. 3b shows the time sequence of
operation of solenoid valves (50), (51/1), (61/2), (51/3) and (52) in pulsed mode.

The great flexibility of the device aocordving to the present invention and of the
microprocessor-based architeotﬁre of its control module (12) makes it possible to
update the time program for sampling, utilizing the "real-time" time base for re-
synchronizing the operations so as to provide automatic repetition of the same
operations extended to several days, even non-consecutive. v

Still referring to the appended Fig. 3a, solenoid vaives (51/1), (51/2) and (52) operate
in succession, in the time intervals from TO to T1, from T1 to T2, and from T2 to Tn,
and the dialysis stream arriving at the system will be stored in containers (16/1),
(16/2) and (17) respectively. |

Referring to the appended Fig. 3b, solenoid valves (51/1), (51/2), (51/3) and (52) are

operated simultaneously by time pulses of equal or different amplitude, for time from
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TO to T1, while they still operate in time sequence from T1 to Tn, and th’e.dialysis
stream arriving at the system will be stored in container (16/1), (16/2), (16/3) and (17)
respectively: in this mode it is possible to separate the same sample over several
Contamers and with different volumes owing to the modulation of pulse duration.

Th!S operating mode is provided for taking account of the physnologlcal time

distribution of the contents of the samples, for example, night-day, post-prandial,

during physical activity, etc.
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CLAIMS

1.

Device for management and sampling V'(1O) of dialysis fiuids adapted to be
interfaced with a CGMS system or similar (1) by means of the return fluid line
(4) to the discharge bag of the dialysis tube (2) of said CGMS system or similar
(1) comprising: an electronic control module (12) for controlling the operations
of said sampling device; a module for wireless bidirectional communication
(13) adapted to manage the flow of input/output data according to a suitable
communication protocol; a flow transducer (14) adapted to supply an electrical
signal proportional to the flow rate of the collection and/or return dialysis fluid
arriving from said CGMS system or similar (1); an electrically-operated
hydraulic actuator (15) for controlling the flow of the separate dialysis collection
and/or return fluids, to the individual outiet tubes; at least o.ne collecting
module (16/1-16/n) for receiving the separate dialysis collection and/or return
fluids; a discharge unit (17) for receiving dialysis collection and/or return fluids
that have not been separated, and a power moduie (11) adapted to supply the
required electric currents and voltages to said modules of said device for

management and sampling (10), characterized in that said electrically-

- operated hydraulic actuator (15) comprises a plurality of microvalves (30, 51/1-

51/n, 52) for managing the sampling of said dialysis collection and/or return

fluids, separating them and sending them to the individual outlet tfubes based

on suitable operating signals.
Device according to Claim 1, characterized in that said power module (11) is of

the independent, autonomous type, and comprises batteries of the replaceable

type.

Device according to Claim 1, characterized in that said power module (11) is of

thé independent, autonomous type and comprises batteries -of the
rechargeable type, together with a battery charging unit adapted to be
connected to the mains by a suitable isolating transformer.

Device according to Claims 1-3, characterized in that said electronic control

unit (12) comprises a microprocessor capable of operating in real time, and of
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managing unité for calculating and processing the data-acquired by the internal
functions of said device for management and sampling (10), managing and
processing data received from units external to said device for management
and sampling, (10) such as systems of the CGMS type or similar (1), storing
and managing, iﬁ simple or combinatorial mode, the data received from said
flow transducer (14), elaborating multi-day and muiti-collection / multi-
separation (multi-task) combinatorial programs for management of spent
dialysis fluids, storing and managing, in simple or combinatorial mode, the
combining of the recognition data associated with said collection modules
(16/1,...16/n), managing, storing and processing data received from systems of
measuring transducers (60) that can be installed in said device for
management and sampling (10).

5. Device according to Claims 1-4, characterized in that said bidirectional
communication unit (13) comprises communication equipment of the wireless
type. -

6. Device according to Claim 5, characterized in that said communication
equipment of the wireless type is selected from the group comprising devices
of the Bluetooth type, of the RF type (WiFi or similar), or of the IR optical type
or similar.

7. Device according to Claims 1-6 comprising a fluid intake (40) connected to
said flow transducer (14) and compatible with the terminal connector (4a) of
said dialysis tube (2) of said CGMS system or similar (1).

8. Device according to Claims 1-7, characterized in that said electrically-operated
hydraulic actuator (15) comprises a miniature three-way solenoid valve (50)
provided with two outlets, one normally open connected to a first fluid line (42) -
that supplies said discharge unit (17), and the other normally closed connected
to a second fluid line (44).

9. Device according to Claims 1-7, characterized in that said electrically-operated
hydraulic actuator (15) comprises a pair of two-way micro-solenoid valves,

actuated alternately in opposite conditions of opening, ‘installed upstream of
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said fluid line (44) and adapted to feed a plurality of microvalves (51/1- 51/n
and 52), downstream of which said collection containers (16/1- 16/n) of the

fractions. of collected analyte are connected. -

10. Device according to Claims 1-9 comprising a refrigeration and/or conditioning

1.

module (18) adapted to regulate the temperature of the separate fractions,
which are subject to biological alterations of a thermal origin.

Device according to Claims 1-10 compfising a measuring transducer (60),
enzymatic or of some other type, capable of carrying out real-time
determination of a specific analyte, connected to said first fiuid line (42) by
means of a micropump (61) and a microvalve (62), a further microvalve (63)

being inserted on said first fluid line (42), upstream of the discharge connector

(43).
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Fig. 3a
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