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(57) Abrégée/Abstract:

An apparatus for extracorporeal blood treatment, comprising a treatment unit (2) having a first chamber (3) and a second chamber
(4) separated from one another by a semipermeable membrane (5), a blood removal line (6) connected In Inlet with the first
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(57) Abrege(suite)/Abstract(continued):

chamber (3) and a blood return line (/) connected in outlet with the first chamber; an infusion line (9:9a, 9b) of a replacement fluid
and a fluid evacuation line (10) connected In outlet from the second chamber. A regulating device (20) of a transmembrane
pressure Is active on at least one of the lines and a control unit (15) Is configured to: command the regulating device (20) by setting
a first increase (STMP1), determine a value of a control parameter (f1) corresponding to the first increase, compare the value of the
control parameter (f1) with a reference value (fref) and, if the value of the control parameter Is greater than the reference value,
command the regulating device (20) by setting a second increase (STMP,) which is greater than the first increase (STMP,).
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(534) Title: AN APPARATUS FOR EXTRACORPOREAL BLOOD TREATMENT

(57) Abstract: An apparatus for extracorpo-
real blood treatment, comprising a treatment
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by a semipermeable membrane (5), a blood
removal line (6) connected mn inlet with the
first chamber (3) and a blood return line (7)
connected in outlet with the first chamber; an
intusion line (9;9a, 9b) ot a replacement tluid
and a fluid evacuation line (10) connected in
outlet from the second chamber. A regulating
device (20) of a transmembrane pressure 1s
active on at least one of the lines and a con-
trol unit (15) 1s configured to: command the
regulating device (20) by setting a first in-
crease (STMP,), determine a value of a con-
trol parameter (¢;) corresponding to the first
increase, compare the value of the control pa-
rameter (¢;) with a reference value (¢..f) and,
1f the value of the control parameter 1s greater
than the reference value, command the regu-
lating device (20) by setting a second 1n-
crease (STMP,) which is greater than the first
increase (STMP,).
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TITLE
An Apparatus for Extracorporeal Blood Treatment

DESCRIPTION

The present invention relates to an apparatus for extracorporeal blood treatment.

Apparatus for extracorporeal blood treatment comprise at least a treatment unit (for example a
dialyser or a filter or ultrafilter or a plasma filter or a filtration unit of other type) having a semi-
permeable membrane which separates the treatment unit .into two chambers. An extracorporeal
blood circuit enables circulation of blood removed from a patient internally of the first chamber.
At the same time, and typically in an opposite direction to the blood current, a treatment fluid 1s

made to circulate through an appropriate circuit in the second chamber of the treatment unit.

This type of apparatus for blood treatment can be used for removal of solutes and excess fluid
from the blood of patients suffering from kidney failure. A particular type of apparatus for blood
treatment comprises the presence of an infusion line predisposed to send a replacement tluid into
the extracorporeal blood circuit. In this case the treatment apparatus are called apparatus for
hemofiltration or hemodiafiltration. The infusion line or lines are connected upstream and/or

downstream with respect to the two treatment units.
The above-described blood treatment apparatus can be controlled in various modes.

In a first mode the apparatus can be volumetrically Controlled, 1.€. such as to have predetermined

flow-rates along the various lines of fluid transport.

Alternatively the apparatus can be controlled such that the trans-membrane pressure (called TMP
herein below) follows a set value. In this case, one or more pumps act on an evacuation line
exiting from the second treatment chamber such as to control the transmembrane pressure TMP.
In other words the pumps on the evacuation line are moved such that the transmembrane
pressure is constant or follows a given profile. Contemporaneously, a pump acting on the
infusion line supplies a replacement fluid at a flow rate which is regulated either with the aim of

achieving a user-set weight loss in a predetermined treatment time or, alternatively, with the aim
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of contemporaneously achieving both a predetermined weight loss and a

predetermined infusion volume in a patient.

The treatment units (for example filters, hemofilters, hemodiafilters, etc.) typically
used have a characteristic curve which relates the TMP and fluid volume
crossing the membrane (ultrafiltration volume); this curve exhibits a zone In
which to the TMP increase there is a more or less proportional increase Iin
volume of ultrafiltered fluid across the membrane, followed by a zone in which
the growth of ultrafiltration volume drops up to reaching a plateau where there Is
no significant increase in ultrafiltration on increase of the TMP. In this situation,
application no. WO20051B01482 illustrates an apparatus and a process for
setting the value of the TMP to a level which is such as to maximise the
ultrafiltration flow and, consequently, the fluid of infused fluid into the patient.
This solution is advantageous since by maximising the ultrafiltration and infusion
flow rate, the convective exchange through the membrane is maximised and

thus so is the purification of the blood of undesired particles.

Although the above publication offers an advantageous procedure for setting
TMP, it has been seen to be possible to further improve the solution described in

the above publication.

SUMMARY
In particular, an aim of the present invention is to make available an apparatus

for blood treatment which is capable of determining a setting value of the TMP iIn

a way which is simple and more rapid with respect to the typical mode in known-
type procedures.

A further aim of the invention is to make available an apparatus which is able,
within the limits of possibility, to increase the volume of liquid exchanged with the
patient.

A further aim of the invention is to make available an apparatus which, though
accelerating the TMP setting search sequence, is nonetheless able to operate In
safety.

A further aim is to provide an apparatus which is able to take account of any

changes in the operating conditions of some components of the apparatus itself.
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According to the present invention, there is provided an apparatus for extracorporeal blood
treatment, comprising:

at least one treatment unit (2) having at least one first chamber (3) and at least one
second chamber (4) which are separated from one another by a semipermeable membrane (5);

at least one blood removal line (6) connected with an inlet port of the first chamber (3)
and predisposed to remove blood from a patient;

at least one blood return line (7) connected to an outlet port of the first chamber and
predisposed to return treated blood to the patient;

at least one infusion line (9; 9a, 9b) of a replacement fluid;

at least one fluid evacuation line (10) connected to an outlet port of the second chamber in
order to receive at least one fluid that has been filtered across the semipermeable membrane (5);

a regulating device (20) of a transmembrane pressure between the first chamber and the
second chamber of the treatment unit, the regulating device being active on at least one of the
lines; and

a control unit (15) connected with the regulating device (20) and configured such as to
perform a setting sequence of the transmembrane pressure, the setting sequence comprising
following stages:

commanding the regulating device by imposing a first increase (6TMP;) to a first value of
the transmembrane pressure (TMP;) in order to reach a second transmembrane pressure

(TMP3);

determining a value of a control parameter (¢;) corresponding to the first increase in

transmembrane pressure;

comparing the value of the control parameter (¢,) with a reference value ($,f) and, if
the value of the control parameter (¢;) is greater than the reference value (),

commanding the regulating device by imposing on the transmembrane pressure a
second increase (6TMP;) which is greater than the first increase (6TMP,) in order to reach a

third value of the transmembrane pressure (TMP3),

2a
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wherein the setting sequence comprises a stage of terminating the setting sequence and
imposing the second pressure value (TMP,) as a setting value of the transmembrane pressure, if

the value of the control parameter is less than the reference value.

According to the present invention, there is also provided an apparatus for extracorporeal blood
treatment, comprising:
at least one treatment unit (2) having at least one first chamber (3) and at least one
second chamber (4) which are separated from one another by a semipermeable membrane (5);
at least one blood removal line (6) connected with an inlet port of the first chamber (3)
and predisposed to remove blood from a patient;
at least one blood return line (7) connected to an outlet port of the first chamber and
predisposed to return treated blood to the patient;
at least one infusion line (9; 9a, 9b) of a replacement fluid;
at least one fluid evacuation line (10) connected to an outlet port of the second chamber in
order to receive at least one fluid that has been filtered across the semipermeable membrane (5);
a regulating device (20) of a transmembrane pressure between the first chamber and the
second chamber of the treatment unit, the regulating device being active on at least one of the
lines; and
a control unit (15) connected with the regulating device (20) and configured such as to
perform a setting sequence of the transmembrane pressure, the setting sequence comprising
following stages:
commanding the regulating device by setting a first increase (6TMP,) at a first value of
the transmembrane pressure (TMP;) in order to reach a second transmembrane pressure
(TMP3);
determining a value of a control parameter (d,) corresponding to the first increase in
transmembrane pressure, wherein the control parameter comprises a parameter selected from
a group comprising:
e a variation between the replacement flow in the infusion line (9; 9a, 9b) at the
first transmembrane pressure value (TMP,) and the replacement flow in the

infusion line at the second transmembrane pressure (TMP,);
2b
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e a variation between the ultrafiltration (Qgg) across the membrane (5) at the first
transmembrane pressure value (TMP;) and the ultrafiltration flow at the second
transmembrane pressure value (TMP,);

comparing the value of the control parameter (¢;) with a reference value ($.f) and, if
the value of the control parameter is greater than the reference value, commanding the
regulating device by imposing a second increase (TMP,) on the transmembrane pressure which
is greater than the first increase (6TMP,) in order to reach a third value of the transmembrane

pressure (TMP3).

Preferably, according to the present invention, there is provided an apparatus for
extracorporeal blood treatment, comprising:

at least one treatment unit (2) having at least one first chamber (3) and at least one
second chamber (4) which are separated from one another by a semipermeable membrane (5);

at least one blood removal line (6) connected with an inlet port of the first chamber (3)
and predisposed to remove blood from a patient;

at least one blood return line (7) connected to an outlet port of the first chamber and
predisposed to return treated blood to the patient;

at least one infusion line (9; 9a, 9b) of a replacement fluid;

at least one fluid evacuation line (10) connected to an outlet port of the second chamber in
order to receive at least one fluid that has been filtered across the semipermeable membrane (5);

a regulating device (20) of a transmembrane pressure between the first chamber and the
second chamber of the treatment unit, the regulating device being active on at least one of the
lines; and

a control unit (15) connected with the regulating device (20) and configured such as to
perform a setting sequence of the transmembrane pressure, the setting sequence comprising
following stages:

commanding the regulating device by setting a first increase (8TMP,) at a first value of

the transmembrane pressure (TMP,) in order to reach a second transmembrane pressure

(TMP,);

2C
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determining a value of a control parameter (¢1) corresponding to the first increase in
transmembrane pressure;

comparing the value of the control parameter (¢;) with a reference value (¢} and, if
the value of the control parameter is greater than the reference value,

commanding the regulating device by imposing a second increase (6TMP;) on the
transmembrane pressure which is greater than the first increase (6TMP,) in order to reach a

third value of the transmembrane pressure (TMP3).

2d
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Preferable aspects of the invention are illustrated herein below.

Preferably, in a first aspect, a control method is provided for an apparatus for
extracorporeal blood treatment of a type comprising: at least one treatment unit
having at least one first chamber and at least one second chamber which are
separated from one another by a semipermeable membrane; at least one blood
removal line connected with an inlet port of the first chamber and predisposed to
remove blood from a patient; at least one blood return line connected with an outlet
port of the first chamber and predisposed to return treated blood to the patient; at
least one infusion line of a replacement fluid; at least one fluid evacuation line
connected with an outlet port of the second chamber for receiving a filtered fluid
through the semipermeable membrane; a transmembrane pressure regulation device
between the first and second chambers of the treatment unit, the regulation device
being active on at least one of the lines; and a control unit connected with the
regulation device. The control method Is preferably performed by control unit and
comprises a setting sequence of the transmembrane pressure which includes setting
non-uniform pressure increases. In practice the control unit is configured or
programme to perform the control method in accordance with the aspects described

herein.

Preferably, in a second aspect, in accordance with the first aspect, the setting

sequence comprises the following stages:
commanding the regulating device by setting a first increase (0TMP4) at a first

value of the transmembrane pressure (TMP4) In order to reach a second
transmembrane pressure (TMP):
determining a value of a control parameter (¢4) corresponding to the first

increase In fransmembrane pressure;
comparing the value of the control parameter (¢1) with a reference value (Pref)

and, if the value of the control parameter is greater than the reference value,
commanding the regulating device by setting a second increase (0TMP,) on
the transmembrane pressure which Is greater than the first increase (0TMP,)
in order to reach a third value of the transmembrane pressure (TMP3).

Preferably, in a third aspect, in accordance with the first or second aspect, the control

parameter comprises a parameter selected from a group comprising:
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a variation between the replacement flow in the infusion line at the first
transmembrane pressure value (TMP4) and the replacement flow in the infusion line
at the second transmembrane pressure (TMP2);

the variation between the ultrafiltration flow (Qur) across the membrane at the
first transmembrane pressure value (TMP4) and the uitrafiltration flow at the second
transmembrane pressure value (TMPy);

the replacement flow in the infusion line at the second transmembrane

pressure value (TMP5);
the ultrafiltration flow through the membrane at the second transmembrane

pressure value (TMP,) .

Preferably, in a fourth aspect, in accordance with any one of the aspects from the first
to the third aspects, the setting sequence comprises a stage of terminating the
setting sequence if the value of the control parameter is less than the reference value
and then setting the second pressure value (TMP,) as the setting value of the

transmembrane pressure at which the regulating device is made to operate.

Preferably, in a fifth aspect, in accordance with any one of the preceding aspects, the
setting sequence comprises a plurality (n) of stages, with n being greater than 2. In
this case the setting sequence comprises the following further stages:

determining a value of a control parameter (¢,) corresponding to an nth
transmembrane pressure increase;

comparing the value of the control parameter (¢,) with a reference value
(Prefm)) |

if the value of the control parameter Is greater than the respective reference
value, determining an (n+1)th increase (0TMP,.+4) of an entity which is greater than
the entity of the nth increase (0TMP,).

Preferably, in a sixth aspect, in accordance with the fifth aspect, the setting sequence

comprises verifying if the nth increase was of a smaller entity than a predetermined
value and, in that case, proceeding with the further stage of determining an (n+1)th
increase (0TMP,.1) of a greater entity than the nth increase (0 TMP,)). Thereafter, the
setting sequence comprises a further stage of commanding the regulating device by
setting the transmembrane pressure with the (n+1)th increase (0TMP,.+4).
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Preferably, in a seventh aspect, in accordance with any one of the preceding
aspects, the control method comprises sequentially repeating the setting sequence

stages, in which the setting sequence is terminated when the control parameter value

(@1 @n) is less than or equal to the reference value.

Preferably, in an eighth aspect, in accordance with any one of the preceding aspects,
the control method comprises commanding the regulating device, setting as normal
working transmembrane pressure the value at which the control parameter value (@1
¢n) is less than the value of the respective reference parameter.

Preferably, in a ninth aspect, in accordance with any one of the preceding aspects,
the control method comprises calculating the (n+1)th increase (0TMP,+q) as a
function of the control parameter value corresponding to the nth increase in

transmembrane pressure (0TMP,).

Preferably, in a tenth aspect, in accordance with any one of the preceding aspects,
the control method comprises calculating the (n+1)th increase (0TMP,+1) as a
function of the control parameter value ( ¢, ) corresponding to the nth increase
(0TMP,,) and the value of the nth transmembrane pressure increase (0 TMPy,).

Preferably, in an eleventh aspect, in accordance with any one of the preceding
aspects, the control method comprises calculating the (n+1)th increase (0TMP+1)

using the following formula:
OTMPps1=(0n) - (K)

where:

K is the relation between the value of the nth transmembrane pressure increase

(0TMP,,) and the value of a correcting factor (¢.),

¢, is the value of the control parameter corresponding to the nth transmembrane
pressure increase (0 TMPy).

Preferably, in a twelfth aspect, in accordance with any one of the preceding aspects,
the control method comprises that at least two successive pressure increases
are included. In particular, the method comprises calculating the second increase
(0TMP,) as a function of the control parameter value (¢¢) corresponding to the
first increase (0TMP,).
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Preferably, in a thirteenth aspect, in accordance with the preceding aspect, the
control method comprises calculating the second increase (3TMP3) as a function

of the control parameter value (¢4) corresponding to the first increase (0TMP)
and the value of the first transmembrane pressure increase (0TMP4), optionally

using the formula:
OTMP2 = (1) - (K)
where:
K is the relation between the value of the first transmembrane pressure increase

(0TMP4) and a correcting factor (@.).

Preferably, in a fourteenth aspect, in accordance with any one of the aspects of
the eleventh to the thirteenth, the value of the correcting factor is selected from
the group comprising:

a predetermined value,

a mathematical function of the reference value (Qres),

a mathematical function of a treatment mode to which the apparatus has

been set,
a mathematical function of a treatment mode to which the apparatus has

been set and the reference value (Pres).

Preferably, in a fifteenth aspect, in accordance with the thirteenth and the
fourteenth aspect, the value of the correcting factor is greater than or equal to
the reference parameter,

optionally in which the reference parameter (@.f) has a predetermined value
comprised between 2 and 4 mi/min, and in which the correcting factor (¢¢) has a

predetermined value comprised between 3 and 5 mi/min.

Preferably, in a sixteenth aspect, in accordance with any one of the preceding
aspects, the control parameter comprises a parameter selected from a group
comprising:

the variation between the replacement flow in the infusion line (9; 9a, 9b)
at the nth transmembrane pressure value (TMP,,) and the replacement flow in the

infusion line at the (n+1)th transmembrane pressure value (TMPp+1);
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the variation between the ultrafiltration flow (Qur) across the membrane (5) at

the nth transmembrane pressure value (TMP,) and the ultrafiltration flow at the

(n+1)th transmembrane pressure (TMPp+1),
in which the sequence comprises, in response to the command stage of the

regulating device (20) for setting a transmembrane pressure increase (0TMP4 ;
O0TMP,; 8TMP,), a corresponding stage of varying a flow rate through the at least one
infusion line in accordance with a predetermined control strategy; and in which

n varies from 1 to the total number of pressure increases set during the

sequence.

Preferably, in a seventeenth aspect, in accordance with any one of the preceding
aspects, the control method comprises verifying that each pressure increase Is less
than a maximum safety value, optionally in which the maximum safety value is less

than or equal to 100 mmHg.

Preferably, in an eighteenth aspect, in accordance with any one of the preceding
aspects, the control method comprises enabling a user to enter commands via at least
one user interface connected with the control unit, the control unit being configured to

receive command signals relating to the commands entered by a user via the user

iInterface.

Preferably, in a nineteenth aspect, in accordance with the preceding aspect, the

control method comprises:

receiving, in the control unit, a start command for the sequence following a command
insertable by a user acting on a manual activating element of the interface (22), and/or
automatically initiating the sequence.

Preferably, in a twentieth aspect, in accordance with the preceding aspect, the control

method comprises:
measuring a time that has run from the start of a patient’s treatment,

automatically activating a first sequence, after a first time interval (T¢) from the start of

treatment,
measuring a time that has run from the end of the first sequence,

automatically activating a sequence, after a second time interval (T,) from the end of

the first sequence.
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Preferably, in a twenty-first aspect, in accordance with the preceding aspect, the

control method comprises: activating each successive sequence, after a predetermined

time interval (T,,) from the end of a preceding sequence.

Preferably, in a twenty-second aspect, in accordance with the 19th and 20th aspects,
the duration of the time intervals (T4, T2, T,) Is not uniform; optionally the duration of
each time interval after the first is greater than the duration of a time interval that

precedes It.

Preferably, in a twenty-third aspect, in accordance with any one of the preceding
aspects, the control method comprises that during the setting sequence and following
each transmembrane pressure increase command, there is a time transitory (T,) before

effecting a subsequent transmembrane pressure increase.

Preferably, in a twenty-fourth aspect, in accordance with any one of the preceding
aspects, the duration of the time transitory (T:) is not uniform and is optionally a
function of the pressure increase between a transmembrane pressure value (TMP,)

and a next (TMPp+1).

Preferably, in a twenty-fifth aspect, in accordance with the preceding aspect, the
control method comprises that each stage of comparison of the control parameter
value (4. ¢n) With a respective reference value (@) is effected after the time transitory
(T¢), with the aim of enabling a stabilisation of the value of the control parameter.

Preferably, in a twenty-sixth aspect, in accordance with any one of the preceding
aspects, the regulating device (20) comprises at least one first pump (13) located on
the evacuation line, and the method comprises that pressure increases are set by
regulating a flow rate of the pump.

Preferably, in a twenty-seventh aspect, in accordance with any one of the preceding
aspects, the regulating device (20) comprises at least one second pump (16) located
on the infusion line, the control method comprising regulating the second pump at least
according to:

a set value of treatment time, a set value of weight loss and the current value of the
ultrafiltration flow across the membrane; or, alternatively,

a set value of the volume of total infusion to be attained at the end of treatment and a
set value for weight loss to be attained at end of treatment.
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Preferably, in a twenty-eighth aspect, in accordance with the preceding aspect,
the regulating device (20) comprises at least one second pump (16) located on
the infusion line, the control method comprising stages of:

regulating the second pump (16) at least according to a set value for total
infusion volume to be attained at end of treatment and a set value for weight loss
to be attained at end of treatment; and

calculating an approximation of a remaining treatment time according to the
remaining weight loss and a current flow value of weight loss.

Preferably, in a twenty-ninth aspect, in accordance with any one of the preceding
aspects, the apparatus comprises one or more pressure sensors (S, Sz, S3, S4)
located on one or more lines and connected with the control unit, the pressure
sensors sending pressure signals to the control unit, the control method
comprising determining a current value of the transmembrane pressure from the

pressure signals.

Preferably, in a thirtieth aspect, in accordance with any one of the preceding
aspects, the apparatus comprises at least one infusion sensor (Ss) selected from
a group comprising a flow sensor, a mass sensor, a weight sensor, a revolution
sensor of the second pump (16), the infusion sensor being active on the infusion
ine and connected to the control unit (15) for detecting an infusion flow through
the infusion line; and/or

at least one ultrafiltration sensor (Sg) selected from the group comprising a flow
sensor, a mass sensor, a weight sensor, the ultrafiltration sensor being active on
an evacuation line and connected to the control unit (15) such as to detect an
ultrafiltration flow across the membrane (5).

Preferably, in a thirty-first aspect, in accordance with the 29th or the 30th aspect,
the pressure sensors (S1, Sz, Sz, S4) comprise at least one pressure sensor (Sy)
located on the evacuation line and at least one pressure sensor (S;, S4) located
on the removal and/or the delivery line, the method comprising receiving, for
example In the control unit, pressure signals from the pressure sensors and
calculating an instant transmembrane pressure value on the basis of the
pressure signals.
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Preferably, in a thirty-second aspect, in accordance with the 30th and 31st aspects, the
control method comprises calculating the value of the control parameter on the basis of

detected values of the infusion flow and/or the ultrafiltration flow.

Preferably, in a thirty-third aspect in accordance with any one of the preceding aspects, the
control method comprises performing, following a setting sequence, an adjustment stage (A)
of the setting value to the transmembrane pressure (TMP), optionally in which following the
second or third or last setting sequence there is an adjustment stage (A) comprising a
reduction (5TMP4,) of the setting value of the transmembrane pressure determined following

the sequence.

Preferably, in a thirty-fourth aspect in accordance with any one of the preceding aspects, the
apparatus exhibits at least one blood pump, for example operatively connected to the
control unit, operating at the removal line or the return line. The method comprises detecting
a variation in the set value of the blood flow rate, verifying whether the variation is of a
greater entity than a predetermined threshold, interrupting the setting sequence If the
variation in the set value of the blood flow is of a greater entity than a predetermined

threshold.

Preferably, in a thirty-fifth aspect a control method for an apparatus for extracorporeal blood
treatment is provided, comprising:
at least one treatment unit having at least one first chamber and at least one second

chamber separated from one another by a semipermeable membrane;
at least one blood removal line connected to an inlet port of the first chamber and

predisposed to remove blood from a patient;
at least one blood return line connected to an outlet port of the first chamber and

predisposed to return treated blood to the patient;
at least one replacement fluid infusion line connected to the blood return line, upstream of

the chamber;
at least one fluid evacuation line connected to an outlet portion of the second chamber for

receiving at least one filtered fluid through the semipermeable membrane;

a regulating device of a transmembrane pressure between the first and the second chamber
of the treatment unit, the regulating device being active on at least one of the lines:

and at least one blood pump operating on the removal line or the return line.
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Preferably, the control method, which can for example be performed by a control unit
connected to the blood pump and the regulating means, comprises stages of:
performing a setting sequence of the transmembrane pressure,

detecting a variation in the set value of the blood flow,

verifying whether the variation is of a greater entity than a predetermined threshold,
interrupting the setting sequence if the variation in the set value of the blood flow Is
greater than the predetermined threshold.

Further, the setting sequence can comprise the further characteristics described In

one or any aspects preceding aspect no. 34.

Preferably, in a thirty-sixth aspect a control method is provided for an apparatus for
extracorporeal blood treatment comprising:

at least one treatment unit having at least one first chamber and at least one second

chamber separated from one another by a semipermeable membrane;
at least one blood removal line connected to an inlet port of the first chamber and

predisposed to remove blood from a patient;
at least one blood return line connected to an outlet port of the first chamber and

predisposed to return treated blood to the patient;

at least one infusion line of a replacement fluid connected to the blood removal line,
upstream of the first chamber;

at least one fluid evacuation line connected to an outlet port of the second chamber
for receiving at least one filtered fluid across the semipermeable membrane;

a regulating device of a transmembrane pressure between the first and the second
chamber of the treatment unit, the regulating device being active on at least one of
the lines;

automatically initiating, a plurality of times during a treatment, a setting sequence of
the transmembrane pressure, the stage of automatically initiating comprising:
measuring a time taken from a start of a patient’s treatment,

automatically activating a first sequence after a first time interval (T1) from the start of

the treatment,
measuring a time that has passed from an end of the first sequence,
automatically activating a sequence after a second time interval (T,) from the end of

the first sequence,
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and activating each successive sequence after a predetermined time interval (Ty)

from the end of a preceding sequence.

The control method can be performed by a control unit connected to the
regulating device. Further, the setting sequence can comprise the characteristics

further described in any preceding aspect before aspect no. 34.

Preferably, in a thirty-seventh aspect in accordance with the preceding aspect,
the duration of the time intervals (T4, T2, Tn) IS not uniform. For example, the
duration of each time interval (T,, T,) following the first is greater than the

duration of a time interval preceding it.

Preferably, in a thirty-eighth aspect in accordance with any of aspects from the
35th to the 37th, each setting sequence comprises the following stages:

commanding the regulating device, imposing a first increase (0TMP4) on a
first transmembrane pressure value (TMP4) such as to reach a second
transmembrane pressure value (TMP2),

determining a value of a control parameter (¢1) corresponding to the first
transmembrane pressure increase,

comparing the value of the control parameter (¢4) with a reference value
(Pref) and, if the control parameter is greater than the reference value,

commanding the regulating device by imposiong a second increase
(0TMP,) on the transmembrane pressure such as to reach a third

transmembrane pressure value (TMP3).

Preferably, in a thirty-ninth aspect, in accordance with the preceding aspect the
second increase (0TMPy) is greater than the first increase (0TMP4), optionally in
which the second increase (0TMP;) is calculated as a function of the control
parameter value (¢¢) corresponding to the first increase (0TMP4) and the value

of the first transmembrane pressure increase (0TMP4), and still more optionally

using the formula:

OTMP2 =(¢1) - (K)

where:
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K is the relation between the value of the first transmembrane pressure increase

(0TMP4) and a correcting factor (¢c).

Preferably, in a fortieth aspect, the apparatus on which the control method of any one
of the preceding aspects is applied comprises an infusion line (9, 9a) of a
replacement fluid directly connected in pre-dilution with the removal line; and/or an
infusion line (9b) of a replacement fluid directly connected in post-dilution with the

return line. Note that optionally there can also be a second pre-dilution infusion line .

Preferably, in a forty-first aspect the control unit is configured or programmed for
performing the control method of any one of the preceding aspects. The control unit
can be analog or digital (for example a PC with one or more processors) or a

combination of analog and digital units.

Preferably, in a forty-second aspect a data storage unit is provided for storing
instructions which, when performed by the control unit of an apparatus for blood
treatment, determine the performing of the control method on the apparatus in
accordance with any one of the aspects from the first to the forty-first. For example,
the data support unit can comprise a mass storage, for example optical or magnetic,
an electromagnetic signal, a re-programmable memory (EPROM, FLASH) or a

memory of another nature.

Preferably, in a forty-third aspect, an apparatus for extracorporeal blood treatment
comprises a control unit which is programmed or configured for performing a control
method of any one of the aspects from the first to the forty-first.

DESCRIPTION OF THE DRAWINGS

Some drawings relating to aspects of the invention are provided by way of example.
In particular:

- figure 1 is a schematic illustration of a first example of an apparatus for blood
treatment according to the invention;

- figure 2 is a schematic illustration of a second example of an apparatus for
blood treatment, according to the invention;

- figure 3 Is a time diagram relating to a TMP setting sequence, in an aspect of

the invention:
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- figure 4 is a time diagram relating to a further TMP setting sequence, in an aspect of the
Invention;

- figure 5 i1s a time diagram relating to a plurality of successive sequences of TMP settings,
according to an aspect of the invention; and

- figure 6 1s a time diagram relating to a plurality of TMP setting sequences, in the

presence of variations in the blood flow rate setting.

DETAILED DESCRIPTION .

With reference to the accompanying figures of the drawings, 1 denotes in 1ts entirety an
apparatus for extracorporeal blood treatment. The apparatus 1 comprises at least a treatment unit
2, for example a hemofilter, a hemodiafilter, a plasma filter or an ultrafilter, having at least a first
chamber and at least a second chamber 3 and 4 separated from one another by a semipermeable
membrane J.

A blood removal line 6 is connected with an 1nlet port of the first chamber 3 and 1s predisposed,
in operating conditions of connection to a patient, to remove blood from a vascular access V1
inserted, for example, in a fistula F on the patient. A blood return line 7 connected with an outlet
port of the first chamber is predisposed to receive the treated blood from the treatment unit and
to return the treated blood to a further vascular access V2 connected to the patient’s fistula. Note
that the configuration of the vascular access can be of any type; for example a catheter, a port
implanted in the patient, a cannula etc. In practice, the blood removal line 6, the first chamber 3
of the treatment unit and the blood return line 7 to the patient are part of an extracorporeal blood
circuit 8 which, during the use of the apparatus 1, circulates the blood externally of the patient
under treatment .

An infusion line 9 (see figure 1), or several infusion lines 9a, 9b (see figure 2), of a replacement
fluid i1s/are connected to the blood removal line 6. In figure 1, the infusion line is connected
upstream of the first chamber 3, while in figure 2 the line 9a 1s connected upstream while the line
9b is connected downstream of the unit 8; note that further infusion lines can also be comprised,
for example connected downstream and/or upstream of the treatment unit.

The apparatus 1 further comprises at least a fluid evacuation line 10 connected to an outlet port
of the second chamber 4 for receiving at least a fluid filtered across the semipermeable
membrane. In the examples of figures 1 and 2, there 1s also a supply line 11 of a fresh fluid

treatment; however the presence of such a line is not strictly necessary; in the absence of the line

14



10

15

20

25

30

CA 02814929 2013-03-22
WO 2012/042322 PCT/1B2011/002097

11, the apparatus is in any case able to perform treatments such as ultrafiltration or
hemofiltration. In a case where there is the supply line 11 of a fresh fluid, a fluid check organ 12
can be used to selectively enable or disable a fluid passage through the supply line 11, according
to whether there is or not to be a purification by diffusive effect internally of the treatment unit.
During the treatment the fluid and undesired particles must be moved from the first chamber
towards the second chamber of the treatment unit.

The movement of fluid and/or particles creates a transmembrane pressure which 1s defined as the
mean pressure applied on the side of the first chamber towards the side of the second chamber.
Estimates for the transmembrane pressure (herein below indicated in short as TMP) can be
calculated in various ways. For example, the transmembrane pressure TMP can be calculated

according to one of the following formulas, which may provide slightly different TM estimates.

1) In a case in which (see figures 1 and 2) there are four pressure sensors of which one (S1)
1s on the supply line 11, one (S2) on the evacuation line 10, one (S3) on the blood
removal line 6 and one (S4) on the return line 7, the value of the TMP 1s determined by
the control unit using the pressure signals coming from the sensors from S1 to S4 and
using the formula:

Ps+Pv_ Pi+ Po
2 2

I'MP =

where:
P1 is the pressure detected by sensor S1
Po is the pressure detected by sensor S2
Ps 1s the pressure detected by sensor S3

Pv is the pressure detected by sensor S4

2) In a case where there are three pressure sensors (or in a case in which no fluid circulates
in the line 11) of which one (S2) 1s on the evacuation line 10, one (S1) 1s on the supply
line 11 and one (S4) is on the return line 7, the value of the TMP is determined by the
control unit using the pressure signals coming from the sensors from S2 to S4, using the

formula:

Pi+ Po
2

T'MP = Pv-

where:

Po is the pressure detected by sensor S2
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P1 is the pressure detected by sensor S1

Pv is the pressure detected by sensor S4

3) Lastly, in a case in which there are two pressure sensors of which one 1s on the
evacuation line 10 and one on the return line 7, the value of the TMP is determined by the

control unit using the pressure signals coming from sensors S2 and S4 using the formula:

ITMP = Pv - Po

where:

Po is the pressure detected by sensor S2

Pv is the pressure detected by sensor S4

The apparatus 1 further comprises a regulating device 20 of a transmembrane pressure TMP; the
regulating device can be active on at least one of the above-described lines. According to
requirements and the configuration of the apparatus 1, the regulating device can comprise for
example: a pump placed on the ultrafiltration line, or two pumps controlled difterentially as two
blood pumps, one located upstream and another downstream of the filtration unit, a plurality of
pumps located on the lines and controlled such as to create an ultrafiltration flow across the
membrane, or combinations of one or more pumps and valves, or others besides.

In the example illustrated in figures 1 and 2, the device 20 comprises an ultrafiltration pump 13
operating on the evacuation line and able to recall fluid from the second chamber. In the example
of figure 2 there is also a supply pump 14 of a treatment fluid: in this case the regulating device
20 comprises both the ultrafiltration pump and the supply pump, which are appropriately
controlled differentially such as to create an ultrafiltration flow Qur across the membrane.

A control unit 15, for example analog or having a microprocessor, 1s connected with the
regulating device and configured to control the above-described pumps. In particular, the control
unit operates in such a way as to control the pump or pumps 13 and 14 such that the value of
TMP measured corresponds to the set value for the TMP. In other words, the control unit acts
continuously or periodically on the regulating device such that, instant by instant, the TMP
measured corresponds to the value set at that instant. In this way, the ultrafiltration flow Qug
across the membrane and thus the quantity of fluid removed from the blood present in the first

chamber is a function of the set TMP.
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As illustrated in the examples of figure 1 and 2, an infusion pump 16, 16a, 16b can operate on
each of the lines 9, 9a, 9b; note that in the case of figure 2 there can alternatively be provided a
single infusion pump destined to generate a fluid flow through both lines 9a, 9b: in this can the
infusion lines will be connected with a single delivery line and provided with special regulating
means (for example valves, or pumps, or regulable choke elements) for controlling the flow
through each of the infusion lines. According to the control strategy, the control unit 10 1s
configured to regulate the infusion pump 9 (or the pumps 9a and 9b 1n the case of figure 2)
according to various parameters.

In a first example, the overall infusion flow rate through the line 9 (or the line 9a and 9b) 1s
controlled in accordance with a set value of treatment time, of a set value of weight loss and the
current value (measured by sensors of known type and therefore not described in detail) of the
ultrafiltration across the membrane. In practice, for example via a user interface 22 connected to
the control unit, an operator can enter a treatment time and a desired weight loss to be attained at
end of treatment. These values are received by the control unit 15 which is programmed or
configured for:

controlling the regulating device 20 (in the case of figures 1 and 2 primarily the ultrafiltration
pump 13) such as to follow the set value of the transmembrane pressure and

regulating the infusion pump 9 (or pumps 9a, 9b) such as to obtain the desired weight loss 1n the
treatment time set by the operator. In practice, following the variations of the ultrafiltration pump
which tends to maintain the transmembrane pressure aligned with the set instant value, the
velocity of the infusion pump (or the infusion pumps) is also varied such that the weight loss

flow follows the value set by the operator.

Alternatively, in a second example, instead of the treatment time an operator can set a total
infusion volume value to be reached at the end of treatment and a weight loss value to be reached
at the end of treatment. As already mentioned, a user can enter these values using the user
interface 22 the apparatus 1 is provided with. In this case, the control unit 15 1s configured to
regulate the second pump or infusion pump at least according to a set value for total infusion
volume to be reached at the end of treatment; in practice the control unit is programmed to
regulate the velocity of the ultrafiltration pump in order to respect the TMP set value, and also to
control the velocity of the infusion pump such that the relation between infusion flow rate and

weight loss remains, instant by instant, in a constant relation, such that independently of the
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duration of the treatment there is the certainty that the two set objects of weight loss and total
infusion of replacement fluid are achieved substantially at the same time. The control unit can
optionally also be programmed to calculate an approximation of a remaining treatment time

according to the remaining weight loss, and for a current value of weight loss flow.

Other control strategies can be provided: in any case, following variations in the ultrafiltration
flow rate of imposed by the regulating device for following the TMP value, the infusion pump
can be controlled according to the ultrafiltration according to algorithms which can be set by the

operator or pre-stored in the apparatus 1. ,

The apparatus 1 comprises at least a sensor, acting on the infusion line, connected with the
control unit for detecting an infusion flow through the infusion line and/or at least a sensor acting
on the evacuation line connected with the control unit for detecting an ultrafiltration flow
through the evacuation line. The sensors for detecting the flow can be volumetric, mass sensors,
weight sensors such as scales, pump revolution sensors or of another type still; the sensors can be
predisposed to determine absolute or differential values of the amounts measured. As the type of
sensors usable is not relevant and as the methods and the sensors for detecting absolute or
differential flow values are known and within the ambit of an expert in the field, no further

details are given thereof 1n the present text.

With the aim of setting the optimal transmembrane pressure and thus maximising as far as
possible the convective transport across the membrane, the control unit is programmed on

manual or automatic command to perform a setting sequence of the transmembrane pressure.

The setting sequence comprises the following stages:
— setting the transmembrane pressure at a first value TMP,,
— commanding the regulating device 20, for example the ultrafiltration pump, imposing a
first increase 0TMP; to the first transmembrane pressure value TMP; 1n order to reach a

second transmembrane pressure value TMP»; this 1s done for example by increasing the

flow rate of the ultrafiltration pump and verifying that the measured value of the TMP

reaches the value TMP,; = TMP, + 0TMP;y;

— waiting for a time T and then calculating a value of a control parameter ¢, corresponding

to the second transmembrane pressure value TMP;; in the illustrated example, following
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the variation in ultrafiltration flow, the flow along one or more infusion lines 1s
consequently varied, according to one of the control strategies outlined herein above. In
the present example, the control parameter is the variation between the infusion value
through the infusion line, measured or estimated at the instant preceding the increase 1n
pressure, and the value measured or estimated following a time interval T necessary for
the infusion pump to perform the transitory of acceleration in order to compensate for the

transmembrane 1ncrease;

comparing the value of the control parameter ¢; with a reference value @ and, if the
value of the control parameter is greater (or equal, in an alternative form) to the reference
value, commanding the regulating device by imposing a second increase (0 TMP,) on the
transmembrane pressure which is greater than the first increase (6 TMP)) in order to reach
a third transmembrane pressure value (TMP3). In the illustrated example the change 1n
infusion flow rate is compared to a reference flow rate, for example 3ml/min and, should
the variation in the infusion flow rate be greater than 3ml/min, the ultrafiltration pump is
commanded such as to impose a TMP increase which is greater than the previous one. In
this way, if following the first TMP variation the corresponding variation of ultrafiltration
flow rate, and consequently the infusion flow rate, are sufficiently high and therefore
such as to indicate that the treatment unit is operating in a sufficiently distant zone from
the plateau zone (with reference to the characteristic curve of ultrafiltration /TMP relating
to the treatment unit itself), the above-described sequence considerably increases the

range of the following pressure increase, thus accelerating the search for and the setting

of the optimal TMP.

If on the other hand the control parameter value is lower than the reference value, the
TMP setting procedure is interrupted, as will be more fully described herein below, as the
unit in such a case assumes that the optimal TMP has been reached and thus it i1s kept as a

setting value.

Figure 3 illustrates a system of Cartesian axes in which the x-axis represents the time and the
ordinates the TMP pressure set instant by instant (continuous line) and the infusion flow-rate
(broken line) along the line 9 (or the lines 9a and 9b): figure 3 also includes an embodiment of a
TMP setting sequence which can be performed by a control unit which 1s part of an apparatus 1
of the type illustrated in figure 1 or figure 2. Following a manual command or an automatic

procedure, a TMP setting sequence is initiated by the control unit. Initially (“START” in figure
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3), the control unit maintains the TMP at a value of TMP, for a first time interval t;-t;. At the end
of the first interval of time t;-t,, a pressure increase of 20mmHg is imposed on the TMP set
value, passing from the set value of TMP to a set value TMP,, with a consequent activating of
the ultrafiltration pump 13 and the infusion pump 16 (or at least one of pumps 16a, 16b in the
case of figure 2). As already mentioned, the flow rate of the infusion pump 16 (or at least one of
the pumps 16a, 16b in the case of figure 2) 1s schematically represented by the curve Qnr
(broken line) in figure 3. As can be seen, in response to the new set TMP value, the control unit
15 also commands acceleration of the ultrafiltration pump, such as to reach the new TMP,, and
thus also the acceleration of the infusion pump 16 (or at least one of the pumps 16a, 16b in the
case of figure 2), such as to balance the effect of the greater ultrafiltration, according to one of
the above-described control strategies.

Still with reference to figure 3, in the interval t;-t3, the flow rate variation of the infusion pump is
greater than 3ml (@ef), for example 12ml/min. In accordance with an aspect of the invention, the
following increase in the set value of TMP is set at greater than 20mmHg, and in the illustrated
example, at 60mmHg. In response to the new set value of TMP (TMP3), the control unit also
commands the acceleration of the infusion pump such as to balance the effect of the greater
ultrafiltration, according to one of the above-described control strategies: as can be seen in the
broken line the infusion flow rate Qr 1s increased in the interval t3-t4. Note also that the
duration of the interval t;-t4 is not necessarily equal to that of interval t;-t3: for example, the unit
15 can be configured such as to impose a variable interval, as great as the immediately-preceding
increase in TMP, with the aim of enabling a catch-up transitory for the ultrafiltration pump and
the infusion pump or pumps.

Still with reference to figure 3, at instant t4 a new TMP increase of 20mmHg is imposed, and
after a further interval T (in figure 4: t4-t5), the increase in the infusion rate Qr is verified. If, as
in the illustrated case, the flow-rate Qur varies by a value of less than 3ml/minuto, the setting
sequence is considered to be concluded (“END” in figure 3) and the final value of TMP to have
been reached (i.e. TMPy4 in figure 3) and set as setting value. Otherwise, a new TMP increase i1s
imposed, which can again be 20mmHg or can be a value which 1s a function of the variation

measured in infusion flow Q.

Alternatively to what has been described, the control unit 15 can measure the variation of the

ultrafiltration flow rate through a TMP leap and use the variation as a control parameter.
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Figure 4 illustrates a situation in which the above-described stages are repeated up to reaching
pressure TMP5; thereafter, the setting sequence can comprise the variation in TMP according to
one or more predetermined steps with the aim of enabling stabilisation of the control system.
This or these predetermined variations of TMP are maintained smaller than or equal to a
relatively low level, for example 20mmHg. For example, figure 4 illustrates a small stabilising
step denoted by S. After a further time interval t4-t5, the sequence repeats the previously-
described stages with reference to intervals from t; to t4. In other words, at instant t5 a pressure
increase of 20mmHg is imposed on the TMP value passing to a set value TMPs with a
consequent activating of the ultrafiltration pump 13 and the infusion pump 16 (or at least one of
the pumps 16a, 16b in the case of figure 2). As can be seen, in response to the new set value of
TMP, the control unit 15 also commands the acceleration of the infusion pump 16 (or at least one
of the pumps 16a, 16b in the case of figure 2) such as to balance the effect of the greater
ultrafiltration, according to one of the above-described control strategies.

If, as in figure 4, in the interval ts-t¢ the flow rate variation of the infusion pump is greater than
3ml/min, for example 12ml/min, the subsequent increase in TMP set value is imposed at greater
than 20mmHg and, in the illustrated example, 60mmHg. In response to the new set value of
TMP (TMPg), the control unit also commands the acceleration of the infusion pump such as to
balance the effect of the greater ultrafiltration, according to one of the above-described control
strategies. Thus, a new increase in TMP of 20mmHg 1s imposed, and after a further interval T,
the increase in the infusion flow rate Qg will be verified. If, in response, the flow rate Qe
varies by a value of lower than 3ml/minute, the setting sequence is considered to be concluded.

Otherwise, the described process 1s newly initiated.

In general, the sequence comprises that at the start of the procedure a TMP increase is imposed
which is at a predetermined value, which can be the same or can vary during the treatment, but
which is known a priori and normally is relatively small, for example 20mmHg. Increases
following the first (0TMP,+) are either stabilising increases, as described above, or TMP
variations calculated 1n accordance with the value of a control parameter (¢,), measured or
estimated, corresponding to the immediately-preceding transmembrane pressure leap (0TMP,,).
The preceding stages are repeated until following a pressure step the control parameter does not
satisfy the sequence terminating condition: at this point, the control unit 1s configured to

command the regulating device 20, setting as a working transmembrane pressure the last
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pressure at which the control parameter value was less than the value of the respective reference

parameter.

Note that in general once an increase in TMP has been performed, the control parameter used to
evaluate if it is necessary or not to perform a further TMP leap of a greater entity can be any of
the following:

a) the difference between the replacement flow 1n the infusion line, determined (measured for
example using flow-meters or estimated for example on the basis of revolutions per minute of
the infusion pump or pumps) at the transmembrane pressure preceding the TMP leap that has
just occurred, and the replacement flow in the infusion line, determined at the transmembrane
pressure subsequent to the pressure increase once the transitory has concluded;

b) the difference between the ultrafiltration flow, determined (also measured using appropnate
sensors or estimated on the basis of the number of revolutions of the various pumps involved) at
the transmembrane pressure preceding the TMP leap that has just occurred, and the ultratiltration
flow, determined at the transmembrane pressure after the pressure increase once the transitory
has concluded;

¢) the replacement flow value (measured or estimated) in the infusion line at the transmembrane
pressure following the pressure increase once the transitory has concluded;

d) the ultrafiltration flow value (measured or estimated) across the membrane at the

transmembrane pressure following the pressure increase once the transitory has concluded.

Passing into greater detail as regards the calculation of the TMP, the control unit is configured
(in the hypothesis in which @; > @f) to calculate the second increase (0TMP,) as a function of
the value of the control parameter corresponding to the first increase (6TMP,), for example as a

linear function of the control parameter value (¢;) corresponding to the first increase (0 TMP))

using the formula:
0TMP,=( 1) (K)
where:

K is the relation between the value of the first transmembrane pressure increase 0TMP; and a

correcting factor o,
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@1 is the value of the control parameter (for example, the variation in the flow rate of the infusion

pump) corresponding to the first transmembrane pressure increase 0 TMP;.

The value of 8TMP; is predetermined and can be comprised between 10 and 30mmHg (for

example 20mmHg).

The value of the correcting factor can be determined in various ways; for example, the value of
the correcting factor can be fixed and be greater than or equal to (preterably greater than) the
reference parameter: not by way of limitation, the reference parameter ¢r can have a
predetermined value comprised for example between 2 and 4 ml/min, and the correcting factor
value a predetermined value comprised for example between 3 and 5 ml/min. In a second
example, the value of the control parameter can be calculated as a function of the reference
parameter value: Q.- f(@rs). In a case in which the control parameter 1s the infusion flow
variation, the control parameter value can be expressed by the function @+ 1. In this way, 1f
following a first pressure increase of 20mmHg a control parameter value were measured at
12ml/min, and if @f= 3ml/min, the value of the second pressure increase would be given by the

formula:

0TMP, = (12 ml/min) - 20mmHg/4ml/min) = 60mmHg

It is also noteworthy that the reference parameter values and the correcting factor can be a
function of the operating configuration of the apparatus 1. In other words, the control unit can be
configured to enable the user a selection between a plurality of treatment modes, for example
hemodialysis, hemofiltration in predilution, hemofiltration in post-dilution, hemotfiltration in pre-
and in post-dilution, hemodiafiltration in predilution, hemodiafiltration in post-dilution,
hemodiafiltration in pre- and in post-dilution.

Once the treatment mode has been chosen, the control unit detects the selection and assigns a
different value to the reference parameter and the correcting factor in accordance with the
treatment mode selected. For example:

Prer= fi(selected treatment mode)

o= f2(@rer) + 13(selected treatment mode)

where f}, ,, f3 are three functions, for example stored in a memory associated to the control unit

13.
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To avoid excessive pressure leaps, the control unit is configured such as to verify that each
pressure increase is less than a maximum safety value, for example 100 mmHg. The maximum
safety value can be programmable by the user or automatically set by the control unit. In the
latter case the control unit can also be programmed to set a different maximum safety value

according to the type of treatment unit installed on the apparatus 1.

As mentioned, the described sequence can be manually activatable or can be automatically
activated. For example, the apparatus 1 can comprise at least a user interface 22, connected to the
control unit and having at least a manual activating element of the sequence. For example, if the
interface is of the type having a touch screen, the activating element can comprise a special area
of the screen on which the user can act by pressure to initiate the TMP setting sequence. The
control unit is programmed to receive a start command of the sequence following the action
exerted on the manual activating element. It is also possible to deactivate the sequence manually

by acting on the screen or on another element of the user interface 22.

Alternatively, or additionally, the control unit 15 is programmed to initiate the setting sequence
automatically. In this case the control unit 15 is programmed to measure a time between a start
treatment of a patient, automatically activate a first sequence after a first time interval from the
treatment start, measure a time from the end of the first sequence, and automatically activate a
second sequence after a second time interval from the end of the first sequence. In the example
of figure 4, a first setting sequence is activated after a time interval T; from the start of treatment,
a second setting sequence is activated after a time interval T, from the end of the first sequence,
and finally a third sequence is activated after a time interval T3 from the end of the second
sequence. According to the type of requirement, such as for example the duration of treatment,
type of treatment unit and more besides, a different number (two, three or more) of sequences
can be comprised during the course of the treatment.

The duration of the time intervals between consecutive sequences is optionally not uniform: for
example the duration of each time interval following the first (T,, Ts,...T}) 1s greater than the

duration of a time interval preceding it.

As shown in figure 5, the control unit 15 can also be programmed to etfect, following a first

setting sequence, a stage of adjusting the TMP setting value. In particular, following the second
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or third or last setting sequence, a stage of adjustment is provided (denoted by A in figure 5)
comprising lowering the TMP value, determined by a setting sequence of a predetermined value
6 TMP with the aim of preventing reaching the plateau zone of the TMP/UF curve. Figure 5
shows a succession of three setting sequences in which, following the third and final sequence, a

reduction of the TMP is made by a 0TMP value, for example 20mmHg.

As can be seen in figures 1 and 2, the apparatus 1 comprises at least a blood pump 21 operatively
connected with the control unit 15 and operating at the removal line 6 or the return line 7. From
the constructional point of view, the blood pump can be a peristaltic pump. As shown 1n figure 6,
the control unit 15 can also be programmed to detect a variation in the set value of the blood
flow, which for example can be altered via the user interface 22. Normally the flow rate value 1s
set at the start of treatment and kept constant during the treatment. If, however, the blood flow
rate changes, the control unit 15 can be programmed to:

- detect the change,

- verify whether the change is greater than a predetermined threshold,

- interrupt the setting sequence (whether manually or automatically initiated).

For example, the control unit 15 interrupts the sequence 1f a variation 1s detected which 1s greater
for example than 50ml/min (see block “Scan aborted TMPge; = TMP,¢” 1n figure 6 during the

first sequence): this is because the variation in the blood tlow rate leads to a TMP variation.

If the blood flow rate drops during the setting sequence, for example 1f the blood rate 1s reduced

by a quantity equal or above 50ml/min, the control unit can be programmed to:

- 1nterrupt the set sequence (refer again to figure 6 and to the interruption of the first
sequence),

- set a new TMP starting value from which to start a new setting sequence, whether the new
sequence starts automatically or starts with a manual on/off command,

- 1n a case where an automatic procedure 1s set, automatically start the sequence after a
minimum time (for example 3 minutes) from the setting of a new blood flow rate;

- In a case where a manual procedure 1s set, send a user message to the user interface 22
which invites the user to initiate the sequence after a minimum time from the imposing of a

new blood flow rate.
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If the blood flow rate is reduced in an interval between two consecutive setting sequences (see in

figure 6 the setting of the flow rate at 370ml/min), the control unit can be programmed to:

set a new TMP start value from which to initiate a new setting sequence, whether the new
sequence initiates automatically or by manual on/off switching;

in a case where an automatic procedure is set, automatically initiate the sequence after the
minimum times (for example 3 minutes) from the setting of the new blood flow rate;

if a manual procedure is set, send the user interface 22 a user message inviting the user to

initiate the sequence after a minimum time from the imposing of a new blood tlow rate.

i

If the blood flow rate is increased during the performing of the setting sequence, for example 1f

the blood flow rate is increased by more than 50ml/min, the control unit 15 can be programmed

to:

interrupt the setting sequence,

set a new TMP start value from which to initiate a new setting sequence, whether the new
sequence initiates automatically or by manual on/off switching; if an increase in TMP has
already been made with respect to a start-treatment value, the new TMP value 1s the one
obtained by reducing the currently-set TMP by a predetermined step, for example 20mmHg,
in a case where an automatic procedure is set, automatically initiate the sequence after the
minimum time (for example 3 minutes) from the setting of the new blood flow rate;

if a manual procedure 1s set, send the user interface 22 a user message inviting the user to

initiate the sequence after a minimum time from the imposing of a new blood flow rate.

If the blood flow rate is increased during an interval between two setting sequences, for example

if the blood flow rate is increased by more than 50ml/min, the control unit 15 can be

programmed to:

in a case where an automatic procedure is set, automatically initiate the sequence after a
minimum time (for example 3 minutes) from the setting of the new blood flow rate;
if a manual procedure is set, send the user interface 22 a user message inviting the user to

initiate the sequence after a minimum time from the imposing of a new blood flow rate.
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WHAT IS CLAIMED 1S:

1. An apparatus for extracorporeal blood treatment, comprising:

at least one treatment unit (2) having at least one first chamber (3) and at least one
second chamber (4) which are separated from one another by a semipermeable membrane (5);

at least one blood removal line (6) connected with an inlet port of the first chamber (3)
and predisposed to remove blood from a patient;

at least one blood return line (7) connected to an outlet port of the first chamber and
predisposed to return treated blood to the patient;

at least one infusion line (9; 9a, 9b) of a replacement fluid;

at least one fluid evacuation line (10) connected to an outlet port of the second chamber in
order to receive at least one fluid that has been filtered across the semipermeable membrane (5);

a regulating device (20) of a transmembrane pressure between the first chamber and the
second chamber of the treatment unit, the regulating device being active on at least one of the
lines; and

a control unit (15) connected with the regulating device (20) and configured such as to
perform a setting sequence of the transmembrane pressure, the setting sequence comprising
following stages:

commanding the regulating device by imposing a first increase (6TMP;) to a first value of
the transmembrane pressure (TMP;) in order to reach a second transmembrane pressure
(TMP3);

determining a value of a control parameter (¢$,;) corresponding to the first increase in
transmembrane pressure;

comparing the value of the control parameter (¢;) with a reference value (¢, and, if
the value of the control parameter (¢,) is greater than the reference value (®,ef),

commanding the regulating device by imposing on the transmembrane pressure a
second increase (6TMP;) which is greater than the first increase (6TMP4) in order to reach a

third value of the transmembrane pressure (TMP3),
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wherein the setting sequence comprises a stage of terminating the setting sequence and
imposing the second pressure value (TMP;) as a setting value of the transmembrane pressure, if

the value of the control parameter is less than the reference value.

2. The apparatus of claim 1, wherein the control parameter comprises a parameter
selected from a group comprising:

a variation between the replacement flow in the infusion line (9; 93, 9b) at the first
transmembrane pressure value (TMP,) and the replacement flow in the infusion line at the
second transmembrane pressure (TMP,);

the variation between the ultrafiltration (Quf) across the membrane (5) at the first
transmembrane pressure value (TMP,;) and the ultrafiltration flow at the second
transmembrane pressure value (TMP,);

the replacement flow in the infusion line at the second transmembrane pressure value
(TMP3);

the ultrafiltration flow through the membrane at the second transmembrane pressure

value (TMPz)

3. The apparatus of claim 1 or 2, wherein the setting sequence comprises the following

further stages:

determining a value of a control parameter (¢,) corresponding to an nth transmembrane
pressure increase;

comparing the value of the control parameter (¢,) with a reference value (¢yes(n)),

if the value of the control parameter is greater than the respective reference value,
determining an (n+1)th increase (0TMP,.1)} of an entity which is greater than the entity of the
nth increase (6TMP,,);

commanding the regulating device (20}, imposing the (n+1)th increase (8TMP,,1) on the

transmembrane pressure.
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4. The apparatus of claim 3, wherein the setting sequence comprises a further stage of
determining an (n+1)th increase (6TMP,,1) of a greater entity than the nth increase (6TMP,)

only if the nth increase was of a lower entity than a predetermined value.

5. The apparatus of claim 4, wherein the control unit (15) is configured to calculate the
(n+1)th increase (§TMP,,1) as a function of the value of a control parameter corresponding to a

nth transmembrane pressure increase (6TMP,).

6. The apparatus of claim 5, wherein the control unit (15) is configured to calculate the
(n+1)th increase (6TMP,.1) as a function of the control parameter value (¢, ) corresponding to
the nth increase (6TMP,) and the value of the nth transmembrane pressure increase (6TMP,)

using the formula:

OTMPri1=(n) - (K)

where:
K is the relation between the value of the nth transmembrane pressure increase (0TMP,) and

the value of a correcting factor ().

7. The apparatus of claim 6, wherein the correcting factor value is selected from a group
comprising:

a predetermined value,

a mathematical function of the reference value (),

a mathematical function of a treatment mode to which the apparatus has been set,

a mathematical function of a treatment mode to which the apparatus has been set and

the reference value (¢ef).

8. The apparatus of any one of claims 3 to 7, wherein the control parameter comprises a

parameter selected from a group comprising:
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the variation between the replacement flow in the infusion line (9; 9a, 9b) at a nth
transmembrane pressure value (TMP,) and the replacement flow in the infusion line at a
(n+1)th transmembrane pressure value (TMP41);

the variation between the ultrafiltration flow (Quf) across the membrane (5) at the nth
transmembrane pressure value (TMP,) and the ultrafiltration flow at the (n+1)th
transmembrane pressure (TMPp.1);

wherein the sequence comprises, in response to the command stage of the regulating
device (20) for setting a transmembrane pressure increase (6TMP;; O0TMP,; 6TMP,), a
corresponding stage of varying a flow rate through the at least one infusion line in accordance
with a predetermined control strategy;

and wherein n varies from 1 to the total number of pressure increases set during the

sequence.

9. The apparatus of any one of claims 1 to 8, wherein the control unit (15) is configured to
verify that each increase in pressure is lower than a maximum safety value, in which the

maximum safety value is less than or equal to 100 mmHg.

10.  The apparatus of any one of claims 1 to 9, comprising at least one user interface (22),
connected with the control unit (15), the control unit (15) being configured such as to receive
command signals entered by a user via the user interface (22), wherein the control unit (15) is
configured to:

receive a start command of the sequence following a command enterable by a user
acting on a manual activating element of the interface (22), and/or automatically initiate the

sequence.

11.  The apparatus of claim 10, wherein the control unit (15) is programmed to:

measure a time that has passed from the start of a patient’s treatment,

automatically activate a first sequence, after a first time interval (T1) from the start of
treatment,

measure a time that has passed from the end of the first sequence,
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automatically activate a sequence, after a second time interval (T;) from the end of the

first sequence;

activate each subsequent sequence after a predetermined time interval (T,) from the

end of a preceding sequence.

12. The apparatus of claim 11, wherein the duration of the time intervals (T4, T,, T,) is not

uniform.

13.  The apparatus of any one claims 1 to 12, wherein the control unit (15) is programmed
such that during the setting sequence, following each command to increase the transmembrane

pressure, a time transitory (T,) is comprised before effecting a subsequent transmembrane

pressure increase.

14.  The apparatus of claim 13, wherein the duration of time transitory (T,) is not uniform,

and function of the pressure increase between a transmembrane pressure value (TMP,) and a

next transmembrane pressure value (TMP,,1).

15.  The apparatus of claim 13 or 14, wherein the control unit (15) is programmed such that
each stage of comparing the value of a control parameter (¢;. ¢,) with a respective reference
value (dref) is performed after the time transitory (T,), with the aim of enabling a stabilisation of

the value of the control parameter.

16. The apparatus of any one of claims 1 to 15, wherein the regulating device (20) comprises
at least one first pump (13) located on the evacuation line, the control unit (15) imposing the

pressure increases by regulating a flow rate of the first pump (13).

17.  The apparatus of any one of claims 1 to 16, wherein the regulating device (20) comprises

at least one second pump (16) located on the infusion line, the control unit (15) being

configured to regulate the second pump at least according to:

a set value of treatment time, a set value of weight loss and the current value of the

ultrafiltration flow across the membrane; or, alternatively,
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a set value of the volume of total infusion to be attained at the end of treatment and a set value

for weight loss to be attained at end of treatment.

18.  The apparatus of any one of claims 1 to 16, wherein the regulating device (20) comprises
at least one second pump (16) located on the infusion line, the control unit (15) being
configured for:

regulating the second pump (16) at least according to a set value for total infusion volume to be
attained at the end of treatment and a set value for weight loss to be attained at end of

treatment; and

calculating an approximation of a remaining treatment time according to the remaining weight

loss and a current flow value of weight loss.

19.  The apparatus of any one of claims 1 to 18, wherein the control unit (15) is programmed
to perform, following a setting sequence, an adjustment stage (A) of the setting value of the

transmembrane pressure (TMP).

20.  The apparatus according to claim 19, in which following the second or third or last
setting sequence there is an adjustment stage (A) comprising a reduction (6TMPg,) of the

setting value of the transmembrane pressure determined following the sequence.

21.  The apparatus of any one of claims 1 to 20, comprising at least one blood pump (21)
operatively connected to the control unit (15) and operating at the removal line or the return
line, wherein the control unit (15) is programmed to detect a variation in the set value of the
blood flow rate, to verify whether the change is greater than a predetermined threshold, and to
interrupt the setting sequence if the variation in the set blood flow rate is greater than the

predetermined threshold.

22.  An apparatus for extracorporeal blood treatment, comprising:
at least one treatment unit (2) having at least one first chamber (3) and at least one

second chamber (4) which are separated from one another by a semipermeable membrane (5);
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at least one blood removal line (6) connected with an inlet port of the first chamber (3)

and predisposed to remove blood from a patient;

at least one blood return line (7) connected to an outlet port of the first chamber and
predisposed to return treated blood to the patient;

at least one infusion line (9; 9a, 9b) of a replacement fluid;

at least one fluid evacuation line (10) connected to an outlet port of the second chamber in
order to receive at least one fluid that has been filtered across the semipermeable membrane (5);

a regulating device (20) of a transmembrane pressure between the first chamber and the
second chamber of the treatment unit, the regulating device being active on at least one of the
lines; and

a control unit (15) connected with the regulating device (20) and configured such as to
perform a setting sequence of the transmembrane pressure, the setting sequence comprising
following stages:

commanding the regulating device by setting a first increase (6TMP,) at a first value of
the transmembrane pressure (TMP;) in order to reach a second transmembrane pressure
(TMP2);

determining a value of a control parameter (¢$;1) corresponding to the first increase in
transmembrane pressure, wherein the control parameter comprises a parameter selected from
a group comprising:

e a variation between the replacement flow in the infusion line (9; 9a, 9b) at the
first transmembrane pressure value (TMP;) and the replacement flow in the
infusion line at the second transmembrane pressure (TMP,);

e a variation between the ultrafiltration (Qur) across the membrane (5) at the first
transmembrane pressure value (TMP3) and the ultrafiltration flow at the second
transmembrane pressure value (TMP);

comparing the value of the control parameter (¢,) with a reference value (¢,ef) and, if
the value of the control parameter is greater than the reference value, commanding the

regulating device by imposing a second increase (0TMP,) on the transmembrane pressure which
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Is greater than the first increase (6TMP4) in order to reach a third value of the transmembrane

pressure (TMP3).

23.  The apparatus of claim 22, wherein the setting sequence comprises a stage of terminating
the setting sequence and imposing the second pressure value (TMP;) as a setting value of the

transmembrane pressure, if the value of the control parameter is less than the reference value.

24.  The apparatus of claim 22 to 23, wherein the setting sequence comprises following
further stages:

determining a value of a control parameter (¢,) corresponding to an nth transmembrane
pressure increase;

comparing the value of the control parameter (¢,) with a reference value (brefn)),

if the value of the control parameter is greater than the respective reference value,
determining an (n+1)th increase (6TMP,,;) of an entity which is greater than the entity of the
nth increase (6TMP,);

commanding the regulating device (20), imposing the (n+1)th increase (§TMP,.1) on the

transmembrane pressure.

25.  The apparatus of any one of claims 22 to 24, wherein the control unit (15) is configured
to calculate the (n+1)th increase (§TMP,,;) as a function of the value of the control parameter

corresponding to the nth transmembrane pressure increase (6TMP,)).

26.  The apparatus of claim 25, wherein the control unit (15) is configured to calculate the
(n+1)th increase (6TMPn.1) as a function of the control parameter value (¢, ) corresponding to
the nth increase (6TMP,) and the value of the nth transmembrane pressure increase (65TMP,,)

using the formula:

6TMPpni1=(y) - (K)

where:

34



10

20

CA 02814929 2014-11-26

K is the relation between the value of the nth transmembrane pressure increase (0TMP,) and
the value of a correcting factor (¢,);
further wherein the correcting factor value is selected from a group comprising:

a predetermined value,

a mathematical function of the reference value (),

a mathematical function of a treatment mode to which the apparatus has been set,

a mathematical function of a treatment mode to which the apparatus has been set and

the reference value (¢ef).

27.  The apparatus of any one of claims 22 to 26, wherein the control parameter comprises a
parameter selected from a group comprising:

the variation between the replacement flow in the infusion line (9; 9a, 9b) at the nth
transmembrane pressure value (TMP,) and the replacement flow in the infusion line at the
(n+1)th transmembrane pressure value (TMP,,,1);

the variation between the ultrafiltration flow (Que) across the membrane (5) at the nth
transmembrane pressure value (TMP,) and the ultrafiltration flow at the (n+1)th
transmembrane pressure (TMP,,1);

wherein the sequence comprises, in response to the command stage of the regulating
device (20) for setting a transmembrane pressure increase (6TMPi; 8TMP,; 8TMP,), a
corresponding stage of varying a flow rate through the at least one infusion line in accordance
with a predetermined control strategy;

and wherein n varies from 1 to the total number of pressure increases set during the

sequence.

28.  The apparatus of any one of claims 22 to 27, wherein the control unit (15) is configured

to verify that each increase in pressure is lower than a maximum safety value.

29.  The apparatus of any one of claims 25 to 28, comprising at least one user interface (22),

connected with the control unit (15), the control unit (15) being configured such as to receive
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command signals entered by a user via the user interface (22), wherein the control unit (15) is
configured to:

receive a start command of the sequence following a command enterable by a user
acting on a manual activating element of the interface (22), and/or automatically initiate the

sequence.

30.  The apparatus of claim 29, wherein the control unit (15) is programmed to:
measure a time that has passed from the start of a patient’s treatment,
automatically activate a first sequence, after a first time interval (T;) from the start of

treatment,

measure a time that has passed from the end of the first sequence,

automatically activate a sequence, after a second time interval (T,) from the end of the
first sequence;

activate each subsequent sequence after a predetermined time interval (T,) from the

end of a preceding sequence.

31.  The apparatus of claim 30, wherein the duration of the time intervals (T4, T5, T,,) is not

uniform.

32.  The apparatus of any one of claims 22 to 31, wherein the control unit (15) is
programmed such that during the setting sequence, following each command to increase the
transmembrane pressure, a time transitory (T,) is comprised before effecting a subsequent

transmembrane pressure increase.

33.  The apparatus of claim 32, wherein the duration of time transitory (T,) is not uniform and
is a function of the pressure increase between a transmembrane pressure value (TMP,) and a

next transmembrane pressure value (TMP.1).

34.  The apparatus of any one of claims 22 to 33, wherein the regulating device (20)
comprises at least one first pump (13) located on the evacuation line, the control unit (15)

Imposing the pressure increases by regulating a flow rate of the first pump (13).
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35. The apparatus of any one of claims 22 to 34, wherein the regulating device (20)
comprises at least one second pump (16) located on the infusion line, the control unit (15) being
configured to regulate the second pump at least according to:

a set value of treatment time, a set value of weight loss and the current value of the
ultrafiltration flow across the membrane; or, alternatively,

a set value of the volume of total infusion to be attained at the end of treatment and a set value

for weight loss to be attained at end of treatment.

36. The apparatus of any one of claims 22 to 35, wherein the control unit (15) is
programmed to perform, following a setting sequence, an adjustment stage (A) of the setting
value of the transmembrane pressure (TMP), in which following the second or third or last
setting sequence there is an adjustment stage (A) comprising a reduction (0TMPy,) of the

setting value of the transmembrane pressure determined following the sequence.

37.  The apparatus of any one of claims 22 to 36, comprising at least one blood pump (21)
operatively connected to the control unit (15) and operating at the removal line or the return
line, wherein the control unit (15) is programmed to detect a variation in the set value of the
blood flow rate, to verify whether the change is greater than a predetermined threshold, to
interrupt the setting sequence if the variation in the set blood flow rate is greater than the

predetermined threshold.
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