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Integrated Blood Treatment Module and Extracorporeal Blood Treatment Apparatus
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DESCRIPTION

Background of the Invention.

The present invention relates to an integrated blood treatment module and to an extracorpo-
real blood treatment apparatus that can receive said integrated module.

As 1s known, in order to carry out extracorporeal blood treatments such as for instance
haemodialysis, haemofiltration, haemodiafiltration, plasmapheresis, extracorporeal blood
oxygenation, extracorporeal blood filtration or other treatments, it is nec'essary to provide for
at least an extracorporeal circuit through which the blood flows and is conveyed towards a
treatment unit; the treated blood is then carried back to the patient’s cardiovascular system.
Referring b“y way of example to a dialysis treatment, the extracorporeal circuit used com-
prises: a dialysis filter consisting of a housing body defining at least a first and a second
chamber separated from each other by a semipermeable membrane, a blood intake line lead-
ing to the first chamber of the dialysis filter and a blood return line designed to receive blood
coming out of the first chamber and to carry it back to the patient. The second chamber of the
dialysis filter is then connected to a circuit for the circulation of a dialysis liquid designed to
receive the impurities that are present in the blood and the excess fluid that has to be removed
from the patient’s blood.

Currently, in apparatus for extracorporeal blood treatments all the lines designed for the cir-
culation of the dialysiﬁs liquid are housed within the dialysis apparatus, whereas the lines con-
stifuting the extracorporeal blood circuit are replaced at every treatment and suitably con-
nected to the dialyzing filter, which can be replaced either at every treatment or from time to

time, as required.

From a structural point of view the dialysis filter, the lines for the circulation of the dialyzing
liquid and the lines constituting the intake branch carrying the blood back to the patient con-
sist of separate parts that are connected and cooperate during operation after being suitably

assembled.

There are also apparatus that are available on the market at present, designed in particular for
intensive treatment of kidney failure, which are advantageously equipped with integrated
modules comprising a support structure, a dialyzing filter engaged to the support structure by

means of a suitable support projecting from said structure, as well as a hydraulic circuit com-
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prising the tubes that are necessary to define the blood suction and return lines leading to the
patient, the possible lines for the infusion of anticoagulant or substitution liquids, the intake
line for the dialysis liquid and the discharge line for the liquid coming out of the second
chamber of the dialyser.

The integrated modules described above enable an easy and immediate association of the
lines to the treatment apparatus and do not require any connection between the treatment unat,
such as for instance a dialysis filter, and the various tubes or lines designed to convey blood
and other fluids. Moreover, said integrated modules enable the removal both of the tubes
conveying the blood and of the tubes conveying other fluids at the end of the treatment. In
other words, thanks to a simple loading and connecting operation of the terminals and of the
fluid conveyance lines to the corresponding sources such as bags or others, the user can in-
stall a dialysis apparatus. Analogously, once the treatment step 1s over, by simply disconnect-
ing and disassembling the integrated module from the blood treatment apparatus in few op-
erations, the operator can completely eliminate both the extracorporeal circuit and the blood
treatment unit, as well as the tubes for the circulation of possible infusion liquids and of the
dialysis liquid. The easy installation of said modules ensures an efficiency and a speed that
are certainly advantageous for intensive treatments where the personnel, who might not be

conversant with the use of blood treatment apparatuss, can thus operate rapidly and with a
high reliability.

In particular, it is known about integrated modules for extracorporeal blood treatment in
which a quadrangular plate, thanks to the use of an auxiliary engagement structure, centrally
carries the blood treatment filter and also supports on each of its sides four tube lengths of
corresponding lines of the fluid distribution circuitry.

In particular, each of the four sides has two connectors to which a respective tube length, ba-

sically semicircular, 1s secured; each length can be engaged by a respective peristaltic pump.

The four ring-shaped tube lengths extend away from the four sides and all have the same

shape and size.

In particular, the part of the module consisting of the support plate and of the U-shaped tube

lengths 1s symmetrical with respect to two orthogonal axes.

The arrangement referred to above, though being widely used today in integrated modules
designed for intensive therapy apparatus, has proved to be susceptible of several improve-

ments.

First of all, it should be noted that the particular relative arrangement of the various U-shaped
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tube lengths and, therefore, of the respective pumps supported by the apparatus'do not allow

to optimuze the lengths of the various portions of tubes in which blood, dialysis fluids, waste
fluids, etc. '

Furthermore, it is not possible to use pumps with larger size (which would thus involve U-
shaped tube lengths with larger size) in any of the lines without prejudicing the compactness
and the overall dimensions of the integrated module.

Eventually, it should be noted that the module at the state of the art is necessarily deéigned
for a maximum of four peristaltic pumps for conveying the respective fluids, since other infu-
ston lines beyond those that are already provided cannot be installed.

Summary of the Invention

The present invention therefore aims at solving basically some of the drawbacks

and operating limitations referred to above.

Preferably, a further aim of the invention is to enable the presence of at least a
blood line in which the biological fluid can be conveyed by pumps with larger radial

size without damaging the compactness of said integrated module.

Finally and preferably, an auxiliary aim of the invention is to carry out an integrated

module that can protect the various U-shaped tube lengths on which the peristaltic

pumps act, thus protecting also the latter while the apparatus is working.

Preferably, these and other aims, which shall be evident in the course of the

present description, are basically achieved by an integrated module and by an

apparatus as described in the description.

More particularly, according to the present invention, there is provided an integrated

fluid treatment module comprising:

-~ a support element;
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- a flud distribution circuitry associated to the support element and
comprising:

. at least a blood line, at least a portion of said blood line being
fastened to the support element and defining at least a U-shaped tube length with
respect to said support element, said tube length being designed to cooperate with
a respective pump;

. further fluid lines secured to the support element, each of them
defining at least a U-shaped tube length With respect to said support element, each
tube length being designed to cooperate with a respective pump,

wherein the support element has a first zone to which the portion of the
blood line is fastened, and at least a second zone opposite said first zone, the other
fluid lines all being fastened on said second zone:

the U-shaped tube length of the blood line is longer than the tube lengths

defined by the other fluid lines,

the U-shaped tube length of the blood line has a greater radius of curvature
than the tube lengths defined by the other fluid lines.

the fluid distribution circuitry comprises at least a discharge line for a waste
fluid, said discharge line for a waste fluid being secured to the support element and
defining at least a tube length arranged as a U with respect to said support
element, said U-shaped tube length being designed to cooperate with a respective
pump,

the fluid distribution circuitry comprises at least an intake line for fresh
dialysis liquid, the intake line for fresh dialysis liquid being fastened to the support
element and defining at least a tube length arranged as a U with respect to said
support element, said tube length of the liquid intake line being designed to
Cooperate, when in use, with a respective pump,

the module further comprises at least a fluid infusion line, the fluid infusion

line being fastened to the support element and defining at least a tube length
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arranged as a U with respect to said support element, said fluid infusion line being |
designed to cooperate, when in use, with a respective pump,

the module further comprises at least an auxiliary pre-infusion line, the
auxiliary pre-infusion line being fastened to the support element and defining at
least a tube length arranged as a U with respect to said support element, said
auxiliary pre-infusion line being designed to cooperate with a respective pump,

the tube length of the intake line for fresh dialysis liquid is fastened to one of
said first longer sides,

the tube length of the discharge line for a waste fluid is fastened to one of
said first longer sides, '

the tube length of the fluid infusion line is fastened to one of said first longer
sides,

the tube length of the auxiliary pre-infusion line is fastened to one of said first
longer sides,

the U-shaped tube lengths extend inside with respect to the peripheral wall

of the support element.

According to the present Invention, there is also provided an apparatus for
extracorporeal blood treatment destined to receive an integrated module as
described herein, the apparatus comprising a body having a surface a guiding and
positioning projection protruding from the surface and being exactly counter-shaped
to a peripheral wall of a support element to which it has to be coupled, a given
number of pumps protruding from the surface and designed to cooperate with a
suitable fluid distribution circuitry of the Integrated module to be associated to the
apparatus, at least a part of a side surface of the pumps being counter-shaped to
the peripheral wall of the support element. the protruding pumps and the guiding
and positioning projection defining together seats taking a basically semicircular or
U shape and designed to receive the corresponding U-shaped tube lengths of the

fluid distribution circuitry of the integrated module,



10

20

CA 02514972 2011-07-27

3cC

wherein

at least one of said pumps is a blood pump designed to cooperate with a
respective blood line of the distribution circuitry,

at least one of said pumps is a feeding pump and is designed to cooperate
with a respective feeding line for fresh dialysis liquid of the distribution circuitry,

at least one of said pumps is a suction pump designed to cooperate with a

-respective discharge line of the distribution circuitry,

at least one of said pumps is an infusion pump designed to cooperate with a
respective infusion line of the distribution circuitry,

at least one of said pumps is an auxiliary pre-infusion pump designed to
cooperate with a respective auxiliary pre-infusion line of the distribution circuitry,

the apparatus body defining on its surface a first zone having said blood

pump and at least a second zone opposite said first zone and having the other

pumps.

According to the present invention. there is also provided an integrated fluid

treatment module comprising:
a support element having a main body having:
two first opposite sides and two second opposite sides, said two
second opposite sides being shorter than said two first opposite sides, and
at least one peripheral wall protecting away from said two second
opposite sides:;
fluid distribution circuitry associated to the support element and comprising:

at least a blood line, at least a portion of said blood line being

fastened to one of said two second opposite sides of the support element and
defining at least a U-shaped tube length with respect to said support element, said
U-shaped tube length being designed to cooperate with a respective pump and

extending inside the at least one peripheral wall of the support element; and
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further fluid lines secured to at least one of said two first opposite
sides of the support element, each of said further fluid lines defining at least a U-
shaped tube length with respect to said support element, each said U-shaped tube
length being designed to cooperate with a respective pump and extending inside
the at least one peripheral wall of the support element, said U-shaped tube length
of the blood line being longer and having a radius of curvature greater than the tube
lengths defined by said further fluid lines: '
the support element having a first zone to which the U-shaped tube length of
the blood line is fastened, and at least a second zone opposite said first zone to
which the U-shaped tube lengths of the further fluid lines are all fastened, said
second zone comprising a first half-part and a second half-part reciprocally placed
side by side and being symmetrical along a longitudinal axis of the main body, the
further fluid lines including two fluid lines connected to said first half-part and two

fluid lines connected to said second half-part.

According to the present invention, there is also provided an integrated fluid
treatment module comprising:
a support element including:

a front wall having two first opposite sides and two second opposite
sides,

the two first opposite sides being substantially parallel and reciprocally
facing, said two first opposite sides having a substantially rectilinear development,
each of said two first opposite sides having two curved portions, wherein cavities
formed by each of said two curved portions on one of said two first opposite sides
face the other of said two first opposite sides; and

the two second opposite sides being substantially parallel and
reciprocally facing, said two second opposite sides having a substantially rectilinear
development, at least one of said two second opposite sides having a curved

portion placed between two rectilinear lengths, a cavity formed by said curved



10

- 20

CA 02514972 2011-07-27

3e

portion on one of said two second opposite sides facing the other of said two
second opposite sides, at least a peripheral wall projecting away from said two
second opposite sides:
fluid distribution circuitry associated to the support element and comprising:

at least one blood line, at least a portion of said at least one blood line
being fastened to the peripheral wall of the support element corresponding to the
curved portion of one of said two second opposite sides, said at least one blood line
defining at least one U-shaped tube length with respect to said support element,
sald at least one U-shaped tube length being configured to cooperate with a
respective pump and to extend inside the peripheral wall of the support element;
and

further fluid lines secured to the peripheral wall of the support element
corresponding to the curved portions of said two first opposite sides, each of said
further fluid lines defining at least one U-shaped tube length with respect to said
support element, each of said at least one U-shaped tube length being configured
to cooperate with a respective pump and to extend inside'the peripheral wall of the

support element.

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

a body, a number of pumps provided on a surface of the body, the number of
pumps being designed to cooperate with a suitable fluid distribution circuitry to be
associated to the apparatus, at least one of said number of pumps being a blood
pump designed to cooperate with a respective blood line of the distribution circuitry,
wherein the surface of the body has a first zone having said blood pump and at
least a second zone, opposite said first zone. having the other of said number of

pumps: and
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an integrated fluid treatment module as defined herein having the U-shaped
tube lengths of the blood line and of the further fluid lines secured and cooperating

with the number of pumps of said apparatus.

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

a body having a surface having a given number of pumps configured to
cooperate with a fluid distribution circuitry, wherein the machine body has a guiding
and positioning projection protruding from the surface configured to be coupled,
when in use, with a respective peripheral wall of a support element, said support
element comprising a main body having a front wall and at least a peripheral wall
projecting away from said front wall, said front wall and said peripheral wall defining
a housing compartment, said front wall being delimited by first and second opposite
longer sides with a basically rectilinear development, each of said first and second
opposite longer sides having first and second curved portions forming a cavity
facing a respective opposite longer side, said front wall being further delimited by
first and second opposite shorter sides with a basically rectilinear development, at
least one of said first and second opposite shorter sides having a third curved
portion configured between first and second rectilinear lengths, a cavity formed by
said third curved portion facing the other of said first and second opposite shorter
sides;

the support element further comprising at least one pair of tube engagement
connectors, each of said at least one pair of tube engagement connectors being

placed on opposite ends of each of said first, second, and third curved portions.

Further characteristics and advantages will be clearer from the detailed description of a pre-
ferred though not exclusive embodiment of a support element, of an integrated module and of

a corresponding apparatus for extracorporeal blood treatment according to the present inven-
tion.
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Brief Description of the Drawings.

This description will be given below with reference to the appended drawings, which are
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provided as a mere guidance and are therefore not limiting, in which:

- Figure 1 shows a schematic view of a hydraulic circuit carried out by an apparatus

and a module according to the present invention;

- Figure 2 shows a view from above of a support element according to the present in-

vention;
- Figure 3 shows a section of the module of Figure 2 according to line III-III;
- Figure 4 shows a further section of the element of Figure 2 according to line IV-IV;
- Figure 5 shows again a section according to line V-V of Figure 2;
- Figure 6 shows a section according to line VI-VI of the support element of Figure 2;
- Figure 7 shows a perspective view from a first side of the support element of Figure 2;
- Figure 7a shows an enlarged detail of the element of Figure 7;

- Figure 8 shows a perspective view from the opposite side of the support element of

Figure 7;
- Figure 8a shows an enlarged detail of the element of Figure 8;

- Figure 9 shows a perspective view of an integrated module according to the present

invention;
- Figure 9a shows an enlarged detail of the module of Figure 9;
- Figure 10 shows a perspective view from the opposite side of the module of Figure 9;
- Fiéure 10a shows an enlarged detail of the module of Figure 10;

- Figure 11 shows the integrated module of Figure 10 to which a blood treatment unit

can be associated;

- Figure 12 shows a section of a connector of the support element and of a counter-
connector of the blood treatment unit;

- Figure 13 shows a further section of a connector according to the present invention;

- Figure 14 shows a schematic view of the integrated module that can be associated to
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the apparatus, equipped with the hydraulic circuitry;

- Figure 15 shows an apparatus according to the present invention to which an inte-
grated module can be associated; and

- Figure 16 shows a front view of the apparatus of Figure 15 with an integrated module
without the hydraulic circuitry thereto associated.

Detailed Description.

With reference to the figures mentioned above the numeral 4 globally refers to a support ele-
ment according to the present invention.

Conversely, the numeral 1 refers to an integrated module (combination of a support element
4, a distribution circuitry 15 and a blood treatment unit 5) that can be used together with ex-
tracorporeal blood treatment apparatus 2 according to the present invention.

As can be inferred from the appended Table 1, the global hydraulic circuit carried out thanks
to the cooperation between the integrated module and the apparatus consists of a blood line or
circutt 44, which takes blood from a patient, for instance by means of a catheter introduced
into a vein or artery of said patient, and through at least an intake branch or inlet line 46 car-

ries said blood, for instance continuously, to a filtration unit 5.

Then the blood passes through a primary chamber of said filtration unit 5 and through an out-
let line 47 the treated blood is carried back to the patient.

The connection with an auxiliary pre-infusion line 50 is provided immediately downstream
from the blood collecting zone on the inlet line 46.

In particular, the apparatus 1s equipped with at least a secondary fluid container or bag 87 for
supplying the pre-infusion line 50; by using corresponding means for conveying fluid, in the
example shown comprising an auxiliary pre-infusion pump 3e, for instance a peristaltic
pumyp, 1t 1s possible to control the fluid flow within said line by introducing said fluid directly
into the blood by means of a direct connection to the inlet line 46.

Generally, the secondary fluid container 87 can house a suitable biological fluid for a pre-
infusion, however said bag 87 can also contain an anticoagulant, generally having such a

topical nature as to ensure a particular working of the apparatus as shall be explained below
in further detail.

After defining a direction of blood circulation 88 from the inlet line 46 towards the filtration
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unit and from the latter through the outlet line 47 towards the patient, a known blood pressure
sensor 89, which shall not be described in further detail, is placed immediately downstream
from the auxiliary pre-infusion line 50.

The blood circuit 44 therefore comprises means for conveying fluid, 1.e. in this particular case
at least a blood pump 3a for controlling and managing the suitable blood flow in the circuit.

Also the blood pump 3a 1s generally a peristaltic pump.

Following the direction of blood circulation 88, there 1s then a device 90 for administering an

anticoagulant, for instance a syringe containing suitable doses of heparin.

The blood then passes through another pressure sensor 91 controlling the correct flow within
the blood circuit.

After passing through a main chamber of the filtration unit 5, where the suitable exchanges of
substances, molecules and fluids occur by means of a semipermeable membrane, the treated
blood enters the outlet line 47 first passing through a gas separating device (generally air) 52
commonly known as “bubble trap”, designed so as to ensure the removal of substances or air

bubbles present 1n the blood or mtroduced 1nto the blood during treatment.

The treated blood getting out of the separating device 52 then passes through an air bubble
sensor 92 verifying the absence of said dangerous formations within the treated blood that has

to be re-introduced in the patient’s blood circulation.

Immediately downstream from the bubble sensor 92 there is an element 93 which, in case of
alarm, can block the blood flow towards the patient.

In particular, should the bubble sensor 92 detect the presence of anomalies in the blood flow,
the apparatus through the element 93 (be 1t a tap, a clamp or similar) would be able to block
immediately the passage of blood so as to avoid any consequence to the patient.

Downstream from said element 93 the treated blood is then carried back to the patient under-
going therapy.

The extracorporeal blood treatment apparatus shown above 1s then equipped with a fluid cir-
cuit 94, which 1s also provided with at least an inlet line 48 leading into the filtration unit 5
and with an outlet line 45b from the filtration unit.

At least a primary fluid container 95 is designed to supply the inlet line 48 of the fluid circuit
94 (generally the primary fluid container 95 shall consist of a bag containing a suitable dia-
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lyzing liquid).

The inlet line 48 then comprises means for conveying fluid such as a least a pump 3¢ (in the
embodiment shown a peristaltic pump) for controlling the flow of liquid from the bag 95 and
for defining a direction of circulation 96.

Downstream from the pump 3c in the direction of circulation 96 there is a branching 85 split-
ting the fluid circuit 94 up into an intake branch 76 and into an infusion branch 77.

In particular, the infusion branch 77 is connected to the outlet line 47 of the blood circuit 44.

In other words, by means of said infusion branch 77 it is possible to obtain a post-infusion di-

rectly in the blood line using the content of the primary fluid container 95.

Conversely, the intake branch 76 conveys the fluid directly to the filtration unit and 1n par-

ticular to a secondary chamber of said unit.

The fluid circuit 94 is further equipped with selecting means 97 for determining the percent-
ages of fluid flow within the infusion branch 77 and the intake branch 76.

Generally said selecting means 97, usually placed near the branching 85, can be positioned at
least between a first operating condition in which they allow the passage of fluid in the intake
branch 76 and block the passage in the infusion branch 77, and a second operating condition

in which they allow the passage of fluid in the infusion branch 77 and block the passage in
the intake branch 76.

In other words, said selecting means 97 can consist of a valve element operating on the fluid

circuit 94 by alternatively blocking the passage of fluid in either branch.

It is also evident that it might be provided for suitable selectors, which are able to establish a
priori the amount of liquid that has to pass through both branches simultaneously.

It will also be possible to vary the percentages of fluid in either branch as a function of time
and of the pre-established therapies.

The dialyzing liquid through the intake branch 76 gets into a secondary chamber of the filtra-
tion unit 5.

In particular, the primary chamber through which the blood flow passes 1s separated from the
secondary chamber through which the dialyzing liquid passes by means of a semipermeable

membrane ensuring the suitable passage of the dangerous substances/molecules and of fluid
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from the blood towards the dialyzing liquid mainly by means of convection and diffusion

~processes, and also ensuring through the same principles the passage of substances/molecules

from the dialyzing liquid towards the blood.

The dialysis fluid then gets into the outlet line 45 and passes through a suitable pressure sen-
sor 98 whose function 1s to control the working of said line.

Then there are means for conveying fluid, for instance a suction pump 3b controlling the flow
in the outlet line 45 within the fluid circuit 94.

Also said pump will generally be a peristaltic pump.

The fluid to be eliminated then passes through a blood detector and is conveyed into a collec-

tion container or bag 99.

Further analyzing the peculiar circuit of the apparatus according to the invention, note the

presence of at least another infusion line 51 acting on the outlet line 47 of the blood circuit
44,

In particular, the infusion fluid is taken from at least an auxiliary container 200 and 1s sent di-
rectly to-the outlet line 47 of the blood circuit 44 through means for conveying fluid, gener-
ally an infusion pump 3d controlling its flow (in the example a peristaltic pump).

In particular and as can be observed in the appended figure, the infusion liquid can be intro-
duced directly into the gas separating device 52.

As can also be inferred, the infusion branch 77 of the fluid circuit 94 and the mfusion line 51
are equipped with a common end length 201 letting into the blood circuit 44.

Said intake end length 201 1s placed downstream from the infusion pump 3d with respect to a
direction of infusion 202 and carries the fluid directly into the bubble trap device S2.

Further referring to the diagram in Figure 1, note the presence within the infusion line 51 of
at least a pre-infusion branch 79 connected to the inlet line 46 of the blood circuit 44.

In further detail, downstream from the infusion pump 3d with respect to the direction of infu-
sion 202, there 1s a branching 86 splitting the infusion line 51 up into pre-infusion branch 79
and post-infusion branch 80.

The pre-infusion branch 79, in particular, carries the fluid taken from the bag 200 on the inlet
line 46 of the blood circuit downstream from the blood pump 3a with respect to the direction
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of circulation §8.
Conversely, the post-infusion branch 80 is connected directly to the common end length 201.

The infusion line 51 further comprises selecting means 203 for determining the percentage of

liquid flow to be sent to the post-infusion branch 80 and to the pre-infusion branch 79.

5  The selecting means 203 placed near the branching 86 can be positioned between at least a
first operating condition in which they allow the passage of fluid in the pre-infusion branch
79 and block the passage in the post-infusion branch 80, and at least a second operating con-
dition in which they allow the passage of fluid in the post-infusion branch 80 and block the
passage in the pre-infusion branch 79.

10  Obviously, as in the case of the selecting means 97 present on the fluid circuit 94, also the
other selecting means 203 will be able to determine the percentage of fluid that has to pass n
each of the two branches and to possibly vary it in time in accordance with the planned thera-
pies. Moreover, the selecting means 97 and the other selecting means 203 will generally

though not necessarily be of the same nature.

15  The apparatus is then equipped with means 204 for determining at least the weight of the
primary fluid container 95 and/or of the auxiliary fluid container 200 and/or of the secondary

fluid container 87 and/or of the collection container 99.

In particular, said means 204 comprise weight sensors, for instance respective scales 205,

206, 207, 208 (at least an independent one for each fluid bag associated to the apparatus).

20 Inparticular, there will be at least 4 of said scales, each pair being independent from the other

and measuring the respective weight of a bag.

It should then be pointed out that there is a processing unit or CPU 209 acting on the blood
circuit 44 and in particular on the pressure sensor 89, on the blood pump 3a, on the device 90
for heparin infusion, on the other pressure sensor 91, and on the device for detecting the pres-

25  ence of air bubbles 92 and on its respective closing element 93.

Said CPU 209 has also to control the fluid circuit 94 and, in particular, shall be input with the

data detected by the scales 205 and concerning the weight of the bag 95 and shall act on the

pump 3c, on the selecting means 97, on the pressure sensor 98, then on the suction pump 3b

and shall eventually receive the data detected by the scales 208 whose function is to deter-
30 mine the weight of the collection container 99.

The CPU 209 shall also act on the infusion line 51 checking the weight of the auxiliary con-
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tainer 200 (checked by the scales 206) and will be able to control both the infusion pump 3d
and the other selecting means 203.

Eventually, the CPU 209 shall also act on the auxiliary pre-infusion line 50 detecting the
weight of the secondary fluid container 87 by means of the scales 207 and suitably control-
ling the pump 3e according to the treatments to be carried out.

Reminding that the above description has been made with the sole purpose of describing the
whole of the hydraulic circuit of the extracorporeal blood treatment apparatus, here is a short
description of the working of the device.

Once the whole hydraulic circuit and the filtering unit 5 have been correctly associated to the
apparatus so that the various peristaltic pumps engage the respective lengths of tubes and that
all the sensors have been suitably positioned, and the various bags containing the various flu-
ids have been associated to the corresponding liquid intake/suction lines, and the blood circuit
has been connected to a patient’s artery/vein, the initial circulation of blood within its circuit

1s enabled.

Therefore, according to the kind of therapy that has been set, the extracorporeal blood treat-
ment apparatus is automatically started and controlled by the processing unit 209.

It the patient undergoes an ultrafiltration treatment, beyond the blood circuit the suction
pump 3b connected to the outlet line of the fluid circuit 94 is started, so as to take by convec-
tion a fluid excess in the patient (beyond the dangerous substances/molecules).

Conversely, if the therapy that has been set comprises a haemofiltration treatment, beyond the
blood circuit and the suction pump 3b for taking fluids by convection also the pump 3c on the
inlet line of the fluid circuit 94 is started and the selecting means 97 placed so as to enable a

post-infusion.

Also the infusion line 51 shall be used so as to enable a further addition of liquids to the post-

infusion or to enable a suitable pre-infusion.

Conversely, if the treatment involves haemodialysis, the pumps 3¢ and 3b of the fluid circuit
94 shall be started and the selecting means 97 shall be positioned so as to ensure the passage
of the dialyzing liquid only towards the filtration unit S so as to take substances and/or mole-
cules and/or liquids by diffusion and possibly by convection if the transmembrane pressure
through the filtration unit is other than zero.

Eventually, if a haemodiafiltration treatment has to be carried out, beyond the blood circuit
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the fluid circuit and therefore the pumps 3¢ and 3b shall be started, so as to ensure a circula-
tion of the liquid within the filtration unit 5 and also the pump 3d of the infusion line 51 shall

be started so as to ensure a pre- or post-infusion.

Obviously, it will be possible to set up different therapies comprising one or more of the

treatments referred to above.

In all the treatments described above, possibly except the ultrafiltration treatment, it will be
possible to use the auxiliary pre-infusion line for introducing an anticoagulant and/or a suit-

able infusion liquid into the blood.

Obviously, the anticoagulant can also be administered by means of the suitable device 90 de-
signed for the introduction of heparin into blood.

Concerning this it should be pointed out that the apparatus according to the invention is de-
signed to receive various kinds of syringes according to the amount of anticoagulant to be

administered.

Obviously, it is the control unit 209 that, being connected to the various devices, sensors,
pumps and being input with the weight data from the various scales, is able — once it 1s set —

to control and automate the whole working of the apparatus.

In further detail, it is possible to set the flows of the various pumps present on the apparatus
in accordance with the therapy or therapies to be started.

Obviously, the suitable setting of said flows results in an amount of fluid taken from the pa-
tient (weight loss), which will generally be given by the difference between the weight of the
liquid that has been collected in the bag 99 and of the liquid circulated in the circuit through
the primary fluid container 95, the auxiliary fluid container 200 and the secondary fluid con-
tainer 87.

In particular, in accordance with the data received by the control unit coming from the vari-
ous scales (and the theoretical flow rates fixed on each pump of therapy/treatment carried
out) the control unit 209 shall control the means for circulating fluid in the various lines by

suitably varying the thrust exerted by the various pumps 3a, 3b, 3¢, 3d, 3e.

In particular, the signals coming from the scales referred to above 205, 206, 207, 208 are used
by the control unit 209 for determining the weight of the particular tluid introduced into the

line or collected.

In order to determine the amount of fluid released or collected in a particular bag or container
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the control unit 209 compares at regular intervals (the greater the flows the smaller the inter-
vals) the actual weight of the container with the desired weight (which is a direct function of
the desired flow for each pump and of the time interval between each control step AW =

Q Ab).

The desired weight can be calculated as a function of the required flow (stored in a suitable
storage unit of the computer) and of the time elapsed from the beginning of the treatment.

If the actual weight and the desired weight differ from each other, the control unit acts on the
corresponding pump so as to reduce, and possibly cancel, said difference. In other words,
during each cycle not an absolute weight variation, but only the variation in the time interval

is taken into consideration to correct the latter.

The control unit takes into consideration variations in the difference starting from the last

comparison, so as to avoid oscillations of the actual flow around the desired flow.

After the above description of the hydraulic circuit and of the possible working of the appara-
tus according to the invention incorporating said circuit, here is shown a detailed structure of

the support element 4 according to the invention.

The support element as shown in the Figures 2 to 8a generally consists of a main body 6 and
of a support structure 64 associated to said main body 6 and placed laterally with respect to
the latter.

The main body 6 has a front wall 25 which i1s generally, though not necessarily, plane; then
there 1s at least a peripheral wall 32 projecting away from the front wall 25 so as to define
with the latter a housing compartment 33 designed to recetve at least a portion of a fluid dis-

tribution circuit 15 to be associated to said support element.

As can be seen from Figure 2, the front wall 25 is delimited by a given number of sides 53,
54, 55 and 56, and the peripheral wall 32 projects away from each of said sides.

It should be noted that the sides referred to above are basically rectilinear and, generally, at
least first sides 55, 56 and at least second sides 53, 54 can be 1dentified, which are basically
parallel and facing each other.

In other words, in a view from above the support element 4 has an approximately quadrangu-
lar shape and its front wall 25 is delimited by first opposite longer sides 55, 56 with a basi-
cally rectilinear development and having each two curved portions 55a, 55b; 56a, S56b whose

cavities face their respective opposite side.
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In further detail each of said curved portions 55a, 55b; 56a, 56b can be defined by an arc of

circle.

Then there are second opposite shorter sides 53, 54, whose development is again basically
rectilinear; at least one of said second sides 53, 54 has a curved portion 53a placed between
two rectilinear lengths 53b, 53¢, which has in its turn a cavity facing the opposite side.

Here again the curved portion 53a can be defined by an arc of circle.

As can be further noted by simply observing Figure 2, the arc of circle defining the curved
portion 53a has a greater radius of curvature than the curved portions 55a, 55b, 56a, 56b de-
fined on the first opposite longer sides 55, 56, as shall be better explained later.

Examining now the peripheral wall 32 (see Figs. 7 and 8), it can be noted that it has at least a
portion projecting away from each of the sides of the support element 4.

Generally, there will be at least one portion projecting from the first opposite sides 55, 56,
and one projecting away from each of the second opposite sides 53, 54.

It 1s also evident that the peripheral wall 32 can also be discontinuous, 1.€. 1t can have cavities

or interruptions provided that it globally enables to define the aforesaid housing compartment
33.

The embodiment shown 1n Figures 7 and 8 1s characterized in that the peripheral wall 32 pro-
jects away from all the sides of the front wall 25 and defines a basically continuous surface

delimiting the housing compartment 33.

In other words, the housing compartment 33 has an access opening 57 without any kind of
closing wall, which access opening is designed to face — when the support element 4 1s being
used — the extracorporeal blood treatment apparatus 2.

Moreover, from Figures 3, 4, 5 it can be inferred how sections according to a plane transver-
sal with respect to the front surface, and in particular sections according to planes orthogonal
to said front surface 25, show that the main body has a substantially C-shaped profile.

The peripheral wall 32 defines the two end lengths of said C, whereas the front wall 25 de-
fines the intervening elongated length.

It should be noted how the front wall 25 and the peripheral wall 32 define a main body 6 hav-
ing a box-shaped structure basically closed on five out of its six faces.
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Said arrangement results in that, however sectioning the support element 4 according to two
planes orthogonal one to the other and transversal to the front surface 25, the main body 6
will have C-shaped sections that are also orthogonal one to the other.

See in particular for instance the sections of Figures 3 and 4.

In still other words, the support element 4 comprises a front wall 25 which is able to connect

opposite peripheral walls projecting in a basically perpendicular direction from said front
wall 25.

As shown in Figures 2, 7 and 8, the front wall 25 has a given number of through openings 58
putting into communication the housing compartment 33 with the outside environment while

the support element 1s being used.

Referring in particular to the figures described above, it can be noted that there is at least an
opening 58 on each of the curved portions 53a, 55a, 55b, 56a and 56b and that said openings
are defined by concentric round holes placed on the same axis as the respective arcs of circle

defining the curved portions.

As far as the materials used are concerned, it should only be pointed out that the main body
will be made of a stiff material, plastic for instance, which can protect the various tube
lengths and/or elements therein contained.

It is also possible to carry out the whole support element or only a part of it with a material

that is also transparent so as to obtain a visual access to the housing compartment 33.

Going into deeper structural details and referring in particular to Figure 7, it can be noted that
there are several engagement connectors fastened to the respective sides of the box-shaped

body.

In particular, there are at least a first and a second engagement connector 59a, 59a placed lat-
erally with respect to the curvilinear length 53 of one of said second sides 53.

Said connectors shall be secured and generally carried out as one piece with said rectilinear
lengths 53b and 53c¢.

There are also pairs of engagement connectors 60a, 60b, 61a, 61b, 62a, 62b, 63a, 63b respec-

tively engaged near each of the curved portions 55a, 55b, 56a, 56b of the first longer sides 55,
56.

In other words, there will be two of said connectors placed exactly on opposite ends of each
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of the curved portions.

As 1n the case of the previous connectors, also the engagement connectors 60a, 60b, 61a, 61b,
62a, 62b, 63a, 63b are carried out as one piece with the main body 6.

Furthermore, all the aforesaid connectors are fastened to the peripheral wall 32, for instance
on a free edge of said peripheral wall.

As can be seen in the section of Figure 5, each engagement connector defines a gép leading
towards the housing compartment 33.

Referring now to Figures 7a and 8a, it can be noted how the support structure 64 associated to
the main body 6 1s positioned laterally with respect to the latter.

Also the support structure 64 is stiffly secured to the main body and will generally be carried

out as one piece with the latter.

It should be pointed out that the support structure 64 is engaged to the main body 6 on one of
the first longer stdes 55, 56 and, in further detail, on the curved portions 55a, 55b of said fist
longer side 55.

The support structure 64 1s equipped with a positioning fin 65 (see again Figures 7a, 8a and
the section of Figure 6), which has a given number of main seats 66a, 66b, 66¢, 66d, 66e
suitably placed so that respective tubes of the fluid distribution circuit 15 associated to the
support element 4 can be engaged therein.

Referring to the relative position of the various components of the support structure 64, it can
be noted how at least two, and generally three of said main seats 66a, 66¢, 66d are placed on
their respective engagement connector 60a, 60b, 61a located near the curved portions 55a,
55b of one of the first longer sides 55.

In other words, the three main seats 66a, 66¢, 66d and their respective connectors 60a, 60b,
61a are positioned so as to receive parallel tube lengths (see to this end Figures 9 and 9a).

Going back to Figure 6 and to Figures 7a and 8a, it can be noted how the positioning fin 65
comprises two further main seats 66b and 66e and how also the support structure 64 is
equipped with two auxiliary portions 67 and 68, each of them being provided with a respec-
tive auxiliary seat 67a, 68a so that the latter can cooperate with one another thus enabling the
positioning of tube lengths parallel one to the other and generally parallel to those present on
the three main seats and on the three engagement connectors referred to above (see again
Figures 9 and 9a).
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The support structure 64 then comprises at least a first covering wall 69 lying on a plane par-
allel to the plane of the front wall 25 so as to cover at least two parallel tube lengths in operat-
ing conditions in which the support element 1s engaged to the apparatus.

Compare to this end Figures 9 and 16.

In a wholly specular way the support structure 64 comprises at least a second covering wall
70 lying again on a plane parallel to the plane of the front wall 25 so as to cover at least two
turther parallel tube lengths when the support element is again in operating conditions.

Referring to Figure 8 it should then be pointed out that the support element 64 has a smaller
height than — or at the most the same height as - the peripheral wall 32 of the main body:.

This means that the support structure 64 has been designed so as not to increase the height of
the whole support element.

Referring now to Figure 7, further note at least one and in generally two positioning projec-
tions 72 and 73 associated to the main body 6 and designed to enable the correct positioning
of a tube length to be associated to the support element as shall be better explained later (see
anyway Figures 9 and 14).

Said first and second positioning projections 72, 73 are placed inside the housing compart-
ment 33 and are generally associated (or also carried out as one piece) to the front wall 25.

It should then be noted that the support element 4 comprises a main body 6 having at least a
first and a second connector 7 and 8, spaced away from each other, in which corresponding
counter-connectors 9 and 10 of the treatment unit 5 (see Figure 11) are engaged.

The blood treatment unit 5 can for instance be a plasma filter, a haemodialysis filter, a
haemoniltration filter, a haemodiafiltration filter or another type of unit.

The first and second connector 7 and 8 are directly engaged to the main body 6; in the exam-

ples shown said connectors are made of stiff plastic material and as one piece with the main
body.

The support element 4 has a third connector 11 spaced away from the connectors 7 and 8 and
engaged directly to the main body 6; in the examples shown also the third connector is made
of stiff plastic material and as one piece with the main body; said three connectors define
pairs of connectors having a differentiated central axis one with respect to the other for the
engagement of corresponding pairs of counter-connectors associated to different blood treat-

mﬂgnt units that can be mounted onto the support element. Thus, one main body 6 can be used
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to carry out integrated modules with different features, thanks to the possibility of engaging
treatment units 5 not only with different membranes but also with different global size and
therefore with different central axis of the corresponding counter-connectors. Each of the
connectors 7, 8, 11 referred to 1s a stiff support and defines a fluid passage having a first end
portion 12, designed to be put into fluid communication with a corresponding channel 13 pre-
sent 1n the respective counter-connector 9, 10 housed in the treatment unit 5 (see also the sec-
tions-of Figs. 12 and 13); each connector 7, 8, 11 also has a second end portion 14, designed
to be put into fluid communication with a fluid distribution circuit 15 to be associated to the
main body 6. Going mto further structural detail, each of said connecfors 7, 8, 11 comprises a
tubular channel 16 defining said first portion, a sealing collar 17 placed radially outside the
tubular channel, and a connection wall 18 developing without interruptions between an outer
side surface 19 of the tubular channel and an inner side surface 20 of said collar. In practice,
the outer side surface of the tubular channel, the mnner side surface of the sealing collar and
the connection wall define a ring-shaped engagement seat 21, whose bottom 1s delimited by
the connection wall, shaped so that a corresponding counter-connector of the treatment unit
can be engaged therein. The tubular channel 16 is arranged coaxially with respect to the seal-
ing collar 17, and both turn around a common symmetry axis. The ring-shaped seat 21 has an
increasing radial size getting away from the bottom wall and comprises a first zone 22 near
the bottom, having a constant radial size, a second zone 23, distal with respect to the bottom
and with a constant radial size greater than the radial size of the first zone, and a third zone 24
between the first and the second zone, having a progressively increasing size getting away
from the bottom wall 18. The tubular channel and the sealing collar of each connector 7, 8, 11
project parallel one to the other from the main body 6, so as to define one direction of cou-
pling with the corresponding counter-connectors of a treatment unit 5. In the examples of
embodiment shown the various connectors have a symmetry axis that is basically orthogonal
with respect to a front surface 25 of the support element 4.

The support element shown also comprises a fourth connector 26 spaced away from said first,
second and third connector; the fourth connector is also connected directly to the support
element. In the example shown the fourth connectors is made of stiff plastic material and as
one piece with the main body 6 and defines with at least one of the other connectors a further
pair of counter-connectors associated to a blood treatment unit to be mounted onto the sup-
port element. The fourth connector comprises a central cylindrical positioning body 27, a
sealing collar 28 placed radially outside the cylindrical body, and a connection or bottom wall
29 developing without interruptions between an outer side surface 30 of the cylindrical body
and an inner side surface 31 of said collar. In practice, said fourth connector defines an en-
gagement and tflow-closing body for a counter-connector of the treatment unit 5. As shown in
Figures 11, 12 and 13, the various connectors are made of stiff material so as to define a me-
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chanical support of the treatment unit and, if needed, so as to define a passage or a blocking
member for the fluid getting through the counter-connectors 9, 10. The four connectors that
are present in the support element are aligned one with respect to the other and arranged on
one side of said main body. More to the point, the main body of the element shown defines
the aforesaid housing compartment 33, which can house at least a portion of the fluid distri-
bution circuit 15 designed to be associated to the support element 4. The housing seat has an
open side 57 ensuring a suitable fitting and positioning of the integrated module 1 onto the
apparatus 2, as shall be disclosed later in further detail. The support element then has an aux-
iliary structure 35 extending laterally and outside with respect to the operating seat from a
base zone 36 of the peripheral wall 32. The four connectors come out from the auxiliary
structure the first, second and fourth 7, 8, 26 are placed one beside the other and are arranged
on a first end zone 37 of the auxiliary structure, whereas the third connector 11 is placed on a
second end zone 38 placed opposite the first one.

A support element according to the invention can be suitably used for carrying out an inte-
grated module, such as for instance the one shown in Figures 9-11, in which the support ele-
ment of Figures 2-8 1s used by way of example. As can be seen, the treatment unit 5 is fas-
tened to the support element 4 on at least the pair of connectors; the treatment unit comprises
a housing body 40, at least a semipermeable membrane 41 (for instance with parallel hollow
fibers or with plates) operating inside the housing body and defining a first chamber and a
second chamber; a first and a second counter-connector are associated to the housing body

and secured to their respective connectors housed by the main body 6 (see for instance Figure
11).

The first and second counter-connector 9, 10 have a tubular shape and are put into fluid
communication with the second chamber of the treatment unit and with respective end por-
tions 12 of said connectors. The treatment unit then has an access port 42 leading to the first
chamber, and at least an exit port 43 from said first chamber, for the connection with an ex-
tracorporeal circulation line 44 for blood or another physiological fluid.

A fluid distribution circuit 15 is engaged to the support element 4 and cooperates with the
treatment unit 5.

In further detail said circuit comprises the aforesaid blood line 44, which is fastened to the
support element 4 on one of the second sides 53, 54 and has the curved portion 53a.

“The blood line 44 is secured to the support element so as to define at least a tube length basi-

cally arranged as a U 44a with respect to said support element.
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Said arrangement 1s related to the fact of enabling the cooperation between said tube length
44a and a respective pump 3a while assembling the integrated module onto the apparatus 2.

As can then be inferred from the appended figures, the U-shaped tube length 44 extends in-
side with respect to the peripheral wall 32 of the support element 4.

The positioning projections 72, 73 previously described act on the U-shaped tube length 44a
so as to keep 1ts correct position.

As can be inferred from Figures 1 and 9, the length 44a of the blood line 44 secured to the
support element is defined by the intake branch 46. |

The distribution circuit 15 then has the aforesaid inlet line 48 supplying fresh dialysis liquid.

Said line is fastened to the support element on one of the first longer opposite sides 55, 56, as
can be seen in Figures 9, 9a, 10 and 10a.

Also the 1nlet line 48 1s secured to the support element so as to define at least a tube length
basically arranged as a U 48a with respect to said support element.

Also the tube length 48 is designed to cooperate with a respective pump 3c and is placed in-
side with respect to the peripheral wall 32 of the support element.

Referring to Figure 9a it can be noted how the inlet line 48 is fastened to the main body 6 on
the support structure 64, and how at least an inlet length 74 of the inlet line 48 is engaged into
a main seat 66c¢ of the positioning fin 65, as well as to the respective engagement connector

60b.

Analogously, at least an outlet length 75 of the inlet line is engaged into a main seat 66a of
the positioning fin 65 and to the respective engagement connector 60a.

When engaged, the respective connectors and inlet and outlet lengths 74 and 75 are placed in

a rectilinear arrangement and are parallel one to the other (see Figure 9a).

As can further be seen (see in particular Figure 10a), the outlet length 5 has a branching 85
splitting up into intake branch 76 conveying the fluid to the blood treatment unit 5, and into
infusion branch 77 conveying the fluid into the blood line 44.

Said branching 85 is defined on the engagement connector 60a having a T shape with an inlet
and two outlets.

Also the infusion branch 77 is secured to a main seat 66b and to an auxiliary seat 77a.
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The infusion branch 77 and the intake branch 76, when engaged to the support structure 64,
are placed in a rectilinear arrangement and are parallel one to the other.

The fluid distribution circuitry 15 then comprises at least the infusion line 51, which is also
fastened on one of the first longer opposite sides 55, 56.

Said infusion line defines a tube length arranged as a U 51a with respect to said support ele-
ment 4, so as to be able to cooperate, when 1n use, with a respective pump 3d.

Also the U-shaped tube length 51a extends inside with respect to the peripheral wall 32 of the

support element.

Also the infusion line is secured on the support structure 64 and at least an outlet length 78 of
the infusion line 71 is engaged into a main seat 66d of the positioning fin 65 and to its respec-

tive engagement connector 61a as shown in the appended figures.

In a wholly specular way to the intake line, the outlet length 78 has a branching 86 splitting
up into pre-infusion branch 79 conveying the fluid to an intake branch 46 of the blood line

44, and into post-infusion branch 80 conveying the fluid to a blood return branch 47 of the
blood line.

Here again there is an engagement connector 61a having a T shape so that the branching 86
into pre-infusion branch 79 and into post-infusion branch 80 1s defined exactly by said con-
nector 80.

The pre-infusion branch 79 is then fastened to an auxiliary seat 68a and to a further main seat
66e of the positioning fin 65.

When engaged to the support structure, said two branches 79 and 80 are placed in a rectilin-
ear arrangement and are parallel to one another.

The fluid distribution circuit 15 then has the discharge line 45 secured to the support element
also on one of said first longer sides 55, 56.

Said discharge line 55 defines at least a tube length arranged as a U 45a with respect to the
support element, which tube length is also designed to cooperate with a respective pump 3b
and extending inside with respect to the peripheral wall 32 of the support element.

The discharge line 45 is secured to the main body 6 on an opposite side with respect to the
support structure 64 and the respective inlet length 81 and outlet length 82 are engaged into
corresponding engagement connectors 62b, 62a.
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Eventually, the distribution circuit 15 has the auxiliary pre-infusion line 50. .

The latter is fastened to the support element 4 on one of said first longer sides 55, 56 so as to
define at least a further tube length arranged as a U 50a with respect to said support element.

Also the tube length 50a is designed to cooperate, when in use, with a respective pump 3e
and extends inside with respect to the peripheral wall 32 of the support element.

In other words, the housing compartment 33 is designed to house all U-shaped tube lengths of
the various lines of the distribution circuitry 15.

The auxiliary pre-infusion line 50 is secured to the main body on an opposite side with re-
spect to the support structure 64 and the respective inlet length 83 and outlet length 84 are
engaged to engagement connectors 63b, 63a.

It should then be pointed out that the particular shape of the peripheral wall 32 of the support
element 4 defining the arched portions and the peculiar position of the engagement connec-
tors of the various tubes result in that the length of every free U-shaped tube portion 44a, 45a,
48a, 50a, Sla 1s smaller than or the same as 7R + 2R, where R is the radius of curvature of

the tube length.

The peculiar shape of the integrated module is such that the free lengths within the housing
compartment 33 are as short as possible in accordance with the radial sizes of the respective
pumps which have to generate the flow within said tubes.

It should then be noted how the U-shaped tube length 44a of the blood line is longer than the
tube lengths 45a, 48a, 50a, 51a defined by the further fluid lines having indeed a longer ra-
dius of curvature.

Moreover, the tube length of the blood line can be carried out, if needed, with materials dif-
fering from those of other tubes and/or it can have sections for the passage of fluid differing
from the other tubes.

From the point of view of the geometrical position of the various tube lengths on the support
element note the following.

First of all, the support element can be ideally divided into several zones comprising a first
zone 274 secured to the portion of the blood line 44 which, in operating conditions of the
module 1 engaged to the apparatus 2, shall be defined by the lower zone of said module.

Theretore, there will be a second zone 275 opposite the first zone, to which all the further
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fluid lines 45, 48, 50 and 51 are secured.

Said second zone consists in its turn of at least two ideal half-parts placed side by side 275a, -
275b.

The tube length 45a of the discharge line 45 and the tube length 50a of the auxiliary pre-
infusion line 50 will be fastened to the second half-part 275b.

Conversely, the tube length 48 of the intake line and the tube length 51a of the infusion line
are fastened to the first half-part 275a. Said splitting into first and second zone 274, 275 and
the two half-parts 275a, 275b of the second zone have been ideally shown in Figure 9 by

means of hatched lines.

As can be noted, the first and second half-part 275a, 275b of the second zone 275 are recipro-
cally placed side by side and generally perfectly symmetrical to a longitudinal axis of the
main body 6. Should the first zone 274 be geometrically delimited, it could be defined as the
area limited by at least one of the second sides 53 (having the curved portion and to which the
blood line is secured) and by about half the length of the first opposite longer sides 55 and 56

near the second side 53.

Analogously, the second zone 275 is partly delimited by one of said second sides 54 which
has no curve and by a portion of the first opposite longer sides 55 and 56 near said second

side 54.

The assembly process of an integrated fluid treatment module comprises the stage of installa-
tion of a support element 4, for instance as shown in Figures 2-8, and a treatment unit 5 to be
coupled to the support element. Then the blood treatment unit is fastened to the support ele-
ment. Eventually, a fluid distribution circuit 15 is associated to the support element and to the
treatment unit so as to create the necessary lines for blood circulation, discharge, infusion of
possible substitution liquids, dialysis. Note that the connection of the distribution circuit to
the treatment unit can be before, simultaneous to or follow the stage in which the circuitry 1s
fastened to the support element. The stage in which the treatment unit 1s fastened to the sup-
port element comprises sub-stages in which a pair of connectors to which the counter-
connectors 9, 10 housed by the blood treatment unit are to be fastened are chosen, 1n which a
given amount of glue, normally based on a polymer resin, is placed in the ring-shaped seats
21 of each connector chosen, in which each counter-connector is at least partially fitted into
its respective ring-shaped seat so as to obtain a mechanical blocking and a liquid-sealing cou-
pling. Note that during said fitting stage at least a portion of the glue placed in the ring-
shaped seat reaches the second zone 23 of said ring-shaped seat. At the end of said stage in
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which the counter-connector is fitted into its respective ring-shaped seat, the volume of glue
previously placed plus the volume of the portion of counter-connector housed within the ring-
shaped seat is smaller than the total volume of said ring-shaped seat. It is thus avoided that
glue migrates towards the tubular channel 16 causing its partial or total occlusion.

The stage in which a fluid distribution circuit 15 is associated to the support element 4 and to
the freatment unit 5 comprises 1n its turn the sub-stages in which an end portion of a dis-
charge line 45 for a waste fluid 1s fastened fluid-sealingly with the second end portion 14 of
one of said connectors, and in which an end portion of an intake line 48 for fresh dialysis lig-
uid 1s fastened sealingly with the second end portion of another of said connectors. Said stage
of association of the distribution circuit also comprises the sealing fastening of an end portion
of a blood suction branch 46 with the inlet port to the first chamber, and an end portion of a
blood return line 47 with the exit port from said first chamber. The fastening of the various
end portions referred to above can take place by gluing, by forcing or by hot coupling.

Granted the above, it should be noted that the integrated module according to the present in-
vention 1s designed to be used on an extracorporeal blood treatment apparatus 2 as shown in
Figures 15 and 16.

In particular, said apparatus 2 comprises a body 100 provided on its front surface 101 with a
given number of peristaltic pumps 3a, 3b, 3¢, 3d, 3e designed to cooperate with the respective
U-shaped tube lengths defined on the integrated module.

As can be noted from Figure 15, the apparatus body 11 has a guiding and positioning projec-
tion 102 protruding from the surface 101, which is exactly counter-shaped to the peripheral
wall 32 of the support element to which it should be coupled.

In other words, the guiding and positioning projection 102 has a side surface 103 which,
when engaged to the integrated module, is delimited by the peripheral wall 32.

Also the peristaltic pumps protrude from the surface 101 of the apparatus body 100 and at
least a part of their side surface i1s counter-shaped to the peripheral wall 32 of the support

element.

In particular, it 1s exactly the curved portions defined by the curved lengths of the front wall
25 which are designed to couple with the protruding side portions of the pumps 3.

The brotruding peristaltic pumps and the guiding and positioning projection 102 define to-
gether suitable seats 104a, 104b, 104c, 104d and 104e taking a basically semicircular or U
shape and designed to receive the corresponding U-shaped tube lengths 44a, 45a, 48a, 50a,
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51a.

Analogously to what has been described for the integrated module 1, also on the front wall of
the apparatus a given number of zones can be defined, and in particular two zones 174, 175 in
which the first zone 174 comprises the blood pump 3a, whereas the second zone 175 com-
prises the other pumps 3b, 3¢, 3d and 3e.

The second zone 175 comprises at least two half-parts placed side by side 175a, 175b; the in-
take pump 3c and the infusion pump 3d are placed in said first half-part whereas the auxiliary
pre-infusion pump 3e and the suction pump 3b are placed in the second half-part.

Here again the first and second half-part are specularly symmetrical and placed side by side
on the front wall of the apparatus and above the first zone 174.

Eventually, 1t should be noted that there is at least a first moving element 105 and a second
moving element 106 that are substantially identical and housed directly by the apparatus
body; the latter are designed to act respectively on the infusion branch 77 and/or on the intake
branch 76 (the first moving element), and on the pre-infusion branch 79 and/or on the post-
infusion branch 80 (the second moving element 106). In particular, the selecting means 97
and 203 previously described can comprise said moving elements 105, 106 designed to be
controlled by the CPU 209 so- as to selectively determine the blocking or passage of fluid in

either branch.

In order to cooperate with said moving elements the integrated module is equipped with the
support structure with said infusion, intake, post-infusion and pre-infusion branches,, which

are all parallel to one another.

The invention has important advantages.

First of all, the present invention allows to obtain an integrated module for apparatus for ex-
tracorporeal blood treatment with an optimal arrangement of the various tube lengths of fluid
lines.

The division of said module into two opposite zones allows to engage to one of the shorter
sides a U-shaped tube length of a blood circuit with greater size than the U-shaped tube
lengths of the other fluid lines, thus enabling the use of peristaltic pumps with greater size,
which can allow higher flow rates and also, since longer tube lengths are used, less damages
of the tube length on which the pump acts.

Moreover, the particular arrangement of the intake line for fresh dialysis liquid on the blood
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treatment element and on the post-infusion zone enables to minimize the length of the inlet
portion of said intake line, thus minimizing the amount of fresh dialysis fluid to be wasted.

The same applies also to the pre-/post-infusion lines, which is also placed on the pre- and

post-infusion zones and enables to minimize the lengths of the various branches.

It 1s evident that said positioning 1s extremely advantageous in intensive therapy apparatuss in

which all biological fluids are contained in bags with limited volume.

Eventually, 1t should be pointed out that the presence of five peristaltic pumps on the appara-
tus and of corresponding U-shaped tube lengths on the integrated module enables the use of
another line, in particular of a pre-infusion line, so as to allow the introduction, for instance,
of topical anticoagulants without limiting pre- and post-infusion possibilities.

Finally, the use of a particular support element that is open on one side and defines a basi-

cally box-shaped body enables an optimal protection of the tube lengths of the respective
peristaltic pumps when the unit is operating.
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WHAT IS CLAIMED IS:
1. An integrated fluid treatment module comprising:

- a support element (4);
- a fluid distribution circuitry (15) associated to the support element (4) and
comprising:

o at least a blood line (44), at least a portion of said blood line being
fastened to the support element (4) and defining at least a U-shaped tube length
(44a) with respect to said support element, said tube length (44a) being designed to '
cooperate with a respective pump (3a); |

g further fluid lines secured to the support element, each of them
defining at least a U-shaped tube length (45a, 48a, 50a, 51a) with respect to said
support element, each tube length being designed to cooperate with a respective
pump (3a, 3b, 3¢, 3d, 3e),

wherein the support element (4) has a first zone (274) to which the portion of
the blood line (44) is fastened, and at least a second zone (275) opposite said first
zone, the other fluid lines '(45, 48, 50, 51) all being fastened on said second zone;

the U-shaped tube length (44a) of the blood line (44) is longer than the tube
lengths (45a, 48a, 50a, 51a) defined by the other fluid lines,

the U-shaped tube length (44a) of the blood line has a greater radius of
curvature than the tube lengths defined by the other fluid lines,

the fiuid distribution circuitry (15) comprises at least a discharge line (45) for
a waste fluid, said discharge line (45) for a waste fluid being secured to the support
element (4) and defining at least a tube length arranged as a U (45a) with respect
to said support element, said U-shaped tube length (45a) being designed to
cooperate with a respective pump (3b), .

the fluid distribution circuitry (45) comprises at least an intake line (48) for
fresh dialysis liquid, the intake line (48) for fresh dialysis liquid being fastened to the
support element (4) and defining at least a tube length arranged as a U (48a) with



10

20

CA 02514972 2011-07-27

27

respect to said support element, said tube length (48a) of the liquid intake line
being designed to cooperate, when in use, with a respective pump (3c¢),

the module further comprises at least a fluid infusion line (51), the fluid
infusion line (51) being fastened to the support element (4) and defining at least a
tube length arranged as a U (51a) with respect to said support element, said fluid
infusion line (51) being designed to cooperate, when in use, with a respective pump
(3d),

the module further comprises at least an auxiliary pre-infusion line (50), the
auxiliary pre-infusion line (50) being fastened to the support element (4) and
defining at least a tube length arranged as a U (50a) with respect to said support
element, said auxiliary pre-infusion line (50) being designed to cooperate with a
respective pump (3e), . ,

the tube length (48a) of the intake line (48) for fresh dialysis liquid is fastened
to one of said first longer sides (55, 56),

the tube Iength (45a) of the discharge line (45) for a waste fluid is fastened to
one of said first longer sides (55, 56),

the tube length (51a) of the fluid infusion line (51) is fastened to one of said
first longer sides (55, 56),

the tube length (50a) of the auxiliary pre-infusion line (50) is fastened to one
of said first longer sides (55, 56), ,

the U-shaped tube lengths (44a, 45a, 48a, 50a, 51a) extend inside with
respect to the peripheral wall (32) of the support element (4).

2. Module according to claim 1, characterized in that said second zone (275)
comprises at least two half-parts placed side by side (275a, 275b), at least the tube
length of the discharge line (45) being fastened to the second half-part (275b).

3. Module according to claim 1 or 2, characterized in that said second zone

(279) comprises at least two half-parts placed side by side (275a, 275b), at least
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the tube length (48a) of the intake line (48) for fresh liquid being fastened to the first
half-part (275a).

4. Module according to any one of claims 1 to 3, characterized in that said
second zone (275) comprises at least two half-parts placed side by side (275a,
275b), at least the tube length (51a) of the infusion line (51) being fastened to the
first half-part (275a).

5. Module according to any one of claims 1 to 4, characterized in that said
second zone (275) comprises at least two half-parts placed side by side (2754,
275b), at least the tube length (50a) of the auxiliary pre-infusion line (50) being
fastened to the second half-part (275b).

6. Module according to any one of claims 1 to 5, characterized in that the
support element (4) comprises a main body (6) having a front wall (25) and at least
a peripheral wall (32) projecting away from said front wall (25), said front wall (25)
and said peripheral wall (32) defining a housing compartment (33).

7. Module according to claim 6, characterized in that the front wall (25)
comprises at least first sides (99, 56) and second sides (53, 54) basically parallel
and reciprocally facing.

8. Module according to claim 7, characterized in that the front wall is delimited

~ by first opposite longer sides (55, 56) with a basically rectilinear development, each

having two curved portions (55a, 55b, 56a, 56b) whose cavity faces its respective
opposite side.

9. Module according to any one of claims 6 to 8, characterized in that the front
wall is delimited by second opposite shorter sides (53, 54) with a basically
rectilinear development.
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10. Module according to claim 9, characterized in that at least one of said
second sides (53) has a curved portion (53a) placed between two rectilinear

lengths (53b, 53c¢), the cavity of said curved portion facing the opposite side.

11. Module according to claim 10, characterized in that the first zone (274) is
partly delimited by at least one of said second sides (53) having the curved portion
(63a) and by a portion of the first opposite longer sides (55, 56) beside said second
side (54) having the curved portion.

12. Module according to claim 10, characterized in that the second zone (275) is
partly delimited by one of said second sides (54) without the curved portion and by
a portion of the first opposite longer sides (55, 56) beside said second side (54)

without the curved portion.

13.  Module according to any one of claims 1 to 12, characterized in that, when
the module is associated to an extracorporeal blood treatment apparatus (2), the
first zone (274) of the support element (4) is placed below the second zone (275) of

the support element.

14. Module according to any one of claims 1 to 3, characterized in that, when the
module (1) is associated to an extracorporeal blood treatment apparatus (2), the
first and second half-part (2/5a, 275b) of the second zone (275) of the support
element (4) are placed side by side.

15. Module according to claim 10, characterized in that the tube length (44a) of
the blood line is fastened to said second side (53) having the curved portion (53a).

16. Module according to claim 10, characterized in that one of said second sides

(54) without the curved portion has no tube length directly fastened thereto.
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17. Module according to any one of claims 1 to 16, characterized in that a length
of every U-shaped tube portion (44a, 45a, 48a, 50a, 51a) i1s smaller than or the
same as (TR + 2R), where R is the respective radius of curvature of the tube

length.

18. Module according to any one of claims 1 to 17, characterized in that it further

comprises a support structure (64) associated to the main body (6) and placed

laterally with respect to the latter.

19. Module according to claim 18, characterized in that said support structure

(64) is engaged to the main body (6) on one of said longer sides (55, 56).

20. Module according to claim 19, characterized in that the support structure (64)
IS engaged to the main body (6) on said curved portions (65a, 55b, 56a, 56b) of one

of said first longer sides (55, 56).

21. Module according to any one of claims 1 to 20, characterized in that it further

comprises at least a blood treatment unit (5) engaged on the support element (4).

22. Module according to any one of claims 1 to 21, characterized in that said
support element (4) comprises at least a first and at least a second connector (7, 8)
associated to the main body (6) and spaced away one from the other, said first and
said second connector (7, 8) being designed to receive by way of engagement
corresponding counter-connectors (9, 10) of a blood treatment unit to be mounted

onto the support element.

23. Module according to claim 21 or 22, characterized in that said treatment unit
(5) comprises:

- a housing body (40);

- at least a semipermeable membrane (41) operating inside the housing body

defining a first and a second chamber;



10

20

CA 02514972 2011-07-27

31

- a first and a second counter-connector (9, 10) associated to the housing
body (40) and fastened to respective connectors (7, 8) associated to the main body
(6), at least one of said first and second counter-connector (9, 10) being put into
fluid communication with the second chamber of the treatment unit and with
respective first end portions of said connectors;

- at least an access port (42) to said first chamber; and

- at least an exit port (43) from said first chamber.

24. Module according to claims 18 and 22, characterized in that the connectors
(7, 8) and the support structure (64) are positioned laterally with respect to the main

body (6) on one of said longer sides (55, 56).

25. Module according to any one of claims 2 to 5, characterized in that the first
and second half-part (275a, 275b) are specularly symmetrical with respect to a

longitudinal axis of the main body (6).

26. An apparatus for extracorporeal blood treatment destined to receive an
integrated module according to any one of claims 1 to 25, the apparatus comprising
a body (100) having a surface (101) a guiding and positioning projection (102)
protruding from the surface (101) and being exactly counter-shaped to a peripheral
wall (32) of a support element to which it has to be coupled, a given number of
pumps (3a, 3b, 3c, 3d, 3e) protruding from the surface (101) and designed to
cooperate with a suitable fluid distribution circuitry (15) of the integrated module to
be assoclated to the apparatus, at least a part of a side surface of the pumps (33,
3b, 3c, 3d, 3e) being counter-shaped to the peripheral wall (32) of the support
element, the protruding pumps and the guiding and positioning projection (102)
defining together ‘seats (104a, 104b, 104c, 104d and 104e) taking a basically
semicircular or U shape and designed to receive the éorresponding U-shaped tube
lengths (44a, 45a, 48a, 50a) of the fluid distribution circuitry (15) of the integrated
module,
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wherein
at least one of said pumps is a blood pump (3a) designed to cooperate with

a respective blood line (44) of the distribution circuitry (15),

at least one of said pumps is a feeding pump (3c) and is designed to
cooperate with a respective feeding line (48) for fresh dialysis liquid of the
distribution circuitry (15),

at least one of said pumps is a suction pump (3b) designed to cooperate with
a respective discharge line (45) of the distribution circuitry (15),

at least one of said pumps is an infusion pump (3d) designed to cooperate
with a respective infusion line (51) of the distribution circuitry (15),

at least one of said pumps is an auxiliary pre-infusion pump (3e) designed to
cooperate with a respective auxiliary pre-infusion line (50) of the distribution
circuitry (19), |

the apparatus body (100) defining on its surface (101) a first zone (174)
having said blood pump (3a) and at least a second zone (175) opposite said first

zone and having the other pumps (3b, 3c, 3d, 3e).

27.  Apparatus according to claim 26, characterized in that said second zone
(175) comprises at least two half-parts placed side by side (175a, 175b), the
feeding pump (3c) being placed in said first half-part (175a).

28. Apparatus according to claim 26 or 27, characterized in that in operating
conditions the first zone (174) of the apparatus body (100) is placed below the

second zone (175) of said body.

29. Apparatus according to claim 2/, characterized in that in operating
conditions the first and second half-part (175a, 175b) of the second zone (175) of
the apparatus body (100) are placed side by side.
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30. Apparatus according to claim 27, characterized in that said first and second

half-part (175a, 175b) are specularly symmetrical.

31.  Apparatus according to any one of claims 26 to 30, characterized in that said

second zone (175) comprises at least two half-parts place side by side (175a,

175b), the suction pump (3b) being placed in said second half-part (175b).

32. Apparatus according to any one of claims 26 to 31, characterized in that said
second zone (175) comprises at least two half-parts place side by side (175a,

175b), the infusion pump (3d) being placed in said first half-part (175a).

33. Apparatus according to any one of claims 26 to 32, characterized in that said
second zone (175) comprises at least two half-parts place side by side (175a,
175b), the auxiliary pre-infusion pump (3e) being placed in said second half-part
(175b).

34.  Anintegrated fluid treatment module comprising:
a support element having a main body having:
two first opposite sides and two second opposite sides, said two
second opposite sides being shorter than said two first opposite sides, and
at least one peripheral wall protecting away from said two second
opposite sides;
fluid distribution circuitry associated to the support element and comprising:
at least a blood line, at least a portion of said blood line being
fastened to one of said two second opposite sides of the support element and
defining at least a U-shaped tube length with respect to said support element, said
U-shaped tube length being designed to cooperate with a respective pump and
extending inside the at least one peripheral wall of the support element: and
further fluid lines secured to at least one of said two first opposite

sides of the support element, each of said further fluid lines defining at least a U-
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shaped tube length with respect to said support element, each said U-shaped tube
length being designed to cooperate with a respective pump and extending inside
the at least one peripheral wall of the support element, said U-shaped tube length
of the blood line being longer and having a radius of curvature greater than the tube
lengths defined by said further fluid lines;

the support element having a first zone to which the U-shaped tube length of
the blood line is fastened, and at least a second zone opposite said first zone to
which the U-shaped tube lengths of the further fluid lines are all fastened, said
second zone comprising a first half-part and a second half-part reciprocally placed
side by side and being symmetrical along a longitudinal axis of the main body, the
further fluid lines including two fluid lines connected to said first half-part and two

fluid lines connected to said second half-part.

35. An integrated fluid treatment module ccmprising:
a support element including:

a front wall having two first opposife sides and two second opposite
sides,

the two first opposite sides being substantially parallel and reciprocally
facing, said two first opposite sides having a substantially rectilinear development,
each of said two first opposite sides having two curved portions, wherein cavities
formed by each of said two curved portions on one of said two first opposite sides
face the other of said two first opposite sides; and

the two second opposite sides being substantially parallel and
reciprocally facing, said two second opposite sides having a substantially rectilinear
development, at least one of said two second opposite sides having a curved
portion placed between two rectilinear lengths, a cavity formed by said curved
portion on one of said two second opposite sides facing the other of said two
second opposite sides, at least a peripheral wall projecting away from said two

second opposite sides;
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fluid distribution circuitry associated to the support element and comprising:

at least one blood line, at least a portion of said at least one blood line
being fastened to the peripheral wall of the support element corresponding to the
curved portion of one of said two second opposite sides, said at least one blood line
defining at least one U-shaped tube length with respect to said support element,
said at least one U-shaped tube length being configured to cooperate with a
respective pump and to extend inside the peripheral wall of the support element;
and

further fluid lines secured to the peripheral wall of the support element
corresponding to the curved portions of said two first opposite sides, each of said
further fluid lines defining at least one U-shaped tube length with respect to said
support element, each of said at least one U-shaped tube length being configured
to cooperate with a respective pump and to extend inside the peripheral wall of the
support element. ‘

36. A module according to claim 34, further comprising at least a blood treatment

unit connected to the support element.

37. An apparatus for extracorporeal blood treatment comprising:

a body, a number of pumps provided on a surface of the body, the number of
pumps being designed to cooperate with a suitable fluid distribution circuitry to be
associated to the apparatus, at least one of said number of pumps being a blood
pump designed to cooperate with a respective blood line of the distribution circuitry,
wherein the surface of the body has a first zone having said blood pump and at
least a second zone, opposite said first zone, having the other of said number of
pumps; and

an integrated fluid treatment module according to claim 36 having the U-
shaped tube iengths of the blood line and of the further fluid lines secured and
cooperating with the number of pumps of said apparatus.



10

CA 02514972 2011-07-27

36

38. An apparatus for extracorporeal blood 'treatment comprising:

a body having a surface having a given number of pumps configured to
cooperate with a fluid distribution circuitry, wherein the machine body has a guiding
and positioning projection protruding from the surface configured to be coupled,
when in use, with a respective peripheral wall of a support element, said support
element comprising a main body having a front wall and at least a peripheral wall
projecting away from said front wall, said front wall and said peripheral wall defining
a housing compartment, said front wall being delimited by first and second opposite
longer sides with a basically rectilinear development, each of said first and second
opposite longer sides having first and second curved portions forming a cavity
facing a respective opposite longer side, said front wall being further delimited by
first and second opposite shorter sides with a basically rectilinear development, at
least one of said first and second opposite shorter sides having a third curved
portion configured between first and second rectilinear lengths, a cavity formed by

said third curved portion facing the other of said first and second opposite shorter

‘sides;

the support element further comprising at least one pair of tube engagement
connectors, each of said at least one pair of tube engagement connectors being

placed on opposite ends of each of said first, second, and third curved portions.
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