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Switching Device and Apparatus for Controlling
Flow of a Fluid.
Technical background

The present invention relates to a switching device
for a fluid distribution set and to an apparatus for
controlling flow of a fluid using said switching device.
The invention may find application for controlling flow
of a liquid in a portion of a fluid circuit comprising
deformable tubing and/or deformable chahbers. By way of
non-limiting example, the invention may be wused for
controlling blood flow in an extracorporeal circuit of a
blood treatment machine.

Background of the invention

In medicine there are many applications
requiring the control of the flow of fluids such as for
instance of biological fluids. One such application,
which is herein referred to by way of example, is the
control of the blood flow during an extracorporeal blood
treatment. It is known that a conventional extracorporeal
circuit comprises an arterial 1line, withdrawing blood
from the patient, a blood treatment unit, and a venous
line which returns treated blood to the patient. In order
to withdraw blood from a patient, a blood access 1is
commonly created in the nature of an arterio-venous
shunt, referred to as a fistula. During the blood
treatment, blood is taken out from the fistula at an
upstream position of the fistula and is returned to the
fistula at a downstream position. As the efficacy of the
treatment is influenced by the actual flow through the
fistula and by the proper working of the accesses, it is
of interest studying and monitoring fistula parameters.
Therefore during the years several methods for monitoring
fistula parameters have been developed. According to some
of these methods it is necessary to reverse blood flow in
part of the extracorporeal circuit so that blood is taken

out from the fistula at a downstream position and blood
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is returned to the fistula at an upstream position, while
keeping the same sense of flow in the treatment unit.

A number of methods and devices are known for reversing
the flow of blood.

EP5605630 relates to a switching mechanism on bloodline
and on dialysis circuit. The bloodline switching
mechanism according to this reference changes the
direction of the blood flow through the dialyzer and
therefore undesirably affects the blood treatment.

It is also known in the art the use of true valves, with
a rotating body having channels, which can be aligned or
misaligned with respective ports for creating the desired
flow switching as in US 5894011, in US2001/0031222, in
US6319465B1, or in US6177049 (EP1083947). More in detail,
US 5894011 relates to a device for selectively
controlling the direction of blood flow to and from the
patient during hemodialysis and comprises two
interlocking disks that rotate in relation to each other
without separating. The two disks have fluid fittings
that allow the bloodlines attached to the patient to
connect to one of the disks and the blood inlet and
outlet for the hemodialysis machine to connect to the
other. The center of each fluid fitting is a channel that
aligns to a corresponding channel in the other disk. The
disks rotate Dbetween two fixed relative positions,
referred to herein as preferred alignments. The preferred
alignments are such that the line drawing blood from the
patient in the first preferred alignment becomes the line
returning blood to the patient in the second preferred
alignment, and the line returning blood to the patient in
the first preferred alignment becomes the line drawing
blood from the patient in the second preferred alignment.

US2001/0031222 relates to a kit comprising a tube set,
instructions and a packaging. The instructions detail how
to use the tube set which includes a flow reversal valve.



WO 2005/061043 PCT/IB2004/003783

10

15

20

25

30

35

3
US6319465B1 relates to a tubular set is provided for use

with  extracorporeal treatment of Dblood. The set
comprises: a flow reversing valve having a patient
arterial line and a patient venous line each separately
connected to one side of the valve. A unit arterial line
and a unit venous line are each separately connected to
the other side of the valve. The patient arterial line
connects with the unit arterial line in a first position
of a valve, and the patient venous line connects with the
unit venous 1line in the same first valve position. The
patient arterial line connects with the patient venous
line in a second position of a valve, while the patient
venous line connects with the unit arterial line in the

same second valve position.

US6177049 (EP1083947) refers to a tubular set provided
for the extracorporeal treatment of blood. The set
comprises a patient arterial line and a patient venous
line, each 1line having a patient connector at one end
thereof. Each patient line connects at its other end to a
reversing flow wvalve. The valve also connects to
respective first ends of a blood processing unit arterial
line and a blood processing unit venous line. Each of the
unit lines carry a connector at ends opposed to the first
ends for connection respectively to arterial and venous
ports of a blood processing device, typically a dialyzer.
The reversing flow valve has a first position that
respectively connects the patient and unit arterial lines
with the patient and unit venous lines. The reversing
flow wvalve has a second position that connects the
patient arterial line with the unit venous line, and the
unit arterial 1line with the patient venous 1line. Thus,
blood flow between the two patient lines can be reversed
without reversing flow through the two unit lines and the
connected dialyzer. Problems common to the above devices

having rotating bodies in direct contact with blood are:
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- risk that the blood clogs in the space between the two

rotatably connected parts;

-risk that blood cells may be damaged during rotation of
the rotatably connected parts. Many patients who are
dependent on dialysis also have a low production of blood
cells. Thus, it is important to avoid damaging blood

cells during dialysis.

Moreover notice that all the above devices imply a
relatively complicated and, as such, expensive structure

for a product which is entirely disposable.

An alternative solution is shown in US 6308737, which
relates to a diverter for selectively providing fluid
communication between ports to a common chamber. The
diverter includes a deformable common chamber having a
plurality of ports. Upon deforming the common chamber
along a given line, fluid communication between selected
ports is precluded, which flow preclusion is wused to
effectively reverse a flow direction in a circuit

connected to the diverter.

The above disclosed device lacks an efficient,
perfectly controlled and easy way for deforming the
chamber.

Moreover, it would be desirable to avoid any risk of
uncontrolled flow of biological fluid between the
different ports.

Further it is in many instances advantageous to be
able to automate the flow control device.

A further blood flow reversing system is shown in
US2003/0138348 and comprises a quadrilateral tubing
structure with four ports connectable to the arterial and
venous lines. In use, two tube portions of the reversing
system are each designed to be put along the respective
venous or arterial line, while two other tube portions
are designed to transversely cross the arterial and

venous line. A clamp can squeeze the pairs of the above
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tube portion in order to achieve a normal configuration
or a reversed configuration.

Also this reversing system though easy to operate
does not provide the user with a quick and accurate tool
to switch the configuration of the lines. The clamping
action is not able to give a substantially simultaneous
repeatable and effective action through all the clamping
area. The switching operation is not difficult but cannot
be done quickly and precisely as desirable for certain
applications.

Publication “Determination of access blood flow from
ionic dialysance: theory and validation”, Mercadal et
al., Kidney international, vol. 56 (1999), pages 1560-
1565, shows a flow reversing device comprising four tube
portions which can be properly clamped in order to put
the blood lines either in the normal or in the reversed
configuration.

Also this solution has the same drawbacks of
US2003/0138348.

It would therefore be advantageous to provide a

device that fulfils the requirements for valves for
biological fluid in an alternative way. It would also be
advantageous to simultaneously avoid at least some of the
problems stated above.
EP1106191 shows a peritoneal dialysis switch valve,
wherein a rotating body with cams clamps tube portions
and creates a switching mechanism which is acting on a T
shaped tubing and not suitable for use in a four ports
deformable structure for veiculating fluid.

Summary of the invention

An object of the present invention is to provide a
switching device and apparatus for controlling flow of
fluid among four different ports, which device and
apparatus solve at least one of the problems stated
above.

Another object of the present invention 1is to

provide an easy to operate switching device and apparatus
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for controlling flow of fluid able to be quickly
activated and able to quickly provide switching from one
configuration to the other.

A further object of the present invention is to
provide a switching device and apparatus for controlling
flow of fluid among four different ports, which device
and apparatus only allow flow of fluid between pairs of
ports.

Still another object of the present invention is to
provide a switching device and apparatus for controlling
flow of fluid among four different ports, which device
and apparatus may be easily automated.

Furthermore an object of the invention is to provide
a switching device and an apparatus using said device,
which can effectively and accurately clamp a prescribed
region of a deformable tubing or chamber to thereby
achieving an effective switching of the configuration.

Finally it is an auxiliary object of the invention a
device capable of stably keep prescribed clamping
conditions wunless operated to move away from said
positions.

At least one of these objects 1is attained by a
switching device for a fluid distribution set, said set
presenting an at least partially deformable portion
having a first port, a second port, a third port and a
fourth port, the switching device comprising clamping
means having at least an active portion adapted, in use,
for clamping said at least partially deformable portion
of the fluid distribution set, characterized in that the
device also comprises a housing body defining a seat for
receiving said at least partially deformable portion, the
clamping means being coupled with the housing body and
being positionable according to at least a first and a
second clamping positions, wherein the active portion is
approached to a corresponding active surface of the same

housing body.
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By having the clamping means cooperating with an
housing to clamp the portion, then there is no risk that
the clamp means clamps in an 1incorrect position.
Further, the device is easily operated.

Preferably the clamp means is arranged to clamp over
the entire clamp area substantially simultaneously.

As the clamp means is arranged to clamp over the
entire clamp area substantially simultaneously there is
no risk for flow of fluid along uncontrolled paths.

The clamp means may comprise a number of movable
parts. However, according to some embodiments the clamp
means comprises only one part movable in relation to the
housing. Such a device is more easily implemented than a
device comprising a number of movable parts.

The device can also comprise means for allowing the
clamping means to clamp the deformable portion in said
positions only.

The device may comprise urging means for forcing the
clamp means towards a housing wall. The urging means may
be a resilient means, such as a spring, or means of other
nature (for instance magnetic means) able to generate a
force directing the active portion against the a wall
portion. There are a number of different alternatives for
the implementation of the resilient means. The resilient
means may be, e.g., a gas cylinder, a spring or other.

Also the magnetic means can include use of permanent
magnets, or of magnetically chargeable bodies or of
electromagnets.

As the housing is formed by a first and a second element
the device may be separated in order to allow the at
least partially deformable portion to be inserted into
the device. In the embodiment where the urging means are
associated to the second element and the at Ileast
partially deformable portion substantially positioned in
a seat defined by the first element of the housing, then
any opening, closing of the device and positioning of

portion is really easy. In order to prevent separation
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of the first element and the second element by the force
from the resilient means, when it forces the clamping
means towards the first element, the first and second
elements may be connected.

Alternatively the resilient means may of course be
arranged to act between the clamping means and the first
element so that the clamping means pulls the clamping
means towards the first element.

The clamping means may be arranged on an axle, which
is arranged in a through going hole in the second element
perpendicular to the first element. By having it arranged
in such a way it is easily maneuverable from the opposite
side of the first element.

The device may comprise control means for steering
the clamp means to be positionable for deforming the flow
means, in said clamping positions only. In addition to
the control means the device may also comprise return
means for moving the clamp means in a preferred of said
clamping positions.

The clamp means may be positionable at positions
separated by approximately 90 degrees. The optimum angle
for the active portion 16a depends on the form of the
deformable portion 15. By having the positions substan-
tially perpendicular to each other it 1is easy to
implement the device.

The clamp means may be arranged to freely rotate.
However, the clamp means may alternatively be
positionable in two positions only. By having the clamp
means positionable in two positions only it is easier to
achieve secure operation of the device.

An automatic actuator can be arranged to turn the
knob or the axle and, if desired, to also achieve the
axial displacement of the same axle from the claming to
the rest positions and vice-versa.

A device according to the present invention may be

used in a number of applications. One primary use of a
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device according to the invention is, however, to control
flow of blood.

Another example of primarily intended use 1is for
changing the flow direction of blood during hemodialysis.

It goes without saying that the different features
above may be combined in the same embodiment.

In the following different embodiments of the
present invention will be described with reference to the

drawings.

Short description of the drawings

Fig 1 shows a device and an apparatus according to
the invention connected between a patient and a dialysis
machine.

Fig 2 shows an exploded view of a switching device
according to the present invention.

Fig 3a is a cross section of a device as the one of
figure 2, wherein clamp means is in position to deform
the flow means.

Fig 3b is a cross section of a device as the one of
figure 2 wherein clamp means is in position not to deform
the flow means.

Fig 3c is a cross section of a device as the one of
figure 2 showing a track and a tracking means.

Fig 4 shows a cross section of a different
embodiment of the switching device according to the
present invention.

Fig 5 shows a part of a device according to an
embodiment of the present invention.

Fig 6a 1is a perspective view, which shows the
interior of a device according to an embodiment of the
present invention.

Fig 6b 1s a perspective view, which shows the
interior of a device according to another embodiment of

the present invention.
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Fig 7 shows schematically a device according to the
present invention provided with a motor for controlling
the switching of the device.

Fig 8a shows an alternative embodiment of a device
according to the present invention, wherein the clamp
means is in position to deform the flow means.

Fig 8b shows the embodiment of fig 8a, wherein the

clamp means is in position to be turned.

Description of preferred embodiments

With reference to the enclosed exemplifying drawing
tables, a blood treatment equipment as well as several
embodiments of a switching device and of an apparatus
including said switching device are shown.

In detail, figure 1 shows a blood treatment equipment
100. The blood treatment equipment includes a section 200
(not further described in detail) adapted to prepare
fresh treatment 1liquids and also adapted to evacuate
waste liquid. The blood treatment equipment also
comprises a fluid distribution set globally indicated
with reference numeral 300 in the enclosed drawings. The
fluid distribution set 300 presents a blood tratment unit
1 having a first and a second chamber la, 1lb separated by
a semipermeable membrane 1lc, and a first and a second
line 2, 3 connected to the treatment unit first chamber.
Fig 1 shows schematically a fluid distribution set 100
comprising a blood treatment unit or filter 1. The
treatment unit of figure 1 is a dialyzer, though said
treatment unit could have been any other suitable unit
such as a hemofilter, or a hemodiafilter, or an
ultrafilter, or a plasmafilter or other, according to the
specific treatment to be applied on the extra-corporeal
blood. The second chamber 1b of the unit 1 in figure 1 is
connected, at its inlet, to a supply 1line of fresh
dialysis liquid and, at its outlet, to a waste line for

discharging used dialysis liquid.
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The distribution set includes one (though two or more are
not excluded in principle) at least partially deformable
portion 15 connected with the first and second lines 2,3.
As it will appear clear the portion 15 can be totally
made in deformable material (plastic material capable of
being deformed and to return into its original shape once
the deforming load is withdrawn) or can be partly made in
rigid material (rigid plastics) and partly in deformable
material having the above described properties. In detail
the first and second lines 2,3 have respective patient
portions 2a, 3a, interposed between the patient and the
deformable portion 15, and respective machine portions
2b, 3b interposed between the portion 15 and the first
(or blood) chamber 1la of treatment unit 1. Going in
further detail, the portion 15 presents a first port 5,
connected or connectable by means of a connector piece
with portion 2a of line 2, a second port 6, connected or
connectable by means of a connector piece with portion 2b
of line 2, a third port 7, connected or connectable by
means of a connector piece with portion 3a of line 3, and
a fourth port 8, connected or connectable by means of a
connector piece with portion 3b of line 3. The first
bloodline 2 and the second bloodline 3 are designed to be
connected in use to a patient (not shown in the drawing
tables) .

In structural terms, the at 1least partly deformable
portion 15 can comprise a common chamber 15a, which can
be entirely deformable or which can comprise a rigid wall
and a deformable opposite wall adapted for receiving the
an active portion 1l6a of the switching device as it will
be clarified here after; said first, second third, fourth
ports are communicating with the common chamber and being
adapted to be put on fluid communication with a
corresponding respective portion of the two lines 2,3 as
above described (figure 6b).

Alternatively, use of a common chamber can be avoided by

implementing a different solution as for instance shown
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in figures 1, 2, 3a, 3b, 3c, 4, 6a where the portion 15
comprises an annular tubing presenting said four ports.
Also in this case the annular tubing can be wholly
deformable or being formed by a deformable wall structure
and by a rigid wall structure integrally connected. In
the embodiment shown the annular tubing is formed by a
pair of first tubes 15b, and a pair of second tubes 15c
transverse said first tubes. The four ports 5,6,7,8 are
obtained in correspondence of intersections of the first
tubes with the second tubes.

Again the deformable portion 15 can be obtained directly
during manufacture of lines 2,3 and fixedly connected to
said lines or, alternatively, the deformable portion 15
can be an independent component connectable to the lines
2,3 and/or to the treatment unit and/or to the vascular
access by means of suitable connecting pieces.

As shown in the embodiment of figure 1, a pump 11, which
pumps blood into the treatment unit in the direction
denoted by the arrow 12, determines blood flow.

An apparatus 400 for controlling flow of fluid 1is
operating on the bloodlines 2,3. The apparatus 400
includes a switching device 4 and the fluid distribution
set deformable portion 15, which is arranged in the
device 4. The switching device presents clamping means 16
(not shown in figure 1), for instance including an active
portion 16a, such as a wedge or other suitable tool
adapted for squeezing a deformable plastic material. The
active portion l6a is adapted in use to deform and clamp
the deformable portion 15 along two different 1lines
denoted 9 and 10 in figure 1. With the active portion 1léa
positioned along the first dotted line 9, blood may flow
from the first port 5 to the fourth port 8 and from the
second port 6 to the third port 7. With the active
portion positioned along the second dotted line 10, blood
may flow from the third port 7 to the fourth port 8 and
from the second port 6 to the first port 5. Thus, by
changing the position of the active portion 16a with
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respect to the deformable portion 15(along the first
dotted line 9 or the second dotted line 10), blood flow
in the bloodline portion 2a and in the bloodline portion
3b may be reversed, while keeping the same blood flow
direction inside the first chamber 1la. As already
mentioned portion 2a of bloodline 2 may be connected to a
first section of a patient blood vessel, while the
portion 3a of second blood line 3 may be connected to a
second section downstream the first section of the same
blood vessel so that, by virtue of the flow reversal, it
is possible to withdraw blood from the downstream section
thereby forcing access recirculation as required in some
applications.

The switching device 4 also comprises a housing body 4a
defining a seat 4b for receiving the deformable portion
15. As shown in the drawings the seat 4b is at least in
part counter-shaped to the deformable portion in order to
stably receive the same deformable portion 15. The
clamping means 16 are coupled with the housing body 4a
and, as already mentioned, can be positioned according to
at least first and second clamping positions. In both
said clamping positions, the active portion 1l6a 1is
approached to a corresponding active surface 4c of the
housing body in order to squeeze the deformable portion
15 according to line 9 or according to line 10 (again
refer to figure 1).

More in detail, the housing body 4a comprises a first
element 13 having a base wall 1l4a, defining at a least
portion of said active surface, and a side wall 14b
emerging from said base wall, laterally delimiting said
seat and defining an access 1l4c for positioning of the
deformable portion 15. In the drawings the base is indeed
a bottom base and the positioning access extends over the
bottom base. The sidewall of the first element presents
radial passages 14d (please refer to figures 6a, 6b) for
seating conduit segments, which define the four ports of

the deformable portion. The conduit segments can be
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lightly forced or snapped into said radial passages to
secure a stable positioning of the portion 15.

Also the radial passages 14d present an open transverse
section in order to define a positioning aperture for
insertion of the deformable portion inside the seat,
while laterally delimiting and keeping in place the four
conduit segments or ports.

As shown in the drawing tables, the housing body also
comprises a second element 22 coupled to the first
element 13 and presenting a through aperture, the
function of which will be further clarified herein below.
The second element presents a wall, in the case shown
being a top wall 22a, and a side wall 22b emerging from
the top wall for partial closure of said seat 14c; the
second element defines a zone facing the first element
and adapted to host at least said active portion 1l6a in
rest position, i.e. in a position where the active
portion does not act on the deformable portion or acts on
the deformable portion in a way not to define fluid flow
barriers.

In the embodiments shown the first and the second
element 13 and 22 present an overall cylindrical shape
and are coaxially coupled. In the embodiments shown the
through aperture 22c results in a center position of the
top wall and is substantially coaxial to the deformable
portion 15 and to the seat 14c. The second element of the
housing body is hinged to the first element for instance
in correspondence of a peripheral edge pivot. The second
element can be shifted between an open condition (fig
6b), where the deformable portion can be seated in the
corresponding seat, and a closed condition, where the
second element is fixed to the first element and avoids
extraction of the deformable portion 15. More in detail,
hinges 37 arranged 1in correspondence of peripheral
portion of the device 4, while at an opposite position
lock 38 is provided on the first element; lock 38 is

arranged to interact with a counterpart 39 on the second
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element and to lock each other the first and the second
element 13 and 22.

Returning now to a more detailed description of the
clamping means 16, said means comprises at least an axle
17 carrying the active portion 1l6a, and axially guided
through the aperture 22c¢ present on the top wall of the
second element. The axle cooperates with means for urging
the active portion 16a towards the deformable portion 15
or against the deformable part of portion 15 so that,
absent other loads, the active portion is forced against
the portion 15.

In order to control the action of the active portion, the
clamping means shown in figures 2, 3a, 3b, 3c,further
comprises a knob 19 axially connected to the axle, and a
flange 18 carried by the axle 17. As the axle passes
through the aperture, then said second element 22 is
axially interposed between the knob and the first
element.

According to figures 3a, 3b, 3¢ the urging means are
arranged between the flange 18 and the second element 22
and tend to exert a force on the flange, which pushes the
flange and active portion against the deformable portion
15.

Alternatively, as disclosed for instance in the
embodiment of figure 4 the clamp means may comprise a
terminal bore 17a carried by the axle 17. In this case
the urging means can be arranged between said bore and
the first element 13. In the embodiment of figure 4, the
base of the first element includes a cap 35, which is
movably coupled to the first element, and the urging
means are arranged between said bore and the cap 35. The
urging means in this case tend to pull the active portion
l6a against the portion 15. The cap 35 can be used to
have access to the urging means or even to regulate the
attractive force exerted by the urging means.

The axle 17 is connected to the knob 19 by means of the
square top 23 of the axle 17 being inserted into a square
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recess 23a in the knob 19. The knob is axially secured to
the axle by means of a screw 20. The knob is rotatively
engaged to the second element and is able to be axially
lifted and lowered relative to said second element. In
particular said flange presents an abutting surface
designed 18a to define an axial stroke end against the
wall 22a of the second element. Notice that while most of
the drawings show a manual knob, which perhaps represents
the cheapest way to control the clamping action of the
clamping means, it «could alternatively be used an
automatic mechanism controlled by the equipment 100 and
able to automatically impose the required displacements
to the axle (see figure 7).

Going in further detail, the urging means may comprise at
least a resilient element 21 (figures 3a, 3b, 3c, 4),
which could be at least a mechanic spring or pneumatic
spring or a tubular band in natural or synthetic rubber,
or other similar resilient body. In figures 3a, 3b, 3c
the spring 21 is coiled around axle 17 and has one end
2la acting against said flange and the other end 21b
against an edge of the second element delimiting the
aperture 22c. In figure 4 the spring is interposed
between the cap 35 and the bore end 17a. Of course the
spring end 2la could be directly engaged to the first
element: however as already mentioned the solution shown
in figure 4 results to be interesting because the cap 35,
which is removably coupled to the first element, if
removed allows easy separation of the first from the
second element of the device. In the embodiment shown,
the cap presents a threaded portion screwed to the first
portion and allows for regulation of the spring preload
pulling force and easy assembling/disassembling of the
device.

Alternatively the urging means may include magnetic or
electromagnetic couples (not shown). The magnetic or
electromagnetic couples could comprise a main body

(magnetic or magnetized or capable of being magnetized)
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fixed to said active portion or to a part rigidly
connected to the active portion, and an auxiliary body
(again magnetic or magnetized or capable of Dbeing
magnetized) fixed to the first element. For instance in
the embodiment of figure 4 the spring 21 could be
substituted by a magnet fixed to the clamping means so as
to be attracted by a counter magnet associated for
instance to base wall of the first element.

Of course any other solution able to generate an urging
force on the active portion could be used.

Notice again that, while the active portion is urged by
the urging means against the portion 15, the clamping
means can also be positioned according to a rest
position. In said rest position, a distance of the active
portion 16a from the corresponding active surface 4c in
said clamping position is smaller than said distance in
correspondence of the rest position.

As it will be explained in detail herein below, fig
3a shows the knob in one of the positions where the
spring forces the wedge to deform the portion 15, while
in fig 3b the knob 19 results in a position where the
wedge 1l6a ig spaced apart from the position of figure 3a
and does not deform the portion 15.

The switching device also includes control means for
allowing the clamping means to clamp the portion 15 in
correspondence of prefixed clamping positions only.

In detail, the control means comprises a guide profile
28,29 carried by the housing body 4a, and at least a
cursor member 30 adapted to follow the guide profile and
mechanically connected to the active portion 1l6a so that
an axial movement of the cursor following the shape of
the guide determines a corresponding axial displacement
of the active portion.

Figures 2, 3a, 3b, 3c, 4 show a case where the guide
profile is carried by the second element and comprises a
track including indents 28a, 29a directed versus said

first element 13. In these embodiments the cursor member,
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for instance in the form of a wheel or a slide or a
follower or other suitable means able to run inside
tracks 28, 29 is carried by the said knob and runs in
said track(s); the cursor 30 is positionable according to
at least two functionally different positions: a first
position wherein said cursor member is positioned in said
indents and the urging means are able to move the active
portion in one of the clamping positions, and a second
position wherein the cursor member is positioned on said
track outside the indents and the urging means are unable
to move the active portion in clamping position.

Notice that the track may include at least two or more
angularly spaced indents.

Referring to the embodiments of figures 2, 3a, 3b and 3c,
tracks 28 and 29 are arranged on the wall 22a of the
second element 22 (in detail on the side of said wall
facing away from the first element 13), and may include
four angularly equally spaced indents; the knob carries
two angularly opposite cursor members for defining two
clamping positions angularly displaced for instance by
90°. In correspondence of said clamping positions the
clamping means are designed for deforming the at least
partially deformable portion 15 according to at least two
respective clamp lines separated by 90 degrees from each
other. Notice that the angular positions of indents,
cursor members and active portion could be different from
the one disclosed in detail.

Going now 1in further detail with reference to the
embodiments of figures 2, 3a, 3b, 3c, 4, the cursor
member is a wheel 30, which is attached to the knob on an
axle 31 and is arranged to run in the first track 28 and
in the second track 29. Tracks 28 and 29 present at least
one area where the sliding surface of the tracks defines
said indents towards the first element. Therefore, when
the wheel 30 reaches said indent (or indents if more then
one, for instance positioned at the ends of the tracks

28, 29), the knob together with the clamping means is
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able to move towards the first element. The areas where
the indents are located on tracks 28, 29 correspond to
the wedge being positioned along the first dotted line 9
and the second dotted line 10 of figure 2. When the wheel
reaches one of the indents, the knob, the wheel, the
second element 22, the clamping means 16 is arranged to
be forced by the spring to a lowered position where the
wedge 16a is able to deform the flow means. By having the
indents shaped with curved walls as is shown in the
figure 3c the knob more easily turns into the position in
which the wedge may deform the flow means.

In order to move the wedge from the position shown
in figure 3a to the position shown in figure 3b the knob

has to be lifted along arrow 34 of figure 3c and turned.

Figure 5 shows a possible embodiment for the particular
concerning the coupling between the knob 19 and the
second element 22. Indeed the switching device can
include return means 36 arranged between the clamping
means and the second element 22. More in detail the
return means is engaged between the knob and the second
element to force the knob versus those clamping
positions, in correspondence of which the clamping means
are urged towards the portion 15. The return means
comprises a resilient or a magnetic or an electromagnetic
coupling arranged between the knob and the second
element. Of course any suitable coupling capable of
allowing relative movement between knob and second
element while insuring a force urging the knob to assume
at leat one of the clamping positions could be used.

In operation, the knob 1is constantly forced to
assume a preferred angular position with respect to the
second element so that the wedge, by action of spring 21,
will result in a preferred clamping condition towards the
flow means. This arrangement is advantageous in cases
where one of the clamping positions is preferred with

respect to the other. This might be the case for example
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during hemodialysis when it is preferred that the blood
lines are non-reversed, i.e. that the blood is taken from
an upstream position and returned at a downstream

position of a vascular segment.

Fig 7 shows schematically a device according to the
present invention in which a motor 52 is arranged to turn
the knob 53 or directly the axle 17. Of course the motor
could in principle directly operate the active portion
with no need of knob interposition. Further, there are
arranged ferromagnetic metal pieces 54 on both sides of
the knob. Electromagnets 55 are provided to attract the
ferromagnetic pieces and thus also the knob to 1lift it
from the position in which the clamp means is arranged to
deform the flow means. Of course other automatic means
for lifting the knob or directly the active portion could
be devised, such as a pneumatic actuator, an electric
actuator and so on. The device may be similar to the
embodiment shown in fig 2. In operation the
electromagnets attract the ferromagnetic pieces and thus
also the knob and lifts it sufficiently to allow it to be
turned. Then the motor rotates the knob to position it in
another of the positions in which the clamp means may be
positioned to clamp the flow means. In the new position
the electromagnets release the knob and allows the clamp
means to deform the flow means. Notice that as means are
provided for automatically 1lifting the active portion (or
the knob), said means could be operated also for lowering
the active portions in correspondence of the desired
angular positions (i.e. the clamping poéitions). In this
case the means for lifting and lowering would be part of
the clamping means with no need of any other mechanisms
f9or controlling the movement of the active portion.

Fig 8a and 8b show a device according to an alter-
native embodiment of the present invention. The main
difference between this embodiment and the embodiments of
figures 2, 3a, 3b, 3c, 4 described above is that it does
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not have any resilient means forcing the clamp means
against the flow means. Instead the clamp means is forced
towards the first element by urging means, which include
a bayonet joint.

Fig 8a shows a cross section of the device. The
first element 13 has a seat 4b in which the deformable
portion is arranged. Differently from the other
embodiments the second element 22 is arranged movable in
relation to the first 13. The second element rigidly
carries the clamping means, comprising the active portion
léa. Knob 19 is arranged movable in relation to both the
first element and the second element. The knob 19 has a
first set of taps 62 which are arranged to move in a
first set of tracks 63 on the first element 13. The first
set of taps 62 and the first set of tracks 63 together
form a bayonet joint. The knob also has a second set of
taps 64 which are arranged to interact with a second set
of tracks 65. The knob also comprises a number of wheels
66 which are arranged to roll on the surface of the
second element facing the knob. The first set of tracks
63 allows the second element with the wedge to be moved
towards the first element only in a few different
positions. The second set of taps and the second set of
tracks are arranged to interact with each other only when
the first set of taps has been lifted from its bottom
positions in the first set of tracks 63.

In operation when the first set of taps are in their
bottom positions in the first set of tracks, the wheels
66 are 1in contact with the top surface of the second
element facing the knob 19 and the wheels 66 presses the
wedge or active portion 16a towards the deformable
portion 15 and deforms the same. In the lowermost
position the knob 19 may be turned in relation to the
first element and the second element to a secured
position wherein the first set of taps 62 are in the end
of the first set of tracks. During the rotation of the
knob in relation to the second element 22, the wheels 66
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(other low friction means could be equivalently used)
provide low friction between the knob 19 and the second
element 22. By turning the knob 19 in the other direction
the first set of taps are released and the knob 19 may be
lifted in relation to the first element 13. During this
movement the second set of taps 64 starts to interact
with the second set of tracks 65 in the second element 22
and the second element will be lifted together with the
knob 19. In the position shown in fig 8b the knob 19 is
connected to the second element 60 by means of the second
set of taps 64 and the second set of tracks 65 and the
knob 19 and the second element 60 may be rotated in
relation to the first element 13.

The embodiments described above may be modified in a
number of ways obvious to the man skilled in the art
without departing from the scope and the spirit of the

invention, which is defined by the appending claims.
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CLAIMS

l.Switching device for a fluid distribution set, said set
presenting an at least partially deformable portion (15)
having a first port (5), a second port (6), a third port
(7) and a fourth port (8),

the switching device comprising clamping means (16)
having at least an active portion (16a) adapted, in use,
for clamping said at least partially deformable portion
(15) - of the fluid distribution set,
characterized in that the device also
comprises a housing body (4a) defining a seat (4b) for
receiving said at least partially deformable portion
(15), the clamping means (16) being coupled with the
housing body and being positionable according to at least
a first and a second clamping positions, wherein the
active portion (1l6a) is approached to a corresponding

active surface (4c) of the same housing body.

2. Device according to claim 1, wherein said housing body
comprises a first element (13) having a base wall (14a),
defining at least portion of said active surface (4c),
and a side wall (14b) emerging from said base wall,
laterally delimiting said seat (4b) and defining an
access (1l4c) for positioning'of the at least partially

deformable portion (15).

3. Device according to claim 2, wherein the sidewall
(14b) of the first element (13) presents radial passages
(14d) for seating conduit segments defining said ports of

the at least partially deformable portion (15).

4. Device according to claim 2, wherein the clamping
means (16) comprises:
at least an axle (17) carrying the active portion (16a),

and
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means, active on the axle, for urging the active portion
(l6a) towards the at least partially deformable portion
(15) .

5. Device according to claim 4, further comprising a
second element (22) coupled to the first element (13) and
presenting a through aperture for axially guiding at

least a portion of the axel (17).

6. Device according to claim 5, wherein the clamping
means further comprises a knob (19) axially connected to
the axle, and a flange (18) carried by the axle (17),
said second element (22) being axially interposed between
the knob and the first element, said urging means being
arranged between the flange and the second element (22).

7. Device according to claim 6, wherein the clamping
means further comprises a terminal bore (17a) carried by
the axle (17), said urging means being arranged between

said bore and the first element (13).

8. Device according to claim 7, wherein the base of the
first element (13) includes a cap (35), which is movably
coupled to the first element, and wherein the clamping
means further comprises a terminal bore (17a) carried by
the axle (17), said urging means being arranged between

said bore and the cap (35).

9. Device according to claim 4, wherein the urging means
comprises an automatic actuator (54,55) able to move back

and forth according to a prefixed direction said axle.

10. Device according to claim 9, further comprising a
second element (22) coupled to the first element (13) and
presenting a through aperture for axially guiding at

least a portion of the axel (17).
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11. Device according to claim 3, further comprising a
second element (22) movably coupled to the first element
(13), the second element rigidly carrying the clamping

means.

12. Device according to claim 11, further comprising
urging means for forcing said active portion (16a)
towards the first element, the urging means including at
a knob (19) acting on the second element and at least
bayonet joint coupling between the knob (19) and the

first element (13).

13. Device according to claim 5 or 6 or 7 or 8 or 9 or
10, or 11, or 12 wherein the second element comprises a
top wall and a side wall emerging from the top wall for
partial closure of said seat, the second element defining
at least a zone facing the first element and adapted to

host at least said active portion (1l6a) in rest position.

14. Device according to claim 5 or 6 or 7 or 8 or 9 or
10, wherein the second element (22) is fixable to the
first element (13).

15. Device according to claim 6 or 7 or 8 or 9 or 10,
wherein the axle (17) is rotatively engaged to the
housing and is able to be axially lifted and lowered

relative to said second element (22).

16. Device according to claim 6 or 7 or 8 or 9 or 10,
wherein the knob (19) is rotatively engaged to the second

element (22) and is able to be axially lifted and lowered

relative to said second element, said flange (18)

presenting an abutting surface designed to define an
axial stroke end against the wall (22a) of the second

element.
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17. Device according to claim 15, wherein the clamping
means include an actuator connected the axle (17) to
axially lift and lower said axle relative to said second
element and/or to turn the axle around its longitudinal
axis to thereby achieve an angular displacement of the

active portion (1l6a).

18. Device according to claim 4 or 5 or 6 or 7 or 8,
wherein the urging means comprises at least a resilient
element (21).

19. Device according to claim 4 or 5 or 6 or 7 or 8,
wherein the urging means comprises magnetic or

electromagnetic couples.

20. Device according to claim 19, wherein the magnetic or
electromagnetic couples comprise a main body fixed
relative to said active portion, said main body being
magnetic or magnetized or capable of being magnetized,
and an auxiliary body fixed relative to the first
element, said auxiliary body being magnetic or magnetized

or capable of being magnetized.

21. Device according to claim 1, wherein the clamping
means (16) can also be positioned according to a rest
position, a distance of the active portion (16a) from the
corresponding active surface (4c) of the receiving means
in said clamping position being smaller than said

distance in correspondence of the rest position.

22. Device according to claim 1, comprising control means
for allowing the clamp means to clamp the at least
partially deformable portion (15) in prefixed clamping

positions only.

23. Device according to claim 22, wherein the control

means comprises:
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- a guide profile (28, 28a) carried by the housing
body,

- at least a cursor member (30) adapted to follow the
guide profile and mechanically connected to the

active portion (1l6a).

24. Device according to c¢laim 23, wherein the guide
profile 1is <carried by the second element (22) and
comprises a track (28) and indents (28a) directed towards

said first portion (13).

25. Device according to claim 24, wherein the cursor
member (30) is carried by the said knob (19) and runs in
said track, wherein said cursor is positionable according
to functionally different positions: at 1least two
clamping positions wherein said cursor member is
positioned in one of said indents and the urging means
are able to move the active portion in one of the
clamping positions, and one or more rest positions
wherein the cursor member is positioned on said track
outside the indents and the urging means are unable to

move the active portion in clamping position.

26. Device according to claim 25, wherein the guide
profile includes at least two angularly spaced indents
(28a) .

27. Device according to claim 25, wherein said guide
profile is formed on the top surface of said second
element facing to said knob, the profile including four
angularly equally spaced indents and the knob carrying
two angularly opposite cursor members for defining two
clamping positions, 1in correspondence of said clamping
positions the clamping means are designed deforming the
at least partially deformable portion (15) according to
at least respective clamp lines (9, 10) separated by 90

degrees from each other.
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28. Device according to claim 22, wherein return means is
arranged between the clamping means (16) and the second
element (22) to force the clamping means towards one of

said clamping positions.

29. Device according to claim 28, wherein the return
means comprises a resilient or a magnetic or an
electromagnetic coupling arranged between the knob and

the second element.

30. Device according to any one of the preceding claims,
wherein the clamping means 1is positionable in two

positions only.

31. Fluid control apparatus comprising a switching device
according to anyone of the preceding claims and at least
a at least partially deformable portion (15) of a fluid
distribution set (100), said at least partially
deformable portion having a first port (24), a second
port (25), a third port (26) and a fourth port (27).

32. Fluid control apparatus according to claim 31,
wherein the at least partially deformable portion is
adapted to be put in fluid communication with a venous
and with an arterial tube of the distribution set by

means of said ports.

33. Fluid control apparatus according to claim 32,
wherein the at 1least partially deformable portion
comprises a common chamber and said first, second third,
fourth ports communicating with the common chamber and
being adapted to be put on fluid communication with a
corresponding respective portion of the venous or of the

arterial line.



WO 2005/061043 PCT/IB2004/003783

10

15

20

25

30

35

29

34. Fluid control apparatus according to claim 32,
wherein the at 1least partially deformable portion

comprises an annular tubing presenting said four ports.

35. Fluid control apparatus according to claim 34,
wherein the annular tubing presents:
-a pair of first tubes , and

-a pair of second tubes transverse said first tubes.

36. Fluid control apparatus according to claim 31 or 32
wherein the active portion in correspondence of said
clamping positions is active on the at least partially
deformable portion so that flow either is precluded from
the first and third ports to the second and fourth ports,
or precluded from the first and fourth ports to the
second and third ports.

37. Fluid control apparatus according to claim 36,
wherein the active portion in said clamping positions is
arranged to clamp over a clamp area and to clamp over the

entire clamp area substantially simultaneously.

38. Fluid control apparatus according to anyone of claims
from 31 to 37, wherein the conduit segments can be
lightly forced or snapped into said radial passages to
secure a stable positioning of the at least partially
deformable portion (15).

39. Blood treatment equipment comprising:
-a fluid control apparatus according to any of the
preceding claims, and
- a fluid distribution set having:
o a blood tratment unit having a first and a
second chamber separated by a semipermeable

membrane,
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o a first and a second line connected to the
treatment unit first chamber and to the at

least partially deformable portiomn.
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