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FILTER FOR PURIFYING BLOOD

The present invention relates to a filter for purifying blood,
particularly for extracorporeal therapies administered to patients affected by
acute organ failure or by acute organ dysfunction, such as acute kidney
injury.

In patients affected by organ failure or dysfunction, the organs
normally dedicated to eliminating from the bloodstream toxins,
inflammation mediators or other unwanted substances present no longer
perform this function. As a result of organ failure, the blood progressively
retains harmful substances, which, if not eliminated, cause organic damage
that can eventually lead to patient death.

Various systems for purifying blood from toxins or other substances
such as inflammation mediators and drugs present in blood are used. These
systems can act by adsorption of the substances to be eliminated on solid
media (perfusion) or by means of ultrafiltration or plasma filtration of the
blood through semipermeable membranes. Ultrafiltration can be performed
by convection, under the effect of a pressure gradient through the
semipermeable membrane (filtration), or by diffusion, contacting one side of
the membrane with the blood to be purified and the opposite side with a
suitably formulated dialysate solution (dialysis).

Removal of the toxins, of the inflammation mediators, of the drugs or
of other poisons from the blood can be performed by blood perfusion or
plasma perfusion.

Blood perfusion consists in passing the whole blood through a filter
or cartridge that contains an adsorption material, i.e., a resin capable of
adsorbing the substances to be removed from the blood.

Plasma perfusion consists in separating plasma from the whole blood
and in passing the plasma through a filter or cartridge that contains an
adsorption material, i.e., a resin capable of adsorbing the substances to be

removed from the blood.
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Although blood perfusion has the advantage of being easier to
implement, it has several disadvantages, since it can often cause the
activation of platelets and cells and the clogging of the resin itself due to
protein deposition or coagulation phenomena. Moreover, contact with the
whole blood introduces several problems linked to the biocompatibility of
the resin itself. In addition, the adsorption capacity of some types of toxins
and/or inflammation mediators, particularly cytokines, decreases as the
linear velocity with which fluid passes through the resin increases.

The main advantage of plasma perfusion resides in that only the
plasma component of whole blood is made to pass through the adsorption
filter and since the plasma stream corresponds to approximately 15-30% of
the whole blood stream it is possible to maintain lower linear velocities, in
practice improving the adsorption yield of the filter, in particular for
cytokines and other mediators adsorbed better at low velocities.

However, the main disadvantage of plasma perfusion resides in that
the circuits that implement it are more complex and therefore, are often
rejected by end-users, who prefer the simpler blood perfusion circuits,
despite their inherent limitations.

For purifying blood from toxins, from inflammation mediators, and
from unwanted drugs it is known, in extracorporeal therapies, to use
disposable circuits, which comprise a filter for separating plasma from
whole blood, a filter with adsorption resin for purifying plasma, and a
further blood filter. In this manner, it is possible to coordinately use plasma
purification along side blood filtration during hemodialysis, or
hemodiafiltration, to achieve overall better purification performance.

As an alternative to the use of a plasma separation filter, there is also
the possibility to use a filter for blood with high permeability capable of
separating the so-called ultrafiltrate instead of the plasma. The ultrafiltrate

contains fewer proteins and lipids than in the plasma.

These disposable circuits of the known type also are evidently
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affected by the drawback of being complex to manufacture, implement and
use, due to the plurality of different filters that must be set up and replaced
every time.

The aim of the present invention is to provide a blood filter for

5 purifying blood that solves the technical problems described above, obviates
the drawbacks and overcomes the limitations of the background art,
allowing to make blood purification in extracorporeal therapies easier and
simpler.

Within this aim, an object of the present invention is to provide a

10 filter for purifying blood that is easy to provide and economically
competitive if compared with the background art.

Another object of the invention is to provide a filter for purifying
blood that allows to reduce the quantity of infected disposable material that
hospitals have to dispose.

15 Another object of the invention is to provide a filter for purifying
blood that does not have the limitations typical of blood perfusion, yet
maintains the advantages of simplicity and straightforwardness.

Another object of the invention is to provide a filter for purifying
blood that is efficient in purifying the blood from toxins, inflammation

20 mediators, such as in particular cytokines, drugs, and other types of poison.

Another object of the invention is to provide a filter for purifying
blood capable of giving the greatest assurances of reliability and safety in
use.

This aim, as well as these and other objects that will become better

25 apparent hereinafter, are achieved by a filter for purifying blood, comprising
a container body in which there are:

— an intake port for an incoming blood stream,

— a first discharge port for an outgoing blood stream, and

— a second discharge port for a purified plasma stream,

30 characterized in that said container body further comprises first filtering
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4
means adapted to separate a stream of plasma to be purified from the
incoming blood stream, and second filtering means adapted to purify said
stream of plasma to be purified to obtain said purified plasma stream.

Further characteristics and advantages of the present invention will
become better apparent from the description of two preferred but not
exclusive embodiments of a filter for purifying blood, illustrated by way of
nonlimiting example with the aid of the accompanying drawings, wherein:

Figure 1 is a schematic sectional view of a first embodiment of a filter
for purifying blood, according to the invention;

Figure 2 is a schematic sectional view of a second embodiment of a
filter for purifying blood, according to the invention;

Figure 3 is a schematic sectional view of a variation of the second
embodiment of a filter for purifying blood, according to the invention.

The filter for purifying blood is shown by reference to numeral 1 in
the first embodiment in Figure 1; and by the reference numeral 100 in both
the second embodiment in Figure 2 and the corresponding variation in
Figure 3.

The elements of the second embodiment (Figures 2 and 3) that
correspond to elements of the first embodiment of Figure 1 have been
designated by the same reference numerals of the first embodiment
increased by 100.

The filter 1, 100 comprises a container body 2, 102 in which there
are:

— an intake port 3, 103 for an incoming blood stream 4, 104,
— a first discharge port 5, 105 for an outgoing blood stream 6, 106, and
— a second discharge port 7, 107 for a purified plasma stream 8, 108.

According to the invention, the container body 2, 102 comprises first
filtering means 9, 109 adapted to separate a stream of plasma to be purified
10, 100 from the incoming blood stream 4, 104, and second filtering means

11, 111 adapted to purify the stream of plasma to be purified 10, 110 to
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obtain the purified plasma stream 8, 108.

Substantially, the first filtering means 9, 109, which separate the
plasma, and the second filtering means 11, 111, which purify the plasma,
preferably by adsorption, are both in a same container body 2, 102.

The second filtering means 11, 111 advantageously comprise an
adsorbing means 15, 115 configured to retain toxins, inflammation
mediators, drugs or poisons of another type present in the stream of plasma
to be purified 10, 110.

Preferably, the adsorbing means 15, 115 comprises an adsorption
resin. As an alternative, said adsorbing means 15, 115 can be constituted by
an adsorption resin.

Advantageously, the second filtering means 11, 111 are adapted to
retain cytokines and/or inflammation mediators of the TNF-alpha type, 11.-8
and C3adesArg type.

The adsorption resin is advantageously adapted to adsorb proteins
with a high affinity with the resin itself. The hydrophobic areas of the
adsorption resin can bond to the hydrophobic sites present in cytokines, in
toxins, in drugs or in poisons present in the stream of plasma to be purified
10, 110, so that only the most hydrophilic components that belong to the

aqueous phase of the plasma may pass through the resin.

Advantageously, the adsorbing means 15, 115 can provide adsorption
by other chemical/physical mechanisms, such as bond affinity and/or ion
exchange.

Advantageously, the first filtering means 9, 109 comprise a plurality
of semipermeable capillary structures 12, 112 and a pump 13, 113
configured to generate a pressure gradient by means of the semipermeable
capillary structures 12, 112.

The pressure gradient generated by the pump 13, 113 is
advantageously adapted to separate plasma from the incoming blood stream

4, 104, with the semipermeable membranes of the capillary structures 12,
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112. The separated stream of plasma 10, 110 is then purified to obtain the
purified plasma stream &, 108.

The container body 2, 102 can comprise a hollow central body 20,
120, which is substantially cylindrical and is closed at its axial ends by a
pair of closure caps 21, 121 and 22, 122 also termed ports.

Each one of the closure caps 21, 121, 22, 122 can comprise a hole 23,
123 and 24, 124 connected to the inside of the hollow central body 20, 120.
Advantageously, the hole 23, 123 and 24, 124 is extended along the axis of
axial extension of the container body 2, 102.

In the present specification the term "port" generally identifies the
structure forming a passageway of fluid and the term "hole" is used to
identify in the drawings the opening that carries out the function of the
corresponding port indicated by an arrow pointing at that opening.

Advantageously, the hollow central body 20, 120 also can comprise,
preferably at at least one axial end thereof, a hole 25, 125 that is connected
to the inside of the hollow central body 20, 120.

Advantageously, the hole 25, 125 is extended at right angles to the
axis of longitudinal extension of the container body 2, 102, i.e., radially
with respect to the cylindrical walls of the hollow central body 20, 120.

Advantageously, the container body 2, 102 and in particular the
hollow central body 20, 120 and the closure caps 21, 121, 22, 122 can be
made of a material such as polycarbonate or polyester.

Advantageously, the semipermeable capillary structures 12, 112 are
extended along the axial extension of the container body 20, 120 and are
kept in position by a pair of embedding and fixing heads 27, 127 preferably
made of a material such as polyurethane.

With particular reference to the first embodiment of the filter for
purifying blood 1, shown in Figure 1, the stream of blood flows
advantageously inside the container body 2 outside the semipermeable

capillary structures 12, where the stream of plasma to be purified 10 instead
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flows inside the semipermeable capillary structures 12, drawn inside them
by means of a transmembrane pressure gradient.

Advantageously, in the container body 2 there is, in series to the
semipermeable capillary structures 12, a chamber 14 that contains the

second filtering means 11.

The container body 2 can comprise a hollow central body 20 and at
least one closure cap 21 which can be associated with the hollow central
body 20, wherein the chamber 14, which contains the second filtering means
11, is provided within the closure cap 21.

As shown in Figure 1, the hollow central body 20 can comprise, at
opposite axial ends thereof, the hole 25 and a second hole 26. Both holes 25
and 26 are connected to the inside of the hollow central body 20 and also
are arranged at right angles to the direction of axial extension of container
body 2.

In the first embodiment of the filter shown in Figure 1, the intake port
3 for the incoming blood stream 4 is constituted by the hole 26, while the
first discharge port 5 for the outgoing blood stream 6 is constituted by the
hole 25.

The blood flows between the two ports 3 and 5 in the volume formed
inside the hollow central body 20 all around the semipermeable capillary
structures 12. The semipermeable capillary structures separate the stream of
plasma 10 to be purified due to the transmembrane pressure gradient
imposed by the pump 13. The stream of plasma to be purified 10 therefore
penetrates and flows within the semipermeable capillary structures 12 until
it reaches the chamber 14, where the adsorption resin of the adsorbent
means 15 which purifies the plasma is present. The plasma stream, purified
with its passage through the resin of the adsorbing means 15, exits from the
second discharge port 7, constituted by the hole 23 provided in the closure

cap 21, to be appropriately returned into the outgoing blood stream 6.

Advantageously, the hole 24 provided in the closure cap 22, which is
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closed during normal use of the filter 1, can be used in a preliminary step of
activation of the filter 1, i.e., during so-called priming. In this preliminary
step, a physiological or saline solution is introduced in the filter 1 through
the hole 24.

With particular reference to the second embodiment of the filter for
purifying blood 100, shown in Figures 2 and 3, the container body 102
comprises a hollow central body 120 in which the second filtering means
111 are advantageously contained.

Advantageously, as shown in particular in Figure 2, the adsorbing
means 115 comprises a matrix of adsorption resin, contained in the
container body 102, in which the semipermeable capillary structures 112 of
the filter 100 are embedded.

Advantageously, the stream of blood flows within the container body
102 inside the semipermeable capillary structures 112, while the stream of
plasma to be purified 110 flows outside the semipermeable capillary
structures 112 through the second filtering means 111.

In the second embodiment of the filter 100, shown in Figure 2, the
intake port 103, for the incoming blood stream 104, to be purified, is
constituted by the hole 124 provided in the closure cap 122, while the first
discharge port 105 for the outgoing blood stream 106 is constituted by the
hole 123 provided in the other closure cap 121.

The blood flows between the two ports 103 and 105 inside the
semipermeable capillary structures 112 present in the hollow central body
120. These semipermeable capillary structures 112 separate the stream of
plasma to be purified 110 due to the transmembrane pressure gradient
imposed by the pump 113. The stream of plasma to be purified 110 exits
from the walls of the capillary structures 112 and therefore flows outside the
structures 112 directly through the adsorbing means 115 until it reaches the
second discharge port 107, constituted by the hole 125. The stream of

plasma, purified by the passage through the resin of the adsorbent means
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115, can exit from the second discharge port 107, constituted by the hole
125 provided at one end of the hollow central body 120, to be returned
appropriately into the outgoing blood stream 106.

With reference instead to the variation of the filter 100, shown in
Figure 3, the first filtering means 109 are separated from the second filtering
means 111 with a separation membrane 116. This separation membrane 116
can be advantageously made of a material such as fabric or mesh of suitable
loops.

Differently from what is shown in Figure 2, in the variation of the
filter 100 in Figure 3 the capillary structures 112 are not embedded directly
in a resin matrix but are separated from the resin of the adsorbing means
115 by the separation membrane 116. In this manner the plasma, separated
from the blood by means of the semipermeable capillary structures 112 by
pressure gradient, does not make direct contact immediately with the resin
of the adsorbing means 115 but must first also pass through the separation
membrane 116.

Therefore, the stream of plasma 110 undergoes purification, by
passage through the adsorption resin, in the volume defined by the annular
portion that is external to the separation membrane 116.

The operation of the filter for purifying blood 1, 100, in both
embodiments described, is clear and evident from what has been described.

In practice it has been found that the filter for purifying blood,
according to the present invention, achieves the intended aim and objects,
since it allows to perform, within a single container body, both plasma
separation and plasma purification.

Another advantage of the filter according to the invention resides
because it provides a single device that achieves simultaneously the
function of a filter for plasma or of a high-permeability blood filter and of
an adsorption filter.

A further advantage of the filter according to the invention resides
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because it allows a simplification and improvement of the process for the
production of filters for purifying blood, since the filter according to the
invention can be manufactured in a single process that combines the typical
steps of the production of a plasma filter and of an adsorption filter.

A further advantage resides because it makes it easier to implement
and use disposable filtering circuits for extracorporeal therapies and reduces
the quantity of infected waste material that hospitals must dispose.

Another advantage of the filter according to the invention resides in
that it overcomes the criticalities of blood perfusion systems, i.e., the high
clogging of the resin, the high activation response of blood platelets and
cells, and the need to operate at low linear velocities of the stream of blood,
with consequent improvement of adsorption, while maintaining the
advantages thereof in terms of simplicity and straightforwardness of use.

A further advantage of the filter according to the invention resides in
that it reduces the so-called channeling effect, i.e., the effect that occurs
when a preferential flow is established through the central region of a
cylindrical filter, therefore clogging the central region of a resin matrix and
leaving instead the resin in the peripheral areas without contacting the
plasma or the ultrafiltrate.

The filter for purifying blood conceived is susceptible of numerous
modifications and variations, all of which are within the abilities of one
skilled in the art.

All the details may further be replaced with other technically
equivalent elements. In particular, the filter for purifying blood, according
to the invention, is also used both to separation and purification of plasma
and to separation and purification of an ultrafiltrate.

The materials used, so long as they are compatible with the specific
use, and the contingent shapes and dimensions, may be any according to
requirements.

The disclosures in Italian Patent Application No. 102016000007877
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(UB2016A000013) from which this application claims priority are
incorporated by reference.

Where technical features mentioned in any claim are followed by
reference signs, those reference signs have been included to increase the
intelligibility of the claims and accordingly such reference signs have no
limiting effect on the interpretation of each element identified for example

by such reference signs.
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CLAIMS

1. A filter for purifying blood (1, 100), comprising a container body

(2, 102) in which there are:

— an intake port (3, 103) for an incoming blood stream (4, 104),

— a first discharge port (5, 105) for an outgoing blood stream (6, 106), and

— a second discharge port (7, 107) for a purified plasma stream (8, 108),
characterized in that said container body (2, 102) comprises first filtering
means (9, 109) adapted to separate a stream of plasma to be purified (10,
100) from said incoming blood stream (4, 104), and second filtering means
(11, 111) adapted to purify said stream of plasma to be purified (10, 110) to
obtain said purified plasma stream (8, 108).

2. The filter for purifying blood (1, 100) according to claim 1,
characterized in that said second filtering means (11, 111) comprise an
adsorbing means (15, 115) configured to retain toxins, inflammation
mediators, drugs, or poisons of another type that are present in said stream
of plasma to be purified (10, 110).

3. The filter for purifying blood (1, 100) according to claim 1 or 2,
characterized in that said adsorbing means (15, 115) comprises an
adsorption resin.

4. The filter for purifying blood (1, 100) according to one or more of
the preceding claims, characterized in that said first filtering means (9, 109)
comprise a plurality of semipermeable capillary structures (12, 112) and a
pump (13, 113) that is configured to generate a pressure gradient by means
of said semipermeable capillary structures (12, 112).

5. The filter for purifying blood (1) according to one or more of the
preceding claims, characterized in that the stream of blood flows inside said
container body (2) outside said semipermeable capillary structures (12), said
plasma stream to be purified (10) flowing inside said semipermeable
capillary structures (12).

6. The filter for purifying blood (1) according to one or more of the
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preceding claims, characterized in that a chamber (14) containing said
second filtering means (11) is provided in the container body (2) in series to
said semipermeable capillary structures (12).

7. The filter for purifying blood (1) according to one or more of the
preceding claims, characterized in that said container body (2) comprises a
hollow central body (20) and at least one closure cap (21), which can be
associated with said hollow central body (20), said chamber (14) containing
said second filtering means (11) being provided inside said closure cap (21).

8. The filter for purifying blood (100) according to one or more of
claims 1 to 4, characterized in that said container body (102) comprises a
hollow central body (120), said second filtering means (111) being
contained in said hollow central body (120).

9. The filter for purifying blood (100) according to one or more of
claims 1, 2, 3, 4 or 8, characterized in that said semipermeable capillary
structures (112) are embedded in a matrix of said adsorption resin (115)
contained in said container body (102).

10. The filter for purifying blood (100) according to one or more of
claims 1, 2, 3, 4, 8 or 9, characterized in that the stream of blood flows
inside said container body (102) inside said semipermeable capillary
structures (112), said stream of plasma to be purified (110) flowing outside
said semipermeable capillary structures (112) through said second filtering
means (111).

11. The filter for purifying blood (100) according to one or more of
claims 1, 2, 3, 4 or 8, characterized in that said first filtering means (109) are
separated from said second filtering means (111) by means of a separation

membrane (116).
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