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IMPROVED FILTER FOR REMOVING SUBSTANCES FROM BLOOD
OR FROM BLOOD DERIVATIVES, AND A METHOD FOR OBTAINING
IT

The present invention relates to a filter for removing substances, in
particular such as leukocytes and platelets, from blood or from blood
derivatives, in accordance with the introduction to the main claim. The
invention also relates to a method for forming the aforesaid filter, in
accordance with the corresponding independent claim.

Filtration of blood components for transfusion is a known practice usually
performed on the blood withdrawn from a donor. The main purpose of this
filtration or purification is to reduce as much as possible the presence of
leukocytes in the transfused blood (leukodepletion) and the presence of
platelets therein in order to reduce possible deleterious effects related to
transfusion, such as: alloimmunization; non-hemolytic febrile transfusion
reaction prevention; infection by cytomegalovirus; cytokine release
reduction and others.

It has therefore become common, and indeed is a practice recommended
and prescribed by regulatory bodies, to use filters for leukodepletion in
preparing blood components.

With particular reference to these products, currently available filters
comprise a casing, generally of plastic material, presenting an inlet port
and an outlet port both connected to tubes through which the blood
entering and leaving the casing flows. This casing contains a usually
layered filter element consisting generally of mesh, membranes or more
typically non-woven fabrics. The polymers most commonly used for the
non-woven fabrics are polyesters, specifically PBT
(polybutyleneterephthalate). = US4701267 describes a filter unit for
removing leukocytes from a suspension containing them, and in particular
describes a filter element using a non-woven fabric with fibres of particular
dimensions and density. This patent describes the materials specifically
used for producing the constituent fibres of the non-woven fabric.
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EP329303 describes a method and device for leukodepletion of a platelet
concentrate deriving from blood; the text describes various filter means
obtained in PTFE (polytetrafluoroethylene), in PBT or in other fibres with
hydroxyl or anionic groups. In particular, the use of polyester, polyamide
and acrylic fibres is described.

The filter material is usually obtained by aggregating filtering layers which
differ by physical characteristics, such as air permeability, average pore
dimension, average fibre dimension and surface tension. Filtration resuits
in leukocyte removal both by physico-mechanical action (screening)
related to the cell dimensions (screen filtration), by the capacity of the
leukocytes to adhere to the synthetic fibres (depth filtration) independently
of their dimensions, and by the effect of biological phenomena related to
the presence of protein molecules having adhesive properties present on
the external surface of their cell membranes, (intergrine, selectine,
immunoglobulin-like). The surface tension of the filter material is of
extreme importance in determining the hydraulic strength of the filter and
in promoting or not promoting the adsorption mechanism which governs
the effectiveness of removing the particular substance (leukocytes) from
the blood.

In this respect, it is known that high material surface tension reduces the
platelet adhesion phenomenon during blood filtration. In contrast, low
surface tension of the filter material gives rise to a hydrophobic interaction
with the filtered liquid, with a greater pressure drop across the filter (less
throughput for equal pressure difference) and a lack of permeation
uniformity, with relative formation of channels via preferential circuits.
Filters of the aforestated types and methods for their production are
known. For example, EP1897571 describes a filter for removing
substances from blood or blood derivatives comprising a filtering polymer
material having a polyurethane coating, wherein this latter has an average
molecular weight not exceeding 10,000 Dalton (Da). This polyurethane is
obtained by an addition reaction of an aliphatic diisocyanate, a
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polyethylene glycol and butanediol, using an excess of this latter, so that
the addition reaction is stoichiometrically unbalanced.

This known filter is obtained by a method involving the use of pollutant
chemical products requiring particular attention for their disposal. This
results in an increase in production costs and hence in the cost of the final
product obtained.

Another patent text, WO2005/113136, describes a polyurethane material
for leukocyte adsorption having an average molecular weight equal to or
exceeding 20,000 Da; this prior text states that the use of a polyurethane
of molecular weight less than 20,000 Da is not adequate as this molecular
weight is too low for a material which is to be used for leukodepletion.

Both these prior patents hence describe leukodepletion filters using filter
elements having at least one layer coated with polyurethane. However
this coating can present either a molecular weight which may be
insufficient to adequately filter the blood, or on the contrary a molecular
weight which is adequate, according to that stated by the inventors, but
the application of which to the non-woven fabric uses methods involving
the use of chemical solvents with consequent high risks to the
environment. Hence for their implementation, these methods require
means to prevent release of pollutant products into the atmosphere, these
means representing a certain cost which is transferred to the finished
product.

An object of the present invention is to provide a filter able to remove
substances from the blood, and a method for its formation, which
represent an improvement over similar already known filters and methods.
A particular object of the invention is to provide a filter having high
leukocyte retention and high platelet retention, with extremely low
undesired release and optimal filtration times, and obtainable by a method
which respects the environment and is of low environmental impact.
Another object is to provide a method of the stated type which is of low

implementation costs and high efficiency.
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These and other objects which will be apparent to the expert of the art are
attained by a filter and method for its formation in accordance with the
accompanying claims.

According to the invention, the filter is made of non-woven fabric
consisting of a layer (or hydrophobic substrate) of PBT having low surface
tension and high hydrophobicity. This filter comprises at least one layer of
this material.

Said layer is coated with polyurethane material of which the molecular
weight is between 10,000 and 20,000 Da, advantageously between
12,000 Da and 18,000 Da and preferably between 15,000 Da and 17,500
Da. In this respect it has been surprisingly found that with polyurethane of
molecular weight within the aforesaid ranges, a filter can be formed for
removing leukocytes and platelets from the blood. In particular, with these
values it has been shown possible to reduce the total number of
leukocytes by a value of the order of 10* - 108 times.

The polyurethane coating is applied to the hydrophobic substrate by an
impregnation technique, by immersing this latter in a container in which a
mixture is present containing the polyurethane in a controlled
concentration. The mixture consists of a solution in which the
polyurethane is dissolved in an inert polar organic solvent, such as
isopropanol or propylene glycol methyl ether, or preferably a dispersion in
water. The polyurethane concentration in said mixture is from 0.5% to
20% by weight, preferably around 8%, whether in organic solution or in
aqueous dispersion,

Alternatively, solutions or suspensions in mixtures of inert polar organic
solvent and water can be used.

The following are used as polyurethane components: an aliphatic
isocyanate (isocyanate -N=C=0 group) with characteristics similar to
diphenylmethane diisocyanate (MDI); a polyol (typically a polyethylene
glycol or polyesters) with which the isocyanate forms a urethane bond.
The impregnation technique is conventional and consists of immersing the
non-woven fabric in a tank containing the mixture. The effect of the
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polyurethane coating on the non-woven fabric layer is that the surface
tension of this latter increases. The layer hence loses the hydrophobicity
characteristic and becomes hydrophilic and easily wettable with water. In
addition the coating of the non-woven fabric enables the average pore
diameter of the filtering layer to be controlled such that it is between 3 and
15 micron, hence enabling specific filtration characteristics to be obtained
as a function of the average diameter of the blood components to be
removed by mechanical filtration. For example, the average leukocyte
diameter is between 4 and 10 micron, the average erythrocyte diameter
being between 7 and 8 as reported in and known from the literature.

The non-woven fabric layer coated with polyurethane can be sandwiched
between hydrophobic layers of known type (or rather between layers of
materials less hydrophilic than the non-woven fabric layer coated with
polyurethane).

Because of the particular method of forming the filter, this can be obtained
in @ manner such as not to be dangerous and poliuting to the environment.
This enables special costly control instruments for the impregnation
process to be avoided, as can those disposal costs for the solvents or
products used in the state of the art for the currently known impregnation
of the filtering layer, for example of PBT. This cost saving is evidently
reflected in the finished product costs.

The invention is further illustrated by the following examples of a filter
according to the invention, given by way of non-limiting example.

From the said examples it was found that by using an aqueous dispersion
of polyurethane instead of a solution in organic solvent, filters could be
obtained having greater coating stability, demonstrated by the smaller
values of the residue in water compared with similar values obtained from
a solution in organic solvent.

Example 1

A dispersion of polyurethane of molecular weight between 12 and 18 kDa
in water was used, with a polymer content of 5% by weight. This
dispersion was obtained by the following process: the polyol and



10

15

20

25

30

WO 2012/017291 PCT/1IB2011/001792

isocyanate components are dissolved in a ketonic solvent, then dispersed
in water; the solvent is finally removed by distillation.

The polyurethane coating was applied to a non-woven fabric of PBT by
immersion in the dispersion maintained at ambient temperature. Drying
was carried out at 60°C. After 20 hours of drying, it was washed in
osmotized water at 50°C. Subsequent drying was carried out at 60°C.
Example 2

A dispersion of polyurethane of molecular weight between 12 and 18 kDa
in water was used, obtained by diluting at ambient temperature a
polyurethane dispersion in water, with a PU content of 50% by weight and
with the further addition of water to attain a polymer content of 0,5% by
weight.

The polyurethane was NORETHANE WB 8301 produced by the firm
NOVOTEX ITALIANA SPA.

The polyurethane coating was applied to a non-woven fabric of PBT by
immersion in the dispersion maintained at ambient temperature. Drying
was carried out at 50°C. After 20 hours of drying, it was washed in
osmotized water at 45°C. Subsequent drying was carried out at 30°C.
Example 3

A dispersion of polyurethane of molecular weight between 12 and 18 kDa
in water was used, with a polymer content of 5% by weight.

The polyurethane coating was applied to a non-woven fabric of PBT by
immersion.

Drying was carried out at 100°C.

Example 4

Instead of a polyurethane dispersion in water, a solution of polyurethane of
molecular weight between 12 and 18 kDa in isopropanol was used, with a
polymer content of 3% by weight.

The polyurethane coating was applied to a non-woven fabric of PBT by
immersion.

These examples are summarized in the following table:
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Example PU Base | Polyurethane concentration
Example 1 Water 8% PU
Example 2 Water 0.5% PU
Example 3 Water 15% PU
Example 4 Organic | 3% PU
solvent

Effectiveness of leukocyte retention, platelet retention, and filtration
times

To compare filtration effectiveness, filters were produced suitable for large
scale filtration of erythrocyte concentrates (laboratory filtration for blood
banks). The filters were formed with a rigid plastic casing, each filter
comprising 36 stacked layers each of 46 cm? surface, of the filtering
material obtained in the stated examples. Bags of erythrocyte
concentrates obtained by centrifugal separation from whole blood were
filtered. The concentrates were used within the first 10 days from
collection and were preserved at 4°C before filtration.

The results of the tests carried out were compared with those obtained
with filters produced in accordance with EP189757 and W02005113136,
the data reported in these latter being utilized.

The leukocyte and platelet count were obtained by an automatic cell count
before and after filtration. The post-filtration leukocyte count was

determined by a count in a Nageotte chamber.
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The comparison with the University of Southampton solution is possible
only with small scale samples, also present in EP189757.

As can be seen from the table, the effectiveness of leukocyte (WBC)
removal is much higher than that of EP189757.

Evaluation of the residue in water

The water soluble extracts were evaluated for each of the filters prepared
in the above examples. With reference to the standard ISO 1135-4,
Chapter 6, Chemical Requirements, three filters were connected in series
with a peristaltic pump and water was recirculated for 2 hours at a flow
rate of 1 I/h and a temperature of 37°C. Samples of permeated liquid were
collected at the end of the test and sample absorbance was analyzed
within the range 250-320 nm.

The results of the measurements are summarized in table 1. The WBC
log reduction value was calculated by the formula:

Logo (leukocyte number prefiltration/leukocyte number postfiltration).

The platelet depletion value was calculated as:

platelet depletion = [(platelet number postfiltration/pl) / (platelet number
prefiltration/pl)]%
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Ex. Treatment | WBC Log | Filtratio | Platelet | Absorb

parameters |reduction |n depletion | ance
time

Ex1 (8% PUin |7.0 19.2 95% <0.2
water base

Ex2 [0.5% PUin |3.4 5.7 100% <0.2
water base

Ex3 [15% PUin |2.0 13.5 50% <0.2
water base

Ex4 3% PUin [4.0 14.2 90% >0.2
organic
solvent
base
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CLAIMS

1. Afilter for removing substances, in particular such as leukocytes and
platelets, from blood or from blood derivatives, said filter comprising a
casing containing a layered filter element comprising a plurality of layers,
at least one layer of this latter being coated with polyurethane,
characterised in that said polyurethane has a molecular weight between
10,000 and 20,000 Dalton.

2. A filter as claimed in claim 1, characterised in that the polyurethane
molecular weight is between 12,000 Dalton and 18,000 Dalton, preferably
between 15,000 Dalton and 17,500 Dalton.

3. A filter as claimed in claims 1 and 2, characterised in that the
polyurethane is obtained at least from an aliphatic isocyanate (isocyanate -
N=C=0 group) with characteristics similar to diphenylmethane
diisocyanate (MDI); a polyol (typically a polyethylene glycol or polyesters)
with which the isocyanate forms a urethane bond.

4, A filter as claimed in the preceding claims, characterised in that the
polyurethane coated layer is of non-woven fabric such as
polybutyleneterephthalate, polyesters or the like.

5. A filter as claimed in the preceding claims, characterised in that the
polyurethane coated layer is sandwiched between less hydrophilic layers.
6. A method for forming a layered filter element for a filter for removing
substances, in particular such as leukocytes and platelets, from blood or
from blood derivatives, said filter element comprising at least one layer of
non-woven fabric which is impregnated with polyurethane by immersing it
in a container or tank of a mixture in which polyurethane is present,
characterised in that this mixture consists of a solution in which the
polyurethane is dissolved in a polar solvent or dispersed in a mixture
containing a polar solvent.

7. A method as claimed in claim 6, characterised in that the polar
solvent is water.

8. A method as claimed in claim 6, characterised in that the polar
solvent is an inert polar organic solvent such as isopropanol or propylene

glycol methyl ether.
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9. A method as claimed in claim 6, characterised in that the mixture is a
mixture of an inert polar organic solvent and water.

10. A method as claimed in claim 6, characterised in that the
polyurethane concentration in the mixture is from 0.5% to 20%, preferably
around 8% by weight.

1. A method as claimed in claim 6, characterised by comprising:
immersing the layer to be coated into the tank containing the mixture,
leaving this layer immersed in the mixture for a time between 10 and 30
seconds, extracting the layer from the tank and subjecting it to squeezing,
drying said layer in an oven for a time of 5-20 minutes, said oven being at
a temperature between 30°C and 110°C and preferably between 45°C and
§5°C, then after drying advantageously washing the dried layer preferably
with osmotized water at a temperature between 40°C and 50°C, followed
by further drying at a temperature between 30°C and 60°C.

12. A method as claimed in claim 6, characterised by controlling the
pore diameter of the non-woven fabric through the polyurethane coating,
said diameter being between 3 and 15 ym.
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