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ABSTRACT

The present invention relates to a device for the
extracorporeal treatment of blood or plasma, comprising two
compartments, one compartment intended for circulating blood
or plasma, and one compartment intended for circulating spent
liquid, separated by a wet semi-permeable membrane,
characterized in that the device has, before and after

sterilization, the following technical characteristics:

- the membrane 1is impregnated with an aqueous glycerol

solution;

- the aqueous glycerol solution contains from 7% to 15% by
weight of glycerol and 1is free of toxic chemical

compounds ;

- the two compartments are purged of the aqueous glycerol

solution.

The present invention also relates to processes for

manufacturing this device.
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DEVICE FOR THE EXTRACORPOREAL TREATMENT OF BLOOD OR PLASMA,

COMPRISING A WET SEMI-PERMEABLE MEMBRANE, AND PROCESSES FOR

ITS MANUFACTURE

The present invention relates to a device for treating blood
or plasma by extracorporeal circulation, comprising a wet
semi-permeable membrane, and to processes for manufacturing

this device.

Throughout this text, the expression "“wet semi-permeable
membrane” means a flat semi-permeable membrane or a bundle
of hollow semi-permeable fibres, which contains at least 40%
by weight of water, relative to the weight of the semi-
permeable membrane. Also, throughout this text, the term
“device” means a device for treating blood or plasma by
extracorporeal circulation, which generally comprises two
compartments separated by a semi-permeable membrane, each
equipped with two access points, a first compartment being
intended for circulating the patient’s blood or plasma, and
a second compartment being intended for circulating spent
liquid. The two compartments of the device are also
separated by the packaging mass, based on a suitable
adhesive composition, intended to form, depending on the

case:

- a cylindrical partition for separating the two
compartments of a device whose membrane consists of a

bundle of hollow fibres;

- or a leaktight seal in a device comprising a flat

membrane.
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Devices for treating blood or plasma by extracorporeal
circulation are wused in various medical or paramedical
applications such as: treatment of renal insufficiency by
dialysis or blood filtration, plasmapheresis and apheresis
for therapeutic and non-therapeutic purposes, oxygenation of
the blood, immunopurification, etc.

The present invention also relates to the use of an aqueous
glycerol solution to 1limit the risks of 1leakage and
variations in the performance qualities of the wet semi-
permeable structures made of polymer material, in particular
to limit the variations in the water permeability of the wet
semi-permeable membranes, over an acceptable range of values
after the devices comprising these membranes have been
subjected to a temperature below 0°C for a period which may
range from one day to more than one month. For example, this
may arise during the cold seasons, during the transportation
of the devices in transportation means that are not heated
or are insufficiently heated. ©Under these conditions,
various types of damage have been observed: 1in most cases,
an undulation of the semi-permeable membranes, due to their

elongation, associated with:

- a large decrease in the water permeability, which may
be greater than or equal to 20% of the initial water

permeability, or

- a loss of integrity of the device resulting from the
appearance of holes in the semi-permeable membranes
and/or detachments at the interface between the semi-
permeable membranes and the packaging masses and/or
cracks in the packaging masses, these types of damage
generally leading to leakages of liquid between the two

compartments.
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In order to avoid the appearance of damage in the devices
comprising wet semi-permeable membranes, when they are
exposed to temperatures below 0°C, and also in order to
prevent the growth of bacteria and moulds, it has been
proposed, in Japanese patent application No. 629838 (KOKAI)
to fill the devices or to wet the semi-permeable membrane
with an aqueous solution containing 20% to 80% by weight of
glycerol (preferably from 30% to 70%) and containing from 5%

to 40% by weight of an aliphatic alcohol.

The aliphatic alcohols recommended in the said application
are methanol, ethanol, propanol and isopropanol, which have
the drawback of being highly flammable. However, the devices
thus treated cannot be sterilized by gamma-irradiation since
this high-energy sterilization leads to the conversion of
the abovementioned aliphatic alcohols into products such as
aldehydes, which are toxic at the concentrations reached

after this conversion.

The solution proposed in the said application is

consequently not desirable in medical applications.

In addition, Japanese patent application No. 6296838 teaches
that a glycerol concentration of less than 20% by weight in
the aqueous solution claimed does not prevent this solution

from freezing.

It is known practice to manufacture dry, glycerol-
impregnated semi-permeable membranes, in order to protect
them against radiation during sterilization by gamma-
irradiation, and to prevent losses of water permeability.

Needless to say, no damage to these membranes is observed in
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this case when they are exposed to temperatures below 0°C,

since they contain little or no water.

It is also known practice to keep certain semi-permeable
membranes wet by impregnating them with concentrated aqueous
glycerol solutions (at 1least 40% by weight of glycerol)
since they would otherwise irreversibly lose their water
permeability and also their mechanical properties and would
consequently become unusable in medical applications. Among
the semi-permeable membranes that are stored in the wet
state, mention may be made of those made of

polyacrylonitrile.

Conventionally, before use, devices for the extracorporeal
treatment of blood or plasma are degassed and rinsed with a
sterile, apyrogenic aqueous sodium chloride solution. In the
case of devices comprising dry glycerol-impregnated semi-
permeable membranes or wet semi-permeable membranes
impregnated with concentrated aqueous glycerol solutions, it
is recommended to prolong the rinsing step 1n order to
remove the air bubbles trapped in the inner channel of the
membranes having the form of a bundle of fibres. 1In
addition, on account of high glycerol contents 1in the
membranes, 1t may occasionally be necessary to tap the

devices to promote the degassing.

Glycerol is also known for 1its antifreeze properties.
However, high concentrations of glycerol are required to
lower the freezing point of water by a few degrees
(Celsius), as may be seen on reading the table below, in
which the freezing point of an aqueous glycerol solution has
been given as a function of the amount of glycerol in the

solution. These numerical data are extracted from the book



entitled: “Handbook of Chemistry and Physics” 65th edition,
CRC Press, 1975, page D-235.

% of glycerol in the lowering of the freezing
aqueous solution point of water
(by weight) (in ° Celsius)
0.50 0.072
1.00 0.180
2.00 0.411
3.00 0.627
4.00 0.849
5.00 1.078
6.00 1.316
7.00 1.561
8.00 1.811
9.00 2.064
10.00 2.323
12.00 2.880
14.00 3.469
16.00 4.094
18.00 4.756
20.00 5.46
24 .00 7.01
28.00 8.77
32.00 10.74
36.00 12.96
40.00 15.50

Surprisingly, the Applicant has found that it is possible to
limit the risks of 1leakage and variations in the water
permeability of a device for the extracorporeal treatment of
blood or plasma, comprising two compartments, one

compartment intended for circulating blood or plasma, and
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one compartment intended for circulating spent 1liquid,
separated by a wet semi-permeable membrane, when this device
1s subjected to a temperature below 0°C, for example -18°C,
for a variable period of time which may range from one day
to more than one month, if this device has, before and after

sterilization, the three technical characteristics below:

- the membrane is impregnated with an aqueous glycerol

solution;

- the aqueous glycerol solution contains from 7% to 15%
by weight of glycerol and is free of toxic chemical

compounds;

- the two compartments are purged of the aqueous glycerol

solution.

The solution developed 1in the context of the present
invention for improving the cold-temperature resistance
(temperature below 0°C, for example equal to -18°C) of
devices for the extracorporeal treatment of blood or plasma,
comprising a wet semi-permeable membrane, leads to a result
that is entirely surprising in the light of the knowledge

provided by the abovementioned prior art.

Specifically, the aqueous solution according to the present
invention, which 1is used to impregnate the semi-permeable
membrane, contains a small amount of glycerol, from 7% to
15% by weight relative to the total weight of the solution,
preferably from 8% to 12% by weight, these amounts being
considered insufficient by the abovementioned prior art, 1in
particular Japanese patent application No. 6296838 (KOKAT)
and the abovementioned data appearing in the book entitled

“Handbook of Chemistry and Physics”.
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By virtue of the invention, the temperatures to which a
device may be subjected without the appearance of any leaks
between the compartments or a substantial variation in the
water permeability, may be as low as -20°C, or may even be
slightly lower than -20°C, when an aqueous glycerol solution

containing from 10% to 15% by weight of glycerol is used.

The invention has several major advantages: firstly, the
membrane impregnated with the aqueous glycerol solution
containing from 7% to 15% by weight of glycerol 1is not
damaged by a very high-energy sterilization, for 1instance
sterilization by gamma-irradiation; secondly, the use of the
device by the user 1is exactly identical to that of any
device of the same type, the device moreover being easy to
manipulate due to the fact that its two compartments are
purged, and easy to rinse before use, when compared with a
device of the same type comprising a glycerol-bearing
membrane (at least 40% by weight of glycerol relative to the
weight of the membrane); thirdly, the characteristics (blood
compatibility, diffusive and convective transfer capacity,
and capacity for protein adsorption) of the device subjected
to a temperature below 0°C, for example equal to -10°C or
-18°C, for a variable period of time which may range from
one day to more than one month, are not significantly
impaired when compared with the same device stored at an

ambient temperature above 0°C.

Advantageously, the minimum amount of aqueous glycerol
solution represents 50% by weight relative to the total

weight of the semi-permeable membrane.

In accordance with the invention, the aqueous glycerol

solution is free of chemical compounds that are toxic or
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that become toxic after high-energy sterilization, such as
gamma-irradiation. In particular, the aqueous glycerol
solution 1is free of monohydric aliphatic alcohols, for
instance methanol, ethanol, propanol and isopropanol. Also,
the aqueous glycerol solution is free of chemical compounds
that are toxic but known for their antifreeze properties

sﬁch as, for example, ethylene glycol.

On the other hand, the aqueous glycerol solution can
comprise one or more chemical compounds intended to treat
the semi-permeable membrane in the bulk or at the surface to
improve its biocompatibility: by way of example, mention may
be made of polyethyleneimines (PEI), polyvinylpyrrolidones
(PVP) and polyethylene glycols (PEG).

The chemical nature of the semi-permeable membrane of the
device according to the invention is not critical. It may be
based, for example, on polyacrylonitrile, polymethyl
methacrylate, polysulphone, polyether sulphone, cellulose or

polyamide.

The present invention 1is more particularly suitable for
devices comprising a semi-permeable membrane which must be

stored in a wet state, for instance membranes made of

pclyacrylonitrile or membranes made of polymethyl
methacrylate.
Advantageously, the semi-permeable membrane 1is a flat

membrane or a bundle of hollow fibres consisting of at least
one polymer that is an acrylonitrile homopolymer or
copolymer, this polymer preferably being electronegative. As
examples of acrylonitrile copolymers that are suitable for

the present invention, mention may be made of:
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1) a copolymer of acrylonitrile and of at least one
anionic or anionizable monomer containing, where
appropriate, units derived from at least one other
olefinically wunsaturated monomer capable of Dbeing

copolymerized with acrylonitrile, or

2) a copolymer of acrylonitrile and of at 1least one
anionic or anionizable monomer and of at least one

nonionic and non-ionizable monomer.

Some of these macromolecular compounds, and also the various
monomers which may be selected as starting materials and
their manufacture, are described in US patent No. 4 545 910

regranted under No. Re. 34239.

Among these macromolecular compounds, those with which the
medical device according to the invention 1is particularly
suitable are defined above in (1). In particular, the
invention is particularly suitable for compounds for which
the anionic or anionizable comonomer 1is olefinically
unsaturated and bears anionic groups chosen from sulphonate,
carboxyl, phosphate, phosphonate and sulphate groups, and
even more particularly when this comonomer 1is sodium
methallyl sulphonate: this membrane, which 1s manufactured
by the company Hospal and known under the trade name AN69,
should be stored in the wet state, and generally contains

about 70% by weight of water.

Needless to say, the precise nature of the counterion for
the anionic groups 1is not essential for the correct

functioning of the invention.




10

15

20

25

30

- 10 -

Among the olefinically unsaturated monomers capable of being
copolymerized with acrylonitrile, mention may be made of

alkyl acrylates, and in particular methyl acrylate.

The present invention 1s also suitable for devices
comprising a semi-permeable membrane that has been treated
in the bulk or at the surface, to improve its
biocompatibility [such that the reactions (especially
clotting) which take place when blood comes into contact
with a foreign material do not take place, or take place

only to relatively benign levels].
Examples which may be mentioned include:

- the device described in European patent application
No. 0 801 953 which comprises a semi-permeable membrane
consisting of at least one electronegative polymer, 1in
particular a polyacrylonitrile of the same type as
those described above, treated in the bulk with an
antiprotease and cationic agent, preferably nafamostat

mesylate;

- the device described in European patent application No.
0 925 826, which comprises a semi-permeable membrane,
based on polyacrylonitrile bearing fixed negative
charges, treated with a neutral polymer such as
polyvinylpyrrolidones (PVP) and polyethylene glycols
(PEG) , or with a cationic polymer, such as

polyethyleneimines (PEI).

A subject of the invention is also a process for limiting
the 1risks of leakage and variations in the water
permeability of a device for the extracorporeal treatment of

blood or plasma, which is subjected to a temperature below
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0°cC, this device comprising two compartments, one
compartment intended for circulating blood or plasma, and
one compartment intended for <circulating spent 1liquid,
separated by a wet semi-permeable membrane, the process

comprising the steps of:

- preparing an aqueous glycerol solution containing from
7% to 15% by weight of glycerol and free of chemical
compounds that are ‘toxic before or after high-energy

sterilization, such as gamma-irradiation;

- placing the aqueous glycerol solution in contact with

the semi-permeable membrane;
- purging the device of the aqueous glycerol solution;

- sterilizing the device.

According to embodiment variants of the process according to
the invention, the aqueous glycerol solution is placed in
contact with the semi-permeable membrane by circulating this

solution:

- in the compartment intended for circulating blood or

plasma,
- or 1in the compartment intended for circulating spent
liquid,

- or in the compartment intended for circulating blood or
plasma and in the compartment intended for circulating

spent liquid.

According to other embodiment variants of the process

according to the invention:
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the aqueous glycerol solution contains from 8 % to 12% by

weight of glycerol,

and/or the aqueous glycerol solution contains one or more
chemical compounds intended to treat the semi-permeable
membrane in the bulk or at the surface to improve its
biocompatibility, preferably a chemical compound chosen
from polyethyleneimines (PEI); as regards the amount of
these chemical compounds to be included in the aqueous
glycerol solution, reference may be made, for example, to
the operating conditions 1listed 1in European patent

application No. 0 925 826.

When the membrane is treated in the bulk or at the surface

15 to

improve its biocompatibility, the process according to

the invention may be carried out with the steps of:

20

25

30

- preparing a solution containing one or more chemical
compounds intended to improve the biocompatibility of

the membrane;

- placing this solution in contact with the surface of
the membrane intended to be placed in contact with

blood or plasma;

- assembling the various components of the device, in
particular mounting the membrane 1in a housing and
producing the end pieces of this housing, 1if this
assembly has not been performed before the first two

steps mentioned above;

- preparing an aqueous glycerol solution containing from
7% to 15% by weight of glycerol and free of chemical
compounds that are toxic before or after a high-energy

sterilization, such as gamma-irradiation;
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- placing the aqueous glycerol solution in contact with

‘the semieperméable membrane;
- purging the device of the aqueous glycerol solution ;

- sterilizing the device.

If necessary, before. placing the aqueous glycerol solution
in contact with the semi-permeable membrane, the membrane is

rinsed with water or an aqueous solution, for example an

- aqueous sodium chloride solution, in order to remove certain

chemical compounds temporarily preéenc in the membrane, that
are useful for its'manufacture and/or storage. This is the
case, for example, for the membréne.ANGB Qhose manufacture
and storage involve the use of glycerol; in practice, the
membrane AN69 is stored in the wet state and, to do this, is
glycerol-treated by soaking 'in a water/glycerol mixture,
uSually in weight proportions correspondihg to'40/60. In the
conteXt of the present invention, the membrane must

consequently be deglycerolized before being impregnated with

‘the aqueous glycerol solution containihg from 7% to 15% by

weight of glycerol. The rinsing operation in order to
deglycerolize the membrane AN69 is 'performed by placing
Qater or an aqueous solution, for example an aqueous'sodium
chloride solution,'in contact«with'the membrane AN69. When

the membrane AN69 is in the form of a bundle ’er hollow

fibres, the rinsing operation is preferably ’performed.'by A

circulating water or an aqueous sodium chloride solution in

the compartment intended for circulating blood or plasma.
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Preferably assembling the device comprises mounting the

membrane in a housing and producing end pieces of the
housing.

The invention also provides use of an aqueous solution
containing from 7% to 15% by weight of glycerol to
impregnate wet semi-permeable membranes being stored in a
wet state and to limit the variation in water permeability
of these membranes when they are subjected to a
temperature below 0°C.

Other characteristics and advantages of the invention will
become apparent on reading the examples which follow.

Reference may also be made to the attached drawings, in
which:

H:\Luisa\Keep\Speci\20954-02.doc 1/04/05
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- Figure 1 represents a diagrammatic view in longitudinal

cross section of a hollow-fibre dialyser;

- Figure 2 shows the effect of the amount of glycerol in
the aqueous solution used to impregnate the membrane
ANG69S on the appearance of leaks between the

compartments of dialysers stored at -10°C;

- Figure 3 shows the effect of the amount of glycerol in
the aqueous solution used to impregnate the membrane
AN69 on the water permeability of dialysers stored at

-10°C.

EXAMPLES

A specific type of device for the extracorporeal treatment
of blood, which is used to overcome renal insufficiency, has

been used to illustrate the invention.

The type of device wused 1in the examples 1is a blood
dialyser/blood filter conventionally comprising two
compartments separated by a semi-permeable membrane. A first
compartment 1is intended to be connected by means of a
removal tube and return tube to the patient’s vascular
system, whereas the second compartment has an inlet which
may be connected to a source of dialysis fluid (treatment by
blood dialysis and blood diafiltration) and an outlet
connected to a means for removal of spent 1liquid (spent
dialysate and/or ultrafiltrate). The membrane is chosen so
as to allow diffusive and/or convective transfers of the
metabolic waste products, from the blood compartment to the
compartment for spent liquid. The membrane may be

manufactured in the form of a flat membrane or a bundle of
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hollow fibres. A flat-membrane dialyser comprises a
concertina-folded flat membrane band, an intercalating plate
being introduced into all the folds opening on the same
side. As may be seen in Figure 1, a hollow-fibre dialyser
comprises a bundle of hollow fibres 1, which is arranged in
a tubular housing 2 in which it is securely fastened at its
two ends by an adhesive disc, 3, 4. Besides linking the
fibres together, the adhesive discs 3, 4 serve to delimit 1in
the tubular housing 2 a leaktight compartment, to which
access is gained by two tubes 5, 6 that are perpendicular to
the axis of the housing 2. At each end of the housing 2 is
fixed an end piece 7, 8 comprising an axial access tube 9,
10. The two tubes 9, 10 are symmetrical. The blood
compartment of this device consists of the inner space
delimited between each adhesive disc 3, 4 and the end piece
8, 9 closing the corresponding end of the tubular housing 2,

and consists of the interior of the hollow fibres.

The semi-permeable membrane of the dialysers illustrated is

a membrane AN69 in the form of a bundle of hollow fibres.

The main steps in the manufacture of a hollow fibre made of
AN69 will now be briefly recalled. A polymer blend 1is
prepared, containing 35% by weight of a copolymer of
acrylonitrile and of sodium methallyl sulphonate, 52% by
weight of dimethylformamide (DMF) and 13% by weight of
glycerol. The polymer blend is heated to 130°C and 1is
extruded through a die with two concentric nozzles, nitrogen
being injected into the inner nozzle to form the lumen of
the hollow fibre. On contact with the ambient air (about 20-
25°C), the thermoreversible gel fibre leaving the die is the
site of a heat phase inversion. The fibre is then received

in a water bath in which the solvent (DMF) in the fibre is
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replaced with water. The fibre is then immersed in hot water
at 95°C where it is stretched to an order of fourfold. This
is followed by a stabilization phase in hot water at 95°C.
Finally, the fibre 1is glycerolized with a water/glycerol

mixture, in 40/60 weight proportions.

In the examples which follow, the dialysers tested are
dialysers (trade name Nephral 300, manufactured by Hospal
Industrie, France), equipped with a bundle of AN69 hollow

fibres with a working surface area of 1.3 m’.

In accordance with the invention, to 1limit the risks of
leaks and variations in the water permeability of theses
dialysers when they are subjected to a temperature below
0°C, which may be as 1low as -20°C, the semi-permeable
membrane 1is impregnated with a solution of demineralized
water and glycerol containing from 7% to 15% by weight of
glycerol, this solution being free of chemical compounds
that are toxic or liable to become toxic after a high-energy
sterilization, for instance sterilization by gamma
irradiation. This impregnation step 1is performed after
assembling the device, as represented in Figure 1, after
removing the glycerol required for the manufacture of the

AN69 membrane and before sterilization.

Preferably, the semi-permeable membrane is impregnated by
circulating the aqueous glycerol solution in the blood
compartment: to do this, one of the tubes 9 (10) of the
blood circuit 1is connected to a container containing the
aqueous glycerol solution, the other access tube 10 (9) is
connected to an empty receiving container, and the aqueous
glycerol solution 1is made to circulate 1in the blood

compartment, where appropriate.
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In Examples 3 to 6 below, the precise conditions of the

impregnation and of the following steps are:

1) circulation in the blood compartment (comprising the
interior of the fibres) of 1 litre of water (flow rate
of 200 ml/min) in order to rinse the semi-permeable
membrane, in particular in order to remove the glycerol

used for manufacturing the membrane;

2) circulation in the blood compartment of 2 litres of a
solution of glycerol in demineralized water containing,
depending on the case, 5, 10 or 15% by mass of

glycerol, at a flow rate of 250 ml/min;

3) purging the dialyser compartments with air for about 30

seconds by imposing an air pressure of 5 x 10' Pa

(0.5 bar) in the compartment intended for circulating

spent liquid, and an air pressure of 3 x 10° Pa (0.3

bar) in the compartment intended for circulating blood;

4) leaktight closure of the access tubes 5, 6, 9 and 10

with stoppers;

5) sterilization by gamma-irradiation (25-36 kGy).

Examples 1 to 5

Assessment of the water permeability and leaktightness of
Nephral 300 dialysers as a function of the storage time in a

chamber regulated at a temperature of -10°C.

5 groups each comprising 10 Nephral 300 dialysers were
assessed in Examples 1 to 5. The table below indicates the

characteristics which differentiate each group of dialysers.
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Examples Specific characteristics

1 (control No. 1) | The 10 Nephral 300 dialysers are
deglycerolized, not treated with an
aqueous glyerol solution, and stored
at an ambient temperature of about

20°cC.

2 (control No. 2) | The 10 Nephral 300 dialysers are
deglycerolized, not treated with an
aqueous glyerol solution, and stored

at a temperature of -10°C.

3 The 10 Nephral 300 dialysers are
deglycerolized, treated with an
aqueous solution containing 5% by
weight of glyerol, and stored at
-10°C.

4 The 10 Nephral 300 dialysers are
deglycerolized, treated with an
aqueous solution containing 10% by
weight of glyerol, and stored at
-10°C.

5 The 10 Nephral 300 dialysers are
deglycerolized, treated with an
aqueous solution containing 15% by
weight of glyerdl, and stored at
-10°C.

In Examples 3, 4 and 5, the aqueous glycerol solution

represents about 70% by weight of the membrane.
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The weight percentage of glycerol in each membrane of the
dialysers in Examples 3, 4 and 5 1is, réspectively, about

3.5%, 7% and 10.5%.

The water permeability of the dialysers in Examples 1 to 5
was measured after 7 days, 14 days and 28 days of storage,
depending on the case, at -10°C or at an ambient temperature

of about 20°C (Example 1: control No. 1).

It is recalled that the water permeability describes the
amount of water which may be ultrafiltered through a semi-
permeable membrane with a given active surface area, with a
given transmembrane pressure over a given period of time.
The conditions for measuring the water permeability in the

examples are as follows:

- flow rate of water in the compartment intended for

circulating blood or plasma: 300 ml/min;
- transmembrane pressure: 85 mmHg.

The average of the water permeability values measured in
each group of dialysers was normalized by taking as the
basis 100% of the average of the initial water permeability

values of each group.

The values obtained are given in Figure 2 and reveal the

[

water permeability losses (in %).

The dialysers of Example 5 ‘(treatment with an aqueous
solution containing 15% by weight of glycerol) are of
noteworthy stability: no reduction in water permeability

after 28 days at -10°C.
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The dialysers of Example 4 (treatment with an aqueous
solution containing 10% by weight of glycerol) show very
good behaviour: the reduction in water permeability after 28
days at -10°C 1is only 15%, and 1is very close to the
reduction in water permeability of the deglycerolized

dialysers, stored at ambient temperature (Example 1).

The dialysers of Example 3 (treatment with an aqueous
solution containing 5% by weight of glycerol) are not
stable: the reduction in the water permeability is 20% after

15 days at -10°C and about 25% after 28 days at -10°C.

The dialysers of Example 2 (deglycerolized and stored at
-10°C) all show leaks after 7 days at -10°C: macroscopic and
microscopic observations of these dialysers revealed an
elongation of the hollow fibres, cracks in the packaging
adhesive, fibre/adhesive detachments and holes in the

fibres.

Example 6 - storage at -18°C

10 dialysers of deglycerolized Nephral 300 type are treated
by circulating inside the fibres of each dialyser 2 litres
of a solution containing 10% by mass of glycerol (flow rate
of 250 ml/min). The liquid contained in the inner channel of
the fibres is purged by circulation of air. The dialysers
are stoppered in a leaktight manner and sterilized by gamma-
irradiation. The dialysers are placed in a chamber regulated
at a temperature of -18°C. After storage for one week, the
dialysers are removed from the chamber. The leaktightness of

the 10 dialysers was tested using an ATEQ device for

pressurizing (under 1 bar) the compartment intended for
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circulating blood or plasma, the other compartment being
open; the absence or otherwise of a drop in pressure at the
outlet of the compartment intended for circulating blood or
plasma is checked. The water permeability and the urea and
vitamin Bl2 clearance were assessed on 3 dialysers of the

series.

The operating = conditions of the water permeability

measurements are identical to those of Examples 1 to 5.

The operating conditions of the wurea and vitamin B1l2

clearance measurements are as follows:

- the dialyser 1is rinsed beforehand with 2 1litres of

physiological saline;

- a dialysis bath is circulated in the compartment for spent
liquid at a flow rate of 500 ml/min in an open circuit.
The dialysis bath is an aqueous solution containing (in
mmol/l): sodium: 135, potassium: 1.5, magnesium: 0.75,

calcium: 1.75, chloride: 106.5, acetate: 35;

- a dialysis bath containing 1 g/l of urea and 100 mg/l of
vitamin Bl2 is circulated in the blood compartment, in a
closed circuit. The volume of dialysis bath is equal to 2
litres and is kept constant by supplying solution at a
flow rate of 10 ml/min, in order to compensate for the
ultrafiltration. The flow rate of the dialysis bath 1is

equal to 200 ml/mn;

- the ultrafiltration is set at a flow rate of 10 ml/min;
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the urea and vitamin Bl2 concentrations at

blood

- after 30 min,

the 1inlet and outlet of the compartment are

determined.
The clearance, which represents the level of purification of

the dialyser, is expressed as:

clearance = [(QBI x CBI) - (QBI x CBO)]/CBI
with: QBI = flow rate at the blood compartment inlet
CBI = concentration at the blood compartment inlet
CBO = concentration at the blood compartment outlet
Dialyser | Leaktight Water Urea B12
-ness permeability | clearance | clearance
ml/h m? mmHg ml/min ml/min
6a yes 40.8 218 90
6b yes 46.4 236 111
6C yes 53.2 236 112
6d to 63 yes nm’ nm nm

Given that:

- the permeability

of

nm means not measured

greater than 35.4 ml/h m’ mmHg,

- the

initial urea clearance values

the dialysers of Example 6

Example 6 range from 210 to 256 ml/min,

of the dialysers

must

be

of

- the initial vitamin Bl2 clearance values of the dialysers

of Example 6 range from 90 to 134 ml/min,

the correct behaviour of these dialysers after storage for

one week at

-18°C is observed.
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In the claims which follow and in the preceding

description of the invention, except where the context
requires otherwise due to express language or necessary
implication, the word “comprise’”, or variations such as

“comprises’” or “comprising”, is used in an inclusive

sense, i.e. to specify the presence of the stated features

but not to preclude the presence or addition of further

features in various embodiments of the invention.

It is to be understood that the prior art publications
referred to herein, do not constitute an admission that
that the publication forms a part of the common general
knowledge in the art, in Australia or in any other
country.

H:\Luisa\Keep\Speci\20954-02.doc 1/04/05




10

15

20

25

30

35

- 23 -

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Device for the extracorporeal treatment of blood
or plasma, comprising two compartments, one compartment
intended for circulating blood or plasma, and one
compartment intended for circulating spent liquid,
separated by a wet semi-permeable membrane, said semi-
permeable membrane being stored in a wet state, said
device comprising, before and after sterilization of the
device, the following technical characteristics:

- the membrane is impregnated with an aqueous
glycerol solution in order to limit variations in the
water permeability when the membrane is exposed to a
temperature below 0°C;

- the aqueous glycerol solution contains from 7% to
15% by weight of glycerol and is free of toxic chemical
compounds;

- the two compartments are purged of the aqueous

glycerol solution.

2. Device according to Claim 1, characterized in
that the aqueous glycerol solution contains from 8% to 12%
by weight of glycerol.

3. Device according to Claim 1, characterized in
that the aqueous glycerol solution is free of monohydric

aliphatic alcohols.

4. Device according to Claim 1, 2 or 3,
characterized in that the minimum amount of aqueous
glycerol solution in the semi-permeable membrane
represents 50% by weight relative to the total weight of

the semi-permeable membrane.

5. Device according to any one of the preceding
claims, characterized in that the semi-permeable membrane

is made of polymethyl methacrylate.

H:\Luisa\Keep\Speci\20954-02.doc 1/04/05
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6. Device according to any one of the preceding
claims, characterized in that the semi-permeable membrane

is made of polysulphone or polyether sulphone.

7. Device according to any one of the preceding
claims, characterized in that the semi-permeable membrane

is made of polyacrylonitrile.

8. Device according to Claim 7, characterized in
that the polyacrylonitrile is a copolymer of acrylonitrile
and of at least one anionic or anionizable monomer
containing, where appropriate, units derived from at least
one other olefinically unsaturated monomer capable of

being copolymerized with acrylonitrile.

9. Device according to Claim 7, characterized in
that the polyacrylonitrile is a copolymer of acrylonitrile
and of at least one anionic or anionizable monomer and of

at least one nonionic and non-ionizable monomer.

10. Device according to Claim 8 or 9, characterized
in that the anionic or anionizable comonomer is
olefinically unsaturated and bears anionic groups chosen
from sulphonate, carboxyl, phosphate, phosphonate and
sulphate groups.

11. Device according to Claim 10, characterized in
that the anionic or anionizable comonomer is sodium

methallyl sulphonate.

12. Device according to any one of Claims 5 to 11,
characterized in that wet semi-permeable membrane is also
treated in the bulk or at the surface in order to improve

its biocompatibility.

13. Device according to Claim 1, characterized in

H:\Luisa\Keep\Speci\20954-02.doc 1/04/05
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that the semi-permeable membrane consists of a bundle of
hollow fibres.

14. Device according to Claim 1, characterized in
that the semi-permeable membrane consists of a flat

membrane.

15. Process for limiting the risks of leakage and
variations in the water permeability of a device for the
extracorporeal treatment of blood or plasma, which is
subjected to a temperature below 0°C, this device
comprising two compartments, one compartment intended for
circulating blood or plasma, and one compartment intended
for circulating spent liquid, separated by a wet semi-
permeable membrane, said semi-permeable membrane being
stored in a wet state, the process comprising the steps
of:

- preparing an aqueous glycerol solution containing
from 7% to 15% by weight of glycerol and free of chemical
compounds that are toxic before or after high-energy
sterilization;

- placing the aqueous glycerol solution in contact
with the semi-permeable membrane;

- purging the device of the aqueous glycerol
solution;

- sterilizing the device.

16. Process according to Claim 15, characterized in
that the aqueous glycerol solution is placed in contact
with the semi-permeable membrane by circulating it in the

compartment intended for circulating blood or plasma.

17. Process according to Claim 15, characterized in
that the aqueous glycerol solution is placed in contact
with the semi-permeable membrane by circulating it in the

compartment intended for circulating spent liquid.

H:\Luisa\Keep\Speci\20954-02.doc 1/04/05
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18. Process according to Claim 15, characterized in
that the aqueous glycerol solution is placed in contact

with the semi-permeable membrane by circulating it in the
compartment intended for circulating blood or plasma and

in the compartment intended for circulating spent liquid.

19. Process for limiting the risks of leakage and
variations in the water permeability of a device for the
extracorporeal treatment of blood or plasma, which is
subjected to a temperature below 0°C, this device
comprising two compartments, one compartment intended for
circulating blood or plasma, and one compartment intended
for circulating spent liquid, separated by a wet semi-
permeable membrane, said semi-permeable membrane being
stored in a wet state, the process comprising the steps
of:

- preparing a solution containing one or more
chemical compounds intended to improve the
biocompatibility of the membrane;

- placing this solution in contact with the surface
of the membrane intended to be placed in contact with
blood or plasma;

- assembling the device;

- preparing an aqueous glycerol solution containing
from 7% to 15% by weight of glycerol and free of chemical
compounds that are toxic before or after a high-energy
sterilization, such as gamma-irradiation;

- placing the aqueous glycerol solution in contact
with the semi-permeable membrane;

- purging the device of the aqueous glycerol
solution ;

- sterilizing the device.
20. Process according to claim 19 wherein assembling

the device comprises mounting the membrane in a housing

and producing end pieces of the housing.

H:\Luisa\Keep\Speci\20954-02.doc 1/04/05




10

15

20

25

30

35

- 27 -

21. Process for limiting the risks of leakage and
variations in the water permeability of a device for the
extracorporeal treatment of blood or plasma, which is
subjected to a temperature below 0°C, this device
comprising two compartments, one compartment intended for
circulating blood or plasma, and one compartment intended
for circulating spent liquid, separated by a wet semi-
permeable membrane, said semi-permeable membrane being
stored in a wet state, the process comprising the steps
of:

- mounting the membrane in a housing;

- preparing a solution containing one or more
chemical compounds intended to improve the
biocompatibility of the membrane;

- placing this solution in contact with the surface
of the membrane intended to be placed in contact with
blood or plasma;

- preparing an aqueous glycerol solution
containing from 7% to 15% by weight of glycerol and free
of chemical compounds that are toxic before or after a
high-energy sterilization, such as gamma-irradiation;

- placing the aqueous glycerol solution in contact
with the semi-permeable membrane;

- purging the device of the aqueous glycerol
solution ;

- sterilizing the device.

22. Use of an agqueous solution containing from 7% to
15% by weight of glycerol to impregnate wet semi-permeable
membranes being stored in a wet state and to limit the
variation in water permeability of these membranes when

they are subjected to a temperature below 0°C.

23. Use of the aqueous solution of claim 22 when the

membranes are subject to a temperature as low as -20°C.

24. Device for the extracorporeal treatment of blood

H:\Luisa\Keep\Speci\20954-02.doc 1/04/05
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or plasma, substantially as hereinbefore described with

reference to the accompanying drawings.

25. Process for limiting the risks of leakage and
variations in the water permeability of a device for the
extracorporeal treatment of blood or plasma, substantially
as hereinbefore described with reference to any one of the
examples described on pages 14 to 22.

Dated this 1lst day of April 2005
HOSPAL INDUSTRIE

By their Patent Attorneys
GRIFFITH HACK

Fellows Institute of Patent and

Trade Mark Attorneys of Australia
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