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(57) Abstract: A blood treatment apparatus adapted to preserve a blood treatment unit (20) between blood treatment sessions. The
blood treatment apparatus is configured to i) perform a blood treatment session and thereby use the blood treatment unit (20), ii) fill
the blood treatment unit (20) with a preservation fluid comprising at least one treatment fluid concentrate of a type that is used to
prepare the treatment fluid, iii) maintain the preservation tluid in the blood treatment unit (20) until a next blood treatment session is
prepared, iv) dispatch the preservation fluid from the blood treatment unit (20) in preparation of a next blood treatment session, and
v) perform a next blood treatment session and thereby extend the use of the blood treatment unit (20). A related method is also de -
scribed.
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BLOOD TREATMENT APPARATUS ADAPTED TO PRESERVE PARTS
THEREOF

Technical Field

The present invention generally relates to a blood
treatment apparatus and methods for preserving parts of

the blood treatment apparatus.

Background

Today blood treatment apparatuses are used for
extracorporeal blood treatment which involves withdrawing
blood from a patient, treating the blood and returning
the treated blood to the patient. For this purpose an
extracorporeal blood flow circuit (blood line) is used
which is connected to a blood vessel access of the
patient, typically via one or more access devices such as
needles or catheters inserted into a blood vessel of the
patient. Depending on method of blood treatment, the
blood may be withdrawn from the patient, passed through a
blood treatment unit (e.g. dialyzer) and returned to the
patient via the same or another blood vessel access
device. Simultaneously a fluid line withdraws a treatment
fluid (i.e. fresh dialysis fluid) from a fluid source,
passes the treatment fluid through the blood treatment
unit where the blood is treated, and disposes used/spent
treatment fluid to a drain. Extracorporeal blood
treatment includes hemodialysis, hemodiafiltration,
hemofiltration etc.

During blood treatment it is important that a
patient is not exposed to harmful microorganisms. For
this reason, new and sterile blood treatment units and

bloodlines are typically used for each blood treatment
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session. Non-disposable parts, such as the fluid line,
are typically disinfected on a regular basis to prevent
microbial growth therein. Parts in contact with blood,
such as the blood line and the blood treatment unit, are
usually replaced with new ones when a new patient shall
be treated but in some cases, the blood treatment unit
and the blood line may be reused for treatment of the
same patient at a later time.

Such extended use requires cleaning and disinfection
of blood-contacting parts between blood treatment
sessions. A number of techniques have been developed for
this purpose, which typically include use of cleaning
fluids, UV-radiation and/or heat for removing or killing
any harmful microorganism.

A well-known cleaning solution is Renalin®, which
has been used for blood treatment unit reuse for decades.
It is however very harmful, and care must be taken that
all Renalin® is rinsed out of the blood treatment unit
before it may be used again.

One example of a cleaning technique is disclosed in
US6146536 where a hemodialyzer apparatus comprises a
reusable dialyzer membrane as well as reusable blood flow
path and dialysis flow path units. The apparatus
automatically primes itself and makes dialysis solution
from dry chemicals, concentrates, and fresh water which
is provided to the apparatus. After use, the apparatus
automatically prepares a cleaning and rinsing solution
for the cleaning and rinsing of the dialyzer membrane as
well as the dialyzate and blood flow path means.

Another example of cleaning technigue is given by
US6022512 disclosing a cleaning and disinfecting method
for treating the surfaces of hemodialysis equipment that

are exposed to a dialysate or purified water. The method
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comprises the use of electrolyzed hyperacidity water for
cleaning and disinfection.

Known technigues are generally capable of cleaning a
blood line or a fluid line of a blood treatment apparatus
such that various components may be reused. However, it
is believed that present cleaning technigues may be
improved in the sense that required hardware components
and/or use of cleaning solutions may be reduced, while
still safeguarding a patient from harmful microorganisms
and toxic substances and allowing extended use of

components.

summary

It is an object of the invention to at least partly
overcome one or more limitations of the prior art. In
particular, it is an object to provide a blood treatment
apparatus that allows efficient extended use of one or
more components while still safeguarding a patient from
harmful microorganisms.

Hence a blood treatment apparatus is provided which
is adapted to preserve a blood treatment unit between
blood treatment sessions. The blood treatment apparatus
comprises the blood treatment unit, a blood line
configured to pass blood through the blood treatment unit
and deliver treated blood to a target vessel, and a fluid
line configured to pass treatment fluid through the blood
treatment unit and deliver used/spent treatment fluid to
a drain. The blood treatment apparatus is configured to:
i) perform a blood treatment session and thereby use the
blood treatment unit, ii) £ill the blood treatment unit
with a preservation fluid comprising at least one
treatment fluid concentrate of a type that is used to

prepare the treatment fluid, i1ii) maintain the
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preservation fluid in the blood treatment unit until a
next blood treatment session is prepared, iv) dispatch
the preservation fluid from the blood treatment unit in
preparation of a next blood treatment session, and v)
perform a next blood treatment session and thereby extend
the use of the blood treatment unit.

The blood treatment apparatus is advantageous in
that growth of harmful microorganisms efficiently may be
prevented by the maintaining of the preservation fluid in
the blood treatment unit, which allows extended use of
the blood treatment unit. Typically, the maintaining of
the preservation fluid in the blood treatment unit is
achieved by filling the blood treatment unit with the
preservation fluid and keeping the preservation fluid in
the blood treatment unit until a next blood treatment
session is prepared. An additional advantage lies in the
possibility to use the treatment fluid concentrates
already mounted on the blood treatment apparatus for the
preservation, which is cost effective and keep labor
hours down within busy dialysis clinics.

The blood treatment may further be configured to
fill the blood line with the preservation fluid and
maintain the preservation fluid in the blood line until
the next blood treatment session is prepared. In
preparation of the next blood treatment session the
preservation fluid is then dispatched from the blood
line. In some embodiments the blood treatment unit and
the blood line are arranged as a common, disposable unit.

The blood treatment apparatus may also be configured
to fill the fluid line with the preservation fluid and
maintain the preservation fluid in the fluid line until

the next blood treatment session is prepared. In
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preparation of the next blood treatment session the
preservation fluid is dispatched from the fluid line.

The preservation fluid may have a pH value less than
4.5, less than 4.0, less than 3.0 or less than 2.0.

The preservation fluid may comprise an electrolyte
solution or an electrolyte solution having a water
activity of less than 0.97, less than 0.94, or less than
0.86.

The preservation fluid may comprise an acidic
electrolyte solution, an acidic electrolyte solution
having a pH value less than 4.5, an acidic electrolyte
solution having a water activity of less than 0.97 , an
acidic electrolyte solution having a pH value less than
4.5 and having a water activity of less than 0.97, or an
acidic electrolyte solution having any combination of
above given ranges for pH and water activity.

In some embodiments the preservation fluid comprises
at least one of hydrochloric acid, citric acid, acetic
acid, N-acetylcystein, ascorbic acid, a-ketoglutarate,
gluconic acid, or combinations thereof.

The preservation fluid may comprise an A-concentrate
of a type that is used to prepare the treatment fluid.
Such an A-concentrate may comprise an acid and
electrolytes usually used to prepare a treatment fluid,
except for bicarbonate.

The acid may be at least one of hydrochloric acid,
citric acid, acetic acid, N-acetylcystein, ascorbic acid,
a—ketoglutarate, gluconic acid, or combinations thereof.

The electrolytes may among others include at least
one of sodium ions, calcium ions, potassium ions,
magnesium ions and chloride ions, or combinations

thereof.
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This A-concentrate may be diluted to some extent,
depending on the original concentrations of the component
in the A-concentrate.

The preservation fluid may comprise only
electrolytes, e.g. in form of sodium chloride. Such a
preservation fluid may be provided from a two-part A-
concentrate provided from two containers, where one
container contains sodium chloride and the other
container contains acid and optionally additional
electrolytes. By using only the container comprising the
sodium chloride, a preservation fluid having a water
activity of less than 0.97 may be provided.

The blood treatment apparatus may be configured to
maintain the preservation fluid in the blood treatment
unit for at least 8 hours until the next blood treatment
session is prepared.

The blood treatment apparatus may be configured to,
prior filling the blood treatment unit with the
preservation fluid, flush a rinsing fluid through the
blood treatment unit.

The rinsing fluid may comprise treatment fluid,
purified water, saline solution, or combinations thereof.

In some embodiments the blood treatment apparatus is
configured to, prior filling the blood treatment unit
with the preservation fluid, fill the blood treatment
unit with a protein solvent, maintain the protein solvent
in the blood treatment unit for a predetermined period of
time, and dispatch the protein solvent from the blood
treatment unit.

The blood treatment apparatus may be configured to,
prior filling the blood treatment unit with the

preservation fluid and after the dispatching the protein
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solvent, flush a rinsing fluid through the blood
treatment unit.

Again, the rinsing fluid may comprise treatment
fluid, purified water, saline solution, or combinations
thereof.

The protein solvent may comprise a bicarbonate
containing solution. In some embodiments the protein
solvent comprises a bicarbonate containing dialysate
concentrate of a type that is used to prepare the
treatment fluid passed through the blood treatment unit
during the blood treatment operation. Optionally the
protein solvent consists of a bicarbonate containing
dialysate concentrate of a type that is used to prepare
the treatment fluid passed through the blood treatment
unit during the blood treatment operation.

The blood treatment apparatus may further comprise a
processing unit and processing instructions which when
executed on the processing unit cause the blood treatment
apparatus to fill the blood treatment unit with the
preservation fluid and maintain the preservation fluid in
the blood treatment unit until a next blood treatment
session.

According to another aspect of the present invention
a method is provided for a blood treatment apparatus that
is adapted to preserve a blood treatment unit between
blood treatment sessions. The blood treatment apparatus
comprises the blood treatment unit, a blood line
configured to pass blood through the blood treatment unit
and deliver treated blood to a target vessel, and a fluid
line configured to pass treatment fluid through the blood
treatment unit and deliver used/spent treatment fluid to
a drain. The method comprises performing a blood

treatment session and thereby use of the blood treatment
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unit. Thereafter the blood treatment unit is filled with
a preservation fluid that comprises at least one
treatment fluid concentrate of a type that is used to
prepare the treatment fluid, and the preservation fluid
is maintained in the blood treatment unit until a next
blood treatment session is prepared. In preparation of a
next blood treatment session the preservation fluid is
dispatched from the blood treatment unit. Finally the
next blood treatment session is performed which thereby
includes extended use of the blood treatment unit.

The method may be configured to implement any
features discussed in connection with the blood treatment
apparatus, and shares the corresponding advantages.

Still other objectives, features, aspects and
advantages of the invention will become apparent from the
following detailed description when taken in conjunction

with the claims and drawings.

Brief Description of the Drawings

Embodiments of the invention will now be described,
by way of example, with reference to the accompanying
schematic drawings, in which

Fig. 1 illustrates a blood treatment apparatus
arranged to perform a blood treatment session,

Fig. 2 illustrates the blood treatment apparatus of
Fig. 1 when it is arranged to preserve a blood treatment
unit,

Fig. 3 is a flow chart of a general method for
preserving a blood treatment unit, as performed by the
blood treatment apparatus of Fig. 2,

Fig. 4 is a flow chart of a more detailed embodiment

of the method of Fig. 3,
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Fig. 5 is a flow chart of another embodiment of the
method of Fig. 3 and 4, and
Figs 6 - 9 illustrate results of tests performed for

evaluating preservation of a blood treatment unit.

Detailed description of the Invention

Fig. 1

With reference to Fig. 1 an embodiment of a blood
treatment apparatus 2 for extracorporeal blood treatment,
such as dialysis, 1s illustrated. The blood treatment
apparatus 2 (dialysis machine) comprises a blood
treatment unit 20 and a blood line 40 with a blood pump
44 arranged to withdraw blood from a blood source 13,
pass the blood through the blood treatment unit 20 (in
which the blood is treated) and deliver the treated blood
to a target vessel 14.

Within the blood treatment unit 20, a semi-permeable
membrane 27 i1s present and divides the blood treatment
unit 20 into a blood compartment 26 with a blood inlet 21
and a blood outlet 22, and a treatment fluid compartment
25 that has a fluid inlet 23 and a fluid outlet 24. The
membrane 27 allows the treatment fluid to interact with

the blood in a manner known within the art.

Blood line

The blood line 40 is divided into an blood
withdrawal line 41 and a blood return line 42. The blood
withdrawal line 41 has a first connector device 71 that
is connected to a first blood access device 131 in form
of e.g. a needle arrangement or a catheter device that is
inserted into the blood source 13. The blood return line

42 has a second connector device 72 that i1s connected to
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a second blood access device 141 in form of e.g. a needle
arrangement or a catheter device that is inserted into
the target vessel 14. The blood withdrawal line 41
thereby connects the blood source 13 to the blood inlet
21 of the blood treatment unit 20, while the blood return
line 42 connects the blood outlet 22 of the blood
treatment unit 20 with the target vessel 14.

Both the blood withdrawal line 41 and the blood
return line 42 has clamping means 411, 421 (automatically
and/or manually operated) allowing the blood withdrawal
line 41 and the blood return line 42 to be repeatedly
opened and closed, such that blood or some other fluid
may be allowed respectively prevented to pass through the
respective connector device 71, 72. The clamping means
411, 421 may be opened and closed by receiving control
signals from a processor unit 60 of the blood treatment
apparatus 2, such that a flow through the blood line 40
and blood compartment 26 may be controlled. The clamping
means 411, 421 may also be integrated with respective
connector device 71, 72 such that a disconnect action
automatically closes the passage through respective
connector device 71, 72.

For reasons of clarity of presentation, signal paths
between the processor unit 60 and the components it
controls have been omitted from the drawings.

The configuration of the blood line 40 and the blood
treatment unit 20 may include various other components
and control units generally present in blood treatment
apparatuses. The blood source 13 and target vessel 14 may
be a patient that receives blood treatment, but may also
be bags of blood that are handled by operators. Even
though the blood source 13 and the target vessel 14 are

shown as separate units, they may be one and the same
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unit. The blood treatment apparatus 2 may be made to
operate so as to perform single-needle dialysis and/or
double-needle dialysis, and may therefore include some
additional components conventionally used for this

purpose.

Fluid line

The blood treatment apparatus 2 has a fluid line 30
arranged to pass treatment fluid (fresh dialysis fluid)
through the blood treatment unit 20 and deliver
used/spent treatment fluid to a drain 12. The drain 12
may, for example, be a fluid sink, a sewer, a receptacle
or any other component or discharge that may receive
used/spent treatment fluid. The fluid line 30 is divided
into an upstream fluid line 31 that connects a source of
purified water 11 with the fluid inlet 23 of the blood
treatment unit 20, and a downstream fluid line 32 that
connects the fluid outlet 24 of the blood treatment unit
20 with the drain 12.

In the upstream fluid line 31 the treatment fluid is
prepared from purified water 11, a so called A-
concentrate, which may be contained in a container 15A
connected to the upstream fluid line 31, and a so called
B-concentrate, which may be contained in a container 16B
connected to the upstream fluid line 31. The A-
concentrate may be divided into two separate
concentrates, as shown in Fig. 1, in container 15A1 and
1522, but may also constitute a single A-concentrate in
one container 15A. The mixing of the purified water and
concentrates may be done according to conventional
techniques and may include measuring conductivity of the
partly prepared concentrates as well as of the treatment

fluid, this may include sending conductivity measurement
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values to the processor unit 60 which in turn may control
the mixing process such that a desired composition is
obtained for the treatment fluid.

As will be explained below, the A-concentrate(s) and
B-concentrate may be used for preparing the treatment
fluid as well as for preserving the blood treatment unit
20.

The flow through the downstream fluid line 32 to the
drain 12 may also be controlled by the processor unit 60.

The blood treatment unit 20 and the blood line 40
may be arranged as a common, disposable unit 50 in the
form of a unitary device that may be disconnected from
the blood treatment apparatus 2 and discarded once a
blood treatment session of a patient is completed. When a
new patient shall undertake treatment by the blood
treatment apparatus 2, a new and similar common unit 50
is connected to the apparatus 2 and a treatment session
may commence. For allowing the disposable unit 50 to be
connected to the apparatus 2, a third connector device 73
is arranged in the upstream fluid line 31 and a fourth
connector device 74 is arranged in the downstream fluid
line 32.

The third and fourth connector devices 73, 74 are
part of the disposable unit 50 or the blood treatment
unit 20, and the third connector device 73 is connected
to an upstream connector device 311. The fourth connector
device 74 is connected to a downstream connector device
321. Alternatively or additionally, each of the third and
fourth connector devices 73, 74 and the upstream and
downstream connector devices 311, 321 may have clamping
means (not shown) separated or integrated as disclosed
above for the connector devices 71, 72, which may,

manually or automatically, be opened and closed.
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Concentrates

Typically, the A-concentrate in the container 15A or
the containers 15A1 and 15A2 may be a concentrate, or
concentrates containing acid and electrolytes usually
used to prepare a treatment fluid, except sodium
bicarbonate. The acid may be at least one of hydrochloric
acid and organic acid, such as citric acid, acetic acid,
N-acetylcystein, ascorbic acid, oa-ketoglutarate, gluconic
acid, etc or combinations thereof. The electrolytes may
among others include at least one of sodium ions, calcium
ions, potassium ions, magnesium ions, chloride ions, or
combinations thereof.

The A-concentrate may further contain glucose or
glucose-1like compounds.

During a treatment session, the A-concentrate(s) is
(are) mixed with purified water and contributes to the
acidic component of the treatment fluid that is passed
through the treatment unit 20 during the treatment
session. The A-concentrate is highly acidic and may have
a pH value of about 2 in its concentrated form. When
diluted to the concentration used in preparation of the
treatment fluid, the pH wvalue may be less than 4.5. An
example of commercially available A-concentrate contained
in a container is a product named SoftPac™, which is
provided by Gambro.

As disclosed above, the A-concentrate may also be
provided from two containers, where one container
contains sodium chloride (container 15A1) and the other
container contains acid and optionally additional
electrolytes which includes at least one of calcium ions,
potassium ions, magnesium ions, chloride ions, or

combinations thereof (container 15A2). Such a two-part A-
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concentrate system is provided by Gambro under the name
of SelectBag® and SelectCart®. This allows for control of
the concentration of sodium chloride in the treatment
fluid independently from the acid and other optional
electrolytes.

The B-concentrate in container 16B may comprise
sodium bicarbonate, either as a concentrated solution or
as a powder which may be dissolved by purified water on-
line in the blood treatment apparatus 2 during the
treatment session. The B-concentrate contributes to the
basic and buffer component of the treatment fluid that is
passed through the treatment unit 20 during the treatment
session. Specifically, the B-concentrate may comprise, or
may consist of, a sodium bicarbonate containing dialysate
concentrate of a type that is used to prepare the
treatment fluid that is passed through the blood
treatment unit 20 during a blood treatment session. One
example of a commercially available B-concentrate is the
product named BiCart®, which is provided by Gambro.

The fluid line 30 may implement known techniques and
standards, and may thus include various components and
control units generally used in blood treatment
apparatuses, such as filters, flow meters, pressure

sensors, additional pumps, valves and clamps etc.

Preservation Fluid

The preservation fluid is a fluid intended to
prevent growth of potentially harmful microorganisms
between treatment sessions. It may be used in the blood
treatment unit 20 and/or in the blood line 40. The
preservation fluid may also be used to prevent growth of
potentially harmful microorganisms in the fluid line 30

between treatment sessions.
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The preservation fluid is prepared in the blood
treatment apparatus 2 using available concentrates. Thus,
the preservation fluid may comprise at least one
treatment fluid concentrate of a type that is used to
prepare the treatment fluid.

The preservation fluid may comprise an A-
concentrate. As disclosed above in the section
“Concentrates”, such an A-concentrate may comprise acid
and electrolytes usually used to prepare a treatment
fluid, except for bicarbonate. Such an A-concentrate may
be diluted by purified water within different ranges
depending on the original concentrations of the
components in the A-concentrate.

The preservation fluid may further comprise only
electrolytes. Such a preservation fluid may be provided
from a two-part A-concentrate as disclosed above under
the section *“Concentrates”. By using only the container
comprising sodium chloride, a preservation fluid only
comprising electrolytes may be provided. By diluting such
a sodium chloride concentrate, different degree of water
activity, ay, may be provided in the preservation fluid.
Also here, a dilution may be applied, maintaining a
relatively low water activity, a,, below 0.97.

Further, having such a two-part A-concentrate also
allows for the possibility to provide a preservation
fluid by only using the part of the A-concentrate
comprising acid and optional other electrolytes but for
sodium chloride. A preservation fluid having an acidic
PH, a pH value below 4.5, but not necessarily having a
water activity less than 0.97 may then be provided. Also
here different dilutions of the A-concentrate may be
prepared to provide the preservation fluid, which then is

mainly acidic.
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Tests

Tests have shown that a preservation fluid based on
a diluted A-concentrate efficiently may preserve a blood
treatment unit, a blood line and/or a fluid line by
preventing growth of harmful microorganisms.

Microorganisms require certain basic nutrients such
as water, a source of energy, nitrogen, vitamins, and
minerals for growth and maintenance of metabolic
functions. The amount and type of nutrients required
range widely depending on the type of microorganism. In
order to prevent growth of microorganisms one may
restrict one or several of the above mentioned
requirements for growth. Moreover, temperature, pH and
water activity will also affect growth and survival of
the microorganisms.

Microorganisms need available water for growth. The
amount of water needed for growth of microorganisms
varies. The water requirement is expressed in terms of
available water or water activity (ay). The a, of purified
water is 1.00. Low a, has traditionally been used to
control microbial deterioration of food. Low water
activity will also prevent microbial growth within
pharmaceutical drug products.

Water activity may be combined with other
preservation factors, such as temperature, high and low
PH etc. to establish conditions that inhibit
microorganisms. Different microbial inhibitory factors
that might not prevent growth when considered singly
prevent growth when used together.

Water activity is defined as the ratio of water
vapour pressure of the product of interest to the vapour

pressure of pure water at the same temperature, a, =P/Pg
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where P=vapour pressure of the solution and Py=vapour
pressure of pure water. The a, may be manipulated in
products by a number of means, including addition of
solutes such as salt or sugar, physical removal of water
by drying, or binding of water to various macromolecules.
An a, value stated for a microorganism is generally the
minimum a, which supports growth. In table 1 water
activities required to support the growth of
representative microorganisms are presented. At a, values
below the minimum for growth, the microorganisms do not
necessarily die. The microorganisms may however remain
dormant. The limiting value of water activity for the

growth of any microorganism is about 0.6 (USP<1112>).

Table 1. Water Activities (ay), measured at 25°C,
required to support the growth of representative

microorganisms (adapted from USP <1112>)

Bacteria Water Molds and yeasts Water
activity activity
(aw) (aw)

Pseudomonas 0.97 Saccharomyces 0.90

aeruginosa cerevisiae

Bacillus cereus 0.95 Candida 0.88

Clostridium 0.95 Aspergillus niger | 0.77

botulinum Type A

Escherichia colil 0.95 Zygosachharomyces | 0.62
rouxii
(osmophilic
yeast)

Clostridium 0.95

perfringens

Lactobacillus 0.95

viridescens

Salmonella spp. 0.95
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Enterobacter 0.94
aerogenes

Bacillus subtilis | 0.90
Micrococcus 0.93
lysodekticus
Staphylococcus 0.86
aureus

Halobacterium 0.75
halbium

(halophilic

bacterium)

Sodium chloride

The preserving effect of sodium chloride (NaCl)
involves more than the dehydrating capacity. The minimum
ay for the growth of various microorganisms is higher
when NaCl is used compared to other solutes such as
glycerol (Taormina, 2010). Please se table 2 below for

water activity in various NaCl solutions.

Table 2. Water Activity of Various NaCl Solutions
(adapted from FDA Bad Bug Book)

Percent NaCl (w/v) Molal Water Activity

(aw)
0.9 0.15 0.995
1.7 0.30 0.99
3.5 0.61 0.98
7.0 1.20 0.96
10.0 1.77 0.94
13.0 2.31 0.92
16.0 2.83 0.90
22.0 3.81 0.86
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pH

In general, most microorganisms grow best in an
environment with a pH range between 6-8, yeasts 4.5-6.0
and filamentous fungi 3.5-4.0. The ability of low pH to
restrict microbial growth has been used since the
earliest times in the preservation of foods with acetic
and lactic acids. The activity and stability of
macromolecules such as enzymes are greatly affected by
the acidity or alkalinity of the environment.

The ability of microorganisms to grow or survive in
acidic environments depends on the proton concentration
which is determined by the pH, and on the type of acid.
It is well known that although addition of strong acids
has a more profound effect on pH they are less inhibitory
than several weak organic acids at the same pH. The
inhibitory properties of many of the organic acids,
acetic, benzoic, citric, lactic, proprionic, and sorbic
acids make them widely used as preservatives. Organic
acids are more effective as preservatives in the non-
dissociated state. In the non-dissociated states weak
acid molecules pass through the membrane. Inside the cell
the acid dissociates and hence lowers the pH of the
cytoplasm. The cell will try to maintain its internal pH
by neutralizing or by active transport of the protons out
from the cell. In doing so the cell waste energy from
growth related functions which hinder the growth. If the
PH of the environment is sufficiently low and the
extracellular concentration of the acid high the cell
will eventually die.

Growth studies of the bacteria Staphylococcus,
Serratia, and Bacillus showed that they could not
increase in acidic (pH 5.6 or lower) total parenteral

solutions without lipids whereas the yeast Candida
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albicans grew at pH 5.5 (Kuwahara et al., 2010).

Moreover growth studies with the yeast C. albicans adding
different weak acids to the medium resulting in pH in the
range 2.3 to 3.6 (acetic acid pH 3.6; citric acid pH 2.4,
succinic acid pH 2.8, tartaric acid pH 2.3) showed that
the C. albicans grew as well as the control with pH 5.5
in media (De Seta et al., 2009). However adding fumaric
and maleic acid resulting in pH 2.6 and 2.0,

respectively, resulted in inhibition of growth.

Table 3. Approximate pH values permitting growth
(adapted from FDA, Food)

Microorganism Minimum Optimum | Maximum
Bacillus cereus 4.9 6.0-7.0 | 8.8
Clostridium botulinum 4.6 8.5
Escherichia coli 4.4 6.0-7.0 9.0
Clostridium perfringens 5.5-5.8 7.2 8.0-9.0
Salmonella spp. 4.2 7.0-7.5 19.5
Staphylococcus aureus 4.0 6.0-7.0 |10.0
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Test 1

A test 1 A-concentrate was used comprising: 210,7 g
sodium chloride; 5,22 g potassium chloride; 7,12 g
magnesium chloride; 9,01 g calcium chloride; 35g glucose;
6,75 g citric acid, and purified water to a final volume
of 1 liter.

This test 1 A-concentrate was then diluted with
purified water to obtain test 1 diluted concentrates with
the following proportions (test 1 A-concentrate:water):
1:1; 1:2; 1:4; 1:8; 1:16; 1:35.

PH and water activity was measured for each test 1

diluted concentrate, see table 4 below.

Table 4. pH and water activity measurements of test

1 diluted concentrates.

Dilution PH Water activity
Aw

1:1 1.4 0.86

1:2 2.0 0.94

1:4 2.3 0.97

1:8 2.6 0.98
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1:16 2.9 0.99

1:35 3.2 1.0

The water activity was measured in the different
dilutions with AQUA Lab 4TEV instrument from Decagon
Devices at 25°C according to the instructions from the
manufacturer.

The test 1 diluted concentrates were then tested on
yeast organism Candida albicans ATCC (American Type
Culture Collection) 10231 and on the organism Pseudomonas
aeruginosa ATCC 15442. The tests were performed by
covering the respective organism with the different test
1 diluted concentrates, and the concentration of the
organisms (Colony Forming Units (CFU) per ml) were
measured over time. As may be seen from Fig. 6, the
different test 1 diluted concentrates efficiently
prevented growth of or killed (the 1:1 and 1:2
concentrates) the organism Candida albicans.

As may be seen from Fig. 7, the different test 1
diluted concentrates were able to efficiently kill the

organism Pseudomonas aeruginosa.

Test 2

A test 2 A-concentrate was used comprising: 210,7 g
sodium chloride; 5,22 g potassium chloride; 7,12 g
magnesium chloride; 9,01 g calcium chloride; 6,31 g
acetic acid; and purified water to a final volume of 1
liter.

The test 2 A-concentrate was then diluted with
purified water to obtain test 2 diluted concentrates with
the following proportions (test 2 A-concentrate:purified

water): 1:1; 1:2; 1:4; 1:8; 1:16; 1:35.
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PH and water activity was measured for each test 2

diluted concentrate, see table 5 below.

Table 5. pH and water activity measurements of test

2 diluted concentrates.

Dilution PH Water activity

Ay

.84

.93

.97

.98

.99

I e e
w| | oo & v =~
wl w| w| N o
ol | | O o ~
o| o o o o o

a1l o

.99

The test 2 diluted concentrates were then tested on
the same organisms as the test 1 diluted concentrates
above, by using the same method.

As may be seen from Fig. 8, the different test 2
diluted concentrates efficiently prevented growth of or
killed (the 1:1, 1:2, 1:4, 1:8 second type diluted
concentrates) the organism Candida albicans.

As may be seen from Fig. 9, the test 2 diluted
concentrates were able to efficiently kill the organism

Pseudomonas aeruginosa.

Preservation

The blood treatment apparatus 2 is configured to
preserve the blood treatment unit 20 between blood
treatment sessions such that it may be used an extended
number of times. This preservation may also include the
blood line 40 such that the disposable unit 50 may be

preserved. In addition to preserving the blood treatment
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unit 20 and optionally also the blood line 40, the fluid
line 30 may also be preserved.

For implementing the preservation the blood
treatment apparatus 2 has a fluid branch line 39 that is
connected between the upstream fluid line 31 and a first
preservation connector 391. The first preservation
connector 391 may be opened respectively closed, either
manually or by receiving control signals from the
processor unit 60, and is connectable to the first
connector device 71 of the blood withdrawal line 41 (or
alternatively to the second connector device 72 of the
blood return line 42).

The exemplified blood treatment apparatus 2 may also
have a discharge line 122 that is arranged in between the
drain 12 and a second preservation connector 121. The
second preservation connector 121 may also be opened
respectively closed, either manually or automatically,
e.g. by receiving control signals from the processor unit
60, and 1s connectable to the second connector device 72
of the blood return line 42 (or alternatively to the
first connector device 71 of the blood withdrawal line

41) .

Fig. 2

With reference to Fig. 2 the blood treatment
apparatus 2 is illustrated when it is arranged to
preserve the blood treatment unit 20, the blood line 40
and/or the fluid line 30. As may be seen, the blood
access devices 131, 141 are now disconnected from the
blood line 40. Instead, the first connector device 71 is
connected to the first preservation connector 391 and the
second connector device 72 is connected to the second

preservation connector 121. The upstream fluid line 31
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may then direct a flow of preservation fluid into the
blood line 40.

When the change from the blood access devices 131,
141 to the preservation connectors 391, 121 is performed,
the blood withdrawal line 41 and the blood return line 42
may be clamped by clamping means 411, 421.

When the blood treatment apparatus 2 is arranged to
preserve the fluid line 30, the upstream fluid line 31
may then direct a flow of preservation fluid through the
fluid line 30 in the same route as the treatment fluid
normally flows during a treatment session.

When both the fluid line 30 and the blood treatment
unit 20 and the blood line 40 is to be preserved, the
upstream fluid line 31 may direct a flow of preservation
fluid through both the fluid line 30 and the blood line

40, or one before the other.

Fig. 3

With further reference to Fig. 3, when the blood
treatment apparatus 2 is arranged as in Fig. 2 it may
preserve the blood treatment unit 20 by performing a
number of steps.

The preservation presumes that a first step 301 of
the method includes preparation (priming) of the blood
treatment apparatus 2 and the following blood treatment
session for a patient, which may be performed according
to known techniques and which results in that the blood
treatment unit 20 is used.

During the blood treatment session no fluid may
enter or exit the fluid branch line 39, and A-
concentrate(s) and B-concentrate are continuously used
for preparing the treatment fluid that is passed through
the blood treatment unit 20.
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The first and second connector devices 71, 72 are
sealed, as disclosed above, at the end of the first step
301 such that no fluid may flow from or to the blood
source 13 and the target vessel 14, respectively. The
first and second blood access devices 131 and 141 are
then disconnected from the blood line 40 and the first
and second connector devices 71, 72 are connected to the
preservation connectors 391, 121.

In a next step 308 the blood treatment unit 20 is
filled with preservation fluid. In this step the
processor unit 60 may control the dilution and mixing
such that the concentration of the A-concentrate in the
treatment fluid is increased in comparison with the
concentrate level that is used for the treatment fluid,
while there is no supply of the B-concentrate into the
upstream fluid line 31. The preservation fluid is fed to
the blood treatment unit 20 via the fluid branch line 39
into the connector devices 71, 72 and the preservation
connectors 391, 121. The processor unit 60 may be
responsible for controlling the connector devices 71, 72,
the preservation connectors 391, 121 such that the
preservation fluid may be fed from the upstream fluid
line 31, through the fluid branch line 39 to the blood
withdrawal line 41.

The filling of the blood treatment unit 20 may be
stopped when the blood line 40 and the blood compartment
40 1s filled with preservation fluid. The filling
operation is completed by closing the connector devices
71, 72 and/or the preservation connectors 391, 121. The
effect of the filling is that both the blood treatment
unit 20 and the blood line 40 are filled with the
preservation fluid. When preservation fluid is fed into

the blood line 40 any fluid already present in the blood
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line 40 is rinsed out and is conveyed to the drain 12. 0Of
course, it is possible to use a separate drain for fluid
that is rinsed out, which may be desirable when the
rinsed out fluid comprises blood or blood residues.

In a next step 309 the preservation fluid is
maintained in the blood treatment unit 20 until a next
blood treatment session is prepared. This means that the
connector devices 71, 72 and/or the preservation
connectors 391, 121 remain closed until the preparations
for the next blood treatment session commence. Typically,
when treating an average patient the preservation fluid
is maintained in the blood treatment unit 20 for 8 hours
or longer, such as 16 - 22 hours or even up to 70 hours
or more. The result of this step is that harmful
microorganism growth in the blood treatment unit 20 or in
the blood line 40 is prevented.

In a next step 310 the preservation fluid is
dispatched from the blood treatment unit 20 and the blood
line 40. This is done as part of preparing the blood
treatment apparatus 2 for a next blood treatment session
and may be accomplished by opening the connector devices
71, 72 and the preservation connectors 391, 121. Purified
water is then fed from the source of purified water 11,
into the fluid branch line 39, into the blood withdrawal
line 41, into the blood treatment unit 20, out of the
blood return line 42, through the discharge line 122, and
to the drain 12. The discharge line 122 may be in fluid
communication with the downstream fluid line 32, but may
also be directly connected to drain (not shown). When the
preservation fluid is dispatched a new treatment
operation may start, i.e. the method may be re-iterated

by returning to the first step 301.
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Fig. 4

The method described in connection with Fig. 3 is a
general description of how the blood treatment apparatus
2 may preserve the blood treatment unit 20. A number of
additional steps for preservation may be performed, as
illustrated with reference to the more detailed method of
Fig. 4.

In a first step 301 of the detailed method, a blood
treatment session is performed for a patient as described
in connection with Fig. 3. As mentioned, this results in
that the blood treatment unit 20 is used and in that both
A-concentrate and B-concentrate are continuously used for
preparing the treatment fluid that is passed through the
blood treatment unit 20.

In a next step 303 the blood treatment unit 20 is
rinsed or flushed. This may be accomplished by conveying
a rinsing fluid from the upstream fluid line, into the
fluid branch line 39, into the blood withdrawal line 41,
through the blood treatment unit 20, out of the blood
return line 42, through the discharge line 122, and to
the drain 12. By virtue of the blood lines' connection to
the blood treatment unit 20, the blood line 40 is also
rinsed when the blood treatment unit 20 is rinsed. The
rinsing typically removes blood residues from the blood
treatment unit 20 and the blood line 40. The rinsing
fluid may be purified water, but may also comprise
treatment fluid or a physiological saline solution.

In three next steps 308, 309, 310 the blood
treatment unit 20 and blood line 40 are filled with the
preservation fluid, the preservation fluid is maintained
therein and is thereafter dispatched, Jjust as described

in connection with steps 308, 309, 310 of Fig. 3.
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In a next step 311 rinsing of the blood treatment
unit 20 and the blood line 40 is performed again, which
may be done in a manner corresponding to step 303. The
step 311 of rinsing typically removes any residues of
preservation fluid, and may be an integral part of the
step 310 of dispatching of the preservation fluid. The
rinsing fluid may initially be purified water, but may at
the end of the rinsing operation comprise treatment fluid
or at least a physioclogical saline solution.

When the preservation fluid is rinsed out a new
treatment operation may start, i.e. the method may be re-
iterated by returning to the first step 301.

However, before returning to step 301 a step of
checking the blood treatment unit 20 for its capability
to treat blood may be performed. This may be done by
performing a so-called conductivity measurement where a
conductivity pulse is created at the fluid inlet 23 of
the blood treatment unit 20 and a step response is
measured by means of e.g. a conductivity cell (not shown)
arranged downstream the blood treatment unit 20. A so
called clearance, i1.e. indication of the current
performance of the blood treatment unit 20, may
thereafter be calculated by the processor unit 60 based
on the step response.

If the clearance is insufficient a next step 313 of
replacing the blood treatment unit 20 with a new similar
one is performed, and thereafter the first step 301 of
performing a blood treatment session may be reentered. On
the other hand, if the clearance is sufficient, step 301
is reentered but without replacing the blood treatment
unit 20.

It is possible to perform the step 312 of checking
the capability of the blood treatment unit 20 during the
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blood treatment session, i.e. steps 301 and 312 may be
performed in parallel instead of sequentially.
Alternatively, the step 312 of checking the blood
treatment unit 20 for its capability for treating the
blood may be done directly after step 301, before step
303 where the blood treatment unit 20 is rinsed. In
either case, if the capability of the blood treatment
unit is insufficient then step 313 of replacing the blood
treatment unit 20 may be entered directly after step 301
is complete.

During the step 301 of performing the blood
treatment session, or during any other subsequent step,
an integrity test may be done for ensuring that the
membrane 27 in the blood treatment unit 20 does not leak.
If the integrity test should show that the membrane 27
leaks, then the step 313 of replacing the blood treatment
unit 20 should be entered. The integrity test may be
embodied as an integral part of the step 312 of checking
the capability of the blood treatment unit 20.

To verify that the blood line 40 is filled with a
proper composition of preservation fluid or protein
solvent, or that the blood line 40 is sufficiently rinsed
during the steps of rinsing, the apparatus 2 may comprise
conductivity meter (not shown) that is arranged in the
discharge line 122. The conductivity meter may measure a
composition of a fluid in the discharge line 122 and send
a corresponding signal to the processor unit 60. The
processor unit 60 may also or alternatively control the
composition of the fluid that is fed into the fluid
branch line 39, such that a proper fluid composition is

fed into the blood line 40.
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Fig. b5

The method described in connection with Fig. 3 and 4
may comprise a number of additional steps for
preservation, as illustrated with reference to the more
detailed method of Fig. 5.

In a first step 301 of the detailed method, a blood
treatment session is performed for a patient as described
in connection with Fig. 3. As mentioned, this results in
that the blood treatment unit 20 is used and in that both
A-concentrate and B-concentrate are continuously used for
preparing the treatment fluid that is passed through the
blood treatment unit 20.

In a next step 303 the blood treatment unit 20 is
rinsed or flushed as described in connection with Fig.4.

In a next step 304 the blood treatment unit 20 and
the blood line 40 are filled with a protein solvent like
the B-concentrate described above. This step may be
performed in a manner similar with step 308 of Fig. 3,
with the difference that the processor unit 60 controls
the dilution and mixing such that the concentration of
the B-concentrate in the protein solvent is increased in
comparison with the concentrate level that is used for
the treatment fluid, while there is no supply of the A-
concentrate into the upstream fluid line 31.

In a next step 305 the protein solvent is maintained
in the blood treatment unit 20 for a predetermined period
of time, tAs, such as 10-15 minutes. The result of this
step is that blood proteins remaining in the blood
treatment unit 20 and the blood line 40 are solved, which
is accomplished by the protein solving characteristics of

the B-concentrate (bicarbonate).
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In a next step 306 the protein solvent is dispatched
or flushed out from the blood treatment unit 20.
Dispatching the protein solvent may be done in a manner
corresponding to the dispatching of the preservation
fluid in step 310 of Fig. 3.

In a next step 307 rinsing of the blood treatment
unit 20 and the blood line 40 is performed again, which
may be done in a manner corresponding to step 303. In
this context, dispatching a fluid (in the form blood or
any other solution) from the blood treatment unit 20 and
the blood line 40 may in some embodiments result in
rinsing or flushing. In a corresponding manner rinsing or
flushing may result in dispatching a fluid in the blood
treatment unit 20 and blood line 40. Thus, steps 306 and
307 may be integrated into one step. The rinsing
typically removes the protein solvent together with any
therein solved proteins.

In three next steps 308, 309, 310 the blood
treatment unit 20 and blood line 40 are filled with the
preservation fluid, the preservation fluid is maintained
therein and is thereafter dispatched, Jjust as described
in connection with steps 308, 309, 310 of Fig. 3.

In two next steps 311 and 312 the blood treatment
unit 20 and blood line 40 are rinsed again, and check of
performance is done, just as described in connection with

step 311 and step 312 of Fig. 4.

Preserve fluid line

In addition to as an alternative to preserving the
blood treatment unit 20 and optionally the blood line 40,
the fluid line 30 may be preserved in a similar manner.
This may include filling the fluid line 30 with a

preservation fluid like the one used for the blood
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treatment unit 20, and maintaining the preservation fluid
in the fluid line 30 for e.g. the same period of time as
maintaining the preservation fluid in the blood treatment
unit 20.

Typically, the fluid line 30 is then filled with
preservation fluid before, after or simultaneously to the
blood treatment unit 20 is filled with preservation
fluid. The preservation fluid may be discarded from the
fluid line 30 before a next treatment operation by
rinsing it with new treatment fluid.

Preserving the fluid line 30 may be done
independently of the preserving of the blood treatment
unit 20, i.e. the blood treatment apparatus 2 may be
configured to: 1) perform a blood treatment session and
thereby use the fluid line 30, ii) f£ill the fluid line 30
with a preservation fluid comprising at least one
treatment fluid concentrate of a type that is used to
prepare the treatment fluid, iii) maintain the
preservation fluid in the fluid line 30 until a next
blood treatment session is prepared, iv) dispatch the
preservation fluid from the fluid line 30 in preparation
of a next blood treatment session, and v) perform a next
blood treatment session and thereby use the fluid line 30
again.

Steps of the preservation method may be performed by
the processor unit 60 that controls various parts of the
blood treatment apparatus 2. For this purpose the
processor unit 60 typically includes one or more
processing devices such that a central processing unit 61
which may execute software instructions, i.e. computer
program code that carry out relevant steps and operations
described above. For this purpose the blood treatment

apparatus 2 may include a computer-readable memory 62
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that stores the software instructions. These may for
development convenience be written in a high-level
programming language such as Java, C, and/or C++ but also
in other programming languages, such as, but not limited
to, interpreted languages.

The steps of rinsing 303, 307, 311, filling 304, 308
and dispatching 306, 310 may be initiated by commands
implemented by one or more software instructions stored
on the computer-readable memory 62. Also, relevant
controlled means for performing the method are typically
controlled by the processor unit 60. From this follows,
that the blood treatment unit is specifically configured
to perform the described operations.

From a hardware perspective it may be said that the
blood treatment unit comprises e.g. a pump capable of
filling the blood treatment unit with the preservation
fluid, and closure devices, for example in form of
clamps, connector devices or valves, that maintain the
preservation fluid in the blood treatment unit until a
next blood treatment session is prepared. The pump may
then dispatch the preservation fluid from the blood
treatment unit in preparation of a next blood treatment
session, and the apparatus may thereafter perform a next
blood treatment session and thereby reuse the blood
treatment unit.

Of course, the principles described herein for
preserving a blood treatment unit may be employed in
connection with other apparatuses as well, for example by
apparatuses to which a blood treatment unit may be
connected, filled with fluid and subsequently emptied
from fluid. Moreover, 1f the connector devices 71-74 are
closed after the blood treatment unit 20 is filled with

preservation fluid, then the disposable unit 50 may be
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removed from the apparatus 2 and stored at some other
suitable location until it shall be reused. In the
meantime, the apparatus 2 may be used by another patient.
Also, other techniques for filling the blood
treatment unit and maintaining a fluid therein may be
used, and some method steps described herein may be
performed in a different order than the illustrated one
or may be combined, such as a dispatching step and its
following rinsing step. Thus, although various
embodiments of the invention have been described and
shown, the invention is not restricted thereto, but may
also be embodied in other ways within the scope of the

subject-matter defined in the following claims.



WO 2012/163737 PCT/EP2012/059520
36

CLATIMS

1. A blood treatment apparatus adapted to preserve a
blood treatment unit (20) between blood treatment
sessions, the blood treatment apparatus comprising the
blood treatment unit (20), a blood line (40) configured
to pass blood through the blood treatment unit (20) and
deliver treated blood to a target vessel (14), and a
fluid line (30) configured to pass treatment fluid
through the blood treatment unit (20) and deliver
used/spent treatment fluid to a drain (12), characterized
in that the blood treatment apparatus is configured to:

perform a blood treatment session and thereby use
the blood treatment unit (20),

fill the blood treatment unit (20) with a
preservation fluid comprising at least one treatment
fluid concentrate of a type that is used to prepare the
treatment fluid,

maintain the preservation fluid in the blood
treatment unit (20) until a next blood treatment session
is prepared,

dispatch the preservation fluid from the blood
treatment unit (20) in preparation of a next blood
treatment session, and

perform a next blood treatment session and thereby
extend the use of the blood treatment unit (20).

2. A blood treatment apparatus according to claim 1,
configured to fill the blood line (40) with the
preservation fluid, maintain the preservation fluid in
the blood line (40) until the next blood treatment
session is prepared, and dispatch the preservation fluid
from the blood line (40) in preparation of the next blood

treatment session.
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3. A blood treatment apparatus according to claim 1
or 2, configured to fill the fluid line (30) with the
preservation fluid, maintain the preservation fluid in
the fluid line (30) until the next blood treatment
session is prepared, and dispatch the preservation fluid
from the fluid line (30) in preparation of the next blood
treatment session.

4. A blood treatment apparatus according to any one
of claims 1 - 3, wherein the preservation fluid has a pH
value less than 4.5.

5. A blood treatment apparatus according to any one
of claims 1 - 4, wherein the preservation fluid comprises
an electrolyte solution.

6. A blood treatment apparatus according to claim 5,
wherein the preservation fluid comprises an electrolyte
solution having a water activity of less than 0.97.

7. A blood treatment apparatus according to any one
of claims 1 - 6, wherein the preservation fluid comprises
at least one of hydrochloric acid, citric acid, acetic
acid, N-acetylcystein, ascorbic acid, a-ketoglutarate,
gluconic acid, or combinations thereof.

8. A blood treatment apparatus according to any one
of claims 1 - 7, configured to maintain the preservation
fluid in the blood treatment unit (20) for at least 8
hours until the next blood treatment session is prepared.

9. A blood treatment apparatus according to any one
of claims 1 - 8, wherein the blood treatment unit (20)
and the blood line (40) are arranged as a common,
disposable unit (50).

10. A blood treatment apparatus according to any one
of claims 1 - 9, configured to, prior filling the blood
treatment unit (20) with the preservation fluid, flush a

rinsing fluid through the blood treatment unit (20).
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11. A blood treatment apparatus according to any one
of claims 1 - 10, comprising a processing unit (60) and
processing instructions (61) which when executed on the
processing unit (60) cause the blood treatment apparatus
to fill the blood treatment unit (20) with the
preservation fluid and maintain the preservation fluid in
the blood treatment unit (20) until a next blood
treatment session.

12. A method for a blood treatment apparatus adapted
to preserve a blood treatment unit (20) between blood
treatment sessions, the blood treatment apparatus
comprising the blood treatment unit (20), a blood line
(40) configured to pass blood through the blood treatment
unit (20) and deliver treated blood to a target vessel
(14), and a fluid line (30) configured to pass treatment
fluid through the blood treatment unit (20) and deliver
used/spent treatment fluid to a drain (12), the method
characterized by:

performing (301) a blood treatment session and
thereby use the blood treatment unit (20),

filling (308) the blood treatment unit (20) with a
preservation fluid comprising at least one treatment
fluid concentrate of a type that is used to prepare the
treatment fluid,

maintaining (309) the preservation fluid in the
blood treatment unit (20) until a next blood treatment
session is prepared,

dispatching (310) the preservation fluid from the
blood treatment unit (20) in preparation of a next blood
treatment session, and

performing (301) a next blood treatment session and

thereby extend the use of the blood treatment unit (20).
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