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(57) ABSTRACT

The present invention relates to a method for removing a
first fluid from a blood filter for the blood treatment of a
patient and/or for removing blood from the blood filter after
completing the blood treatment session. It further relates to
a medical treatment apparatus having a control device with
which a method for removing a first fluid from a blood filter
is executable, a digital storage medium, and a computer
program product.
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METHOD FOR REMOVING FLUID FROM A
BLOOD FILTER AFTER COMPLETING A
BLOOD TREATMENT SESSION BY MEANS
OF FLOW INCREASE AND TREATMENT
DEVICE FOR CARRYING OUT SAID
METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional application of and
claims priority to U.S. patent application Ser. No. 15/322,
840, filed on Mar. 30, 2017, which is the national stage entry
of International Patent Application No. PCT/EP2015/
064833, filed on Jun. 30, 2015, and claims priority to
Application No. DE 10 2014 109 136.1, filed in the Federal
Republic of Germany on Jun. 30, 2014, the disclosures of
which are express incorporated herein in its entirety by
reference thereto.

FIELD OF THE INVENTION

[0002] Aspects of the present invention relate to a method
and apparatus for removing fluid from a blood filter for the
extracorporeal blood treatment of a patient after completing
the blood treatment session.

BACKGROUND

[0003] Blood filters and extracorporeal blood circuits are
usually disposables and are disposed of after their use.
Disposing is cost-intensive and is to be paid for by weight
of waste. For this reason, and also in order to reduce the risk
of contamination, these disposables are thus emptied from
fluid and in particular from blood before being disposed of.

SUMMARY

[0004] Aspects of the invention relate to methods as well
as suitable apparatuses for removing fluid from a blood filter
or a blood chamber hereof and optionally from an extracor-
poreal blood circuit connected herewith.

[0005] Thus, a method for removing fluid, in particular
blood, from a blood filter used for the blood treatment of a
patient after completing the blood treatment session is
proposed. The blood filter comprises a blood chamber and a
dialysate chamber between which a membrane is arranged,
wherein the blood chamber is connected for the blood
treatment with an arterial blood line which leads to the blood
chamber and a venous blood line which leads away from the
blood chamber as well as a dialysis fluid inlet line which
leads to the dialysate chamber and a dialysate outlet line
which leads away from the dialysate chamber. The method
encompasses displacing the fluid from the blood chamber by
introducing substituate or a dialysis fluid into the arterial
blood line, preferably upstream of the blood chamber.
[0006] In some aspects, the control device, which may
also be or embodied as a regulating device, is suitable and
provided and/or designed and/or configured for executing
the method in interaction with a medical blood treatment
apparatus. It can optionally comprise further devices such
as, for example, storage devices, addition devices, auto-
mated signaling devices and so on.

[0007] In some aspects, the medical treatment apparatus
(hereafter also in short: treatment apparatus) comprises at
least one extracorporeal blood circuit with a line interior. It
is further equipped with at least one blood pump for con-
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veying blood within the line interior of the extracorporeal
blood circuit, the blood pump being arranged at or in the
extracorporeal blood circuit. In addition, it comprises at least
one device, e.g. a conveying device or a substituate or
dialysis fluid pump, provided for introducing substituate or
dialysis fluid into the arterial blood line. Moreover, it
comprises a control or regulating device.

[0008] In some aspects, a storage device, in particular a
digital one, in particular a non-volatile one (denoted here
also as carrier), in particular a disk, RAM, ROM, CD, hard
disk, USB stick, flash card, SD card, or EPROM, in par-
ticular with electronically or optically readable control sig-
nals may interact with a programmable computer or com-
puter system such that the mechanical steps of the herein
described method are prompted.

[0009] In doing so, all or some of the steps of the method
which are executed by the machine may be prompted.
[0010] Insome aspects, a computer program product com-
prises a volatile program code or a program code saved on
a machine-readable storage device for prompting the
mechanical steps of the method when the computer program
product runs on a computer.

[0011] The term machine-readable storage device, as used
herein, denotes in certain embodiments a carrier which
contains data or information which is interpretable by soft-
ware and/or hardware. The carrier may be a data carrier such
as a disk, a CD, DVD, a USB stick, a flashcard, an SD card
an EPROM and the like.

[0012] In some aspects, a computer program comprises a
program code for prompting the steps of the method that are
carried out or executed by the machine when the computer
program runs on a computer.

[0013] Hereby, all, several or some of the mechanically
executed steps of the method may be prompted.

[0014] In some aspects, a computer program product can
be understood as, for example, a computer program which is
stored on a data carrier, an embedded system as a compre-
hensive system with a computer program (e.g. an electronic
device with a computer program), a network of computer-
implemented computer programs (e.g. a client-server sys-
tem, a cloud computing system, etc.), or a computer on
which a computer product is loaded, executed, saved or
developed.

[0015] Insome aspects, a computer program can be under-
stood as, for example, a physical software product, which is
ready for distribution and contains a computer program.
[0016] It also applies for the computer program product
and the computer program that all or some of the steps of the
method that are executed by the machine are prompted.
[0017] In the following embodiments, the use of the
expression may be or may have and so on, is to be under-
stood synonymously with preferably is or preferably has,
respectively, and so on, and is intended to illustrate exem-
plary embodiments.

[0018] Whenever a numerical word is mentioned herein,
the skilled in the art understands this as an indication of a
numerical lower limit. Provided it does not lead to any
contradiction discernible for the skilled person, the skilled
person in these cases implicitly understands for example
“one” always as “at least one”. This understanding is also
encompassed by the present invention as well as the inter-
pretation that a numeric word, for example, “one” can
alternatively be meant as “exactly one”, wherever this is
technically possible in the view of the skilled person. Both
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are encompassed by the present invention and apply to all
used numerical words herein.

[0019] Advantageous developments of the present inven-
tion are each subject of dependent claims and embodiments.
[0020] Embodiments may exhibit one or more of the
features named hereafter in any technically possible com-
bination.

[0021] In some embodiments, the method serves to par-
tially, in others to completely remove blood from a blood
filter used for the blood treatment of a patient and/or from
the blood circuit after completion of the blood treatment
session.

[0022] The utilized blood filter is in some embodiments a
hemodialyzer.
[0023] The membrane arranged between the blood cham-

ber and the dialysate chamber is in certain embodiments a
semi-permeable membrane.

[0024] In specific embodiments, the venous blood line
leads from the blood chamber of the blood filter to a venous
blood chamber (herein also denoted as venous air separation
chamber) and/or a venous connection point or device or
access device.

[0025] In certain exemplary embodiments, the arterial
blood line leads from an arterial connection point or device
or access device to a blood chamber of the blood filter.
[0026] In some exemplary embodiments, the method
encompasses displacing fluid from the blood chamber by
introducing substituate or dialysis fluid into the arterial
blood line with a flow of substituate or of the dialysis fluid,
which at least in phases, is over the average and/or over the
maximum substituate flow of the previous blood treatment.
[0027] In some particular exemplary embodiments, the
method encompasses displacing the fluid from the blood
chamber by introducing a substituate or dialysis fluid into
the arterial blood line with a flow rate which, at least in
phases, exceeds 150 ml/min, 200 ml/min, 250 ml/min, 300
ml/min, 350 ml/min, 400 ml/min, 450 ml/min, 500 ml/min,
550 ml/min and/or is equal to or less than 600 ml/min.
[0028] In some exemplary embodiments, an introduced
substituate or dialysis fluid, for the purpose of displacing the
fluid from the blood chamber, is led with a first flow into a
buffer tank and with a second flow out of the buffer tank. The
first flow rate is higher than the second one.

[0029] In certain exemplary embodiments, the first flow of
the substituate is achieved by the blood pump and/or by
sending or delivering suitable signals to the blood pump.
[0030] In some exemplary embodiments, the second flow
is obtained by a pressure-generating device. This can be a
pump, a compressor or the like. The compressor may be an
air compressor. The pressure-generating device may be
arranged to increase by air the pressure prevailing in the
buffer tank, preferably so that the liquid present in the buffer
tank is expelled under the second flow out of the buffer tank.
[0031] In specific exemplary embodiments, the second
flow is achieved by a device (preferably controlled or
regulated), which actuates a valve, which in turn either
establishes or prevents a fluid communication between the
interior of the buffer tank and the exterior of the latter,
depending on how the device is being controlled. The
pressure compensation established in this manner may
effect, together with force acting on the fluid, the desired
second flow of the fluid.

[0032] In some particular exemplary embodiments, the
buffer tank is arranged downstream of the blood chamber.
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[0033] In certain exemplary embodiments, the buffer tank
is a single-needle chamber of a blood cassette.

[0034] Such a cassette is exemplarily described in the WO
2010/121819 A1 of the applicant of the present application.
Its relevant content is hereby thoroughly incorporated, by
reference, as a subject matter also of the present application
[0035] Such a blood cassette may comprise at least a
housing body, preferably made of a rigid resin, having at
least one, two or more chamber(s) integrated into the hous-
ing body for receiving medical fluids, at least one channel
integrated into the housing body for receiving and/or con-
ducting a medical fluid and at least one valve device
completely or partially integrated in the housing body for
controlling or regulating a fluid flowing through the blood
cassette.

[0036] Such a blood cassette may comprise at least one
single-needle chamber for receiving blood downstream of
the blood filter Such a single-needle chamber may encom-
pass or have at least one single-needle valve, or be in fluid
connection thereto, which controls or regulates the inflow or
outflow of blood in the single-needle chamber. Examples of
a single-needle chamber and a single-needle valve are
exemplarily described in WO 2010/121819 A1, whose con-
tent is incorporated, by reference, as a subject matter of the
present invention as well.

[0037] The single-needle chamber may—just as any other
buffer tank—be connected to a compressed air source.
Thereto, the latter may comprise preferably a sterile mem-
brane through which or through the layer of which air or
sterile air may be introduced into the single-needle chamber
by the compressed air source. The increase of pressure (in an
upper area of the single needle chamber) effected or caused
by the introduction of sterile air into the single-needle
chamber leads to discharging the fluid (which is present in
the bottom area of the single-needle chamber) out of the
single-needle chamber. The fluid may be discharged with the
second flow by a corresponding control or regulation of the
compressed air source and/or by actuating the respective
valve. The second flow may hereby be set to the desired
reinfusion flow. The latter may hereby be decoupled from
the first flow which leads into the single-needle chamber.
[0038] Such a blood cassette may comprise at least one of
its surfaces a covering device or cover which is preferably
part of at least one integrated valve device.

[0039] By such blood cassettes, the cover device may be
at least in one section connected with the housing body in a
force-fit and/or form-fit and/or bonded manner.

[0040] By such blood cassettes, the cover device may be
connected with the housing body by at least one closed weld.
[0041] In some exemplary embodiments, the control and/
or regulating device is configured to effect, in interaction
with a medical blood treatment apparatus, a blood treatment
and a subsequent displacement of fluid, in particular blood,
from the blood chamber by an introduced substituate or an
introduced dialysis fluid with a predetermined, preferably
fluctuating or non-constant flow thereof, preferably through
the blood filter, e.g. by delivering a corresponding signal to
the blood pump. The herein denoted predetermined flow,
may generate a flow of introduced substituate or introduced
dialysis fluid, e.g. in the patient, which assumes in average
150 ml/min, when appropriate+/-30%, 20% or 10% thereof.
Said average may apply over or through the entire duration
of the blood treatment including over or through the subse-
quent displacement of the fluid.
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[0042] In some particular exemplary embodiments, the
medical treatment apparatus comprises or is, preferably, in
fluid communication connected thereto, a buffer tank for
receiving fluid (pure or mixed) which is displaced from the
blood chamber. The control device may be configured to use
the buffer tank in interaction with pumps, clamps or other
such devices.

[0043] In some particular exemplary embodiments, the
buffer tank is arranged downstream of the blood chamber.
[0044] In specific exemplary embodiments, the medical
treatment apparatus and/or the blood filter are/is connected
with a blood cassette, wherein the buffer tank is a single
needle chamber of the blood cassette.

[0045] In certain exemplary embodiments of the method,
at least one patient clamp is closed to stop a flow of blood
within the arterial blood line and/or the venous blood line.
In some particular embodiments, a single-needle valve is
additionally closed.

[0046] In some exemplary embodiments of the method, an
arterial blood line is connected with a venous blood line for
the purpose of emptying the blood filter. In specific embodi-
ments, a connection between the arterial blood line and the
venous blood line remains completely undone or is not
established.

[0047] In some particular exemplary embodiments, the
connection between the arterial blood line and the venous
blood line is established, in particular exclusively for the
purpose of emptying the blood filter.

[0048] In some particular embodiments of the method, the
method encompasses detecting a qualitative change of the
content of the line interior of the extracorporeal blood
circuit.

[0049] In some embodiments of the method, a predeter-
mined amount of substituate or dialysis fluid is introduced
into the line interior of the extracorporeal blood circuit by
operating a conveying device, for example, the blood pump,
the substituate pump or the dialysis fluid pump.

[0050] In some particular embodiments of the method, a
substituate (alternatively denoted as substituate fluid) or
dialysis fluid is conveyed until the detection device detects
a substituate or a dialysis fluid, in a predetermined measure-
ment, in the line interior of the extracorporeal blood circuit.
[0051] In some embodiments of the method, the detection
device is arranged with a predetermined distance to a venous
access device. In these embodiments the method further
encompasses conveying the content of the line interior of the
extracorporeal blood circuit across or along the predeter-
mined distance to the venous access device after dialysate
has been detected at or by the detection device.

[0052] Insome particular embodiment, blood contained in
the line interior of the extracorporeal blood circuit is inserted
into the vascular system of the patient via the venous access
device.

[0053] In some particular embodiments, the method fur-
ther encompasses inserting, entering or introducing air and
substituate into the extracorporeal blood circuit, for example
after completion of a blood treatment session.

[0054] A blood treatment session may be, for example, a
treatment unit by hemodialysis, hemofiltration, hemodiafil-
tration and/or a cell separation method and it is directed to
the treatment and/or purification of blood. For performing
such a blood treatment, a suitable blood treatment apparatus
is used.
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[0055] A blood treatment apparatus which is suitable for
executing the method comprises in some embodiments an
extracorporeal blood circuit with a line interior or is con-
nected therewith, at least one conveying device for intro-
ducing and/or conveying at least two fluids in the line
interior of the extracorporeal blood circuit, and for example
a device for treating the blood of the patient, such as one or
several blood filters and/or one or several dialyzers and/or
one or several adsorbents. It may further comprise contain-
ers for storing fluids, elements for introducing the fluids,
such as for example tube elements and/or valves, as well as
further devices such as for example an air separation cham-
ber or bubble trap for removing air from the blood during the
blood treatment and/or sensors and/or detectors for detecting
various relevant parameters, such as, for example, a pressure
in the extracorporeal blood circuit.

[0056] Conveying devices, as mentioned herein, include
membrane pumps, tube pumps, roller pumps and so on. The
blood pump, a substituate pump and/or dialysis fluid pump
may be embodied, e.g., as a tube pump or a roller pump.
However, also a different type of pump may be used, e.g. a
membrane pump, particularly a high-precision metering
membrane pump.

[0057] A conveying device for dialysis fluid or substituate
may be a second conveying device, i.e. a conveying device
which is different from the blood pump. The blood pump
may, however, also be designed such that it fulfils both the
function which is typical for a blood pump and the function
of introducing substituate into the line interior and/or con-
veying line content. Whenever a conveying device for
introducing substituate or dialysis fluid is mentioned here-
after, just for the purpose of better legibility, this relates to
the blood pump or a different conveying device therefrom.
Both versions are equally encompassed by the present
invention.

[0058] In certain exemplary embodiments, the substituate
is increased, after completion of the treatment and/or for
flushing the blood filter of blood, to a level which is above
that or any value which has been assumed during the blood
treatment. In order to limit the average reinfusion velocity,
low-flow phases follow, in these embodiments, high-flow
phases such that the desired average reinfusion flow rate of
150 ml/min for example is established.

[0059] The method encompasses in certain embodiments
the step of introducing or entering air into the line interior of
the extracorporeal blood circuit for the purpose of emptying
it from fluid, by operating the blood pump. The air may for
example be atmospheric air. The present invention is, how-
ever, not intended to be limited to the sole use of air, but
include all gaseous fluids instead of air which are suitable for
the purposes of the present invention.

[0060] Entering air into the line interior of the extracor-
poreal blood circuit after termination of the blood treatment
session may take place exclusively or in a supporting way by
the blood pump, by the second conveying device or by a
source of compressed air.

[0061] Combinations of the before-mentioned options are
also encompassed, also passively allowing air to enter.
[0062] Introducing substituate or dialysis fluid into the
line interior of the extracorporeal blood circuit takes place,
as described above, in some particular embodiments by
operating the blood pump and/or the conveying device.
[0063] The blood pump may convey substituate by draw-
ing it from a supply line from a container for the substituate,
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wherein the supply line enters into the extracorporeal blood
circuit upstream of the suction side of the blood pump. For
this, for example a mouth with a tube clamp which is
provided in the arterial branch of the extracorporeal blood
circuit may be provided.

[0064] Ifit is intended that the blood pump introduces and
conveys both blood and substituate into the extracorporeal
blood circuit, the method may be executed with just one
pump. Hereafter embodiments are described in which a
blood pump and a second conveying device are used. The
following description shall simplify the understanding of the
principles and functions of the individual components.
[0065] A substituate may be for example any commonly
known substituate or dialysis fluid which is used during a
blood treatment such as, e.g., a hemodiafiltration, preferably
a solution or isotonic saline solution which has already been
used during the blood treatment session which thus was
already introduced or introducible into the extracorporeal
blood circuit via a fluid connection, such as for example a
0.9% NaCl solution.

[0066] In a further preferred embodiment, detecting a
qualitative change of the content of the line interior of the
extracorporeal blood circuit by at least one detection device
which is arranged in or at a section of the extracorporeal
blood circuit is encompassed.

[0067] The qualitative change may relate to one or several
areas or sections of the extracorporeal blood circuit, for
example an area or section in which the detection device is
arranged.

[0068] A qualitative change of the content of the line
interior includes a change or amendment in the composition
of the content of the line interior, such as for example a
change of the individual parts of blood, substituate and/or air
in the line interior or a section hereof, in relation to each
other. Also the lack of a fluid which was previously present
may represent a change in the composition. A qualitative
change may also be a transition from blood to substituate.
Such changes may for example be easily detected because of
an optical change of the content, such as a brightening or
darkening of the content.

[0069] The detection device which is arranged in a section
of the extracorporeal blood circuit may for example be an
optical sensor which detects an optical change of the content
of the line interior or a property of its content. Further
suitable sensors include pressure, conductivity sensors and
sensors for detecting a change in the density of the content
of the line interior of the extracorporeal blood circuit,
without being limited hereto.

[0070] The section of the extracorporeal blood circuit may
be an arterial and/or venous section of the extracorporeal
blood circuit. The arterial section relates to a section of the
extracorporeal blood circuit through which blood flows from
the vascular system of the patient in the direction towards
the blood treatment device or towards the blood filter. The
venous section relates to the section of the extracorporeal
blood circuit through which blood flows from the blood
treatment device or from the blood filter back to the vascular
system of the patient.

[0071] In an also preferred development or refinement of
the method, the extracorporeal blood circuit encompasses at
least one access device which is connectable with a section
of the vascular system of the patient, and the method
encompasses disconnecting the extracorporeal blood circuit
from the vascular system of the patient, in particular in the
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area of a first, for example arterial, access device, in par-
ticular at an end of the extracorporeal blood circuit.

[0072] Disconnecting the extracorporeal blood circuit
from the vascular system of the patient means interrupting a
connection between the extracorporeal blood circuit and the
vascular system of the patient in a section of the extracor-
poreal blood circuit, for example at an end hereof. In doing
so, the interruption may take place both at the arterial and at
the venous section, disconnecting the arterial section of the
extracorporeal blood circuit is preferred.

[0073] Disconnecting in the area of the first access device
may be understood as for example pulling out the arterial
connection needle of a double-needle access.

[0074] Disconnecting may also be understood as interrupt-
ing the flow connection between the arterial section of the
extracorporeal blood circuit and the arterial connection
needle.

[0075] In the case of the single-needle version, discon-
necting may be understood as interrupting the connection
between the arterial leg of the Y-shaped section of the
extracorporeal blood circuit and the only connection needle
which is connected with the vascular system of the patient.
The open lumen of the arterial leg of the Y-part may be
closed in any manner (manually, mechanically, automati-
cally and so on) after being separated.

[0076] Alternatively or in addition, the same may be
applied to the venous section of the extracorporeal blood
circuit and the venous access to the vascular system of the
patient.

[0077] An addition point for the extracorporeal blood
circuit for substituate into the line interior of the extracor-
poreal blood circuit may be arranged in the arterial and/or
the venous section of the extracorporeal blood circuit. It is
preferred to arrange the addition point in a section of the
extracorporeal blood circuit which is flown through
upstream of the blood treatment device, as well as for
example of the blood filter.

[0078] Suitable examples for an addition point include an
opening/closing valve, a stop cock, a connectable branch
line of a branched section of the extracorporeal blood circuit
and so on.

[0079] A predetermined substituate amount or dialysis
fluid amount can correspond to a certain feed volume and/or
a certain path length of the line interior of the extracorporeal
blood circuit along which the content is conveyed and can,
for example, take place by operating a highly precisely
metering membrane pump.

[0080] The substituate amount or the dialysis fluid amount
can preferably be predetermined as a magnitude, for
example as a volume with a preset value and unit. The
absolute magnitude of the substituate amount can preferably
be stored and/or be insertable for example in a control device
of the treatment apparatus. The substituate amount can
preferably be exactly conveyed within the frame of the
technical precision.

[0081] In order to predetermine an exact amount of sub-
stituate, e.g., technical specifications of the utilized extra-
corporeal blood circuit, such as for example the inner
volumes of the tube set, can be stored or entered in (to) the
control device. By the technical specifications of the indi-
vidual components of the extracorporeal blood circuit, for
example a required feed time and/or a feed volume can be
calculated.



US 2020/0030519 Al

[0082] A limited amount of substituate or dialysis fluid
may be for example an amount of substituate liquid which
was chosen by the operating personnel’s empirical values.
Preferably, a limited amount of fluid can be introduced and
conveyed for so long until substituate is detected in the line
interior of the extracorporeal blood circuit at a further
detection device. A limited substituate amount thus does not
have to be exactly known and/or correspond to a certain feed
volume. A limited amount of substituate may, however, be
indirectly limited by the inner volume of the components of
the extracorporeal blood circuit through which the substi-
tuate amount flows, in particular the inner volume of the
section between the addition point for substituate and/or the
blood treatment device and a further detection device. The
volume is hereby thus determined in the sense of limited,
however, without being exactly known, and without being
expressible for example in milliliters and/or without having
been stored or being enterable in a controller. Introducing a
limited amount of substituate may be of advantage, e.g., if
the type of the filter of a blood treatment device or its
capacity is unknown or incorrectly stated.

[0083] In doing so, the substituate of a storage container
provided for this may be introduced into the extracorporeal
blood circuit at the addition point for the substituate via
corresponding line systems of the extracorporeal blood
circuit.

[0084] The detection device is defined as above and may
be arranged for example in the venous section of the
extracorporeal blood circuit, e.g., between the blood treat-
ment device and the venous access device to the vascular
system of the patient and in particular between a drip
chamber in the venous section and the venous access device.
[0085] The detection device may detect the occurrence of
substituate in a certain section of the line interior of the
extracorporeal blood circuit, for example by an optical
change of the content of the line interior.

[0086] If or when the detection device detects the occur-
rence of air or substituate in the line interior of the extra-
corporeal blood circuit, conveying the air-substituate-blood
content may be stopped.

[0087] This may take place by stopping the respective
conveying device.

[0088] Further, in another embodiment of the method it is
preferred to arrange the detection device with a predefined
distance to a second access device and to convey the content
of' the line interior along the predefined distance to the access
device after substituate or a predetermined transmission was
recognized at the detection device.

[0089] In a further preferred embodiment of the method,
the blood contained in the line interior of the extracorporeal
blood circuit is returned into the vascular system of the
patient—in particular substantially completely—via the sec-
ond access device. The term substantially completely
returned means herein that the blood present in the line
interior of the extracorporeal blood circuit is removed nearly
without residues from the extracorporeal blood circuit. The
blood residues possibly remaining in the extracorporeal
blood circuit for technical reasons such as wetting behavior
or the blood residues remaining in the drip chamber are
hereby to be regarded as negligibly small.

[0090] Returning blood into the vascular system of the
patient may take place if or when an end of the extracor-
poreal blood circuit, such as for example the end of the
venous section, e.g., the venous connection needle, is con-
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nected with the vascular system of the patient. This connec-
tion may be maintained or re-established after the end of the
blood treatment session.

[0091] Due to the fact that the method as described above
is executable with the treatment apparatus, it is referred to
the respective embodiments as described above in order to
avoid repetition.

[0092] A development of the treatment apparatus provides
the arrangement of at least one detection device for detecting
at least one change of the content of the line interior of the
extracorporeal blood circuit or one property of the content in
a section of the extracorporeal blood circuit. A property of
the content may be a composition, a physical, chemical or
biological magnitude, for example a transparency, a pH
value and much more suchlike. A suchlike detection device
may correspond to the one described above, thus it is
referred to its above description in order to avoid repetition.
[0093] A treatment apparatus may, without being limited
hereto, be suitable and/or configured to perform hemodialy-
sis, hemofiltration, hemodiafiltration and separation meth-
ods.

[0094] One or more of the herein mentioned advantages
may be achieved via some embodiments.

[0095] Thus, the present invention may contribute in cer-
tain embodiments to an improvement of the effectivity of AV
blood return.

[0096] An advantage which can be achieved in some
particular embodiments is that a contamination risk during
further handling or disposing of the blood filter and/or of the
extracorporeal blood circuit may be avoided or diminished,
because after completion of the method, there isn’t any
blood remaining in the blood filter anymore or its amount
has been markedly reduced.

[0097] Furthermore, the gross waste weight of the blood
filter and/or of the extracorporeal blood circuit may be
reduced. As a disposal of contaminated disposables such as
blood filter and extracorporeal blood circuit is calculated
according to weight, costs may thus advantageously be
saved.

[0098] Emptying at least the blood filter, particularly from
blood, may in certain embodiments take place without
substantial interaction or without any interaction by the user,
e.g., the doctor, at least until the blood filter is removed from
the treatment apparatus. A side effect is that the error rate is
low. In addition, the user has time for other activities during
emptying. This contributes to easing the workload and
saving time altogether.

[0099] Some embodiments may further advantageously be
used for safe removal of blood from the extracorporeal
blood circuit for a treatment apparatus for the extracorporeal
blood treatment of a patient after completing a blood treat-
ment session: Since substituate is present in the line interior
of the extracorporeal blood circuit after completing the
blood treatment session, the blood present in the line interior
of the extracorporeal blood circuit can be removed from the
extracorporeal blood circuit. This may take place without the
risk of introducing air into the body of the patient.

[0100] Introducing substituate with increased pressure or
flow, as described supra, may further contribute to cleaning
a blood filter with different inner capillary diameters from
blood, which would be technically hardly realizable by only
running air through it, due to the lesser pressure drop across
the already air-filled capillaries as opposed to the capillaries
which are still filled with blood.
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[0101] Besides, it may also be possible to minimize foam-
ing, for example at the outlet of the blood filter, by using
substituate there, i.e. in particular a liquid, and not only a gas
(e.g., air) for displacing blood or emptying.

[0102] Due to the fact that the usual, average reinfusion
flow of e.g. 150 ml/min should not be exceeded during the
flushing, the well-being of the patient and the integrity of the
vascular system and particularly a shunt of the patient shall
not be impaired due to said flushing. Significantly higher
flushing flows than the afore-mentioned 150 ml/min may
indeed occur. However, this flushing flow does not corre-
spond in certain embodiments to the reinfusion velocity or
to the reinfusion flow with which blood is being reinfused
into the patient, due to the fact that the buffer effect of the
buffer tank and to the fact that the outflow therefrom is less
than the inflow into the buffer tank.

[0103] The inventors have recognized that the effective-
ness of the flushing or rinsing of blood from the blood filter
increases with an increasing flow. This is achieved in certain
embodiments.

[0104] Since the method may be executed directly after a
blood treatment session has come to an end, it is simply and
easily executable and does not require any technically
complex, time- and/or cost-intensive steps.

[0105] The method may advantageously be executed with
the substituate or dialysis fluid which is used or present
anyway in a blood treatment, such as for example an isotonic
saline solution, e.g., a 0.9% NaCl solution. This in turn
advantageously contributes to saving costs and time.

[0106] Further, the method may enable a removal of blood
from the arterial section of the extracorporeal blood circuit
and in particular from the arterial connection needle and the
return of the blood into the vascular system of the patient.
The step of retrogradely pushing out the blood present in the
arterial connection needle with the aid of, e.g., a syringe
which is filled with saline solution may thus advantageously
be avoided.

[0107] The method may thus offer the advantage of basi-
cally completely regaining the blood present in the line
interior of an extracorporeal blood circuit after that has been
used for a blood treatment for the patient.

[0108] The approach may ensure that no air enters the
vascular system of the patient during emptying. Further-
more, no foaming in the area of a blood filter present in the
extracorporeal blood circuit can occur with this method,
which would hamper emptying the blood from the extra-
corporeal blood circuit. Still, blood remaining in the blood
filter or in the extracorporeal blood circuit constitutes a
contamination risk.

[0109] Another advantage which is achievable in some
embodiments is that for the first time a simple and safe
method is proposed for notably reducing the remaining
weight of both the blood filter and the blood circuit after
termination of the blood treatment. It is thus specified how
both the blood chamber of the blood filter and the blood
circuit are emptied, wherein this may take place in some
embodiments completely or nearly completely automati-
cally; in any case this may take place with little activity of
the medical personnel. This is achieved not least due to the
optimized chronology of emptying the blood chamber on the
one hand and, on the other hand, the remaining sections of
the blood filter and the blood circuit which are also emptied
in some embodiments.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0110] Hereafter, the method is exemplarily described by
preferred embodiments with reference to the accompanying
drawing. In the drawing, the following applies:

[0111] FIG. 1 illustrates in a schematically simplified
manner sections of a medical treatment apparatus having a
blood cassette for performing the method in a first embodi-
ment;

[0112] FIG. 2 illustrates the medical treatment apparatus
of FIG. 1 when or while performing the method in a second
exemplary embodiment; and

[0113] FIG. 3 illustrates the measured transmission (in
percent (%)), shown over the reinfusion volume (in milliliter

(ml))
DETAILED DESCRIPTION

[0114] FIG. 1 shows an extracorporeal blood circuit 1
which is connected, by double-needle access, to the vascular
system of the patient (not shown). The blood circuit 1 is
disposed in section thereof in or on the blood cassette 2
(exemplarily as described above). The blood circuit 1 is
connected to a treatment apparatus 4.

[0115] The blood circuit 1 comprises an arterial patient
hose clamp 6 and an arterial connection needle 5 (as an
example of an access device) of an arterial section or of an
arterial patient or line blood line 9. The blood circuit 1
further comprises a venous patient hose clamp 7 and a
connection needle 27 (as an example of a further or second
access device) of a venous section or of a venous patient line
or blood line 23.

[0116] A blood pump 11 is provided in the arterial section
9, a substituate pump 17a is connected to a substituate line
17. The substituate line 17a can be connected with a
substituate source through a, preferably automatic, substi-
tuate port 18. By the substituate pump 17, substituate may be
introduced via pre-dilution or via post-dilution through
associated lines 13 or 14 into line sections, e.g., into the
arterial section 9 or into a venous section 23a (between a
blood chamber 194 and a single needle chamber 36 (see
below) of the blood circuit 1.

[0117] A blood filter 19 is provided in or with the blood
circuit 1. It comprises a blood chamber 19a which is
connected with the arterial section 9 and with the venous
section 23. A dialysate chamber 195 is connected with a
dialysis fluid inlet line 31a which leads to the dialysate
chamber 195 and with a dialysate outlet line 315 which leads
away from the dialysate chamber 1964.

[0118] The dialysis fluid inlet line 31a optionally com-
prises a valve V24 by which the flow within the dialysis fluid
inlet line 31a may be stopped. The dialysate outlet line 315
optionally comprises a valve V25 by which the flow within
the dialysate outlet line 315 may be stopped.

[0119] The dialysis inlet line 31a is further optionally
connected to a compressed air source 26 by another internal
valve of the apparatus. The compressed air source 26 may be
provided as a part or component of the treatment apparatus
4 or as a separate part thereof. A pressure sensor 37 may be
provided downstream of the compressed air source 26.
[0120] For performing the method aiming to empty the
blood chamber 194 of the blood filter 19 after completion of
the treatment, the arterial patient hose clamp 6 may be
closed, the venous patient hose clamp 7 may be opened
and/or the blood pump 11 (exemplarily designed as a roller
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pump) may be stopped and a substituate or dialysis fluid may
be introduced by a substituate pump 17 through the addition
point 13 in pre-dilution of the blood circuit 1 and of the
blood chamber 19a.

[0121] Alternatively or in addition, it is possible not to
introduce the substituate by operating the substituate pump
17 but by operating the blood pump 11. Thereto, the arterial
patient hose clamp 6 is closed and substituate is introduced
into the extracorporeal blood circuit 1 via a supply line 8
from a storage container for the substituate.

[0122] The achieved substituate-blood content is con-
veyed along the line interior of the extracorporeal blood
circuit 1 by operating the blood pump 11 and/or the substi-
tuate pump 17. It is as well pressed or conveyed through the
blood filter 19, the venous air separation chamber 21 and a
venous section 23 of the extracorporeal blood circuit 1 in
order to remove the blood from the extracorporeal blood
circuit 1 in the direction towards the venous connection
needle 27 from the blood filter 19.

[0123] A venous substituate-blood detector 25 is option-
ally arranged in the venous section 23 of the extracorporeal
blood circuit 1 as a further example of a detection device
which detects the occurrence of substituate at a predeter-
mined position of the line interior of the extracorporeal
blood circuit 1. The blood pump 11 and/or the substituate
pump 17 continue conveying the substituate-blood content
until the blood in the venous section 23 of the extracorporeal
blood circuit 1 is removed from it and returned to the
vascular system of the patient via the venous connection
needle 27, and/or until substituate is detected in the line
interior at the venous substituate-blood detector 25. The
conveying effort of all pumps is stopped at this point. An
optical and/or acoustical signal can be output.

[0124] Controlling or regulating the treatment apparatus 4
may be carried out by a control or regulating device 29.

[0125] The arrangement of FIG. 1 encompasses an
optional detector 15 for detecting air and/or blood. The
arrangement of FIG. 1 encompasses further one or two
pressure sensors 33a, 334 at the illustrated points in FIG. 1.

[0126] The introduced substituate may be temporarily
stored in a buffer tank or container, from which it will or can
be discharged at a lower flow rate than that with which it has
been introduced into the buffer tank.

[0127] The single needle chamber 36 is particularly taken
into consideration as buffer tank in the arrangement of FIG.
1. The single needle chamber 36 may be an active or
non-active part in the blood circuit by correspondingly
switching an optional single needle valve 35, which sepa-
rates the single needle chamber 36 preferably from further,
in particular from all further blood conducting structures.
When the single needle chamber 36 is accessible—by open-
ing the single needle valve 35—for blood or another fluid
which flows out of the venous section 234 downstream of
the blood filter 19 and when at the same time a flow-through
of blood or of fluid along the single needle chamber 36 is
prevented exemplarily by closing the patient hose clamp 7,
then the blood may first be buffered or stored in the single
needle chamber 36 before it leaves, with a desired flow rate,
the single needle chamber 36 towards the venous patient
hose clamp 7, after the venous patient hose clamp 7 has been
opened.
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[0128] Alternatively, it may exemplarily be proceeded as
illustrated in FIG. 2:

[0129] The extracorporeal blood circuit 1 is disconnected
from the vascular system of the patient by, e.g., removing the
arterial connection needle 5 from the arm of the patient. In
any case however, the arterial blood line 9 is connected
upstream of the blood filter 19 at a connection point 24 with
the venous section 23a. The arterial patient hose clamp 6
remains open. Due to the pressure of the substituate pump
17, substituate is conveyed along the directions of the two
arrows both through the blood chamber 19a and through the
arterial blood line 9. The blood present in the blood chamber
19a and in the arterial blood line 9 is thus removed in this
way from both blood chamber 19a and from the arterial line
9.

[0130] In FIGS. 1 and 2, the single needle chamber 36 is
used as a buffer tank, in particular during or after a double-
needle method by which a patient is connected with the
extracorporeal blood circuit 1 by two blood lines 9 and 27.
However, it is apparent for the skilled in the art that some
embodiments may also be carried out or performed without
using a buffer tank. In addition, any other buffer tank may be
taken into consideration.

[0131] FIG. 3 shows the measured transmission (in %)
shown over the reinfusion volume (in ml) which was mea-
sured by the inventors in an experimental set up using the
FX,,,A000 dialyzer from or made by the applicant at dif-
ferent substituate flow rates, as indicated in the graph of FIG.
3.

[0132] Substituate is sucked in or drawn in arterially in the
experimental set up. At the venous blood line 23, see FIG.
1 or 2, a photometer, provided for detecting a transmitted
light power, is mounted about 10 cm below or downstream
of the venous optical detector 25 and of the venous patient
hose clamp 7. The sensor of the photometer has been
normalized or standardized on clear, bloodless substituate.
The transmission has been detected depending on the rinsing
or flushing volume at different substituate flow rates. The
hematocrit of the used bovine blood is 30% prior to each
experiment.

[0133] FIG. 3 shows the advantageous efficiency per-
formed by the method by which higher substituate flow rates
than usual are used or practiced for rinsing or flushing.
[0134] It is evident that with increasing substituate flow
used as rinsing flow, the line content gets clear sooner or the
measured transmission increases.

[0135] The amount of the blood remaining in the extra-
corporeal blood circuit decreases when having a predeter-
mined or fixed reinfusion volume.

[0136] The respectively selected points in the graphs
denote the reinfusion volume by which or at which the
detection device, e.g. the optical sensor, does not detect any
blood anymore.

[0137] The present invention is not limited to the embodi-
ments as described above, they are considered only for
illustrative purposes. Furthermore, the invention is not lim-
ited to emptying the content or parts hereof while a con-
nection with the vascular system still exists.

REFERENCE NUMERAL LIST

[0138] 1 extracorporeal blood circuit

[0139] 2 blood cassette

[0140] 4 treatment apparatus

[0141] 5 access device, e.g. arterial connection needle
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[0142] 6 arterial patient tube clamp

[0143] 7 venous patient tube clamp

[0144] 8 supply line

[0145] 9 arterial section or arterial blood line or arterial

patient line

[0146] 11 blood pump

[0147] 13 addition site for substituate (pre-dilution)

[0148] 14 addition site for substituate (post-dilution)

[0149] 15 arterial air/blood detector

[0150] 17 second conveying device, e.g. a substituate
pump

[0151] 17a substituate line

[0152] 18 automatic substituate port

[0153] 29 blood filter

[0154] 19a blood chamber

[0155] 195 used dialysate chamber

[0156] 21 air separator chamber

[0157] 23 venous section or venous blood line

[0158] 23a venous section

[0159] 24 connection site

[0160] 25 venous substituate blood detector

[0161] 26 compressed air source

[0162] 27 access device, e.g. venous connection needle

[0163] 29 control or regulating unit

[0164] 31a dialysis inlet line

[0165] 315 dialysate fluid outlet line

[0166] 33a, b pressure sensors

[0167] 35 single-needle valve

[0168] 36 single needle chamber

[0169] 37 pressure sensor

[0170] V24 valve

[0171] V25 valve

1-15. (canceled)

16. A medical treatment apparatus comprising:

at least one extracorporeal blood circuit with a line
interior;
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at least one blood pump which is arranged at or in the
extracorporeal blood circuit for conveying blood within
the line interior of the extracorporeal blood circuit;

at least one device for introducing a second fluid into the

arterial blood line; and

a control device configured to control the medical blood

treatment apparatus to cause fluid to be displaced from
the blood chamber by introducing a second fluid into
the arterial blood line.

17. The medical treatment apparatus according to claim
16, wherein the control device is further configured to
control a medical blood treatment apparatus to cause a
subsequent displacing of a first fluid from the blood chamber
by an introduced substituate with a predetermined substitu-
ate flow rate through the blood filter between 135 ml/min
and 165 ml/min.

18. The medical treatment apparatus according to claim
17, wherein the subsequent displacing of the first fluid from
the blood chamber by an introduced substituate with the
predetermined substituate flow rate through the blood filter
is between 135 ml/min and 165 ml/min in average.

19. The medical treatment apparatus according to claim
16, wherein the control device is further configured to
control a medical blood treatment apparatus to perform a
blood treatment.

20. The medical blood treatment apparatus according to
claim 16 comprising a buffer tank for receiving fluid which
has been displaced from the blood chamber, wherein the
buffer tank is in fluid communication with the blood cham-
ber.

21. The medical blood treatment apparatus according to
claim 20, wherein the buffer tank is arranged downstream of
the blood chamber.

22. The medical blood treatment apparatus according to
claim 20, wherein the medical blood treatment apparatus
further comprises a blood cassette, and wherein the buffer
tank is a single needle chamber of the blood cassette.
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