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Fresenius Medical Care Deutschland GmbH
D-61352 Bad Homburg

Chamber for a Blood Treatment System, Use of the Chamber,
Blood Tubing System and Blood Treatment System

The present invention relates to a chamber for a blood treatment system with at
least one space defined by a chamber wall as well as with at least one blood inlet
and with at least one inlet for a further fluid, which are connected with the space.

From the prior art it is known to provide a venous drip chamber downstream of the
dialyzer of a dialysis machine, which is part of the extracorporeal blood circuit. The
function of this venous drip chamber is to ensure a rather bubble-free reinfusion of

the patient blood purified in the dialyzer to the patient.

From the prior art it is furthermore known to introduce an infusion solution, such as
purified dialysate or a salt solution, into such drip chamber. Such supply can be
effected in connection with the so-called predilution before the dialyzer and/or in

connection with the so-called postdilution after the dialyzer.

Figure 4 shows an embodiment known from the prior art in the form of a lid or
headpiece of such venous drip chamber, on which a supply port 100 is arranged

for the blood purified in the dialyzer.

Reference numeral 200 designates a supply port for said infusion solution.
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As can furthermore be taken from Figure 4, it is known to introduce the blood into the
chamber by means of a tube section 30, wherein the tube section 30 includes an inlet
10 through which the blood is introduced into the chamber, as is indicated by the

arrow in Figure 4.

Said infusion solution is introduced by means of the supply port 200, wherein the
inlet for the infusion solution is located above the fluid or blood level in the
chamber, which is designated with the reference numeral 50. The infusion fluid drips
or flows, as marked by the arrow in Figure 4, onto the surface of the blood or the

mixture of blood and the infusion solution.

Such configuration of a drip chamber has the disadvantage that due to the
impingement of the infusion solution onto the surface of the fluid or blood present in
the chamber the formation of microbubbles may occur, which can lead to an alarm

condition being triggered and possibly the treatment being stopped.

Thus, according to one aspect, the present invention seeks to develop a chamber as
mentioned above to the effect that the formation of microbubbles in the drip

chamber is largely or completely prevented.

This aim is solved by a chamber with the features of claim 1. According to one
aspect, the present invention provides a chamber for a blood tubing system of an
extracorporeal blood circuit of a dialysis machine, wherein the chamber forms a
functional equivalent of a drip chamber, with at least one space defined by a
chamber wall and with at least one blood inlet and with at least one inlet for an
infusion solution, which are connected with the space, wherein both the at least one
blood inlet and the at least one inlet for the infusion solution are formed on tube
sections which protrude into the space of the chamber, wherein in the operating
condition of the chamber the space of the chamber is at least partly filled with blood
or with a mixture of blood and the infusion solution or some other fluid and wherein
both of the tube sections have a length such that the blood inlet and/or the inlet for

the infusion solution are located below the blood or fluid level in the chamber.

Accordingly, it is provided that both the at least one blood inlet and the at least one
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inlet for the further fluid, such as an infusion solution, are formed on tube sections
which protrude into the space of the chamber. In contrast to the configuration
according to the prior art as shown in Figure 4 it thus is provided that the inlet for the
infusion fluid and/or for the further fluid is formed on a tube section which protrudes
into the space of the chamber in which the blood or the mixture of blood and the

infusion solution is contained.

In accordance with the invention it is furthermore provided that the space of the

chamber is at least partly filled with blood or with a mixture of blood and a further



fluid or with some other fluid and that at least one of the tube sections has a length
such that the blood inlet and/or the inlet for the further fluid are located below the
blood or fluid level in the chamber. In this way it is ensured that at least in the
operating condition of the chamber no dripping, not even from a small height, onto
the surface of the blood present in the chamber or onto the surface of the mixture
of blood and infusion solution or other fluid present in the chamber does occur. In
accordance with a preferred aspect of the invention, the blood and also the further
fluid rather is introduced below the level of the blood or of the fluid present in the
chamber. In this aspect the present invention thus relates to a chamber for a blood
treatment system, whose space is at least partly filled with blood or with a mixture
of blood and a further fluid or with some other fluid, wherein at least one of the
tube sections has a length such that the blood inlet and/or the inlet for the further
fluid are located below the fluid level or the blood level in the space of the

chamber.

In this way, it is possible to avoid dripping of the further fluid onto the surface of
the fluid or blood already present in the chamber and hence reduce the probability

for the formation of microbubbles.

The term "tube section" should be interpreted broadly and comprises both rigid
and elastic elements which are suitable to pass blood or the further fluid into the
chamber. Thus, for example solid, e.g. plastic, tube sections, hoses etc. are taken

into consideration.

The diameter as well as the dimensions and the shape of these tube sections can
largely be chosen as desired. For example, their inside and outside diameter can
be circular. However, configurations different therefrom are also comprised by the
invention. Furthermore, the invention is not limited to the presence of exactly two
tube sections. There can also be provided more than two tube sections, so that the
blood for example is introduced into the chamber through more than one tube
section and/or the further fluid is introduced through more than one tube section.



It is conceivable that at least one of the tube sections is arranged such that in the
operating condition of the chamber it extends vertically or at an acute angle to the
vertical. It thus is conceivable that two or more tube sections are provided, which
are arranged substantially vertical and one of which includes one or more inlets for
the blood and/or the other one of which includes one or more inlets for the further
fluid.

The two tube sections can extend parallel or substantially parallel to each other.
However, an angular arrangement of the tube sections relative to each other also

is conceivable.

In a further aspect of the invention it is provided that in the operating condition of
the chamber the space of the chamber is partly filled with blood or with a mixture
of blood and the at least one fluid or some other fluid and that above the blood or

fluid level an air cushion is disposed.

Furthermore, it can be provided that the tube sections have a different length or

the same length.

It is conceivable, for example, to design the tube section which carries the one or
more inlets for the further fluid as long as or shorter or longer than the tube section

which carries the one or more blood inlets.

it is particularly advantageous when the length of both tube sections is such that
the inlets for the blood and the further fluid are located below the fluid level in the

chamber.

In a further aspect of the invention at least one of the tube sections includes one or
more blood inlets or one or more inlets for the further fluid. Thus, the invention is
not limited to the fact that each tube section only has exactly one inlet, but also

comprises the case that two or more than two inlets are provided per tube section.



In a further aspect of the invention it is provided that the blood inlet and/or the inlet
for the further fluid is arranged in the end region of the tube section, which

protrudes into the chamber.

Furthermore, it can be provided that at least one of the tube sections includes a
shell surface and an end surface protruding into the space of the chamber and that
the at least one blood inlet and/or the at least one inlet for the further fluid is at
least partly or also completely arranged in the shell surface. Due to this aspect of
the invention, a lateral introduction of the blood or further fluid, i.e. an introduction
from the side, is conceivable. In this aspect, the blood and/or the further fluid thus
is not introduced in a direction which coincides with the longitudinal axis of the
tube section, but in a direction which extends at an angle thereto. It is conceivable
that this angle lies in the range between 30° and 150°, preferably in a range
between 60° and 120°, and particularly preferably in a range between 80° and
100° relative to the longitudinal axis of the tube section. If the angle is about 90°,
for example, the blood thus flows first through the interior of the tube section and
then at right angles thereto out of the tube section through the inlet into the

chamber.

In a further aspect of the invention it is provided that at least one of the tube
sections includes a plurality of blood inlets or a plurality of inlets for the further
fluid. This plurality of inlets can be arranged such that the blood flows from the
tube section into the chamber in different directions. The same can apply to said
further fluid. It is conceivable that the two inlets are arranged such that the blood
or the further fluid flows out of the tube sections on opposite sides, so that

opposite flow directions are obtained.

It is furthermore conceivable that the plurality of inlets are arranged at the same
level, i.e. in the case of vertical tube sections at the same vertical position of the
tube sections, and/or that the plurality of inlets have an identical size or also

different sizes.



Furthermore, it can be provided that at least one of the tube sections has a wall in
its end region protruding into the space of the chamber and that the at least one
inlet is located adjacent to this wall. Thus, this wall can form the end of the tube
section protruding into the space. Adjacent to this wall one or more inlets for the

blood or for the further fluid can be located.

As an alternative to the above described embodiment with two inlets per tube
section it is of course also conceivable to form more than two inlets, for example

three or four inlets per tube section.

These inlets can be uniformly spaced in circumferential direction around the

respective tube section. A non-uniform distribution also is conceivable.

Said introduction of the blood or of the further fluid by means of a plurality of inlets
spaced from each other in circumferential direction involves the advantage that a
vortex formation inside the chamber is effectively counteracted, which in turn
involves the advantage that the occurrence of microbubbles is largely or

completely prevented.

The one or more inlets for the blood or the one or more inlets for the further fluid
can be arranged such that the blood or the further fluid is introduced in radial
direction of the chamber or directed towards the chamber wall or also in tangential
direction of the chamber or in circumferential direction or also in a direction

between these two directions.

Furthermore it can be provided that the tube sections are spaced from each other,
so that separate inlets for blood on the one hand and for the further fluid on the

other hand are present.

Furthermore it can be provided that the chamber includes a base body and a lid or
headpiece closing the base body and that the tube sections are arranged on the

lid or headpiece and preferably extend through the lid or headpiece. The lid or



headpiece can be firmly connected with the base body or also be releasable from
the base body. In the case of a fixed design it is conceivable to design the base

body and the lid or headpiece in one piece.

The present invention furthermore relates to the use of a chamber according to
any of claims 1 to 15 in a blood treatment system. Preferably the chamber is used

as a venous chamber which is arranged downstream of a dialyzer.

In the operating condition of the chamber the space of the chamber can at least
partly be filled with blood or with a mixture of blood and the further fluid or some
other fluid and at least one of the tube sections can have a length such that the
blood inlet and/or the inlet for the further fluid is located below the blood or fluid
level in the chamber. As already explained above, the particularly preferred aspect
of the invention can be realized in that dripping of both the blood and the further
fluid onto the surface of the blood present in the chamber or onto the surface of

the fluid present in the chamber is prevented.

In a further aspect of the invention it is provided that in the operating condition of
the chamber the space of the chamber is partly filled with blood or with a mixture
of blood and the further fluid or some other fluid and that above the blood an air

cushion is disposed.

Furthermore, it can be provided that in the operating condition of the chamber at

least one of the tube sections extends vertically or at an acute angle to the vertical.

As already explained above, it is advantageous when the one or more inlets for
the blood and/or for the further fluid are formed on the tube section such that the
blood and/or the further fluid exits from the tube section at an angle to the
longitudinal axis of the tube section. This angle can lie for example in the range
between 30° and 150°, preferably in a range between 60° and 120°, and

particularly preferably in a range 'between 80° and 100°.



At least one of the tube sections can have a plurality of inlets which are arranged
on the tube section such that the blood and/or the further fluid is discharged from
the respective tube section in at least two different directions. In this way, too, the
formation of vortices in the chamber and hence also the occurrence of

microbubbles can largely or completely be prevented.

The further fluid can be an infusion solution, in particular a dialysis solution or a
salt solution, such as a sodium chloride solution. The same is mixed with blood in -

the space of the chamber and then this mixture is supplied to the patient.

The present invention furthermore relates to a blood tubing system with at least
one chamber according to any of claims 1 to 15. It can be provided that the blood
tubing system is provided with a predilution port and/or with a postdilution port and
that one or both of these ports are in fluid connection with the tube section for the

further fluid or are connectable to form a fluid connection.

The present invention furthermore relates to a blood treatment system with at least
one chamber according to any of claims 1 to 15 or with at least one blood tubing

system according to claim 24 or 25.

In an advantageous aspect of the invention it is provided that the blood treatment
system is a dialysis machine. The dialysis machine can be configured to perform a

hemodialysis, a hemofiltration or also a hemodiafiltration with said machine.

Furthermore, it can be provided that the further fluid is provided by the dialysis

machine.

Further details and advantages of the invention will be explained in detail with

reference to an embodiment illustrated in the drawing, in which:

Figure 1: shows a perspective representation of a lid of a chamber of the

invention in a view obliquely from below,



Figure 2: shows a sectional representation through a tube section with inlets for
blood or the further fluid,

Figure 3: shows a schematic top view of the arrangement of Figure 1 with
indicated flow directions for the blood and for the further fluid, and

Figure 4: shows a side view of a lid of a venous drip chamber from the prior art.

In a perspective view obliquely from below, Figure 1 shows a head or lid region 60

of a venous chamber of an extracorporeal blood circuit of a dialysis machine.

Reference numeral 100. designates the supply port for the blood, and reference
numeral 200 designates the supply port for the infusion solution. The supply port
100 is connected with the extracorporeal blood circuit. Through the supply port
100, the blood purified in the dialyzer flows into the venous chamber of the

invention, whose lid or headpiece 60 is shown in Figure 1.

The supply port 200 for the infusion solution is connected with a suitable source
for the infusion solution, such as dialysate, a sodium chloride solution, etc.
Through this port 200, the infusion solution is supplied to the chamber. In the
illustrated embodiment, this supply takes place downstream of the dialyzer, so that

there is a postdilution.

In principle, however, the invention is not limited thereto, but provides for using a

chamber also in the region of the predilution.

In Figure 1, reference numeral 50 designates the blood level or the level of the
fluid present in the chamber. This fluid consists either of blood only or of a mixture
of blood and said infusion fluid or of some other fluid. As can furthermore be taken
from Figure 1, the supply port 100 preferably is firmly or integrally connected with
the tube section 30, and the supply port 200 preferably is firmly or integrally
connected with the tube section 40 extending parallel thereto. Both tube sections

30, 40 are spaced from each other, as can be taken from Figure 1. The supply
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ports 100, 200 can be an integral part of the tube sections 30, 40 or be connected
with the same in a suitable way. It is also conceivable that the tube sections 30, 40
and/or the supply ports 100, 200 are integral parts of the lid or of the headpiece 60
of the chamber or are connected with the same in some other way, for example

inserted into the same.

Reference numeral L designates the longitudinal axes of the two tube sections 30,
40 which protrude into the space of the chamber which on the head side is closed
off by the headpiece 60 or by the lid 60.

As can furthermore be taken from Figure 1, each of the tube sections 30, 40
includes an inlet 10, 21 in its shell surface 31, 41, through which blood on the one
hand and the infusion fluid on the other hand gets into the fluid or blood already

present in the chamber.

Figure 1 furthermore shows that both the inlet 10 for the blood and the inlet 21 for
the further solution or for the infusion fluid is located below the level 50 of the fluid
or blood already present in the chamber. Figure 1 furthermore shows that the
inlets 10, 21 are not arranged in the downwardly pointing end region 32, 42 of the
tube sections 30, 40, but are arranged at least also or exclusively laterally, so that
the blood or the further fluid exits from the tube sections 30, 40 laterally or at least

also in a lateral direction.

In accordance with the present embodiment it thus is provided that both the inlet
for the infusion solution and the inlet for the blood is located below the level 50 of
the blood already present in the chamber or of the mixture of blood and infusion

solution or some other fluid.

Furthermore, it is provided in accordance with the present embodiment that
separate inlets for blood on the one hand and for the further solution on the other

hand are present.
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As can furthermore be taken from Figure 1, the tube section 40 which carries the
inlet for the further solution is formed slightly shorter than the tube section 30
which carries the inlet 10 for the blood. In principle it is also conceivable to design
these two tube sections 30, 40 identical or to provide the height or position of the
respective inlets 10, 21 at the same level or to design the tube section 40 longer

than the tube section 30.

Figure 2 shows a sectional representation through the tube section 30 or also
through the tube section 40. As can be taken from Figure 2, the tube section 30,
40 is an integral part of the lid and preferably formed integrally with the same.

Thus, an integrated infusion port can be realized by the present invention.

From Figure 2 it can furthermore be taken that both the tube section 30 for
supplying blood and the tube section 40 for supplying the further fluid is each
formed with two inlets 10, 11; 20, 21 which directly adjoin the end-side wall 32, 42.
As can also be taken from Figure 3, these inlets are arranged opposite each other,
which results in that the blood or the further solution exits from the respective tube
section 30, 40 on opposite sides and enters the fluid already present in the
chamber. This can be taken for example from Figure 3. Here, reference numeral
30 designates the tube section for supplying blood, and reference numerals 10, 11
designate the inlets for blood. These inlets are arranged at the side of the tube
section 30, i.e. laterally and in an opposed manner, which results in that, as shown
in Figure 3, the blood is discharged from the tube section 30 in opposed, i.e. in

opposite directions.

This applies to the formation of the tube section 40 for supplying the further fluid.
Here as well two opposed inlets 20, 21 are provided, which likewise have a
different size. As shown in Figure 3, the flow directions of the blood and of the
further fluid are parallel when flowing out of the tube sections 30 and 40. However,
a non-parallel outflow of blood on the one hand and of the further solution on the

other hand also is comprised by the invention.
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In principle, the invention also comprises the case that the respective inlets 10, 11
and 20, 21 are designed with an identical size. The inlets 10, 11 and 20, 21 can be
arranged on the tube section at an identical leve! or also at different levels.

As can furthermore be taken from Figure 3, the inlets are arranged such in the
embodiment shown here that the inflow direction of the blood or of the further fluid
is neither radial relative to the shell surface of the housing or of the lid of the
chamber, which is cylindrical or circular in cross-section, nor tangential. Rather, it
is provided here that the inflow direction of the blood or of the further fluid is
effected in a direction which lies between the radial and the tangential direction. By
means of this aspect of the invention a better intermixing of the blood and of the
infusion fluid is achieved and there is no turbulent effect which would lead to the
level descending in the middle of the chamber and ascending at the sides thereof.
Rather, it is achieved by the illustrated embodiment that the fluid level 50 or the
surface of the fluid in the chamber remains largely flat, so that the vortex formation
is largely or completely prevented, which in turn results in the fact that the

occurrence of microbubbles or foam is prevented.

The venous drip chamber shown in Figures 1 to 3 with separate inlets for blood
and the further fluid and with the special design of the inlets for blood and fluid at
the tube section involves the advantage that neither a dripping of blood and/or the
further solution onto the surface of the fluid or blood present in the chamber is
effected as well as the further advantage that a vortex formation and hence a foam
formation or a formation of microbubbles is largely or completely prevented. The
one or more tube sections 30, 40 can be manufactured by the method of injection
molding. In this method, providing the further openings 11, 21 involves certain
advantages as regards the stability and the simplicity of the performance of the
method. Thus, it is preferably provided that the lid or the headpiece 60 as a whole
or at least the tube sections 30, 40 are manufactured by the method of injection

molding.
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The chamber of the invention in particular is advantageously applicable in
connection with the hemodiafiliration postdilution treatment and preferably in
connection with the online HDF postdilution.

Thus, the supply port 200 preferably is a port for an infusion solution which is

supplied to the blood after purifying the same in the dialyzer.

Throughout this specification and the claims which follow, unless the context
requires otherwise, the word "comprise", and variations such as "comprises" or
"comprising", will be understood to imply the inclusion of a stated integer or step or
group of integers or steps but not the exclusion of any other integer or step or group

of integers or steps.

The reference in this specification to any prior publication (or information derived
from it), or to any matter which is known, is not, and should not be taken as an
acknowledgment or admission or any form of suggestion that that prior publication
(or information derived from it) or known matter forms part of the common general

knowledge in the field of endeavour to which this specification relates.
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Fresenius Medical Care Deutschland GmbH
D-61352 Bad Homburg

Chamber for a Blood Treatment System, Use of the Chamber,
Blood Tubing System and Blood Treatment System

Claims

A chamber for a blood tubing system of an extracorporeal blood circuit of a
dialysis machine, wherein the chamber forms a functional equivalent of a drip
chamber, with at least one space defined by a chamber wall and with at least
one blood inlet and with at least one inlet for an infusion solution, which are
connected with the space, wherein both the at least one blood inlet and the at
least one inlet for the infusion solution are formed on tube sections which
protrude into the space of the chamber, wherein in the operating condition of the
chamber the space of the chamber is at least partly filled with blood or with a
mixture of blood and the infusion solution or some other fluid and wherein both
of the tube sections have a length such that the blood inlet and/or the inlet for
the infusion solution are located below the blood or fluid level in the

chamber.

The chamber according to claim 1, wherein at least one of the tube sections is
arranged such that in the operating condition of the chamber it extends vertically

or at an acute angle to the vertical.

The chamber according to claim 1 or 2, wherein the tube sections extend

parallel or substantially parallel to each other.

The chamber according to any one of the preceding claims, wherein in the
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operating condition of the chamber the space of the chamber is partly filled with
blood or with a mixture of blood and the further fluid or some other fluid and

wherein above the blood or fluid level an air cushion is disposed.

The chamber according to any one of the preceding claims, wherein the tube

sections have a different length or the same length.

The chamber according to any of the preceding claims, wherein at least one of
the tube sections includes one or more blood inlets or one or more inlets for the
further fluid.

The chamber according to any one of the preceding claims, wherein the blood
inlet and/or the inlet for the further fluid is arranged in the end region of the tube

section which protrudes into the chamber.

The chamber according to any one of the preceding claims, wherein at least
one of the tube sections includes a shell surface and an end surface protruding
into the space of the chamber and wherein the at least one blood inlet and/or
the at least one inlet for the further fluid is at least partly arranged in the shell

surface.

The chamber according to any one of the preceding claims, wherein the blood
inlet and/or the inlet for the further fluid is formed in the tube section such that
the blood and/or the further fluid exits from the tube section at an angle to the

longitudinal axis of the tube section.

The chamber according to claim 9, wherein the angle lies in the range between
30° and 150°, preferably in a range between 60° and 120°, and particularly

preferably in a range between 80°and 100°.

The chamber according to any one of the preceding claims, wherein at least
one, preferably both or a plurality of the tube sections includes a plurality of

blood inlets or a plurality of inlets for the further fluid.

The chamber according to claim 11, wherein the plurality of inlets are arranged
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on opposite sides of the respective tube section and/or that the plurality of inlets
are arranged at the same level of the respective tube section and/or that the

plurality of inlets have an identical size or different sizes.

The chamber according to any one of the preceding claims, wherein at least
one of the tube sections has a wall in its end region protruding into the space of

the chamber and that the at least one inlet is located adjacent to this wall.

The chamber according to any of the preceding claims, wherein the tube
sections are spaced from each other, so that separate inlets are present for
blood and for the further fluid.

The chamber according to any one of the preceding claims, wherein the
chamber includes a base body and a lid or headpiece closing the base body
and that the tube sections are arranged on the lid or headpiece and preferably
extend through the lid or headpiece.

Use of a chamber according to any one of claims 1 to 15 in a blood treatment

system, in particular as venous chamber.

The use according to claim 16, wherein in the operating condition of the
chamber the space of the chamber is at least partly filled with blood or with a
mixture of blood and the further fluid or some other fluid and wherein at least
one, preferably both or a plurality of the tube sections have a length such that
the blood inlet and/or the inlet for the further fluid is located below the blood or

fluid level in the chamber.

The use according to claim 16 or 17, wherein in the operating condition of the
chamber the space of the chamber is partly filled with blood or with a mixture of
blood and the further fluid or some other fluid and that above the blood or the

fluid an air cushion is disposed.

The use according to any one of claims 16 to 18, wherein in the operating

condition of the chamber at least one of the tube sections extends vertically or
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at an acute angle to the vertical.

The use according to any one of claims 16 to 19, wherein the one or more inlets
for the blood and/or for the further fluid are formed on the tube section such that
the blood and/or the further fluid exits from the tube section at an angle to the

longitudinal axis of the tube section.

The use according to claim 20, wherein the angle lies in the range between 30°
and 150° preferably in a range between 60° and 120° and particularly
preferably in a range between 80°and 100°.

The use according to any one of claims 16 to 21, wherein at least one,
preferably both or a plurality of the tube sections include a plurality of inlets
which are arranged on the tube section such that the blood and/or the further
fluid is discharged from the respective tube section in at least two different
directions.

The use according to any one of claims 16 to 22, wherein the further fluid is an

infusion solution, in particular a dialysis solution or a salt solution.

A blood tubing system with at least one chamber according to any one of claims
1to 15.

The blood tubing system according to claim 24, wherein the blood tubing
system is provided with a predilution port and/or with a postdilution port and
wherein one or both of these ports are in fluid connection with the tube section

for the further fluid or are connectable to form a fluid connection.

A blood treatment system with at least one chamber according to any one of
claims 1 to 15 or with at least one blood tubing system according to claim 24 or
25.

The blood treatment system according to claim 26, wherein the blood treatment
system is a dialysis machine.
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28. The blood treatment system according to claim 27, wherein the dialysis machine

is formed such that the further fluid is provided by the dialysis machine.
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