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(54) BLOOD PROCESSING APPARATUS

(57) Provided is a blood processing apparatus hav-
ing multiple fluid chambers each having an internal
space, a chamber pressurizing member compressing or
expanding the internal spaces of the chambers, a cham-
ber pressurizing member driver driving the chamber
pressurizing member, and a flow control unit. The cham-

bers are each connected with a first flow tube through
which a fluid is provided to the chamber and a second
flow tube through which a fluid of the chamber is dis-
charged therefrom. The flow control unit controls a flow
through the flow tubes connected to the multiple fluid
chambers.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a blood
processing apparatus, disposable set, and method, in
which a plurality of fluid chambers are compressed and
expanded simultaneously to allow blood and dialysis fluid
to flow through a blood processing filter, thereby simpli-
fying the apparatus, providing easy installation and op-
eration, and reducing the cost for blood processing treat-
ment.

BACKGROUND

[0002] When there is a kidney dysfunction, water and
waste products that have to be discharged out of body
accumulate in blood and imbalance of electrolytes in the
body occurs. Most commonly performed to improve such
a kidney failure symptom, is hemodialysis which is to
circulate blood out of body and rid the blood of the accu-
mulated uremic toxin and excess water by a semi-per-
meable dialysis membrane. Hemodialysis is a method of
seeking an electrolyte balance and ridding the body fluid
of uremic toxin and excess water, taking advantages of
diffusion applied due to the concentration difference and
filtration applied due to the pressure difference between
blood and dialysis fluid.
[0003] Hemodialysis is the example of the blood
processing treatment in which blood of a patient is circu-
lated extracorporeally to remove toxic substances from
or supply beneficial ingredients to the blood. The blood
processing treatment is frequently combined with a blood
processing filter in which mass transfer between blood
(i.e., a physiologic body fluid) and dialysis fluid (i.e., a
purified sterile solution).
[0004] Most commonly used of blood processing filter
is the type that is a cylinder-shaped container charged
with a bundle of hollow fiber membranes and port-proc-
essed at both ends thereof by use of a synthetic resin
like polyurethane. It is because the hollow fiber blood
processing filter has excellent mass-transfer efficiency
resulting from large effective surface area between blood
and dialysis fluid compared to the small size as a whole.
[0005] Blood and dialysis fluid each decrease their hy-
draulic pressure while passing through a blood process-
ing filter. Since blood and dialysis fluid flow in opposite
directions inside the blood processing filter, a filtration
occurs at the proximal part of the blood processing filter
such that water in the blood moves toward dialysis fluid
compartment because blood pressure is higher than di-
alysis fluid pressure, while a backfiltration occurs at the
distal part such that water in the dialysis fluid moves to-
ward blood domain for the same reason.
[0006] Conventional blood processing devices require
a balancing unit connected to the multiple dialysis fluid
tubes, two or more dialysis fluid pumps to transfer dialysis
fluid, and a blood pump to transfer blood of a patient.

Also, it is indispensable to disinfect the balancing unit,
the dialysis fluid pumps, and the dialysis fluid flowing
tubes on a regular basis, rendering the conventional
blood processing unit complex in the structure and com-
plicated to use.

SUMMARY

[0007] In order to solve the aforementioned problems,
a blood processing apparatus is provided, in which mul-
tiple fluid chambers are compressed and expanded to
transfer blood and dialysis fluid at the same time. The
multiple chambers also ensure the flow rates upstream
and downstream of the blood processing filter to be
equally maintained. Thus, neither a separate blood pump
nor a balancing chamber is required, and therefore, the
entire system can be sufficiently miniaturized and light-
weighted, and easy to be installed while reducing the
cost for blood processing treatment. Thus, the blood
processing apparatus will be an optimal alternative for
the blood processing treatment in a place out of hospitals.
[0008] The blood processing apparatus is configured
to include a plurality of fluid chambers each having an
internal space, a chamber pressurizing member com-
pressing or expanding the internal spaces of the multiple
fluid chambers, a chamber pressurizing member driver
operating the chamber pressurizing member, and a flow
control unit.
[0009] The plurality of fluid chambers includes n fluid
chambers, where n is 2 or more positive integer, and
each of the n fluid chambers is connected with an in-flow
tube through which a fluid is provided to the chamber and
an out-flow tube through which a fluid of the chamber is
discharged therefrom.
[0010] The flow control unit controls the flow passages
through the in-flow and out-flow tubes connected to the
n fluid chambers. Specifically, the flow control unit is
formed of various valve structures, such as:

a one-way valve installed on each of the flow tubes
connected to the n fluid chamber to allow a fluid to
flow in one direction,
a solenoid valve installed on each of the flow tubes
through which the flow control unit controls a flow to
open or block a flow therethrough,
a pressurizing type valve having a flow-blocking
member compressing a portion of the flow tubes
through which the flow control unit controls a flow, a
flow-blocking wall supporting the flow tubes com-
pressed by the flow-blocking member, and a flow-
blocking member driver providing a liner or curved
movement force to the flow-blocking member, and
a rotating-type valve including a flow control housing
having a cylinder-shaped internal space, a flow con-
trol rotor having a cylinder shape and disposed inside
the internal space of the flow control housing, a plu-
rality of flow control ports each penetrating the flow
control housing between the internal space and an
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outer surface thereof, and a rotor driver driving the
flow control rotor.

[0011] Here, the flow control unit according to an em-
bodiment of the present invention may be configured to
block a flow through approximately a half of the flow tubes
through which the flow control unit controls a flow when
the chambers are compressed or expanded.
[0012] Disclosed is the blood processing apparatus
compressing and expanding multiple fluid chambers to
transfer blood and dialysis fluid. The multiple chambers
also ensure the flow rates upstream and downstream of
the blood processing filter to be equally maintained.
Thus, neither a separate blood pump nor a balancing
chamber is required. Thus, the entire system can be suf-
ficiently miniaturized and light-weighted, and easy to be
installed while reducing the cost for blood processing
treatment. This will make the blood processing apparatus
suitable for an optimal alternative for the blood process-
ing treatment in a place out of hospitals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings are included to
provide a further understanding of the present invention
and are incorporated in and constitute a part of this spec-
ification. The drawings illustrate exemplary embodiments
of the present invention and, together with the descrip-
tion, serve to explain principles of the present invention.
In the drawings:

FIG. 1 is a view illustrating a schematic diagram of
a blood processing apparatus according to an em-
bodiment of the present invention;
FIGS. 2 and 3 are views illustrating circuit diagrams
of a blood processing apparatus according to an em-
bodiment of the present invention;
FIGS. 4 and 5 are views illustrating a fluid pumping
unit of a blood processing apparatus according to an
embodiment of the present invention;
FIG. 6 is a view illustrating a blood processing filter
according to an embodiment of the present inven-
tion;
FIGS. 7 and 8 are views illustrating a flow control
unit formed of a pressurizing type valve;
FIGS. 9 and 10 are views illustrating a flow control
unit formed of a rotating type valve;
FIG. 11 is a view illustrating a circuit diagram of a
blood processing apparatus in which a flow control
unit is formed of a rotating type valve;
FIG. 12 is a view illustrating a flow control unit formed
of a rotating type valve;
FIGS. 13 and 14 are views illustrating circuit dia-
grams of a blood processing apparatus having four
(4) fluid chambers where two chambers are com-
pressed, and another two chambers are expanded
simultaneously;
FIG. 15 is a view illustrating a circuit diagram of a

blood processing apparatus having three (3) fluid
chambers;
FIG. 16 is a view illustrating a circuit diagram of a
blood processing apparatus having four (4) fluid
chambers where three chambers are compressed
and one chamber is expanded simultaneously;
FIGS. 17 and 18 are views illustrating circuit dia-
grams of a blood processing apparatus having five
(5) fluid chambers where three chambers are com-
pressed and another two chambers are expanded
simultaneously;
FIGS. 19 and 20 are views illustrating circuit dia-
grams of a blood processing apparatus having six
(6) fluid chambers where three chambers are com-
pressed and another three chambers are expanded
simultaneously;
FIGS. 21 and 22 are views illustrating circuit dia-
grams of a blood processing apparatus having six
(6) fluid chambers where three chambers are com-
pressed and another three chambers are expanded
simultaneously, where some chambers have a stoke
volume that is different from another chambers;
FIGS. 23 and 24 are views illustrating circuit dia-
grams of a blood processing apparatus having six
(6) fluid chambers where three chambers are com-
pressed and another three chambers are expanded
simultaneously;
FIGS. 25 and 26 are views illustrating circuit dia-
grams of a blood processing apparatus having six
(6) fluid chambers where three chambers are com-
pressed and another three chambers are expanded
simultaneously, where a flow control unit is formed
of a one-way valve;
FIGS. 27 and 28 are views illustrating circuit dia-
grams of a blood processing apparatus having eight
(8) fluid chambers where four chambers are com-
pressed and another four chambers are expanded
simultaneously;
FIG. 29 is a view illustrating a circuit diagram of a
blood processing apparatus having a blood pump;
FIG. 30 is a view illustrating a circuit diagram of a
blood processing apparatus in which a plurality of
fluid chambers is disposed in a vertical direction; and
FIG. 31 is a view illustrating a schematic diagram
showing a method of controlling a flow according to
an embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0014] Preferred embodiments of the present invention
will be described below in more detail with reference to
the accompanying drawings. The present invention may,
however, be embodied in different forms and should not
be constructed as limited to the embodiments set forth
herein. Elements and components disclosed in the draw-
ings may be exaggerated or simplified to improve the
clarity and convenience of the description. Terms or lan-
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guages defined in the present disclosure may have dif-
ferent meaning according to the users’ intention or prac-
tice. These terms should be interpreted as a meaning
corresponding to the technical concept of the present
invention disclosed throughout the specification of the
present invention.
[0015] As used herein, the singular forms "a," "an," and
"the" are intended to include the plural forms as well,
unless the context clearly indicates otherwise. In addi-
tion, the expressions defining the relationship of ele-
ments or components should be interpreted as broad as
possible. For example, it will be understood that when
an element or layer is referred to as being "on," "connect-
ed to," "coupled to," or "adjacent to" another element or
layer, it can be directly on, connected, coupled, or adja-
cent to the other element or layer, or intervening elements
or layers may be present therebetween. It will also be
understood that when an element is same or identical to
another element, the element can be completely same
or identical to another element, or it includes that the two
elements may be "substantially" similar to each other. In
the same manner, for the expression showing the equiv-
alence of time such as "simultaneously" or "at the same
time," it should be understood that it happens completely
at the same time, or they may happen at substantially
the similar time. The same reference denotations may
be used to refer to the same or substantially the same
elements throughout the specification and the drawings.
[0016] Hereinafter, the blood processing apparatus ac-
cording to the embodiments of the present invention will
be described in detail with reference to the accompanying
drawings.
[0017] FIG. 1 is a schematic diagram of a blood
processing apparatus 1 according to an embodiment of
the present invention. The blood processing apparatus
1 according to the present invention is not limited to the
device to preserve blood or the device to separate blood
cells or plasma from whole blood, but it also includes any
devices to provide treatments for patients, such as the
device for hemodialysis to treat patients with end-stage
renal disease (ESRD), the device for liver dialysis for
patients with acute or acute-on-chronic liver failure, the
extracorporeal life supporter (ECLS) device for replacing
impaired functions of a lung and heart, or the purification
device for treating patients with multiple organ failure re-
quiring detoxification.
[0018] The blood processing apparatus 1 is configured
to include a blood processing device and a disposable
set. The blood processing device is a hardware unit hav-
ing a housing in which various electric elements are
mounted to perform the blood processing treatment. Soft-
ware and programming to run the electric elements dis-
posed in the blood processing device may be installed.
The disposable set is a consumable element that is used
for each treatment. Exemplary disposable unit includes
tubes through which a fluid such as blood, dialysis fluid,
or any biologic fluid flows, air drip chambers to remove
air bubbles, and/or a blood processing filter.

[0019] FIGS. 2 and 3 illustrate circuit diagrams of the
blood processing apparatus 1. The blood processing ap-
paratus 1 includes a fluid pumping unit 50 transferring
blood and dialysis fluid, a dialysis fluid processing unit
30 to prepare fresh dialysis fluid by adjusting ion balance,
a water treatment unit 40 generating ultrapure water, and
a flow control unit 60 controlling flow passages through
the fluid flowing tubes. Various safety and monitoring
sensors 24 and 34 may also be provided to monitor the
blood processing treatment. The blood processing ap-
paratus 1 also includes the blood processing filter 10 in
which blood is processed. For example, mass transfer
occurs between blood and dialysis fluid in the blood
processing filter 10.
[0020] The fluid pumping unit 50 may further include a
plurality of fluid chambers each having an internal space,
a chamber pressurizing member 59 compressing or ex-
panding the internal spaces of the fluid chambers, and a
pressurizing member driver (not shown) operating the
chamber pressurizing member 59. The plurality of fluid
chambers may include n fluid chambers, where n is a
positive integer that is equal to and greater than 2. Pref-
erably, the fluid pumping unit 50 may comprise three (3)
to eight (8) fluid chambers. For example, FIGS. 2 and 3
illustrate exemplary circuit diagrams of the blood
processing apparatus 1 having four and six fluid cham-
bers (i.e., first to sixth fluid chambers 51 to 56), respec-
tively.
[0021] Here, although the term ’dialysis fluid’ is used
to distinguish it from blood, the dialysis fluid is not limited
to the fluid that is used for hemodialysis, continuous renal
replacement therapy (CRRT), or peritoneal dialysis. The
dialysis fluid is interpreted to include any fluids that can
be used for any types of blood processing treatments
including but not limited to plasma, serum, distilled water,
isotonic saline solution, lactose solution, and others.
[0022] Each of the n fluid chambers is connected with
an in-flow tube through which a fluid flows into the cham-
ber and an out-flow tube through which a fluid contained
in the chamber is discharged. For example, the first
chamber 51 is connected with a first chamber in-flow tube
51a and a first chamber out-flow tube 51b. A fluid flows
into the first chamber 51 through the first chamber in-flow
tube 51a and a fluid may be discharged from the chamber
through the first chamber out-flow tube 51b. In the same
manner, the second chamber 52 is connected with a sec-
ond chamber in-flow tube 52a and a second chamber
out-flow tube 52b, which can be applied similarly to other
chambers.
[0023] The in-flow and out-flow tubes are merely ex-
pressions to describe the tubes connected to the cham-
ber and they shouldn’t be interpreted that a fluid must
flow into the chamber through the in-flow tube or leave
the chamber through the out-flow tube. For example, a
fluid flows into the chamber through the out-flow tube, or
a fluid may be provided to or discharged from the cham-
ber through both the in-flow and out-flow tubes. In addi-
tion, as shown in FIGS. 2 and 3, each chamber is con-
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nected with the in-flow and out-flow tubes, but the in-flow
and out-flow tubes may overlap in a portion such that a
single tube is connected to the chamber.
[0024] The n chambers may be compressed or ex-
panded simultaneously. That is, all of the n chambers
may be compressed simultaneously, or expanded simul-
taneously. Alternatively, a portion of the n chambers may
be compressed while the other portion of the n chambers
are expanded. For example, when the fluid pumping unit
50 includes six chambers 51 to 56, all of the six chambers
may be compressed at once (or expanded at once). Oth-
erwise, three chambers are expanded simultaneously
while the other three chambers are expanded. Alterna-
tively, four chambers may be compressed while two
chambers are expanded, and vice versa.
[0025] In FIGS. 2 to 3, the chambers are configured to
have a cylinder-shaped internal space and the chamber
pressurizing member 59 has a shape of a piston recip-
rocally disposed inside the cylinder-shaped chambers to
compress or expand the chambers. However, the cham-
ber and the chamber pressurizing member are not limited
to the drawings. A container having an internal space to
accommodate a fluid and any means that pressurizes or
expands the internal space of the container to thereby
allow a fluid to flow through the container can be used
as the chamber and the chamber pressurizing member
of the present invention. For example, a fluid sac, a fluid
bag, or a fluid tube may be used for the chamber and
any element pressurizing or expanding the fluid sac, the
fluid bag or the fluid tube can be used as the chamber
pressurizing member 59.
[0026] The chamber may be made of a substantially
inflexible material having a predetermined shape, such
as the cylinder shape, and the chamber pressurizing
member 59 may have a portion that is made of a sub-
stantially flexible material such as rubber, polymer, sili-
cone, and the like. Otherwise, the chamber can be made
of a flexible material and the chamber pressurizing mem-
ber 59 may have a portion that is inflexible to compress
the flexible chambers.
[0027] For example, FIGS. 4 and 5 illustrate the fluid
pumping unit 50, in which the fluid chamber has a form
of a fluid sac (or a fluid bag) made of a flexible material
and having an internal space. The sacs may be installed
inside a frame 590 as the frame 590 provides an instal-
lation space. The chamber pressurizing member 59 has
a structure to pressurize or depressurize the fluid sacs.
For example, the fluid sacs may be compressed or ex-
panded by an operation of a pneumatic driver, such as
a pneumatic pump, gas pump, vacuum pump, and oth-
ers. The pneumatic driver placed in the housing 4 of the
blood processing apparatus 1 compresses or decom-
presses the pneumatic channel 591 (which is connected
to the outer space surrounding the fluid sacs), resulting
in the compression or decompression of the fluid sacs.
For example, the pneumatic channel 591 may serve as
the chamber pressurizing member 59. A gasket 592 may
be provided to prevent a pneumatic leakage around the

fluid sacs. The gasket 592 can be made of a flexible ma-
terial or an inflexible material such as plastic, metal, pol-
ymer, and others.
[0028] Since the chambers are expanded and com-
pressed simultaneously, a single chamber pressurizing
member 59 may be used for compressing and expanding
the chambers. In this regard, a single chamber pressu-
rizing member driver may be used to operate the cham-
ber pressurizing member 59. The chamber pressurizing
member driver includes various structures which allow
the chamber pressurizing member 59 to reciprocate
along a straight line or a curved line so as to compress
or expand the internal spaces of the chambers. An ex-
emplary chamber pressurizing member driver may in-
clude a cam pushing the chamber pressurizing member
59 in a rectilinear direction and a motor rotating the cam.
Alternatively, the chamber pressurizing member driver
may have a structure including a motor, a circular gear
rotating by the motor, a linear gear moving along a
straight line due to the rotation of the circular gear. Due
to the rotation of the cam or circular gear, the chamber
pressurizing member 59 moves along a rectilinear direc-
tion, and when the motor rotates further or rotates in an
opposite direction, the chamber pressurizing member 59
may move to an opposite direction.
[0029] The blood processing filter 10 includes various
filter apparatuses to process blood of a patient. As shown
in FIG. 6, the blood processing filter 10 may have a form
in which a blood processing membrane 12 is accommo-
dated in the filter housing 11. The internal space of the
filter housing 11 can be divided into multiple flow regions
by the membrane 12, through which a separate fluid
flows. In an embodiment, the blood processing filter 10
is divided into a blood flow region and a dialysis fluid flow
region by the blood processing membrane 12.
[0030] The filter housing 11 is provided with a first blood
port 13 and a second blood port 14 disposed at an op-
posite side thereof. Blood may enter the blood processing
filter 10 through the first blood port 13 and leave therefrom
through the second blood port 14. Blood tubes 21 and
22 may be connected to the blood ports 13 and 14, re-
spectively, to allow blood to flow through blood process-
ing filter 10. Also, a first dialysis fluid port 15 and a second
dialysis fluid port 16 may be provided on the filter housing
11 to allow the dialysis fluid to flow through the blood
processing filter 10. Specifically, dialysis fluid may be pro-
vided to the blood processing filter 10 through the first
dialysis fluid port 15 and is discharged therefrom through
the second dialysis fluid port 16.
[0031] Blood passes through the blood flow region in-
side the blood processing filter 10 and dialysis fluid pass-
es through the dialysis fluid flow region. Blood and dial-
ysis fluid may be desirably configured to flow in the op-
posite directions to each other. The blood processing fil-
ter 10 is not limited to the structure shown in the drawing,
and may be modified into other forms including a hemo-
dialyzer, an adsorption filter column, or a hemodiafilter.
[0032] Fresh dialysis fluid is produced through the di-
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alysis fluid processing unit 30. Acid and bicarbonate ion
solutions (or acid and bicarbonate powder) can be mixed
with ultrapure water that is prepared through the water
treatment unit 40. Through this process, ion concentra-
tions such as bicarbonate, sodium, etc., and pH of the
dialysis fluid can be adjusted.
[0033] The dialysis fluid processing unit 30 may be pro-
vided with dialysis fluid processing pumps 31 to transfer
the acid and/or bicarbonate solution 32. The dialysis fluid
processing pumps 31 may also include a first dialysis
fluid processing pump 31a and a second dialysis fluid
processing pump 31b to transfer first and second ion so-
lutions 32. The dialysis fluid processing pump 31 needs
to deliver the precise amount of solutions, and therefore
a precise metering pump may be used for the dialysis
fluid processing pump 31. Exemplary dialysis fluid
processing pump 31 includes a rotary piston pump, a
metering peristaltic pump, a precise piston pump, and
the like.
[0034] A fresh dialysis fluid container 36 and/or a used
dialysis fluid container 38 may be used to store fresh
dialysis fluid and/or to collect used dialysis fluid, respec-
tively. However, fresh dialysis fluid can be supplied to
the blood processing filter 10 without being stored in the
fresh dialysis fluid container 36 and the used dialysis fluid
may be discarded without being collected in the used
dialysis fluid container 38.
[0035] The dialysis fluid is not limited to be produced
through the dialysis fluid processing unit 30. The dialysis
fluid may be provided by using a pre-made dialysis fluid
bag. In addition, the blood processing apparatus 1 may
further be provided with a means 34 of measuring the
purity of the fresh dialysis fluid, such as a conductivity
sensor.
[0036] The water treatment unit 40 generates ultrapure
water and includes multiple filtration stages, such as a
pre-processing filter, a carbon filter, a reverse osmosis
filter, ion-exchange resin beds, and/or an endotoxin re-
tention filter. The water treatment unit 40 can be modified
into a different configuration to prepare ultrapure water
satisfying the requirement of the blood processing treat-
ment.
[0037] The flow control unit 60 controls a flow (or a flow
passage) through the in-flow and out-flow tubes. Thus,
various valve structures that can open or close the flow
through the tubes may be used for the flow control unit
60. For example, the flow control unit 60 may have a
structure of a one-way valve, a solenoid valve, an on-off
valve, a pressurizing type valve, a rotating-type valve, or
a pneumatic valve. The flow control unit 60 may be
formed of a combination of these valve types.
[0038] One-way valves installed on each of the flow
tubes through which the flow control unit 60 ensure a
fluid to flow in one direction. Solenoid valves and on-off
valves may be installed on each of the flow tubes to open
or block a flow therethrough.
[0039] The pneumatic valve or a pneumatic valve as-
sembly may include a pneumatic driver and a pneumatic

channel. The pneumatic driver pressurizes or depressu-
rizes a pneumatic channel, thereby compressing or de-
compressing, i.e., blocking or opening, the flow tubes
through which the flow control unit 60 controls a flow.
Exemplary pneumatic flow control unit 60 is illustrated in
FIGS. 4 and 5. Various types of pneumatic drivers can
be used to pressurize or depressurize the pneumatic
channel, as mentioned above.
[0040] The pressurizing type valve is illustrated in
FIGS. 7 to 9. The pressurizing type valve includes a flow
blocking member 61 reciprocating in a straight line or in
a curved line to compress a portion of the tubes through
which the flow control unit 60 controls a flow, a flow block-
ing wall 62 supporting the tubes compressed by the flow-
blocking member 61, and a flow-blocking member driver
providing a straight or curved force to the flow-blocking
member 61.
[0041] FIGS. 7 and 8 are views illustrate the exemplary
flow control unit 60 regulating the flow through eight (8)
flow tubes 51a, 51b, 52a, 52b, 53a, 53b, 54a and 54b,
which are connected to the first to fourth chambers 51 to
54. The flow control unit 60 may block the flow through
the tubes 51a, 52b, 53a, 54b and the tubes 51b, 52a,
53b, 54a in an alternate manner. When the flow-blocking
member 61 moves to the tubes 51a, 52b, 53a and 54b,
an end of the flow-blocking member 61 compresses the
tubes 51a, 52b, 53a and 54b supported by the flow-block-
ing wall 62 and blocks the flow therethrough. At this time,
the flow passages through the tubes 51b, 52a, 53b and
54a are opened. Similarly, the flow blocking member 61
moves to the tubes 51b, 52a, 53b and 54a, and another
end of the flow-blocking member 61 compresses the
tubes supported by the flow-blocking wall 62 and blocks
the flow therethrough.
[0042] Although the flow-blocking member 61 is de-
scribed to have an end and another end, the flow control
unit 60 is not limited to the structure. For example, as
shown in FIG. 7, the flow control unit 60 may be able to
control the flow through the tubes 51a, 51b, 52a, 52b,
53a, 53b, 54a, and 54b using two or more flow-blocking
members 61a and 61b which are separated from each
other. In this case, two or more flow-blocking member
drivers may be used to operate each of the flow-blocking
members 61a and 61b.
[0043] Alternatively, when the tubes are made of flex-
ible materials, such as rubber, silicone, polyurethane,
polyacetate, other polymers, etc., it may be possible to
bend the flow tubes by a predetermined angle to thereby
block the flow passage through the flow tubes. The flow-
blocking member 61 may not only compress the tubes
to close the flow inside, but also bend the tubes to block
the flow.
[0044] The flow-blocking member driver includes var-
ious structures that can apply a reciprocating movement
force (that is, for a rectilinear or curvilinear movement)
to the flow-blocking member 61. The same description
made for the chamber pressurizing member driver above
can be applied to the flow-blocking member driver. For
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example, an exemplary flow-blocking member driver
may include a cam for pushing the flow-blocking member
61 toward the flow-blocking wall 62 supporting the tubes
and a motor rotating the cam. When the flow-blocking
member 61 compresses the tubes due to the rotation of
the cam, the flow therethrough may be blocked. When
an external force by the cam is removed, the flow-block-
ing member 61 may detach from the tube, and the tube
may be restored to the original state by its own elastic
force, expanding the inside of the tube. Or, an eccentric
cam connected to a motor may rotate and compress one
side of the tube and block the flow therethrough. The cam
further rotates such that an external force applied by the
cam may be removed and the tube is restored to its orig-
inal status, expanding the inside of the tube.
[0045] The flow control unit 60 can be modified to con-
trol the flow through the in-flow and out-flow tubes con-
nected to the first to sixth chambers 51 to 56, e.g., the
tubes 51a, 51b, 52a, 52b, 53a, 53b, 54a, 54b, 55a, 55b,
56a, and 56b, as illustrated in FIG. 8. The flow control
unit 60 may block the flow through the tubes 51a, 52b,
53a, 54b, 55a, 56b and the tubes 51b, 52a, 53b, 54a,
55b, 56a in an alternate manner. In order to hold the
tubes that are pressurized by the flow blocking member
61, the flow control unit 60 may further include a tube
holder 63 (not shown in the drawing).
[0046] Here, when the chambers are compressed or
expanded, the flow control unit 60 may block the flow
through approximately a half, or at least a half, of the flow
tubes through which the flow control unit 60 controls a
flow.
[0047] The flow control unit 60 is not limited to the struc-
tures described above, and may be modified into a struc-
ture of the rotating-type valve. As illustrated in FIGS. 9
and 10, the rotating-type valve includes a flow control
housing 64 having an internal space, a flow control rotor
66 which is disposed inside the flow control housing 64,
a plurality of flow control ports 65 disposed on the flow
control housing 64 and penetrating the flow control hous-
ing 64, and a rotor driver 67 operating the flow control
rotor 66.
[0048] The flow control rotor 66 and the internal space
of the flow control housing 64 may have a cylindrical
shape in order to allow the flow control rotor 66 to rotate
inside the flow control housing 64. However, the flow con-
trol rotor 66 may be modified to move along a rectilinear
direction. Further, the flow control rotor 66 may be able
to rotate while moving along a rectilinear direction. Due
to the rotation or linear movement of the flow control rotor
66, a flow passage can be connected between at least
two flow control ports 65.
[0049] The flow control rotor 66 may also be formed
with a recessed portion 68 to make it easier for a fluid to
flow through two adjacent flow control ports 65. The re-
cessed portion 68 may have a cross-sectional shape of
a crescent moon, a rectangular, a square, a quadrilateral,
or a triangular shapes. A circuit diagram of the blood
processing apparatus 1 in which the flow control unit 60

is formed of the rotating-type valves is illustrated in FIG.
11.
[0050] The flow control ports 65 formed in the flow con-
trol housing 64 may be spaced apart along a circumfer-
ential direction of the internal space of the flow control
housing 64 which has a cylinder shape. In addition, some
of the flow control ports 65 may be placed within sub-
stantially the same cross-sectional plane which is per-
pendicular to an axial direction of the internal space of
the flow control housing 64. For example, the flow control
ports 65 of FIG. 9 are placed within substantially the same
cross-sectional plane of D-D’ or E-E’. Further, the flow
control ports 65 may be placed in two or more separate
cross-sectional planes of G-G’ and H-H’ as shown in FIG.
11. The flow control ports 65 can be placed at substan-
tially the similar elevation along an axial direction of the
flow control rotor 66.
[0051] The flow control rotor 66 rotates unidirectionally
or bidirectionally to control the opening and blocking of
the flow passage through the flow control ports 65. How-
ever, the flow control rotor 66 can move along a rectilinear
direction or rotate while moving along a rectilinear direc-
tion. The time for opening or blocking the flow passage
can be controlled by regulating the movement speed of
the flow control rotor 66.
[0052] The flow control rotor 66 needs to be tightly at-
tached to the inner surface of the flow control housing 64
to inhibit a fluid from leaking through the contact surface
of the flow control rotor 66 and the flow control housing
64. In order to prevent the leakage, the flow control rotor
66 and the flow control housing 64 can be made of a
material that can prevent a fluid from passing through
the contact surface such as polymer, plastic, metallic
substance, ABS, acrylic, or the like.
[0053] In addition, in order to prevent a leakage of fluid
through the contact surface, the flow control rotor 66 may
be provided with a protrusion 69 such as an o-ring or a
gasket, as shown in FIG. 12. The protrusion 69 can be
made of a flexible material such as rubber, poly er, sili-
cone and the like, or an inflexible material such as metal,
aluminum, plastic, polymer, and the like to efficiently pre-
vent the fluid leakage. Alternatively, a protrusion 69 may
be formed on the inner surface of the flow control housing
64.
[0054] The rotating type valve is not limited to the struc-
ture shown in the drawings and may be modified into
different structures. In addition, the flow control unit 60
is not limited to the structures described above and may
be modified into other structures that control a flow
through the in-flow and out-flow tubes.
[0055] The blood processing apparatus 1 may also in-
clude various safety and monitoring sensors 24 and 34.
The sensors monitor the blood processing treatment and
may include pressure sensors, air bubble sensor, blood
leak sensor, temperature sensor, a conductivity sensor,
and the like. In addition, an additional filter such as an
endotoxin filter may be installed in the circuit of the blood
processing apparatus 1 to ensure no harmful substances
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to come in contact with blood.
[0056] Hereinafter, embodiments of the blood process-
ing apparatus 1 according to the present invention and
their operations will be described in detail with reference
to the accompanying drawings. FIGS. 13 to 28 are views
illustrating the embodiments of the blood processing ap-
paratus 1 and their operations.

Example 1

[0057] The blood processing apparatus 1 includes four
fluid chambers, i.e., the first, second, fifth, and sixth
chambers 51, 52, 55 and 56 (FIG. 13). Two chambers
51 and 52 are connected to the dialysis fluid ports to
transfer dialysis fluid through the blood processing filter
10 and the other two chambers 55 and 56 are connected
to blood ports to transfer blood. The flow control unit 60
may be formed of a pressurizing type valve for the in-
flow and out-flow tubes connected to the chambers.
[0058] When the second and sixth chambers 52 and
56 are compressed and the first and fifth chambers 51
and 55 are expanded, the flow control unit 60 opens a
flow through the tubes 51a, 52b, 55a and 56b and blocks
a flow through the tubes 51b, 52a, 55b and 56a (FIG. 13).
[0059] Due to the expansion of the first chamber 51,
dialysis fluid is supplied to the chamber through the first
chamber in-flow tube 51a. Due to the compression of the
second chamber 52, dialysis fluid of the chamber is dis-
carded therefrom through the second chamber out-flow
tube 52b. Due to the expansion of the fifth chamber 55,
blood of a patient is supplied to the chamber through the
fifth chamber in-flow tube 55a. Due to the compression
of the sixth chamber 56, blood of the chamber is returned
to a patient. During this phase, neither blood nor dialysis
fluid flows through the blood processing filter 10.
[0060] Here, thick black lines in the drawings represent
that there is a flow therethrough, i.e., the flow control unit
60 opens a flow through the tube. Thin black lines rep-
resent that there is no flow therethrough, i.e., the flow
control unit 60 blocks a flow through the tube. A dotted
line represents an auxiliary dialysis fluid tube 81 and an
auxiliary dialysis fluid pump 82.
[0061] On the other hand, when the chambers 52 and
56 are expanded and the chambers 51 and 55 are com-
pressed, the flow control unit 60 blocks a flow through
the tubes 51a, 52b, 55a and 56b and opens a flow through
the tubes 51b, 52a, 55b and 56a.
[0062] Due to the compression of the chamber 51, di-
alysis fluid of the chamber is supplied to the blood
processing filter 10 through the first chamber out-flow
tube 51b. Due to the expansion of the chamber 52, dial-
ysis fluid of the blood processing filter 10 is discharged
to the chamber 52 through the second chamber in-flow
tube 52a. Due to the compression of the chamber 55,
blood is supplied to the blood processing filter 10 through
the fifth chamber out-flow tube 55b. Due to the expansion
of the chamber 56, blood of the blood processing filter
10 flows into the chamber 56. During this phase, blood

and dialysis fluid both flow through the blood processing
filter 10.
[0063] The chamber 51 serves as a means of providing
fresh dialysis fluid to the blood processing filter 10 and
the chamber 52 discharges used dialysis fluid from the
blood processing filter 10. The chambers 55 provides
blood of a patient to the blood processing filter 10 and
the chamber 56 allows blood of the blood processing filter
10 to be returned to a patient. Since the dialysis fluid
processing unit 30 produces dialysis fluid, the dialysis
fluid processing unit 30 may be connected to the first
chambers 51 through the first chamber in-flow tube 51.
[0064] The chambers 51, 52, 55 and 56 may have a
predetermined stroke volume. The stroke volume of the
chamber can be defined as a volume that is expanded
or compressed when the chamber pressurizing member
59 expands or compresses the chamber. The chambers
51 and 52 may have substantially the same stroke vol-
ume as each other, and the chambers 55 and 56 may
have substantially the same stroke volume as each other.
In addition, the chambers 51 and 52 may have the stroke
volume that is larger than that of the chambers 55 and
56. In an embodiment, the stroke volume of the chambers
51 and 52 may be approximately twice of the stroke vol-
ume of the chambers 55 and 56. However, the chamber’s
stoke volumes are not limited thereto and can be modified
such that the chambers 55 and 56 have same stroke
volumes that are different from each other and the cham-
bers 51 and 52 have different stroke volumes from each
other.
[0065] In order for the chambers to have substantially
the same stroke volume, the cross-sectional surface area
of the internal space of the chamber may be same as or
substantially similar to each other. When the internal
space of the chamber is shaped into a cylinder, the cross-
sectional surface area depends on a diameter of the
cross-sectional surface.
[0066] The blood processing apparatus 1 may be em-
bodied into a structure, in which used dialysis fluid is dis-
charged from the blood processing apparatus 1 through
the chamber 51 and fresh dialysis fluid is provided to the
blood processing filter 10 through the chamber 52. Sim-
ilarly, blood of a patient is supplied to the blood process-
ing filter 10 through the chamber 56 and blood of the
blood processing filter 10 is returned to a patient through
the chamber 55.
[0067] Furthermore, as shown in FIG. 14, the flow con-
trol unit 60 may be formed of a pressurizing type valve
for the in-flow and out-flow tubes connected to the cham-
bers 51 and 52 but it is formed of one-way check valves
55c and 56c for the tubes connected to the chambers 55
and 56 to control a flow therethrough.

Example 2

[0068] The blood processing apparatus 1 is formed
with three fluid chambers including a first chamber 51, a
second chamber 52, and a fifth chamber 55 (FIG. 15).
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Two chambers 51 and 52 are connected to the dialysis
fluid ports to transfer dialysis fluid and one chamber 55
is connected to the blood port to transfer blood. The flow
control unit 60 controls a flow through the tubes connect-
ed to the chambers 51, 52 and 55, and may be formed
of a pressurizing type valve. Here, an additional flow con-
trol unit 60 may be provided in the blood tube 22 con-
nected to the second blood port 14 to open or close the
flow therethrough.
[0069] When the chambers 52 and 55 are compressed
and the chamber 51 is expanded, the flow control unit 60
opens a flow through the tubes 51a, 52b, 55b and 22,
and blocks a flow through the tubes 51b, 52a and 55a
(FIG. 15). Due to the expansion of the chamber 51, dial-
ysis fluid of the blood processing filter 10 flows into the
chamber through the first chamber in-flow tube 51a. Due
to the compression of the chamber 52, the dialysis fluid
of the chamber is supplied to the blood processing filter
10 through the second chamber out-flow tube 52b. Due
to the compression of the chamber 55, blood inside the
chamber is supplied to the blood processing filter 10
through the fifth chamber out-flow tube 55b and returned
to a patient through the blood tube 22.
[0070] When the chambers 52 and 55 are expanded
and the chamber 51 is compressed, the flow control unit
60 blocks a flow through the tubes 51a, 52b, 55b and 22,
and opens a flow through the tubes 51b, 52a and 55a
(FIG. 15). Due to the compression of the chamber 51,
dialysis fluid of the chamber is discarded through the first
chamber out-flow tube 51b. Due to the expansion of the
chamber 52, dialysis fluid is furnished to the chamber
through the second chamber in-flow tube 52a. Due to the
expansion of the chamber 55, blood of a patient is sup-
plied to the chamber.
[0071] As shown in the drawing, blood may be with-
drawn from a patient and returned back to a patient
through a single needle access connected to a patient.

Example 3

[0072] The blood processing apparatus 1 may be mod-
ified into a structure where blood of a patient is supplied
to the blood processing apparatus 1 and returned to a
patient by using two chambers 55 and 56, but these two
separate chambers 55 and 56 are simultaneously com-
pressed or expanded (FIG. 16). The blood processing
apparatus 1 includes four fluid chambers 51, 52, 55 and
56, but unlike Example 1, one chamber is compressed
while three chambers are expanded, and one chamber
is expanded while three chambers are compressed.
[0073] The flow control unit 60 for the tubes 55a, 55b,
56a, and 56b connected to chambers 55 and 56 may be
formed of the one-way valves. Despite a similar operation
with Example 2, the blood processing apparatus 1 of FIG.
16 may be able to allow blood to flow through the blood
processing filter 10 when the chambers 55 and 56 are
both compressed and expanded.

Example 4

[0074] FIGS. 17 and 18 illustrate flow circuit diagrams
of the blood processing apparatus 1 having five (5) fluid
chambers. Specifically, four chambers 51 to 54 are con-
nected to the dialysis fluid port 15 or 16 and circulate
dialysis fluid through the blood processing filter 10, and
a single chamber 55 is connected to the blood port 13 to
transfer blood.
[0075] Blood is transferred to the blood processing fil-
ter 10 when the chamber pressurizing member 59 moves
to a right direction in FIG. 17, i.e., compressing the cham-
bers 52, 54 and 55. Since the four chambers are used
to transfer dialysis fluid, there is a continuous flow of the
dialysis fluid through the blood processing filter 10 when
the chambers are compressed and expanded.
[0076] The dialysis fluid circuit and the operation are
similar to Examples 5 and 6 which are described below
in more detail, whereas the blood circuit and the operation
are similar to Example 2.
[0077] In a similar manner, the blood processing ap-
paratus 1 according to an embodiment of the present
invention may be modified into a structure where six fluid
chambers 51 to 56 are used for transferring blood and
dialysis fluid. Dialysis fluid is transferred through four
chambers 51 to 54, as show in FIGS. 17 and 18. However,
blood is transferred using two chambers 55 and 56 but
the two chambers 55 and 56 are simultaneously com-
pressed (or expanded), similar to that shown in FIG. 16.
The flow control unit 60 may be formed of one-way valves
for the tubes connected to the chambers 55 and 56, i.e.,
the tubes 55a, 55b, 56a and 56b. The flow control unit
60 for the tubes connected to the chambers 51 to 54 may
be any one, or a combination, of the one-way valves,
solenoid valves, pressurizing type valves, or the rotating-
type valves.

Example 5

[0078] FIGS. 19 and 20 are views illustrating the blood
processing apparatus 1 according to another embodi-
ment of the present invention. The blood processing ap-
paratus 1 includes six fluid chambers, i.e., first to sixth
chambers 51 to 56. Dialysis fluid flows through the first
to fourth chambers 51 to 54. Specifically, dialysis fluid is
supplied to the blood processing filter 10 through the first
and fourth chambers 51 and 54, and is removed from the
blood processing filter 10 through the second and third
chamber 52 and 53. Thus, the chambers 51 and 54 are
connected to the first dialysis fluid port 15 and the cham-
bers 52 and 53 are connected to the second dialysis fluid
port 16. The dialysis fluid processing unit 30 may be con-
nected to the first and fourth chambers 51 and 54
(through the first and fourth chamber in-flow tubes 51a
and 54a).
[0079] Blood flows through the chambers 55 and 56.
Blood is supplied to the blood processing filter 10 through
the fifth chamber 55 and blood of the blood processing
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filter 10 is returned to a patient through the sixth chamber
56. Thus, the fifth chamber 55 is connected to the first
blood port 13 and the sixth chamber 56 is connected to
the second blood port 14.
[0080] The flow control unit 60 is formed of the pres-
surizing type valve for the tubes connected to the cham-
bers 51 to 54 and one-way valves for the tubes connected
to the chambers 55 and 56.
[0081] The chambers 51, 53, and 55 are expanded and
the chambers 52, 54 and 56 are compressed (FIG. 19).
The flow control unit 60 opens a flow through the tubes
51a, 52b, 53a and 54b, and blocks a flow through the
tubes 51b, 52a, 53b and 54a.
[0082] Due to the expansion of the first chamber 51,
dialysis fluid is supplied to the chamber through the first
chamber in-flow tube 51a. Due to the compression of the
second chamber 52, dialysis fluid of the chamber is dis-
charged therefrom through the second chamber out-flow
tube 52b. Due to the expansion of the third chamber 53,
dialysis fluid of the blood processing filter 10 is supplied
to the chamber through the third chamber in-flow tube
53a. Due to the compression of the fourth chamber 54,
dialysis fluid of the chamber is supplied to the blood
processing filter 10 through the fourth chamber out-flow
tube 54b. Due to the expansion of the fifth chamber 55,
blood of a patient flows into the chamber through the fifth
chamber in-flow tube 55a. Here, due to the one-way valve
55c, blood of the blood processing filter 10 may not flow
backward to the chamber 55. Finally, due to the com-
pression of the sixth chamber 56, blood of the chamber
is returned to a patient through the sixth chamber out-
flow tube 56b. Blood in the chamber 56 may not flow
backward to the blood processing filter 10 because of
the one-way valve 56c. During this phase, no blood flows
through the blood processing filter 10.
[0083] On the other hand, the chambers 51, 53 and 55
are compressed while the chambers 52, 54 and 56 are
expanded (FIG. 20). The flow control unit 60 blocks a
flow through the tubes 51a, 52b, 53a, 54b, and opens a
flow through the tubes 51b, 52a, 53b, 54a.
[0084] Due to the compression of the first chamber 51,
dialysis fluid of the chamber is provided to the blood
processing filter 10 through the first chamber out-flow
tube 51b. Due to the expansion of the second chamber
52, dialysis fluid of the blood processing filter 10 is dis-
charged to the chamber 52 through the second chamber
in-flow tube 52a. Due to the compression of the third
chamber 53, dialysis fluid of the chamber is removed
therefrom through the third chamber out-flow tube 53b.
Due to the expansion of the fourth chamber 54, dialysis
fluid is supplied to the chamber 54 through the fourth
chamber in-flow tube 54a. Due to the compression of the
fifth chamber 55, blood of the chamber is supplied to the
blood processing filter 10 through the fifth chamber out-
flow tube 55b. Here, blood of the chamber 55 may not
flow backward to a patient because of the one-way valve
55c. Finally, due to the expansion of the sixth chamber
56, blood of the blood processing filter 10 flows into the

sixth chamber 56 through the sixth chamber in-flow tube
56a. Patient’s blood may not flow into the chamber 56
due to the one-way valve 56c. Thus, during this phase,
both blood and dialysis fluid flow through the blood
processing filter 10.
[0085] As mentioned above, the chambers 51 to 56
may have stroke volumes that are different from each
other. For example, as shown in FIGS. 21 and 22, the
chambers 51 and 53 may have a stroke volume that is
larger than that of the chambers 52 and 54. When the
chamber pressurizing member 59 moves left (FIG. 21),
since the third chamber 53 has a larger stroke volume
than the fourth chamber 54, ultrafiltration occurs in which
plasma water of the blood moves to the dialysis fluid com-
partment across the blood processing membrane 12.
[0086] On the contrary, when the chamber pressuriz-
ing member 59 moves right (FIG. 22), since the first
chamber 51 has a larger stroke volume than the second
chamber 52, backfiltration in which dialysis fluid moves
to the blood compartment of the blood processing filter
10 occurs. Thus, the stroke volumes of the chambers
can regulate the ultrafiltration and backfiltration rates,
which results in dynamic mass transfer between blood
and dialysis fluid.
[0087] In a similar manner, the stoke volumes of the
chamber 55 and 56 may be modified to be equal to each
other or to be different from each other, which is aimed
at regulating the net filtration (i.e., a difference of ultrafil-
tration and backfiltration). Otherwise, the stroke volumes
of the six chambers may be substantially similar to or
same as each other.
[0088] The flow control unit 60 is formed of the pres-
surizing type valve for the tubes connected to the first to
fourth chambers 51 to 54 and one-way valves for the
tubes connected to the fifth and sixth chambers 55 and
56. However, the flow control unit 60 is not limited thereto
and may be modified. For example, the flow control unit
60 can be formed of the pressurizing type valves to open
or close the flow through the tubes connected to all of
the first to sixth chambers 51 to 56, i.e., the tubes 51a,
51b, 52a, 52b, 53a, 53b, 54a, 54b, 55a, 55b, 56a, and
56b, as shown in FIG. 8. Alternatively, the flow control
unit 60 may be formed of one-way valves installed in
each of the tubes connected to the first to sixth chambers
51 to 56, which is described below.

Example 6

[0089] FIGS. 23 and 24 are views illustrating the blood
processing apparatus 1, in which blood is supplied to the
blood processing apparatus 1 through the fifth and sixth
chambers 55 and 56. But unlike Example 5, the fifth and
sixth chambers 55 and 56 are both connected to the first
blood port 13.
[0090] When the chambers 51, 53 and 55 are expand-
ed and the chambers 52, 54 and 56 are compressed
(FIG. 23), due to the expansion of the fifth chamber 55,
blood of a patient is supplied to the chamber through the
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fifth chamber in-flow tube 55a. At the same time, due to
the compression of the sixth chamber 56, blood of the
chamber is supplied to the blood processing filter 10
through the sixth chamber out-flow tube 56b.
[0091] On the other hand, when the chambers 51, 53
and 55 are compressed and the chambers 52, 54 and
56 are expanded (FIG. 24), due to the compression of
the fifth chamber 55, blood of the chamber is supplied to
the blood processing filter 10 through the fifth chamber
out-flow tube 55b. Simultaneously, the expansion of the
sixth chamber 56 allows blood of a patient to be supplied
to the sixth chamber 56 through the sixth chamber in-
flow tube 56a. Thus, both blood and dialysis fluid contin-
uously flow through the blood processing filter 10 while
the chambers are compressed or expanded.
[0092] Once again, the chambers 51 to 54 may have
substantially the same stroke volume as each other, but
the chambers 55 and 56 may have a different stroke vol-
ume from that of the chambers 51 to 54. For example,
the stroke volume of the chambers 55 and 56 may have
approximately a half of the stroke volume of the chambers
51 to 54.
[0093] In addition, among the first to sixth chambers
51 to 56, the number of chambers through which a first
fluid flows and the number of chambers through which a
second fluid flows may be changed depending on the
objective of the blood processing treatment.

Example 7

[0094] FIGS. 25 and 26 are views illustrating the blood
processing apparatus 1 according to another embodi-
ment of the present invention, in which the flow control
unit 60 is formed of one-way valves installed on each of
the flow tubes connected to the first to sixth chambers
51 to 56. First chamber one-way valves 51c are installed
on the first chamber in-flow and out-flow tubes 51a and
51b. Second chamber one-way valves 52c are installed
on the second chamber in-flow and out-flow tubes 52a
and 52b.
[0095] The chambers 51, 53 and 55 are expanded and
the chambers 52, 54 and 56 are compressed (FIG. 25).
[0096] Due to the expansion of the first chamber 51,
dialysis fluid is supplied to the chamber through the first
chamber in-flow tube 51a. Here, because of the one-way
valve 51c, dialysis fluid of the blood processing filter 10
may not flow backward to the chamber. Due to the com-
pression of the second chamber 52, dialysis fluid of the
chamber is discharged therefrom through the second
chamber out-flow tube 52b. Because of the one-way
valve 52c, dialysis fluid may not flow backward to the
blood processing filter 10. Due to the expansion of the
third chamber 53, dialysis fluid of the blood processing
filter 10 is supplied to the chamber through the third
chamber in-flow tube 53a. Here, because of the one-way
valve 53c, used dialysis fluid may not flow backward to
the chamber. Due to the compression of the fourth cham-
ber 54, dialysis fluid of the chamber is supplied to the

blood processing filter 10 through the fourth chamber out-
flow tube 54b. Because of the one-way valve 54c, dialysis
fluid may not flow backward to the fresh dialysis fluid
container 36. Due to the expansion of the fifth chamber
55, blood of a patient is supplied to the chamber through
the fifth chamber in-flow tube 55a. Because of the check
valve 55c, blood of the blood processing filter 10 may not
flow backward to the chamber. Due to the compression
of the sixth chamber 56, blood of the chamber is supplied
to the blood processing filter 10 through the sixth cham-
ber out-flow tube 56b. Due to the one-way valve 56c,
blood of the chamber may not flow backward to a patient.
[0097] On the other hand, the chambers 51, 53 and 55
are compressed and the chambers 52, 54 and 56 are
expanded (FIG. 26).
[0098] Due to the compression of the first chamber 51,
dialysis fluid of the chamber is supplied to the blood
processing filter 10 through the first chamber out-flow
tube 51b. Because of the one-way valve 51c, dialysis
fluid may not flow backward to the fresh dialysis fluid
container 36 (i.e., through the first chamber in-flow tube
51a). Due to the expansion of the second chamber 52,
dialysis fluid of the blood processing filter 10 is supplied
to the chamber 52 through the second chamber in-flow
tube 52a. Because of the one-way valve 52c, used dial-
ysis fluid may not flow backward to the second chamber.
Due to the compression of the third chamber 53, dialysis
fluid of the chamber is removed through the third chamber
out-flow tube 53b. Because of the one-way valve 53c,
dialysis fluid may not flow backward to the blood process-
ing filter 10. Due to the expansion of the fourth chamber
54, dialysis fluid is supplied to the chamber 54 through
the fourth chamber in-flow tube 54a. Because of the one-
way valve 54c, dialysis fluid of the blood processing filter
10 may not flow backward to the chamber 54. Due to the
compression of the fifth chamber 55, blood of the cham-
ber is supplied to the blood processing filter 10 through
the fifth chamber out-flow tube 55b. Due to the one-way
valve 55c, blood of the chamber may not flow backward
to a patient. Due to the expansion of the sixth chamber
56, blood of a patient is supplied to the sixth chamber 56
through the sixth chamber in-flow tube 56a. Because of
the check valve 56c, blood of the blood processing filter
10 may not flow backward to the chamber.
[0099] The one-way valves installed on the corre-
sponding flow tubes enforce a fluid to flow in one direc-
tion, preventing a retrograde flow through the tubes.
Therefore, the one-way valve according to an embodi-
ment of the present invention may have a predetermined
cracking pressure. The cracking pressure is the pressure
difference between upstream and downstream of the
one-way valve which opens a flow though the valve. For
example, when the flow control unit 60 is not operating,
the one-way valve may have a cracking pressure value
which is enough to prevent a fluid from flowing through
the one-way valves. In an embodiment, the check valve
may have the cracking pressure of 10 mmHg to 180 mm-
Hg, more preferably 12 mmHg to 60 mmHg.
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Example 8

[0100] The blood processing apparatus 1 according to
an embodiment of the present invention may be embod-
ied into other structures. For example, as shown in FIGS.
27 and 28, the blood processing apparatus 1 is formed
of eight (8) fluid chambers. Four chambers transfer dial-
ysis fluid and the other four chambers transfer blood.
[0101] Dialysis fluid is transferred by the operation of
the four chambers 51 to 54. Specifically, two chambers
51 and 54 supply dialysis fluid to the blood processing
filter 10 and another two chambers 52 and 53 remove
the dialysis fluid from the blood processing filter 10. De-
tailed description of the operation of the four chambers
are described above.
[0102] Blood is also transferred by the operation of the
four chambers 55 to 58. Two chambers supply blood to
the blood processing filter 10 and the other two chambers
return blood of the blood processing filter 10 to a patient.
Detailed description of the operation of the four chambers
are also described above.
[0103] The flow control unit 60 is configured to control
a flow through the tubes connected to the chambers 51
to 58, comprising any one or a combination of one-way
valves, solenoid valves, on-off valves, the pressurizing
type valve, or the rotating type valve. The flow control
unit 60 may be able to block eight (8) tubes while opening
the other eight (8) tubes, or vice versa.
[0104] The blood processing apparatus 1 according to
an embodiment of the present invention may further be
embodied such that a blood pump 23 is provided in the
blood tube 21 or 22 to transfer blood. FIG. 29 is a view
illustrating the blood processing apparatus 1 in which the
blood pump 23 is installed in the blood tube 21 to supply
blood to the blood processing filter 10. Dialysis fluid is
transferred by the four chambers 51 to 54. Two chambers
51 and 54 supply dialysis fluid to the blood processing
filter 10 while two chambers 52 and 53 remove the dial-
ysis fluid from the blood processing filter 10.
[0105] In addition, as illustrated in FIG. 30, the plurality
of fluid chambers may be disposed in a vertical direction.
A half of the chambers (at the left side) may be com-
pressed while another half of the chambers (in the right
side) is expanded, or vice versa. Also, the chamber pres-
surizing member 59 may include a first chamber pressu-
rizing member 59a and a second chamber pressurizing
member 59b, expanding and compressing the chambers
in the left and right sides, respectively, in the drawings.
The pressurizing type valve are depicted as the flow con-
trol unit 60 for the tubes connected to the chambers 51
to 54 and one-way valves are used for the tubes con-
nected to the chambers 55 and 56. But, the flow control
unit 60 may be modified to the pressurizing type valve,
the rotating type valve, solenoid valves, or one-way
valves, or a combination thereof to control a flow passage
through the tubes connected to the chambers 51 to 56.
[0106] Furthermore, the blood processing apparatus 1
may further be provided with the auxiliary dialysis fluid

tube 81 and the auxiliary dialysis fluid pump 82. The aux-
iliary dialysis fluid pump 82 is installed on the auxiliary
dialysis fluid tube 81 to additionally remove dialysis fluid
from the blood processing filter 10. The auxiliary dialysis
fluid tube 81 may connect between the in-flow tube of
the chambers 52 and 53 (i.e., the outlet of the blood
processing filter 10) and the used dialysis fluid container
38 (or a drain line).
[0107] While the fluid pumping unit 50 supplies a pre-
determined amount of dialysis fluid to the blood process-
ing filter 10 and then removes substantially the same
amount of the dialysis fluid from the blood processing
filter 10, the auxiliary dialysis fluid pump 82 removes ad-
ditional dialysis fluid from the blood processing filter 10.
Thus, the auxiliary dialysis fluid pump 82 may determine
the net volume removal from a patient. Since the auxiliary
dialysis fluid pump 82 determines the patient hydration
level, it is required that the auxiliary dialysis fluid pump
82 delivers an exact amount of dialysis fluid. The auxiliary
dialysis fluid pump 82 includes a various metering fluid
pump such as a peristaltic pump, a roller pump, a cylin-
der-based pulsatile pump, a gear pump and other fluid
pumps. In an embodiment, a metering rotary piston pump
may be used for the auxiliary dialysis fluid pump 82.
[0108] FIG. 31 is a view illustrating the flow control
method of the flow control unit 60. The flow control unit
60 blocks a flow through some of the tubes and, at the
same time, opens a flow through some other flow tubes.
The flow control unit 60 repeats the blocking and the
opening. The flow control unit 60 may include the first
flow control unit 60a and the second flow control unit 60b,
as shown in FIGS. 7 and 8. For example, the flow control
unit 60 of Example 1 closes the flow passages through
the tubes 51a, 52b, 55a, 56b and the tubes 51b, 52a,
55b, 56a in an alternate manner. Thus, the flow through
tubes 51a, 52b, 55a, 56b may be controlled by the first
flow control unit 60a and the flow through the tubes 51b,
52a, 55b, 56a may be controlled by the second flow con-
trol unit 60b. When the first flow control unit 60a blocks
the flow, the second flow control unit 60b may open the
flow, and vice versa.
[0109] Although the first flow control unit 60a and the
second flow control unit 60b repeat the compression and
expansion of the tubes, there is a moment when the first
and second flow control units 60a and 60b both block the
flow through the tubes. The flow control unit 60 may be
configured to instantaneously close the flow through all
of the tubes through which the flow control unit 60 controls
a flow, such as when the first and second flow control
units 60a and 60b switch the compression and expan-
sion.
[0110] Thus, as shown in FIG. 31, the control method
of the flow control unit 60 may include the steps of:

(S1) blocking first flow control unit 60a,
(S2) unblocking second flow control unit 60b,
(S3) operating chamber pressurizing member 59,
(S4) blocking second flow control unit 60b,
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(S5) unblocking first flow control unit 60a, and
(S6) operating chamber pressurizing member 59.

[0111] When the chamber pressurizing member 59
moves to one direction at S3, it moves to an opposite
direction at S6, thereby allowing the chamber pressuriz-
ing member 59 to repeat the compression and expansion
of the chambers. In addition, at S1 and S4, the first flow
control unit 60a and second flow control unit 60b are both
blocked; that is, the control units 60a and 60b both block
the flow through the tubes. However, the first flow control
unit 60a alone is blocked at S2 and the second flow con-
trol unit 60b is only blocked at S5.
[0112] The blood processing apparatus 1 may further
include the steps of delaying time between steps, such
as pausing for a predetermined of time. For example,
there is a time delay (D1) between S1 and S2, there is a
time delay (D2) between S2 and S3, and there is a time
delay (D3) between S3 and S4. The D1, D2 and D3 have
a predetermined value to improve the stability of the flow
control operation. In an embodiment, D1 and D2 has a
value between 0 and 1.2 sec, and D3 has a value from
0 to 2.5 sec.
[0113] In addition, S1 and S4 may take substantially
the same period of time, and similarly, S2 and S5 take
substantially the same time. Otherwise, S1, S2, S4, and
S5 may take same time such as between 0.2 and 1.2 sec
(preferably between 0.4 and 0.8 sec) while S3 and S6
take same time between 0.4 and 2.4 sec.
[0114] The blood processing apparatus according to
an embodiment of the present invention compresses and
expands multiple fluid chambers to transfer blood and
dialysis fluid. The multiple chambers ensure the flow
amount of the dialysis fluid upstream and downstream
of the blood processing filter to be equally maintained,
and neither a separate blood pump nor a balancing cham-
ber may be required. Consequently, the entire blood
processing system can be sufficiently miniaturized and
light-weighted, and easy to be installed while reducing
the cost for blood processing treatment. The blood
processing apparatus will be suitable for an optimal al-
ternative for the blood processing treatment in a place
out of hospitals.
[0115] The above-disclosed subject matter is to be
considered illustrative, and not restrictive, and the ap-
pended claims are intended to cover all such modifica-
tions, enhancements, and other embodiments, which fall
within the true spirit and scope of the present invention.
Thus, to the maximum extent allowed by law, the scope
of the present invention is to be determined by the broad-
est permissible interpretation of the following claims and
their equivalents, and shall not be restricted or limited by
the foregoing detailed description.

Claims

1. A blood processing apparatus comprising:

a plurality of fluid chambers each having an in-
ternal space;
a chamber pressurizing member compressing
or expanding the internal spaces of the fluid
chambers;
a chamber pressurizing member driver driving
the chamber pressurizing member; and
a flow control unit, wherein
the plurality of fluid chambers includes n fluid
chambers (where n is 2 or more positive integer),
the n chambers are each connected with a first
flow tube through which a fluid is provided to the
chamber and a second flow tube through which
a fluid of the chamber is discharged therefrom,
and
the flow control unit controls a flow through the
first and second flow tubes connected to the n
chambers.

2. The blood processing apparatus of claim 1, wherein
the n chambers are each compressed or expanded
simultaneously by the chamber pressurizing mem-
ber.

3. The blood processing apparatus of claim 2, wherein
when the n is an even number, n/2 chambers are
compressed and another n/2 chambers are expand-
ed simultaneously, wherein
when the n is an odd number, (n+1)/2 chambers are
compressed and (n-1)/2 chambers are expanded si-
multaneously.

4. The blood processing apparatus of claim 3, further
comprising a blood processing filter in which blood
is processed, wherein the blood processing filter
comprises:

a filter housing having an internal space;
a first blood port provided in an end of the filter
housing and through which blood is provided to
the blood processing filter;
a second blood port provided in another end of
the filter housing and through which blood is dis-
charged from the blood processing filter; and
at least one dialysis fluid port disposed at the
filter housing and through which dialysis fluid is
provided to or discharged from the blood
processing filter.

5. The blood processing apparatus of claim 4, wherein
the flow tubes connected to at least two fluid cham-
bers are connected to the dialysis fluid port.

6. The blood processing apparatus of claim 5, wherein
at least one flow tube connected to at least one of
the n chambers is connected to either the first blood
port or the second blood port.
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7. The blood processing apparatus of claim 7, wherein
the flow control unit comprises:

a flow-blocking member compressing a portion
of the flow tube through which the flow control
unit controls a flow;
a flow-blocking wall supporting the flow tube
compressed by the flow-blocking member; and
a flow-blocking member driver providing a liner
or curved movement force to the flow-blocking
member.

8. The blood processing apparatus of claim 7, wherein
the flow control unit comprises:

a flow control housing having a cylinder-shaped
internal space;
a flow control rotor having a cylinder shape and
disposed inside the internal space of the flow
control housing;
a plurality of flow control ports each penetrating
the flow control housing between the internal
space and an outer surface thereof; and
a rotor driver driving the flow control rotor,
wherein
a flow passage through at least one of the flow
control ports is blocked at any time, and an end
of the flow control ports facing the flow control
rotor is placed within a cylinder surface of the
flow control rotor.

9. The blood processing apparatus of claim 7, wherein
the flow control unit comprises a one-way valve in-
stalled in at least one flow tube through which the
flow control unit controls a flow, thereby allowing a
fluid to flow in one direction.

10. The blood processing apparatus of claim 8, wherein
the flow control unit further comprises a one-way
valve installed in at least one flow tube through which
the flow control unit controls a flow, thereby allowing
a fluid to flow in one direction.

11. The blood processing apparatus of claim 8, wherein
when the chambers are compressed or expanded,
the flow control unit blocks a flow through a half of
the flow tubes through which the flow control unit
controls a flow.

12. The blood processing apparatus of claim 13, wherein
the fluid chambers are made of an inflexible material,
and
the chamber pressurizing member includes a portion
that is flexible to compress or expand the internal
spaces of the chambers.

13. The blood processing apparatus of claim 13, wherein
the fluid chamber is made of a flexible material that

contracts and expands, and
the chamber pressurizing member includes a portion
that is inflexible to compress or expand the internal
spaces of the chambers.

14. The blood processing apparatus of claim 13, wherein
the fluid chamber is made of a flexible material that
contracts and expands, and
the chamber pressurizing member includes a pneu-
matic channel connected to the fluid chambers and
through which the chambers are compressed or ex-
panded due to an operation of a pneumatic driver
pressurizing or depressurize the pneumatic channel.

15. The blood processing apparatus of claim 7, further
comprising a second flow control unit provided in a
flow tube connected to any one of the first blood port
or the second blood port to open or block a flow there-
through.
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