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1

DUAL HAEMODIALYSIS AND
HAEMODIAFILTRATION BLOOD
TREATMENT DEVICE

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held 10
invalid by a prior post-patent action or proceeding.

The present application 1s a reissue patent application of
U.S. Pat. No. 10,314,959, which issued 11 Jun. 2019, from 15

U.S. patent application Ser. No. 14/911,846, filed 12 Feb.
2016, which is a 35 USC § 371 submission of international
application no. PCT/GB2014/052486, filed on 13 Aug. 2014
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FIELD OF INVENTION 25

The invention relates to a blood treatment device capable
of performing both hemodialysis and hemodiafiltration and
methods of operating the device making it suitable for use in
both types of treatment. 30

BACKGROUND TO THE INVENTION

Patients sulfering from kidney disorders rely on a variety
of external blood treatments to remove the harmful waste 35
substances that build up 1n their blood over time. One of the
most common methods of treatment 1s hemodialysis.

Hemodialysis typically mmvolves two networks of fluid
passageways [miming] running adjacent to one another in a
counter current flow arrangement. Blood 1s passed through 40
one set of tubules and a cleaning solution 1s passed through
the other. The pH and osmotic potential of the cleaning
solution 1s adapted such that waste compounds built up 1n
the blood diffuse from the blood into the cleaning solution
via a semi permeable membrane which separates the blood 45
and cleaning solution sides of the network of fluid passage-
ways.

This provides a method of gradually removing waste
materials from the blood minimising fatigue to the patient.
However, there are some disadvantages associated with 50
hemodialysis not present with other forms of blood treat-
ment.

Many mid-size and large-size waste solutes dissolved in
the blood (including such as proteins and polypeptides) are
difficult to remove completely from the blood using diffu- 55
s1on alone and 1t can take a long time to reduce the levels of
these substances i1n the blood to acceptable levels. An
alternative approach 1s to use hemodiafiltration.

Hemodiafiltration mnvolves administering sterile cleaning
solution to the blood either by employing a large hydrostatic 60
potential to force sterile cleaming solution across a semi
permeable membrane 1nto the blood or by directly adding it
to the blood; and then pulling the sterile cleaning solution,
complete with dissolved waste products, back across the
sem1 permeable membrane for subsequent disposal. 65

Examples of hemodiafiltration machines are disclosed in,
for example “Lee, K., et al., Evaluation of a New Method for

2

Pulse Push/Pull Hemodialysis: Comparison with Conven-
tional Hemodialysis, ASAIO Journal, 2012, page 232-237".

This type of blood treatment 1s not limited by diffusion as
sterile cleaning solution 1s allowed to mix directly with the
blood. However, the rapid extraction of waste products from
a patient’s blood regularly leaves patients fatigued.

Accordingly, what 1s required 1s a device which 1s able to
facilitate both methods of blood treatment during the same
treatment session based on the patients specific require-
ments.

SUMMARY OF THE INVENTION

In a first aspect of the invention, there 1s provided a blood
treatment device comprising: a dialyzer; a first pump for
delivering a volume of cleaning solution from a cleaning
solution source to the dialyzer; a second pump for removing
a volume of cleaning solution from the dialyzer and deliv-
ering said cleaning solution to a drain; a first dialyzer inlet
valve arranged between the first pump and an inlet of the
dialyzer; a first dialyzer outlet valve arranged between an
outlet of the dialyzer outlet and the second pump; each of the
valves and the pumps being independently operable; and a
control system configured to operate the valves and pumps
in at least one first mode permitting hemodialysis and at least
one second mode permitting hemodiafiltration.

The mventors have found that by using an arrangement
according to the first aspect of the invention, it 1s possible to
operate the pumps and valves to allow cleaning solution to
be forced across and back through the membrane of the
dialyzer to the blood as well as operate the pumps and valves
to pump cleaning solution through the dialyzer 1n a conven-
tional manner to permit diffusion from the blood into the
cleaning solution across the semi permeable membrane
down a concentration gradient. This allows for one appara-
tus to serve a dual purpose and means that a mix of both
hemodialysis and hemodiafiltration treatments can be pro-
vided to a patient during a single session. This allows the
treatment to be tailored to minimise the duration of dialysis
whilst managing the fatigue levels of the patient.

The term “configured to” with reference to the control
system of the invention 1s intended to mean that the control
system 1s either programmed or physically arranged to
operate the valves and pumps i a specific manner. The
control system 1s programmable or configurable to operate
the pumps and valves 1n a specific manner. The control
system may be a microprocessor programmed to control the
operation of the pumps and valves to effect the hemodialysis
or hemodiafiltration.

Alternatively, the control system may be a mechanical
arrangement which actuates the pumps and valves 1n a
particular way to eflect hemodialysis or hemodiafiltration.

In either case, switching between modes of operation may
be automatic or may be effected manually.

Where the control system 1s a microprocessor, the control
system may be adapted and/or configured to receive data
corresponding to levels of waste components 1n the blood
and, based on the data, moderate the amount of hemodialysis
and hemodiafiltration of the blood treatment procedure
accordingly.

Typically, the pumps used 1n the mvention are positive
displacement pumps, using pumping systems with an “in
stroke” for taking in a solution to be pumped and an “out
stroke” for expelling the solution out again 1s useful to
maintain flow balance.

Preferably, the positive displacement pumps are mem-
brane pumps. The membrane pumps typically comprise a
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chamber which 1s adapted to hold a volume of solution and
a membrane sealing the chamber. The membrane can be
forced down 1nto the chamber to expel the solution from the
chamber. The membrane 1s often a tlexible membrane and 1s
typically fabricated from an elastic material. The elastic
material 1s often made from a plastic or polymeric material
and typically forms a film sealing one end of the chamber.
The membrane may extend substantially over all the cham-
bers used i the device or each membrane pump may
comprise a separate membrane in communication with the
chambers.

Preferably, the pumps are arranged to pump a predeter-
mined volume of cleaning solution. Typically the pumps
used 1n the mvention are adapted to pump the same volume
of solution. Where the pumps are positive displacement
pumps, the pumps are adapted to pump the same volume of
solution 1n each single stroke. This ensures that the amount
of solution pumped 1nto the dialyzer by the first pump 1s the
same as the amount of solution drawn from the dialyzer by
the second pump.

In a further embodiment, the device may comprise one or
more sensors arranged to monitor the blood pressure of the
user, said sensors being in communication with the control
means and wherein the control means may be additionally
configured to modily the pressure of the cleaning solution
generated by the pumps based on the blood pressure of the
user.

This allows for fluctuations in the patient’s blood pressure
to be accounted for to ensure substantially constant volu-
metric pumping.

Keeping cleaning solution pressure and blood pressure
balanced ensures consistent valve closure using the mem-
brane and helps maintain a constant rate of blood treatment.

The dialyzer used in the mmvention may be a separate
dialyzer device to which the machine and/or cartridge is
attached or alternatively, the dialyzer may be formed on the
cartridge.

The device may comprise a first cleaning solution source
valve arranged between the cleaning solution source and the
first pump. This ensures that when the first pump 1s operated
to pump cleaning solution into the dialyzer no cleaning
solution 1s able to return back towards the cleaning solution
source. The device may comprise a first drain valve arranged
between the second pump and the drain. This prevents the
spent cleaning solution from being drawn back from the
drain when the second pump i1s operated. The cleaning
solution used in the mmvention 1s typically dialysate. The
dialysate solution may be passed through one or more
sterilisation means. The sterilisation means may be present
in the machine. As the cleaning solution 1s made to enter the
blood, the solution must be substantially free of pathogens.

Typically, the first pump and second pump are both
operable to deliver a volume of cleaning solution from a
cleaning solution source to the dialyzer and remove a
volume of cleaning solution from the dialyzer, deliver said
cleaning solution to a drain. Adapting both pumps to func-
tion 1n this way allows the roles of each pump to be
periodically swapped. This 1s usually done at regular inter-
vals 1n order to negate any small manufacturing discrepan-
cies 1n the volume of the pump chambers.

The device may further comprise a second dialyzer inlet
valve arranged between the second pump and the inlet of the
dialyzer and a second dialyzer outlet valve arranged between
the outlet of the dialyzer and the first pump. The device
preferably comprises a second cleaning solution source
valve arranged between the cleaning solution source and the
second pump. The device may comprise a second drain
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valve arranged between the first pump and the drain. These
valves ensure that no cleaning solution 1s pumped in the
wrong direction.

The control system 1s preferably configured, in use, to
alternate the operation of the valves and pumps between the
at least one first mode and the at least one second mode. The
valves and pumps may be independently operable to per-
form a mixture of blood treatment operations 1n a single
blood treatment session.

In a preferred embodiment, the control system 1s config-
ured to alternate the pump responsible for delivering clean-
ing solution to the dialyzer and the pump responsible for
removing spent cleaning solution from the dialyzer after a
given number of pumping cycles. The first pump may
initially operate as the pump responsible for delivering
cleaning solution to the dialyzer and the second pump may
be responsible for removing spent cleaning solution from the
dialyzer. As both the first and second pumps may be con-
nected to the drain and cleaning solution source, these roles
can be switched 1n order to accommodate minor discrepan-
cies 1n the volumes of the pump chambers.

Typically, the number of pumping cycles may be two or
more pumping cycles. The term “pumping cycle™ 1s intended
to refer to the sequence of operations required to pump one
pump’s volume of cleaning solution from the cleaming
solution source and into the drain.

The pumps and valves may be formed on a disposable
cartridge. Typically the cleaning solution source, pumps,
valves and fluid passageways are all contained on the
cartridge.

In a second aspect of the mvention, there 1s provided a
method of operating a device according to the first aspect of
the invention, wherein the valves and pumps are operated in
the at least one first mode permitting hemodialysis and the
at least one second mode permitting hemodiafiltration.

The valves and pumps may be operated to alternate
between the at least one first mode permitting hemodialysis
and the at least one second mode permitting hemodiafiltra-
tion. Having a single device capable of operating in two
modes to facilitate two methods of blood treatment provides
a more versatile device removing the requirement to have
two machines adapted to do diflerent tasks. Further, switch-
ing between two diflerent methods of blood treatment during
a treatment session improves the process ol cleaning a
patient’s blood.

Alternatively, there 1s provided a method of operating the
device according to the first aspect of the invention, wherein
the valves and pumps are operated in the at least one second
mode permitting hemodiafiltration. Making use of an
arrangement comprising two pumps allows for a method of
operating a blood treatment device that allows hemodiafil-
tration to be performed in a pump cycle comprising only two
stages. This 1ncreases the rate of flow of cleaning solution
that can be passed through the dialyzer membrane allowing
for faster hemodiafiltration compared to existing devices.

Typically, the at least one first mode comprises the steps
ol: a) operating the first pump to draw the cleaning solution
from a cleaning solution source into the first pump and
operating the second pump to expel spent cleaning solution
from the second pump into the drain; and b) operating the
first pump to expel the cleaning solution from a first pump
into the dialyzer and operating the second pump to draw
spent cleaning solution from the dialyzer into the second
pump.

In this mode of operation, cleaning solution 1s passed
from the first pump and into the second pump through the
dialyzer allowing waste product from the blood to enter the
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cleaning solution via diffusion across the semi permeable
membrane 1n the dialyzer. The cleaning solution does not
pass substantially across the dialyzer membrane as 1t 1s
preferentially drawn 1nto the second pump as a result of the
generated negative pressure.

The first mode may comprise the steps of: a) closing the
first dialyzer inlet valve, closing the first dialyzer outlet
valve, operating the first pump to draw the volume of
cleaning solution from a cleaning solution source into the
first pump and operating the second pump to expel the
volume of cleaning solution from the second pump into the
drain; and b) opening the first dialyzer inlet valve, opening
the first dialyzer outlet valve, operating the first pump to
expel the volume of cleaning solution from the first pump
into the dialyzer and operating the second pump to draw the
volume of cleaning solution from the dialyzer into the
second pump.

The first mode preferably comprises the steps of: a)
closing the first dialyzer inlet valve, closing the first dialyzer
outlet valve, opening the first clean solution source valve,
opening the first drain valve, operating the first pump to
draw the volume of cleaming solution from a cleaning
solution source into the first pump and operating the second
pump to expel the volume of cleaning solution from the
second pump into the drain; and b) opening the first dialyzer
inlet valve, opening the first dialyzer outlet valve, closing
the first clean solution source valve, closing the first drain
valve, operating the first pump to expel the volume of
cleaning solution from the first pump into the dialyzer and
operating the second pump to draw the volume of cleaning
solution from the dialyzer into the second pump.

The first mode may comprise the steps of: a) closing the
first and second dialyzer inlet valve, closing the first and
second dialyzer outlet valve, opening the first cleaning
solution source valve, opening the first drain valve, closing
the second cleaning solution source valve, closing the sec-
ond drain valve, operating the first pump to draw the volume
of cleanming solution from a cleaning solution source 1nto the
first pump and operating the second pump to expel the
volume of cleaning solution from the second pump into the
drain; b) opening the first dialyzer inlet valve, opening the
first dialyzer outlet valve, closing the first clean solution
source valve, closing the first drain valve, operating the first
pump to expel the volume of cleaning solution from the first
pump 1nto the dialyzer and operating the second pump to
draw the volume of cleaning solution from the dialyzer into
the second pump; ¢) closing the first dialyzer inlet valve,
closing the first dialyzer outlet valve, opening the first drain
valve, operating the second pump to expel the volume of
cleaning solution from the second pump 1nto the drain; and
d) closing the first drain valve, opening the second cleaning
solution source valve, operating the second pump to draw
the volume of cleaning solution from the clean solution
source; ¢) opening the second dialyzer inlet valve, opening
the second dialyzer outlet valve, closing the second cleaning
solution source valve, operating the second pump to expel
the volume of cleaning solution from the second pump into
the dialyzer and operating the first pump to draw the volume
of cleaning solution from the dialyzer into the first pump; 1)
closing the second dialyzer outlet valve, opening the second
drain valve, closing the second dialyzer inlet valve, opening
the second cleaning solution source valve, operating the
second pump to draw the volume of cleaning solution from
the cleaning solution source and operating the first pump to
expel the volume of cleaning solution from the first pump
into the drain.
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Operating the device 1n a first mode as described above by
swapping the roles of the first and second pumps removes
error 1n the volume of liquid pumped due to inherent, small
differences 1n the first and second pumps resulting from their
manufacture.

Usually, the first mode comprises a pumping cycle as
described above further comprising an additional step
between steps b) and ¢), wherein the additional step com-
prises repeating steps a) and b) one or more times.

It may be the case that the first mode comprises a pumping,
cycle comprising an additional step after step 1), the addi-
tional step comprising repeating steps €) and 1) one or more
times.

Typically, the at least one second mode comprises the
steps of: a) operating the first pump to draw the volume of
cleaning solution from a cleaning solution source into the
first pump and operating the second pump to draw a volume
of cleaning solution from the dialyzer into the second pump;
and b) operating the first pump to expel the volume of
cleaning solution from the first pump into the dialyzer and
operating the second pump to expel the volume of cleaning
solution from the second pump into the drain.

In use, these steps may be repeated continuously through-
out the duration of a treatment session.

Operating the pumps and valves 1n this manner forces
cleaning solution across the dialyzer membrane and into the
blood with the first step and pulls the cleaning solution back
across the dialyzer in the second step thereby eflecting
hemodiafiltration 1n a two step pumping cycle.

Typically, the second mode may comprise a pumping
cycle comprising the steps of: a) closing the first dialyzer
inlet valve, opening the first dialyzer outlet valve, operating
the first pump to draw the volume of cleaning solution from
a cleaning solution source into the first pump and operating
the second pump to draw the volume of cleaning solution
from the dialyzer into the second pump; and b) opening the
first dialyzer inlet valve, closing the first dialyzer outlet
valve, operating the first pump to expel the volume of
cleaning solution from the first pump into the dialyzer and
operating the second pump to expel the volume of cleaning
solution from the second pump into the drain.

Even more typically, the second mode may comprise a
pumping cycle comprising the steps of: a) closing the first
dialyzer inlet valve, opening the first dialyzer outlet valve,
opening the first cleaning solution source valve, closing the
first drain valve, operating the first pump to draw the volume
of cleaning solution from a cleaning solution source 1nto the
first pump and operating the second pump to draw the
volume of cleaning solution from the dialyzer into the
second pump; and b) opening the first dialyzer inlet valve,
closing the first dialyzer outlet valve, closing the {irst
cleaning solution source valve, opening the first drain valve,
operating the first pump to expel the volume of cleaning
solution from the first pump into the dialyzer and operating,
the second pump to expel the volume of cleaning solution
from the second pump into the drain.

Usually, the second mode may comprise a pumping cycle
comprising the steps of: a) closing the first and second
dialyzer inlet valve, opening the first dialyzer outlet valve,
closing the second dialyzer outlet valve, opeming the first
cleaning solution source valve, closing the second cleaning
solution source valve, closing the first and second drain
valves, operating the first pump to draw the volume of
cleaning solution from a cleaning solution source into the
first pump and operating the second pump to draw the
volume of cleaning solution from the dialyzer into the
second pump; b) opening the first dialyzer inlet valve,
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closing the first dialyzer outlet valve, closing the first
cleaning solution source valve, opening the first drain valve,
operating the first pump to expel the volume of cleaning
solution from the first pump into the dialyzer and operating
the second pump to expel the volume of cleaning solution
from the second pump into the drain; c¢) closing the first
dialyzer inlet valve, opening the second dialyzer outlet
valve, opening the second cleaning solution source valve,
closing the first drain valve, operating the second pump to
draw the volume of cleaming solution from a cleaning
solution source into the second pump and operating the first
pump to draw the volume of cleaning solution from the
dialyzer into the first pump; and d) opening the second
dialyzer inlet valve, closing the first and second dialyzer
outlet valves, closing the first cleaning solution source valve,
opening the second drain valve, operating the first pump to
expel the volume of cleaning solution from the first pump
into the drain and operating the second pump to expel the
volume of cleaning solution from the second pump into the
dialyzer.

Operating the device in the second mode as described
above by swapping the roles of the first and second pumps,
removes error in the volume of liguid pumped due to
inherent, small differences in the first and second pumps
resulting from their manufacture.

In addition, by incorporating hemodiafiltration steps into
a hemodialysis treatment session, proteins and other large
molecules built up on the dialyzer membrane can be dis-
lodged and/or dissolved by periodically incorporating a
hemodiafiltration operation into an otherwise purely hemo-
dialysis operating method. This ensures the sieving coetl-
cient ol the membrane can be maintained at an optimum
level thereby ensuring the dialyzer membrane does not
become “clogged”.

Typically, the method further comprises an additional step
between steps b) and ¢), wherein the additional step com-
prises repeating steps a) and b) one or more times. Even
more typically, the method comprises an additional step after
step d), wheremn the additional step comprises repeating
steps ¢) and d) one or more times.

In an alternative embodiment, the device can be config-
ured wherein the second mode comprises the steps of: a)
closing the first dialyzer inlet valve, opeming the first dia-
lyzer outlet valve, operating the second pump to draw the
volume of cleaning solution from the dialyzer into the
second pump; b) closing the first dialyzer outlet valve,
operating the first pump to draw the volume of cleaning
solution from the cleaning solution source into the first
pump and operating the second pump to expel the volume of
cleaning solution from the second pump 1nto the drain; and
c) opening the first dialyzer inlet valve, operating the first
pump to expel the volume of cleaning solution {rom the first
pump into the dialyzer.

Further, by operating the second mode in this manner
there 1s no requirement for the sensors to be used to monitor
the quantity of cleaning solution entering the patient as this
can be accurately determine by counting the number of
pump cycles. Further, operating the device in this way 1s
particularly usetful as a supplementary treatment technique
to hemodialysis. The transfer of cleaning solution across the
membrane 1mproves dissolution of larger waste molecules
which do not pass through the membrane easily during pure
hemodialysis. These molecules can be removed more easily
as this cleaning solution 1n the blood is pulled back across
the dialyzer membrane and delivered to the drain. The ratio
of hemodiafiltration to hemodialysis used 1n a single treat-
ment 1s typically in the range of 5% to 93% hemodiafiltra-
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tion, 10% to 85% hemodiafiltration, 20% to 80% hemodia-
filtration and 1s most typically between 25% to 753%
hemodiafiltration.

Although the amount of hemodiafiltration can be varied to
suit a particular patient’s requirements, 1t 1s usually the case
that 1n a typical treatment session, the amount of cleaning
solution that passes across the dialyzer membrane via dia-
filtration 1s 1n the range of 15 to 35 liters, or more typically

in the range of 20 to 30 liters.
In another alternative embodiment, the second mode may

comprise the steps of: a) closing the first dialyzer inlet valve,
opening the first dialyzer outlet valve, closing the first drain
valve, operating the second pump to draw the volume of
cleaning solution from the dialyzer into the second pump; b)
closing the first dialyzer outlet valve, opening the first
cleaning solution source valve, opening the first drain valve,
operating the first pump to draw the volume of cleaning
solution from the cleaning solution source into the first
pump and operating the second pump to expel the volume of
cleaning solution from the second pump into the drain; and
c) opening the first dialyzer inlet valve, closing the first
cleaning solution source valve, operating the first pump to
expel the volume of cleaning solution from the first pump
into the dialyzer.

Preferably, the second mode comprises the steps of: a)
opening the first cleaning solution source valve, operating
the first pump to draw the volume of cleaning solution from
the cleaning solution source into the first pump and operat-
ing the second pump to expel the volume of cleaning
solution from the second pump into the drain; b) opening the
first dialyzer inlet valve, operating the first pump to expel the
volume of cleaning solution from the first pump into the
dialyzer; and ¢) closing the first dialyzer inlet valve, opening
the first dialyzer outlet valve, operating the second pump to
draw the volume of cleaning solution from the dialyzer into
the second pump.

More preferably, the second mode comprises the steps of:
a) closing the first dialyzer outlet valve, opening the first
cleaning solution source valve, opening the first drain valve,
operating the first pump to draw the volume of cleaning
solution from the cleaning solution source into the first
pump and operating the second pump to expel the volume of
cleaning solution from the second pump into the drain, b)
opening the first dialyzer inlet valve, closing the first clean-
ing solution source valve, operating the first pump to expel
the volume of cleaning solution from the first pump 1nto the
dialyzer; and ¢) closing the first dialyzer inlet valve, opening
the first dialyzer outlet valve, closing the first drain valve,
operating the second pump to draw the volume of cleaning
solution from the dialyzer into the second pump.

The second mode may comprise the steps of: a) closing
the first dialyzer outlet valve, opening the first cleaming
solution source valve, opening the first drain valve, operat-
ing the first pump to draw the volume of cleaning solution
from the cleaning solution source into the first pump and
operating the second pump to expel the volume of cleaning
solution from the second pump into the drain; b) opening the
first dialyzer 1nlet valve, closing the first cleaning solution
source valve, operating the first pump to expel the volume
of cleaning solution from the first pump 1nto the dialyzer; c)
closing the first dialyzer inlet valve, opening the first dia-
lyzer outlet valve, closing the first drain valve, operating the
second pump to draw the volume of cleaning solution from
the dialyzer into the second pump; d) opening the first drain
valve, closing the first dialyzer outlet valve, operating the
second pump to expel the cleaning solution from the second
pump 1nto the drain; €) closing the first drain valve, opening
the second source valve, closing the second dialyzer inlet

valve and operating the second pump to draw a volume
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cleaning solution from the cleaning solution source into the
second pump; 1) closing the second source valve, opening
the second dialyzer inlet valve and operating the second
pump to expel the volume of cleaning solution from the
second pump into the dialyzer; g) closing the second dia-
lyzer inlet, opening the second dialyzer outlet, closing the
second drain valve and operating the first pump to draw the
volume of cleaning solution into the first pump; and h)
opening the second drain valve, closing the second dialyzer
outlet valve, opening the second source valve and operating
the first pump to expel the volume of cleaning solution from
the first pump 1nto the drain and operating the second pump
to draw a volume of cleaning from the source into the second
pump.

The method may comprise the step 1n between steps ¢)
and d) of repeating steps a) to ¢) one or more times. Further,
it may be the method comprises the step after step h) of
repeating steps 1) to h) one or more times. Usually, these
steps a) to ¢) and steps 1) to h) are repeated once.

In a still further embodiment of the invention, the second
mode may comprise the steps of: a) operating both the first
and second to draw a volume of cleaning solution from a
cleaning solution source into the first and second pumps; b)
operating both pumps to expel the volume of cleaning
solution into the dialyzer and across the membrane of the
dialyzer; ¢) operating the first and second pumps to draw a
the volume of cleaning solution from the dialyzer into both
pumps; and d) operating both the first and second pumps to
expel the volume of cleaning solution from the pumps into
the drain.

The second mode preferably comprises: a) opening both
the first and second source valves and first and second
dialyzer inlet valves, closing both the first and second
dialyzer outlet valves and the first and second drain valves
and operating the first and second pumps to draw cleaning
solution from the cleaning solution source into the first and
second pump chambers; b) closing the first and second
source valves and the first and second dialyzer outlet valves,
opening the first and second dialyzer inlet valves and
operating both the first and second pumps to expel the
dialysate from the first and second pump chambers into the
dialyzer; ¢) opening the first and second dialyzer outlet
valves, closing the first and second dialyzer inlet valves and
operating both the first and second pumps to draw a volume
cleaning solution from the dialyzer into the first and second
pump chambers; d) opening the first and second drain
valves, closing the first and second dialyzer outlet valves and
operating both the first and second pumps to expel a volume
of cleaning solution from the first and second pump cham-
bers into the drain.

By operating both pumps to deliver cleaning solution to
the dialyzer, this provides a greater volume of cleaning
solution which can pass across the membrane and into the
blood 1n a single step of the pumping cycle.

The duration of each step of the methods described herein
may be in the range of 0.5 seconds to 10 seconds. The
duration of each step may be in the range of 1 second to 5
seconds and 1t 1s often the case that each method step will be
between 1 and 2 seconds 1n length.

The device of the present invention may be operated using,
one or more of the second modes discussed and further, it
may be the case that the device uses more than one of these
second modes during a single treatment session.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will now be described with reference to the
following figures.

FIG. 1 shows a schematic of a dialysis system having a
disposable cartridge comprising a flmd path defined by
pumps and valves.
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FIG. 1a shows a detailed schematic view of the cartridge
of FIG. 1.

FIG. 2 shows a schematic view of the operation of a pump
of the type defined by the disposable cartridge.

FIG. 3 shows a schematic view of the pump and valve
arrangement ol the invention.

DESCRIPTION

Referring to FIGS. 1 and 1a, a dialysis system, generally
referred to as 10, 1s shown. A dialyzer 12 receives blood via
an arterial line 14 connected to a patient by a vascular access
device (not shown for clarity), for example a hollow needle
as typically used for drawing blood from a patient. The
blood 1s pumped from the patient to the dialyzer by a
peristaltic pump 16. The blood passes through the dialyzer
in a known manner and 1s returned to the patient via a venous
line 18. The dialyzer 12 comprises a cylindrical tube closed
by opposing ends. A semi-permeable membrane (not shown)
1s provided within the dialyzer tube and separates the
patients blood from a dialysate (cleaning) solution. The
membrane extends substantially between the opposing ends
of the cylinder. The dialysate solution removes 1mpurities
from the patients blood 1n a known manner.

The dialyzer has an 1nlet 20 for receiving clean dialysate
solution and an outlet 22 for removing spent dialysate
solution from the dialyzer 12. The dialyzer also has an inlet
24 for recerving untreated blood from the peristaltic pump
16 and an outlet 26 for returning processed blood to the
patient. The dialyzer 12 1s typically provided 1n a substan-
tially upright orientation, in use, with the patient’s blood
flowing longitudinally through the dialyzer 12 from the
blood 1inlet 24 to the blood outlet 26. The dialysate solution
inlet 20 and dialysate solution outlet 22 are configured to be
orientated substantially orthogonal to the blood inlet 24 and
blood outlet 26, and to provide a counter-tlow. Dialysate
solution 1s circulated through the hemodialysis machine at a
fluid flow rate 1n the region of 400 ml/min for approximately
four hours.

The dialysis system defines a fluid circuit including a
cartridge 30 as will now be described. The cartridge 30 1s a

consumable component 1 the hemodialysis machine
described.

The cartridge 30 1s formed from an acrylic plastic such as
SG-10 and has a machine side and a patient side. The
cartridge 30 defines pump chambers which are closed by
respective diaphragms, formed from, for example, DEHP-
free PVC, to define respective pumps. In this embodiment,
cach diaphragm 1s part of a single, common sheet of material
applied to the machine side of the cartridge 30. The indi-
vidual diaphragms are operable by pneumatic pressure
applied thereto.

A series of flow paths are formed 1n the cartridge 30 for
carrying dialysate solution constituted from water, bicarbon-
ate solution and acid solution. The flow paths are located
between the sheet of material closing the machine side of the
cartridge 30 and a further sheet of the same matenal closing
the patient side of the cartridge 30.

In use, the vanation of pressure applied to the flexible
diaphragm of each pump chamber 1s controlled by conven-
tional valving. A pressure source applies either a positive or
negative pressure to one side of the diaphragm of each pump
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chamber, as required, to pump fluid through the fluid paths
in the cartridge 30, 1n a circuit defined by a plurality of
valves.

The valves of the cartridge 30 are conventional diaphragm
valves defined by respective openings 1n the cartridge 30 and
closed by respective flexible diaphragms. Each valve is
operable by applying a negative pressure to the diaphragm
to open the valve and applying a positive pressure to the
diaphragm to close the valve. The diaphragm of each valve
1s part ol the single, common sheet of material applied to the
machine side of the cartridge 30. The valves are opened and
closed according to a tflow control strategy, as will become
apparent.

The machine side of the cartridge 30 abuts a pump driver
(not shown) comprising a platen having a plurality of
recessed surfaces, each recessed surface substantially cor-
responding 1n geometry and volume to a pump chamber
defined 1n the cartridge 30. Each recessed surface has a flmd
port connectable with a source of positive fluid, typically,
pressure and, with a source of negative fluid pressure via a
valve.

The positive and negative fluid pressure sources include a
pressure pump and a vacuum pump respectively. When the
valve 1s operated to allow fluid to flow into a recessed
surface from the source of positive flmd pressure, the
diaphragm moves 1nto a corresponding pump chamber and
any fluid, 1.e. dialysate solution, therein 1s expelled from that
pump chamber via the series of flow paths. When the valve
1s operated to allow tluid to tlow out of a recessed surface to
the source of negative fluid pressure, the diaphragm 1s
moved away from a pump chamber and 1nto the correspond-
ing recessed surface to permit fluid to be drawn into that
pump chamber via the series of flow paths. The surface of
the pump chambers and of the platen provide a positive stop
for each diaphragm, to prevent overstretching thereof. The
positive stop ensures that the volume of fluid drawn 1nto and
pumped from the pump chambers i1s accurately controlled.

The cartridge 30 has two main functions, preparation of
dialysate solution and flow balance. Each function 1s per-
formed by a separate part of the cartridge as illustrated 1n
FIGS. 1 and 2 by the schematic separation of the cartridge
into two parts by the line A-A 1n the figures. The dialysate
preparation function 1s performed by one part of the car-
tridge, generally referred to at 34 and the flow balance
function 1s performed by the other part of the cartridge,
generally referred to at 36. The cartridge 30 prepares an
accurately mixed homogenous dialysate solution and
ensures that the flow of clean dialysate supplied to the
dialyzer 12 matches (to within clinical tolerances) the vol-
ume of spent dialysate drawn from the dialyzer 12.

The cartridge 30 1s provided with a plurality of connec-
tions to and from the cartridge 30 as described below.

A first mlet port 38, from hereon referred to as the water
inlet port, defined in the machine side of the cartridge 30
receives purified water from a purified water supply 31 such
as a reverse osmosis water supply.

A first outlet port 42, from hereon referred to as the water
outlet port, defined 1n an edge of the cartridge 30 directs the
purified water to a first dialysate solution constituent which,
in the illustrated embodiment shown 1in FIGS. 1 and 1a, 1s
bicarbonate 46.

A second 1nlet port 50, from hereon referred to as the
bicarbonate inlet port, defined in the same edge of the
cartridge 30 as the water outlet port 42 receives purified
water mixed with the bicarbonate 46.

A third ilet port 82, from hereon referred to as the acid
inlet port, defined 1n the opposite edge of the cartridge 30 to
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the water outlet port 42 and bicarbonate inlet port 50
receives a second dialysate solution constituent which, in the
illustrated embodiment shown 1n FIGS. 1 and 1a, 1s acid 80.

A second outlet port 104, from hereon referred to as the
clean dialysate solution outlet port, 1s defined 1n the same
edge of the cartridge as the water outlet port 42 and the
bicarbonate inlet port 50. The clean dialysate outlet port 104
directs clean dialysate solution to the dialyzer 12.

A fourth inlet port 106, from hereon referred to as the
spent dialysate solution inlet port, 1s defined in the same
edge of the cartridge 30 as the water outlet port 42, bicar-
bonate inlet port 50 and clean dialysate outlet port 104. The
spent dialysate solution inlet port 106 receives spent
dialysate solution from the dialyzer 12.

A third outlet port 122, from hereon referred to as the
drain port, 1s defined 1n the same edge of the cartridge as the
acid inlet port 82. The drain port 122 directs spent dialysate
solution out of the cartridge 30.

Dialysate Preparation

Dialysate solution 1s prepared in the cartridge 30 by
combining purified water with two dialysate constituents,
namely a bicarbonate solution and an acid solution.

Purified water 1s admitted into the cartridge 30 from a
purified water supply 31 via the water inlet port 38. The
purified water passes through a channel 40 via a water inlet
valve 41, when open, and exits the cartridge 30 at the water
outlet port 42. From here, the purified water 1s carried by a
tube 44 through a bicarbonate cartridge 46 1n a known
manner to generate a purified water and bicarbonate solu-
tion. The purified water and bicarbonate solution 1s carried
by a tube 48 and re-admitted into the cartridge 30 via the
bicarbonate inlet port 30.

The temperature of the bicarbonate solution 1s measured
at sensing port 32 and the bicarbonate solution pressure 1s
measured at sensing port 54. The bicarbonate solution passes
a bicarbonate control valve 56, when open, belore entering
a bicarbonate solution reservoir 38 having an inlet and an
outlet. The bicarbonate control valve 56 1s closed when tlow
therethrough 1s not required.

A bicarbonate dosing pump chamber 60 having an inlet
and an outlet receives the bicarbonate solution from the
bicarbonate solution reservoir 58 through a bicarbonate
dosing pump 1inlet valve 62. The bicarbonate dosing pump
chamber 60 1s closed by a diaphragm to define a bicarbonate
dosing pump which, upon actuation of the diaphragm,
pumps the bicarbonate solution from the bicarbonate dosing
pump 60 to a first mixing pump chamber 66 (bicarbonate
pump chamber). The bicarbonate dosing pump 60 has a
bicarbonate dosing pump outlet valve 64 which 1s closed
when the bicarbonate dosing pump inlet valve 62 1s open.
The bicarbonate dosing pump outlet valve 64 i1s opened to
permit bicarbonate solution to be pumped to the bicarbonate
pump chamber 66. When the bicarbonate dosing pump
outlet valve 64 1s open, the bicarbonate dosing pump inlet
valve 62 1s closed to prevent bicarbonate solution from
being pumped back into the bicarbonate solution reservoir
58.

The bicarbonate pump chamber 66 having an inlet and an
outlet receives the purified water and bicarbonate solution
from the bicarbonate dosing pump 60 via a bicarbonate
pump 1inlet valve 68. The bicarbonate pump inlet valve 68,
when open, can also admit purified water 1nto the bicarbon-
ate pump chamber 66 from the water inlet port 38. The
bicarbonate pump chamber 66 1s closed by a diaphragm to
define a pump which, upon actuation of the diaphragm,
pumps the bicarbonate solution and purified water therein
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through a bicarbonate pump outlet valve 70 to a second
mixing pump chamber 76 (acid pump).

When the bicarbonate pump inlet valve 68 1s open, the
bicarbonate pump outlet valve 70 and water outlet valve 41
are closed. When the bicarbonate pump outlet valve 70 1s
open, the bicarbonate pump inlet valve 68 1s closed to
prevent the bicarbonate and purified water solution from
being pumped back ito channel 40.

From the bicarbonate pump outlet valve 70, the bicarbon-
ate and purified water solution enters a sensor channel 72 1n
which the hemodialysis machine measures the conductivity
ol the bicarbonate and purified water solution 1n a known
manner. The bicarbonate and purified water solution then
enters a temperature sensor 74 before, 1f the conductivity
and temperature of the bicarbonate and purified water solu-
tion are within tolerance, entering the acid pump chamber
76.

The acid pump chamber 76 having an inlet and an outlet
receives the bicarbonate and purified water solution from the
bicarbonate pump 66 via an acid pump inlet valve 78. The
acid pump inlet valve 78, when open, can also admit an acid
solution 1nto the pump chamber 76. The acid pump chamber
76 1s closed by a diaphragm to define a pump which, upon
actuation of the diaphragm, pumps the acid solution, bicar-
bonate solution and purified water therein through an acid
pump outlet valve 88 to the first flow balance pump chamber
100. When the acid pump ilet valve 78 1s open, the acid
pump outlet valve 88 1s closed. When the acid pump outlet
valve 88 1s open, the acid pump inlet valve 78 1s closed.

The acid solution 1s admitted into the cartridge 30 from a
pre-determined supply of acid 80 via the acid solution nlet
port 82. From the acid solution inlet port the acid solution
passes through an acid dosing pump chamber 86 via an acid
dosing pump 1nlet valve 84 and an acid dosing pump outlet
valve 87. The acid dosing pump outlet valve 87 is closed
when the acid dosing pump inlet valve 84 1s open. The acid
dosing pump 1inlet valve 84 1s closed when the acid dosing
pump outlet valve 87 1s open.

The dialysate solution exits the acid pump chamber via
the acid pump outlet valve 88 and passes through a first
dialysate solution temperature sensor 90 and a first dialysate
solution conductivity sensor 92. A second dialysate solution
temperature sensor 94 and a second dialysate solution con-
ductivity sensor 96 are provided to corroborate the data
provided by the first dialysate solution temperature sensor
90 and the first dialysate solution conductivity sensor 92.
Providing the data measured by sensors 90, 92, 94 and 96 1s
within tolerance, the dialysate solution 1s admitted 1nto a first
flow balance pump chamber 100
Flow Balance

The tflow balance function of the cartridge 30 provides
first and second tlow balance pump chambers 100, 108, each
having two 1nlets and two outlets to define two 1ndependent
flow paths therethrough. The first and second flow balance
pump chambers 100, 108 are of approximately equal vol-
ume. Either the first or second flow balance pump chamber
100, 108 pumps dialysate solution to a dialyzer 12 and the
other of the first or second flow balance pump chambers 100,
108 pumps dialysate solution from the dialyzer 12 to the
drain port 122. After every approximately 20 strokes of the
first and second flow balance pumps 100, 108, their function
1s reversed.

From this point onwards, dialysate solution will be
referred to as etther clean dialysate solution or spent
dialysate solution. Clean dialysate solution is intended to
mean dialysate solution that 1s either new dialysate solution
or clean dialysate solution that has been treated to remove
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waste product therefrom. Spent dialysate solution 1s
intended to mean dialysate solution that has passed through
the dialyzer 12 to remove waste fluids from a patient’s blood
into the dialysate solution.

Each of the first and second tlow balance pump chambers
100, 108 are closed by a diaphragm to define respective
pumps. The diaphragm 1s actuated away from a pump
chamber by a negative pressure source to draw a volumetri-
cally measured quantity of dialysate solution into the pump
chamber. The diaphragm 1s actuated toward the pump cham-
ber to pump the fluid therein out of an outlet.

The first flow balance pump chamber 100 has a clean
dialysate solution inlet valve 98 for receiving clean dialysate
solution from the acid pump 76 and a clean dialysate
solution outlet valve 102 for pumping clean dialysate solu-
tion to the dialyzer 12. The first flow balance pump chamber
100 also has a spent dialysate solution inlet valve 118 for
receiving spent dialysate from the dialyzer 12 and a spent
dialysate solution outlet valve 120 for pumping the spent
dialysate to drain via drain outlet port 122.

At any one time, only one of valves 98, 102, 118 or 120
will be open and the other three valves will be closed. The
flow balance function, as described above, requires alternat-
ing the function of each tlow balance pump approximately
every 20 cycles. Therefore, when the first flow balance pump
100 1s pumping clean dialysate solution to the dialyzer 12,
only valves 98 and 102 are 1n use and when the first flow
balance pump 100 1s pumping spent dialysate solution from
the dialyzer 12 to drain, only valves 118 and 120 will be 1n
use.

The clean dialysate solution 1s pumped out of the first flow
balance pump chamber 100 through the first flow balance
pump clean dialysate solution outlet valve 102, upon closure
of the first flow balance pump clean dialysate inlet valve 98,
to the dialyzer 12 via the dialyzer outlet port 104.

Spent dialysate solution returns to the cartridge 30 from
the dialyzer 12 via the dialyzer inlet port 106. The second
flow balance pump chamber 108 has a spent dialysate
solution 1nlet valve 110 for receiving spent dialysate solution
from the dialyzer 12 and a spent dialysate solution outlet
valve 112 for pumping the spent dialysate solution to drain
via drain outlet port 122. The second flow balance pump 108
also has a clean dialysate solution inlet valve 114 for
receiving clean dialysate solution from the acid pump cham-
ber 76 and a clean dialysate solution outlet valve 116 for
pumping clean dialysate solution to the dialyzer 12.

At any one time, only one of valves 110, 112, 114, 116
will be open and the other three valves will be closed. When
the second flow balance pump 108 i1s pumping clean
dialysate solution to the dialyzer 12, only valves 114 and 116
will be 1n use and when the second flow balance pump 108
1s pumping spent dialysate solution from the dialyzer 12 to
drain, only valves 114 and 116 will be 1n use.

In the illustrated example, the operation of the first and
second tlow balance pumps 100, 108 can be switched so that
the first flow balance pump 100 1s used to draw spent
dialysate solution from the dialyzer 12 and the second tlow
balance pump 108 1s used to pump clean dialysate solution
into the dialyzer 12 as described below.

The clean dialysate solution 1s drawn into the second flow
balance pump chamber 108 from the acid pump 76 via the
second tflow balance pump clean dialysate solution inlet
valve 114 upon actuation of the diaphragm. The clean
dialysate solution 1s then pumped from the second tlow
balance pump chamber 108 via the second flow balance
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pump clean dialysate solution outlet valve 116, upon closure
of the clean dialysate solution inlet valve 114, to the dialyzer

12.

Spent dialysate solution from the dialyzer 12 1s drawn 1nto
the first flow balance pump 100 via the second flow balance
pump spent dialysate solution inlet valve 118. The spent
dialysate solution 1s then pumped out of the first flow
balance pump chamber 100 via the second tlow balance
pump spent dialysate solution outlet valve 120, upon closure
of the spent dialysate solution inlet valve 118, to drain via
drain outlet port 122.

The volume of fluid that 1s returned from the dialyzer 12
1s greater than the volume of fluid that 1s pumped to the
dialyzer via the first or second tlow balance pump 100, 108.
The first and second flow balance pumps have fixed volumes
meaning that the excess fluid volume cannot be accommo-
dated in the first or second flow balance pump. An ultrafil-
tration pump 200 1s provided between the first and second
flow balance pumps 100, 108 and has an inlet valve 210 and
an outlet valve 212. The ultrafiltration pump 200 comprises
a concave recess 1n the cartridge closed by a flexible
diaphragm, the concave recess and the flexible diaphragm
defining an ultrafiltration pump chamber.

In use, the 1mlet valve 210 of the ultrafiltration pump 200
1s opened to allow the ultrafiltration pump to draw 1 a
pre-determined volume of spent dialysate solution. When
the inlet valve 210 of the ultrafiltration pump 1s open, the
outlet valve 212 of the ultrafiltration pump 200 1s closed.
When the ultrafiltration pump 200 has received a volume of
spent dialysate solution, the outlet valve 212 1s opened and
the spent dialysate solution 1n the ultrafiltration pump cham-
ber 1s pumped through the outlet valve 212 to drain via the
drain outlet port 122. When the outlet valve 212 of the
ultrafiltration pump 200 1s open, the inlet valve 210 of the
ultrafiltration pump 200 1s closed.

The purpose of the ultrafiltration pump i1s to remove
excess fluid generated by the patient. By separating the
ultrafiltration pump operation from the tlow balance pumps
and by employing a pump arrangement described herein,
fluid can be removed from the dialyzer at approprate
intervals between the stages of the operation of the flow
balance pumps, without requiring modification to the flow
balance pump operation. Usually, the ultrafiltration pump
will remove fluid from the dialyzer during a pump swapping
operation of the flow balance pumps and this may be done
in the range of once every 10 to once every 30 flow balance
pump cycles. Typically, fluid 1s removed from the dialyzer
by the ultrafiltration pump approximately once every 20
pump cycles.

FIG. 2 shows a representative view of a flow balance
pump 100 according to the present invention. The flow
balance pump chamber 194 1s provided on the cartridge and
1s closed by a diaphragm 196 which, at rest, sits across the
pump chamber 194. The pump chamber receives either clean
or spent dialysate solution via a dialysate solution inlet port
210 and pumps dialysate solution from the pump chamber
via a dialysate solution outlet port 212.

The cartridge 30 1s removably mounted mnto a hemodi-
alysis machine which has a flow balance pump cavity 198
substantially corresponding in dimension and shape to the
pump chamber 194. Upon supply of positive or negative
pressure via a pump cavity pressure inlet port 214, the
diaphragm 1s actuated into either the pump chamber 194 or
pump cavity 198 to either draw fluid 1into the pump chamber
194 or pump fluud from the pump chamber 194.

10

15

20

25

30

35

40

45

50

55

60

65

16

Cartridge Cleaning,

After each use, the hemodialysis machine requires sani-
tising to prevent contamination of a patient’s bloodstream
during subsequent dialysis sittings. The removable cartridge
30, as described above, 1s usually disposed of after each
sitting. In one embodiment of the mvention, the cartridge 30
1s sanitised to allow re-use 1n subsequent dialysis sittings.
Operation of the Device

FIG. 3 shows a schematic representation of the pump and
valve arrangement 201 of the invention. In this case, the
pump and valve arrangement 201 1s provided by the com-
bination of a membrane pump cartridge (or part cartridge)
and a vacuum pump array with platen. The membrane pump
cartridge 1s similar 1n layout to the flow balance pump
arrangement described above.

The membrane pump cartridge comprises first and second
source valves 205, 206, first and second pumps 207, 216 and
first and second pump chambers 208, 218, first and second
dialyzer inlet valves 209, 217 and first and second dialyzer
outlet valves 213, 215.

The vacuum pump array and platen comprises a platen
having a pattern of circular depressions which correspond in
position and size to the valves and pumps on the pump
cartridge. In the figure, these are numbered 100 higher than
the membrane pump features.

Each depression has an aperture at the base thereof which
1s 1n fluid commumnication with an associated vacuum pump.
Each vacuum pump, shown in broken lines as they sit on the
rear face ol the platen, 1s numbered 100 higher than the
respective associated platen feature.

All of the vacuum pumps are connected to a control
system 500. The control system 500 1s a microprocessor
which operates the vacuum pumps 405-419 1n a manner so
as to eflect either hemodiafiltration or hemodialysis as
described below. The connection to the pumps may be wired
or wireless. Wireless connection options include IR, Blu-
ctooth or WIFI, amongst others.

The dialysate 1s produced elsewhere on the cartridge by
mixing acid and bicarbonate compounds with a set volume
of de-1omised, water provided by a reverse osmosis machine
which has been sterilised as 1s described above. This forms
the source of dialysate 327 used by the pump and valve
arrangement 201.

By selectively operating the vacuum pumps, the control
system controls the opening and closure of the valves as well
as actuation of the first and second pumps. The micropro-
cessor control system 1s programmable to operate the valves
in a variety of diflerent configurations. Based on the pro-
gramming of the controller, the controller will communicate
with each of the valves or means for operating the valves, so
that each valve may be opened and closed independently
based on the programming entered into the controller by the
user, skilled operator or programme 1nstructions.

First Mode of Operation—Hemodialysis

The pumping cycle of the first mode of operation of the
arrangement 201 begins with closure of the first and second
dialyzer inlet valves 209, 217 and the first and second
dialyzer outlet valves 213, 215. The first source valve 205
and the first drain valve 219 are opened, the second source
valve 206 and second drain valve 211 are closed. The first
pump 207 i1s then operated to draw dialysate 327 from the
dialysate source 203 1nto the first pump chamber 208 of the
first pump 207 and the second pump 216 1s operates to expel
dialysate 327 within the second pump chamber 218 of the
second pump 216 into the drain 221. Accordingly, the
dialysate 327 in the dialysate source 203 1s drawn 1nto the
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first pump chamber 208 by the negative pressure created as
the membrane of the first pump chamber 208 1s drawn away

from the pump chamber by vacuum means in the dialysis
machine (not shown). The dialysate 327 1n the second pump
chamber 218 1s subjected to a positive pressure as the
membrane in the second pump 216 1s forced into the second
pump chamber 218 thus driving the dialysate out through the
open first drain valve 219 to be discarded.

In the next stage of the pump cycle, the first dialyzer inlet
valve 209 and the first dialyzer outlet valve 215 are opened
and the first source valve 205 and the first drain valve 219
are closed. The first pump 207 1s then actuated to expel the
dialysate 327 from within the first pump chamber 208 nto
the dialyzer (not shown) and the second pump 216 1s
actuated to pull spent dialysate 327 from the dialyzer (not
shown) 1nto the second pump chamber 218. In this step, the
dialysate 327 in the first pump chamber 208 has a positive
pressure applied to 1t as the membrane 1s force down 1nto the
first pump chamber 208 thereby forcing the dialysate 327
through the dialysis circuit and into the dialyzer. In the
dialyzer, dialysate 327 1s passed 1n a typically countertlow
arrangement to the blood of the patient and waste products
diffuse across the dialyzer membrane into the dialysate 327
via diffusion. The movement of the dialysate 327 through
the dialyzer and 1nto the second pump chamber 1s assisted by
a negative pressure generated by the membrane of the
second pump chamber which 1s retracted by the vacuum
means on the dialysis machine, operated by the device’s
controller. These two stages are repeated and then, 1n the
third stage of the pump cycle, the first dialyzer ilet valve
209 and first dialyzer outlet valve 215 are closed, the first
drain valve 219 1s opened and second pump 216 actuated to
expel the spent dialysate 327 from the second pump cham-
ber 218 1nto the drain 221. Accordingly, after the completion
of this step, both pump chambers 208, 218 are empty.

In the fourth step of the cycle, the first drain valve 219 1s
closed and the second source valve 206 1s opened in order
to allow the second pump 216 to draw dialysate from the
source 203 into the second pump chamber 218. In the fifth
step, with the second pump chamber 218 now filled, the
second dialyzer inlet valve 217 the second dialyzer outlet
valves 213 are opened and the second source valve 1s closed.
The second pump 216 1s actuated to expel the dialysate 1n
the second pump chamber 218 1nto the dialyzer (not shown)
and the first pump 207 1s actuated to draw dialysate from the
dialyzer into the first pump chamber 208. This allows the
same operation as was carried out in the first and second
steps to proceed but with the roles of the pumps 207, 216
swapped around. Thus any small discrepancies between the
volumes of the two pump chambers 208, 218 are cancelled
out.

The fourth and fifth steps are repeated and finally, the
second dialyzer outlet valve 213 and second dialyzer inlet
valve 217 are closed, the second drain valve 211 and second
source valves are opened and the first pump 207 1s operated

to expel the dialysate from the first pump chamber 208 1nto
the drain 221.

Second Mode of Operation—Hemodiafiltration
(Twin Pumping)

The pumping cycle of the second mode of operation of the
arrangement 201 begins with opening both the first and
second source valves 205, 206 and {irst and second dialyzer
inlet valves 217, 217 together with closing both the first and
second dialyzer outlet valves 213, 215 and the first and
second drain valves 205, 206. The first and second pumps
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207, 216 are both actuated to draw dialysate from the source
203 into the first and second pump chambers 208, 218

respectively. Accordingly, dialysate 327 drawn into both
chambers 208, 218 from the dialysate source 203 due to the
negative pressure created by the movement of the membrane
in the pumps 207, 216.

In the second step, the first and second source valves 205,
206 and the first and second dialyzer outlet valves 213, 215
are closed, the first and second dialyzer inlet valves 209, 217
are opened and both the first and second pumps 207, 216 are
actuated to expel the dialysate from the first and second
pump chambers 208, 218 respectively into the dialyzer.
Thus, when the pumps 207, 216 are activated a positive
pressure 1s generated which forces dialysate 327 into the
dialyzer. As the dialyzer outlet valves 213, 215 are closed,
the dialysate 327 has nowhere else to go and so at least some
of the dialysate 327 passes across the semipermeable mem-
brane of the dialyzer and into the blood side of the dialyzer.
This allows the dialysate 327 to mix with the blood and
dissolve many of the harmful waste products built up in the
blood.

In the third step, the first and second dialyzer outlet valves
213, 215 are opened, the first and second dialyzer inlet
valves 209, 217 are closed and both the first and second
pumps 207, 216 are actuated to draw spent dialysate from
the dialyzer into the first and second pump chambers 208,
218 respectively. Because the dialysate source valves 205,
206 are closed, the negative pressure generated by the
pumps 207, 216 1s felt by the dialyzer and this draws the
dialysate 327, along with dissolved and associated waste
components, back across the semipermeable dialyzer mem-
brane and fills the pump chambers 208, 218. As such, there
1s substantially no net transier of dialysate to the patient’s
blood. The duration of the steps 1n each of the methods of the
invention 1s typically about 1 second.

Finally, the first and second drain valves 211, 219 are
opened, the first and second dialyzer outlet valves 215, 213
are closed and both the first and second pumps 207, 216 are
actuated to expel spent dialysate from the first and second
pump chambers 208, 218 respectively into the drain 221.

Second Mode of Operation—Hemodiafiltration
(Split Pumping)

Alternatively the pumping cycle of the second mode of
operation of the arrangement 201 may begin with closure of
the first and second dialyzer inlet valves 209, 217 openming
the first dialyzer outlet valve 215, closing the second dia-
lyzer outlet valve 213, opening the {first source valve 205,
closing the second source valve 206, closing the first and
second drain valves 219, 211. The first pump 207 1s then
actuated to draw dialysate 327 from the source 203 into the
first pump chamber 208 and the second pump 216 1s actuated
to draw dialysate 327 from the dialyzer mto the second
pump chamber 218. Accordingly, dialysate 327 1s drawn 1nto
both pump chambers 208, 218 by negative pressure created
in both pumps 207, 216. The dialysate 327 drawn from the
dialyzer 1s pulled from the patient’s blood, across the
semipermeable membrane of the dialyzer and into the sec-
ond pump chamber 218. As the first dialyzer inlet valve 209
1s closed, the dialysate 327 does not tlow backwards along
the dialysate 327 circuit into the first pump chamber 208.
The first pump chamber 208 1s instead filled by drawing
dialysate 327 from the dialysate source 203.

In the second step, the first dialyzer inlet valve 209 and the
first drain valve 219 are opened, the first dialyzer outlet
valve 215 and the first source valve 205 are closed and the
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first pump 207 1s actuated to expel dialysate from the first
pump chamber 208 into the dialyzer and the second pump

216 15 actuated to expel dialysate from second pump cham-
ber 218 into the drain 221. Thus, dialysate 327 1n the first
pump chamber 208 1s forced under positive pressure mnto the
dialyzer but as the dialyzer outlet valves 2135, 213 are closed,
the dialysate has nowhere else to go except across the
semipermeable membrane of the dialyzer and into the blood
side of the dialyzer.

These two steps are repeated and then, in the third step,
the first dialyzer inlet valve 209 and the first drain valve are
closed 219, the second dialyzer outlet valve 213 and second
source valve 206 are opened. The second pump 216 1s
actuated to draw dialysate from the source into the second
pump chamber 218 and the first pump 207 1s actuated to
draw dialysate from the dialyzer (not shown) into the first
pump chamber 208.

Finally, the second dialyzer inlet valve 217 and the second
drain valve 211 are opened, the first and second dialyzer
outlet valves 215, 213 and the first source valve 205 are
closed and the first pump 207 1s actuated to expel dialysate
from the first pump chamber 208 into the drain 221 and
operating the second pump 216 to expel dialysate from the
second pump chamber 218 into the dialyzer (not shown).
The operation of the third and fourth step 1s the same as the
first and second except that the roles of the first and second
pumps have been swapped over.

Second Mode of Operation—Hemodiafiltration
(Split Pumping with Delay)

Alternatively, the second mode of operation of the
arrangement 201 may begin with opening the first source
valve 205 and the first drain valve 219, closing the first
dialyzer outlet valve 215 and operating the second pump 216
to expel dialysate from the second pump chamber 218 1nto
the dramn 221 and operating the first pump 207 to draw
dialysate into the first pump chamber 208 from the dialysate
source 203.

In the second step, the first dialyzer inlet valve 209 1s
opened and the first dialyzer outlet valve 215, the first source
valve 205 and the first drain valve 219 are closed. The first
pump 207 1s then actuated to expel dialysate from the first
pump chamber 208 1nto the dialyzer and the second pump
216 1s left idle. Thus, dialysate 327 in the first pump
chamber 208 i1s forced under positive pressure into the
dialyzer but as the dialyzer outlet valves 215, 213 are closed,
the dialysate has nowhere else to go and so passes across the
semipermeable membrane of the dialyzer and into the blood
side of the dialyzer.

In the third step, the first dialyzer ilet valve 209 1s closed,
the first dialyzer outlet valve 215 1s opened, the first pump
207 1s left 1dle and the second pump 216 1s actuated to draw
dialysate from the dialyzer ito the second pump chamber.
The dialysate 327 drawn from the dialyzer 1s pulled from the
patient’s blood, across the semipermeable membrane of the
dialyzer and into the second pump chamber 218.

The first, second and third steps are then repeated. In the
fourth step. The second pump 1s operated to expel the
dialysate 327 in the second pump chamber into the drain.
Accordingly, after the fourth step, both pump chambers are
empty.

In the fifth step, the second source valve 206 1s opened
and the first drain valve 211 and first dialysate outlet valve
213 are closed and the second pump 216 1s operated to draw
dialysate 327 from the dialysate source 203 into the second
pump chamber 218. The second source valve 206 1s the

10

15

20

25

30

35

40

45

50

55

60

65

20

closed, the second dialyzer inlet valve 217 1s opened and the
pump 1s activated to expel the dialysate 327 1n the second
pump chamber 218 1nto the dialyzer.

In a sixth step, the second dialyzer inlet valve 217 1s
closed and the second dialyzer outlet valve 215 1s opened
and the first pump 1s operated to draw dialysate 327 from the
dialyzer mto the first pump chamber 208.

Finally, the second drain valve 1s opened and the first
dialyzer inlet valve and second dialyzer outlet valve 1is
closed and the dialysate 1s expelled from the first pump
chamber 1nto the drain.

The fifth, sixth and seventh method steps are then
repeated thereby completing the pumping cycle.

Although the control system 500 has been described in the
specific embodiment as a microprocessor, the control system
500 may instead comprise an electrical switching arrange-
ment or a mechanical control arrangement. In the case of a
mechanical control arrangement, rather than individual
vacuum pumps for each platen cavity, 1t 1s envisaged that a
single vacuum pump would apply a negative pressure to the
platen and a mechanical camming or gearing arrangement
would actuate valves on the platen to control the application

of the negative/positive pressure selectively according to the
required operating mode.

The mvention claimed 1s:

1. A blood treatment device comprising:

a dialyzer;

a flow balance pump and valve arrangement, comprising:

a {irst pump operable to deliver a predetermined vol-
ume of cleaning solution from a cleaning solution
source to the dialyzer or to remove the predeter-
mined volume of cleaning solution from the dialyzer
to a drain;

a second pump operable to deliver the predetermined
volume of cleaning solution from the cleaning solu-
tion source to the dialyzer or to remove the prede-
termined volume of cleaning solution from the dia-
lyzer to the drain;

a first dialyzer inlet valve arranged between the first
pump and an inlet of the dialyzer;

a second dialyzer inlet valve arranged between the
second pump and the inlet of the dialyzer;

a first dialyzer outlet valve arranged between an outlet
of the dialyzer and the second pump;

a second dialyzer outlet valve arranged between the
outlet of the dialyzer and the first pump;

a first cleaning solution source valve arranged between
the cleaning solution source and the first pump;

a second cleaning solution source valve arranged
between the cleaning solution source and the second
pump,

a first drain valve arranged between the second pump
and the drain;

a second drain valve arranged between the first pump
and the drain; and

cach of the valves and the pumps of the tlow balance
pump and valve arrangement being independently
operable; and

a control system configured to operate the valves and
pumps of the tlow balance pump and valve arrange-
ment 1n at least one first mode permitting hemodialysis
and at least one second mode permitting hemodiafil-
tration;

wherein hemodialysis occurs because waste product from
a patient’s blood transters to the cleaning solution via
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diffusion across a semi-permeable membrane 1n the
dialyzer, but the cleaning solution substantially does
not cross the membrane;

wherein hemodiafiltation occurs because the waste prod-

uct from the patient’s blood transfers to the cleaning
solution when the cleaning solution 1s forced across the
membrane 1nto the patient’s blood and then pulled back
across the membrane; and

wherein the at least one second mode 1ncludes operating

the first pump and the second pump 1n phase to generate
a positive pressure in the dialyzer, or operating the first
pump and the second pump out of phase to generate a
positive pressure 1n the dialyzer.

2. A device according to claim 1, wheremn the control
system 1s configured, 1n use, to alternate the operation of the
valves and pumps between the at least one first mode and the
at least one second mode.

3. A device according to claim 1, wheremn the control
system 1s configured to alternate the pump responsible for
delivering cleaning solution to the dialyzer and the pump
responsible for removing spent cleaning solution from the
dialyzer after a given number of pumping cycles.

4. A device according to claim 3, wherein the number of
pumping cycles 1s two or more pumping cycles.

5. A device according to claim 1, wherein the pumps are
positive displacement pumps.

6. A device according to claim 5, wherein the pumps are
membrane pumps.

7. A device according to claim 1, wherein the flow balance
pump and valve arrangement 1s formed on a disposable
cartridge.

8. A device according to claim 7, wherein the pumps and
valves on the disposable cartridge are actuated by selective
application of a negative or a positive air pressure thereto.

9. A device according to claim 8, wherein the selective
application of the negative or the positive air pressure 1s
cllected by a pneumatic pump.

10. A device according to claim 9, wherein each pump or
valve has an associated pneumatic pump on a machine
which receives the cartridge.

11. A device according to claim 10, wherein the control
system controls the operation of the respective pneumatic
pumps.

12. A device according to claim 11, wherein the control
system 1s a microprocessor which controls the pneumatic
pumps electronically.

13. A device according to claim 12, wherein the control 1s
cllected wirelessly.

14. A method of operating the device according to claim

1,
wherein the valves and pumps of the flow balance pump
and valve arrangement are operated by the control
system 1n the at least one first mode permitting hemo-
dialysis and the at least one second mode permitting
hemodiafiltration.

15. A method according to claim 14, wherein the valves
and pumps are operated to alternate between the at least one
first mode permitting hemodialysis and the at least one
second mode permitting hemodiafiltration.

16. A method according to claim 14, wherein the valves

and pumps are operated 1n the at least one second mode
permitting hemodiafiltration by operating the first and sec-
ond pumps in phase to generate a positive pressure in the
dialyzer.
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17. A method according to claim 14, wherein the at least

one first mode comprises the steps of:

a) operating the first pump to draw the predetermined
volume of cleaning solution from the cleaning solution
source 1nto the first pump and operating the second
pump to expel the predetermined volume of spent
cleaning solution from the second pump into the drain;
and

b) operating the first pump to expel the predetermined
volume of cleaming solution from the first pump 1nto
the dialyzer and operating the second pump to draw the
predetermined volume of spent cleaning solution from

the dialyzer into the second pump.

18. A method according to claim 14, wherein the first

mode comprises the steps of:

a) closing the first dialyzer inlet valve, closing the first
dialyzer outlet valve, operating the first pump to draw
the predetermined volume of cleaning solution from the
cleaning solution source mto the first pump and oper-
ating the second pump to expel the predetermined
volume of cleaning solution from the second pump 1nto
the drain; and

b) opening the first dialyzer inlet valve, opening the first
dialyzer outlet valve, operating the first pump to expel
the predetermined volume of cleaning solution from the
first pump 1nto the dialyzer and operating the second
pump to draw the predetermined volume of cleaning
solution from the dialyzer into the second pump.

19. A method according to claim 14, wherein the first

mode comprises the steps of:

a) closing the first dialyzer inlet valve, closing the first
dialyzer outlet valve, opening the first clean solution
source valve, opening the first drain valve, operating
the first pump to draw the predetermined volume of
cleaning solution from the cleaning solution source into
the first pump and operating the second pump to expel
the predetermined volume of cleaning solution from the
second pump into the drain; and

b) opening the first dialyzer inlet valve, opeming the first
dialyzer outlet valve, closing the first clean solution
source valve, closing the first drain valve, operating the
first pump to expel the predetermined volume of clean-
ing solution from the first pump 1nto the dialyzer and
operating the second pump to draw the predetermined
volume of cleaning solution from the dialyzer into the
second pump.

20. A method according to claim 14, wherein the first

mode comprises the steps of:

a) closing the first and second dialyzer inlet valves,
closing the first and second dialyzer outlet valves,
opening the first cleaning solution source valve, open-
ing the first drain valve, closing the second cleaning
solution source valve, closing the second drain valve,
operating the first pump to draw the predetermined
volume of cleaning solution from the cleaning solution
source 1nto the first pump and operating the second
pump to expel the predetermined volume of cleaning
solution from the second pump into the drain;

b) opening the first dialyzer inlet valve, opening the first
dialyzer outlet valve, closing the first clean solution
source valve, closing the first drain valve, operating the
first pump to expel the predetermined volume of clean-
ing solution from the first pump 1nto the dialyzer and
operating the second pump to draw the predetermined
volume of cleaning solution from the dialyzer into the
second pump;
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¢) closing the first dialyzer inlet valve, closing the first
dialyzer outlet valve, opening the first drain valve, and
operating the second pump to expel the predetermined
volume of cleaning solution from the second pump nto
the drain;

d) closing the first drain valve, opening the second clean-
ing solution source valve, and operating the second
pump to draw the predetermined volume of cleaning
solution from the clean solution source;

¢) opening the second dialyzer inlet valve, opening the
second dialyzer outlet valve, closing the second clean-
ing solution source valve, operating the second pump to
expel the predetermined volume of cleaning solution
from the second pump into the dialyzer and operating
the first pump to draw the predetermined volume of
cleaning solution from the dialyzer into the first pump;
and
closing the second dialyzer outlet valve, opeming the
second drain valve, closing the second dialyzer inlet
valve, opening the second cleaning solution source
valve, operating the second pump to draw the prede-
termined volume of cleaning solution from the cleaning
solution source and operating the first pump to expel
the predetermined volume of cleaning solution from the
first pump 1nto the drain.

21. A method according to claim 20, wherein the first
mode further comprises repeating steps a) and b) one or
more times before performing step c).

22. A method according to claim 20, wherein the first
mode further comprises repeating steps €) and 0 one or more
times.

23. A method according to claim 14, wherein the at least
one second mode comprises the steps of:

a) operating the first pump to draw the cleaming solution
from the cleaning solution source into the first pump
and operating the second pump to draw the predeter-
mined volume of cleaning solution from the dialyzer
into the second pump; and

b) operating the first pump to expel the predetermined
volume of cleaning solution from the first pump nto
the dialyzer and operating the second pump to expel the
predetermined volume of cleaming solution from the
second pump into the drain.

24. A method according to claim 14, wherein the second

mode comprises the steps of:

a) closing the first dialyzer inlet valve, opening the first
dialyzer outlet valve, operating the first pump to draw
the predetermined volume of cleaning solution from the
cleaning solution source into the first pump and oper-
ating the second pump to draw the predetermined
volume of cleaning solution from the dialyzer into the
second pump; and

b) opening the first dialyzer inlet valve, closing the first
dialyzer outlet valve, operating the first pump to expel
the predetermined volume of cleaning solution from the
first pump 1nto the dialyzer and operating the second
pump to expel the predetermined volume of cleaning
solution from the second pump into the drain.

25. A method according to claim 14, wherein the second

mode comprises the steps of:

a) closing the first dialyzer inlet valve, opening the first
dialyzer outlet valve, opening the first cleaning solution
source valve, closing the first drain valve, operating the
first pump to draw the predetermined volume of clean-
ing solution from the cleaning solution source into the
first pump and operating the second pump to draw the
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predetermined volume of cleaming solution from the
dialyzer into the second pump; and

b) opening the first dialyzer inlet valve, closing the first
dialyzer outlet valve, closing the first cleaning solution
source valve, opening the first drain valve, operating
the first pump to expel the predetermined volume of
cleaning solution from the first pump into the dialyzer
and operating the second pump to expel the predeter-
mined volume of cleaning solution from the second

pump 1nto the drain.

26. A method according to claim 14, wherein the second
mode comprises the steps of:

a) closing the first and second dialyzer inlet valves,
opening the first dialyzer outlet valve, closing the
second dialyzer outlet valve, opening the first cleaning
solution source valve, closing the second cleaning
solution source valve, closing the first and second drain
valves, operating the first pump to draw the predeter-
mined volume of cleaning solution from the cleaning
solution source into the first pump and operating the
second pump to draw the predetermined volume of
cleaning solution from the dialyzer into the second
pump,

b) opening the first dialyzer inlet valve, closing the first
dialyzer outlet valve, closing the first cleaning solution
source valve, opening the first drain valve, operating
the first pump to expel the predetermined volume of
cleaning solution from the first pump into the dialyzer
and operating the second pump to expel the predeter-
mined volume of cleaning solution from the second
pump 1nto the drain;

¢) closing the first dialyzer inlet valve, opening the second
dialyzer outlet valve, opening the second cleaning
solution source valve, closing the first drain valve,
operating the second pump to draw the predetermined
volume of cleaming solution from the cleaning solution
source mto the second pump and operating the first
pump to draw the predetermined volume of cleaning
solution from the dialyzer into the first pump; and

d) opening the second dialyzer inlet valve, closing the first
and second dialyzer outlet valves, closing the first
cleaning solution source valve, opening the second
drain valve, operating the first pump to expel the
predetermined volume of cleaming solution from the
first pump 1nto the drain and operating the second pump
to expel the predetermined volume of cleaning solution
from the second pump into the dialyzer.

27. A method according to claim 26, further comprising,
repeating steps a) and b) one or more times before perform-
ing step c).

28. A method according to claim 26, further comprising a
step alter step d) of repeating steps ¢) and d) one or more
times.

29. A method according to claim 14, wherein the second
mode comprises the steps of:

a) operating the first pump to draw the predetermined
volume of cleaning solution from the cleaning solution
source mto the first pump and operating the second
pump to expel the predetermined volume of cleaning
solution from the second pump into the drain;

b) operating the first pump to expel the predetermined
volume of cleanming solution from the first pump nto
the dialyzer; and

c) operating the operating the second pump to draw the
predetermined volume of cleaming solution from the
dialyzer into the second pump.
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30. A method according to claim 14, wherein the second

mode comprises the steps of:

a) opening the first cleaning solution source valve, oper-
ating the first pump to draw the predetermined volume
of cleaning solution from the cleaning solution source
into the first pump and operating the second pump to
expel the predetermined volume of cleaning solution
from the second pump into the drain;

b) opening the first dialyzer 1nlet valve, operating the first
pump to expel the predetermined volume of cleaming
solution from the first pump into the dialyzer; and

¢) closing the first dialyzer inlet valve, opening the first
dialyzer outlet valve, operating the second pump to
draw the predetermined volume of cleaning solution
from the dialyzer into the second pump.

31. A method according to claim 14, wherein the second

mode comprises the steps of:

a) closing the first dialyzer outlet valve, opening the first
cleaning solution source valve, opening the first drain
valve, operating the first pump to draw the predeter-
mined volume of cleaning solution from the cleaming
solution source into the first pump and operating the
second pump to expel the predetermined volume of
cleaning solution from the second pump into the drain;

b) opening the first dialyzer inlet valve, closing the first
cleaning solution source valve, and operating the first
pump to expel the predetermined volume of cleaning
solution from the first pump into the dialyzer; and

¢) closing the first dialyzer inlet valve, opening the first
dialyzer outlet valve, closing the first drain valve, and
operating the second pump to draw the predetermined
volume of cleaning solution from the dialyzer into the
second pump.

32. A method according to claim 14, wherein the second

mode comprises the steps of:

a) closing the first dialyzer outlet valve, opening the first
cleaning solution source valve, opening the first drain
valve, operating the first pump to draw the predeter-
mined volume of cleaning solution from the cleaning
solution source into the first pump and operating the
second pump to expel the predetermined volume of
cleaning solution from the second pump into the drain;

b) opening the first dialyzer inlet valve, closing the first
cleaning solution source valve, and operating the {first
pump to expel the predetermined volume of cleaming
solution from the first pump into the dialyzer;

¢) closing the first dialyzer inlet valve, opening the first
dialyzer outlet valve, closing the first drain valve, and
operating the second pump to draw the predetermined
volume of cleaning solution from the dialyzer into the
second pump;

d) opening the first drain valve, closing the first dialyzer
outlet valve, and operating the second pump to expel
the cleaning solution from the second pump into the
drain;

¢) closing the first drain valve, opening the second source
valve, closing the second dialyzer inlet valve and
operating the second pump to draw a predetermined
volume cleaning solution from the cleaning solution
source mto the second pump;

1) closing the second source valve, opening the second
dialyzer inlet valve and operating the second pump to
expel the predetermined volume of cleaning solution
from the second pump into the dialyzer;

o) closing the second dialyzer inlet, opening the second
dialyzer outlet, closing the second drain valve and
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operating the first pump to draw the predetermined
volume of cleaning solution into the first pump; and

h) opening the second drain valve, closing the second
dialyzer outlet valve, opening the second source valve
and operating the first pump to expel the predetermined
volume of cleaming solution from the first pump 1nto
the drain and operating the second pump to draw the
predetermined volume of cleaming solution from the
cleaning solution source into the second pump.

33. A method according to claim 32, further comprising
repeating steps a) to ¢) one or more times before performing,
step d).

34. A method according to claim 32, further comprising a
step after step h) of repeating steps 1) to h) one or more
times.

35. A method according to claim 14, wherein the second
mode comprises the steps of:

a) operating both the first and second pumps to draw the
predetermined volume of cleaming solution from the
cleaning solution source mto each of the first and
second pumps;

b) operating both the first and second pumps to expel the
predetermined volume of cleaning solution from each
of the first and second pumps into the dialyzer and
across the membrane of the dialyzer;

c) operating the first and second pumps to draw the
predetermined volume of cleaming solution from the
dialyzer into each of the first and second pumps; and

d) operating both the first and second pumps to expel the
predetermined volume of cleaning solution from each
of the first and second pumps 1nto the drain.

36. A method according to claim 14, wherein the second

mode comprises:

a) opening the first and second cleaning solution source
valves and the first and second dialyzer inlet valves,
closing the first and second dialyzer outlet valves and
the first and second drain valves and operating the first
and second pumps to draw the predetermined volume
of cleaning solution from the cleaning solution source
into each of the first and second pumps;

b) closing the first and second source valves and the first
and second dialyzer outlet valves, opening the first and
second dialyzer inlet valves and operating both the first
and second pumps to expel the predetermined volume
of cleaning solution from each of the first and second
pumps nto the dialyzer;

¢) opeming the first and second dialyzer outlet valves,
closing the first and second dialyzer inlet valves and
operating both the first and second pumps to draw the
predetermined volume of cleaming solution from the
dialyzer into each of the first and second pumps; and

d) opening the first and second drain valves, closing the
first and second dialyzer outlet valves and operating
both the first and second pumps to expel the predeter-
mined volume of cleaning solution from each of the
first and second pumps into the drain.

377. The method according to claim 14, wherein the valves
and pumps are operated 1n the at least one second mode
permitting hemodiafiltration by operating the first and sec-
ond pumps out of phase to generate a positive pressure 1n the
dialyzer.

38. A blood treatment device comprising:

a dialyzer,

a first pump configured to deliver a cleaning solution to,

and rvemove the cleaning solution from, the dialyzer,
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a second pump configured to deliver the cleaning solution
to, and remove the cleaning solution from, the dialyzer;
and

a control system configured to operate one or more valves,
the first pump, and the second pump in at least one fivst
mode permitting hemodialysis and at least one second
mode permitting hemodiafiltration, whevein the at least
one second mode permitting hemodiafiltration includes

transferring waste product from blood of a patient to
the cleaning solution as the cleaning solution is forced
across a semi-permeable membrane of the dialyzer and
into the blood of the patient and then pulled back
across the semi-permeable membrane, and the control
system operates the first pump and the second pump out
of phase with one another or in phase with one another
such that a positive pressure is generated in the dia-
lvzer in the at least one second mode permitting hemo-
diafiltration.

39. The blood treatment device of claim 38, wherein the
control system operates the one ov more valves, the first
pump, and the second pump to alternate between the at least
one first mode permitting hemodialysis and the at least one
second mode permitting hemodiafiltration.

40. The blood treatment device of claim 38, further

comprising the one or more valves.
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41. The blood treatment device of claim 38, wherein the
one or movre valves comprise at least one of a first dialyzer
inlet valve, a second dialyvzer inlet valve, a first dialyzer
outlet valve, a second dialvzer outlet valve, a first cleaning
solution source valve, a second cleaning solution source
valve, a first drvain valve, and a second drain valve.

42. The blood treatment device of claim 38, wherein the
one or movre valves comprise at least two of a first dialyzer
inlet valve, a second dialvzer inlet valve, a first dialyzer
outlet valve, a second dialyzer outlet valve, a first cleaning
solution source valve, a second cleaning solution source
valve, a first drain valve, and a second drain valve.

43. The blood treatment device of claim 38, wherein the
one or more valves comprise a first dialyzer inlet valve, a
second dialyzer inlet valve, a first dialvzer outlet valve, a
second dialyzer outlet valve, a first cleaning solution source
valve, a second cleaning solution source valve, a first dvain

valve, and a second drain valve.
44. The blood treatment device of claim 38, wherein the

20 first pump is operable to deliver and rvemove a predeter-

mined volume of cleaning solution to and from the dialyzer.

45. The blood treatment device of claim 38, wherein the
second pump is operable to deliver and remove a predeter-
mined volume of cleaning solution to and from the dialyzer.
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