(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/155120 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

2 October 2014 (02.10.2014) WIPOIPCT
International Patent Classification:
A6IM 1/16 (2006.01)
International Application Number:
PCT/GB2014/050978

International Filing Date:
27 March 2014 (27.03.2014)

Filing Language: English
Publication Language: English
Priority Data:

1305755.9 28 March 2013 (28.03.2013) GB

Applicant: QUANTA FLUID SOLUTIONS [GB/GB];
Unit 5, Tything Road, Alcester, Warwick, Warwickshire
B49 6EU (GB).

Inventor: BUCKBERRY, Clive; 93 West Street, Warwick
CV34 6AH (GB).

Agent: WITHERS & ROGERS LLP; 4 More London
Riverside, London SE1 2AU (GB).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(34

wo 2014/155120 A1 |JIN I 0F OO0 R O

Title: RE-USE OF A HEMODIALYSIS CARTRIDGE

FIGURE 3c

(57) Abstract: The present invention provides a hemodialysis machine comprising a removably rnountable cartridge having at least
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Re-Use of a Hemodialysis Cartridge

The present invention relates to dialysis machines and 1o particolar, but not

exclusively to a disposable cartridge for use in hemodialysis machines.

Dialysis is a treatment which replaces the renal function of removing excess fluid and
waste products, such as potassium and urea, from blood. The trecatment is cither
employed when renal function has deteriorated to an extent that uremic syndrome
becomes a threat to the body’s physiology (acute renal failure) or, when a
longstanding renal condition impairs the performance of the kiduneys (chronic renal

failure).

There are two major types of dialysis, namely hemodialysis and peritoneal dialysis.

In peritoneal dialysis treatment, a dialysate solution is run through a tube into the
peritoneal cavity. The fluid is left 1o the cavity for a period of time 1o order to absorb

the waste products, and is subsequently removed through the tube for disposal.

It 1s common for patients in the early stages of treatment for a longstanding renal
condition to be treated by peritoneal dialysis before progressing to hemodialysis at a

later stage.

In hemodialysis, the patient’s blood is removed from the body by an arterial line and
treated by a dialysis machine before being returned to the patient’s body by a venous
linc. The machine passes the blood through a dialyser containing tubes formed from a
semi-permeable membrane. On the exterior of the semi-permeable membrane is a
dialysate solution. The semi-permeable membrane filters the waste products and
excess fluid from the blood into the dialysate solution. The membrane allows the
waste and a controlled volume of fluid to permeate into the dialysate solution whilst
preventing the loss of larger more desirable molecules, like blood cells and certain

proteins and polypeptides.
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The action of dialysis across the membrane is achieved primarily by diffusion (the
migration of molecules by random motion from a region of higher concentration (o a

region of lower concentration).

Fluwid removal (otherwise known as ulirafiltration) is achieved by altering the
hydrostatic pressure of the dialysate solution side of the membrane, causing free water

to move across the membrane along the pressure gradient.

The correction of uremic acidosis of the blood is achieved by use of a bicarbonate
buffer. The bicarbonate buffer also allows the correction of the blood bicarbonate

level.

The dialysate solution consists of a sterilized solution of mincral ions. These ions are
contained within an acid buffer which is mixed with the sterilised water and

bicarbonate base prior to delivery to the dialyser.

Hemodialysis machines need to be sanitised between uses and maintained in a
sanitised condition. Conventionally, known hemodialysis machines are sanitised
either through heat cleaning or chemical cleaning to remove trace elements of
dialysate solution from within {luid pathways delined by the hemodialysis machive.
Dialysate solution comprises sodium bicarbonate as a constituent part which, if left in
the hemodialysis machine, provides a natural food source for biofilm. Growth of
biofilm in the fluid pathways defined by the hemodialysis machine can lead to

unacceptable bio-incompatibility and errors in the hemodialysis process.

Conventional hemodialysis machines use peristaltic pumps, or similar, to flush a
cleaning liquid through the hemodialysis machine in a single direction. Such machines
risk contamination and growth of biofilm in areas of the machine where the cleaning

liquid cannot access.

The present invention seeks to provide an improved hemodialysis machine.
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A first aspect of the invention provides a hemodialysis machine comprising a
removably mountable cartridge having a first inlet and a first outlet, the cartridge
defining a {luid pathway therebetween, a sanitisation device having an inlet and an
outlet, a conduit connected between the first outlet of the cartridge and the inlet of the
sanitisation device, and, a conduit connected between the outlet of the sanitisation

device and the first inlet of the cartridge.

Advantageously, provision of a sanitisation device permits the cartridge to be sanitised

and re-used rather than being disposed of after each dialysis sitting.

Preferably, the cartridge further comprises a first mixing chamber, a second mixing
chamber connected o the {irst mixing chamber, a f{irst {low balance chamber
connected to the second mixing chamber, a second flow balance chamber connected
to the first flow balance chamber, wherein the sanitisation device is removably
connected external to the cartridge between the first mixing chamber and the first flow

balance chamber.

In onc embodiment the cartridge further comprises a first inlet, a conduit between the
first inlet of the cartridge and the first mixing chamber, a second inlet, a conduit
between the second inlet of the cartridge and the first mixing chamber, a third inlet, a
conduit between the third inlet of the cartridge and the second mixing chamber, a
fourth inlet, a conduit between the fourth inlet of the cartridge and the second f{low
balance chamber, a first outlet, a conduit between the first inlet and the first outlet, a
second outlet, a conduit between the first flow balance chamber and the second outlet,
a third outlet, and, a conduit between the second flow balance chamber and the third

outlet.

In one embodiment the sanitisation device comprises a chemical cleaning receplacle.

Preferably, the cleaning receptacle of one embodiment of the invention contains an

acid concentrate.

In one embodiment, the chemical cleaning receptacle comprises a chemical bath.
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In another embodiment, the chemical cleaning receptacle comprises a common

mantfold.

A second aspect of the invention provides a method of cleaning a cartridge for re-use
in a hemodialysis machine comprising:

ay  Providing a cartridge having at least one inlet and at east one outlet;

b) Connecting a sanitisation device between said at least one inlet and said at least
one outlet of the cartridge external to the cartridge;

¢) Flowing a liquid through the cartridge and the sanifisation device in a {urst
direction;

dy  Flowing the liquid through the cartridge and the sanitisation device 1o a second
direction;

¢y  Flushing the liquid out of the cartridge through the at lcast one outlet.

Advantageously, directing a liguid through the cartridge in first and second directions
is more efficient at sanitising the cartridge than directing the liquid through the

cartridge in only one direction.

Preferably, the at least one inlet of the cartridge is a spent dialysate inlet and the at
least one outlet is a drain port. In one embodiment, the cartridge further comprises a
clean dialysate outlet, a water inlet, a water outlet, a bicarbonate inlet and an acid

iniet,

In one embodiment, the method further comprises:

) Connecting the spent dialysate solution inlet to the clean dialysate solution
outlet;

g2) Connecting the water outlet to the bicarbonate inlet;

h) Disconnecting the drain port;

1) Connecting the water inlet to a purified water supply:

i Flushing purified water through the cartridge and out of the drain port and the

acid inlet;

k) Connecting the drain port to the acid inlet;
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Iy Connecting the sanmitisation device between the spent dialysate solution inlet
and the clean dialysate outlet;
m) Measuring the conductivity of the liquid in the cartridge when flowing 1o a

first direction to ensure that it indicates acid;

n) Disconnecting the sanitisation device and re-connecting the spent dialysate
solution inlet to the clean dialysate solution outlet;

0} Flushing purified water through the cartridge and out of the drain port and the
acid inlet;

p) Measuring the conductivity of the liquid in the cartridge to ensure that it
indicates purified water;

q) Disconnecting all cartridge ports; and,

r) Connecting the cartridge 30 to the hemodialysis machine.

In another embodiment, the method further comprises:
) Connecting the spent dialysate solution inlet, clean dialysate solution outlet,

bicarbonate inlet, acid inlet and water outlet to a sanitisation device;

2) Connecting the water inlet to a purified water supply;

h} Connecting the drain port to a drain;

1) Flushing purified water through the cartridge and out of the drain port ;

1) Measuring the conductivity of the liquid in the cartridge to ensure that it

indicates acid;

k) Flushing purified water through the cartridge and out of the drain port;
Iy Measuring the conductivity of the liquid in the cartridge to ensure that it

indicates purified water;

m) Disconnecting all cartridge ports; and,
n) Connecting the cartridge to the hemodialysis machine.

In one embodiment, the method further comprises:
(f} Connecting a dialyser between the at least one inlet and the at least one outlet

(g) Connecting the dialyser to a blood pump

Preferably, the at least onc outlet is a dialysate solution outlet and the at least onc

outlet is a dialysate solution inlet.
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Advantageously, the cleaning liquid as it flows through the cartridge, in a {ust
direction and in a second direction, also flows through the dialyser and the blood
pump to permit re-use of said dialyser and blood pump. The dialyser comprises a
semi-permeable membrane which separates a dialysate solution circuit, defined by the
cartridge, from a blood circuit, defined by the blood pump. The cleaning liquid
permeates through the semi-permeable membrane from the dialysate solution circuit
into the blood circuit and is flushed through the cartridge, the dialyser and the blood

pump in first and second directions.

In one embodiment, the cartridge comprises at least two inlets and at least two outlets.
In one embodiment, the sanitisation device 1s connected between one of said at least
inlets and one of said at least one outlets and the dialyser is connected between

another of said at least one inlets and said at least one outlets.

An embodiment of the invention will now be described, by way of example only. with

reference to the following figures.

Figure 1 shows a schematic of a dialysis system having a disposable cartridge

comprising a {luid path defined by pumps and valves.

Figure 1a shows a detailed schematic view of the cartridge of Figure 1.

Figure 2 shows a schematic view of the operation of a pump of the type defined by the

disposable cartridge.

Figures 3a to 3d show schematic views of a first method of sanitising the disposable

cartridge of an embodiment of the invention.

Figure 4 shows a schematic view of a second method of sanitising the disposable

cartridge of an embodiment of the invention.
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Figure 5 shows a schematic view of a third method of sanitising the disposable

cartridge of an embodiment of the invention.

Referring to Figures 1 and 1a, a dialysis system, generally referred to as 10, is shown.
A dialyser 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 is pumped from the patient to the dialyser
by a peristaltic pump 16. The blood passes through the dialyser in a known manner
and is returned to the patient via a venous line 18. The dialyser 12 comprises a
cylindrical tube closed by opposing ends. A semi-permeable membrane (not shown) is
provided within the dialyser tube and separates the patients blood from a dialysate
solution. The membrane extends subsiantially between the opposing ends of the
cylinder. The dialysate solution removes impurities from the patients biood in a

known manner.

The dialyser has an inlet 20 for receiving clean dialysate solution and an outlet 22 for
removing spent dialysate solution from the dialyser 12. The dialyser also has an inlet
24 for receiving untreated blood from the peristaltic pomp 16 and an outlet 26 for
returning processed blood to the patient. The dialyser 12 is typically provided in a
substantially upright orientation, in use, with the patients blood flowing longitudinally
through the dialyser 12 from the blood inlet 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-flow. Dialysate solution is circulated through the hemodialysis machine at a

fluid flow rate in the region of 400ml/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 1o the hemodialysis machine

described.

The cartridge 30 is 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
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respective pamps. In this embodiment, each diaphragm is part of a single, common
sheet of material applied to the machine side of the cartridge 30. The individual

diaphragms are operable by pneumalic pressure applied thereto.

A series of flow paths are formed in the cartridge 30 for carrying dialysate solution
constituted from water, bicarbonate 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 material closing the patient side of the cartridge 30.

In use, the variation of pressure applied to the flexible diaphragm of each pump
chamber is controlled by conventional valving. A pressure source applies either a
positive or negative pressure to one side of the diaphragm of each pump chamber, as
required, to pump fluid through the fluid paths in the cartridge 30, in a circuit defined

by a plurality of valves.

The valves of the cartridge 30 are conventional diaphragm valves defined by
respective openings in 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 is part of the single, common sheet of material applied to the
machine side of the cartridge 30. The valves are opened and closed according to a

flow 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, cach recessed surface substantially
corresponding in geometry and volume to a pump chamber defined in the cartridge 30.
Hach recessed surface has a fluid port connectable with a source of positive fluid

pressure and, with a source of negative {lnid pressure via a valve.

The positive and negative [{luid pressure sources include a pressure pumup and a
vacuum pump respectively. When the valve is operated to allow fluid to flow into a
recessed surface from the source of positive fluid pressure, the diaphragm moves into

a corresponding pump chamber and any fluid, i.e. dialysate solution, therein is
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expelled {rom that pump chamber via the series of flow paths. When the valve is
operated to allow fluid to flow out of a recessed surface to the source of negative fluid
pressure, the diaphragm i1s moved away [romn a purop chamber and into the
corresponding 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 into and pumped from the pump

chambers is accurately controlled.

The cartridge 30 has two main {unctions, preparation of dialysate solution and {low
balance. Each function is performed by a separate part of the cartridge as illustrated in
Figures 1 and 2 by the schematic separation of the cartridge into two parts by the line
A-A in the figures. The dialysate preparation function is performed by one part of the
cartridge, gencrally referred to at 34 and the flow balance function is 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 dialyser 12 matches (to within clinical tolerances) the volume

of spent dialysate drawn {rom the dialyser 12.

The cartridge 30 is provided with a plurality of connections to and from the cartridge

36 as described below.

A first iolet port 38, from hereon referred to as the water inlet port, defined wn 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 hercon referred to as the water outlet port, defined in an
edge of the carfridge 30 directs the purified waler to a first dialysale solution
constituent which, in the illustrated embodiment shown in Figures 1 and la, is

bicarbonate 46.
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A second inlet port 50, {rom hereon relerred 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 inlet port 82, from hercon referred to as the acid inlet port, defined in the
opposite edge of the cartridge 30 to the water outlet port 42 and bicarbonate inlet port
50 receives a second dialysate solution constituent which, in the iHustrated

embodiment shown in Figures 1 and 1a, is acid 80.

A second outlet port 104, from hereon referred to as the clean dialysate solution outlet
port, is defined in 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 dialyser 12.

A fourth inlet port 106, from hereon referred to as the spent dialysate solution inlet
port, is defined in the same cdge of the cartridge 30 as the water outlet port 42,
bicarbonate inlet port 50 and clean dialysate outlet port 104. The spent dialysate

solution inlet port 106 receives spent dialysate solution from the dialyser 12.
A third ocutlet port 122, from hereon referred to as the drain port, is defined in 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.

Dialvsate Preparation

Dialysate solution is prepared in the cartridge 30 by combining purified water with

two dialysate constituents, namely a bicarbonate solution and an acid solution.

Purified water is admitied 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 is carried by a tube 44 through a bicarbonate cartridge 46 in a
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koown maunner to generate a purified water and bicarbonate solution. The purified
water and bicarbonate solution is carried by a tube 48 and re-admitted into the

cartridge 30 via the bicarbonate inlet port 50.

The temperature of the bicarbonate solution is measured at sensing port 52 and the
bicarbonate solution pressure is measured at sensing port 54. The bicarbonate solution
passes a bicarbonate control valve 56, when open, before entering a bicarbonate
solution reservoir 58 having an inlet and an outlet. The bicarbonate control valve 56 1s

closed when flow therethrough is not required.

A bicarbonate dosing pump chamber 60 having an inlet and an outlet receives the
bicarbonate solation from the bicarbonate solution reservoir 38 through a bicarbonate
dosing pump inlet valve 62. The bicarbonate dosing pump chamber 60 is closed by a
diaphragm to define a bicarbonate dosing pump which, upon actuation of the
diaphragm, pumps the bicarbonate solution {rom 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 is closed when the
bicarbonate dosing pump inlet valve 62 is open. The bicarbonate dosing pump outlet
valve 64 is opened to permit bicarbonate solution to be pumped to the bicarbonate
pump chamber 66. When the bicarbonate dosing pump outlet valve 64 is open, the
bicarbonale dosing pump inlet valve 62 is 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 inlet valve 6&. The bicarbonate pump inlet valve 6&, when open, can also admit
purified water into the bicarbonate pump chamber 66 {rom the water inlet port 38. The
bicarbonate pump chamber 66 is closed by a diaphragm (o define a pump which, upon
actuation of the diaphragm, pumps the bicarbonate solution and purified water therein
through a bicarbonate pump outlet valve 70 to a second mixing pump chamber 76

{acid pump).
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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
is open, the bicarbonate pump inlet valve 68 is closed to prevent the bicarbounate and

purified water solution from being pumped back into channel 40.

From the bicarbonate pump outlet valve 70, the bicarbonate and purified water
solution enters a sensor channel 72 in which the hemedialysis machine measures the
conductivity of the bicarbonate and purified water solution in a known manner. The
bicarbonate and purified water solution then enters a temperature sensor 74 before, if
the conductivity and temperature of the bicarbonate and purified water solution 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 into the
pump chamber 76. The acid pump chamber 76 is closed by a diaphragm to define a
pump which, upon actuation of the diaphragm, pumps the acid solution, bicarbonate
solution and purified water therein through an acid pump outlet valve 88 to the first
flow balance pump chamber 100. When the acid pump inlet valve 78 is open, the acid
pump outlet valve 88 is closed. When the acid pump outlet valve 88 is open, the acid

pump inlet valve 78 is closed.

The acid solution is admitied into the cartridge 30 from a pre-determined supply of
acid 80 via the acid solution inlet port 82. From the acid solution inlet port the acid
solution passes through an acid dosing pump chamber 86 via an acid dosing pump
inlet valve 84 and an acid dosing pump outlet valve §7. The acid dosing pump outlet
valve 87 is closed when the acid dosing pump inlet valve 84 is open. The acid dosing

pump inlet 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 outiet 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 conductivity sensor 96 are provided to corroborate the
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data provided by the first dialysate solution {eroperature sensor 90 and the [{urst
dialysate solution conductivity sensor 92. Providing the data measured by sensors 90,
92, 94 and 96 is within tolerance, the dialysate solution 1s admitted into a first {low

balance pump chamber 100

Filow Balance

The flow balance function of the cartridge 30 provides first and second {low balance
pump chambers 100, 108, each having two inlets and two outlets to define two
independent flow paths therethrough. The frst and second flow balance pump
chambers 100, 108 are of approximately equal volume. Either the first or second flow
balance pump charober 100, 108 puraps dialysate solution fo a dialyser 12 and the
other of the first or second flow balance pump chambers 100, 108 pumps dialysate
solution from the dialyser 12 to the drain port 122. After every approximately 20
strokes of the first and second flow balance pumps 100, 108, their function is

reversed.

From this point onwards, dialysate solution will be referred to as either clean dialysate
solution or spent dialysate solution. Clean dialysate solution is intended to mean
dialysate solution that is either new dialysate solution or clean dialysate solution that
has been treated to remove waste product therefrom. Spent dialysate solution is
intended to mean dialysate solution that has passed through the dialyser 12 to remove

waste fluids from a patients blood into the dialysate solution.

Each of the first and second flow balance pump chambers 100, 108 are closed by a
diaphragm to define respective pumps. The diaphragm is actuated away from a pump
chamber by a negative pressure source to draw a volumetrically measured quantity of
dialysate solution into the pump chamber. The diaphragm is actuated toward the pamp

chamber 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 solution to the dialyser 12. The
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{irst flow balance pump chamber 100 also has a spent dialysate solution inlet valve
118 for receiving spent dialysate from the dialyser 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
alternating the function of each flow balance pump approximately every 20 cycles.
Therefore, when the first flow balance pump 100 is pumping clean dialysate solution
to the dialyser 12, only valves 98 and 102 are in use and when the {first flow balance
pump 100 is pumping spent dialysate solution from the dialyser 12 to drain, only

valves 118 and 120 will be in use.

The clean dialysate solution is pumped out of the first flow balance pump chamber
100 through the first {low balance pump clean dialysate solution outlet valve 102,
upon closure of the first flow balance pump clean dialysate inlet valve 98, to the

dialyser 12 via the dialyser outlet port 104.

Spent dialysate solution returns to the cartridge 30 from the dialyser 12 via the
dialyser inlet port 106. The second flow balance pump chamber 108 has a spent
dialysate solution inlet valve 110 for receiving spent dialysate solution from the
dialyser 12 and a spent dialysate solution outlet valve 112 [or 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 {or receiving clean dialysate
solution from the acid pump chamber 76 and a clean dialysate solution outlet valve

116 for pumping clean dialysate solution to the dialyser 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 {low balance pump 108 is pumping
clean dialysate solution to the dialyser 12, only valves 114 and 116 will be in use and
when the second {low balance pump 108 is pumping spent dialysate solution {rom the

dialyser 12 to drain, only valves 114 and 116 will be in use.
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In the dlustrated example, the operation of the first and second flow balance pumps
100, 108 can be switched so that the first flow balance pump 100 is used to draw spent
dialysate solution from the dialyser 12 and the second {low balance pump 108 is used

to pump clean dialysate solution into the dialyser 12 as described below.

The clean dialysate solution is drawn into the second flow balance pump chamber 108
from the acid pump 76 via the second flow balance pump clean dialysate solution inlet
valve 114 upon actnation of the diaphragm. The clean dialysate solution is then
pumped from the second flow balance pump chamber 108 via the second flow balance
pump clean dialysate solution outlet valve 116, upon closure of the clean dialysate

solution inlet valve 114, to the dialyser 12.

Spent dialysate solution {from the dialyser 12 is drawn into the {irst flow balance pump
100 via the second flow balance pump spent dialysate solution inlet valve 118. The
spent dialysate solution is then pumped out of the first flow balance pump chamber
100 via the second flow 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 is returned from the dialyser 12 is greater than the volume of
fluid that 1s pumped to the dialyser via the [irst or second flow balance pump 100,
108. The first and second flow balance pumps have fixed volumes meaning that the
excess fluid volome cannot be accommodated in the first or second flow balance
pump. An ultrafiltration pump 200 is 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 in the cartridge closed by a
flexible diaphragm, the concave recess and the flexible diaphragm defining an

ultrafiliration pump chamber.

In use, the inlet valve 210 of the uvltrafiltration pump 200 is opened to allow the
ultrafiltration pump to draw in a pre-determined volume of spent dialysate solution.
When the inlet valve 210 of the ultrafiltration pump is open, the outlet valve 212 of

the ultrafiltration pump 200 is closed. When the ultrafiltration pump 200 has received
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a volume of spent dialysale solution, the outlet valve 212 is opened and the spent
dialysate solution in the ultrafiltration pump chamber is pumped through the outlet
valve 212 to drain via the drain outlet port 122. When the outlet valve 212 of the
ultrafiltration pump 200 is open, the inlet valve 210 of the ultrafiltration pump 200 is

closed.

Figure 2 shows a representative view of a flow balance pump 100 according to the
present invention. The flow balance pump chamber 194 is provided on the cartridge
and 1is 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 into a hemodialysis 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 is actuated into either the pump chamber 194 or
pump cavity 198 to cither draw fluid into the pump chamber 194 or pump fluid from

the pump chamber 194.

Cartridee Cleaning

After each use, the hemodialysis machine requires sanifising to prevent contamination
of a patients bloodstream during subsequent dialysis sittings. The removable cartridge
30, as described above, 1s usually disposed of after each sitting. In one embodiment of
the invention, the cartridge 30 is sanitised to allow re-use in subsequent dialysis

sittings.

A sanitisation device 188, such as a chemical cleaning receptacle, is connected to the

cartridge 30 using the following method (see Figures 3a to 3d):

a) Connecting the spent dialysate solution inlet 104 to the clean dialysate solution

outlet 106;



WO 2014/155120 PCT/GB2014/050978

10

I5

20

-17-
b) Connecting the water outlet 42 to the bicarbonate inlet 50;

c) Disconnecting the drain port 122;

d} Connecting the water inlet 38 to a purified water supply 31;

) Flushing purified water through the cartridge 30 and out of the drain port 122
and out of the acid inlet 82;

) Connecting the drain port 122 to the acid inlet 82;

) Connecting a sanitisation device 188 between the spent dialysate solution inlet

104 and the clean dialysate solution outlet 106;

h) Flowing a liquid through the cartridge and the sanitisation device in a first
direction;

1) Flowing the liquid through the cartridge 30 in a second direction;

1 Disconnecting the sanitisation device 188 and re-conuvecting the spent

dialysate solution inlet 104 to the clean dialysate solution outlet 106;
k) Flushing purified water through the cartridge 30 and out of the drain port 122

and the acid inlet 82;

D Disconnecting all cartridge ports 104, 106, 42, 38, 122; and,
m) Re-connecting the cartridge 30 to the hemodialysis machine 10.

An alternative method of cleaning the cartridge provides (See Figure 4):

a) Connecting the spent dialysate solution inlet 104, clean dialysate solution
outlet 106, bicarbonate inlet 50, acid inlet 82 and water outlet 42 to a chemical bath

190;

b) Connecting the water inlet 38 to a purified water supply 31;

c) Connecting the drain port 122 to a drain;

d) Flushing purified water through the cartridge 30 and out of the drain port 122
e} Flowing a cleaning chemical from the chemical bath 190 through the cartridge

130 in a first divection;

) Measuring the conductivity level of the chemical to ensure that it indicates
acid:
g} Flowing the chemical from the chemical bath 190 through the cartridge 30 ina

second direction;

h) Flushing purified water through the cartridge 30 and out of the drain port 122;
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iy Measuring the conductivily of the purified water to ensure that it indicates
purified water;

1 Disconnecting all cartridge ports 104, 106, 50, 82, 42, 38; and,

k) Re-connecting the cartridge 30 to the hemodialysis machine 10.

The chemical bath 190 may be provided with a heater to heat the cleaning chemical

contained therein before the cleaning chemical is flowed through the cartridge 30.

In another alternative method, with reference to Figure 5, the chemical bath 190 could
be replaced by a manifold 192 with a chemical receptacle provided between the
manifold and any one or more of the clean dialysate outlet, spent dialysate inlet,

bicarbonale port, acid port and water outlet.

In any of the methods of cleaning the cartridge described, the cleaning chemical is
drawn through the cartridge by one or more of the acid pump, bicarbonate pump, first

flow balance pump or second flow balance pump.

The dialyser 12, if connected to the cartridge 30, can also be cleaned by the cleaning
liquid to allow re-use for subsequent dialysis sessions. Cleaning fluid, when passing
through the dialyser 12, permeates through the semi-permeable membrane of the
dialyser 12 and enters a blood pump (not shown) connected to the dialyser 12. In this
way, the membrane of the dialyser 12 and the blood pump are cleaned in the same

manner as the cartridge 30.

The embodiments of the present invention, described with reference to the figures, are

examples only and not exclude variations therefrom {rom the scope of the claims.
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Claims
I. A hemodialysis machine comprising:

a removably mountable cartridge having at least one inlet and at least one outlet,
the cartridge defining a {luid pathway between said at least one inlet and said at least
one outlet;

a santtisation device having an inlet and an outlet;

a conduit connected between an outlet of the cartridge and the inlet of the
santtisation device; and,

a conduit connected between the outlet of the sanitisation device and an inlet of

the cartridge.

2. A hemodialysis machine according to Claim 1, wherein the cartridge further
comprises:
a first mixing chamber;
a second mixing chamber connected to the first mixing chamber;
a first flow balance chamber connected to the first mixing chamber;
a second flow balance chamber connected to the first flow balance chamber,
wherein the sanitisation device is connected external to the cartridge between the

first mixing chamber and the first {low balance chamber.

3. A hemodialysis machine according to Claim 2, wherein the cartridge f{urther
comprises:

a first inlet

a conduil between the first inlet of the cartridge and the first mixing chamber;

a second inlet;

a conduit between the second inlet of the cartridge and the first mixing chamber

a third inlet;

a conduit between the third inlet of the cartridge and the second mixing chamber

a fourth inlet;

a conduit between the fourth inlet of the cartridge and the second flow balance
chamber;

a first outlet
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a conduit between the first inlet and the first outlet;
a second outlet;
a conduit between the first flow balance chamber and the second outlet;
a third outlet; and,

a conduit between the second flow balance chamber and the third outlet.

4. A hemodialysis machine according to Claim 3, wherein the first inlet is a water
inlet, the second inlet is a bicarbonate solution inlet, the third inlet is an acid inlet and

the fourth inlet is a spent dialysate inlet.

5. A hemodialysis machine according to Claim 3 or 4, wherein the first outlet is a
walter outlet, the second outlet s a clean dialysate outlet and the third outlet is a drain

outlet.

6. A hemodialysis machine according to any preceding claim, wherein the

sanitisation device comprises a chemical cleaning receptacle.

7. A hemodialysis machine according to any of Claims 1 to 5, wherein the

sanitisation device comprises a heat chamber.

8. A hemodialysis machine according to Claim 6, wherein the chemical cleaning

receptacle contains an acid concentrate.

9. A hemodialysis machine according to any preceding claim, wherein the cartridge
further comprises a counter for storing the number of times the cartridge has been

sanitised.

10. A hemodialysis machine according to Claim 6, wherein the chemical cleaning
receptacle is in fluid connection with the bicarbonate inlet, the water outlet, the clean

dialysate solution inlet, the spent dialysate solution outlet and the acid inlet.

11, A hemodialysis machine according to Claim 10, wherein the chemical cleaning

receptacle comprises a chemical bath.
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12. A hemodialysis machine according to Claim 10, wherein the chemical cleaning
receptacle comprises a manifold having inlets or outlets corresponding to each of the
water outlet, bicarbonate inlet, clean dialysate solution outlet, spent dialysate solution

inlet and the acid inlet.

13. A method of cleaning a cartridge for rc-use in a hemodialysis machine
comprising:

ay Providing a cartridge having at least one inlet and at least one outlet;

b)  Connecting a sanitisation device between the at least one said inlet and at
least one said outlet of the cartridge and external to the cartridge;

¢y  Flowing a liquid through the cartridge and the sanitisation device in a first
direction;

dy Flowing the liquid through the cartridge and the sanitisation device in a
second direction:

AY

¢y  Flowing the liquid out of the cartridge through the at least onc outlet.
14. A method of cleaning a cartridge for re-use in a hemodialysis machine according
to Claim 13, wherein the at least one inlet of the cartridge is a spent dialysate inlet and

the at least one outlet is a drain port, the cartridge further comprising a clean dialysate

outlet, a water inlet, a water outlet, a bicarbonate inlet and an acid inlet.

15. A method of cleaning a cartridge for re-use in a hemodialysis machine according

to Claim 14 further comprising:

£ Connecting the spent dialysate solution inlet to the clean dialysate solution
outlet;

2) Connecting the water outlet to the bicarbonate inlet;

h) Disconnecting the drain port;

1) Connecting the water inlet to a purified water supply;

1 Flushing purilied water through the cariridge and out of the drain port and the

acid inlet;

k) Connecting the drain port to the acid inlet;
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Iy Connecting the sanmitisation device between the spent dialysate solution inlet
and the clean dialysate solution outlet;
m) Measuring the conductivity of the liquid in the cartridge when flowing 1o a

first direction to ensure that it indicates acid;

n) Disconnecting the sanitisation device and re-connecting the spent dialysate
solution inlet to the clean dialysate solution outlet;

0} Flushing purified water through the cartridge and out of the drain port and the
acid inlet;

p) Measuring the conductivity of the liquid in the cartridge to ensure that it

indicates purified water;

q) Disconnecting all cartridge ports; and,
r) Connecting the cartridge to the hemodialysis machine.
I6. A method of cleaning a cartridge for re-use in a hemodialysis machine

according to Claim 14 further comprising:
) Connecting the spent dialysate solution inlet, clean dialysate solution outlet,

bicarbonate inlet, acid inlet and water cutlet to a sanitisation device;

2) Connecting the water inlet to a purified water supply;

h) Connecting the drain port to a drain;

1) Flushing purified water through the cartridge and out of the drain port ;

1 Measuring the conductivity of the liquid in the cartridge to ensure that i

indicates acid;

k) Flushing purified water through the cartridge and out of the drain port;
Iy Measuring the conductivity of the liquid in the cartridge to ensure that it

indicates purified water;

m) Disconnecting all cartridge ports; and,
n) Connecting the cartridge to the hemodialysis machine.
17. A method of cleaning a cartridge for re-use in a hemodialysis machine

according to any of Claims 13 to 16, wherein hiquid is drawn through the cartridge and

sanitisation device by at least one pump provided on the cartridge.
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I8. A method of cleaning a cartridge for re-use in a hemodialysis machioe

according to any of Claims 14 to 17, wherein the spent dialysate solution inlet, clean
dialysate solution outlet, bicarbonate inlet, acid inlet and RO outlet are connected o a
sanitisation device via a common manifold, the manifold having a single fluid path to

the sanitisation device.

19. A method of cleaning a cartridge for re-use in a hemodialysis machine
according to any of Claims 14 to 17, wherein the spent dialysate solution inlet, clean
dialysate solution outlet, bicarbonate inlet, acid inlet and water outlet each have a

respective {luid path to the sanitisation device.

20. A hemodialysis machine substantially as described with reference to, and or as

shown in, the figures.

21. A method of cleaning a cartridge for re-use in a hemodialysis machine

substantially as described with reference to, and or as shown in, the figures.
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