RESERVO R The present invention relates to a reusable reservoir for use in
‘a haenodi al ysis, haenofiltration or haenodiafiltration procedure.
Haenodi al ysis is a method of cleansing the bl ood of patients whose k|dney 5
function i SWHPLAY®. In haenodial ysis procedures, the pati enFCI/GRIFIMDS
supplied to one side of a perneable nenbrane |located in a dialysis
apparatus. Dialysis nenbranes are usualLi formed from pol yacrylonitrile or
pol ysul phone. To the other side of the nmbrane is supplied a dialysis

fluid containing an el ect rOlR%tSER\?O(ilRU}%ROBREPARING DIALYSATES

The present invention relates to a reusable reservoir for use in a
haemodialysis, haemofiltration or haemodiafiltration procedure.
Haemodialysis is a method of cleansing the blood of patients whose kidney
5 function is impaired. In haemodialysis procedures, the patient’s blood is supplied
to one side of a permeable membrane located in a dialysis apparatus. Dialysis
membranes are usually formed from polyacrylonitrile or polysulphone. To the other
side of the membrane is supplied a dialysis fluid containing an electrolyte solution.
In a dialysis procedure, the patient’s blood is pumped against the membrane,
10 maintaining a controlled low positive blood-tb—dialysate pressure gradient. By
reverse osmosis waste products in the blood diffuse through the membrane into the
dialysis fluid.
Haemodiafliltration and haemofiltration procedures also take advantage of
permeable filter membranes to remove blood waste products. In both procedures,
13 a more permeabile filter is used than in haemodialysis and the consequent blood fluid
loss is greater than in haemodialysis. Normally, this fluid must be replaced at least
in part, for example by one of the methods described above. Haemodialysis,
haemodiafiltration and haemofiltration procedures all require the use of an
electrolyte-containing fluid either as a dialysis fluid or as a fluid replacement fluid,
20 or both. Historically, different electrolyte mixtures have been used, the choice being
influenced by a large number of technical considerations such as the type of
apparatus available, the effects of any given electrolyte and also the chemical
stability of certain electrolyte-containing solutions. For example, when artificial
kidney machines were first used in the 1950's and 1960's, dialysis fluid containing

[\
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as its principal component sodium bicarbonate was prepared in large batches prior
to use in a number of treatment sessions. Sodium bicarbonate was a natural choice
because of its inherent buffering capacity. However. technical difficulties were
encountered especially with regard to unwanted precipitation of calcium and
magnesium carbonates in the pre-formed batches. To prevent this unwanted
30 precipitation. it was necessary to bubble carbon dioxide gas through the solution
continuously, a costly and inconvenient procedure. |

During the 1960's sodium acetate was used in preference to sodium
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In a dialysis procedure, the patient's blood is punped agai nst the

‘renbr ane, 10 mai ntai ning a controlled | ow positive bl ood-to-dial ysate
pressure gradient. By reverse osnosis waste products in the blood diffuse
t hrough t hgowenatmane into the dialysis fluid. Haenodi afil tr gigreoB®daso
haenofiltration procedures al so take advantage of perneable filter
menbranes to renove bl ood waste products. In both procedures, 15 a nore
perneable filter is used than in haenodj al ysis and the consequent bl ood
fluid loss is greater than in haenndlaly3|s Normal Iy, this fluid nust  be

repl aced baitcarlb%nate Sodium acetate was perceived to have a number of advantages over
sodium bicarbonate. These included an absence of problems with precipitation of
insoluble salts in the dialysis solution. Sodium acetate was also perceived to have
advantageous metabolic properties in that acetate is easily metabolised by the
5 patient’s liver.

A major advantage of using sodium acetate was that it became possible to
prepare dialysis liquids from single liquid concentrates. Typically, one part of such
a concentrate would be diluted 35 times with water before being used in a dialysis
procedurc. This simple preparative procedure is not available when using
10 bicarbonate buffers because of the immediate precipitation of insoluble carbonates
when all the necessary salts, including bicarbonate, are mixed together in one
concentrate. The use of sodium acetate as a buffer meant that dialysis liquid could

be prepared simply and conveniently at the patient’s bedside.

During the 1970's however, it emerged that, whilst sodium acetate had many

15 preparative advantages over sodium bicarbonate, it had, at least in some patients,
undesirable side effects. In particular, it was demonstrated that acetate in dialysis
fluid was linked with vascular instability and arterial hypotension in certain patients.
When large surface dialysérs were used, too much acetate was transferred into the
blood and patients suffered a number of undesirable symptoms. It became clear that,

20 for all its preparative disadvantages, sodium bicarbonate was much the better dialysis
buffer, in medical terms, than sodium acetate.

The preferred use of sodium bicarbonate as a dialysis buffer combined with
the attendant stability problems of that material in pre-use liquid concentrate form
has led to a growth in dialysis systems which utilise cartridges of powdered solid

25 sodium bicarbonate. Such cartridges are manufactured as sealed units containing
sufficient sodium bicarbonate for a single dialysis procedure. The cartridge is
attached to a dialysis apparatus comprising a water supply line. A portion of water
flowing in the supply line is diverted through the cartridge and subsequently reunited
with the original water stream under carefully controlied conditions to provide a final

30 fluid for supply to the dialysis membrane, the fluid having a pre-determined quantity
of sodium bicarbonate dissolved therein. Similar systems have also been used
generally in the field of drug delivery. Thus. for example. WO-A-86/03416 teaches
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in part, for exanple by one of the nethods descri bed above. Haenodi al ysi s,
-haenodi afiltration and haenofiltration procedures all require the use of an
el ectrolyte-containing fluid either as a dialysis fluid or as a fluid

repl acementwblogi2g79620  or both. Historically, different el ec®CIIGRE00460
m-Xxtures have been used, the choice being influenced by a | arge nunber of
techni cal considerations such as the type of apparatus avail able, the
effects of any given electrolyte and als@ the chemcal stability of certain
el ectrol yte-contai ni ng solutions. For exanple, when artificial kidney

machi nes were, & HEflelySRpatdiul prevERBRpIodhn®emicitoxisiey svifithvetlables the

cont ai ni ng
passive delivery of a drug to the intravenous system of a patient. The apparatus of

WO-A-86/03416 comprises a chamber for receiving a beneficial agent such as a
drug. the chamber having a fluid pathway therethrough for effecting a regulated
supply of the beneficial agent intravenously to a patient.

i

One commercial system currently in use is described in EP-A-0278100. This
discloses a system for preparing a fluid for a medical procedure by mixing of at least
one concentrate in powder form with water. The system contains a cartridge
containing a soluble powder material. When used as a dialysis system water is

10 supplied by a first fluid conducting means to the dialysis membrane. An adjustable
portion of the fluid thus supplied is diverted through the powder-containing
cartridge. If the powder is sodium bicarbonate then the dialysis may be effected
using a solution of sodium bicarbonate at a controlled concentration, which solution
results after recombination under controlled conditions of the diverted and

15 undiverted portions of the water in the fluid conducting means.

The system of EP-A-0278100 and other conventional commercial systems
suffer from a number of disadvantages, including the constant need of the user to
replace cartridges after a single use thereof.

According to the present invention there is provided a reservoir for storage

20 and supply of a soluble powder material for use in a haemodialysis, haemofiltration
or haemodiafiltration procedux"e,h the reservoir having a fluid inlet means adapted to
be releasably connected to a fluid supply line and a fluid outlet means adapted to be
releasably connected to a fluid discharge line via which a dialysis solution
comprising a solution of the soluble powder material in a fluid supplied in the fluid

- 25 supplv line is supplied to a dialysis apparatus during a haemodialysis,
haemofiltration or haemodiafiitration procedure; characterised in that the reservoir
has at least one openable and securely reclosable access port through which, when
open. the soluble powder material may be supplied to or removed from the reservoir.

The provision of an openable and securely reclosable access port provides

50 significant advantages over conventional disposable cartridges used in dialysis
procedures. The purchase of disposable cartridges represents a significant financial

cost in the running of dialysis units and cost savings will be made by any unit
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25 as its principal conmponent sodium bi carbonate was prepared in |arge
:batches prior to use in a nunber of treatnent sessions. Sodi um bicarbonate
was a natural choice because of its inherent buffering capacity. However,

t echni cal AWOMTRMISi es were encountered especial ly w th regarfFTEBIHW4R ed
precipitation of calciumand nagnesi um carbonates in the pre-forned
batches. To prevent this unwanted 30  precipitation, it was necessary to
bubbl e carbon di oxi de gas through the solution continuously, a costly and
i nconveni ent procedure. During the 1960'4 sodium acetate was used in
preference to sodi um

choosing to switch to the reusable reservoir of the invention. Conventional

cartridges are wasteful of their powder contents because they generally contain more

powder than is necessary for one procedure. This is particularly the case when a

patient requires only a short dialysis because a full cartridge must nevertheless be
3 uséd and cannot be re-used because of the danger of infection.

In one preferred embodiment of the invention. the reservoir comprises a first
inner chamber and an outer chamber, the first inner chamber comprising a first
orifice communicating with the fluid inlet means and a second orifice
communicating with the outer chamber of the reservoir. The purpose of the inner

10 chamber is to ensure even distribution of the inlet fluid over the inlet end of the outer
chamber containing the dialysis powder. This has the advantage of conserving
powder by ensuring as much wetting as possible of the powder contained in the outer
chamber.

Even more f)referably, a plurality of second orifices are provided in the first

15 inner chamber. This embodiment of the invention is designed to enhance the even
distribution of inlet fluid over the powder by providing a “sprinkling™ action.

The first inner chamber of the reservoir may be a longitudinal chamber
communicating with the fluid inlet means and protruding inwardly into the outer
chamber of the reservoir. In this case and when a plurality of second orifices are -

20 provided. the first inner chamber may be closed at its inwardly protruding end but
have a number of lateral second orifices. Substantially any number of second
orifices may be employed in a cartridge according to the invention. Preferably, at
least three up to about 12 or more, even more preferably four second orifices are

employed. In one preferred embodiment, four second orifices are employed and are

D
(V]

located symmetrically around the first inner chamber. The first inner chamber may
be of substantially any shape. for example of hexagonal or rectangular cross section.
although often a cylindrical shape will be used for ease of construction. In its
simplest aspect. the purpose of the first inner chamber and second orifice or orifices
is to enable a fluid supplied to the reservoir via the fluid inlet means to be distributed
30 over the surface of any soluble powder material contained within the outer chamber
of the reservoir when the reservoir is in use. The use of a plurality of second orifices
tends to improve the even distribution of fluid over the inlet end of the reservoir.
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2 bicarbonate. Sodium acetate was perceived to have a nunber of advantages
over sodi um bi carbonate. These included an absence of problens with
precipitation of insoluble salts in the dialysis solution. Sodium acetate
was al so pemsedn299%¢ 0 have advant ageous net abolic properties iBETHGBR7/00460
acetate is easily netabolised by the

5

There is no limitation either on the number of second orifices or their location
or on the shape and/or size of the first inner chamber provided that the first inner
chamber serves the purpose for which it was designed, which is to direct fluid
supplied from the fluid inlet means onto a powder located in the outer chamber. One

5 advantage of the sprinkling function of the first inner chamber is that channelling of
fluid through the powder in the outer chamber of the reservoir is substantially
| avoided. The avoidance of channelling ix_nproves the reliability of the reservoir.

Another advantage of the first inner chamber of a reservoir according to the present

invention is that the smoothness of flow of fluid through the reservoir when in use
10 is less susceptible than conventional cartridges to slight changes in pressure of the
fluid supplied via the fluid inlet means. '

In one embodiment of the invention, the reservoir comprises a second inner
chamber comprising a first orifice communicating with the fluid outlet means and
a second orifice communicating with the outer chamber of the reservoir.

In another preferred embodiment of the invention, the fluid iniet means
comprises a nipple protruding from the reservoir to which nipple a fluid supply line
may be connected. Conveniently, the fluid outlet means also comprises-a protruding
nipple to which a fluid outlet line may be connected. . The shape and/or size of such
nipples may be chosen to fit a range of commercially available dialysis machines.
20 An openable port is required in the reservoir for supplying or removing a

soluble powder material such as sodium bicarbonate therethrough. Conveniently and

for ease of construction and maintenance, it is preferred that the reservoir be
openable in the region of a fluid inlet end and/or in the region of a fluid outlet end.

In one preferred embodiment the reservoir is openable both in the region of its fluid

D
L

inlet end and in the region of its fluid outlet end. Conveniently, in one embodiment.
the reservoir is constructed of a hollow tube which is threaded at both its fluid inlet
end and its fluid outlet end. In this case, two threaded caps, a fluid inlet cap and a
fluid outlet cap. are provided. The fluid inlet cap attaches to the fluid inlet end of the
reservoir and the fluid outlet cap attaches to the fluid outlet end of the reservoir. The
30 fluid iniet cap in this case is provided on its inner face with the first inner chamber
of the reservoir and on its outer face with the fluid inlet means. The fluid outlet cap
is provided on its outer face with the fluid outlet means. Conveniently, both caps are
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5 patient's liver. A major advantage of using sodiumacetate was that it
becane possible to prepare dialysis liquids fromsingle liquid
concentrates. Typically, one part of such a concentrate would be diluted 35
times with WwiOer28®b6ore being used in a dialysis procedure. ThpeT&iEsPoesso
preparative procedure is not avail able when using 10 bi carbonate buffers
because of the inmedi ate precipitation of insoluble carbonates when all the
necessary salts, including bicarbonate, age m xed together in one
concentrate. The use of sodium acetate as a buffer nmeant that dialysis

liquid coul ghed with a resilient ‘O’ ring, for example of natural or svnthetic rubber, to ensure
sealing efficiency against the hollow tube. In addition. the fluid outlet cap may be
fitted with a filtration device to prevent egress of undissolved powder material from
the reservoir when in use.

5 "~ The fluid outlet end of the reservoir is conveniently constructed with a
stepped portion which may be arranged to be seated in a cartridge cradle in a range
of commercially available dialysis units. In some cases, it may be necessary to
provide an adaptor between the reservoir and the commercial dialysis machine.
Accordingly, the invention further provides an adaptor for use with a reservoir of the

10 invention comprising a plug ppnion for insertion into the corresponding socket of

a dialysis machine, the plug portion having two openings and means, optionally in
combination with the socket, for ensuring non-communication between said
openings, the adaptor further comprising means for supplying via the first of said
two openings a fluid for supply to the reservoir and means for recovering via the

15 second of said two openings a solution of powder from the reservoir for use in a

dialysis procedure. ' '

In one preferred embodiment of the invention, the reservoir is tapered towards
its fluid outlet end. Such tapering ensures smoother flow of the fluid through the
powder. In one embodiment, the tapering is achieved by means of a tapered sleeve

20 which may be inserted in a close fit arrangement with the reservoir.

In order that the invention may be clearly understood and fully carried into
effect, an embodiment thereof will now be more particularly described with
reference to the accompanying drawings, in which:

Figure 1 is a vertical cross-section of a reservoir designed in accordance with

25 a first embodiment of the present invention;

Figure 2 is a vertical cross-section of a reservoir designed in accordance with
a second embodiment of the invention;

Figure 3 is a cross-section through an adaptor for use with the reservoir of
Figure 2: and o

30 Figure 4 is a plan view from above of the adaptor of Figure 3.

Referring 1o Figure 1. there is shown a reservoir (1) for the storage and supply
of a soluble powder material such as sodium bicarbonate (not shown) for use in a
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be prepared sinply and conveniently at the patient's bedside. During the
1970's however, it energed that, whilst sodium acetate had nany 15
preparative advantages over sodi um bicarbonate, it had, at |leagst in sone
patients, uni@AM®e side effects. In particular, it was den&%?ﬁgf"@?‘f%at
acetate in dialysis fluid was Iinked with vascular instability and arteri al
hypotension in certain patients. Wen Iarge surface dial ysers were used,
too nuch acetate was transferred into the’blood and patients suffered a
nunber of undesirable synptons. |t becane clear that, 20 for all its

pr epar at i ve hdeswdialysiaghasmefiirationordiacmodiaBitraiomproredure. better dial ysis

The reservoir (1) comprises an outer chamber (2) which is a hollow
cylindrical acrylic tube manufactured by an injection moulding process. Outer
chamber (2) has screw-threaded portions (3} at its upper and lower ends respectively.

5 At the upper end of reservoir (1) is shown removable cap (4) which is secured to
chamber (2) by means of screw-threaded portions (5) on cap (4). Fluid tight
engagement of cap (4) and chamber (2) is assisted by a resilient ‘O’ ring (6) of
natural or synthetic rubber. Cap (4) is injection moulded from polycarbonate and has
a central orifice (7). Orifice (7) communicates at its upper end with fluid inlet nipple

10 (8) and at its lower end with first inner chamber (9). First inner chamber (9) is
provided with four orifices (10) evenly spaced around the circumference of* first
inner chamber (9).
Nipple (8) is shaped to be securable to a fluid inlet line from a commercially
available dialysis machine such as the Gambro AK-10 system or the COBE C2RX
15 system. :
At the lower end of the chamber (2) can be seen bottom cap (11) secured to
chamber (2} by a screw-threaded portion generally indicated by reference numeral
(12). Fluid tight engagement of cap (11) and chamber (2) is assisted by a resilient
‘O’ ring (13) of natural or synthetic rubber. Cap (11) is conveniently injection
20 moulded from polycarbonate. Cap (11) has an instepped portion (14) in which sits
a filter (15). The purpose of filter (15) is to prevent small particles of undissolved
material escaping from reservoir (1) when the reservoir is in use. Any convenient
filter material such as a nylon mesh may be used. Conveniently, the mesh size is
from about 25 micrometers to about 50 micrometers.
25 Cap (11) is formed integrally with nipple (16) which is shaped to receive a
fluid outlet line from any commercial dialysis system. Cap (11) is also provided
with a stepped portioh (17) which may serve to seat the reservoir (1) in a
corresponding cradle of a commercial dialysis system.

Seated within the lower end of chamber (2) is tapered sleeve (18) which is a

30 mouided polycarbonate sleeve arranged to fit slidably into chamber (2) and to direct
the flow of fluid through chamber (2) towards a central region of the bottom end of
chamber (2). '
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buf f‘er, in medical terns, than sodium acetate. The preferred use of sodium
bi carbonate as a dialysis buffer conbined with the attendant stability
probl ens of that material in pre-use liquid concentrate formhas led to a -

growth in %%lgyﬁgﬁssystems which utilise cartridges of powdermst/cBdNed4GHO
sodi um bi carbonate. Such cartridges are manufactured as sealed units
containing sufficient sodium bicarbonate for a single dialysis procedure.
The cartridge is attached to a dialysis gpparatus conprising a water supply
line. A portion of water flowing in the supply line is diverted through the

cartridge and Sﬁseeﬂyn%?xtsi&ﬁsro%?&l reservoir in accordance with the invention and

suitablé for use with the Gambro AK-10 system are as follows:

charnbér (2) is cylindrical with an external diameter of 3.150 inches
(8.001cm) and a length of 6.788 inches (17.241cm);

threaded portions (3) on chamber (2) extend 5/8 inches (1.588cm) from each
end of chamber (2);

fluid inlet cap (4) and fluid outlet cap (11) each have an external diameter of

Ly

4 inches (10.16cm) and an internal diameter (circumferenced by screw threaded
portions (5) and (12) respectively) of 3.360 inches (8.534cm);

10 nipples (8) and (16) are slightly chamfered at their respective protruding
ends; each protrudes from a respective external face of cap (4) or cap (11) by 9/ 16
inches (1.429¢m) and each has an external diameter of 3/8 inches (0.953cm) at its
respective protruding end, not including any chamfered portion of the end;

stepped portion 17 on fluid outlet cap (11) has a diameter of 2.1 inches

15 {(5.33cm) and a depth of 0.5 inches (1.27cm);

the total longitudinal distance between respective ends of nipples (8) and (16)
when the reservoir is assembled is 9.1 inches (23.1cm).

In use, the reservoir is partially filled with a quantity of sodium bicarbonate,
optionally in conjunction with other materials, useful in dialysis. Typically, the

20 reservoir is charged with a mass of 500g sodium bicarbonate in readiness for a single
dialysis treatment. The reservoir is then connected at its fluid inlet end and at its
fluid outlet end to a suitable dialysis apparatus such as the Gambro AK-10 or the
COBE C2RX and a dialysis treatment is carried out in accordance with methods
which are well known to those skilled in the art.

v
n

Thus, in a dialysis procedure using a cartridge according to the invention, the
cartridge is connected to apparatus comprising a first fluid conducting means having
a first end for communicating with a source of water to withdraw water into the first
fluid conducting means and a second end for delivering a prepared solution: second
fluid conducting means having a first end for communicating with a source of water
30 and a second end communicating with the fluid inlet end of the reservoir for
introducing water into the reservoir to produce a concentrate fluid containing
dissolved powder concentrate in water: third fluid conducting means communicating

THIS SHEET HAS BEEN.
- REPLACED

is'Sheet Has Been Re(llaced

T




with the original water stream under carefully controlled conditions to
provide a final 30 fluid for supply to the dialysis nenbrane, the fluid
havi ng a pre-determ ned quantity of sodi um bi carbonate di ssol ved therein.
Sinilar systWwe97R316 al so been used generally in the field of EF&{FBI7/00460
del.ivery. Thus, for exanple, WO A-86/03416 teaches 3

A9 11

10

9

with the outlet end of the reservoir and with a mixing point in the first fluid
conducting means intermediate said ﬁr_st and second ends for conducting the
concentrate fluid from the reservoir into the first fluid conducting means to be mixed
with fluid being conducted through the first fluid conducting means thereby to
produce a prepared solution in the first fluid conducting means for delivery to the
second end of the first fluid conducting means.

Conveniently, the apparatus will comprise measuring means in the first fluid
conducting means downstream of the mixing point for measuring the composition
of the prepared solution obtained by the mixing of the concentrate fluid and water
in the first fluid conducting means. The apparatus may further comprise flow
regulating means in the third fluid conducting means responsive to said measuring
means for controlling the flow of the concentrate fluid from the Teservoir.

When a dialysis treatment utilising a reservoir according to the invention has
been completed, the reservoir may be detached from the dialysis apparatus and, after
appropriate sterilising treatment, may be charged once again with sodium
bicarbonate in readiness for a further dialysis treatment. Sterilisation of the reservoir
in between treatments may be effected by any of a number of methods which are
well known to those skilled in the art. One convenient method of sterilisation is to
rinse excess sodium bicarbonate from the reservoir with water before soaking the
resevoir in a solution of sodium dichlorisocyanurate (Sanichlor™) at a suitable
concentration. '

Referring to Figure 2, there is shown a reservoir (101) which is suitable for
use with the comrhercially available Fresenius 4008E dialysis machine. Reservoir
(101) comprises comprises an outer chamber (102) which is a hollow cylindrical
acrylic tube manufactured by an injection moulding process. Outer chamber (102)
has a screw-threaded portion (103) at its upper end. At the upper end of reservoir
(101) is shown removable cap (104) which is secured to chamber (102) by means of
screw-threaded portions (105) on cap (104). Fluid tight engagement of cap (104)
and chamber (102) is assisted by a resilient *O’ ring (106) of natural or synthetic
rubber. Cap (104) is injection moulded from polycarbonate and has two orifices
(107 and 107a). Orifice {107) communicates at its upper end with fluid inlet nipple
(108) and at its lower end with first inner chambér (109). First inner chamber (109)
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-a drug delivery apparatus preventing | ocal and systenmic toxicity which
.enabl es the passive delivery of a drug to the intravenous systemof a

The apparatus of WO A-86/ 03416 conprises a chanber for receiving a

benefi ci alwﬁgf,g;w@uch as a drug, the chanber having a fl ui d peaidteeEN0460
t her et hr oug or

effecting a regulated 5 supply of the beneficial agent
I ntravenously to a patient. One comercial systemcurrently in use is
described in EP-A-0278 100. This discloges a systemfor preparing a fluid
for a nedical procedure by mxing of at |east one concentrate in powder

Form wi th, wal % sed iin% SR G2AEEY )%t SR eld™eFirst inner chamber (109).

patient.

10

15

20

Second inner chamber (111) communicates at its lower end with outer
chamber 102 and at its upper end with fluid outlet nipple (112).
In use of reservoir (101), the reservoir is filled with a suitable quantity of

sodium chloride and lines are taken from each of fluid inlet nipple (108) and fluid

outlet nipple (112) for connection to an adaptor suitable for use with the Fresenius
machine referred to above. . The adaptor is shown in Figures 3 and 4 and comprises
a plug portion (113) for insertion into the corresponding socket (not shown) of a
Fresenius machine and a receiving portion (114) for receiving lines from the fluid
inlet nipple (108) and the fluid outlet nipple (112). Plug portion (113) comprises
three concentric cylindrical walls (115, 116 and 117) of polyethylene standing ﬁp
from a base portion (118). Standing down from base portion (118) is a chamber
(119) which communicates via driﬁce (120) with the fluid supply line of the dialysis
machine (not shown) and via orifice (121) with a line (not shown) taken from fluid
inlet nipple (108). The chamber (1 19) is traversed by a conduit (122) which has an
opening (123) at its upper end communicating with the fluid intake ‘line of the
dialysis machine (not showﬁ) and an opening (124) at its lower end communicating
with a line (not shown) taken from fluid outlet nipple (112) of reservoir (101).
Fluid is supplied to a powder, such as sodium bicarbonate, contained in outer
chamber (102) and a solution of the powder is drawn into second inner chamber
(111) vié filter (125) by the action of a pump in the dialysis machine (not shown).
As with the reservoir of Figure 1, at the end of a dialysis procedure, reservoir
(101) may simply be detached from the dialysis machine and prepared for re-use.
Thus, the reservoir (101) is opened by removing cap (104), excess powder is rinsed
from the reservoir and the reservoir is sterilised by a suitable procedure prior to

recharging with powder for further use.
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containing a soluble powder material. Wen used as a dial ysis system wat er
is 10  supplied byafirim ﬁ ng neans to the dialysis
menbrane. An adj ustable p ,m:mlﬂlm ljmm d thus supplied is diverted

t hr ough t hav@OMa&M6cont ai ni ng ‘cattridde. *If the powder is sodPORGB97/00460
bicarbonate then the dialysis may be effected using a solution of sodium
bi carbonate at a controlled concentration, which solution results after
reconbi nati on under controlled conditiondlof the diverted and 15

undi verted portions of the water in the fluid conducting neans. The system
of EP-A-0278100 and ot her conventional commrercial systens :

CLAIMS:
5 1: A reservoir for storage and supply of a soluble powder material for use in a

haemodialysis, haemofiltration or haemodiafiltration procedure. the reservoir having
a fluid inlet means adapted to be releasably connected to a fluid supply line and a
fluid outlet means adapted to be releasably connected to a fluid discharge line via
which a dialysis solution comprising a solution of the soluble powder material in a

10 fluid supplied in the fluid supply line is supplied to a dialysis apparatus during a
haemodialysis, haemofiltration or haemodiafiltration procedure; characterised in'that
the reservoir has at least one openable and securely reclosable access port through
which, when open, the soluble powder material may be supplied to or removed from
the reservoir.

15
2. A reservoir according to claim 1, characterised in that the reservoir comprises
a first inner chamber and an outer chamber, the first inner chamber comprising a first
orifice communicating with the fluid inlet means and a second orifice

communicating with the outer chamber of the reservoir.

3. A reservoir according to claim 2, characterised in that a plurality of second
orifices are provided in the first inner chamber.

4, A reservoir according to claim 3, characterised in that the first inner chamber

[
W

of the reservoir is a longitudinal chamber communicating with the fluid inlet means
and protruding inwardly into the outer chamber of the reservoir, said first inner

chamber beting closed at its protruding end but having a number of second orifices
in its side.

30 3. A reservoir according to claim 3 or claim 4, characterised in that the first

inner chamber of the reservoir comprises at least three second orifices.
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suffer froma number of di ages, i ncluding the constant need of the
-user to replace cartridl Bi Hl(i 'JJ e use thereof. EP-A-0536645
di scl oses a nethod for d1g L "M at a dialysis machine 20 the

bi car bonatygo9oketeson required for bicarbonate haenodi al ysi s pEr/aRbaébade
gquantity of solid bicarbonate sufficient for one or nore dialysis
treatnents is provided in a container which can be cl eaned, sterilised and
refilled after use. According to the pregsent invention there is provided a
reservoir for storage and supply of a soluble powder material for use in a
haenodi al g3 s Ap ?eesréor{cr(')ilrtarcg&lﬁﬂg to any one of claims 3 to 5. characterised in that the

first inner chamber of the reservoir comprises between three and twelve second

orifices.

3 7. © A reservoir according to any one of claims 3 to 6, characterised in that the

* first inner chamber of the reservoir comprises four second orifices.

8. A reservoir according to any one of claims 3 to 7, characterised in that the
second orifices of the first inner chamber of the reservoir are arranged symmetrically
10 around the first inner chamber.

9. A reservoir according to any one of claims 1 to 8, characterised in that the

reservoir comprises a second inner chamber comprising a first orifice

communicating with the fluid outlet means and a second orifice communicatiﬁg with
15 the outer chamber of the reservoir.

10.  Areservoir according any one of claims 1 to 9, characterised in that the fluid
inlet means comprises a nipple upstanding from the reservoir

20 11. A reservoir according to any one of claims 1 to 10, characterised in that the

fluid outlet means comprises a nipple protruding from the reservoir

12.  Areservoir according to any one of claims 1 to 11, characterised in that the

reservoir includes in the region of its fluid outlet means a filtration device to prevent

25 egress of undissolved powder material from the reservoir when in use.
13. A reservoir according to any one of claims 1 to 12, characterised in that an
exterior face of the reservoir adjacent fluid outlet means therefore comprises a
stepped portion adapted to be seated in a carridge cradle of a dialysis apparatus.
30

14. A reservoir according to any one of claims 1 to 13, characterised in that it

includes an interior tapered portion tapering towards the fluid outlet means of the
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25 or haenDdiafiItra he reservoir conprising: an outer
<chanber; an i nner chanb Mlmigmﬁ“ - nmeans adapted to be rel easably
conneeted to a fluid supp ye [ Iinem d outlet neans adapted to be

rel easably coosgew®s to a fluid discharge line, via 30 whi cCRCT/GHIZY480 S
solution conprising a solution of the soluble power material in a fluid
supplied in the fluid supply line'is supplied to a dialysis apparatus
during a haenodi al ysi s, haenofiltration orjzhaenodi afiltration procedure;
and

reservoir.

15.  An adaptor for use with a reservoir according to any one of claims 1 to 14,
comprising a plug portion for insertion into the corresponding socket of a dialysis

5 machine, the plug portion having two openings and means, optionally in
combination with the socket. for ensuring non-communication between said

' openings, the adaptor further comprising means for supplying via the first of said

two openings a fluid for supply to the reservoir and means for recovering via the
second of said two openings a solution of powder from the reservoir for use in a

10 dialysis procedure.
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4 at |east one openable and securely reclosable access port through which,
When open, the soluble powder material may- be .supplied to or renpved from
the reservoiwoemssei n the inner chanber conprises a first or PEF/GB97/00460
communicating with the fluid inlet means gyl a plurality of second orifices

comuni cating with the outer chanber ?
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5 - of the reservoir for distributing fluid over the sol ubl e powder
mat erial. The provision of an openabl e and securely recl osabl 2’&? Q&rt
‘provi des sigrjdiedy advantages over conventional disposable ridges
*used-in dialysis procedures. The purchase of disposable cartridges
represents a significant financial cost igysgthe running of dialysis units
and cost savings will be nade by any unit 10 choosing to switch to the
reusabl e reservoir of the invention.\iQonvent| |c??a carypgiges are wasteful
o

of their powder contents bepafee they nera‘l ontain nore peyer than is
necessary for one procedure. 'Khi s is parnticulfarly tjﬁase}en a.
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patient requires only a short dialysis because a full cartridge'nust

.neverthel ess be used and cannot be re-used because of the danger of
infection. Xpo972e796 The purpose of the inner chanber of the GPYA060; <.
to ensure even distribution of the inlet fluid over the inlet end of the
outer chanber containing the dialysis powder. This has the advant age of
conserving powder by ensuring as much wetgyfig as possible of the powder
contained in the outer chanber. The provision of a plurality of second
orifices in the inner chanber is 20 desi gned to enhance the even

di stribution of inlet f|Uid\?Zfr t he powder by providing
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‘a "sprinkling" action. The inner chanber of the reservoir nmay be a

I ongi tudi nal chanber communicating with.the fluid inlet neans: and R
,protruding inwardly into the outer’'chanber of "the reservoir. I'n this case"’
the inner chanmber may be closed at its 25 i nwardly protruding end but
have a nunber of |ateral second orifices. Substantially any nunber of
second orifices may be enployed in a cartridge according to the invention.
Preferably, at least three up to about 12 or nore,; even nore preferably .
four second orifiﬁes are enBI n.on referred enpodi Qhé f our second

oyed. | '
a drug delivery apparatus p¥eventmg 16C41 dnd systemic toxicity whi nables the
passive delivery of a drug to the intravenous system of a patient. The apparatus of
WO-A-86/03416 comprises a chamber for receiving a beneficial agent such as a

drug, the chamber having a fluid pathway therethrough for effecting a regulated

[V 1Y

supply of the beneficial agent intravenously to a patient.

One commercial system currently in use is described in EP-A-0278100. This
discloses a system for preparing a fluid for a medical procedure by mixing of at least
one concentrate in powder form with water. The system contains a cartridge
containing a soluble powder material. When used as a dialysis system water is
10 supplied by a first fluid conducting means to the dialysis membrane. An adjustable

portion of the fluid thus supplied is diverted through the powder-containing

cartridge. If the powder is sodium bicarbonate then the dialysis may be effected
using a solution of sodium bicarbonate at a controlled concentration, which solution
results after recombination . under controlled conditions of the diverted and

15 undiverted portions of the water in the fluid conducting means.

. The system of EP-A-0278100 and other conventional commercial systems
suffer from a number of disadvantages, including the constant need of the user to
replace cartridges after a single use thereof.

EP-A-0536645 discloses a method for making available at a dialysis machine

20 the bicarbonate solution required for bicarbonate haemodialysis in which a quantity

of solid bicarbonate sufficient for one or more dialysis treatments is provided in a

container which can be cleaned, sterilised and refilled after use.

According to the presenf invention there is provided a reservoir for storage

and supply of a soluble powder material for use in a haemodialysis, haemofiltration

25 or haemodiafiltration procedure comprising:
an outer chamber ;
an inner chamber; _ :
a fluid inlet means adapted to be releasably connected to a fluid supply line;
a fluid outlet means adapted to be releasably connected to a fluid discharge
30 line via which a dialysis solution comprising a solution of the solub'e powder
material in a fluid supplied in the fluid supply line is supplied to a dialysis apparatus
during a haemodialysis, haemofiltration or haemodiafiltration procedure;
This Sheet Has Been
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orifices are enployed and are | ocated symmetrically around the inner

chamber.

The 30 I nner chanber may be of substantially any shape, for

‘exanpl e of hexagonal or rectangul ar cross section, although often a

cylindrical

aspect,

(¥ ]]

10

1~
n

shape wi Il be used for ease of construction. In its sinplest
t he purpose of the inner chanber and second 5
4

at least one openable and securely reclosable access port through which. when
open, the soluble powder material may be supplied to the reservoir;

the inner chamber being a longitudinal chamber communicating with the fluid
inlet means and protruding inwardly into the outer chamber of the reservoir
characterised in that the inner chamber is closed at its protruding end but has a
plurality of lateral orifices arranged to distribute fluid over the surface of the soluble
powder material in use of the reservoir.

The provision of an openable and securely reclosable access port provides
significant advantages over conventional disposable cartridges used in dialysié
procedures. The purchase of disposable cartridges represents a significant financial
cost in the running of dialysis units and cost savings will be made by any unit’
choosing to switch to the reusable reservoir of the invention. Conventional
cartridges are wastefiil of their powder contents because they generally contain more
powder than is necessary for one procedure. This is particularly the case when a
patient requires only a short dialysis because a full cartridge must nevertheless be
used and cannot be re-used because of the danger of infection.

The purpose of the inner chamber lateral orifices is to ensure even
distribution of the inlet fluid over the inlet end of the outer chamber containing the
dialysis powder. This has the advantage of conserving powder by ensuring as much
wetting as possible of the powder contained in the outer chamber.

A plurality of lateral orifices are provided in the first inner chamber to
enhance the even distribution of inlet fluid over the powder by providing a

“sprinkling™ action. "

Substantially any number of lateral orifices may be employed in a cartndoe
according to the invention. Preferably, at least three up to about 12 or more, even
more preferably four lateral orifices are employed. In one prefeired embodiment,
four lateral orifices are employed and -are located symmetrically around the first
inner chamber. The first inner chamber may be of substantially any shape, for
example of hexagonal or rectangular cross section, although often a cylindrical shape
will be used for ease of construction. In its simplest aspect, the purpose of the inner
chamber and lateral orifices is to enable a fluid supplied to the reservoir via the fluid

inlet means to be distributed over the surface of any soluble powdef material
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‘orifices is to enable a fluid supplied to the reservoir via the fluid inlet

.means to be distributed over the surface of any sol uble powder materi al
.contained within the outer chanber of the reservoir when the reservoitr is
in use.” The use of a plurality of second orifices tends to inprove the even
di-stribution of fluid over the inlet end of 5 the reservoir. There is no
limtation either on the nunber of second orifices or their |ocation or on
the shape and/or size of the inner chamer provided that the inner chanmber

serves the purpose for which it was designed, which is to direct fluid
suppl i ed fooptained within the outer chamber of the reservoir when the reservoir is in use. The

use of a plurality of lateral onfices tends to improve the even distribution of fluid
over the inlet end of the reservoir.

There is no limitation either on the number of lateral orifices or their location

h

or on the shape and/or size of the inner chamber provided that the inner chamber

serves the purpose for which it was designed, which is to direct fluid supplied from

the fluid inlet means onto a powder located in the outer chamber. One advantage of
the sprinkling function of the inner chamber is that channelling of fluid through the
powder in the outer chamber of the reservoir is substantially avoided. The avoidance

10 of channelling improves the reliability of the reservoir. Another advantage of the
inner chamber of a reservoir according to the present invention is that the
smoothness of flow of fluid through the reservoir when in use is less susceptible than |
conventional cartridges to slicht changes in pressure of the fluid supplied via the
fluid inlet means. ,

15 In a preferred embodiment of the invention, the fluid inlet means
comprises a nipple protruding from the reservoir to which nipple a fluid supply line
may be connected. Conveniently, the fluid outlet means also comprises a protruding
nipple to which a fluid outlet line may be connected. The shape and/or size of such
nipples may be chosen to fit a range of commercially available dialysis machines.

20 An openable port is required in the reservoir for supplying or removing a

soluble powder material such as sodium bicarbonate therethrough. Conveniently and
for ease of construction and maintenance, it is preferred that the reservoir be
openable in the region of a fluid inlet end and/or in the region of a fluid outlet end.
~Inone preferred embodiment the reservoir is openable both in the region of its fluid

25 inlet end and in the region of its fluid outlet end. Conveniently, in one embodiment, |
the reservoir is constructed of a hollow tube which is threaded at both its fluid inlet
end and its fluid outlet end. In this case, two threaded caps, a fluid inlet cap and a
fluid outlet cap, are provided. The fluid inlet cap attaches to the fluid inlet end of the
reservoir and the fluid outlet cap attaches to the fluid outlet end of the reservoir. The

30 fluid inlet cap in this case is provided on its inner face with the first inner chamber

ot the reservoir and on its outer face with the fluid inlet means. The fluid outlet cap

is provided on its outer face with the fluid outlet means. Conveniently. both caps are
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the fluid inlet means onto a powder | ocated in the outer chanber. One . .

advant age of 10 the sprinkling function of the inner chanber is that ----

channel l'ing of fluid through the powder in the outer chanber of the >

reservoir

the reliability of the reservoir.

is substantially avoi ded. The avoi dance of channelling inproves
Anot her advantage of the inner chanber of

a reservoir according to the present inve%tion I s that the snoothness of
flow of fluid through the reservoir when i°n use is | ess susceptible than 15

conventional_ cartridges to slight changes in_pressure of the fluid supplied
via the fl uffigtednyiel aggsifignt *O" ring, for exampl: of natural or synthetic rubber, to ensure

n

10

9]
wh

sealing efficiency against the hollow tube. In addition, the fluid outlet cap may be
fitted with a filtration davice to prevent egress of undissolved powder material from
the reservoir when in use.

_ The fluid outlet end of the reservoir is conveniently constructed with a
stepped portion which may be arranged to be seated in a cartridge cradle in a range
of commercially available dialysis units.

In one preferred embodiment of the invention, the reservoir is tapered towards
its fluid outlet end. Such tapering ensures smoother flow of the fluid through the
powder. In one embodiment, the tapering is achieved by means of a tapered sleeve

which may be inserted in a close fit arrangement with. the reservoir.

In come cases it may be necessary to provide an adaptor between the reservoir

and the commercial dialysis machine. Accordingly, the invention further provides
a reservoir for stbrage and supply of a soluble powder material for use in a
haemodialysis, haemofiltration or haemodiafiltration procedure comprising:

an outer chamber;

a fluid inlet means adapted to be releasably connected to a fluid supply line;

a fluid outlet means adapted to the releasably connected to a fluid discharge
line via which a dialysis solution comprising a solution of the soluble powder

‘material in a fluid supplied in the fluid supply line is supplied to a dialysis apparatus

during a haemodialysis, haemofiltration or haemodiafiltration procedure; _

characterised in that the reservoir has a first inner chamber communicating
between the fluid inlet means and the outer chamber;

a second inner chamber communicating between the fluid outlet means and
the outer chamber; :

at least one openable and securely recloseable access port through which,
when open, the soluble powder material may be supplied to the reservoir;

and an adaptor comprising a ﬁlug portion for insertion into the corresponding
socket of a dialysis machine, the plug portion having two openings and means,
optionally in combination with the socket, for ensuring non-communication betvzeen

said openings, the adaptor further comprising means for supplying via the first of
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The reservoir may conprise a second inner chanmber conprising a first
orifice communicating wwth the fluid outlet nmeans and a second orifice---
comuni cating with the outer chanber of the reservoir. 20 In a-**
preferred enbodi nent of the invention, the fluid inlet means conprises a
ni pple protruding fromthe reservoir to which nipple a fluid supply lIine
may be connected. Conveniently, the fluid_outlet neans al so conprises a
protruding nipple to which a fluid outlet /l'ine may be connected. The shape

and/ or size of such njipples may be chosen to fit a range of comercially
avai | abl e disat9sd of saishhyeepenings a solution of powder from the reservoir for use in a

dialysis procedure. .
Preferably, filtration means are provided in the second inner chamber to

prevent egress of undissolved powder from the reservoir.

ty

_ In order that the inyention may be clearly understood and fullv carried
into effect, two embodiments thereof will now be more particularly described with
reference to the accompanying drawings, in which: | _

Figure 1 is a vertical cross-section of a reservoir designed in accordance with
a first embodiment of the present invention; '

10 Figure 2 is a vertical cross-section of a reservoir designed in accordance with
a second embodiment of the invention; o

Figure3isa cross-séction through an adaptor for use with the reservoir of .
Figure 2; and |

Figure 4 is a plan view from above of the adaptor of Figure 3.

Referring to Figure 1, there is shown a reservoir (1) for the storage and supply
of a soluble powder material such as sodium bicarbonate (not shown) for use in a
haemodialysis, haemofiltration or haemodiafiltration procedure.

The reservoir (1) comprises an outer chamber (2) which is a hollow
cylindrical acrylic tube manufactured by an injection moulding process. Outer
20 chamber (2) has screw-threaded portions (3) at its upper and lower ends respectively.
At the upper end of reservoir (1) is shown removable cap (4) which is secured to
chamber (2) by means of screw-threaded portions (5) on cap (4). Fluid tight
engagement of cap (4) and chamber (2) is assisted by a resilient ‘O’ ring (6) of
natura] or synthetic rubber. Cap (4) is injection moulded from polycarbonate and has

LS ]
th

a central orifice (7). Orifice (7) communicates at its upper end with fluid inlet nipple

(8) and at its lower end with inner chamber (9). Inner chamber (9) is provided with

four orifices (10) evenly spaced around the circumference of first inner chamber (9).
Nipple (8) is shaped to be securable to a huid inlet line from a commercially

available dialysis machine such as the Gambro AK-10 system or the COBE C2RX

30 system. .

- At the lower end of the chamber (2) can be seen bottom cap (11) secured to

chamber (2) by a screw-threaded portion generally indicated by reference numeral
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25 An openable port is required in the reservoir for supplying or
renmoving a soluble powder material such as sodi um bi carbonate therethrough.
Conveni ently an#: for ease of construction and maintenance, it is preferred
t hat the reservoir be openable in the region of a fluid inlet end and/or in
the-region of a fluid outlet end. In one preferred enbodi ment the reservoir
i s openable both in the region of its fluk 30 inlet end and in the
regi on of its fluid outlet end. Conveniently, in one enbodi nent, the

reservoir nst,r u of a hallo 5ea aded. t both

o ont et gy S tdteRendenin &tant) AR hebtbes S2FRIRSf Bobdesilips

a fluid inlelycangdnd) df natural or synthetic rubber. Cap (11) is conveniently injection
moulded from polycarbonate. Cap (11) has an instepped portion (14) in which sits
a filter (15). The purpose of filter (15) is to prevent small particles of undissolved

o

material escaping from reservoir (1) when the reservoir is in use. Any convenient
filter material such as a nylon mesh may be used. Conveniently, the mesh size is
from about 25 micrometers to about 50 micrometers.

Cap (11) is formed integrally with nipple (16) which is shaped to receive a
fluid outlet line from any commercial dialysis syétem. Cap (11) is also provided
10 with a stepped portion (17) which may serve to seat the reservoir (1) in a

corresponding cradle of a commercial dialysis system.

Seated within the lower end of chamber (2) is tapered sleeve (18) whichisa
moulded polycarbonate sleeve arrarged to fit slidably into chamber (2) and to direct
_ the flow of fluid through chamber (2) towards a central region of the bottom end of
135 chamber (2).
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B fluid outlet cap, are provided. The fluid inlet cap attaches to the fluid.
inlet end of the reservoir and the fluid outlet cap attaches to the fluid
outlet end of the reservoir. The fluid inlet cap in this case is provided -
on its inner face with the inner chanber of the reservoir and on its outer
face with the fluid inlet neans. The fluid outlet cap is

10

orifice (110)-at one end of first inner chamber (109).
Second inner chamber (111} communicates at its lower end with outer
chamber 102 and at its upper end with fluid outlet nipple (112).

In use of reservoir (101), the reservoir is filled with a suitable quantity of

th

sodium bicarbonate and lines are taken from each of fluid inlet nipple (108) and fluid
oﬁtlet nipple (112) for connection to an adaptor suitable for use with the Fresenius
- machine referred to above. The adaptor is shown in Figures 3 and 4 and comprises
a plug portion (113) for insertion into the corresponding socket (not shown) of a
Fresenius machine and a recéiving portion (114) for receiving lines from the fluid
10 inlet nipple (108) and the fluid outlet nipple (112). Plug portion (113) comprises
three concentric cvlindrical walls (115, 116 and 117) of polyethylene standing up
from a base portion (118). Standing down from base portion (118) is a chamber.
(119) which communicates via orifice (120) with the fluid supply line of the dialysis .
machine (not shown) and via orifice (121) with a line (not shown) taken from fluid
15 inlet nipple (108). The chamber (119) is traversed by a conduit (122) which has an
opening (123) at its upper end communicating with the fluid intake line of the
dialysis machine (not shown) and an opening (124) at its lower end communicating
with a line (not shown) taken f_i'om fluid outlet nipple (112) of reservoir (101).
Fluid is supplied to a powder, such as sodium bicarbonate, contained in outer
20 chamber (102) and a solution of the powder is drawn into second inner chamber
(111) via filter (125) by the actibn of a pump in the dialysis machine (not shown).
As with the reservoir of Figure 1, at the end of a dialysis procedure, reservoir
(101) may simply be detached from the dialysis machine and prepared for re-use.
Thus, the reservoir (101) is opened by removing cap (104), excess powder is rinsed

19
(V]

from the reservoir and the reservoir is sterilised by a suitable procedure prior to
recharging with powder for further use. '
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provided on its outer face with the fluid outlet means. Convenientlhy,
both caﬂ“l Nu“ h aresilient 'O ring, for exanple of natural--or
synt het mm “mml ure sealing efficiency against the hollow tube* In
addition the ¥l Jidsoutlet cap may be fitted with a filtration device to
prevent egress of undissol ved powder material fromthe reservoir when in
use. 10 The fluid outlet end of 1the reservoir is conveniently
constructed with a stepped portion which may be arranged to be seated in a

cartridge cradle in a range of comercially available dialysis units. In
sone cases, it nmay be necessary to

CLAIMS:

5 L. A reservoir (1) for storage and supply of a soluble powder material for use in
a haemodialysis. haemofiltration or haemodiafiltration procedure comprising:

an outer chamber (2);

an inner chamber (9);

a fluid inlet means (8) adapted to be releasably connected to a fluid supply

10 line;

a fluid outlet means (16) adapted to be releasably connected to a fluid-
discharge line via which a dialysis solution comprising a solution of the soluble
powder material in a fluid supplied in the fluid supply-line is supplied to a dialysis '
apparatus during a haemodialysis, haemofiltration or haemodiafiltration procedure;

15 at least one openable and securely_recloséable access port through which,
when open, the soluble powder material may be supplied to the reservoir; |

the inner chamber (9) being a longitudinal chamber communicating with the
fluid inlet means.and protruding inwardly into the outer chamber (2) of the reservoir
characterised in that the inner chamber is closed at its protruding.end but has a

20 plurality of lateral orifices (10) arranged to distribute fluid over the surface of the-
soluble powder material in use of the reservoir.
2. A reservoir according to claim 1, haracterls'ec—i‘ in that the lateral orifices of
the inner chamber of the reservoir are arranged symmetrically around the inner

chamber.

[C8)
W

3. A reservoir according claim [ or claim 2, characterised in that the fluid inlet

means comprises a nipple upstanding from the reservoir

30 4, A reservoir according to any one of claims 1 to 3, characterised in that the

fluid outlet means comprises a nipple protruding from the reservoir
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pr ovi de an adaptor bet ween the reservoir and the conmerci al dialysis‘n__-u =
machi ne. Hmwmmﬂlummmodl ment of the invention, the reservoir:jg.
t apered tovva d outlet end. Such tapering ensures smoot Hér.
flow of the fluil t'hr dugh t he powder. In one enbodiment, the tapering is
achi eved by neans of a tapered sleeve which may be inse-rted in aclose fit
arrangenent with the reservoir. Preferabl gu,, the reservoir includes in the

region of its fluid outlet means a filtration devi ce to prevent egress of
undi ssol ved powder, materia m the reser in
?_ A reservoir accor(%no 10 any one oto clalms 1 to m%aractemeﬁ in that the
ruservoir includes a filtration device to prevent egress of undissolved powder

material from the reservoir when in use.

6. A reservoir according to any one of claims 1 to 5, characterised in_that an

h

exterior face of the reservoir adjacent fluid outlet means therefore comprises a

stepped portion adapted to be seated in a cartridge cradle of a dialysis apparatus.

7. A reservoir according to any one of claims 1 to 6, characterised in that it

10 includes an interior tapered portion tapering towards the fluid outlet means of the

reservoir.

8. A reservoir (101) for storage and supply of a soluble powder material for use
in a haemodialysis, haemofiltration or haemodiafiltration procedure comprising:
15 an outer chamber (102); |
a fluid inlet means (108) adapted to be releasably connected to a fluid supply
line;
a fluid outlet means (112) adapted to be releasably connected to a fluid
discharge line via which a dialysis solution comprising a solution of the soluble
20 powder material in a fluid supplied in the fluid supply line is supplied to a dialysis
apparatus during a haemodialysis, haemofiltration or haemodiafiltration procedure;
' characterised in that the reservoir has a first inner chamber (109)
communicating between the fluid inlet means (108) and the outer chamber (102);
a second inner chamber (111) communicating between the fluid outlet means
(112) and the outer chamber (102);
at least one openable and securely 'recloseable access port through which,

[C8)
w

when open, the soluble powder material may be supplied to the reservoir;
and an adaptor comprising a plug portion for insertion into the corresponding
socket of a dialysis machine, the plug portion having two openings and means,
30 optionally in combination with the socket, for ensuring non-communication between
said openings, the adaptor further comprising means for supplying via the first of
said two openings a fluid for supply to the reservoir and means for recovering via the

This Sheet Has Been Rei ' THIS SHEET HAS:' BEEN

AR A

A“}EHT\FD SHEET

1N -




I'n order tha e clearly understood and fully carried ..

i-nto effect, i t eof will now be nore particularly described
with referencZ]rI! mah mi ng drawing, in which: Figure 1 is a
vertical cross- reservoir designed i-n accordance with 25 a

first enbodi ment of the present invention. Referring to Figure 1, there is
shown a reservoir (1) for the storage anq3suppl y of a sol ubl e powder
mat eri al such as sodi um bi carbonate (not Shown) for use in a haenodial ysis,

hagmof il tr aééc%rﬁdocgf shaefg r{%%' &génli}lésag 'sBlutl’s 88&%& from the reservoir for use in a

dialysis procedure.

9. A reservoir according to claim 8, wherein filtration means are provided in the

5 second inner chamber to prevent egress of undissolved powder from the reservoir.

10
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The present invention relates to a reusable reservoir for use in a
haemodialysis, haemofiltration or haemodiafiltration procedure.

Haemodialysis is a method of cleansing the blood of patients whose kidney
function is impaired. In haemodialysis procedures, the patient’s blood is supplied
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to one side of a permeable membrane located in a dialysis apparatus. Dialysis

- membranes are usually formed from polyacrylonitrile or polysulphone. To the other

side of the membrane is supplied a dialysis fluid containing an electrolyte solution.
In a dialysis procedure, the patient’s blood is pumped against the membrane,
maintaining a controlled low positive blood-to-dialysate pressure gradient. By

" reverse osmosis waste products in the blood diffuse through the membrane into the

dialysis fluid.

Haemodiafiltration and haemofiltration procedures also take advantage of
permeable filter membranes to remove blood waste products. In both procedures,
a more permeable filter is used than in haemodialysis and the consequent blood fluid
loss is greater than in haemodialysis. Normally, this fluid must be replaced at least

in part, for example by one of the methods: described above. Haemodialysis,

haemodiafiltration and haemofiltration procedures all require the use of an
electrolyte-containing fluid either as a dialysis fluid or as a fluid replacement fluid,
or both. Historically, different electrolyte mixtures have been used, the choice being
influenced by a large number of technical considerations such as the type of
apparatus available, the effects of any given electrolyte and also the chemical
stability of certain electrolyte-containing solutions. For example, when artificial
kidney machines were first used in the 1950's and 1960s, dialysis fluid containing
as its principal component sodium bicarbonate was prepared in large batches prior

to use in a number of treatment sessions. Sodium bicarbonate was a natural choice

because of its inherent buffering capacity. However, technical difficulties were

encountered especially with regard to unwanted precipitation of calcium and

- magnesium carbonates in the pre-formed batches. To prevent this unwanted

precipitation, it was necessary to bubble carbon dioxide gas through the solution
continuously, a costly and inconvenient procedure.

During the 1960's sodium acetate was used in preference to sodium
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sodium bicarbonate. These included an absence of problems with precipitation of

insoluble salts in the dialysis solution. Sodium acetate was also perceived to have
advantageous metabolic properties in that acetate is easily metabolised by the
5 patient’s liver.

| A major advantage of using sodium acetate was that it became possible to
prepare dialysis liquids from single liquid concentrates. Typically, one part of such
a concentrate would be diluted 35 times with water before being used in a dialysis
procedure. This simple preparative procedure is not available when using

10  bicarbonate buffers because of the immediate precipitation of insoluble carbonates
when all the necessary salts, including bicarbonate, are mixed together in one
concentrate. The use of sodium acetate as a buffer meant that dialysis liquid could
be prepared simply and conveniently at the patient’s bedside.

During the 1970's however, it emerged that, whilst sodium acetate had many

15 preparative advantages over sodium bicarbonate, it had, at least in some patients,
undesirable side effects. In particular, it was demonstrated that acetate in dialysis
fluid was linked with vascular instability and arterial hypotension in certain patients.
When large surface dialysers were used, too much acetate was transferred into the
blood and patients suffered a number of undesirable symptoms. It became clear that,

20 for all its preparative disadvantages, sodium bicarbonate was much the better dialysis
buffer, in medical terms, than sodium acetate.

The preferred use of sodium bicarbonate as a dialysis buffer combined with
the attendant stability problems of that material in pre-use liquid concentrate form
has led to a growth in dialysis systems which utilise cartridges of powdered solid

25 sodium bicarbonate. Such cartridges are manufactured as sealed units containing
sufficient sodium bicarbonate for a single dialysis procedure. The cartridge is
attached to a dialysis apparatus comprising a water supply line. A portion of water
flowing in the supply line is diverted through the cartridge and subsequently reunited
with the original water stream under carefully controlled conditions to provide a final

30 fluid for supply to the dialysis membrane, the fluid having a pre-determined quantity
of sodium bicarbonate dissolved therein. Similar systems have also been used
generally in the field of drug delivery. Thus, for example, WO-A-86/03416 teaches
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WO-A-86/03416 comprises a chamber for receiving a beneficial agent such as a
drug, the chamber having a fluid pathway therethrough for effecting a regulated
5 supply of the beneficial agent intravenously to a patient.

One commercial system currently in use is described in EP-A-0278100. This
discloses a system for preparing a fluid for a medical procedure by mixing of at least
one concentrate in powder form with water. The system contains a cartridge
containing a soluble powder material. When used as a dialysis system water is

10 - supplied by a first fluid conducting means to the dialysis membrane. An adjustable
portion of the fluid thus supplied is diverted through the powder-containing
cartridge. If the powder is sodium bicarbonate then the dialysis may be effected
using a solution of sodium bicarbonate at a controlled concentration, which solution
results after recombination under controlled conditions of the diverted and

15  undiverted portions of the water in the fluid conducting means.

The system of EP-A-0278100 and other conventional commercial systems
suffer from a number of disadvantages, including the constant need of the user to
replace cartridges after a single use thereof.

EP-A-0536645 discloses a method for making available at a dialysis machine

20 the bicarbonate solution required for bicarbonate haemodialysis in which a quantity
of solid bicarbonate sufficient for one or more dialysis treatments is provided in a
container which can be cleaned, sterilised and refilled after use.

According to the present invention there is provided a reservoir for storage
and supply of a soluble powder material for useina haemodialysis, haemofiltration

25 or haemodiafiltration procedure, the reservoir comprising:

_ an outer chamber;
an inner chamber; _
a fluid inlet means adapted to be releasably connected to a fluid supply line;
a fluid outlet means adapted to be releasably connected to a fluid discharge line, via
30 which a dialysis solution comprising a solution of the soluble powder material in a
~ fluid supplied in the fluid supply line is supplied to a dialysis apparatus during a
haemodialysis, haemofiltration or haemodiafiltration procedure; and |
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at least one openable and securely reclosable access port through which, when open,
the soluble powder material may be supplied to or removed from the reservoir;
wherein the inner chamber comprises a first orifice commlinicating with the fluid
inlet means and a plurality of second orifices communicating with the outer chamber
of the reservoir for disﬁibutihg fluid over the soluble powder material.

The provision of an openable and securely reclosable access port provides
significant advéntages over conventional disposable cartridges used in dialysis
procedures. The purchase of disposable cartridges represents a significant financial
cost in the running of dialysis units and cost savings will be made by any unit
choosing to switch to the reusable reservoir of the invention. Conventional
cartridges are wasteful of their powder contents because they generally contain more
powder than is necessary for one procedure. This is particularly the case when a
patient requires only a short dialysis because a full cartridge must nevertheless be
used and cannot be re-used because of the danger of infection.

The purpose of the inner chamber of the reservoir is to ensure even
distribution of the inlet fluid over the inlet end of the outer chamber containing the
dialysis powder. This has the advantage of conserving powder by ensuring as much
wetting as possible of the powder contained in the outer chamber.

The provision of a plurality of second orifices in the inner chamber is
designed to enhance the even distribution of inlet fluid over the powder by providing
a “sprinkling” action.

The inner chamber of the reservoir may be a longitudinal chamber
communicating with the fluid inlet means and protruding inwardly into the outer
chamber of the reservoir. In this case the inner chamber mé.y be closed at its
inwardly protruding end but have a number of lateral second orifices. Substantially

any number of second orifices may be employed in a cartridge according to the

invention. Preferably, at least three up to about 12 or more, even more preferably
four second orifices are employed. In one preferred embodiment, four second
orifices are employed and are located symmetrically around the inner chamber. The
inner chamber may be of substantially any shape, for example of hexagonal or
rectangular cross section, although often a cylindrical shape will be used for ease of
construction. In its simplest aspect, the purpose of the inner chamber and second
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orifices is to enable a fluid supplied to the reservoir via the fluid inlet means to be

distributed over the surface of any soluble powder material contained within the

outer chamber of the reservoir when the reservoir is in use. The use of a plurality of

second orifices tends to improve the even distribution of fluid over the inlet end of
5 the reservoir.

‘There is no limitation either on the number of second orifices or their location
or on the shape and/or size of the inner chamber provided that the inner chamber
serves the purpose for which it was designed, which is to direct fluid supplied from
the fluid inlet means onto a powder located in the outer chamber. One advantage of

10 the sprinkling function of the inner chamber is that channelling of fluid through the
powder in the outer chamber of the reservoir is substantially avoided. The avoidance
of channelling imi)r_oves the reliability of the reservoir. Another advantage of the
inner chamber of a reservoir according to the present invention is that the
smoothness of flow of fluid through the reservoir when in use is less susceptible than

15 conventional cartridges to slight changes in pressure of the fluid supplied via the
fluid inlet means.

The reservoir may comprise a second inner chamber comprising a first orifice
communicating with the fluid outlet means and a second orifice communicating with
the outer chamber of the reservoir.

20 ~ Inapreferred embodiment of the invention, the fluid inlet means comprises
a nipple protruding from the reservoir to which nipple a fluid supply line may be
connected. Conveniently, the fluid outlet means also comprises a protruding nipple

| to which a fluid outlet line may be connected. The shape and/or size of such nipples
may be chosen to fit a range of commercially available dialysis machines.

25 An openable port is required in the reservoir for supplying or removing a
soluble powder material such as sodium bicarbonate therethrough. Conveniently and

* for ease of construction and maintenance, it is preferred that the reservoir be
openable in the region of a fluid inlet end and/or in the region of a fluid outiet end.
In one preferred embodiment the reservoir is openable both in the region of its fluid

30 inlet end and in the region of its fluid outlet end. Conveniently, in one embodiment,
the reservoir is constructed of a hollow tube which is threaded at both its fluid inlet
end and its fluid outlet end. In this case, two threaded caps, a fluid inlet cap and a
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reservoir and the fluid outlet cap attaches to the fluid outlet end of the reservoir. The

fluid inlet cap in this case is provided on its inner face with the inner chamber of the
reservoir and on its outer face with the fluid inlet means. The fluid outlet cap is
provided on its outer face with the fluid outlet means. Conveniently, both caps are
fitted with a resilient ‘O’ ring, for example of natural or synthetic rubber, to ensure
sealing efficiency against the hollow tube. In addition, the fluid outlet cap may be
fitted with a filtration device to prevent egress of undissolved powder material from
the reservoir when in use.

The fluid outlet end of the reservoir is conveniently constructed with a
stepped portion which may be arranged to be seated in a cartridge cradle in a range
of commercially available dialysis units. In some cases, it may be necessary to
provide an adaptor between the reservoir and the commercial dialysis machine.

In one preferred embodiment of the invention, the reservoir is tapered towards
its fluid outlet end. Such tapering ensures smoother flow of the fluid through the
powder. In one embodiment, the tapering is achieved by means of a tapered sleeve
which may be inserted in a close fit arrangement with the reservoir.

Preferably, the reservoir includes in the region of its fluid outlet means a
filtration device to prevent egress of undissolved powder material from the reservoir
when in use.

The invention further provides a reservoir for storage and supply of a soluble
powder material for use in a haemodialysis, haemofiltration or haemodiafiltration
procedure comprising:

an outer chamber;

a fluid inlet means adapted to be releasably connected to a fluid supply line;

a fluid outlet means adapted to be releasably connected to a fluid discharge

" line, via which a dialysis solution comprising a solution of the soluble powder.

30

material in a fluid supplied in the fluid supply line is supplied to a dialysis apparatus
during a haemodialysis, haemofiltration or haemodiafiltration procedure;

wherein the reservoir has a first inner chamber communicating between the -
fluid inlet means and the outer chamber;

a second inner chamber communicating between the fluid outlet means and
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optionally in conjunction with other materials, useful in dialysis.

Typically, the reservoir is charged with a mass of -§
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when open, the soluble powder material may be supplied to the reservoir;
and an adaptor comprising a plug portion for insertion into the corresponding
5 socket of a dialysis machine, the plug portion having two openings and means,
optionally in combination with the socket, for ensuring non-communication between
said openings, the adaptor further comprising means for supplying via the first of
said two openings a fluid for supply to the reservoir and means for recovering via the
second of said two openings a solution of powder from the reservoir for use in a

10 dialysis procedure.

In order that the invention may be clearly understood and fully carried into
effect, two embodiments thereof will now be more particularly described with
reference to the accompanying drawings, in which:

Figure 1 is a vertical cross-section of a reservoir designed in accordance with

15 a first embodiment of the present invention;

Figure 2 is a vertical cross-section of a reservoir designed in accordance with
a second embodiment of the invention; |

Figure 3 is a cross-section through an adaptor for use with the reservoir of
Figure 2;and =~

20 Figure 4 is a plan view from above of the adaptor of Figure 3.

Referring to Figure 1, there is shown a reservoir (1) for the storage and supply
of a soluble powder material such as sodium bicarbonate (not shown) for use in a
haemodialysis, haemofiltration or haemodiafiltration procedure.

The reservoir (1) comprises an outer chamber (2) which is a hollow

25 cylindrical acrylic tube manufactured by an injection moulding process. Outer
chamber (2) has screw-threaded portions (3) at its upper and lower ends respectively.

At the upper end of reservoir (1) is shown removable cap (4) which is secured to .

chamber (2) by means of screw-threaded portions (5) on cap (4). Fluid tight
engagement of cap (4) and chamber (2) is assisted by a resilient ‘O’ ring (6) of

30 natural or synthetic rubber. Cap (4) is injection moulded from polycarbonate and has
a central orifice (7). Orifice (7) communicates at its upper end with fluid inlet nipple

(8) and at its lower end with inner chamber (9). Inner chamber (9) is provided with
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5 At the lower end of the chamber (2) :can be seen bottom cap (11) secured to
chamber (2) by a screw-threaded portion generally indicated by reference numeral
(12). Fluid tight engagement of cap (11) and chamber (2) is assisted by a resilient
‘O’ ring (13) of natural or synthetic rubber. Cap (11) is conveniently injection
~ moulded from polycarbonate. Cap (11) has an instepped portion (14) in which sits
10 a filter (15). The purpose of filter (15) is to prevent small particles of undissolved
material escaping from reservoir (1) when the reservoir is in use. Any convenient
filter material such as a nylon mesh may be used. Conveniently, the mesh size is
from about 25 micrometers to about 50 micrometers.
Cap (11) is formed integrally with nipple (16) which is shaped to receive a
15 fluid outlet line from any commercial dialysis system. Cap (11) is also provided
with a stepped portion (17) which may serve to seat the reservoir (1) in a
corresponding cradle of a commercial dialysis system. | '
Seated within the lower end of chamber (2) is tapered sleeve (18) which is a
moulded polycarbonate sleeve arranged to fit slidably into chamber (2) and to direct
20 the flow of fluid through chamber (2) towards a central region of the bottom end of
chamber (2).
The dimensions of a typical reservoir in accordance with the invention and
suitable for use with the Gambro AK-10 system are as follows:
chamber (2) is cylindrical with an external diameter of 3.150 inches
25  (8.001cm) and a length of 6.788 inches (17.241cm);
threaded portions (3) on chamber (2) extend 5/8 inches (1.588cm) from each
end of chamber (2); |
fluid inlet cap (4) and fluid outlet cap (11) each have an external diameter of
4 inches (10.16cm) and an internal diameter (circumferenced by screw threaded
30  portions (5) and (12) respectively) of 3.360 inches (8.534cm);
nipples (8) and (16) are slightly chamfered at their respective protruding

ends; each protrudes from a respective external face of cap (4) or cap (11) by 9/16
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inches (1.429cm) and each has an external diameter of 3/8 inches (0.953cm) at its
respective protruding end, not including any chamfered portion of the end;
stepped portion ‘17 on fluid outlet cap (11) has a diameter of 2.1 inches
(5.33cm) and a depth of 0.5 inches (1.27cm);
5 the total longitudinal distance between respective ends of nipples (8) and (16)
when the reservoir is assembled is 9.1 inches (23.1cm).

In use, the reservoir is partially filled with a quantity of sodium bicarbonate,
optionally in conjunction with other materials, useful in dialysis. Typically, the
Ieservoir is chargéd with a mass of 500g sodium bicarbonate in readiness for a single

10 dialysis treatment. The reservoir is then connected at its fluid inlet end and at its
fluid outlet end to a suitable dialysis apparatus such as the Gambro AK-10 or the
COBE C2RX and a dialysis treatment is carried out in accordance with methods
which are well known to those skilled in the art.

Thus, in a dialysis procedure using a cartridge according to the invention, the

15 cartridge is connected to apparatus comprising a first fluid conducting means having
a first end for communicating with a source of water to withdraw water into the first
fluid conducting means and a second end for delivering a prepared solution; second
fluid cbnducting means having a first end for communicating with a source of water
and a second end communicating with the fluid inlet end of the reservoir for

20 introducing water into the reservoir to produce a concentrate fluid containing
dissolved powder concentrate in water; third fluid conducting means communicating
with the outlet end of the reservoir and with a mixing point in the first fluid
conducting means intermediate said first and second ends for conducting the
concentrate fluid from the reservoir into the first fluid conducting means to be mixed

25 with fluid being conducted through the first fluid conducting means thereby to
produce a prepared solution in the first fluid conducting means for delivery to the

" second end of the first fluid conducting means.

Conveniently, the apparatus will comprise measuring means in the first fluid
conducting means downstream of the mixing point for measuring the composition

30  of'the prepared solution obtained by the mixing of the concentrate fluid and water
in the first fluid conducting means. The apparatus may further comprise flow
regulating means in the third fluid cbnducting means responsive to said measuring
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means for controlling the flow of the concentrate fluid from the reservoir.

When a dialysis treatment utilising a reservoir according to the invention has
been completed, the reservoir may be detached from the dialysis apparatus and, after
appropriate sterilising treatment, may be charged once again with sodium
bicarbonate in readiness for a further dialysis treatment. Sterilisation of the reservoir
in between treatments may be.effected by any of a number of methods which are
well known to those skilled in the art. One convenient method of sterilisation is to
rinse excess sodium bicarbonate from the reservoir with water before soaking the
resevoir in a solution of sodium dichlorisocyanurate (Sanichlor™) at a suitable
concentration. , .

Referring to Figure 2, there is shown a reservoir (101) which is suitable for
use with the commercially available Fresenius 4008E dialysis machine. Reservoir
(101) comprises comprises an outer chamber (102) which is a hollow cylindrical
acrylic tube manufactured by an injection moulding process. Outer chamber (102)
has a screw-threaded portion (103) at its upper end. At the upper end of reservoir
(101) is shown removable cap (104) which is secured to chamber (102) by means of
screw-threaded portions (105) on cap (104). Fluid tight engagement of cap (104)
and chamber (102) is é'ssisted by a resilient ‘O’ ring (106) of natural or synthetic
rubber. Cap (104) is injection moulded from polycarbonate and has two orifices
(107 and 107a). Orifice (107) communicates at its upper end with fluid inlet nipple
(108) and at its lower end with first inner chamber (109). First inner chamber (109)
is provided with a single orifice (110) at one end of first inner chamber (109).

~ Second inner chamber (111) communicates at its lower end with outer
chamber 102 and at its upper end with fluid outlet nipple (112).
In use of reservoir (101), the reservoir is filled with a suitable quantity of

‘'sodium bicarbonate and lines are taken from each of fluid inlet nipple (108) and fluid
* outlet nipple (112) for connection to an adaptor suitable for use with the Fresenius

machine referred to above. The adaptor is shown in Figures 3 and 4 and comprises
a plug portion (113) for insertion into the corresponding socket (not shown) of a
Fresenius machine and a receiviﬂg portion (114) for receiving lines from the fluid
inlet nipple (108) and the fluid outlet nipple (112). Plug portion (113) comprises
three concentric cylindrical walls (115, 116 and 117) of polyethylene standing up
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from a base portion (118). Standing down from base portion (118) is a chamber

(119) which communicates via orifice (120) with the fluid supply line of the dialysis
machine (not shown) and via orifice (121) with a line (not shown) taken from fluid
inlet nipple (108). The chamber (119) is traversed by a conduit (122) which has an
opening (123) at its upper end communicating with the fluid intake line of the

wn

dialysis machine (not shown) and an opening (124) at its lower end communicating
with a line (not shown) taken from fluid outlet nipple (112) of reservoir (101).
Fluid is supplied to a powder, such as sodium bicarbonate, contained in outer
chamber (102) and a solution of the powder is drawn into second inner chamber
10 (111) via filter (125) by the action of a pump in the dialysis machine (not shown).
As with the reservoir of Figure 1, at the end of a dialysis procedure, reservoir
(101) may simply be detached from the dialysis machine and prepared for re-use.
Thus, the reservoir (101) is opened by removing cap (104), excess powder is rinsed
from the reservoir and the reservoir is sterilised by a suitable procedure prior to
15  recharging with powder for further use.
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CLAIMS:
1. A reservoir for storage and supply of a soluble powder material for useina

haemodialysis, haemofiltration or haemodiafiltration procedure, the reservoir
comprising:

an outer chamber (2);

an inner chamber (9);

a fluid inlet means (8) adapted to be releasably connected to a fluid supply line;

a fluid outlet means (16) adapted to be releasably connected to a fluid discharge line,
via which a dialysis solution comprising a solution of the soluble powder material
in a fluid supplied in the fluid supply line is supplied to a dialysis apparatus during
a haemodialysis, haemofiltration or haemodiafiltration procedure; and

at least one openable and securely reclosable access port through which, when open,

the soluble powder material may be supplied to or removed from the reservoir;

wherein the inner chamber (9) comprises a first orifice communicating with the fluid
inlet means and a plurality of second orifices (10) communicating with the outer
chamber of the reservoir for distributing fluid over the soluble powder material.

2. A reservoir according to claim 1, wherein the second orifices of the inner

chamber are arranged symmetrically around the inner chamber.

3. A reservoir according to claim 1 or claim 2, wherein the inner chamber

comprises.at least three second orifices.

4. A reservoir according to claim 3, wherein the inner chamber comprises

between three and twelve second orifices.

5. A reservoir according to claim 4, wherein the inner chamber comprises four
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6. A reservoir according to any preceding claim, wherein the fluid inlet means

comprises a nipple upstanding from the reservoir.

7. A reservoir according to any preceding claim, wherein the fluid outlet means

5 comprises a nipple protruding from the reservoir.

8. A reservoir according to any preceding claim, wherein it includes a tapered
portion tapering towards the fluid outlet means of the reservoir.

10 9. A reservoir (101) for storage and supply of a soluble powder material for use
in a haemodialysis, haemofiltration or haemodiafiltration procedure comprising:
an outer chamber (102); '
a fluid inlet means (108) adapted to be releasably connected to a fluid supply
line;

15 a fluid outlet means (112) adapted to be releasably connected to a fluid
discharge line, via which a dialysis solution comprising a solution of the soluble
powder material in a fluid supplied in the fluid supply line is supplied to a dialysis
apparatus during a haemodialysis, haemofiltration or haemodiafiltration procedure;

characterised in that the reservoir has a first inner chamber (109)

20 communicating between the fluid inlet means (108) and the outer chamber (102);

a second inner chamber (111) communicating between the fluid outlet means
(112) and the outer chamber (102);

at least one openable and securely recloseable access port through which,
when open, the soluble powder material may be supplied to the reservoir;

25 and an adaptor comprising a plug portion for insertion into the cotresponding
socket of a dialysis machine, the plug portion having two openings and means,

" optionally in combination with the socket, for ensuring non-communication between
said openings, the adaptor further comprising means for supplying via the first of
said two openings a fluid for supply to the reservoir and means for recovering via the

30  second of said two openings a solution of powder from the reservoir for use in a

dialysis procedure.
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10.  Areservoir according to any preceding claim, wherein the reservoir includes

in the region of its fluid outlet means a filtration device to prevent egress of

undissolved powder material from the reservoir when in use.
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fluid outlet cap, are provided. The fluid inlet cap attaches to the fluid inlet end of the
reservoir and the fluid outlet cap attaches to the fluid outlet end of the reservoir. The
fluid inlet cap in this case is provided on its inner face with the inner chamber of the
reservoir and on its outer face with the fluid inlet means. The fluid outlet cap is

5 provided on its outer face with the fluid outlet means. Conveniently, both caps are
fitted with a resilient ‘O’ ring, for example' of natural or synthetic rubber, to ensure
sealing efficiency against the hollow tube. In addition, the fluid outlet cap may be
fitted with a filtration device to prevent egress of undissolved powder material from
the reservoir when in use. '

10 The fluid outlet end of the reservoir is conveniently constructed with a
stepped portion which may be arranged to be seated in a cartridge cradle in a range
of commercially available dialysis units. In some cases, it may be necessary to
provide an adaptor between the reservoir and the commercial dialysis machine.

In one preferred embodiment of the invention, the reservoir is tapered towards

15 its fluid outlet end. Such tapering ensures smoother flow of the fluid through the
powder. In one embodiment, the tapering is achieved by means of a tapered sleeve
which may be inserted in a close fit arrangement with the reservoir.

- Preferably, the reservoir includes in the region of its fluid outlet means a
filtration device to prevent egress of undissolved powder material from the reservoir

20  whenin use.

In order that the invention may be clearly understood and fully carried into
effect, an embodiment thereof will now be more particularly described with
reference to the accompanying drawing, in which:

Figure 1 is a vertical cross-section of a reservoir designed in accordance with

25 a first embodiment of the present invention.

Referring to Figure 1, there is shown a reservoir (1) for the storage and supply
of a soluble powder material such as sodium bicarbonate (not shown) for use in a
haemodialysis, haemofiltration or haemodiafiltration procedure.

The reservoir (1) comprises an outer chamber (2) which is a hollow

30 cylindn'cal acrylic tube manufactured by an injection moulding process. Outer
chamber (2) has screw-threaded portions (3) at its upper and lower ends respectively.

At the upper end of reservoir (1) is shown removable cap (4) which is secured to
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chamber (2) by means of screw-threaded portions (5) on cap (4). Fluid tight
engagement of cap (4) and chamber (2) is assisted by a resilient ‘O’ ring (6) of
natural or synthetic rubber. Cap (4) is injection moulded from polycarbonate and
has a central orifice (7). Orifice (7) communicates at its upper end with fluid inlet
5 nipple (8) and at its lower end with inner chamber (9). Inner chamber (9) is provided
with four orifices (10) evenly spaced around the circumference of inner chamber (9).
Nipple (8) is shaped to be securable to a fluid inlet line from a commercially
available dialysis machine such as the Gambro AK-10 system or the COBE C2RX
system. '
10 At the lower end of the chamber (2) can be seen bottom cap (11) secured to
chamber (2) by a screw-threaded portion generally indicated by reference numeral
(12). Fluid tight engagement of cap (11) and chamber (2) is assisted by a resilient
‘O’ ring (13) of natural or synthetic rubber. Cap (11) is conveniently injection
moulded from polycarbonate. Cap (11) has an instepped portion (14) in which sits
15 a filter (15). The purpose of filter (15) is to prevent small particles of undissolved
material escaping from reservoir (1) when the reservoir is in use. Any convenient
filter material such as a nylon mesh may be used. Conveniently, the mesh size is
from about 25 micrometers to about 50 micrometers.
Cap (11) is formed integrally with nipple (16) which is shaped to receive a
20 fluid outlet line from any commercial dialysis system. Cap (11) is also provided
with a stepped portion (17) which may serve to seat the reservoir (1) in a
corresponding cradle of a commercial dialysis system.
Seated within the lower end of chamber (2) is tapered sleeve (18) which is a
moulded polycarbonate sleeve arranged to fit slidably into chamber (2) and to direct
25 - the flow of fluid through chamber (2) towards a central region of the bottom end of
chamber (2). |
The dimensions of a typical reservoir in accordance with the invention and
suitable for use with the Gambro AK-10 system are as follows:
chamber (2) is cylindrical with an external diameter of 3.150 inches
30  (8.001cm) and a length of 6.788 inches.(17.241cm);
threaded portions (3) on chamber (2) extend 5/8 inches (1.588cm) from each
end of chamber (2);
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fluid inlet cap (4) and fluid outlet cap (11) each have an external diameter of
4 inches (10.16cm) and an internal diameter (circumferenced by screw threaded
portions (5) and (12) respectively) of 3.360 inches (8.534cm);

‘nipples (8) and (16) are slightly chamfered at their respective protruding
5 ends; each protrudes from a respective external face of cap (4) or cap (11) by 9/16
inches (1.429cm) and each has an external diameter of 3/8 inches (0.953cm) at its
respective protruding end, not including any chamfered portion of the end;
stepped portion 17 on fluid outlet cap (11) has a diameter of 2.1 inches
(5.33cm) and a depth of 0.5 inches (1.27cm);'
10 the total longitudinal distance between respective ends of nipples (8) and (16)
when the reservoir is assembled is 9.1 inches (23.1cm).

In use, the reservoir is partially filled with a quantity of sodium bicarbonate,
optionally in conjunction with other materials, useful in dialysis. Typically, the
reservoir is charged with a mass of 500g sodium bicarbonate in readiness for a single

15 dialysis treatment. The reservoir is then connected at its fluid inlet end and at its
fluid outlet end to a suitable dialysis apparatus such as the Gambro AK-10 or the .
COBE C2RX and a dialysis treatment is carried out in accordance with methods
which are well known to those skilled in the art.

Thus, in a dialysis procedure using a cartridge according to the invention, the

20 cartridge is connected to apparatus comprising a first fluid conducting means having
a first end for communicating with a source of water to withdraw water into the first
fluid conducting means and a second end for delivering a prepared solution; second
fluid conducting means having a first end for communicating with a source of water
and a second end communicating with the fluid inlet end of the reservoir for

25 introducing water into the reservoir to produce a concentrate fluid containing
dissolved powder concentrate in water; third fluid conducting means communicating
with the outlet end of the reservoir and with a mixing point in the first fluid
conducting means intermediate said first and second ends for conducting the
concentrate fluid from the reservoir into the first fluid conducting means to be mixed

30 with fluid being conducted through the first fluid conducting means thereby to
produce a prepared solution in the first fluid conducting means for delivery to the
second end of the first fluid conducting means.
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Conveniently, the apparatus will comprise measuring means in the first fluid
conducting means downstream of the mixing point for measuring the composition
of the prepared solution obtained by the mixing of the concentrate fluid and water
in the first fluid conducting means. The apparatus may further comprise flow
regulating means in the third fluid conducting means responsive to said measuring
means for controlling the flow of the concentrate fluid from the reservoir.

When a dialysis treatment utilising a reservoir according to the invention has
been completed, the reservoir may be detached from the dialysis apparatus and, after
appropriate sterilising treatment, may be charged once again with sodium
bicarbonate in readiness for a further dialysis treatment. Sterilisation of the reservoir
in between treatments may be effected by any of a2 number of methods which are
well known to those skilled in the art. One convenient method of sterilisation is to
rinse excess sodium bicarbonate from the reservoir with water before soaking the
resevoir in a solution of sodium dichlorisocyanurate (Sanichlor™) at a suitable

concentration.
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CLAIMS:

1. A reservoir for storage and supply of a soluble powder material for use in a
haemodialysis, haemofiltration or haemodiafiltration procedure, the reservoir
comprising: |

an outer chamber;

an inner chamber; .

a fluid inlet means adapted to be releasably connected to a fluid supply line;

a fluid outlet means adapted to be releasably connected to a fluid discharge line, via
which a dialysis solution comprising a solution of the soluble powder material in a
fluid supplied in the fluid supply line is supplied to a dialysis apparatus during a
haemodialysis, haemofiltration or haemodiafiltration procedure; and

at least one openable and securely reclosable access port through which, when open,
the soluble powder material may be supplied to or removed from the reservoir;
wherein the inner chamber comprises a first orifice communicating with the fluid
inlet means and a plurality of second orifices communicating with the outer chamber
of the reservoir for distributing fluid over the soluble powder material.

2. A reservoir according to claim 1, wherein the second orifices of the inner
chamber are arranged symmetrically around the inner chamber.

3. A reservoir according to claim 1 or claim 2, wherein the inner chamber
comprises at least three second orifices.

4, A reservoir according to claim 3, wherein the inner chamber comprises

between three and twelve second orifices.

5. A reservoir according to claim 4, wherein the inner chamber comprises four

second orifices.



10

15

20

REPLACEMENT SHEET

e ms 18 AUG 1999
11

6. A reservoir according to any preceding claim, wherein the fluid inlet means
comprises a nipple upstanding from the reservoir.

7. A reservoir according to any preceding claim, wherein the fluid outlet means
comprises a nipple protruding from the reservoir.

8. A reservoir according to any preceding claim, wherein it includes a tapered
portion tapering towards the fluid outlet means of the reservoir.

9. A reservoir according to any preceding claim, wherein the reservoir includes

in the region of its fluid outlet means a filtration device to prevent egress of

undissolved powder material from the reservoir when in use.
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