-1- S'PECT FI CATI| ONTITLE "METHOD FOR MANUFACTURI NG AND STORI NG
STABLE -BI CARBONATE SOLUTI ONS" 5 BACKGROUND COF THE

| NVENTI ON The present invention relates generally to peritoneal dialysis.
More specifically, the present invention rel ates to nmanufacturing

and storing bicarbonate peritoneal dialysis solutions. 10 The
use of dialysis to support a patient whose renal function has decreased to
t he point where the kidneys no |onger sufftkrently function is known. Two
principal dialysis nmethods are utilized: henodial ysis; and peritoneal

dialysis. 15 . I n henodi al ysis, the patient's blood is passed
through an artificial kidney dialysis nachine. A nmenbrane in the
machi ne acts as an artificial kidney for cleansing the bl ood. Because it

s an extracorporeal treatnment that requires special nmachinery, certain 20
i nherent di sadvantages are preserg B¢z enbdcaAyBiF. 0TS overcone the

di sadvant ages associ ated with henodi al ysi%_ 1::perl t oneal dialysis was
devel oped. Peritoneal dialysis utilizes t pati ent' s own peritoneum as a
sem per neabl e nenbr ane. ThEMBEEHPDo FORMANUFACTIRING #N®hr anous |ini ng of

the body cavity that due é'fbﬁfl&;|§fmuﬁ)@xkﬁénﬂ'90§omﬁéhs"and
capillaries is capable of acti ng as. a nat ural sem errr%a e nenbrane. In

peritoneal Xi al ysis, a dialysi¥ g=r+Ht 0 t he peritoneal
cavity utilizing a 30 The caphetseht Aiﬁ\eéntmauf f renantaspergmbnélly nmetoan

exchange of sol upte%."sltboerge n y(:js'lasl.ysah% and 819&885!1&? the present
invention relates to manufacturing and storing '
bicarbonate peritoneal dialysis solutions. '

10 The use of dialysis to support a patient whose
renal function has decreased to the point where the
kidneys no longer sufficiéntly function is known. Two
principal dialysis methods are utilized: hemodialysis;
and peritoneal dialysis. .

15 In hemodialysis, the patient’s blood is passed
through an artificial kidney dialysis machine. A
membrane in the machine acts as an artificial kidney for .

" cleansing the blood. Because it is an extrgcorporeal
treatment that requires special machinery, certain

20 inherent disadvantages are present with hemodialysis.

To overcome the disadvantages associated with
hemodialysis, peritoneal dialysis was developed.
Peritoneal dialysis utilizes the patient’s own peritoneum
as a semipermeable membrane. The peritoneum is the

25 membranous lining of the body cavity t':hat_ due to the
large number of blood vessels and capillaries is capable
of acting as a natural semipermeable membrane.

In peritoneal dialysis, a dialysis solution is
introduced into the peritoneal - cavity utilizing a

30 catheter. After a sufficient period of time, an exchange
of solutes between the dialysate and the blood is
achieved. Fluid removal is achieved by providing a
suitable osmotic gradient from the blood to the dialysate




achieved. . Fluid renoval is achieved by providing a suitable osnotic

gradi ent--from the bl ood to the dialysate -2- to permt water outflow
froamthe blood. This allows a proper acid-base, electrolyte and fluid

bal ance. to be returned to the bl ood. The dialysis solution is sinmply
drained fromthe body cavity through the catheter. 5 Besi des the
renoval of netabolism products, one of the nbst inportant problens of every
ki dney repl acenment therapy, such as henDdlaI¥5|s and peritoneal dialysis,
lies in the correction of netabolic acidosiS¢ For this reason, the dialysis
solutions used in each of these 10 processes contain a buffer. Three
common buffers often used in dialysis solutions are bicarbonate,

| actate, and acetate. Wiile initially bicarbonate was the prinmary buffer
used in dialysis solutions, over tinme |actate and acetate were 15
substituted for bicarbonate. This was due to the difficultfy in
preparation and st@rpeEmst BREEKLOWAEAOW fram dhelikigRds sgpb¥|83§°ws a
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years indicale 25 pa?len |t a etter tol eranc for bicar onate
dial ysis solut|onthemeshelmpeﬁtﬁatnprpbéﬁﬁénPg e¥eYYr kidney replacement
: therapy, such as hemodialysis and peritoneal dialysis,
lies in the correction of metabolic acidosis. For this
reason, the dialysis solutions used in each of these
10 processes contain a buffer.

Three common buffers'_often used in dialysis
solutions are bicarbonate, lactate, and acetate. While
initially bicarbonate was the primary buffer used in
dialysis solutions, over time lactate and acetate were

15 substituted . for bicarbonate. This was due to the
difficulty in preparation and storage of bicarbonate-
buffered dialysis solutions. Lactate and acetate buffers
were found to provide greater stability in use over the
previous bicarbonate-buffered solutions. See European

20 Patent Application 90109963.0.

However, since bicarbonate ions provide advantages
over acetate or lactate ions, bicarbonate is again
surfacing as the primary buffer used ~in dialysis
solutions. Tests conducted in recent years indicate

. 25 patients exhibit a beétter tolerance for bicarbonate
dialysis solutions. Further, certain treatments require
sterile dialysis solutions containing bicarbonate,
calcium and magnesium.

For example, one may have to dialyze a urenic

30 patient who has developed hypotension and lactate
acidosis. In such a patient, the lactate or acetate in
conventional dialysates may not be metabolized to
bicarbonate.because of tissue hypoxia, and acidosis may



sterile dialysis solutions containing bicarbonate, cal ciumand nagnesi um

For exampl®, one may have to dialyze a uremc 30 patient who has

devel opéd hypotension and |actate acidosis. In such a patient, the

| actate or acetate in conventional dialysates may not be netabolized to

bi car bonat e because of tissue hypoxia, and acidosis nay -3- be further

wor sened because bicarbonate is renoved during dialysis. Usi ng

bi car bonat e-contai ning dial ysates in such aPatient will add bicarbonate to

the bl ood and al so renove | actate. For these reasons, sone researchers have

5 reconmended bi carbonat e-buffered dialysis as adjunctive treatnent for

severe lactic acidosis. T.S. Ing. et al, Bicarbonate - Buffered

Perit oneal D al ysi s, The International Journal of Artificial O gans,

Vol une 8, No. 3, P.121 (1985). 10 : Anot her potential application is
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decrease the incidence such s use i cal bicarbonate
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International Journal of Artificial Organs, Volume 8, No.
3, P.121 (1985).

10 ' Another potential application is with respect to
patients who experience abdominal pain or discomfort when
conventional acid- or 1lactic-buffered dialysates are
infused. The abdominal pain ‘may be related to the
unphysiologically high acidity of acetate- and

15 lactic-buffered dialysates. Conceivably, bicarbonate-
Euffered dialysate, with its more physiologic pH, might
decrease the incidence of such symptoms. Id4d.

The use of medical bicarbonate solutions for
injection or for dialysis treatment is known. However,
20 due to the difficulty in preparation and storage of these
solutions, a vast array of literature is dedicated to
attempts to remedy the stability problem of bicarbonate
solutions. Three main problems need to be addressed when
manufacturing medical bicarbonate solutions.
25 ' - First, in solution bicarbonate is in equilibrium
with CO, gas, which easiiy escapes from the solution. As
a result, carbonate: a potential irritant, may form and
the pH of the solution is thereby increased. To.avoid
these phenomena from occurring, the bicarbonate can be
30 stored in a powder form until just before use as
described in U.S. Patent 4,489,535 and Jonsson et al,

European Patent Application 0278100 for machiné-
controlled dialysis.



attenpts to renedy the stability problem of bicarbonate solutions. Three
mai n pr.obl éns need to be addressed when manufacturing nedi cal bicarbonate
sol utions. 25 First, in solution bicarbonate is in equilibrium
with [err] gas, which easily escapes fromthe solution. As a result,
carbonate, a potential irritant, may formand the pH of the solution is

t hereby increased. To avoid these phenonena from occurring, the

bi carbonat e can be 30 stored in a powder formuntil just before use
as described in U'S. Patent 4,489,535 and J8nsson et al, European Patent
Application 0278100 for machine- controlled dialysis. -4- Alternatively,

an i nperneabl e barrier can be used to protect the solution. O for

henodi al ysis, the CO2 content of the solution can be controlled as
described in Murphy et al, Use of An Artificial Kidney, J Lab. 5 cin.
Med., Vol une 40, pp. 436- 444 (1952). U S Patent 4,584,176 and European
Patent 0,209,607 desdlteznasavedyli pp dinpermeableobpemiest aate ke umeh n.
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controlling the CO, content of the solution. Moreover,

the addition of buffers such as histidine or

glycylglycine may further stabilize the bicarbonate

10 solution. See, U.S. Patent Nos. 5,092,838 and 4,959,175.

Second, bicarbonate solutions for injection and for

‘dialysis generally contain calcium and/or magnésium ions.

In the presence of bicarbonate, fhese ions form calcium

carbonate and magnesium carbonate respectively, which

1s easily precipifate from the solution, especially at a pH

above 7.5. To remedy this problem, bicarbonate solutions

are often made from concentrates, ranging from slightly

concentrated, two-fold or less, to much more concentrated

solutions. Bicarbonate on the one hand and calcium

20 and/or magnesium on the other hand are included in

separate concentrates. These concentrates are then mixed

to obtain a ready to use solution. Alternatively, the
concentrates are mixed and diluted. '

In order to avoid the precipitation of carbonate

25 salts, the bicarbonate concentrate is acidified when

manufactured. Alternatively, the bicarbonate concentrate

is mixed with an acid or acidified concentrate, either

before or after dilution if dilution is needed.

Acidification can be achieved with an organic (acetic

30 acid, lactic acid), inorganic acids (hydrochloric acid)

or with carbon dioxide. Ing et al., Bicarbonate -

Buffered Peritoneal Dialysis, Volume 8, No. 3,. p. 121



are often nmade from concentrates, ranging fromslightly concentrated,
two-fol ¢ or less, to much nore concentrated sol utions. Bi car bonate on the
one hand and cal ci um 20 and/ or magnesi um on the ot her hand are included
i n separate concentrates. These concentrates are then mxed to obtain a
ready to use solution. Alternatively, the concentrates are m xed and
diluted. In order to avoid the precipitation of carbonate 25 salts, the
bi carbonate concentrate is acidified when_ganufactured. Alternatively, the
bi carbonate concentrate is mxed with an acid or acidified concentrate,
either before or after dilution if dilution is needed. Acidification can be

achieved with an organic (acetic 30 acid, lactic acid), inorganic acids
(hydrochloric acid) or with carbon dioxide. Ing et al., Bicarbonate -
Buf fered Peritoneal Dialysis, Volunme 8, No. 3 p 121 -5- (1985). A
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disturbances of the dialysis operation. To remedy this
problem, technicians have been forced to rinse all tube
lines at regular intervals with acid. Naturally, this
io technique results.in added expense in terms of technician
time and the additional cost of the acid needed.
Likewise, . the dilution of <the concentrated
solutions to prevent carbonate precipitations has
inherent disadvantaées. The dilution of the solutions
15 does not completely obviate the precipitation problem and
represents an additional step. Further diluted
concentrates may not adequately correct the acidosis of
patients.
Third, bicarbonate solutions for injection and for
20 certain types of dialysis need to be sterile. Either
sterile filtration or steam sterilization may be used.
When steam sterilization is used, many substances cannot
be autoclaved together with bicarbonate. Therefore, the
solution must be sterilized in at least two parts: one
25 - part containing the bicarbonate; and another part
contéining the incompatible substance(s), such as
dextrose. In practice, two containers can be used, or
alternatively,:multi-compartment containers can be used.
See U.S. Patents 4,396,383 and 4,465,488.
30 Current procedures and preparations do not provide
an adequate means to stabilize bicarbonate solutions that
allow also for sterilization of such solutions. There



solutions to prevent carbonate precipitations has inherent disadvantages.
The di l-utiion of the solutions 15 does not conpletely obviate the
precipitation problemand represents an additional step. Furt her
di l uted- concentrates may not adequately correct the acidosis of patients.
Third, bicarbonate solutions for injection and for 20 certain types of
dialysis need to be sterile. Either sterile filtration or steam
sterilization may be used. \Wen steamsteriljzation is used, many
substances cannot be autocl aved together w th bicarbonate. Therefore, the
solution nmust be sterilized in at |east two parts: one 25 part
containing the bicarbonate; and another part containing the

i nconpati bl e substance(s), such as dextrose. In practice, two containers
can be used, or alternatively, multi-conpartnent containers can be used.

See U.S. Patentslé 3 Eg 4 465, 488, .3 T a=n 1 dur es
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therefore remains a need for an gHmMmANECoRohRe rieENTRONT act uri ng and
storing bicarbonate solutions. SUMVARY O- THE TNVENITON The present
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stabilize bicarbonate solutions.
In an embodiment of the present invention, a device
- that generates carbon dioxide gas is used to stabilize

10 the bicarbonate solutions. The device can be packaged
in an overpouch that surrounds a bicarbonate container
that is filled with a bicarbonate solution. In this
embodiment, the Dbicarbonate container would be
sufficiently gas permeable to allow CO, generated by the

15 device to enter the container. Alternatively, the device
can be directly located in the bicarbonate container
filled with bicarbonate solution. Preferably, the device
has an interior compartment that houses a material that
upon contact with water generates carbon dioxide gas.

20 Preferably, the CO, is generated during a reaction
wherein a stronger acid displaces a weaker acid. 1In an
embodiment, the solid material consists of a bicarbonate
and an acid either in powder or granular form.
Alternatively, the solid material consists of a carbonate'

25 and an acid both in powder or granular form.

The present invention also provides methods for
stabilizing bicarbonate solutions. Pursuant to the
method, a CO, pressure of at least 80 mm Hg (determined
at 37°C) is maintained in the bicarbonate solution.

30 For example, in an embodiment of the method, first,
a bicarbonate solution is placed in a container that is
constructed from a material that allows carbon dioxide
to pass therethrough. The bicarbonate container is then



10 t he bicarbonate solutions. The device can be packaged in an

over pauch that surrounds a bicarbonate container that is filled with a

bi car bonat e sol uti on. In this enbodi nent, the bicarbonate container
woul d ., be sufficiently gas perneable to allow [err] generated by the 15
devicé to enter the container. Alternatively, .the device can be directly

| ocated in the bicarbonate container filled with bicarbonate sol ution.
Preferably, the device has an interior conpq{tnent t hat houses a materi al

t hat upon contact with water generates carbdn dioxi de gas. 20

Preferably, the [err] is generated during a reaction wherein a stronger
aci d di splaces a weaker acid. In an enbodinent, the solid naterial consists
of a bicarbonate and an acid either in powder or granular form
Alternatively, the solid material consists of a carbonate 25 and an acid

both in powder or gganuhar.forn1 Thggg{esent i.nvention al so proyi des
met hods for st abPRFZPAGDI tBr RnAF L uGBHEINeTp, PLUaRY SFBOURFE et hBRS a
[err] pressure opiehrbeasted0 subutgidmiet s ni stdbhlifedr] by S meand ai tiedti n

the bicarbonate sehutlede rnon aicxfdl SXAUPLEesLR AN STOdLIEN plafhe

met hod, first, I'’carbonate solutton TS placed™in a contai

constructed fronPx negwalalte hf0 ammowdigcal@enethinede ab EF€) in the
theret hrough. ThgyRirpaukanate container is then -7- packaged in a
second container or overpouch. The bi carbonate solution is stabilized
by neans that gener at edTc&ANFNQE pRRAMRERt nr s PAFBTHPNGLE R LU RPN of S

equal to 80 nm Hgladeder fnned atohehhiheri Nhhéng an exterior that is
impermeable to water and carbon -dioxide. Then, a
pressure of at least 80 mm Hg is maintained in the
10 container. For example, the'pressure can be achieved by
a device that generates carbon dioxide that is located
in the bicarbonate container.

It is an advantage of the present invention to

provide a method for stabilizing bicarbonate solutions
15 to be used in medical procedures.

Another advantage of the present invention is that
it provides a cost effective device for stabilizing
bicarbonate solutions that can be used before, during,
or after steam sterilization in peritoneal dialysis

20 systems. ._

A further advantage of the present invention is
that it provides a system and/or method that can be used
to stabilize both solutions for use either in continuous
ambulatory peritoneal dialysis (CAPD) or automated

25 peritoneal dialysis (APD).

Additional features and advantages of the present
invention are described in, and will be apparent from,
the detailed description of the presently preferred
embodiments as well as the drawings.

30 : BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a front elevational view of an
embodiment of a device for generating carbon dioxide of
the present invention.



5 over pouch. | n another enbodi nent, a bicarbonate solution is placed in
a contai ner having an exterior that is inperneable to water and carbon

di oxi de. Then, a pressure of at least 80 nmHg is maintained in the 10
container. For exanple, the pressure can be achieved by a device that
generates carbon dioxide that is |located in the bicarbonate container. It

I s an advantage of the present invention to provide a nethod for
stabilizing bicarbonate solutions 15 to be used in nedical procedures.
Anot her advantage of the present invention-gs that it provides a cost
effective device for stabilizing bicarbonate solutions that can be used
before, during, or after steamsterilization in peritoneal dialysis 20
systens. A further advantage of the present invention is that it provides a
system and/ or nethod that can be used to stabilize both solutions for use
either in continuous anbul atory peritoneal dialysis (CAPD) or automated 25

peritoneal dialysis (AfPs. Aﬂdh.tlllﬁﬁ%&'aft%%t LH egrasd- QQ&EEBQQQS \Pieﬁ h%f a

present invention are described and w be apparent, h g detail ed
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30 bBEhEEoBE@&QdHHKRiﬁEfTHE dedENGFdr Ghd gehestatdions of

front el evational f nt a _deyi ce _far. nerating carbon
di oxi de of the presgﬁg %ﬁvggfﬁ MW VedbARH Fond iy

5 FIG. 3 111ustrates a cross-sectional view of a
further embodiment of a system of the present invention
including a device for the generation of carbon dioxide’
packaged together with a plurality of bicarbonate
solution containers, all of which are located in an

10 'overpouch.

FIG. 4 illustrates a cross-sectional view of a
further em!.';bdiment of a system of the present invention
including a device for the generation of carbon dioxide
packaged togéther in an overpouch with a multi-chamber

15 container containing a complete dialysis solution.

FIG. 5 illustrates a cross-sectional view of a
still further system of the present invention including
a device for the generation of carbon dioxide located
within a bicarbonate solution container.

20 DETAILED DESCRIPTION OF THE

PRESENTLY ?REFERRED EMBODIMENTS

The present invention provides an improved method
for storing and stabilizing a bicarbonate solution.
Pursuant to the present invehtion, carbon dioxide is used

25 to stabilize the bicarbonate solution.

In an embodiment, the present invention provides
a device that produces carbon dioxide for stabilizing
bicarbonate solutions. The device can be located within
a container that contains the bicarbonate solution.

30 Alternatively, the device can be 1located within an
overpouch that surrounds the container filled with a
bicarbonate solution. As discussed in detail below,

pursuant to the present invention, other means can be



-8- FIG 2 illustrates a cross-sectional view of a system pursuant to the
present.invention including a bicarbonate container, a device for the
generation of carbon dioxide, and an overpouch container. 5 FIG 3
illustrates a cross-sectional view of a further enbodi ment of a system of
the present invention including a device for the generation of carbon

di oxi de packaged together with a plurality of bicarbonate solution
containers, all of which are located in an 10 over pouch. FIG 4
illustrates a cross-sectional view of a furtéer enbodi nent of a system of
the present invention including a device for the generation of carbon

di oxi de packaged together in an overpouch with a nulti-chanber 15

contai ner containing a conplete dialysis solution. FIG 5 illustrates a
cross-sectional view of a still further systemof the present invention

i ncluding a device for the generation of carbon dioxide |ocated within a

hi-car bonat e sol utised coasBd8efrorOthe device, to gendbdtélEReDRdESEEN
OF THE PRESENTLYCE@§§§§QFD EM?CDINENTS The present invention provides. an

i nproved net hod S or ﬂﬁxﬁ ﬁ'stabilizing a bi carbonate sol ution.
Pursuant to the presentWhakehsi dmportabbnidi thatlepursuaat 2o the present

stabilize the bicgy &n SOl L 8h 'dlogﬂdpe"bggi g8k tg(F T8 isdveyd on
provi des a device that produces carbon di oxi dé for s?abl | zI ng bi car bonat e
sol utions. - The desREetEem- bdndred ednwcontragtcont thadrelbaf torkhe prigw
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within an overpouch that surrounds the container filled with a
pressures of 80 mm Hg (determined at 37°C) and greater
can be used to stabilize the bicarbonate solution.
Heretofore, it was believed that these pressures would

10 create a CAPD or APD solution that was hazardous to the
health of the patient when infused. In contrast, the
inventors have found that such pressures are not
hazardous, but rather, provide a means for stabilizing
bicarbonate.

15 Referring now to the Figures, Fig. 1 illustrates
a front elevational view of an apparatus for producing
carbon dioxide made in accordance with the present
invention. The device 10 includes an exterior body 11.

' The exterior body 11 can be made of any rigid or flexible

20 material that is permeable to water and carbon dioxide.
In an embodiment, the exterior body 11 is made of high
density polYethylene. Alternatively, the exterior body
11 can be made of a material impermeable to water and CO,
and instead has small pores. The small pores allow for

25 the transport of water vapors and Co,. While the
illustrated embodiment of device 10 is rectangular in
shape, the precise shape of the device 10 is not critical
to the invention.

The exterior body 11 defines an interior

30 compartment 12. The interior compértﬁent 12 preferably
houses a solid material 13. The solid material 13 is
chosen so that upon contact with water or water vapor it

generates carbon-dioxide gas. The generation occurs



bi carbonat e sol ution. As discussed in detail below, pursuant to the
present i.nvention, other-neans can be -9- used, aside fromthe device,
to generate the necessary carbon dioxide. What is inportant is that
pursuant to the present invention, carbon dioxide is used to stabilize the
5 solution. ‘Indeed, in contrast to the belief in the prior art, the

i nventors have found that carbon dioxi de pressures of 80 nm Hg (determ ned
at [err]) and greater can be used to st abi}9ze the bicarbonate sol ution. _
Heretofore, it was believed that these pressures would 10 create a CAPD
or APD solution that was hazardous to the health of the patient when

i nfused. In contrast, .the inventors have found that such pressures are
not hazardous, but rather, provide a neans for stabilizing bicarbonate. 15
Referring nowto the Figures, Fig. 1 illustrates a front elevational. view
of an appar at usS4Bngr ddGRLR4EAr FEACHLION d&@ whdeh GP,aés00¢nmcatEd Rt he
present inventi®nstddRgdevaeedl@ikpthudesaateaxker hefghody 11. The exterior
body 11 can be nade q%oagg.rigia o% flexhble Zgﬁ . ggterial that s
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In instead of a bicarbonate, the solid material 13 may

consist of a carbonate in powder or granular form with
an acid in powder or granular form. In an embodiment,
10 the carbonate is sodium carbonate.

A wide range of acids can be used in combination
with the bicarbonate or carbonate to produce carbon
dioxide. In an embodiment, the acid is a carboxylic
acid. In a preferred embodiment, the acid is a

15 carboxylic acid chosen from the group consisting of
lactobionic acid, succinic acid, or citric acid. Upon
contact with water, this blend will generate CO, gas.

In the illustrated embodiment, the device 10
includes a cover 14. The cover 14 allows for the easy

20 filling of the device 10. Preferably, the cover 14 is
made of the same material as the exterior body 11. 1In
an embodiment, the cover 14 is made of high density
polyethylene.

In use, the amount of solid material 13 within the

25 device 10 determines the amount of carbon dioxide that
is generated by the device 10. Further, the amount of
solid material 13 that is needed is also dependent on the
amount of carbon dioxide that will escape through the
container housing the device 10.

30

As stated above, the solid material 13 generates
carbon dioxide upon contact with water. Since the device
10 is permeable to water, water vapor or steam will enter
the device, especially during steam sterilization of the



shape, the precise shape of the device 10 is not critical to the invention.

The

chem cal
a weaker

granul ar form
Al ternatively,

exterior

body 11 defines an interior 30 conpartnent 12. The

interior conpartnment 12 preferably houses a solid material 13. The solid
mat eri al

erial 13 is chosen so that upon contact with water or water vapor it
gener ates carbon-di oxi de gas. The generation occurs -10- during a

reaction in which [err]

I s generated as. a stronger acid displaces

acid. To this end, the solid material 13 may consist of a blend of
bi carbonate in powder or granul ar form andidi 5 acid in powder or
In an enbodi ment, the bicarbonate is sodium bicarbonate.

I nstead of a bicarbonate, the solid naterial 13 nay consi st

of a carbonate in powder or granular formw th an acid in powder or

granul ar form

In an enbodi nent, 10 the carbonate i s sodi um car bonat e.

w de range of acids can be used,in conbination with the bicarbonate or

carbonate to pr

ien borortainars and aft@foditheit , caERCRC| dioxige
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generate [err] ghboxidetfhe illustrated enbodi nent,

cover 14. Tst)e cover 14§§I !‘%\gﬁa gr O%Jg%%éféy 204 nUtl li%i?%tigﬁ dei/l;c 10.

Preferably,
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embodiment, 10 grams of sodium bicarbonate is placed

within the device 10. The 10 grams of sodium bicarbonate
is enough to generate 2 liters of carbon dioxide and will
therefore; in tﬁe- systems set forth in Figures 2-5,
stabilize a bicarbonate solution for several months to
years. Once all the carbon dioxide has been generated,
the carbon dioxide will still stabilize the bicarbonate
solution, provided it is not lost through the container
housing the solution. Naturally, the rate of carbon
dioxide generation can be varied and depends on the
organic acid used, the ratio of bicarbonate to organic
acid, the humidity within the container and the
temperature and size of the particles, if granules are
used. These are all matters that can be considered in
constructing the device.

Fig. 2 illustrates a cross-sectional view of an
embodiment of the device 20 made in accordance with the
present invention packaged together in an overpouch 22
with a container 24 that includes a bicarbonate solution
26. The bicarbonate container 24 can be made of any
material that is highly permeabie to carbon dioxide. For
example, the bicarbonate container 24 can be made of a
polyolefin (for example, high density polyethylene) or
polyvinylchloride. - | : .

The overpouch or second container 22 surrounds both
the device 20 énd the bicarbonate container 24. The
overpouch 22 is made of any material with 1low
permeability to gas and specifically, cérbon dioxide.

€ exterior Dbody

A

t he device 10 includes a



an enbodi nent, the cover 14 is made of high density polyethylene I n use,
the amount of solid material 13 within the 25 devi ce .10 determ nes the
amount of carbon dioxide that is generated by the device 10. Further, the
anount .of solid material 13 that is needed is al so dependent on the anpunt
of carbon dioxide that will escape through the container housing the device

10. 30 As stated above, the solid material 13 generates carbon

di oxi de upon contact with water. Since thgpdevice 10 is perneable to water,
wat er vapor or steamw ||l enter the device, especially during steam
sterilization of the solution containers and start the carbon

di oxi de generation. Moreover, .if necessary, water can be added to the
device 10 to facilitate the generatlon of carbon dioxide. 5 By way
of exanple, and not limtation, in an enbodiment, 10 grans of sodium

bi carbonate i sqple ac&ﬂ, \A%E%Qai)ﬁg l@gwd‘feer : O%bérﬁguﬁha@z of,rggghlg@ co

bi carbonate is enou .generate carbon di oxide and
therefore, in tfﬁ'@nb?%ﬁé-nge?nfioFPﬁrPHY Prainkains CQy Preseype| Y’i'éhbn

bi carbonat e SO'alxht iakekdbrsefetRé cRatpoudly 2aAnA these rare,! hithdhbehe
di oxi de has be erated t he carbond£4OX|d Wi | | st|%% atabllee h
bi car bonat e soI i FPFIRE not41 ost Thr i REBEner *RGusi ng

t he sol utison. od&ﬂpnudﬁyaztdnmprﬁsasﬁacbamﬁmaﬁé thaﬂlnmcnedgsnaraayen can
Soun e SRR "G PAP WS AR, A0 fpedneleiatitus e 1o
can be used

In use, CO, gas is generated by the device 20 as
water, typically from steam sterilization enters the

10 device. This creates a certain CO, pressure in the
interior 29 of the overpouch 22. The CO, pressure within
the interior 29 of the overpouch 22, due to the
permeability of the bicarbonate container, is thereby
established also in the bicarbonate container. This co,

15 pressure stabilizes the bicarbonate solution.

Fig. 3 illustrates another embodiment of a system
for stabilizing bicarbonate solutions. - In the
illustrates system, a device 30 made in accordance with
the present invention is'packed together With biéarbonate

20 containers 32a, b, and c¢ filled with bicarbonate .
solutions 34. However, in contrast to the system in
Figure 2, in Fig. 3, a plurality of  bicarbonate
containers 32a, b, and c are used. The device 30 and the
_plurality of bicarbonate containers 32a, b, and c are

25 again enclosed by an overpouch 36.

Again, the device 30 generates CO, after steam
sterilization or some other means for adding water to the
interior of the device to create a CO, pressure within
the interior 39 of the overpouch 36. This creates a

30 defined CO, pressure in the containers 32a, b, and c.

For example, in an embodiment, the sé'lution
contained in container 24 or 32 1is sterilized by
filtration and has the folldwing composition: 15.0 to



tenperature and size of the particles, if granules are used. These are al
matters that can be considered in 20  constructing the device. Fig. 2
illustrates a cross-sectional view of an enbodi mrent of the device 20 nmade
in accordance with the present inventi.on packaged together in an overpouch
22 with a container 24 that includes a bicarbonate sol ution 25 26. The
bi carbonat e contai ner 24 can be made of any material that is highly
perneabl e to carbon di oxi de. For exanpl e,~-ife bi carbonate contai ner 24 can
be made of a polyolefin (for exanple, high density polyethyl ene) or

pol yvi nyl chl ori de. 30 The overpouch or second contai ner 22
surrounds both the device 20 and the bicarbonate contai ner 24. The

over pouch 22 is nmade of any material with | ow perneability to gas and

specifically, carbon dioxide. -12- The | ow perneability of the overpouch
22 prevents CoZaL6a8) &LaP! reﬁman;sh})h%féa&mam@l “§oao[ 66 | abloRtSUiEo v thin
an interior of the over pouch and the refore, in the bicarbonate

contai ner 24, mmPﬁ/L%nChéﬁﬁééﬁﬁeﬁp PRel42:0 GW%?béﬁbﬁsﬂﬁlﬁﬁnp?rgé§°a
| am nat e that lanbudee.mIcmwmlpt)abambﬁuﬂufmIo toveveut any | pwnerrpepabl e

terial ‘b d. | t th 0,
nater typicalt PAPRSRAURILICS 0 | 9008 QD TRRRTYRY BRS¢ 5dl
creates a bert adhojsr 4] Oﬁrmmt?eaqidsneq %t & @bt df.a%m@ap’exmcmzq
The [err] pressypeaWohlti 1.103 Jd1firdY; dﬁtétgﬁdﬁﬁ”éxb¥*hé¥tr3§§ tend e

0.0 to about 10.0% dextrose polymers.

As a second example, in an embodiment, the solution

of bicarbonate (30-90 mmol/L), sodium (180-284 mmol/L),

10 potassium (0~6 mmol/L), and chloride (counter ion)
contained in container 24 or 32 is mixed aseptically with

a solution containing dextrose (0-10%), dextrose polymers

(0-20%), amino acids (0-8%), peptides (0-8%), calcium (0-

4 mmol/L), magnesium (0-2 mmol/L), chloride (counter ion)
15 in a 1 to 1 proportion.

The subsequent peritoneal dialysis solution is
particularly'suited.for'automated.peritoneal dialysis and

has the following composition: 15.0 to about 45.0

(mmol/L) bicarbonate; 90.0 to about 110.0 (mmol/L)
20 chloride; 90.0 to 142.0 (mmol/L) sodium; 0.0 to about 2.0

(mmol/L) calcium; 0.0 to about 1.0 (mmol/L) magnesium;

0.0 to about 3.0 (mmol/L) potassium; 0.0 to about 4.0%

amino acids:; 0.0 ‘to about 4.0% peptides; 0.0 to about

4.0% glycerol; 0.0 to about 5.0% dextrose, and 0.0 to
25 about 10.0% dextrose polymers.

Fig. 4 1illustrates a cross-sectional view of
another systemn made in accordance with the present
invention. A device 40 is packaged together with a
multi-chamber container 42. The multi-chamber container
42 has an upper chamber 44 and a lower chamber 46.

In an embodiment, the multi-chamber container 42
has a frangible seal 48 between the upper chamber 44 and
the lower chamber 46. Opening the frangible seal 48

30



perneability of the bicarbonate container, is thereby established also in

t he bi catbonate container. This C02 15 pressure stabilizes the ,

bi carbonate solution. Fig. 3 illustrates another enbodi nrent of a systemfor
stabilizing bicarbonate solutions. In the illustrates system a
devi ce 30 nade in accordance with the present invention is packed together .
W t h bicarbonate 20 containers 32a, b, and c¢ filled wth

bi car bonat e sol uti ons 34. However, in contrast to the systemin Figure 2,

in Fig. 3, aplurality of bicarbonate contajpers 32a, b, and ¢ are used.
The device 30 and.the plurality of bicarboriate containers 32a, b, and c are
25 agai n encl osed by an overpouch 36. Again, the device 30 generates
[err] after steam sterilization or sone other neans for adding water to the
interior of the device to create a [err] pressure within the interior 39 of
t he overpouch 36. This creates a 30 defined [err] pressure in the
cont ai ners 32a,

b ; . For, le,.in. nbodi nen the solutio :
contained in conPgPﬁgae§4 géor"ggxqa‘gﬁ@{er&%ﬁrﬁ%%?gY%%rgPFoHpm 1fha
foll owi ng conpos44iand tite Adwer chahbderaéut Tre Gufinidtchamber ad dHdnatsss
90.0 t bout 11Q.0 I oride: / [ 4 0
to aboﬁt a2.03 (mT%f/ tég%gl é%%nﬁq%oééﬁa%%% %&Odélgn?rlg?; mﬁ%é;tlogdn%%rge to
about 3.0 (rmmol/¥}lpotesiltm 10. @ txeHy-tomese diedysdsncelution. 0 Am
about 4. 0% gept | deampelokOotRBONE] ¢ DShSINELER! cofedihlr PP Uis Bl forth

dextrose; and 0. gnt %.asb.ou;ga&gﬁg %aoplg)ftiég%goRO|§éﬁrasi No. 08/006,339, the
. _ '

disclosure of which is incorporated herein by reference.

Although all the systems disclosed herein are

designed to be used for any medical procedure requiring

10 = bicarbonate, and especially peritoneal dialysis, the
embodiment illustrated in Fig. 4 is conveniently used for
CAPD. To this end, in an embodiment, the upper chamber
44 contains calcium chloride and magnesium chloride,
whereas the lower container 46 contains bicarbonate. In -

15 a preferred embodiment, the upper chamber 44 can further
include sodium chloride, potassium chloride, dextrose and
dextrose polymers. Likewise, the lower chamber 46 can
further include sodium' chloride, potassium chloride,
amino acids, peptides and glycerol.

20 o For example, in an embodiment, when the solution
contained in the upper chamber 44 is mixed with the
solution. contained in the 1lower chamber 46, the
subsequent peritoneal dialysis solution has the following
composition: 15.0 to about 45.0 (mmol/L) bicarbonate;

25 90.0 to about 110.0 (mmol/L) chloride; 90.0 to 142.0
(mmol/L) sodium; 0.0 to about 2.0 (mmol/L) calcium; 0.0
to about 1.0 (mmol/L) magnesium; 0.0 to about 3.0
(mmol/L) potassium; 0.0 to about 4.0% amino acids; 0.0
to about 4.0% peptides; 0.0 to about 4.0% glycerol; 0.0

30 to about 5.0% dextrose; and 0.0 to about 10.0% dextrose
polymers...

Since the lower chamber 46 contains the bicarbonate
solution, at least the lower portion of the multi-chamber



As a second exanple, in an enbodiment, the solution of bicarbonate (30-90
nmol /L), . sodi um (180-284 mmol /L), 10 potassium (0-6 nmmol /L), and
chloride (counter ion) contained in container 24 or 32 is m xed
aseptically with a solution containing dextrose (0-10%, dextrose polyners
(0-20%, amno acids (0-8%, peptides (0-8%, calcium (0- 4 mmol /L),
magnesi um (0-2 nmol /L), chloride (counter ion) 15 inaltol
proportion. The subsequent peritoneal dialxgls solution is particularly
suited for automated peritoneal dialysis and has the foll ow ng conposition:
15.0 to about 45.0.(mmol /L) bicarbonate; 90.0 to about 110.0 (mmol/L)
20 chloride; 90.0 to 142.0 (mol /L) sodium 0.0 to about 2.0 (mmol/L)
calcium 0.0 to about 1.0 (mmol /L) magnesium 0.0 to about 3.0 (mmuol /L)
potassium 0.0 to about 4.0% am no acids; 0.0 to about 4 0% peptides; 0.0

to about 4.0% gl 0 0 t 096 tr 0,25 bout
10. 0% dextrose po 3gers 1E iﬂgﬁgugﬁra eg3¥%§§¥g é' %%%5 mFSFg

anot her systemlnﬂiPXId%wcdﬂdhhbe ﬁhBhSDHBtpDBs@m:ﬁhauﬁmwem chambdevaée 40
s packaged togely sWiut o ed Ahily ehhRlei* 4t BoetBotlhblaCRBMBE"

cont ai ner 30 4 has an upg a | owner nber I'n an
embodi ment, the fltaRildzehebYcoFREPARS déP-P’ﬂé’se-a f reRFefersealthes BEPREEN

the upper chanberchiser ihechawee aRdes £ 48ny maReMiad .t hendyangt bl eoseal
48 -14- prOV|des f'¥ﬁ§ communi.cation t ween t he uggm& chanber 44 and
the | ower chanber®¥%: AR S M  £2%hoBBEY © er 44 can be

constructed from the same material as the lower chamber
. 46. Similar to the systems in Figs. 2 and 3, the device
40 and the multi-chamber container 42 is surrounded by
10 an overpouch 48.

Fig. 5 illustrates a cross-sectional view of a
still further system. In the system, a device 60 made
in accordance with the present invention is located
directly within the container 62. The container 62 is

15 designed to house a bicarbonate solution 64. .

Unlike the prior embodiments, the container 62 of
Fig. 5 is made of a material that has low permeability
to water and carbon dioxide. Thus, the bicarbonate
solution in the container will activate the device 60.

20 Carbon dioxide will be generated directly in the
container 62 stablllzlng the bicarbonate solution
contained therein.

The devices of the present invention can be used
for stabilizing the bicarbonate solution during

25 manufacturing and/or storage. The device of the present
invention can be used before, during, or after steam
sterilization. Preferably, the bicarbonate solutions are
sterilized by steam sterilization as the last step of a
manufacturing process. Afterwards, the solutions are
stored in warehouses or at a patient's home. The steam
Sterilization presents extreme conditions and solutions
may be stabilized by a carbon dioxide over-pressure in

30



at |east two non-conpatible solutions that after m xture will result in a
ready-t o-.use dialysis solution. An 5 exanpl e of the nulti-chanbered -
container 42 is set forth in U S. patent application Serial No. 08/ 006, 339,
t he di sclosure of which is incorporated herein by reference. Al though al
the systens disclosed herein are designed to be used for any nedi cal

procedure requiring 10 bi carbonate, and especially peritoneal dialysis,
the enmbodinent illustrated in Fig. 4 is conxgnlently used for CAPD. To this
end, in an enbodi nent, the upper chanber 44-Contains cal ciumchloride and

magnesi um chl ori de, mhereas the | ower container 46 contains bicarbonate. In
15 a preferred enbodi nent, the upper chanber 44 can further include

sodi um chl ori de, potassium chloride, dextrose and dextrose pol yners.

Li kewi se, the | ower chanber 46 can further include sodium chloride,

pot assi um chl ori am no aci | des and gl ycero

exanpl e, in an e%%ﬁﬁ qﬁﬁ@ﬁ the%@ﬁ §|8ﬁ°€bn¥3Pne&hﬁﬁ tRe upped cﬁ%ﬁber
44 is m xed mﬁthsﬁabxmﬂaatxnn(ﬂntzngmstoragémalmmer chanmber 46, the
subsequent peritoneal éisoiytignaﬁgé gg Eg& Q%p%qugp S££+$ e15 0
to about 45.0 (mmol /L) |ca onat’e; 0: % f?

chl oride; 90.0 t&sk42a0denthsie/ L§o s caeatke Gviggh ocanbgn ZJ@}(W&)IPE?Ssuresum

0.0 to abouts 1.0 quyPiRld ln ﬂ@ﬁé@éﬁf‘ﬂh 0. AnkOtRAUkedr) tHEGLddude!
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dextrose pol ymer a:heSidm&dé)e. | oatitretger pddogobeaiagst, henbi Gaebefak €gh

solution, at | easé[a ci)lox:x eo rg;[rieosrlc.uoxfe Eggsnﬁjclzt presem%. {:zealth problenms.

Pursuant to the present invention, high pressure

10 carbon-dioxide may be used to stabilize bicarbonate
solutions. High pressure encompasses pressures of at
least 80 mm Hg and, if desired, more than 120 mm Hg. As
stated above, the devices of the present invention can
adequately provide such high pressures. However, the

15 ' present invention is intended to also cover other means
that generate carbon-dioxide at such pressures. For
example, carbon dioxide can merely be fed in an overpouch
and the overpouch that surrounds the container is then
sealed.

20 As stated above, the device of the present
invention can be used for both APD and CAPD. The ready-
to-use bicarbonate solution of the present invention can
be used for the treatment of acute and chronic renal
failure and allows a better treatment of acidosis than

25 currently available solutions. Further, the bicarbonate
solution of the present invention provides metabolic
benefits and improves'cardiovascular status.

It should be understood that various changes and
modifications to the presently preferred embodiments

30 described herein will be apparent to those skilled in the
art. Such changes and modifications can be made without
departing from the spirit and scope of the present
invention and without diminishing its attendant



-15- container is made of a material pernmeable to carbon dioxide. Unlike
the solution in the | ower chanber 46, the solution in the upper chanber 44
does not have to be stabilized by carbon di oxi de. Therefore, the upper 5
chanber 44 can. be made of any material. However, for ease of convenience,
t he upper chanber 44 can be constructed fromthe sanme material as the | ower
chanber 46. Simlar to the systens in Figs. 2 and 3, the device 40 and the
mul ti-chanber container 42 is surrounded by 10 an overpouch 48. Fig. 5
illustrates a cross-sectional view of a st+iv-further system In the
system a device 60 nade in accordance with the present invention is

| ocated directly wthin the container 62. The container 62 is 15

designed to house a bicarbonate solution 64. Unlike the prior' enbodi nents,
the container 62 of Fig. 5 is nade of a material that has | ow perneability
to water and carbon di oxi de. Thus, the bicarbonate solution in the
containea m%ll aadvantagekhe dEti ds Gher2Fore @ﬁﬂ@ﬂaedﬁﬁ?gﬁkgud%Jéhaggés
generate irec % LR ek aj.net tabilizing the bicarbonate

“sol ution contaiﬁ% dtﬂggéf%2§$ﬁgﬂﬁe§?cg§ OF%Fh beé@b B IO I®msr be
used for stabilizing the bicarbonate solution during 25

manuf acturing and/ or storage. The device of the present invention can be
used before, during, or after steamsterilization. Preferably, the

bi carbonate solutions are sterilized by steamsterilization as the | ast
step of a manufacturing process. Afterwards, the solutions are



30 .. stored in warehouses or at a patient's hone. The steam sterilization
presents _‘extrene conditions and sol utions nmay be stabilized by a carbon

di oxi de over-pressure in t he autocl ave. The device can then be
used for stabilization during storage al one. Moreover, it is also possible
to do the reverse: use a device to create high carbon di oxide pressures 5
during manufacturing, and then keep the product seal ed—umnder high carbon
di oxi de pressure (w thout the use of the device). Contr ' l“““
beliefs, the use of high carbon-di oxi de pr&8sure does ni[“mmm“lmm

probl ens. Pursuant to the present invention, high pressure :0 + * $ *
car bon-di oxi de may be used to stabilize bicarbonate solutions. High
pressure enconpasses pressures of at |least 80 mmHg and, if desired, nore
than 120 mm Hg. As stated above, the devices of the present invention can
adequately provide such high pressures. However, the 15 present

I nvention is i nwgndadm» al so cover other neans that generate

car bon-di oxi de at such pressurges. For exampl.e di_ox{ ely
be fed in an over poucﬁ“and t hd* oggyﬁgﬁchg?ﬁats%qﬁlﬁo%tﬁe %gﬁ?gﬁﬁgggfgs

then seal ed. 20solution Ashrmigh edctheboyenerationdewf cecavbont hdiogideent
I nvention can b both APD and CAPD. The ready- to-use bicarbonate

solution of the pr senfﬂﬁ%veqtiOn can be used for the treatnent of acute
and chroni & renal fai lucEnRiNeY Aayinpan dnterdgrnand dnCABAdpg| BeBRan 25

currently avail 3yre $P1&FiAGS F1ufidr therentdie Phéarheeziorsand i #0 dbkakhe
present invention I@)row es taboli c, . .
carbon dioxide to exit the interior; and
carbon-dioxide generating substances located within

the interior which upon contact with a fluid generates

10 carbon-dioxide gas.
_ 2. The device of Claim 1 wherein the carbon-
dioxide generating substances includes a bicarbonate and
an acid. .
3. The device of Claim 2 wherein the acid is
15 acid chosen from the group consisting of citric acid,

lactobionic acid, or succinic acid.

4. The device of Claim 1 wherein the means for
allowing includes constructing at least a portion of the
container from a material having a high gas permeability

20 to vapor.

5. The device of Claim 1 wherein the device
can generate and maintain in a closed environment a
partial pressure of carbon dioxide of at least 80 mm Hg
(determined at 37°C).

25 6. An assembly for storing. bicarbonate
solution for infusion into a patient comprising a
container for housing the bicarbonate solution and a
device for generating and maintaining a CO, pressure

~ within the container, the device including a solid

30 material which upon contact with water generates carbon-
dioxide gas.



benefits and inproves cardiovascular status. It should be understood that
vari ous changes and nodifications to the presently preferred enbodi ments 30
described herein will be apparent to those skilled in the art. Such changes
and modi fications can be nade without departing fromthe spirit and scope
of the present -invention and wthout dimnishing Its attendant
advantages. It is therefore intended that such changes and nodifications be
covered by the appended cl ai ns. VE CLAIM 1. A devi

stabi lizing a bicarbonate sol uti on througnl?ne generatlon of car de
conprising: 5 a container having an interi or“m ans
for allow ng fluid to enter the interior and at | east

exit the interior; and carbon-dioxi de generating substance ocated mnthln
the interior which upon contact with a fluid generates 10 car bon- di oxi de

gas. 2. . The device of Gaim1l wherein the carbon- dioxide generating
subst ances i ncl udes a7ki car boAhecagsemAYapfdClaim 6 wherpingshe de%icg aim

2 wherein the agkdibgataa widhlith %&@%ﬁﬁaqmetﬂﬁ%&r HHuLRp isiddybaratd tric

acid, |actobionic_acid, or succinic acid The device of Claim1l
wherein the meafglpEion. |

8. The assembly of Claim 7 wherein the

5 container for housing bicarbonate solution is constructed

from a material having low gas permeability.

9. - The assembly of Claim 6 including an
overpouch for surrounding the container for housing
bicarbonate solution, the container being constructed

10 from a material having a high gas permeability, the
overpouch being constructed from a material having a iow
gas permeability, and the device being located within an
1nterlor defined by the overpouch.

10. The assembly of Claim 9 1nclud1ng at least
15 two containers within the overpouch.
11. The assembly ‘of Claim 6 wherein the

container is a multi-chambered container including:
~ a first chamber including bicarbonate; and
a second chamber including a second solution.

20 12. The assembly of Claim 6 wherein the device
maintains a partial carbon dioxide pressure in the
container of at least 80 mm Hg (determined at 37°C).

13. A method for stabilizing bicarbonate
solutions comprising the steps of:

25 inserting a bicarbonate solution into a container:;

' and

_ generating and maintaining a preésure (determined
at 37°C) of at least 80 mm Hg of CO, within the
container.

30 14. The method of Claim 13 wherein the
container is made of a material permeable to carbon
dioxide and the container is housed in an overpouch..



al l owi ng i ncludes constructing at |east a portion of the container froma
mat erial ‘having a high gas permeability 20 to vapor. 5. The devi ce
of aim1 wherein the device can generate and maintain in a closed
environnment a partial pressure of carbon dioxide of at |east 80 mm Hg
(determned at [err]). 25 6. An assenbly for storing.

bi carbonate solution for infusion into a patient conprising a container for
housi ng the bi-carbonate solution and a device for geﬁefaffﬁg—aﬂd—

mai ntaining a [err] pressure within the comQtner, g a
solid 30 mat eri al which upon contact with water iltm(im:" I

di oxi de gas. -19- 7. . The assenbly of d ai n16 ercel m EW ce
| ocated within the container for housing bicarbonate solution. 8. The
assenbly of Claim 7 wherein the 5 cont ai ner for hou3|ng bi car bonat e

solution is constructed froma material having |ow gas perneability. 9.
The assenbly of O ainis6 i ncl Ttienmethod cve QlaichlBovheneip ke Ry asfire

contal ner for noys! BndleReRoRs! & Blvide0ocaRBa WILH RELIREI hmidt 1ot ed
10 froma matéeri avin per meabi t he o‘ﬁ%gouch belng

constructed from a nat d6i-al haﬂ'ﬂ?gmﬁghﬁql %§1ﬁe‘r’ﬂ1é&b‘im?¥?ma
being | ocated W Qi BepRraReld’ by adAevied DvdadtedovErpEr h:heleverpoﬂ'd:m

assenbly ofSCIa|n19 |nclud|ng a%e mé%hod of Claim 13 including the step
of steam sterilizing the container.

18. The method of Claim 13 including the step
of mixing the bicarbonate solution with a second solution
to obtain a ready to use medical solution, the second

10 solution containing at least one component chosen from
the group consisting of dextrose, dextrose polymers,
peptides, and amino acids, the second solution not having
been stabilized by carbon dioxide.

19. A method for stabilizing bicarbonate

15 solutions comprising the steps of:

housing a bicarbonate solution in a container,
wherein the container allows carbon dioxide to pass
therethrough; and

stabilizing the bicarbonate solution with a device

20 consisting of a body housing a carbon-dioxide producing
substances that includes a solid material which upon
contact with water generatés carbon dioxide. '

20. The method of ' Claim 19 wherein the
container is made of a material permeable to carbon
25 dioxide and the container is housed in an overpouch.
21. The method of Claim 19 wherein the device
is located within the container.
22. The method of Claim 20 wherein the device
is located within the overpouch.
30 23. The method of Claim 19 including the step

of steam sterilizing the container.



15 two containers within the overpouch. 11. The assenbly of Caim
6 wherein” the container is a nulti-chanbered container including: a first
chanber “i ncl udi ng bi carbonate; and a second chanber including a second
solution. 20 12. The assenbly of Claim6 wherein the device

mai ntai ns a partial carbon dioxide pressure in the container of at |east 80
mm Hg (determined at [err]). 13. A qmethod for stabilizing

bi car bonat.e sol utions conprising the steps of: 25 inserting a

bi carbonate solution into a container; and nerating and naintai ning a
prossure (deMETHOBFOR MANUFAGTURINGOAND SEORMNGFTABIE BIFARBONA

cont ai ner .SQIJUTIONS 14. The nethod of daim 13 wherein the
container is made of a nmaterial perneable to carbon dioxide and the
container is housed in an overpouch. -20- 15. " The method of Caim13
wherein the pressure is generated by ABSTRACE | ocated within the container.
16. The method of Caim 14 wherein the pressure is generated by a

devi ce | ocated yi . aim

13 including the s?teﬂrgxf ?ﬁ%%gmws?ﬁlzlllz&ng g sct(l)%‘tné blcam% Mq.ﬁlfls s

- met hod of giovided.3n 8 lensbodinidme, atdvied (insflﬁkd\ﬁGed’hﬁ@ dg)ﬂ@oﬁtﬁﬁbr'(lpﬁ

with a second solution to obtain a ready to use nedical ution

second 10 and sarbon-dioxidet gemeratingt shlestancesnthatomohwdeita sblidemateriab (13)
which upon contact with water generates carbon-dioxide gas. The device may -
be packaged together with the bicarbonate or in a separate overpouch. The
present invention also provides a method for the stabilization of bicarbonate

solutions utilizing a means that generates high pressure carbon dioxide.

Figure 1



t he group gonsisting of dextrose, dextrose polyners, peptides, and am no
aci ds, ‘the second sol ution not having been stabilized by carbon di oxide.

19. A method for stabilizing bicarbonate 15 sol utions conprising
the steps of: housing a bicarbonate solution in a container, wherein the
contai ner allows carbon di oxide to pd¥s} therethrough; and stabilizing the

bi carbonate solution wth a device 20 consisting of a body housing a
car bon- di oxi de produci ng substances that includes a solid material which
upon contact with water generates carbon dioxide. 20. The nmethod of

25 di oxi de and the container is n'an ov&rpouch. 21. The
met hod of C aim 19 wherein the t wi't hin the container. 22.
The nethod of C aim 20 wherein

Claim 19 wherein the container iEJ@e 1f a material perneable to carbon
d i

he device is

catﬁ&\Mtrnn t he over pouch.
30 23. The met hod Claim 19 inc|udi the step of steam
sterilizing the container. ,K/ '
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