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D- 61352 Bad Honmburg A solution for peritoneal dialysis The invention rel ates
to a solution for peritoneal dialysis in accordance with the preanble of
"claiml. Electrolytes are generally contained in a peritoneal dialysis
solution in addition to a buffer systemand an osnotic agent, said
electrolytes typically being calciumsalts, sodiumsalts and nagnesi um
salts which are frequently used In the form of chlorides.dgurigg é&f
dialysis treatnment, there is a transfer of numerous bl ood ﬁﬁa efl ? inter
alia of sodiumions, fromthe blood of the patient to thep¢ ia the
peritoneum The anmount of the sodiumrenoved fromthe blogga?%ﬁ?ﬁﬁgﬁianner
depends anong ot her things on the concentration gradi ent of sodi um between
the blood side and the dialysate side. The fact is generally known that
patients with high blood pressure are advised against eating table salt
(NaCl). Blood pressur Freseniae MedieaFCareDelrtsthpivd GiBH by a |ow salt di et
and, on the other hand, by an effective extraction of sodiumduring -2-

di al ysis. To reduce the sodi uB-633%2Raddlomburgxt r acel | ul ar space during
dialysis in order to achieve a |owering of blood pressure, it has been
proposed to use a peritoneal dialysis solution wwth a | ow sodi um cont ent
(Adin. Neph. Vol. 41 (6) (1994)

A solution for peritoneal dialysis

The invention relates to a solution for peritoneal dialysis in accordance with the
preamble of claim 1.

Electrolytes are generally contained in a peritoneal dialysis solution in addition to a
buffer system and an osmatic agent, said electrolytes typically being calcium salts,
sodium salls and magnesium salls which are frequently used In the form of
chlorides.

During the dialysis treatment, there is a transfer of numerous blood components,
inter alia of sodium ions, from the blood of the patient to the dialysate via the
peritoneum. The amount of the sodium remaved from the blood in this manner
depends among other things on the concentraticn gradient of sodium between the
blood side and the dialysate side.

The fact is generally known that patients with high blood pressure are advised
against eating table salt (NaCl). Blood pressure can be lowered, on the one hand,
by a low-salt diet and, on the other hand, by an effective extraction of sodium during



 pp. 357-363, Nakayama at al.). The peritonea) dialysis solution known from
this publication has a sodiumcontent of 120 mmolI|. Further conponents are
calcium ions, magnesiumions (these cations are usually dispensed with

~ chloride as the anion), lactate and gl ucose. The use of this peritoneal

di al ysis solution produces a significant reduction of the extracellul ar
sodi um content and of blood pressure, which is due to the fact that sodi um
ions are extracted to a substantial extent by diffusion and not by
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The use of the previously known peritoneal dialysis solution, however, has some
unwanted side-effects which are due, on the one hand, t¢ a deficient dehydration of
the patient and, on the other hand, to hyponatremia. In particular with patients with
low oral sodium intake, the sole use of the said peritoneal dialysis solution with a
sodium concentration of 120 mmol/l is associated with substantial disadvantages
(hyponatremia) and is therefore unacceptable.

Peritoneal dialysis solutions are known from US patent specifications U.S.
5,589,197, U.S. 5,629,025 and U.S. 5,631,025 which contain different osmotic
agents and whose scdium content lies In the range between 35 and 125 mmolil. A
sodium ion concentration of <120 mmol/l is set forth as the preferred concentration
range. A lowering of blood pressure and an increase in the ultrafiltration volume has
likewise been found clinically with a peritoneal dialysis solution of this type with the
same osmolarity with respect to already known standard solutions having typical
sodium concentrations in the range of 134 mmoli. However, the above-described
clinlcal disadvantages due to too low a sodium content also result on the use of the
peritoneal dialysis solutions known from the US patent specifications.

The problem of high blood pressure (at a sodium ion concentration of approximately
134 mmol/l) or the problem that clinical slde-effests are to be anticipated (at a



peritonea] dialysis solutions known fromthe US patent specifications. The
probl em of high blood pressure (at a sodiumlon concentration of
approximately 134 mmol /1) or the problemthat clinical side-effects are to
be anticipated (at a -3- sodiumion concentration 5120 mmol /1) thus arises
wi th already known peritoneal dialysi®-solutions. As a rule, a sodiumion
concentration in the range of 134 mmol/1 is set in the peritoneal dialysis
usual today since in this manner the described side- effects of dialysis
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claim 1. According to this, the sodium ion concentration of the peritoneal dialysis
solution fies in a range from 121 to 129 mmolA. [n a preferred aspect of the
invention, the sodium ion concentration of the solution lies in the range from 124 to
126 mmol/l. Particularly favorable results can be achieved with a peritoneatl dialysis
solution whose sodium ion coneentration lies at 125 mmolfl. A petitoneal dialysis
solution with a sodium content of 125 mmol/! Is therefore particulatly to be
preferred.

Sodium is typically used in the form of table salt (NaCl), i.e. as a chloride. A
reduction in the sodium ion concentration can therefore result in an equimolar
reduction in the chloride ion concentration. A synergetic effect cannot be precluded
due to the chloride ion concentration necessarily likewise lowered in the case of the
use of sodium as the chloride.

The solution in accordance with the invention for peritoneal dialysis permits an
effective lowering of blood pressure with the avoidance of side-effects, with these
effects occurring at a sodium fon content in the claimed range and particularly
pronouncedly at 125 mmol/l and preferably 91-94 mmol/l chloride ion content. It is
equally possible to set the sodium ion concentration in a range between 126 and
129 mmol/l, for example at 127 mmeol/l or at 128 mmol/l. Concentration values
below the particularly preferred value of 125 mmoll, Le. 121, 122, 123 and 124



due to the chloride ion concentration necessarily |likew se |lowered in the
case of the wuse of sodiumas the chloride. The solution in accordance with
the invention for peritoneal dialysis permits an effective |owering of

bl ood pressure with the avoi dance of side-effects, with these effects
occurring; at a sodiumlon content In.4he clained range and particularly
pronouncedly at 125 mmlil and preferably 91-94 mmol /1 chloride ion content.
It is equally possible to set the sodiumion concentration in a range
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provi si oxcoordarrewitiothd ingestidryt i on for peritoneal dialysis furthernore to
conprise an osnotic agent, further electrolytes and a buffer. It is known
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It is known from EP 0 935 967 A2 to provide a peritoneal dialysis solution consisting

of two separate solutions, with the first separate solution containing calcium ions,

further electrolyte salts and glucose and being acidified to a pH below 3.2 using a

physiologically compatible acid and with the second separate solution containing

bicarbonate with a content of <10 mmol/l and the salt containing a weak acid with a

pKa < 5. A peritoneal dialysis solution of this type produces the advantage that, on

the one hand, the degradation of glucose is prevented during the heat sterilization

and that, on the other hand, no special demands have to be made on the pouch

material with respect to the CO; barrier properties due to the low CO. partial

pressure.

A solution for peritoneal dialysis of this type consisting of two separate solutions
can alse be considered for the present invention.

Provision can accordingly be made for the solution to congist of two separate
solutions and for the first separate solution to comprise the osmatic agent and a
physiologically compatible acid and for the second solution to comprise a buffer,

If the solution for peritoneal dialysis consists of two separate solutions, provision
can be made for sodium ions to be present in each of the separate solutions. In this
context, the mixing ratio is to be set such that the sodium ion concentration of the



bi carbonate with a content of < 10 mml ||l and the salt containing a weak
acid with a pKa < 5. Aperitonea! dialysis solution of this type produces
t he advantage that, on the one hand, the degradation of glucose Is
prevented during the heat sterilization and that, on the other hand, no
speci al demands have to be made on theypouch naterial with respect to the
CQ2 barrier properties due to the low CO2 partial pressure. A solution for
peritoneal dialysis of this. type consisting of two separate solutions can
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solutions. In this context, the mxing. ratio is to be set such that the
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magnesi wBadiwndonsy excess i ons chloride ions, lactate Ions, hydrogen

carbonate ions and glucose in addition to sodiun1ions. If two separate
sol utions are used, provision can be made for further electrolytes,

If two separate solutions are used, provision can be made for further electrolytes,
the osmatic agent (for example glucose) as well as a physiclogically compatible
acid to be present in a first separate solution in addition to calcium ions. The buffer
system can be presented in a second separate solution. This can, for example,
cansist of bicarbonate and the salt of a weak acid (e.g. lactate). In accordance with
the teaching of EP 0 935 967 A2, favorable results are achieved when the first
separate solution is acidified to a pH below 3.2 and when the bicarbonate
concentration of the second separate solution does not exceed 10 mmoli.
Reference is made to the content of EP 0 935 967 A2,

If the peritoneal dialysis solution consists of two separate solutions, provision can
be made for the first separate solution to include the following components:

Sodium ions [mmol/l}: 172-200
Calcium ions [mmol/i]: 2-4
Magnesium ions fmmolA]: 0.8-1.2
H' excess ions [mmol/l}: 0.8-1.1
Chloride [mmol/): 176-210
Glucase [mmol/l]; 100-500.

The second separate solution can include the following components:

Sodium ions {mmol/}: 70-80



the osnotic. agent (for exanple glucose) as well as a physiologically
conpatible acid to be present in a.first separate solution in addition to
calciumions. The buffer system can be presented in a second separate
solution. This can, for exanple, consist of bicarbonate and the salt of a
weak acid (e.g. lactate). In accordange with the teaching of EP 0 935 967
A2, favorable results are achieved when the first separate solution is
acidified to a pH below 3.2 and when the bicarbonate concentration of the

second separ gt, llut 1 om. does not exceed 1Q-molil. Reference is nmade to
t he content 3‘@%@86%]“967 A2. |If the pere'lso eal dialysis solution consists
of two separ HwiregentaonatePfrdmbbll:on can g nade for the first separate

solution to include the follow ng conponents: Sodiumions [mmolil]: 172-200
Calciumions [mmlil]: 2-4 Magnesiumions [nmmoUj: 0.8-1.2 H excess lons
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[mnoUl]: 4-6 The concentration range of the sodiumions of the application
sol ut i orANdsecapgseparate spiutienshe i nvention can easily be set by a suitable
m xing ratio of the. first

Other suitable buffer systems can also be considered In addition to the buffer
system based on lactate and hydrogen catbonate. A purely bicarbonate buffered
solution tan be used, for example. Accordingly, in a further aspect of the invention,
provision is made that the buffer consists of a hydrogen carbonate buffer. In this
connection, provision can be made for the solution to consist of two separate
solutions. The first separate solution can contain sodium ions, calcium ions,
magnesium ions, H' excess ions, chloride ions and glucose and the second
separate solution can contain sodium ions and hydrogen carbonate ions.

The first separate solution can be composed as follows:

Sodium fons [mmot/l]: 172-200
Calcium iens [mmol/T]}: 2-4
Magnesium jons [mmol/l): 0.8-1.2
H* excess [mmol/l]: 0.9-1.1
Chloride [mmol/l]: 176-210
Glucose (mmolf]; 100-500

The second separate solution can contain the bicarbonate buffer and have the
following composition:

Sodium jons [mmol/l): 70-80
Hydrogen carbonate [mmol/f): < 80



and second separate solutions. O her suitable buffer systens can al so be
considered in addition to the buffer system based on |actate and hydrogen
carbonate. A purely bicarbonate buffered solution can be used, for exanple.
Accordingly, in a further aspect of the invention,. provision is nade that
the buffer consists of a hydrogen carbpnate. buffer. In this connection,
provi sion can be made for the solution to consist of two separate

solutions. The first separate solution can contain sodiumions, calcium

second NG NeBEHSRcthe B TRBS Y 2 hBlcAE Ko 31t af %ﬁ%&?ﬁ%‘i
i ons. Thmrﬁtmneﬁ i fpay thiecapplicatiorpsolation aed mmmsp@hm tbqhément figgieadn i ons
[mol /1J:, 172-200 Calciumions [rnrnol/l]; 2-4 Magnesiumions [mol/ :
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[rnmol /| parate solution can contain the bicarbonate
buf fer aﬁﬁgaﬁlﬂgﬂﬁ?ﬂm—mﬁ 'I%mpg%é%orrpom tion: Sodiumions [mmol/1]: 70-80
Hydr ogen carbonate [mmolR]: < 80 -7- If two separate solutions are used,

t hey are typi caIIy heat sterilized, subsequently conbined to formthe
appl i catlt 36 aqually | encgivable oRlwite sre\de ans sapatate  saldtion ABdeteq present

sodium iens in it in the cancentration range in accordance with the invention.

The present invention furthermore relates to a double-chambered pouch having a
solution in accordance with any one of the claims 1 to 13 which consists of a plastic
pouch in which a first chamber with the first separate solution and a second
chamber with the second separate solution are arranged adjacent to one another,
with both chambers being separated by a weld seam dimensioned such that it
opens on pressure an one of the chambers filled with liquid so that the content of
the two chambers can be mixed with one another, In a double-chambered pouch of
this type, the buffer system consisting, for example, of lactate and bicarbonate can
be stored in a pouch chamber, while glucose and the electrolytes can be stored in a
second chamber in an acid environment. After the sterilization, the pouch contents
are mixed with one another and supplied to the patient. [ this connection the
sodium ion concentrations of the separate solutions are to be selected such that the
sodium ion concentration in accordance with the invention results in the finished
application solution.



. of two separate solutions, nore than two can al so be used provided this is
meani ngful in the individual case. It is equally conceivable only to provide
one separate solution and to present sodiumions in it in the concentration
" range in accordance with the invention. The present invention furthernore
relates to a doubl e-chanbered pouch haging a solution in accordance with
any one of the clains 1 to 13 which consists of a plastic pouch in which a
first chanmber with the first separate solution and a second chanber with

t he second separate solution are arranged adjacent to one another, wth

both ch rs ihg sepgrated by _a weld seam di nensi oned such that |t opens
on press V@‘er&%ﬁ'& 6‘7“? @a'éa'&tﬁﬁ%gf ther inventionwilliba explained dn mere detail witht ent  of

the two M%%ﬂ@eﬁﬁow : s%% iﬂﬁ?e@ﬂ%lnﬁ?' I n a doubl e- chanbered pouch
of this type, the buiter system consisting, ftor exanple, of l|lactate and

bi carbonate can be stored In a pouch. chanber, while glucose and the

el ectrolytes can be stored in a second chanber in an acid environnment.
After the sterilization, the pouch contents are mxed with one another and
supplied to the patient. In this connection the sodiumlon concentrations
of the separate solutions are to be selected such that the sodiumion
concentration in accordance with the invention results in the finished
application solution. -8- Further details and advantages of the Invention
will be explained in nore detail with reference to the enbodi nent shown in
the follow ng: The table shows the result of a study in which dialysis
patients were treated with the peritoneal dialysis solution in accordance
with the invention (colums 2-4). The

The table shows the result of a study in which dialysis patients were treated with the
peritoneal dialysis solution in accordance with the invention (columns 2-4), The
results of the study which can be seen in Clih. Neph. Vol. 41(6) (1994) pp. 357-
363, Nakayama et al. are set forth in comparisen thereto (columns 5-7).



results of the study which can be seen in din. Neph. Vol. 41(6) (1994) pp.
357- 363, Nakayama et al. are set forth in conparison thereto (colums 5-7).
-9- In the second line, the duration of treatnent in weeks (W and the

nunber (N) of patients taking part at the respective tinme are set forth. As
results fromthe second and fifth colugms, the patients were set to 134
nmol / sodi urn content at the start of the study with the dialysis solution (W
0) in accordance with the invention and to 132 mml /I in the study of
Nakayama et at. The chloride ion concentration of the peritoneal dialysis
solution in accordance with the invention anounted to 93.5 nmoU . The
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of the table that a clear reduction in the blood pressure (MAD) was able to
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The sodium ion concentration in the dialysate was then set to 125 mmol/l in
accordance with the present invention and compared with the published values of
120 mmoal/l in accordance with Nakayama et al.

It can be seen from line 5 of the tabie that a clear reduction in the blood pressure
(MAD) was able to be recorded on the use of the dialysis solution in accordance
with the invention. After a treatment time of two weeks (W+2), a greater lowering of
blood pressure resulted than with the comparison trial In accordance with
Nakayama et al. both absolutely and relatively despite the higher sodium
concentration of the dialysis solution in accordance with the invention. After a
treatment time of four weeks, comparable blood pressure values as with the
comparison trial resulted despite the higher sodium concentration of the solution in
accordance with the invention.

The average ultrafiltration volume (UF volume) in the solution in accordance with
the invention was at a similar order of magnitude as in the solution used at the start
of the trial (134 mmol/l sodium content.

As resulis from the {ast line of the table, the application of the peritoneal dialysis
solution in accordance with the invention results in no side-effects or in any serious
unwanted incidents. In coritrast to this, two patients had fo abort the study in the
trials in accordance with Nakayama et al. In one case, hyperhydration was found; in



the invention was at a simlar order of magnitude as In the solution used at
the start of the trial (134 nmU sodiumcontent. As results fromthe | ast
line of the table, the application of the peritonea] dialysis solution in
accordance with the invention results in no side-effects or in any serious
unwanted incidents. In contrast to th” , two patients had to abort the study
inthe trials in accordance with tha@éna et al. In one case,

hyper hydrati on was found; in -10- another case, the treatnent was ended due
to hyponatrem a and the resultin i de- effects. The dialysi lutjon in
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~sodiumion concentration of the solution lies in the range from 124 - 126
mml /1. 3. A solution for peritoneal dialysis in accordance with either of
clainms 1 or 2, wherein the sodiumion concentration of the solution amunts
- to 125 mml /1. 4. A solution for peritoneal dialysis in accordance with one
of the preceding clainms, wherein the solution conprises an osnotic agent,
further electrolytes as well as a buffer. -2- 5, A solution for peritoneal
dialysis in accordance with one of the preceding clains, wherein the

sol uti on consists of two separate solutions and the first Mepadra2@0%ol ution
conprises the osnotic. agent and a physiologically corrpaéi'@‘gogﬂeg?@nd t he
second separate solution conprises a buffer. 6. A solution Tor peritoneal
dialysis in accordance with one of the preceding clains, wherein the
solution consists of two separate solutions and sodium ions are present in
each of the separate solutions. 7. A solution for peritonea] dialysis in

accordance wth one Oi’rééﬁli%mwmaﬁ.l Btg&chw @'nqbnhe solution further
' e

conprises cal ciumions, magnesium 1 0NS, xcess 1ons, chloride ions,:

| act ate ions, hydrogen carbonf-81382Baddiamblurgose in addition to sodi um
ions. 8 A solution for peritoneal dialysis in accordance with one of the
preceding clains, wherein the solution consists of two separate sol utions
and the first separate solution conprises the follow ng conponents: Sodi um
ions [mmoll]: 172-200

A solution for peritoneal dialysis

Claims

1. A solution for peritoneal dialysis consisting of one or more separate
solutions;, characterized in that the solution contains sodium ions in a
concentration in the range from 121 to 129 mmol/l.

2. A solution for peritoneal dialysis in accordance with claim 1, wherein the
sodium ion concentration of the solution lies in the range from 124 - 126
mmolfl.

3, A solution for peritoneal dialysis in accordance with either of claims 1 or 2,
wherein the sodium ion concentration of the solution amounts to 125 mmol/l.

4, A solution for peritoneal dialysis in accordance with one of the preceding
claims, wherein the solution comprises an osmotic agent, further glectrolytes
as well as a buffer.



Calciumions [mmoV ]: 2-4 Magnesiumions [moU]: 0.8-1.2 |-| excess
[moll]: 0.9-1.1 Chloride [mmol/I1]: 176-210 d ucose [moU ]: 100-500 9. A
solution for peritoneal dialysis in accordance with one of the preceding
clainms, characterized in that the solution consists of two separate
solutions and the second separate sog%tlon i ncl udes the foll ow ng
conponents: Sodiumions [mol/1]: Lactate [nmmoVI]: 65-75 Hydrogen
carbonate [mMmoU i: 4-6 -3- 10. A solution for peritoneal dialysis in

accordance w t , | L | NS a
buf fer . t’ﬁgc’@ﬁﬁ“ c%’ﬁ"ﬁ@ o?'}%“"aﬂr%é@f?f%g‘"fsﬂ ﬁbﬁ&@f@;&éﬂﬁﬁd A
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separate sol utions of which the first separate solution conprises sodi um
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gl ucose and t&%@fﬁwgciﬁe&?@ytﬂg%e%ﬁ&‘Béﬁ%gﬁéé%%%@?éoﬁgﬂéé%'b%eand hydr ogen

carbonate ions I'on 1T n accor rein the
first separate solution includes the follow ng conponents: Sodiumions
[m*noflfé 172 200
A solution for peritoneal dialysis in accordance with one of the preceding
claims, wherein the solution consists of two separate solutions and sodium

ions are present in each of the separate solutions.

7. A solution for peritoneal dialysis in accordance with one of the preceding
claims, wherein the solution further comprises calcium ions, magnesium
ions, H® excess ions, chloride ions, lactate ions, hydrogen carbonate ions
and glucose in addition to sodium ions.

8. A solution for peritoneal dialysis in accordance with one of the preceding
claims, wherein the solution consists of two separate solutions and the first
separate solution comprises the following components:

Sodium ions [mmol/l]: 172-200
Calcium ions [mmol/]: 2-4
Magnesium ions [mmol/]: 0.8-1.2
H* excess [mmol/i); 0.9-1.1
Chiloride [mmol/I}: 176-210
Glucose [mmol/l]: 100-500

9. A solution for peritoneal dialysis in accordance with one of the preceding
claims, characterized in that the solution consists of two separate solutions
and the second separate solution includes the following components:

Sodium jons fmmoif]: 70-80
Lactate [mmoV/l]: 65-75
Hydrogen carbonate [mmol/1]. 4-6



Calciumions [moi/l]: 2-4 Magnesiumions [mol/1]: 0.8-1.2 H+ excess
[mnoV]]: 0.9-1.1 Chloride [rnnol/1]: 176-210 d ucose [muaUF]: 100-500 13.
A solution for peritoneal dialysis In accordance with either of clains 11,

- or 12, wherein the second separate solution Includes the follow ng
conponents: Sodiumions [mml/I1]: 70-$0 Hydrogen carbonate [mmol /1]: < 80
14. A doubl e-chanbered pouch having a solution for peritoneal dialysis in
accordance with one of the clainms 1 to 13, characterized in that it consists
of a plastic pouch in which a first chanber having a first separate
solution and a second chanber having a second separate solution adjacent to
one 10. A solution for peritoneal dialysis in accordance with one of the claims 1 to 6,

wherein the solution contains a buffar and the buffer consists of a hydrogen
carbonate buffer.

11. A solution in accordance with claim 10, wherein the solution consists of two
separate solutions of which the first separate solution comprises sodium
ions, calcium ions, magnesium ions, H® excess ions, chloride ions and
glucose and the second separate solution comprises sodium ions and
hydrogen carbonate ions.

12. A solution in accordance with claim 11, wherein the first separate soiution
includes the foliowing components:

Sodium ions [mmol/l]: 172-200
Calcium ions [mmol/l): 2-4
Magnesium ions fmmol/]: 0.8-12
H* excess [mmoli]: 0.9-1.1
Chleride [mmolf); 176-210
Glucose [mmol/): 100-500

13. A solution for peritoneal dialysis In accordance with either of claims 11 or 12,
wherein the second separate solution includes the following components:

Sodium ions [mmol/l]: 70-80
Hydrogen carbonate [mmol/I]: < 80

14. A double-chambered pouch having a solution for peritoneal dialysis in
accordance with one of the claims 1 to 13, characterized in that it consists of
a plastic pouch in which a first chamber having a first separate soiution and a
second chamber having a second separate solution adjacent to one





