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pECI FI CATI ONTITLE "Bl OCCHEM CALLY BALANCED BERI TONEAL DI ALYSI S
SOLUTI ON 5 BACKGROUND OF THE.I NVENTI ON . The present inventi o0 Nelvambar 2002
generally to peritoneal dialysis. Mre specifically, the present invention

rel at es t owpegwfaieal dialysis solutions. It is known th‘rb%? Gh@l ysis to
support a patient 10 whose renal function has decreased to %e poi nt where
t he ki dneys no | onger sufficiently function. Two principal dialysis nethods

are utili zeﬂm m Is; and peritoneal dialysis. In henodialysis, the
patient s b IH ’mmtmw’gd 15 through an artificial kidney dialysis nmachine.
A nmenbrane in t I'ne acts as an artiftfdial kidney for cleansing the

bl ood. Because it I's an extracorporeal treatnent that requires special
machi nery, there are certain inherent disadvantages with henodial ysis. 20
To overcone the di sadvant ages associ ated with henodi al ysis, peritoneal

di al ysis was devel oped. Peritoneal dialysis utilizes the patients own

peritoneum as a seni-perneabl e ng. ¢ Thep | fpOp i s the nenbranous
lining of the abdom nal cavity t nber of bl ood

vessels and capillaries is capable of acti®etlds a natural seni-perneabl e
menbrane. I n peritoneal dial ytRIOCHEMICABDYS BALBNCER IRERITONEAL r oduced into

the peritoneal cavity utilizing a cq,t;hgygfg ﬁﬂuqn&oﬁsﬁuffl cient period of
time, an exchgnge 30 of solutes b > z d the blood is

achi eved. Fluf"d renoval is achi Y | ‘ anl e osnotic
gradi ent fromthe bl ood Bhe t W%%Fyséweﬂbimr nrelwﬁser grnemadhyf r & t he
bl ood. This allows péeitonear?2@iMaysrber 2428 specifically, the present

invention relates to peritoneal dialysis solutions.
It is known to use dialysis to support a patient

10 vwhose renal function has decreased to the point where the
kidneys no lonéer sufficiently function. Two prinéipal
dialysis methods are utilized: hemodialysis; and
peritoneal dialysis. :

In hemodialysis, the patient’s blood is passed

15 through an artificial kidney dialysis machine. A
membrane in the machine acts as an artificial kidney for
cleansing the bloocd. Because it is an extracorporeal
treatment that requires special machinery, there are
certain inherent disadvantages with hemodialysis.

20 To overcome the disadvantages associated with
hemodialysis, peritoneal dialysis was developed.
Peritoneal dialysis utilizes the patient’s own peritoneunm
as a semi-permeable membrane. The peritoneum is the
membranous lining of the abdominal cavity that due to a

25 large number of blood vessels and capillaries is capable
of acting as a natural semi-permeable membrane.

In peritoneal dialyéis, a dialysis solution is
introduced into the peritoneal cavity utilizing a
catheter. After a sufficient period of time, an exchange

30 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
to permit water outflow from the blood. This allows the
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WO 96/ 01118 PCTI1JS95106784 - 2 proper acid-base of electrolytes and fluid
galanpe to be returned to the blood and the dialysis solution is sinply

rai ned fromthe body cavity through the catheter. A nunber al ysi
sol utions have been utilized 8 and suggested. One of the di f%]bé\gﬂvﬂré r?\ﬁ)qzn
di al ysis somodsonist hat are used for peritoneal dialysi spbﬁngggﬁ(ﬁsﬁ hey are
not ideal solutions for naintaining acid base honeostasis
acidosis is a catabolic event that can occur in peritoneal dialysis
patients. 10 In this regard, the kidneys play a ma j or role in the

mai nt enance of the aci d-base balance. In chronic renal failure, the acid
generated fromthe netabolismof dietary pr@telns can lead to netabolic
aci dosis. Metabolic acidosis can have a profound and acute effect 15 on the
respiratory, cardiac, and/or nervous systens. Long term consequences of

met abol i ¢ acidosis include protein malnutrition and skel etal di seases.
Lactate has been utilized in peritoneal dialysis solutions for the purpose
of maintaini ng aci dplvgpee 20idBameceridlqetirolptedslandi plyki bapahé€icSbe

T cal comerci al l 0, 35 to
4)(;plnEq/ L of | aclt at ey %elgga‘g%%hg%ié&ngaa tgxeaél/ﬁ AR EQ%&%@E& base

| 'utii ons _are %ﬁg s n mail nt aj ni n
bal ance in a nunberd‘Eﬁi'ﬁfiaFﬁg‘Fst £PaK: Savildhrruat £he, FRERERE o are
deficient in |actate nethabuhbem ahdlimlysie abtmthmgehneqcbeqn uhiflfigedf r om

hepatic failuge or &kmcéﬁg@@atd@yel 6Re ! 8t tKe aﬂm%hitieg hi; 515 VI 19&®
| ncludes as charact gfy, 8l %sssﬂ%%% g%&?ré’oer”g @9&1 %QQgg‘ {‘sa'iso%hgt and

di st urbances in consciOUSNEs
| act at e- cont ai ni ng ?hﬁﬂ1ﬁ§ﬁe&Ptd#@G%%ﬂﬁ91PFéPG% f9H1m%daFPi%4HH godeybaget h
respect to |actate lenddstashs. di Mbyabal izoladidosss i st Hatatabulilecevehti n

20 Novenber 2002 WoudG-QiaihX§caurd snP eI’ 84alysis patients.

10 In this regard, the kidneys play a major role in the
maintenance of the acid-base balance. In chronic renal
failure, the acid generated from the metabolism ' of
dietary proteins can 1lead to metabolic acidosis.
Metabolic acidosis can have a profound and acute effect

15 on the respiratory, cardiac, and/or nervous systems.
long term consequences of metabolic acidosis ‘include
protein malnutrition and skeletal diseases.

Lactate has been utilized in peritoneal dialysis
solutions for the purpose of maintaining acid-base

20 balance in peritoneal dialysis patients. Typical
commercially available peritoneal dialysis solutions
contain 35 to 40 mEq/L of lactate.

These solutions are adequate in maintaining acid-
base balance in a number of dialysis patients. However,

25 patients who are deficient in lactate metabolism and/or
who also experience or suffer from hepatic failure or
shock can develop 1lactic acidosis. °~ This syndrome
includes as characteristic symptoms hyperventilation,
abdominal pain, and disturbances in consciousness while

30 the patient receives 1lactate-containing peritoneal
dialysis fluids.

An additional issue with respect to lactate ‘
peritoneal dialysis solutions is that a number of in



vitro. studies performed with peritoneal cells indicate that altered cel
functjon can occur when peritoneal cells are exposed to |arge

concentrations of lactate. 'These' changes in cell function rom se
host 5 defense |eading to intreased rates of infection 'and gg%&g%ﬁ?@@

peritoneal wosgbiigsne. | n order to address this issue, pe§bbggﬁﬁ&splaly5|s
solutions in which lactate is conpletely replaced by bicarbonate have been
proposed. However, in order to 10 bal ance total body hydrogen ion content
agai nst netabolically generated hydrogen, and to nmai ntain normal plasna
carboni c acid and bicarbonate concentrations, it is necessary to use

bi carbonate concentrations that are considerably in excess of normal. In
this regard, 15 bicarbonate concentrati on upwards of 38 mM L are believed
to be necessary. Because it is necessary to maintain the solution at a
physi ol ogi cal pH, the requirenent of such a high bicarbonate solution
requires a partial pressure of 20 carbon di oxide (pC02) that is at |east

twi ce the physiol oglitrep@Eiddies perfaymed! edth hper Bbnealigrelét nddgateuch a
sol ution may neet ﬂ%o \?él@d' Cce!l‘ie%n%%&lﬂecmt bGEﬁr §H&ﬁ1 ﬁeif&&ﬂd ain does

not provide a physi I C envi rQnmoen neal I.n cont act
iR he 98 cofuti SRLIAATS FHPEeq| FPol RIS CHIPTRAAELON P51 SRStAKAoan
bi carbonat e and caFhrse ‘debxigis it Ifedlic functdpnt mn conpromisac dids® ar
hydr ogen i onsconcedéfeiiseonadainge 'Kb9|iné‘reasbhnirﬁ@ebh%fpe.{ﬂﬁéﬁﬂ6h @ ty, as

wel | as those presgmagoentkhg‘ag?écftﬂ%ggl f¥neoul d be severely 30 | ow

placing themat a net vant age, IS netaboljc di sadvantage w ||
i ncrease nore than woull® BEIRK FOcpedress th § iat4ee PeRitopepl dialy
envi ronnment of norselutdldnsbuin alsdigherlactaté bscapbpheted yarcenl@ced by20
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that is biochem caplasnalcagbenid acdar aﬁatbimrrabﬁkt@ aticdasirat basnciiat ed
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Because it is necessary to maintain the solution at
a physiological pH, the requirement of such a high
bicarbonate solution requires a partial pressure of
20 carbon dioxide (pCO,) that is at least twice the
physiologic pCO, (e.g., greater than 80 mmHg). Althouéh
such a solution may meet the metabolic needs of the
patient, such a solution does not provide a physiological
environment for the peritoneal cells in contact with the
25 solution. Due to the differences in transport rates
between bicarbonate and carbon dioxide, with such a
solution, the intracellular hydrogen ion concentration
of the cell’s . lining the peritcneal cavity, as well as
those present in the peritoneal cavity, would be severely
30 low placing them at a metabolic disadvantage. This
metabolic disadvantage will increase more than would be
expected if they share the extracellular environment of

normal pH, but a supernormal bicarbonate and pCO,.



15 during peritoneal dialysis which is the case wth present sol utions.

Addi tionally, the solution contains carbon dioxide at a partial pressure
that is simlar to partial pressure of carbon dioxide found

capillaries. The peritoneal 'dialysis solution also 20 COHtai%@NQQ&n@%Q%@?d
w th a pKawoPédmss than 5.0 at an anount needed to neutpetmwsdfosiss d
generated from endogenous netabolism These weak acids are al so the nornal
bi ochem cal internediates of glucose nmetabolismresulting in neutral end
products. 25 To this end, the present invention provides a peritoneal

di al ysis solution including bicarbonate at 4a-l evel of greater than or equal
to 20 MM L and less than or equal to 30 MM L, having a pC02 that is |ess
than 60 nmHg and including at | east one weak acid present in an anount
conprising approximately 10 nEq/L to about 20 nEg/L selected fromthe group
consisting of: lactate; pyruvate; citrate; isocitrate; cis-aconitase;
aketogl utarate; succinate; fumarate; nal ate; %ﬁd oxalaﬁpetate 2?
Novermber 2002 WO 961 01The&F A EBesatrrrsa need foy 3 Parifopeat diad¥sine
peritoneal dialysisolatiobi cthathi edefuataly | addressas ithet hprakdlemt i ofi at 25
MM L. In an enbodigiibofict ReiABLLE ORRbedhtéy Skith SEalt bdye t Ren¥eak acid
Is present in an gﬁ%énteconprising approximately 10 nEg/L to about 20
nEq/ L. In an enbo AF®of the peritoneal dialysis solution, the pC02 of
the solution®is approximately the sane as the pCO2 of blood. 10 In an

enmbodi nment of the peritoneal di wml ut [ on has a pH of
approxi mately 7.4. 1n %ﬁg‘i{%&@%ﬁ%’?ﬁeﬂh&ﬂ%&@i&é@Qeﬁéri‘%'o%)(ﬁ'cﬁ.ai?éi‘é' on,

t he weak acids have _a < 5,0. I,n _anot her engoﬂine t,, the present

i nvention 15 pr ovﬁ?&é‘tg°{5er‘?’@6‘ne§? (ﬂigfsgﬁnﬁcaéo]lyut BHNSSor FRi F§FFBERt r 0se
(hydrous) (g/dl) mesaboRbcamiidesis mapociated with chyaiicdrena-dailure- 110
Cal ci um (nEggLl) O.{kr 4. Lord PMpgNEBbGHBTRENRYr 0. Phéd. ferRitensdD EaeysDEq/ L)
20. 0- 30, 0 Veak aclfhy(i5ghnad & BnrlidlMIChE! fhr ! R gURal AE 4.6 SohORED from
the group consisting of:. | actat ruvate: citrafe. ‘1socitrate; c1$25
aconi tase; a- ket og?'%t ﬁ?ﬁ?ﬁn%ﬁéﬁ??‘é{@efﬁ?r&r%?’é"fel‘ﬁﬁPﬁ%‘%’,’ At Yk dPBaet at e.

in blood involved in diffusive transport of solutes with
dialysis f£luid. This will block the loss of bicarbonate

15 during peritoneal dialysis which is the case with present
solutions. Additionally, the solution contains carbon
dioxide at a partial pressure that is similar to partial
pressure of carbon dioxide found in the blood
capillaries. The peritoneal dialysis solution also

20 contains a weak acid with a pKa of less than 5.0 at an
amount needed to neutralize acid generated from
endogenous metabolism. These weak acids are also the
normal biochemical intermediates of glucose metabolism
resulting in neutral end products.

25 To this end, the present invention provides a
peritoneal dialysis solution including bicarbonate at a
level of greater than or equal to 20 mM/L and less than
or equal to 30 mM/L, having a pCO, that is less than 60
mmig and including at least one weak acid present in an

amount comprising approximately 10 mEq/L to about 20
mEq/L selected from the group consisting of: lactate;
pyruvate; citrate; isocitrate; cis-aconitase; -
ketoglutarate; succinate; fumarate; malate; and
oxaloacetate.



In an enbodi ment, the solution includes an osnotic agent other than
dextrose. In an enbodi nent, the present invention provides a 30 nethod far
correcting netabolic acidosis in a dialysis pati ent sufferingkgq\I %ﬁ é‘@%
suffer fromsane conprising the step of admnistering to a di 2Pt
a peritoneavoeimaigsi s solution that has a 20 Novenber P%q%,mn% ons

PCTI 0S95106784 - 6 bicarbonate | evel and carbon dioxide partial pressure
that is substantially simlar to that found in the nornal persons bl ood. An
advant age of the present invention is that it 5 provides an inproved
peritoneal dialysis solution. Another advantage of the present invention is
that it provides bicarbonate to the patient™ when bl ood bi carbonate is bel ow
normal . Still an advantage of the present invention is that 10 it renoves
bi car bonat e when bl ood bi carbonate is above nornal. Another advantage of
the present invention is that it provides a biochem cally bal anced
peritoneal dialysis solution. 15 Furthernore, an advantage of the present
invention is that it priwi das empedinemtcalofdi &hgsi pesitarieadn thalysiw rects
metabol | ¢ aci dosi Seapsordm! B ckkbonditd 15! fR8seRNaln AP aiuciBhcarefy an
advant age of the pr ent i‘'nvention Is 20 I't provides a peritoneal

di al ysis sol ution * bal ances bi carbonate at a normal concentration with
a pco2 at normal parti &@n prayssembodingntheof athadvhexikpnea t Hdapysbent
invention issthat gbruslicH,ySitheSOrddM OacD&OViéje%raBeﬁﬁidi.{ﬂ oRal Zkount

contribution of bi Sgﬁoﬁﬂ%ﬁdgéﬁg&{ﬁ% angé rlggng,s é(}oom,%gi t he end

bal ance of the neta VEersa rhor mal

concentration. Another HHvAR a§BP ﬁPelnH%ﬁﬁ?Qﬂ?aﬂs fhalysis
provi des a peritonselutiai,yshe p&ybtohhatsdmophyslmmg:ximhtpky the

same as the pCO,‘of blood.
10 In an embodiment of the peritoneal dialysis
solution, the solution has a pH of approximately 7.4.
In an embodiment of the peritoneal dialysis
solution, the weak acids have a pKa of < 5.0.
In another embodiment, the present invention

15 provides a peritoneal dialysis solution comprising:
Dextrose (hydrous) (g/dl) 1.5~4.25
Sodium (mEg/L) 100-140
Chloride (mEg/L) 70-110
Calcium (mEq/1L) 0.0-4.0
20 Magnesium (mEq/L) 0.0-4.0
Bicarbonate (mEq/L) 20.0-30.0
Weak acid (mEq/L) 10.0-20.0
wherein the weak acid is chosen from the group consisting
of: lactate; pyruvate; citrate; isocitrate; cis-
25 aconitase; a~ketoglutarate; succinate; fumarate; malate;

and oxaloacetate. .

In an embodiment, the solution includes an osmotic
agent other than dextrose. '

In an embodiment, the present invention provides a -

30 method for correcting metabolic acidosis in a dialysis

patient suffering or 1likely to suffer from same
comprising the step of administering to a dialysis
patient a peritoneal dialysis solution that has a



Addi ti onal features and advantages of the present invention are described
in, and will be apparent from 20 Novenber 2002 the detailed description
of the presently preferred enbodi nents. Finally, according t E
anot her aspect of the present invention there is provided a g@ ‘?@ ST 002
di al ysi s sowotsoenisconpri si ng: Dextrose (hydrous) (9/dl) perrsdsossssSodi um
(nEg/L) |1 00-140 Chloride (nEg/L) 90-110 Calcium (nEg/L) 0.0-4.0 Magnesi um
(mEq/L) 0.0-4.0 Bicarbonate (nEqg/L) 20.0-30.0 Wak acid (nEg/L) 10.0-20.D
wherein the weak acid is at | east one acid chosen fromthe group consisting
of: lactate: pyruvate: citrate: isocitrate: .cis-aconitase; a-ketoglutarate~
succi nate; fumarate; nalate: and oxaloacetafe and the solution has a
carbon di oxide partial pressure that is substantially simlar to the carbon
di oxi de partial pressure of a nornmal subject's blood and the solution has a
pH of 7.0 to 7.4. DETAI LED DESCRI PTI ON OF THE PRESENTLY PREFERRED

EMBODI MENTS The present invention provides inproved peritoneal dialysis

sol utions. The sol MicapbBomats: hlealcrandaldagbbal dheetlid paxtiadcprazswmol i C

aci dosis that is a%;i.%'fé%%bmmﬂn%fm{]ﬁ}akofmak;umnfgﬁ%@"hohﬁmt he

present invention, the 9 tions are biochem cally bal anc In a nore
physi ol ogi cal nmann&erERANS 3? *peritoneal solutions. To this end, the
present invention provi dasageritagecf dhal present|inventdonhids that aith

bi carbonate a§ a MyreviRlEsi& Q&dp‘i‘a{le&%itoﬁeﬂl didllydiseyslutdehst antial ly

equi val ent to that foun 6&(2 g%"géio%g geggggekgn?%e%%% ﬁacg ution

of the present |nvent|on 2002

at a level of apprd nﬂ‘r"é‘f’;ﬂeﬁ) Wiﬂﬁ@%‘ﬂomﬁ° 3¢ ﬁMH_atiPﬁta‘fﬁ%"t B}‘é‘?‘brred
enbodi nent, bi car bdrizaebosate dschelay mordmatel of- 25 mM L.

Still an advantage of the present invention is that

10 it removes bicarbonate when blood bicarbonate is above
normal. -

Another advantage of the present invention is that
it provides a biochemically balanced peritoneal dialysis
" solutien. '

15 Furthermore, an advantage of the present invention
is that it provides a peritoneal dialysis solution that
corrects metabolic acidosis associated with end stage
renal disease.

Moreover, an advantage of the present invention is

20 that it provides a peritoneal dialysis solution that
balances bicarbonate at a normal concentration with a
pco, at normal partial pressure.

Further, an advantage of the present invention is
that the dialysis solution provides an additional

25 contribution of bicarbonate by diffusion of bicarbonate
to offset the end balance of the metabolic hydrogen load
and vice versa for a supernormal concentration.

Another advantage of the present invention is that
it provides a peritoneal dialysis solution at a

30 physiological pH.

Additional features and advantages of the present
invention are described in, and will be apparent from,



Addi tionally, the solution contains carbon dioxide at a partial pressure
that is less than 50 "mHg. In a preferred enbodi nrent the pCO2 of the
solution-is simlar to the partial pressure of carbon dioxid '
bl ood capillaries. Further, 'preferably, the dialysis solutio%%hﬁggﬂmgggﬂzof
7.4. Therefore, the solution, although balanced biochemcally, is a
physi ol ogi cally acceptable solution. Additionally, the solutions include a
weak acid with a pKa of |ess than 5. These weak acids are chosen so as to
be normal biochem cal internediates of glucose nmetabolism Preferably, the
weak acids are chosen from 20 Novenber 2002 WD 96101118 - g 5 10 15 20
25 30 PCTNO95/{3a/8A1d¢a 18HO0URIecEPEHEidT &F | tRE! apLesdi 1Yy Al ke fiiriredt €:
i socitrate; cCigaa@nbhese; a-ketoglutarate; succinate; funarate; nal ate;
and oxal oacetate. These acids can be present either alone or in conbination
in the sol uti GAnallpe VWsdordshgs &5 €yREesstiiliat adotiwae! agpeappraxi mabel y 10
to about 20 nigYdsenkr @hobAbidn théerdenk peodhidde PrpeeitorELNIdiaaysiadi um
salts. The wealola®idni Sofpsdnl:i N an anount that would offset the daily
met abol i ¢ hydrogen production of approxi mately 1 nEq/kg/day. Pursuant to
t.he present invention) any osnotic agent can be used in the solution. For
exanpl e, dextrose, meExterdset (hydroysycégsdl) pol ygl vedsd.2pol ypepti des and
anmno acids can be UgRduas (hfg/xgsnotic agent. Prefgjoalilyy, the peritoneal
di al ysis solution, if . ont aj dextrose as an mti.c agent, has a
it i

general conposition et forth bel ow

Calcium (mEq/L 0.0~4.0
Magnesium (mEq/L) 0.0-4.0
Bicarbonate (mEq/L) 20.0-30.0
Weak acid (mEq/L) 10.0-20.0

wherein the weak acid is at least one acid chosen from
the group consisting of: lactate; pyruvate; citrate:
isocitrate: cis-aconitase; a-ketoglutarate; succinate;
fumarate; malate; and oxaloacetate; and

the solution has a carbon dioxide partial pressure that is
substantially similar to the carbon dioxide partial
pressure of a normal subject’s blood and the solution has a
pH of 7.0 to 7.4,

DETAILED DESCRIPTION
OF THE_PRESENTLY PREFERRED EMBODIMENTS

The present invention provides improved peritoneal
dialysis solutions. The solutions are biochemically
balanced to correct metabolic acidosis that is associated
with chronic renal failure. Pursuant to the present
invention, the solutions are biochemically balanced in
a more physiological manner than prior peritoneal
solutions.

To this end, the present invention provi&es
peritoneal dialysis solutions that contain bicarbonate
at a more physiological 1level, e.g., at a 1level
substantially equivalent to that found in normal blood.

The peritoneal dialysis solution of the present
invention includes bicarbonate present



Dextrose (hydrous) (g/dl) . . 1.5-4.25 Sodium (nEq/L) 100-2140 Chloride
(nEg/L) 70-110 Calcium (nEcY/L) 0.0-4.0 Magnesium (nEq/L) 0.0-4.0

Bi carbonate (nmEg/L) 20.0-30.0 Weak acid (nEg/L) 10.0-20.0 cogpesérbe002
Preferably, solutions containing an oshftic agent other than dextrose
conposi tion have the general pH 7.0-7.4 Gsnotic agent (nmML)1-200Sodi um
(nEg/ L) 100- 140Chl ori de (nEqg/L)70-110Cal ci um (nEg/ L) 0. 0-4. OMagnesi um
(nmEg/L)0.0-4.0 wo 9sioi i is g 20 Novenmber 2002 PGI/ US95106784

Bi carbonate (nEqg/L) '20.0-30.0 Wak Acid (nEg/L) 10-20.00pH 7.0-7.4The
peritoneal dialysis solutions of the present5invention bal ance bicarbonate
at normal conc@¥t Ratie¥Aiand ABREORINAEERY a0 nWifla| tAkaukl 38y B¥Llre. The
weakaci d under Iusaamostr preférrede enbblimdret,c biecarbénatid cgr patesant f r om

di al ysate to bl,eog. ; JhME.of 38 WAk, aci dcan be expected to performin a
relatively predict a%éﬁ;fgfan r |ﬁ’corre i ngﬁql}e?érret abqlic gci g%si s of
chroni curem a. Due t® ‘&?ﬁg&i R PUREERR ne f A3A%ERBul d t he
pati ent s bi camfopapartiak|puessprpetiabriss dessethapréimmoodInigure of 25
rr}v!b L, tgen thebQ&Efédrféd kenboaingsit tihenptog et fwtgdmgibu. ﬂs} Einsion

of bi carbonat e {; C 0 Lgenl.Qa vi ce
versa for a sutp‘).'g'rﬁ%%%&téggcﬁggﬁoﬁgstﬂgﬁtgggd&+%i?édlff’ ‘é@ei?ﬁ g%%%ger, t he
sol ution has acegiliamless vo nechani smaround the figure of 25 mM L

f or 20bi car bonat e. Aryttler)i prebenstly,sthat dialyadishsghetidnsahave nal

T tat | on exEPE7oh: 0 Ttrdites, DERE SiniploHo) afendigh Radangd 101
presenti nvent | g’ggﬁf‘?’f’&fﬂsj’&%ybe;ﬁﬁlg’ Y9 gi?'\lg“‘fptﬁ ?rsggg%ion.
(hydrous) (g/ dl) 1.58%d tkanaddy; [thel sobtinnsdinglvdg/ 2 weab@gid with nEq/ L)

3. ~530Magnesi ugl pRECo¥ lWese. bitE & .DOTRESe (RER/ 20idb aRELendstinesbndasl/ L) 15pH

7.4 20 Noverper 0 6l US A 0 5 NO. '
2Dext r ose (hy(roJrQ.' gugif /2" cﬁ% S%%%%‘?’%ll/ L?‘%‘%‘ﬁ%‘éﬁf‘ﬁ% (O%Eﬁ%ég%al cium
(mEq/ L) 3. 5Magn®&t f#aa-ztr/ L)PG'FGBF%‘&hboﬁgﬁe"?%@&iﬂﬁﬁmﬁaﬂ%ﬂefmﬂ

(nmEg/ L) 15. OpH7. 410EXAMPLE NO. 3Dextrose (hydrous) (g/dl)4.25Sodi um

(mEg/ L) 132Chl ori de (nmEg/L)96Cal ci um (nEq/ L) 3. 515Magnesi um

(nmEq/ L) 0. 5Bi carbonate (nEq/L)25.00Lactate (nmEq/L)15. OpH7. 4EXAMPLE NO.
420Dextrose (hydrous)(g/dl)1.5Sodi um (nEg/ L) 132Chl ori de (nEqg/L)96Cal ci um
(nmEg/ L) 3. 5Magnesi um (nEq/ L) 0. 525Bi car bonate (nEqg/L)20Lactate (nEqg/L)20pH
EXAMPLE7: 40. 5




Dextrose (hydrous)(g/dl) .
(nEq/ L) 3. 5Magnesi um (nEq/ L) 0.5
PCTI U595106784 -
(nEq/ L) . 20. OpH7. 4EXAVPLF

20 Novenber
11 Bicarbonate (nEq/L)
. ~0: GBDextrose (hydrous)(g/dl) 4. 2529dNQygmber 2002

. 2. 2530Sodi um {nEq/ L) 132Chl ori de (nEqg/L)96Cal ci um
2002 WD 96101118
~20. OLact at e

(nEqg/ L) 1320wbosnde (mEq/ L) 96Cal ci um (nEq/ L) 3. 5Magnesi umPCT,USR/E?_%“

(nEg/ L) 0. 510Bi car bonate (nEg/L)
7Dextrose ~(hydrous)(g/dl)

.20Lactate (nEg/L)20pH7. 4EXAI
~1. 51580d|un1(nEq/L)132ChIor|de (nEq/L)96CaIcium

(nmEq/ L) 3. 5Magnesi um (nEq/ L) 0. 5Bi car bonat e (nEq/ L) 30. 020Lact at e

(nEq/ L) 10. OpH7. 4EXAMPLE NO. 8Dextrose (hydrgus)(g/dl) ~2.50Sodi um
"(nEqg/ L) 13225Chl ori de (nEqg/L)96~Cal ci um (nEg/ L) 3. 5Magnesi um

(nmEg/ L) 0: 5Bi carbonate (nEqg/L)30:0Lactate (nEg/L)10.030pH7. 4AEXAMPLE NO.

~Dextrose (hydrous)(g/dl)4.25Sodi um (nEg/ L)
96/ 01118 PCTI U895106784 -
Magnesi um (nEq/ L) 0.5 Bicarbonate

20 Novenber 2002 WO
12 Chloride (nEg/L) 96 Calcium (nEq/L) 3.5
nEg/L) 30.0 5 Lactate (nEq/L) 10.0 pH

7.4 |t shoul d be ubhergrenrl emaisting 0as: chingkateindmvyrtetacibmteio t he
present | y~pr ef erredswm&tﬁenusdeemiﬁa@d har-neaogmddarheeapaa&eﬂﬁaﬁa t hose
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15

20

25

30

approximately 10 to about 20 mEg/L.

Preferably, the weak

acid are present mainly as sodium salts. The weak acid
is present in an amount that would offset the daily

metabolic hydrogen production

mEq/kg/day.

approximately 1

Pursuant to the present invention, any osmotic agent

can be used in the solution.
polyglucose,

maltodextrin, glycerol,

For example, dextrose,

polypeptides and

amino acids can be used as the osmotic agent.

Preferably, the peritoneal dialysis solution, if it
contains dextrose as an osmotic agent, has a'general
composition such as that set forth below:

Dextrose (hydrous) (g/dl)

Sodium (mEqQ/L)
Chloride (mEq/L)
Calecium (mEq/L)
Magnesium (mEq/L)
Bicarbonate (mEg/L)
Weak acid (mEg/L)
PH

1.5-4.25
100-140
70-110
0.0-4.0
0.0~4.0
20.0-30.0
10.0-20.0
7.0-7.4

Preferably, solutions containing an osmotic agent
other than dextrose composition have the general

composition:
Osmotic agent (mM/L)
Sodium (mEq/L)
Chloride (mEq/L)
Calcium (mEq/L)
Magnesium (mEq/L)

1-200
100-140
70-110
0.0-4.0
0.0~-4.0



wo 96~o0iiis - 13 20 Novenber 2002 PCTNS95/06784 iilE CLAIM 1. A
peritoneal dialysis solution including bicarbonate at a | evel of greater
than or equal to 20 ~nM L and | ess than or equal to 30 MM L, HE\YI n& a
carbon 5 dioxide partial pressure that is |ess than 60 mrHg ZAdIVERPEERZOR?
at | east oneovéakissai d present in an amount conprising W/&?&/ 4ely 10
nEg/ L to about 20 nEg/L selected fromthe group consisting of: [actate;
pyruvatet citrate; isocitratet cis-aconitaset a 10 ketogl utarate;
succinatet fumarate: mal atet and oxal aacetate. 2. The peritoneal dialysis
solution of Aaim1 wherein bicarbonate ig gresent in the solution at 25
mML ' . 15 3.. The peritoneal dialysis solution of Cdaim1l wherein the
carbon di oxide partial pressure of the solution is approxinately the sane
as the carbon dioxide partial pressure of blood. 4. The peritoneal dialysis
solution of Aaim1l 20 wherein the solution has a pH of approximately 7.0
to about 7.4. 5. The peritoneal dialysis solution of Claiml wherein the
weak acids have a pKa ddicarbofiaté. (MBg/Ijerit oneal di ak§sd-306@l uti on of

Caim1l 25 wherein the gyaarid psega)partial pressurgeoie tgee solution is
approxi mately the sarre%'f t he carbon Ji oxi de . partiaJé 'Ig ssure of bl ood.
S L]

7. A peritoneal dialysi ol ution' conprising: Dextros ous) (g/dl)

1.5-4.25 30 Sodi um ( nEqPhe npedtemeathpbplyris rajutions. ofothy| prasentEq/ L)
0.0-4.0 Magnesi um {nteptor) KrlénGe bivafisoraitei at normal concentrations

and have a pco, at normal partial pressure. The weak
acid under usual circumstances will have an infinite
gradient from dialysate to blood. Thus, the weak acid
can be expected to perform in a relatively predictable

10 manner in correcting the metabolic acidosis of chronic
uremia.

Due to the composition of the present invention,
should the patient’s bicarbonate level drop below
prescribed normal blood figure of 25 mM/L, then there

15 will be an additional contribution by diffusion of
bicarbonate to offset the unbalanced metabolic hydrogen
load and vice versa for a supernormal concentration.
Phrased in a different manner, the solution has a built
in servo mechanism around the figure of 25 mM/L for

20 bicarbonate. A pure bicarbonate solution at higher than
normal concentrations does not offer this benefit.

By way of example, and not limitation, examples of
specific peritoneal dialysis solutions of the present
invention will now be given.

25 EXAMPLE NO. 1
Dextrose (hydrous) (g/dl) 1.5
Sodium (mEq/L) 132
) Chloride (mEq/L) 96 °
Calcium (mEg/L) 3.5
30 Magnesium (mEg/L) 0.5
Bicarbonate (mEq/L) 25.00
Lactate (mEq/L) 15

PH 7.4



- 14 20 Novenber 2002 PGITI US951 06984 83car bonate (nEg/L) 20.0-30.0 Weak
acid (nEq/L) . 10.0-20.0 wherein the weak acid is at |east one acid chosen
fromthe group consisting of: lactate: pyruvate: citrates 5 i itrate;

ci s-acanitase; a-ketoglutarate; succinate; fumarate; rralate:zgﬁgm’em%er2002
oxal oacet at wo sgo11fhe peritoneal dialysis solution of C apspsodisseci N t he
solution has a pH of approximately 7.0 to about 7.4. 10 9. Tﬁe peritoneal
dial ysis solution of Claim7 wherein the weak acids have a pKa of < 5.0.
10. The peritoneal dialysis solution of Claim?7 wherein the carbon dioxide
partial pressure is less than 60 nmHg. . _ 11. The peritoneal dialysis
solution of Claimwherein 'the carbon dioxite partial pressure ~of the
solution is approximtely the sane as the carbon di oxide partial pressure
of normal blood., 12. A peritoneal dialysis solution conprising: 20
Dextrose (hydrous) (g/dl) 1.5-4.25 Sodium (nEqg/L) 100-140 Chloride (nEg/L)
70-110 Calcium (nEg/L) 0.0-4.0 Magnesium (nEq/L)" 0.0-4.0 25 Bicarbonate
(nmEq/L) 20.0-30.0 Weak acid (nEq/L) 1EXaM@ReEONeherein the weak aaid is at

| east one acid chosen fpamide qhodPasgNG/ak)ng of - | 3gckates pyru' vate:
nitrate; isocitrate: ci;-s oni tas 3 a- Ket'ogl ut arate: sucainate: 30
fumarate: mal ate; and oRX% d L) and the solution A3 a carbon di oxi de
partial pressure that iShbketfstearfmEafk)y sinilar to the96arbon dioxide wo

9s~ons - 15 &0 NovenbetaP&fign (mEq/L) 3.5

Magnesium (mEq/L) 0.5
Bicarbonate (mEq/L) 25.00
Lactate (mEg/L) 15.0
pH 7.4

10 EXAMPLE NO. 3
Dextrose (hydrous) (g/dl) 4.25
Sodium (mEq/L) 132
Chloride (mEg/L) 96
Calcium (mEq/L) 3.5

15 Magnesium (mEq/L) 0.5
Bicarbonate (mEq/L) 25.00
Lactate (mEq/L) 15.0
PH 7.4

X NO

20 Dextrose (hydrous) (g/dl) 1.5
Sodium (mEq/L) 132
Chloride (mEqg/L) 96
Calcium (mEq/L) 3.5
Magnesium (mEq/L) 0.5

25 Bicarbonate (mEq/L) 20
Lactate (mEgq/L) 20
pH 7.4

EXAMPLE NO, 5

Dextrose (hydrous)(g/dl) 2.25

30 Sodiunm (mEq/L) 132
Chloride (mEg/L) 96
Calcium (mEq/L) 3.5

Magnesium (mEg/L) 0.5



PCT/ US95/ 06784 partial pressure of a normal subject's blood and the
solution has a pHof 7.0 to 7.4. . AAA _.Ay.AYr.A

A& ANLE% A. AL AL AY9. Al . Al r. Ay. AL @3S

67bcj wQUWht } wal f a[ UP] caU] calf ca] caU] ca] cTaU] caU] caU] caU] caU] é8djovampenzqieau
] caU] cal] cald sgiigal] cal ca] ca U]l c*al] cal] ca U c”al] ca] ‘P%}rﬁﬁfsloﬁ@? sCD

. 014EQSUWe68F/ C| vpj dMXR] U] cal] caU] cal] cal] cal] caU] caU] caU] cal caUl ca] ca] ca] c
a] cal] cal] cal] ca] cal] caU] cal] caU] cal] cal] cal] caU] caU] ca] caU] caC. / 14E bdf
#npzsnga[ UOU] caU] cal] caU] cal] cal] ca

Ul cral] cal] ca] cal] ca] cal] ca] ca] caU] cal] caU] caU] cal] caU] cal] caU] cal] cal] cay
ca] caU] caU] caU] caj kq| wr | f a[ VPUU] ca] caU] caT c&J"cal] ca] ca] cal] cal] cal] cal] caU
] caU] caU] cal] cal] ca] cal] cal] cal] caU] cal] cal] cal] caU] cal] caU] cal] cal] caqABxy
B .

q" " " x#{ ##H#RS( $$%0%6-ysnga] UOU] cal] cal] cal] cal] caU] cal] ca] cal] ca] ca] ca] cal]
cal] cal] cal] cay] cal] cal] cal cal] cal] cal] cal] cal] cal] cal] cal] cal] cal] ca% ' @
Z'U][ "\ EJ]b( gij )}) | {J]B* +,U], . i'ai#aflo‘&{a%/e[)/(ﬁé@/ﬁ)/q”/ Il aO}'xu f 4 MJ]U]caU% ca]U] ciaU] fJ]aU] c
aU] cal] ca] ca] caU] caU] cal)l cal] c C ca U c™al] cal] calUl cal] ca] ca] ca] cal] ca
W] cay] cal] cal] caU] caU] %&ﬁ%%“?ﬂmnl( 2+2<2H2J2L3ReP2S2Vv2 Y2\ 2 2 H3OUP
44444zt nhb\ VPU] U] cal] capBcal] cal] cal] cal] cal] cal] cal] @ad)] cal] cal] caU] ca] caU
] ca] cal] ca] ca] cal] cal] cal] ca] cal] cal] gadmpak] geUeal cads

555v66667VTIy T TTTTTT7: | (S <h<5:133=0:8~ b] VR C ca] cal] ca] cal] ca
cal \éa] c"a}/cg cal] cay] caﬁ%a@i ca! gg%ﬂg%% a@fégfga{ﬂ CL]U]can%:J‘aU] I:aU]U]caU} ca]U] cg%
cal] cal] cal] ca8=9=F=j =y2odium (x ¥>] > >r >t >>>>>>>>>33%52zu0hc] XR| U] U] ca] ¢
aU] ca] ca Chloride (mEq/L) 96

Ul c”a] c"a] ca}lJ] ca] cal] capged iRl (m@ly£p] cal ca] ca] c”a] cglfca] cal] ca] cal] ca] ca
ﬂ g?!af 2515%]?%3??????@@@’@2@9@“@@@/@)@ @l A3ATAaAAAR2TI0j d_YT] U U] ] cal] ca]
ca] c”a] caU] ¢ ca] c”a] caBiearkhangteal®8BataU] ca] caU] ca] c@Pcal] ca] cal] ca] caU] ca

] caU] ca Lactate (mEg/L) 20
pH 7.4
EXAMPLE NO. 7
Dextrose (hydrous) (g/dl) 1.5
15 Sodium (mEg/L) 132
Chloride (mEg/L) 96
Calcium (mEq/L) 3.5
Magnesium (mEq/L) 0.5
Bicarbonate (mEg/L) 30.0
20 Lactate (mEa/L) 10.0
pH 7.4
EXAMPLE NO, 8
Dextrose (hydrous)(g/ﬁl) 2.50
Sodium (mEq/L) 132
25 Chloride (mEQ/L) 96 -
Ccalcium (mEq/L) 3.5
Magnesium (mEq/L) 0.5
Bicarbonate (mEg/L) 30.0
Lactate (mEq/L) 10.0
30 pH 7.4
EXAMPLE NO. 9
Dextrose (hydrous) (g/dl) 4.25

sodium (mEg/L) © 132
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WE _CLAIM:
1. A peritoneal dialysis solution including
bicarbonate at a level of greater than or equal to 20
‘mM/L and less than or equal to 30 mM/L, having a carbon
5 dioxide partial pressure that is less than 60 mmHg and
including at least one weak acid present in an amount
comprising approximately 10 mEqg/L to about 20 mEg/L
selected from the group consisting of: lactate;
pyruvate; citrate; isocitrate; cis-aconitase; a-

10 ketoglutarate; succinate; fumarate; malate; and
oxaloacetate.

2. The peritoneal dialysis solution of Claim 1
wherein bicarbonate is present in the solution at 25
nM/L. )

15 3.. The peritoneal dialysis solution of Claim 1
wherein the carbon dioxide partial pressure of the
solution is approximately the same as the carbon dioxide
partial pressure of blood.

4. The peritoneal dialysis solution of Claim 1

20 wherein the solution has a pH of approximately 7.0 to
about 7.4.

5. The peritoneal dialysis solution of Claim 1
wherein the weak acids have a pKa of < 5.0.
6, The peritoneal dialysis solution of Claim 1

25 vherein the carbon dioxide partial pressure of the
solution is approximately the same as the carbon dioxide .
partial pressure of blood. ' .

7. A peritoneal dialysis solution ‘comprising:

Dextrose (hydrous) (g/dl) 1.5-4.25
30 Sodium (mEq/L) 100-140

Chloride (mEq/L) 70-110

Calcium (mEq/L) 0.0-4.0

Magnesium (mEq/L) 0.0-4.0
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