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« It has been hypothesized that correction of metabolic
acidosis mignt iimjpiove e nutritional state of acidotic
haemodialysis (HD) patients. Metabolic acidosis adversely
affects both protein and bone metabolism in patients with
chronic renal failure, and could also affect morbidity and
Integrity of the dialysis patient 1997

 There are abundant data from short-term metabolic studies
In patients with chronic kidney disease (CKD) indicating
that metabolic acidcsis, a coimivicn conaition in renal
Insufficiency, may engender or worsen protein-enerqy
malnutrition, iInflammation, and bone disease 2006

e Correction of metabglic acidosis a cardinal manifastation of
late stage CKD, is one of the goals of effective dialysis
2013




[TaTounsnonornyeckme aeKThI

MeTabdoSIM4eckoro aungosa

« HepocTaTO4YHOCTb NUTAHUS

-noBblleHne kaTabonmama benka

-CHMXXEHUe cuHTEe3a benka

-3HOOKPUHHbIE PacCTPOMNCTBA, BKIIOYaAKOLLNE NHCYNTMHOPE3NCTEHTHOCTb
-CHUWXXEHME YPOBHSA CbIBOPOTOYHOrO NenTmHa

-BocnaneHue

e MeTabonmsm B KOCTU

-MOXET UMETb OTpUuLaTENbHbIN 3(PJEKT HA CUHTE3 BUTaMuHa D
-BbIMbIBaHWE KalibLMS N3 KOCTHOW CTPYKTYpbI
-NOBbILLEHNE PUCKA NEPENTOMOB KOCTU

* MoxeT noBbICUTb OOMEH beTa-2-MUKpornobynuHa.
 MoxeT yxyawaTb TeYeHuMe runepnapaTnpeosa
« CnocobcTByeT nporpeccunpoBaHmio Xbl'l

Bce amo Moxem npuseecmu K yeesiu4eHUr0 OMmHOCUmMesibHo20
pucka KaK 8 KpamKoCPOYHOU (3a cYeT runepkanemmnn),
mak u e 0oJ120CpPOYHOU nepcriekmuee



AKTyarnbHOCTb npobrembl MmeTabonmyeckoro
aumngosa

MeTabonunyecknn aumaos Hanboree Yyacto BcTpevaetcs y naumeHToB ¢ XbI1.

Aungemus, Kak nonaratoT, ABAAETCA BaXXHOW NpUinHON 3aboneBaemMocTu u
HeXenartenbHbIX nocneacTtsmn y naumeHtToB ¢ XbI'1 n TXIMH

AUNO03 NP NoYeYHor HeJoCTaTOYHOCTU MOXKET CnocobCTBOBaThL Pas3BUTUIO
OEeNKOBO-3HEePrMTUYECKON HeJoCTaTO4YHOCTH, eLle O4HUM PacnpPoCTPaHEHHbIM
yCrnoBMeM 1 pakTopoM pucKa HexenaTenbHbIX UcxodoB. bonee Toro, coctosiHne
XPOHMYECKOro aLmao3a 4acTo BbISABMNAETCS NPU NovYeyHor HeJoCcTaTOYHOCTU U
MOXET BblI3bIBaTb UIK yXyaLlaTbh TeYEHNE Kak OerKoBO-aHEPrUTUYECKON
HeJoCTaTOYHOCTM M BOCNaneHus, Tak cepaevyHo-cocyancTbiX 3aboneBaHui u
aTepockrneposa B Nonynsauun.

Tak kak MICS (malnutrition-inflammation complex syndrome) siBnsetca ogHom u3
rMaBHbIX NPUYMH HEDNAronNPUATHLIX KITMHUYECKNUX ncxogos y nauneHTos ¢ XbI1,
BblOBWHYTA rmrnotesa, 0 ToM, YTO MeTabofIM4YeCcKMin aumaos, Bbi3biBast HapyLleHne
NMTaHUs N Katabonmam (oTpuuaTenbHbIn 6enkoBbiM 6GanaHc 1 BocnaneHue),
MOXET UrpaTb rMaBHYK POSib B YBENIMYEHNUM CMEPTHOCTU B A@HHOW NOonynaumn.
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Movilli E. Evidence for an independent role of metabolic acidosis on nutritional
status in HD patients. Nephrol Dial Transplant. 1998;13(3):674-8.
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Bicarbonate Supplementation Slows Progression of
CKD and Improves Nutritional Status

lone de Brito-Ashurst, Mira Varagunam, Martin J. Raftery, and Muhammad M. Yagqoob

Department of Renal Medicine and Transplantation, Willlam Harvey Research Institute and Barts and the London
NHS Trust, London, United Kingdom

ABSTRACT

Bicarbonate supplementation preserves renal function in experimental chronic kidney disease (CKD), but
whether the same benefit occurs in humans is unknown. Here, we randomly assigned 134 adult patients
with CKD (creatinine clearance [CrCl] 15 to 30 mi/min per 1.73 m”) and serum bicarbonate 14 to 20
mmol/L to either supplementation with oral sodium bicarbonate or standard care for 2 yr. The primary
end points were rate of Cr(Cl decline, the proportion of patients with rapid decline of CrCl (=3 ml/min
per 1.73 m?/yr), and ESRD (CrCl <10 mV/min). Secondary end points were dietary protein intake,
normalized protein nitrogen appearance, serum albumin, and mid-arm muscle circumference. Compared
with the controf group, decline in CrCl was slower with bicarbonate supplementation (5.93 versus 1.88
ml/min 1.73 m?; P < 0.0001). Patients supplemented with bicarbonate were significantly less likely to
experience rapid progression (9 versus 45%; relative risk 0.15; 95% confidence interval 0.06 to 0.40; P <
0.0001). Similarly, fewer patients supplemented with bicarbonate developed ESRD (6.5 versus 33%;
relative risk 0.13; 95% confidence interval 0.04 to 0.40; P < 0.001). Nutritional parameters improved
significantly with bicarbonate supplementation, which was well tolerated. This study demonstrates that
bicarbonate supplementation slows the rate of progression of renal failure to ESRD and improves
nutritional status among patients with CKD.

J Am Soc Nephm! @@: -, 2009. dot: 10.14B1/ASN. 2008111205




CpaBHUTENbHbLIX PUCK CMEPTHOCTU B 3aBUCUMOCTU OT
YypPOBHS OnkapboHaTta

Relative Risk of Death
1:2 7
199 U-shaped correlation: 1.9
115 - p for (HCO3)2 <0.0001
1.1 -
(e
1.05: -
1.00
9 -
0.95 -
REF p=0.40
0.9 | l u u

<=19.0 19.1-21.0 21.1-24.0 >24.0

Quartiles of Serum Bicarbonate (mEq/L)

adjusted for facility clustering, age, sex, years with end-stage renal disease, day of week of blood draw, and




CpaBHUTeNbHbLIX PUCK YACTOTbI rocnuTanusauun B
3aBMCUMOCTU OT YPOBHA OMKapboHaTa

Relative Risk of Hospitalization

113 1.13
110 U-shaped correlation:
o p for (HC03)2=0.0008
1.09 - 1.03
1.00
1 -
0.95
REF
0.9 Ty T

<=19.0 19.1-21.0 21.1-24.0 >24.0

Quartiles of Serum Bicarbonate (mEq/L)

djusted for facility clustering, age, sex, years with end-stage renal disease, day of week of blood draw, and
15 summary comorbid conditions; stratified by country, n=7,140 g o0 § et al. AJKD 4 4(4):661-671, 2004
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Wu DY et al. Association between serum bicarbonate and death in HD patients: is
it better to be acidotic or alkalotic? Clin J Am Soc Nephrol 2006;1(1):70-8.
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Wu DY et al. Association between serum bicarbonate and death in HD patients:
IS it better to be acidotic or alkalotic? Clin J Am Soc Nephrol. 2006;1(1):70-8.



CpeaHun ypoBeHb bukapboHaTta B MMOJIb/J, U3BMEpPEHHbIN B
cepegvHe Heagenwu B pa3rfiMYHbIX CTpaHax

mEqiL

25 - 239 237 281 29
2.9 2.1 14 N4

20 -

15 -

10 -

5 -

0 7,140 587 278 271 760 317 412 4,515 pumid

All FR GER IT JPN SP UK UsS

Corrected to midweek measurements. Bicarbonate was usually measured by autoanalyzer (total CO,) and
corrected for Germany and Italy, where it was usually measured by blood gas analysis; patients with ESRD >30
days, on a 3 HD session/week schedule, and without a catheter o (01 en 44(4):661-671, 2004




PacnpegeneHune cpegHe-BpeMEHHOIo YpOoBHSA brukapboHaTa CbiIBOPOTKU
cpeau nauneHToB, nonyydatowmx 3T neputoHeanbHbIM AMann3om
(n=10,400) n remognanunsom (N=110,951)
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Time Averaged Serum Bicarbonate (megq/L)

Vashistha T et al. Dialysis modality and correction of uremic
metabolic acidosis: relationship with all-cause and cause-specific
mortality. Clin 3 Am Soc Nephrol. 2013;8(2):254-64.




PacnpegeneHune cpegHe-BpeMEHHOIo YpOoBHSA brukapboHaTa CbiIBOPOTKU
cpeau nauneHToB, nonyydatowmx 3T neputoHeanbHbIM AMann3om
(n=10,400) n remognanunsom (N=110,951)
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Vashistha T et al. Dialysis modality and correction of uremic
metabolic acidosis: relationship with all-cause and cause-specific
mortality. Clin 3 Am Soc Nephrol. 2013;8(2):254-64.



PacnpegeneHune cpegHe-BpeMEHHOIo YpOoBHSA brukapboHaTa CbiIBOPOTKU
cpeau nauneHToB, nonyydatowmx 3T neputoHeanbHbIM AMann3om
(n=10,400) n remognanunsom (N=110,951)
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Vashistha T et al. Dialysis modality and correction of uremic
metabolic acidosis: relationship with all-cause and cause-specific
mortality. Clin 3 Am Soc Nephrol. 2013;8(2):254-64.



iccnegoBaHme BNUAHUA KOPPEKLIMM MeTabormmyeckoro
aunago3a Ha CocTosiHMe nNuTaHug naumeHTos [

(n = 80)
Onanu3Hbin cTax 42146 mecsiueB

Bo3spacTt 53+14 net
XXeHLWUH/MYy>X4nH 6b1n0 no 50%

cpegHun HCO3 = 18,5 mmonb/n

(13,1 - 26,6)

HCO3 <17

BukapboHat B gnanusare cp. 24,5 %
= 31,4 mmonb/n

Crl16, B.H.Cyukos



Lienn nccnepgoBaHus

OueHka apdPEKTUBHOCTM N BE30MACHOCTH
(OCNOXHEHUSA) KOpPEKLUUN MeTabOoTMYECKOro
aumgosa y nauueHToB [l nytem yBennyeHus
bukapboHaTa B AnanusnpyroLLeM pacTBoOpe

OueHKa BrnusiHMsI KoppeKkLnum metabonmnyeckoro
aumaoosa Ha nutaTtenbHbIn cTtaTyc naumeHnTos [

OueHKa BNNSHNA KoppeKkLuum metabonnyeckoro
aumao3a Ha YpoBEHb XPOHUYECKOro BOCNaneHus

OueHKka BNUSHUSA KOpPEeKLUnM MeTabonmnyeckoro
aumgo3a Ha ncxodbl NeYeHus gmann3om

Crl16, B.H.Cyukos



PekomeHaaumm no Koppekumm metadbosim4eckoro
aunpgosa anga 'l naumneHToB

K/DOQI (USA)

UKRAG (UK)

EBPG (Europe)

CARI (Australia)

NDT

Nop ny6nukauum

2000,2003

2008,2009

2005,2007

2000

2000

LleneBoe 3HayeHne HCO3

=22 MMOnb/I

18-24 mmonb/n

20-22 MmMmonb/n

23-24 mmonb/n

20-22 mmonb/n

Crl16, B.H.Cyukos



Koppekuuns metabonuyeckoro aumaosa nytem
yBenn4yeHus bukapboHaTta B Ananm3npylowlem

pacTBope
Npynna O Npynna 1 Npynna 2
222 20+22 <20
NMOJSIHOU KOoppeKuumn YaCTU4YHOMN KOppeKuumn HeypnoBnetBoputesibHOu
24.0+1,2 mmonb/n 21,0+0,6 mmonb/n KoppeKumnm
(n=40) (n=23) 18,2+1,6 Mmmonb/n

(n=17)




[OnHamuka ypoBHS1 bukapboHaTta kposu (HCO3) n ananunsarta
(Bic) y Bcex nauneHToB ['[] 3a BpemMsa HabntogeHns
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Crl16, B.H.Cyukos
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OueHKka BNUAHUA KoppeKkuun metabonnyeckoro aumaosa
Ha nuTaTesibHbIN cTaTyc nauueHTos [ [




OueHKa BINUAHUSA KOppeKLMn MeTaborinvyeckoro
aumgosa Ha nutaTtenbHbIXM cTaTyc nauueHTos [

I

A1
B Ab _end

T
1

YpOBHM KOppeKkuMn aumaosa




OueHKa BnnsiHMUS KoppeKkLunmn metabonmnyeckoro
aumaosa Ha nuTaTenbHbIN cTaTyc naymeHToB [ ][]

o1 BnPNAT

By 143 [EnPNA_end

o O

0,99+40,21 v.0,84+0,21 r/kr/cyT;p=0,013

T T T
0 1 2

YpOBHU KOppeKuun aumaosa



OueHKa BrUsAHMS KoppeKkLunumn metabonmnyeckoro Ha
YPOBEHb XPOHWUYECKOro BOCNaneHus

Min
Hin_end

+2,143,0 B rpynne HK v. +1,0+3,7 mr/n
p=0,06

0 1 2

YpOBHW KOppeKLUWUW aumMaosa



OueHKa BnUsHNS KoppeKkLunum metabonmnyeckoro
aumaoosa Ha ucxodbl fievyeHua amanmsom
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SB nocne Koppekuuu

-4 '<20 mmonb/n
--720-22 mmonbk/n
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—+npepeaHHble
—+—HabnwoaeHus

1 2 3 - 5

OnutensHocTtk 3IT nocne Koppekuuu, ner

CyukoB B.H. n coaBT. BrninssHne koppekuum KMCNOTHO-OCHOBHOIO COCTOSIHUSA Ha
ncxoabl nieyeHmna guannsom. Hepponorua n uanus. 2015; 17(3):318



BbiBOAbI:

MeTabonunyecknn aumaoos LNPOKO pacnpocTpaHeH cpeaun NauMeHToB C
XBI'l. Aungemuns, Kak nonaratoT, ABNSAETCA BaXXHOW NPUHMHON
3ab051EBAaEMOCTU N HEXeNaTerbHbIX nocrneacTsun y nauneHTos ¢ XbIl1
n TXIH.

YBenuieHune ypoBHa brukapboHaTa B AManm3anpyowem pactBope
aBnsieTcs 6e3onacHbIM COCObOM KoppeKkumn metabormyeckoro
aumaosa, npuv nNyIoxXom nepeHocCnMocTu (Cyaoporu, aputMnm 1 1.4.) —
nepopanbHoe Bo3MeLlleHne bukapboHaTa

YpoBeHb KOppeKLMn MeTabonmyeckoro aumMaosa, B YaCTHOCTH,
yYBENUYEHUEM codepXaHusa bukapboHaTa B Ananm3npyoLLeM pacTBope
cnocobeH NoBMMATbL Ha BbIXKMBAEMOCTb NaLUEHTOB

KOppeKuuto metabonnyeckon aumagemMmmn nogaepxaHnem ypoBHS
CbIBOPOTOYHOro bukapboHaTa Ha YPOBHE He HUXe 22 MMOSIb/N crnegyet
cuynuTaTb OOHOWN M3 Lienen nevyeHns nauneHTa nporpaMmMHbIM gnannu3om



Many Facilities Use A Single Dialysate
Bicarbonate Concentration

% of facilities that do not individualize D.B*

100% -

90% -

80% -

70% -

60% -

50% -

40% -

30% -

20% -

10% -

0% -

ANZ BE FR GE SW UK US
N faciliies: 36 36 33 36 38 36 39 37 26 119 436

* % of faciliies where = 90% of patients use a single D_B concentration
D P PS Source: DOPPS 2-3 data; Japan not shown due to possible misclassification issues




Dialysate Bicarbonate by Country

% of patients
100% -
90% -
80% -
70% -
60% -
50% -
40% -
30% -
20% -
10% -
0% -

D.B (mEg/L)

mD.B > 37

mD.B 34-37

ED.B<34

ANZ BE CA FR GE IT SP SW UK US ALL
N patients 1172 1313 1110 1391 1402 1235 1531 1361 881 4318 15714

Mean D.B 35.2 345 363 349 321 34 354 344 353 368 35.2

- * % of faciliies where = 90% of patients use a single D_B concentration
D ’ A "'-'FP Ps Source: DOPPS 2-3 data; Japan not shown due to possible misclassification issues




DOPPS, 2013
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No.
pts: 1662 1792 1310 1571 1073 695 1335 1134 1310 5149 17031

Tentori F et al. Association of dialysate bicarbonate concentration with
mortality in the Dialysis Outcomes and Practice Patterns Study (DOPPS).
Am J Kidney Dis. 2013;62(4):738-46.
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Distribution of Pre-Dialysis Serum Bicarbonate Before and After Conversion to GranuFlo
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Mortality is Positively Associated with
Dialysate Bicarbonate Concentration

Hazard Ratio (95% CI)

1.40 eD.B<34 AD.B 34-37 ¢D.B>37
1.30
1.20
p=0.005 p=0.08 p=0.04 ¢
1.10 | ?
»
1.00 - - T - - T - - \
(Ref.) (Ref.) (Ref.)
0.90 ;
i ¢ ¢
0.80 ;
0.70
All patients Individualized® Non-Individualized*
0.60° D.B facilities D.B facilities

*Non-individualized defined as =90% of patients in a facility prescribed the same D.B; All other facilities defined as Individualized;
Source: DOPPS 2-3 data; Cox model stratified by phase and region, adjusted for age, sex, vintage, BMI, 13 comorbidities, albumin,

hemoglobin, SBP, vascular access, residual kidney funciion, Ki/V, serum bicarbonate, and facility clustering; P-values represent the
D ‘. 'P Ps effect of D.B as a continuous variable
Adapted from Tentori et al. ASN 2011 abstract



Dialysate Bicarbonate and Mortality,

by Serum Bicarbonate
Hazard Ratio (95% CI)

1.75 eD.B<34 AD.B34-37 eD.B>37
1.50
1 25 p=0.004 | p=0.004 ¢ p=0.09 p=0.59
(Ref.) o
1.00 *x 1 x 1 o 1 '-‘ 1
0.90 4 (Ref)
I \
9
0.50
0.40
0.30 S.B <19 S.B 19-21 S.B 22-24 S.B>24

Source: DOPPS 2-3 data; Cox model stratified by phase and region, adjusted for age, sex, vintage, BMI, 13 comorbidities, albumin,

hemoglobin, SBP, vascular access, residual kidney function, Ki’V, serum bicarbonate, and facility clustering; P-values represent the
D J, IP Ps effect of DB as a continuous variable
Adapted from Tentori et al. ASN 2011 abstract



DOPPS, 2013

Hazard Ratio (95% Cl) Dialysate Bicarbonate (mEg/L)
1.50 eDB<32 ADB33-37 mDB238
(Ref)
1.25
1.10 » k B
1.00 n n : . . o
0.90 & ® @
©
0.80
0.70
All patients S.Bicarb <19  S.Bicarb 20-24  S.Bicarb2 25

Tentori F et al. Association of dialysate bicarbonate concentration with
mortality in the Dialysis Outcomes and Practice Patterns Study (DOPPS).
Am J Kidney Dis. 2013;62(4):738-46.



DOPPS, 2013

Hazard Ratio (95% CI)

170 ® Non-individualized facilities a Individualized facilities
1.50
‘A
1.25
1.10 ®A i
A
1.00 T T -l — - —9 S = T
(Ref.) A

0.90 [
0.80
0.70 <17 18-19 20-21 22-23 24-25 26-27 2 28

’ (6%) (9%) (18%) (23%) (21%) (13%) (9%)

Serum Bicarbonate [mEq/L]
(% of patients)

Tentori F et al. Association of dialysate bicarbonate concentration with
mortality in the Dialysis Outcomes and Practice Patterns Study (DOPPS).
Am J Kidney Dis. 2013;62(4):738-46.



Puckn, cesaszaHHble ¢ KOC

A Predialysis pH P-value B Predialysis
6% Bicarhonate, mEq/L

<730 i <180

7.30-7.34 Reference 18.0-21.9

7.35-7.39 : 220-259

Hazard ratio (95% ClI)

C Postdialysis pH P-value D Postdialysis
0.005 Bicarbonate, mEg/L

<740 0.047 <240

7.40-7.44 02 240259

0.8

7.45-7 45 Reference 26.0-279

Hazard ratio (95% Cl1)

P-value

02 N=15,132

o HabnoaeHne
Reference —1roa

Hazard ratic (95% ClI)

P-value

03
05

02
04

Reference

Japanese Renal Data Registry

Hazard ratio (95% CI)

Yamamoto T et al. Predialysis and Postdialysis pH and Bicarbonate and Risk of All-
Cause and Cardiovascular Mortality in Long-term HD Patients.

Am J Kidney Dis. 2015 Sep;66(3):469-78.



be3onacHOCTb KoppeKUUn

[Mpwu I'[] noBbILLEHME KOHLEHTpaUumn
bukapboHaTa B ananusarte ( )
aBrgeTcs 6esonacHbIM CNOCOOOM MOBbLICUTL
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[TlepopanbHbIn Npuem bukapboHaTa HaTpus,
0ObI4YHO - B J03e OT 2 A0 4 rpaMMOB B [1€Hb
nnun 25 - 50 MOKB/geHb MOXeT 3 PEKTUBHO
NoBbILLATb KOHUEHTpauuto bukapboHaTa
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[Manu3HaA HeOens, yachbl

Crl16, B.H.Cyukos



BIIMAHUE KOHUEHTPALUU BY®EPA HA YPOBEHbDb KAJIUA B NMJITA3SME

Kanuu nnasmbl (MMonbin)
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Nephrol Dial Transplant (2005) 20: 591-597



[MpaBuna (anropnTmbl) KOppeKumnu
aumpo3a y 'l naumeHTOB

- ICKINMKOYUNTDb Apyrume npninHbl pa3BsnUTnNAa aunano3a 'y
AaHHOIo nauumneHTa

- YYUTbIBaTb U3MEHeHne B AuHamMmuke pakTtopos,
BNMAKOLWUX HA YPOBEeHb OnkKapboHaTa KpoBu y
AAaHHOro nauneHTa (Ce30HHOCTb, U3BMEeHEeHUue AUeThbl,
npucTpacTue K arikoronro u T1.4.)

Crl16, B.H.Cyukos



[MpaBuna (anropnTmbl) KOppeKumnu
aumposay 'l naumeHTOB

JNlabopaTopHasi oueHKa ypoBHS1 bukapboHaTa KpoBu He pexe 1
pa3/kBapTan (exemecs4Ho — ugean!)

YBenunyeHue ypoBHSA OMKapOoHaTa B AnanusnpyroLiem
pacTBope He boree 3 MMOJb 3a OAMH LWiar (cooTBeTCTBYET
crnepywoLwiemy nabopatopHomMmy usmepeHuro bmkapoboHarta
KpOBMW)

MakcumanbHbIM YypOBeHb OuKapboHaTa B guanu3sare = 38
MMorib/n (co6cTBEHHOE MHEHUe)

U3beraTb NnpuMeHeHne BbICOKOOMKapOoOHaTHOro aguanusaray
NnauMeHTOB C NePCUCTUPYIOLLUM YMEPEHHbIM/TSXXesbIM
aunmao3om (McKaTb Apyrue NpuYnHbI NnogaepxaHusa aumaosa)

Mo pocTnxxeHuun ueneBbIX 3HAYEeHUU YPOBHA OMKapboHaTa
KpoBu* (22 mmonb/n) — ctrabunmsauus ypoBHa bukapboHata B
Avanusare

* y NaUMeHTOB C BbICOKMM YpoBHEM GukapboHaTa B ananusate (37-38 MMonb/n) —
nocTeneHHoe cHxXeHune (war = 1 MMosib/n)



