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XNN kat amofoln nueprnowou doptiou 0éeog

* H amnofoAn tou nuepnaoou ¢optiov uSPOYOVOKATIOVIWY ATO TO
HETABOALOUO €lval KUPLWCE AELTOUpYLA TOU aBPOLOTIKOU
owAnvapiou

* [ va mapapeivouv ota ovpa ta anoBaillopsva
vépoyovokatiovta mpEmneL va deopeuBolv aTov AUAO TwV
oupodOpWV CWAnVaAPiwV Ao PUOULOTIKA SLaAvpata

* OudUo KUpLeC ouaieg TTOU SPOUV WC TETOLEC oTA oUpa Elval n
appwvia (rtov arnofaiAstatl wWe AUUWVLO) Kol KUpLlwe Ta
dwodopika, ota onola avadePOUAOTE WC TITAOTIOLN LN ofuTn T



XNN kot artoBoAn nuepnolou poptiov 0€€oc
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XNN ko armoBoAn ¢optiou of€og

Meta oo xopynon oé€oc:
Normals: 27 >>> 22 meq/L HCO,
CKD: 22 >>> 14 meq/L HCO,
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Welbourne et al, J Clin Invest 1972; 51:1852



XNN kat arnoBoArn nuepnaou goptiov oéeog
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Ztn XNN, n anoBo)\r‘i auuwviou/GFR!eivm 3-4 dopéc peyalutepn, apa...

» H arofoAf appwviov ava vedpwva £xel 16n peyiotonownOei
» H aduvauia avtipponnong o@eiAstal otnv EAATTWON TOU APIIUOU TWV VEQPPWVWV

Welbourne et al, J Clin Invest 1972; 51:1852



XNN kat arnoBoArn nuepnaou poptiou o&eog

KaBwc o aplBpoc twv veppwvwv ehattwvetol otn XNN n amoBoAn
0&€0C ap)Xika Sratnpeital pe tTnv avénon tng anoBoAng appwviov
ava veppwva

MNopoAa autd, TEAKA 1) ve@pPLKn armoBoAn auuwviou EAQTTWVETAL
otav yadouv apketol veppwvec (ae GFR ~40 to 50 ml/min)

ZwAnvaplako avtiotoyo tnc¢ vrtepdbndnanc ya tnv dLatrjpnan tou
GFR ue tnv anwAsla onepauatwy ? !

NopdAAnAa, n cupPoAn TNC TLITAOTIOLNOLUNG 0EUTNTAC, TTOU EXEL
lkpn duvatotnta avénong, tailet 6Ao Kol Alyotepo poAo, KaBw¢
ehattwvetol n anoPfoAn pwodopikwv (GFR, dlatta,
dwoPopodecUEVTIKA)




XNN kat eudavion petaBolikng oéEwaong

Timing of Onset of CKD-Related Metabolic
l NephroTest cohort | Complications

MGFR (mLimin/1.73m 2)

89-60 59-50 49-40 39-30 2920 <20
N (127) (99) (167) (232) (229) (184)

m Hyperparathyroldism m Anemia F Acldoslsl O Hyperkalemia oHyperphosphatemia

GFR 40-45 ml/min/1,73 m? evawgdnaoia 90 % otnv dtayvwan ofEwanc (<22 mmo/L)

Moranne et al, ] Am Soc Nephrol 2009; 20: 164



MAPAMETPOI NOY ZXETIZONTAI ME THN EM®ANIZH OZEQ2HZ 2TH XNN

Acidosis
NephroTest cohort Parameter (OR [95% CI])
Age <65 versus =65 yr 1.74{t.11027)
Men versus women T0061to 1.0)
Black versus white 0.5 (0.2 to 1.4)
Renal disease
glomerulonephritis Reference
vascular nephropathy 1.3 (0.7 to 2.4)
diabetic kidney disease 0.8 (0.4 to 1.9)
tubulointerstitial nephritis 1.7 (0.9 to 3.4)
polycystic kidney disease 1.4 (0.5 to 3.5)
undetermined 0.6 (0.3 to 1.4)
Diabetes, yes versus no 1.9 (1.1 to 3.5)
BMI (kg/m"?)
<25 Reference
25 to 30 0.8 (0.5 to 1.4)
>30 0.7 (0.4 to 1.3)
BP > versus =130/80 mmHg 1.1 (0.7 to 1.7)
Proteinuria® 0.8 (0.6 to 1.1)
ACEIi/ARB, yes versus no 0.8 (0.5 to 1.3)
mGFR (ml/min per 1.73 m?) 0.5 (0.4 to 0.6)

Moranne et al, ] Am Soc Nephrol 2009; 20: 164



MAPAMETPOI NOY ZXETIZONTAI ME THN EM®ANIZH OZEQ2HZ 2TH XNN

AlpokaOapopevol acOeveic
baseline (first 3 mo averaged) predialysis serum HCO;

Table 2. Correlations between HCO;™ and relevant 56.385 aoOeveig
clinical and laboratory variables®
Unadjusted ~ Multivariate
Variable (Pearson) (Partial)
Correlation r  Correlation
Age 0.15 0.08
Dialysis dose: Kt/V 0.08 0.02
(single pool)
Dialysis vintage 0.04 0.04
BMI —0.04 0.03
Protein intake: nPNA —-0.22 —-0.20
or nPCR

Serum albumin —0.11 —(0.04
phosphorus —0.35 —0.25
calcium 0.15 0.18
potassium —0.22 —-0.14
urea nitrogen —0.33 —0.19
creatinine —0.16 —0.10
TIBC —-0.12 —0.05
ferritin 0.04 0.02

Clin J Am Soc Nephrol 1: 70-78, 2006




2YNEMNEIEZ TH2Z METABOAIKHZ O=EQ2H2 TH2 XNN

Box 2. Adverse Effects of the Metabolic Acidosis of Chronic
Kidney Disease

« Increased degradation of muscle protein with muscle
wasting and suppression of growth in children

« Dissolution of bone and bone disease A

« Decreased albumin synthesis with predisposition to
hypoalbuminemia

« Progression of chronic kidney disease ﬁ

« Stimulation of inflammation

« Impairment of insulin secretion and responsiveness

« Stimulation of amyloid accumulation

« Increased risk for death gr

P

- -
P

Kraut & Madias, Am J Kidney Dis 2016 Feb;67(2):307-17




2YNENEIE2 TH2Z METABOAIKHZ O=EQ2H2 TH2 XNN
Qaotikn Noao¢

H eoubetépwon ofEwv amo ta ootd: anwAela avOpakikou acBeotiou

» aupean oAnAenidbpoon H* e 10 00TO w¢ oTEPEO pudutaTiko StaAvua

» éuuean oroug oatreokAdateg - avtaAlakteg Cl/HCO, !

AA\oL unxaviopotl ootikng BAABNC ouvdeopevol pe tnv oécwon tng XNN:
» avaatoldn dpaatnpiotnrac ootsoBAactwv

» eAattwuévn dpaatnpiotnta tn¢ 1-a-udpoéuAaanc (VitD)

» embeivwan Yrieprapadupeosidiauou ( | Ca receptor)

Kraut & Madias, Am J Kidney Dis 2016 Feb;67(2):307-17




2YNEMEIEZ TH2Z METABOAIKH2 O=EQ2H2 THX XNN

Qaotikn Noao¢

H petafoAikn oécwon eAattwvet tnv evatadnoia twv napadupeostdbwv

oto agBeartio (Ca receptor)

2.5 -

0.8

) 1 I ] 1

1.1 1.2 1.3 1.4 1.5

iCa** mmol/I

Graham et al, ] Am SocNephrol 1997;8: 627-631




2YNEMEIEZ TH2 METABOAIKH2 O=ZEQ2H2 TH2 XNN:

YrioAeukwuativaiuia
'NHANES III 1988-1994
Adjusted
Odds ratio 95% CI P value
_ Age, 10 vears 1.30 1.23,1.37 =(0.001
N=15.594 Female gender 3.18 2.60, 3.89 <0.001
Race
GFR N Non-Hispanic white 1.0 Referent
15-29 52 Non-Hispanic black 2.12 1.67,2.69 <0.001
30-59 960 Mexican-American 0.96 0.74,1.24 0.73
Other 1.26 0.87, 1.83 0.22
60-89 4402 Estimated glomerular filtration rate
90-150 9325 =150 3.50 0.91,1.74 <0.001
90-150 1.0 Referent
>130 855 60-89 0.76 0.63, 0.93 0.007
30-59 0.91 0.65,1.27 0.56
15-29 2.82 0.83, 9.61 0.10
Diabetes mellitus 1.26 0.91,1.74 0.16

Serum bicarbonate mmol/L

=28 ' Referent
26-28 0.99, 1.58
23-25 1.21, 1.87
=22 1.08, 2.18
<(.22 1.0 Referent
0.22-1.0 2.60 2.05, 3.31 =(.001
=1.0 5.56 4.20,7.35 =(0.001

Eustace et al,

Total caloric intake kcal/kg/day
Kidney Int 2004;65:1031 otal caloric intake kcal/kg/day




2YNEMEIEZ TH2Z METABOAIKHZ O=EQ2H2 TH2 XNN:
AnwAeia Muiknc ualac

Mechanisms for Defects in Muscle Protein Metabolism
in Rats with Chronic Uremia
Influence of Metabolic Acidosis

R. C. May, R. A. Kelly, and W. E. Mitch

Table I1. Comparison of the Effects of Acidosis
on Muscle Protein Turnover in Chronic Uremia

0

et protein degradation Protein synthesis

nmol Tyr/g per h nmol Phe/g per h

CRF 23.2+4.5

CRF-HCO;, 36.4+5.6 20.1+3.1

i

May, J Clin Invest;79:1099-1103, 1987



2YNENEIEZ TH2 METABOAIKHZ O=EQ2H2 TH2 XNN:
AnwAsia Muikne¢ ualac

Metabolic acidemia

T

Insulin resistance Inflammation

Reduced
serum leptin

"7 Protective
 effect

4
-

‘... 4

k4 '
Protein-energy malnutrition

Mehrotra, Kidney Int (Suppl 88):513-S25, 2003




2YNEMNEIEZ TH2Z METABOAIKHZ O=EQ2H2 TH2 XNN

Box 2. Adverse Effects of the Metabolic Acidosis of Chronic
Kidney Disease

« Increased degradation of muscle protein with muscle
wasting and suppression of growth in children

« Dissolution of bone and bone disease

« Decreased albumin synthesis with predispositign to
hypoalbuminemia

« Stimulation of inflammation

« Impairment of insulin secretion and responsive

« Stimulation of amyloid accumulation

« Increased risk for death

Kraut & Madias, Am J Kidney Dis. 2016 Feb;67(2):307-17



H METABOAIKH O=EQ2H, ANNOTEAEZMA KAI AITIA EZEAIZHZ THZ XNN

| Glomerular filtration rate

‘ H* retention
|

| Interstitial pH ] Intracellular pH

1 Angiotensin |l ‘ 1 Pro-inflammatory I‘NH3 with
f Endothelin chemokines activation of

1 Aldosterone and cytokines complement

Interstitial fibrosis

Progression of CKD




H METABOAIKH O=EQ2H, Q2 AITIO EZEAI=HZ2 THZ XNN

5422 evAAkeC .52 eTwv

FENIKOZ NAHOYZMOZ/CKD 1-4

* %k

Risk for Progression

2.4
2.2
2
o 1.8 ——.
'::: 1.6 & Unadjusted
g 1.4 Adjusted
T 12 L 4 —
1 . 2 ¢
0.8 * p<0.001
0.6 — <22 23-24 25-26 227 **p=0.006

Bicarbonate Quartiles (meq/L)

Multivariable adjusted for age, sex, race/ethnicity, diagnosis of diabetes mellitus,
hypertension, and/or cardiovascular disease, calcium, hemoglobin, BUN, baseline

eGFR, median income

Shah et al, Am J Kidney Dis. 2009; 54(2): 270-277



H METABOAIKH O=EQ2H, Q2 AITIO EZEAI=HZ2 THZ XNN

High serum bicarbonate level within the normal
range prevents the progression of chronic kidney

113 nAwwwpévol, 70,4 £6,6 sTwv
eGFR 25,7 (13,6) ml/min

disease in elderly chronic kidney disease patients CKD 3-4
10 1 71—
gl Control group
0.8 - L
0.6 1
Low bicarbonate group
0.4 7
0.2 -
+ Censored Nedppwi) EmBiwon
0 1— ' : .
0 100 200 300 400 500 600 730 Days
Table 3 Hazard ratios for CKD progression according to baseline characteristics
Model 1 Model 2 Model 3 Model 4

0.820 (0.735, 0.915)
2814 (1539, 5.145)

0816 (0.720, 0.924)
3310 (1570, 6.978)

0811 (0.700, 0.940)
2514 (1068, 5918)

0.791 (0.684, 0914)
3.511(1.342,9.186)

Serum bicarbonate level (1 mEg/l increase)

Low-bicarbonate group (ref. control group)

Kanda et al, BMIC Nephrology 2013, 14:4



H METABOAIKH O=EQ2H, Q2 AITIO EZEAI=HZ2 THZ XNN

Low Serum Bicarbonate and Kidney Function Decline: The Multi- I

_Ethnic Study of Atherosclerosis (MESA) | 6380 evijAwkeg baseline eGFR >60 mL/min/1,73m?

FENIKOZ NAHOYZIMOZ/ CKD 1-2

3.0

2.5

2.0

Odds Ratio (95% Confidence Bands)

I I I I I I I I
20 21 22 23 24 25 26 27

Serum Bicarbonate (mEqgiL)

Driver et al, Am J Kidney Dis 2014; 64(4): 534-541



H METABOAIKH O=EQ2H, Q2 AITIO EZEAI=HZ2 THZ XNN

To entiredo twv HCO3 dev givat svaiadnroc dgiktnc tnG mpwiunc abpoiong o&€oc!

H wkavotnta anéKKpLong apwviou Sixvel KaAutepa Ti¢ VEPPLKEG/ CWANVOAPLOKEC

1065 aoBeveic /NephroTest cohort
31Cr-EDTA GFR ~37,6 CKD 1-4

edpebpeieg !!

a Venous total CO,
(mmol/l)

S 1.0+

&

2 0.9+

ZEE; 0.8 - TR,

= 0.7

o -

> 0.6 -+

3 054 -- [24.8-27.2]

3 2272

E 0.4- ] 1 1 I |

“ 0 2 4 6 8 10

Time (years)

()

Probability of renal survival

Fasting urinary NH,
concentration (mEqg/l)

0 2 4 6 8 10
Time (years)

Vallet et al, Kidney Int 2015,;88, 137-145



H METABOAIKH O=EQ2H, Q2 AITIO EZEAI=HZ2 THZ XNN

d long-term outcomes in chronic 1065 acBeveic
Idney disease NephroTest cohort/

s1Cr-EDTA GFR ~37,6 CKD 1-4

Table 2 | Hazard-ratios of ESRD according to venous total CO, levels, 24-h urinary NH,/creatinine ratio, or fasting urinary NH,
concentration in all patients

N n events Model 0 Model 1 Model 2 Model 3

Venous total CO; mmol/l

>27.2 379 40 0.70 (0.46, 1.06) 1.10(0.72, 1.68) 1.09 (0.71, 1.69)

[24.8-27.2] 336 51 1 (ref) 1 (ref) 1 (ref)

<248 350 110 2.32 (1.67, 3.24) 150 (1.08, 2.11) 1.26 (0.89, 1.79)

P for trend <0.0001 0.04 0.3

P Wald test <0.0001 0.04 04

Acidosis®

No Q77 168 1 (ref) 1 (ref) 1 (ref)

To eninedo twv HCO3 dev givat svaiadnroc¢ dgiktnc tnG mpwiunc abpoiong of€oc!
H wavotnta anéKKpLong appwviov Sixvel KaAutepa Ti¢ VEPPLKEG/ CWANVAPLOKEC
edpebpeieg !!

P for trend <0.0001 0.007 0.02

Fasting NH, concentration, mEg/l
>17.0 357 22 1 (ref) 1 (ref) 1 (ref) 1 (ref)
[9.0-17.0] 357 56 2.66 (1.62, 4.35) 153 (0.93, 2.53) 1.48 (0.88, 247) 1.37 (0.80, 2.34)
<90 351 123 6.19 (3.93, 9.74) 227 (142, 3.62) 207 (1.27,336) 1.82 (1.06, 3.13)
P for trend <0.0001 0.0002 0.001 0.02

Vallet et al, Kidney Int 2015,;88, 137-145



METABOAIKH O=EQ2H XNN KAl ONHTOTHTA

XNN 19Y — 407 3TAAIQY

XNN 307 — 49Y 3TAAIOY

XNN ZE EZQNEOPIKH
KAGAPZH




METABOAIKH O=EQ2H XNN KAl ONHTOTHTA

15.836 aoOeveic
Serum bicarbonate and mortality in adults in NHANES III Fevikdg mAnBuopdc/

8% CKD
100% 1.5% 3.4%
0% 22.7% 21.4%
80%
70%

Serum Bicarbonate

S 60% " <22mM
§ 50% 52.3% 50.5% ® 22-25mM
g % 26-30mM

40% 231 mM

30%

20%

10% 23.5% 24.7%

0%
Non-CKD CKD

Raphael et al, Nephrol Dial Transplant (2013) 28: 1207-1213



METABOAIKH O=EQ2H XNN KAI ©ONHTOTHTA

15.836 aoOeveic
Serum bicarbonate and mortality in adults in NHANES III Fevikog mAnBuopdg/

ll, 1.75 I
<22mM —a—
22-25mM o
TOTAL | _
OPULATION 26-30mM ® Reference
[ 231mM e
£ P<0.001
§ 0.801 [ <22mM ' Lt
= ! 22-25mM —8—
3 --------- Serum Bicarbonate 22-25 mM NON-CKD
(% 0.70 1 Serum Bicarbonate 26-30 mM SUBGROUP 26-30mM ¥  Reference
— — — Serum Bicarbonate > 31 mM 231mM —8—
o e Serum Bicarbonate < 22 mM
' M 2.56
22-25mM —s—
0.50- CKD
T T T T T T T v SUBGROUP 26-30mM Reference
Time (mos) 0 12 24 36 48 60 72 84
# Alive 15836 15608 15346 15061 14763 14492 14233 13918 [ =31mM
s ’ g
Hazard Ratio (95% CI)

Raphael et al, Nephrol Dial Transplant (2013) 28: 1207-1213



METABOAIKH O=EQ2H XNN KAl ©ONHTOTHTA

. L. 41,749 aoBeveic,
Serum Bicarbonate and Mortality in Stage 3 and Stage || 75 111 9 evv
4 Chronic Kidney Disease GFR 37 17 mL/min/1,73 m?
10 CKD 3-4

09

Bicarbonate 23-32

Ta xapnAa dittavOpakika

08 e

.l “eae Bltrbonste <2 glval mapayovtacg Kwéuvou...
@ — icarbun:t:b-‘ . I ’
2 °° e . AAAd Kat Ta auénuéva !!!
§ 051
2
£ it NMOAYNAPATONTIKH

Table 3. Associations between serum bicarbonate levels and all-cause mortality among chronic kidney disease patients

Unadjusted HR Model A HR Model B HR Model C HR
Bicarbonate Group [95% CI] [95 %CI] [95 %CI] [95% CI]
(n = 41,445) (n = 41,445) (n = 37,687) (n = 37,687)

<23 mmol/L wversus 23 to 32 1.65 (1.56, 1.75) 1.75 (1.65, 1.85) 1.35(1.27, 1.44) 1.23 (1.16, 1.31)
mmol/L

=32 mmol/L versus 23 to 32 2.12 (1.86, 2.42) 2.08 (1.83, 2.37) 1.76 (1.54, 2.02) 1.74 (1.52, 2.00)
mmol/L

Navaneethan et al, ClinJ Am Soc Nephrol 6: 2395-2402, 2011



METABOAIKH O=EQ2H XNN KAl ©ONHTOTHTA

Association of serum bicarbonate levels with mortality in patients

witl‘ non-dialysis-dependent CKD I

6 -

Log hazard mortality
.y .
rd

Serum bicarbonate (mmol/L)

1259 avdpeg 68111 eTwv
GFR 37117 mL/min/1,73 m?2

CKD 3-4

Fig. 3. Multivariable-af

vals) of all-cause morta Ta xaun)\d GLTTQVBpaKle

a time-dependent Cox

diovascular disease, bod ELVOLL TLLPAYOVTAG KIVEUVOU...

glomerular filtration r

.. dAAd kat ta avénuéva !

I ndjustedhazard ratio [—— 95% CI)
All N T—
Age<70 ———
Age>70 1
White race —1
Black race |
ow ——
No DM T
ASCVD G — w—
No ASCYD T
eGFR30 —F
eGFR =30 ¥
BM1430 : i
EMI>30 il
Albumin£35 __I_I
Albumin >3 6 Ll
Cholesterol 4180 } .
Cholesterol>180 1
Phosphorus 3.8 i
Phosphorus >338 i i -
WBC 17 }
WBC >7 ==
¥%Lymphocytes <20 —_——
% Lymphocytes >20 Il I
| | | T T TR |
10 20 30

Kovesdy, Nephrol Dial Transplant. 2009;24(4):1232-7



METABOAIKH O=EQ2H XNN KAl ©ONHTOTHTA

XNN 2E E2QONEOPIKH KAGAPZH

56.385 AlpokaOatpopevol acBeveig
baseline (first 3 mo averaged) predialysis serum HCO; and 2-yr mortality

g HCO.~ Group Size Serum PNA Serum Two-Year
é?rum E /3L (Absolute Numbef*fPhosphorus | CR'n*r /ke Albumin All-Cause Death f§ Cardiovascular

roup (mEQ/L) B ¥ o Patients [%]) [ (mg/dl) ;8/kg pefd) T (g/dl) Death (%)
<17 2061 (4) 71+19 1.12 = 0.28 3.78 = 0.44 10
17 to <18 2108 (4) 6.7+ 1.6 1.10 £ 0.26 3.80 + 0.40 9
18 to <19 3520 (6) 6.4+1.6 1.07 £ 0.25 3.80 = 0.40 9
19 to <20 5274 (9) 6.2+ 1.6 1.05 = 0.25 3.79 = 0.39 11
20 to <21 6968 (12) 6.0+ 15 1.03 £ 0.24 3.77 = 040 11
21 to <22 8042 (14) 58+ 14 1.01 =0.23 3.77 = 0.39 11
22 to <23 (base) 7997 (14) 56+ 14 0.98 = 0.23 3.75 £ 0.40 11
23 to <24 7155 (13) 0.96 = 0.23 3.73 =040 12
24 to <25 5374 (10) 0.95 + 0.23 372 =042 12
25 to <26 3548 (6) 0.92 +0.22 3.68 = 0.43 13
2132 (4) 0.92 = 0.23 3.65 = 0.4% 12
2207 (4) 0.90 + 0.22 3.56 =042 14
56,386 (100) L. 24 3.74 = 041 11

Wu et al, Clin J Am Soc Nephrol 1: 70-78, 2006



METABOAIKH O=EQ2H XNN KAl ©ONHTOTHTA

Awoka@arpopevol: HCO; ko 2€tri¢ emtBiwon
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Serum Albumin [g/dL]

3.55

350

D35%

33%

31%

23%

All-Cause Deaths in 2 years [%]

370

3.65 -

3.60

AEYKQMATINH

T T T

25- 26 >=27
2%

19- 20- 21- 22- 23- 24
20 21 22 23 24 25

Serum HCO; groups [mEqg/L]

<17 17-
18

18-
19

ONHTOTHTA I .............................................

29%
27% 1
25%

21% +-
19% +-
17% +-
15%

<17 17-
18

18-
19

19- 20- 21- 22- 23- 24- 25- 26 >=27
20 21 2 23 4 2B 6 =X

Serum HCOy groups [mEg/L)

Wu et al, Clin J Am Soc Nephrol 1: 70-78, 2006




All-Cause Death Hazard Ratio

METABOAIKH O=EQ2H XNN KAl ©ONHTOTHTA

—
on

— — —  unadjusted
— —% — - case-mix f
i —— case-mix & MICS T /,a'“ |
All MHD Patients ¥ /.
n=56,385 J

AlpokaOarpopevol:
HCO; kat 2eth¢§
enBiwon

1 29 09 a® o9 .9 8 .9 ,0 .0 .9
eV 1T AR a27 907 gA 907 937 g7 957 qb:
:ﬂ AD” A9 153 1_’\ -ﬂ- 1_"5 1_& "i-ﬁ 1_%

Serum HCO3™ (mEqg/L)

T

Al
7"*1'

Wu et al, Clin J Am Soc Nephrol 1: 70-78, 2006




METABOAIKH O=EQ2H XNN KAl ©ONHTOTHTA

NEPITONAIKH: HCO; kat 2t emtBiwon

2YNOAIKH

1.04

0.8+

0.6

Probability of patient survival

0.0+

(A) = TA-Bic 2 24 mEq/L

(C) = = TA-Bic < 22 mEq/L

L------.

=
|

(A) vs (B); P=0.009

(A) vs(C); P<0.001

(B) vs (C); P< 0.001
1 1

O -

No at risk
(A) 340
(B) 83
(C) 18

24 48 T2 9% 120 144
Duration of follow-up (month)

KAPAIAITEIAKH )
(A) s TA-Bic 2 24 mEq/L
| [ 22 < TA-Bic < 24 mEg/L (B) wuen 22 = TA-Bic < 24 mEg/L

7 - (C) = = TA-Bic < 22 mEq/L
_ T
g ‘ .'"c'una
= 08+ oz
2 A,
b ! 3
5 0_6-1 : T ou:
g ﬁ |MARRRRARRARANS
o |
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(A) vs (C); P < 0.001
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1 1 1 1 1 1 1
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Duration of follow-up (month)
No at risk

302 273 258 252 248 247
70 54 45 41 39 39
8 6 6 - - -

(A) 340 324 315 312 312 311 311
(B) 83 77 72 66 66 65 65
€ 18 13 1 1 - = B

Chang et al, PLoS One. 2013;8(12):e82912
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Table 1. Published, Ongoing, or Planned Studies of the Effect of Base Administration on the Progression of CKD

ClinicalTrials.gov

Study identifier Patients Status Outcome Comments
de Brito-Ashurst 134 with GFRs 15-30 Published Decrease in slope Oral sodium bicarbonate
et al*® of decline in GFR to maintain bicarbonate
with base concentration > 23 mEg/L
Phisitkul et al®® 59 with GFRs of 20-60 Published Less GFR decline Sodium citrate given
with base as base; urine endothelin
levels measured
Mahajan et al®’ 120 with GFRs of 75 + 6  Published Less GFR decline Oral sodium bicarbonate
Melamed et al NCT01452412 150 with GFRs of 15-45 Recruiting NA Oral sodium bicarbonate,
0.4 mEg/kg/d
Di lorio et al®” NCT01640119 728 with stages 3-4 CKD  Ongoing NA Placebo controlled; oral

sodium bicarbonate

to maintain bicarbonate
concentration > 24 mEg/L

Gaggl et al®’ NA 200 with stages 3-4 CKD  Proposed NA Oral sodium bicarbonate

to maintain bicarbonate
concentration > 24 mEg/L
vs rescue base therapy

to maintain bicarbonate
concentration > 20 mEg/L

Raphael & NCT01640119 With diabetes and Ongoing NA Sodium bicarbonate vs
Beddhu stages 2-4 CKD placebo; effects on TGF-f1
over 3-6 mo
Little et al NCT01894594 With adult sickle-cell Ongoing NA Effect of sodium bicarbonate
anemia and GFRs < 90 on serum bicarbonate and

potassium concentrations
during 8 wk of treatment

Kraut & Madias, Am J Kidney Dis. 2016 Feb;67(2):307-17
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Bicarbonate Supplementation Slows Progression of 134 evAikeg CKD 4
CKD and Improves Nutritional Status [CrCl] 15-30 mi/min/1,73 m?

serum HCO; 16-20 mmol/L

pos AtttavOpakiko vatplo i

Variable Control Bicarbonate , , ;
Demographic KAaGGlKn aywyn ywa 2 €tn
age (yr; mean = SE) 5477 =234 5478 + 2.56
male (%) 51 52
white (%) 52 52
black/Asian (%) 48 48 Table 2. Baseline characteristics of the study population®
Diagnosis (%) Variable Control Bicarbonate P
diabetes 36 37
hypertension 2% 29 Weight (kg) 749 = 115 76.6 = 21.1 0.84
CRF unknown 14 10 Systo\icl: BP (mmHg) 123.7 £ 1.2 1240+ 1.3 0.84
. Diastolic BP (mmHg) 754 +19 76115 0.91
glomerulonephritis 13 10 MAMC (cm) 24.8 = 2.4 246 =29 0.81
obstructive uropathy 4 | Albumin (g/L) 35.1 + 0.8 347 + 05 0.76
other 7 12 Bicarbonate (mmol/L) 199+ 1.5 19.8 + 2.2 0.66
Medications (%) CrCl (ml/min per 1.73 m?) 20.70 + 5.55 20.12 + 6.47 0.60
loop diuretics 67 70 Urinary Na (mmol/L) 140.1 = 4.4 140.0 + 7.9 0.96
moxonodine 15 17 Urinary protein (g/24 h) 1.8+0.2 1.7+0.8 0.84
a blockers 57 59
B blockers 17 19
calcium channel 48 50
blockers
ACEIs/ARBs 48 50
allopurinol 3 0

de Brito-Ashurst et al, ] Am Soc Nephrol 20: 2075-2084, 2009
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Bicarbonate Supplementation Slows Progression of 134 evAikeg CKD 4

Plasma bicarbonate (mmol/L) >

Bloodpressure mmHg) )
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Bicarbonate Supplementation Slows Progression of 134 evAikeg CKD 4
CKD and Improves Nutritional Status AwtavOpakiko vatplo

E = ki
'g — ij'd)m
E
5 el Clearance Cr . . ]
= Dialysis free survival
; M 5 12 18 2 : Intervention
Months
Patients at risk
Control: 67 52 45

29
3]

Bicarbonate: 67 67 63

Control

Dialysis free survival

12
Months follow up

de Brito-Ashurst et al, ] Am Soc Nephrol 20: 2075-2084, 2009
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Bicarbonate Supplementation Slows Progression of 134 evrjAikeg CKD 4

CKD and Improves Nutritional Status AwttavOpakiko vatpLo
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Amelioration of metabolic acidosis in patients with
low GFR reduced kidney endothelin production and
kidney injury, and better preserved GFR

59 aoOeveicg, Ynéptaon/aMEA
30 kitpkd Natpro/ 29 Oyt

CKD 3-4

Table 1| General demographic characteristics, SBP, Pcr, and

eGFR at study entry in subjects before they were not treated
(No-NacCit) or treated (NaCit) with Na" citrate

Mo-NaCit (n=29) MaCit (n=30) P-value

Males (%) 48 47 0.891

Black/white/Hispanic (%) 55/14/31 53/23/23 0.591
Mean = s.d. Mean = s.d.

Age (years) 53950 54.1 6.4 0928

SBP (mm Hg) 1605 +89 161.8+10.8 0611

VTCO, (mm) 206 £0.8 20.8+1.2 0375

Pcr (mg/dl) 3.20 £ 0.89 3.27+0.70 0.733

eGFRcr (ml/min) 33484 33.0x85 0.871
Pcys (mag/l) 3.86 £1.09 3.88+0.79 0936
eGFRcys (ml/min 32.3 £ 8.1 31.7+8.3 0.767

Phisitkul et al, Kidney Int 2010; 77: 617-623
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Amelioration of metabolic acidosis in patients with
low GFR reduced kidney endothelin production and
kidney injury, and better preserved GFR

aMEA

29 OxL

30 kitptko Natpilo
CKD 3-4

59 aoOeveig, Ynéptaon/

Table 2| SBP, Pcr, and eGFR before (0 months) and after 24 months of No-NaCit vs NaCit

No-NaCit (n=29) NaCit (n=30) I P-value, NaCit vs No-NaCit
P-value, P-value,
Month 6 Month 30 30 vs 6 months Month 6 Month 30 30 vs 6 months Month 6 I Month 30
SBP 132.1 £6.3 EeRaRES N 0.870 1324t6.2 il a— 0.761 0.839 0.490
Pcr (mg/dl) 3.30 +£0.91 424 +1.55 <0.0001 3.31+0.69 3.61%+0.78 <0.0001 0.954 0.057
eGFRcr (ml/min) 325+8.3 249+9.7 <0.0001 32.7%+8.2 29.5+8.8 <0.0001 0.945 0.066
Pcys (mg/l) 3.94+1.10 524 +£1.41 <0.0001 3.93+0.80 433+0.89 <0.0001 0.952 0.005
eGFRcys (ml/min) 31.7+t79 23.0 +6.05 <0.0001 314+82 278174 <0.0001 0.885 0.008
0 No-NaCit © NaGit O No-NaCit @ NaCit
10 - o R —— —_ -
; ; 5 — 150 — ; ‘
= O : ; T T
(@) : [ " :
> 8 A RE + > : :
2 ' T 8 —i B
g 6 - L * E 100 4 : s
— : + >
L w i
> = | : e _ : | s
4 4 : o - é 3 1 5
= B s0{ . T R o
2 - e o - e
Entry 6 Months 30 Months Entry 6 Months 30 Months

Phisitkul et al, Kidney Int 2010; 77: 617-623
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Daily oral sodium bicarbonate preserves
glomerular filtration rate by slowing its
decline in early hypertensive nephropathy

means t+ s.d.

Table 2 | Characteristics at study entry (year 0) expressed as

120 evidwec CKD 2 Placebo NaCl NaHCO;  Overall

Am:avaaKl.Ké \Idl‘plO (n=40) (n=40) (n=40) P-value
Awatnpnpévo eGFR Pcr (mg/dl) 0.95+0.08 0.96+0.08 096+0.02 0.892
, . : crGFR (ml/min) 75.6+62  756+65  753+6.1 0956
(usop wun 75 mi/min) Pcys (mg/)) 1.04+0.09 1.04+0.09 1.05+0.10 0.875
S Xpovia cysGFR (ml/min) 73.516.1 735165 732160  0.969
Systolic BP (mmHg)  1552+12.9 1526+14.7 15531126 0.596
NpoomTikA Venous total CO, (mm) 26.0+09  264+08  262+07  0.145
', PRAL (mEQq) 60.4+19.4 593+21.1 643+17.7 0477
TUXQLoToLtNeEvn 8h NAE (mEq) 240+56  248+64  248+56  0.773
e\eyxopevn pe placebo | Ualb (mg/g creatinine) 422.2+151.6 413.6+147.9 4193+ 1508 0.967
Ko TUAR pehétn UNAG (U/g creatinine) 2.7 +0.7 2.6+0.5 27404  0.909
. UET (ng/g creatinine) 55x1.2 57%0.8 57%11.0 0.529
napeppaong ... Urine Na* Excretion  73.0495  70.6+102 709+102 0.529

RCT " (mEqg/g creatinine)

L Urine K* Excretion 30.5+6.6 38.2+6.2 41.1+6.1 0.136

(mEqg/g creatinine)

Mahajan et al, Kidney Int. 2010;78(3):303-309
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Daily oral sodium bicarbonate preserves
glomerular filtration rate by slowing its
decline in early hypertensive nephropathy

120 evijhikec CKD 2

AwtavOpakiko vatplo/5 xpovia RCT !

Table 3| Observed 5-year values for the three groups

Overall P-value for P-value for P-value for
Placebo NacCl NaHCO; P-value NacCl vs Placebo NaHCO5 vs Placebo NaHCO; vs NacCl

Pcr (mg/dl) 1.12+0.10 1.13+£0.08 1.06 £0.05 0.001 0.943 0.006 0.002

crGFR (ml/min) 64.016.1 65.2t 5.5 676149 0.020 0.634 0.017 0.146

Pcys (mg/l) 1.23+0.12 1.21 £ 0.11 1.16 £0.09 0.017 0.601 0.014 0.141
_cysGFR (ml/min) 60.8 +6.3 62.7 + 54 66.4 4.9 0.0002 0317 0.0001 0.014

Systolic BP (mm Hg) 1333 +£8.1 1321 £ 6.6 135.1 6.2 0.179 — — —

Venous total CO5 (mm) 26.1+0.8 26.3+0.6 264106 0.078 — — —

Ualb (mg/g creatinine)  507.5F228.2 4665+ 1794  387.5T 163.1 0.03 0.644 0.026 0.187

UNAG (U/g creatinine) 2761094 2741083 248+ 046 0.231 — — —

UET (ng/g creatinine) 6.121+1.05 587+ 1.09 493 +0.81 < 0.0001 0.545 < 0.0001 0.0003

8 h NAE (mEq) 242156 249+59 19.2+54 <0.001 0.859 0.001 0.0001

Urine Na™* Excretion 721+78 72.2+8.1 76.4+10.2 0.082 — — —

(mEg/g creatinine)

Urine K* Excretion 398+58 414+58 451+t56 0.0005 0.495 0.0005 0.02

(mEg/g creatinine)

Mahajan et al, Kidney Int. 2010;78(3):303-309
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Daily oral sodium bicarbonate preserves
glomerular filtration rate by slowing its
decline in early hypertensive nephropathy

120 evANALKEG CKD 2

AwtavOpakiko vatplo/5 xpovia RCT !
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Daily oral sodium bicarbonate preserves ,
glomerular filtration rate by slowing its 120 eviiAkeg CKD 2

decline in early hypertensive nephropathy | AittavB@pakwké vatpio/5 xpovia RCT !!
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Mahajan et al, Kidney Int. 2010;78(3):303-309



OEPANEIA METABOAIKHZ OzZEQZHZ XNN

XNN 20Y — 40Y 3TAAIQY
Short- and Long-Term Effects of Alkali Therapy in Chronic . e
. . \ . . Net Change  Bicarb- N GFR
Kidney Disease: A Systematic Review (95% CI)  onate Control (mLimin) Duration
Short-term studies
Husted -+ i -0.60 (-4.13,293) 6 5 13 4 days
|
|
Passfall : - 3.10 (-3.02,9.22) 11 1 13 7 days
|
Subtotal (12=5%, P=0.31) , 0.37 (-2.82, 3.56)
|
|
I
|
Long-term studies :
|
de Brito-Ashurst 1 T 368 (1.72,564) 67 67 20 24 months
|
Mahajan ho- 2.70 (0.02,5.38) 37 36 76 60 months
|
Disthabanchong - : 1.30 (-3.64,6.24) 21 20 19 2-3 months
|
|
Subtotal (12= 0%, P=0.63) e S 3.15 (1.64, 4.66)
|
|
|
Overall (12=13%, P=0.33) | 2.47 (0.95, 4.00)
| | | T T T
-4.0 2.0 0.0 2.0 4.0 6.0 8.0
Favors Control Favors Bicarbonate

Net Change in GFR (mL/min)

Susantitaphong et al, Am J Nephrol. 2012 ; 35(6): 540-547
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A Comparison of Treating Metabolic Acidosis in CKD
Stage 4 Hypertensive Kidney Disease with Fruits and
Vegetables or Sodium Bicarbonate

Baseline
P Value for )
Characteristic HCO, Fruits and Fruits and Fruits and P Value for Fruits
Grou Vecetables Vecetables Vegetables and Vegetables
P & & 5 Group versus
(n=35) roup (n1=36) Group versus Group (n=36) HCO= G
HCO; Group 3 Lroup
Men (%) 51 56 .92 —
Black/white/ 57/29/14 56/31/14 >(.99 —
Hispanic (%)

3 542+53 53.9+6.9 .86 —
Weight (kg) 84.3+54 82.7+6.1 0.24 84.4+5.0 78.0*+53 <0.01
Systolic BP 136.1+4.7 136.3+4.8 0.88 136.0+4.4 131.7+3.3 <0.01

ATETEETE RO
Plasma creatinine 39+03 3.9409 0.99 42+03 II 41+10 0.49
A oamm e £ AT
Plasma cystatin C 41+03 4.1+09 0.99 44+03 “ 43+1.0 0.60
(mg/L)
Potential renal acid 59.0+6.5 62.1+6.8 0.05 59.3+6.3 39.6+10.4 <0.01
load (mmol / d)
Plasma [K"] (mEq/L) 41+0.2 4.1+0.2 0.84 41+0.2 Jf 4.1+0.1 0.25
d5h U KV (MEQ) 189+35 20.0x3.7 0.18 19.5 5.4 II 2353741 <0.01
FEK (%) 45.8+13.1 49.3+13.9 0.28 51 9-+14 () AN N+17 7 0.04
Plasma [Na™| (mEq/L 1399+1.2 139.8+1.3 0.59 140.0+1.2  §f 139.8+1.0 0.28
sh U NaV (mEq) 38367 40.0x64 0.29 45.115.0 359160 <0.01
FENa (% 2.7+0.8 2.9+(0.7 0.40 3.3+0.9 2.7+0.7 <0.01
Plasma aldosterone 117.4+129 113.7+12.1 0.22 101.6+9.8 1199+12.6 <(0.01

(pg/ml)

Clin J Am Soc Nephrol 8: 371-381, 2013




A Comparison of Treating Metabolic Acidosis in CKD
Stage 4 Hypertensive Kidney Disease with Fruits and

Vegetables or Sodium Bicarbonate
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Table 2. Different Forms of Base Available for Treatment of the Metabolic Acidosis of CKD

Treatment

Formulation

Comments

Restriction of protein and or
change in type of protein given
Sodium bicarbonate tablets

Enteric coated bicarbonate
tablets

Shohl’s solution
Fruits and vegetables

Phosphate binders

300-650 mg/tablet
3.7-8 mEqg/tablet

Alkalife Bicarbonate-Balance tablets
contain potassium bicarbonate
(200 mg) and sodium bicarbonate
(73 mg) or enteric coated tablet or soft
coated capsule containing 1 g or 0.5 g
sodium bicarbonate, respectively
Each 1 mL of solution contains 1 mEq of
base equivalent (sodium citrate)
Quantity designed to provide 50% of
acid load
Calcium acetate: calcium citrate:
sevelamer hydrogen chloride;
sevelamer carbonate

Plant-based protein has less acid production
than animal protein

Inexpensive and easy to administer; results in
generation of gas in stomach; might be
uncomfortable for patient

Enteric coating protects tablet against acidity
allowing more base to reach intestine; use
cautiously in patients with severe CKD;
enteric coated tablet or capsule available in
Europe

Can increase aluminum absorption; easy
to use

Effective in controlled studies; provides calories
and potentially significant potassium load

Acetate and citrate provide base that will affect
guantity of exogenous base required,;
both acidic and basic forms of sevelamer
are available; the acidic formulation with
hydrogen chloride tends to lower serum
bicarbonate concentration, whereas the basic
form with carbonate tends to increase it

Kraut & Madias, Am J Kidney Dis. 2016 Feb;67(2):307-17
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Recommendations
carbonate concentration — actual serum bicarbonate con-
centration) X 50% body weight (in kQ)

« Administer sufficient base to increase serum bicarbonate

o Administer dose over 3-4 days while monitoring serum
bicarbonate concentration

« When serum bicarbonate concentration reaches target
(~24 mEqg/L), reduce dose of base with goal of maintaining
serum bicarbonate concentration at =24 mEq/L

« Consider more aggressive base replacement in chronic
Kidney disease patients with disorders associated with base
loss, such as profuse diarrhea, or generation of large acid
loads, such as ketoacidosis

Kraut & Madias, Am J Kidney Dis. 2016 Feb;67(2):307-17
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2E EZQNEDPIKH KAGAPZH

Treatment of Low Serum Bicarbonate

Predialysis or stabilized serum bicarbonate levels should be main-
tained at or above 22 mmol/L. (Evidence awd Opinion )

‘the serum bicarbonate should be monitored regularly at monthly intervals
and correction of metabolic acidemia by maintaining serum bicarbonate at or
above 22 mmol/L should be a goal of the management of individuals
undergoing MD’

National Kidney Foundation. K/DOQI clinical practice guidelines for nutrition in chronic renal failure,
Am J Kidney Dis. 2000;35(suppl 2):S1-5140




All-Cause Death Hazard Ratio

METABOAIKH O=EQ2H XNN KAl ©ONHTOTHTA

1.9 1 — —= —  unadjusted
— —% — - case-mix ,/ﬁ
i —— case-mix & MICS T 4 2 8
All MHD Patients ¥ /.
n=56,385 / J

AlpokaOarpopevol:
HCO; kat 2eth¢§
enBiwon

Serum HCO3™ (mEqglL)

Wu et al, Clin J Am Soc Nephrol 1: 70-78, 2006
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XNN 2E E2QONEOPIKH KAGAPZH

HD (4 h)

Interdialytic : Bath Patient
period (44-68 h) ,

BIC and Alkali --§---§------- » HCO,-

| Blood pH/serum BIC ¢
HD (4 h) T Organic ac_iIEi production

Buffer response

Endogenous acid - ¢
production .
Retention of fluid p H20+CO:>

TTBlood pH/serum BIC

Basile et al, Kidney Int (2016) 89, 1008-1015
Abramowitz et al, ] Am Soc Nephrol 28: 726-734, 2017
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XNN 2E E2QONEOPIKH KAGAPZH

Rapid increase in blood pH/serum BIC

v

Respiratory
changes

Hypercapnia

:

Electrolyte
imbalance

Y Y

Progression of
vascular calcifications

hemodynamic instability

Arrhythmias and )

Increased risk of death

Y

Immune system
deficiency

Risk of
infection

T~

Basile et al, Kidney Int (2016) 89, 1008-1015
Abramowitz et al, ] Am Soc Nephrol 28: 726-734, 2017




Avakedalaiwon

H uetaBoAikn oéewan tng XNN, givat amoteAecua tn¢ mpoodEUTIKNC
ATTWAELOC TNC LKOVOTNTOC VEPPLKNC artoBoAnc oéeoc. Autn yivetal
Kuplwc¢ ue tnv arroBoAn auuwviouv kot kata SEUTEPO AOYO UE TNV
TitAorrownoun oéutnta.

Kata tnv e€eAtén tne XNN o veppoc¢ nmpoortadel va avtippormnnoesL tThv
anwAeLlo veppwvwy Ue avénon tn¢ anoBoAnc auuwviov ava
VEQPWVA, UE ATTOTEAECUO TNV OYLUN ATTOTUTTWON TNC ouvadpoLong
0é€0C WG EAATTWUEVN CUYKEVTPWON SITTAVOPOKIKWY OTO Qiua, o€
oxeon UE tnv eAattwon tou GFR.

H katakpatnon/ dtayeipton @optiou oé€oc otn XNN, ouvenayetal
auénNUEVO EpYo Kol pBopa TWV VEPPLKWVYV owAnvapiwv, UE TEALKO
artoteAeoua tnv BAaBn kat tnv ivwon, 6nAadn tnv tayutepn eé€Aén
™¢ XNN



Avakedalaiwon

Yrtapyouv onuavtike BiBAloypapika dedoueva imou ouvOEOUV TN
uetaBoAikn oéewan tn¢ XNN, e ootikn vooo, dLatapayeg tou
uetaBoAiouou kat tng Bpeying, tnv idta tnv eéeAién tne XNN, aAda
kot Tn Yvnrotnta.

Ta tedevtaia ypovia Lkavog aptduocg UEAeTwy edelée onuUavTiKO
opeloc yia tnv eéeAién kat tic emttAokec tng XNN ue tnv
QVTIUETWTTLON TNG 0EEWONC, EITE UE TNV XOPNYNON AAKAAIKwWV
aAdtwyv amo tou otouatoc (Sittavioakika, KITPLKA, K.A.) EITE UE
OTOXEUUEVN OLALTNTIKN aywyn, Kol LOALoTa armo mpwiua otadla
oLV akoun dtartiotwIel uetaBoAn twv SITTAvIPAKIKWY OTO Al



EYXAPI2ZTQ T'IA THN NMPO2OXH 2A2




