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What is the role of bicarbonate in
acid base balance?
The answer is simply : NONE

Peter Stewart (1921-1993)
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Vander’s Renal Physiology, 7t Ed 2009



YriapyxeL pa Baoikn avtwvouia!

C__ LUMEN > J INTERSTITIUM
Filtered i HED ':':'2 —-\I
HCO," N Y
Carbonic
HUNXovLopog avtaAiayng H i}“b’drﬂi
kot Na/HCO, og avaloyia Vo THegymH HOOs gy 100g
1:1 lvol TTOOOTLKA acnﬁﬁg?e Na > Na L»
duvartog! /\
O N H,0 CO, /
H* = nEqg/L r W
NOL*/HCO3' - mEq/L

A Y
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—__ LUMEN 3 J INTERSTITIUM
Filtered i
|era_ H,0 Co, _-\I
H'.'}Ei'Er \ /
Carbonic
anh},-'dra§
T L s HCO. ———» 1CO;

‘Evac TETOLOC UNXAVLIOMOC artattel ouykevipwon H* 1 000 000 peyaAutepn
QIO QUTA TTOU UTTAPXEL oTa BLloAoyLka vypa!
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OepeAlwdec SLayvwoTko mopabupo Twv oéeofaoctkwyv dLatapaywv
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XOpOKTNPLOTKA LOAVIKOU pn-
avanvevoTtIkoU/petaBoAkov deiktn

e ArtAoc Kot PLALKOC oTn Xpnon

* Avetaptntog amno to CO,

* [NapEXEL OTOLXELOUETPLKEC TTANPOPOPLEC



Tovopetpo: cuoTnuo mou puBullel o otaBepn TIUN TNV LEPLKA TAON
EVOC aeplov o€ eva SLaAvpua

HCL \-55--65

H,04CO,<> H,CO, <> HCO,™ + H*

A+ H" < AH




Alaypappa tou Davenport: kapruAn tithonoinong tou CO,

Figure 11
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Figure 12
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AN IMPROVED CLINICAL METHOD FOR THE ESTIMATION OF
DISTURBANCES OF THE ACID-BASE BALANCE OF
HUMAN BLOOD

* MNeipapa Tithomnoinong pe dtadopetkeg tipeg PCO,

O I
H,0+CO,<> H,CO; <> HCO;"
A {HY'<> AH
& /
gRBAE
* ApXN TNC NAEKTPLKNC OUOETEPOTNTOC BUFF
. Na*+ K"+ HCO;™ +ClI- + A" =0 > A
| Na*+K*--ClH=[HCO, + A
& )

Singer and Hastings. Medicine, 1948



H oxoAn tn¢ Bootwvng

!

-

&

H20+CO2—->H2CO3 ->HCO3- +H+

>

AVTLPPOTILOTLKOL KOLVOVEC

MNapadoolakr MPoogyyLon
0&e0PBaOLKNC LOOPPOTILOLG

)

The Great Trans-Atlantic
Acid Base Debate

H oxoAn tn¢ Komeyxayng

!

-

BE: n eKTpomA TWV PUOULOTLKWV
ocvotnuatwy (HCO3- +A-)
aro to pUCLOAOYLKO OTav
PCO2=40mmHg

™




| confronted the confusion surrounding uses of
the terms pH and buffer.
The discussion is circular and
frustrating.

What is it that determines the hydrogen ion
concentration in a solution?

Stewart PA. How to understand acid base, 1981




Emiotpodn ota
otoxewwodn!

Zé * apXn TNG NAEKTPIKAG
" oudEeTEPOTNTOC

* apxn tng dratipnong tng
Hadog

* VOMOC dpaonc tTwv poalwv

Stewart PA. How to understand acid base, 1981



S ATIO TL aTtOTEAELTAL OTIOLOONTIOTE

BloAoyiko Staupa;

\ /

* Nepo

* loxupa Lovta: MaPAUEVOUV TIAVTA OF
loviopevn popdn , r.x. Na, K, Cl, Lactate

 AoOevn pn MTNTIKA O&EQL: TTPWTELVEC

 AoBevn ntnTKA o€Ea: avOPaKLKO 0&U

Stewart PA. How to understand acid base, 1981



To vepo elval To Baolko cuoTatiko tnE {wng

|

/ \ * To vepo btiotatat aAAd Aiyo!
¢ ) * H,0 <<<====> H* + OH"
g: = * [H*] * [OH] =K, * [H,0]
g Sm—
&"—"“; * To vePO TEPLEXEL TTOAU VEPO !

{

* Ky' = Ky * [H,0]

* O&wvo vdaTLKO SLaAvpa
* [H*] > [OH]

Stewart PA. How to understand acid base, 1981



Tt Ba yivel av avakatePpw H20 kal
LoxYupouc nAektpoAutec onwc HCl kait

NaOH;
[ ApXN TNG NAEKTPLKNG OUOETEPOTNTOC }
[H*] - [OH] + [Na*] - [CI]=0
4 )
[H']
[OH] Nopocg dpaong twv palwv yia to H20
[Na*] [ [H*] x [OH] = K,/ }
[CI]
\ o

[ [H]=f (INa] - [CI'])V2+¢E (INa*] - [CIT)¥/4 + K,,' )}

Stewart PA. How to understand acid base, 1981



Tn dtadopa [Na*] - [ClT] tnv ovopalw: STRONG ION DIFFERENCE}

* [oxyupol NAEKTPOAUTEC

* Mapapevouv MANTA o POPTIZMENH MOPO®OH

i * AE CUMUETEXOUV OE avTLOpAOCELC aVTAAAAYNC TIPWTOVIWV
* OPIOOETOYN puia AIAGOPA OOPTIOY

[long]

[ [Na*] - [CF] = [H*] - [OH] }

Cations Anions

* Tnv AIA®OPA autr) orteUdouv va tnv KAAYWOYN ta
Lovta rtou npogpyovrtoal ano tn AIAZMAZH tou H20.



\
To STRONG ION DIFFERENCE sival n aveéaptntn
uetoBAnTn tnC oéeoBacIKNC LOOPPOTILOLC

H nipooBOnkn evoc toxupou oécoc 1.x. HCl, petafalet tnv
oéutnta Tou StaAvpoToC Leocw tou SID

)

7.5 - e

20 S0 40 350 60

SID (mEg/L)

F0 &0



Ac tpocBeoou e Twpa eva acBeveg oL (m.x. MPWTIEIVEC)
HA <===>H*+ A

[H*]
[OH]
[Na*]

[CI]

[A]

HA

Apxn TNC NAEKTPLKNC OUSETEPOTNTAC
[H*] + [Na*] - [CI] - [OH] -[A"]=0

Nopoc 6paong twv polwv yia to H20 kat to AH
[H*] x [OH] = K,,’
[H*] x [A] = K, x [HA]

Apxn datipnong tng Lo
[HA] + [A] = [Ao)

Y ) N )

[H*]- Ky, / [H*]] - Ky / (K,+[H])=0

Stewart PA. How to understand acid base, 1981



2

2NUOLoLa EXEL LOVO N OALKN) OUYKEVTPWON TOU AEUKWUOTOG
KOlL OXL N LOVIOLLEVN TOU popdn

To SID katto A, €ivaln ave§aptnteg LetaBAnTeG TG
oéeoPaoLknC Loopporiac tou SLaAUaToC

)

7.6

7 5 _\.

pH

7.4 -

.
7.3 - \

7.2 \

7.1

Ator



~

vec elvall aoBevn ofea ]puemu.«', sloTNUA W

\ ’ ~ 7
Y Y y /A

~

7.6 -

7.5 1

pH

7.4

7.3 -

.2+

7.1

AtoT
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"Sure | shot him — but | shot
him in good faith!”




Ag Staluooupe Twpa kot CO,
C02 + HZO <==> H2C03<==> Ht + HCO3— <==>Ht + CO32'

[SID] + [H*] - [HCO, ] - [A] - [CO,2] - [OH]=0

E

ApXN TNS NAEKTPLKNC OUSETEPOTNTOC }
\

Nopoc opaong Twv palwv
[H*] x [OH] = K|}/
[H*] x [A7] = K, x [HA]
r--,[H+] X [HCO;] = Ke X P,
sep[H*] x [CO5%] = Ky x [HCOST]

~

Apxr dtatripnong tng padog
[HA] + [AT] = [Ayof]

Stewart PA. How to understand acid base, 1981




/

OepeAtwdnc e€¢iowon tng oéeoPacLKNG LOOPPOTILOG

Y

[SID] + [H*] = K. x PCO, / [H*] = K, X [Argr] / (Kx + [H*]) - Ky x K.PCO, / [H*]2- K,/ [H*] =0

)

elval oL

e
1[ [SID] ] T[ [Aror] 1 T[ PCO, ]

OL aveéaptntec petaANTEC
NC oéeoBaoLknC LooppPoTTLOC

[SID] [A;or] kot PCO,

Stewart PA. How to understand acid base, 1981



TLonpaivel «aveéaptnTteg LETABANTECY;

[ N

)
Independent variables have values which are A
determined by processes or conditions which are
external to the system; they are imposed on the system
rather than being determined by it. y

U

Dependent variables have values which are determined
internally by the system. They are determined by the
equations (chemical equilibria) which determine the system
and can be altered only by changes in the values of the
independent variables.

™

)




ANE=APTHTEZ METABAHTE2

AVOTTVEUOTLKO KEVTPO

‘Hrop




[Na*] - [CI]

STRONG ION DIFFERENCE

A A ~++1 rei-1

in acid base balance?
The answer is simply : NONE

~

What is the role of bicarbonate

/

Owvedpoi kaBopilouv tnv dtadpopikn
enovappodnon Na kot Cl



2Uyxpovn panpatikn Ekppacn Tou HOVTEAOU Tou Stewart

* [Albumin#] =[Albumin]-(0.123-pH- 0.631)

* [Phosphate;¥-] =[Phosphate;] -(0.309-pH- 0.469)

Figge et al. J Clin Lab Med 1992; Figge et al; J Crit Care 2018



2Uyxpovn padnuatikn Ekppoon Tou PovtEAoU Tou Stewart

* [Albumin#] = [Albumin]-(0.123-pH- 0.631)

* [Phosphate. ¥"] =[Phosphate.] :(0.309-pH- 0.469)
* [HCO;] =0.0301-PCO, (mmHg)-10 ®H-6-1)

* [SIDe] =[HCO; ]+ [Albumin #] + [Phosphate, ¥"]
e [SIDa]= [Na']+[K*|+[Ca?*]+[Mg?**]-[CI']-[Lac" ]

« [SIG]=[SIDa]-[SIDe]



AoBevnc 51 etwv pPeTA oo enepPaon aoptootedpaviaiog

~

\

[AG]<12

@uocloloyikn oéeoBacLKR;

moapakopudng
J
\
[K*]=4.9 [Na*]=141 [CI]=110.3 [Lac]=1.7 [Mg?*]=2.2 [Ca?*]=2.1 [AIb]=29 [Phos]=1.13
[HCO,"]=24.1 [SBE]=-2.1 [AG]=11 pCO,=42.3 pH=7.37
J
[Cl]=98-105




AoBevnc 51 eTwv pPeTA oo enEpPaon aoptootedavLALOC
rapakapdng

)

= .
/[K+]=4.9 [. Na*]=141 [CI']=110.3 [Lac’]=1.7 [I\/|g2+]=2.2 [Ca2+]=2.1 [PhOS]=1.13\

[HCO, ]=24.1 [SBE]=-2.1 [AG]=11 pCO,=42.3 pH=7.37

[SIDa]=42.6 [SIG]=8.8 [Alb]=29

-

[SIDa]=38-42 AAKGAwoN amo Loxupa Lovta

[SIG]>3 (>5) O&Ewon oo [N HETPROLUA LOVTAL

\_ YOAEUKWHATVALMKE aAKGAwGn




«Tpodr) Alovtapiola yLo LUAAO IOV TIELVAEL»

Niko¢ Kalavtlakng
«Avadopa oto KpEKO»



