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PuOuion [H]

e [H*] =24 - (PCO,/HCOy)

e pH=6.1+log (HCO,/PCO,-0.03)
(e€¢lowon Henderson - Hasselbalch)



Epapuoyn tou vopou 6paonc tTwv polwv

twv Guldberg-Waage yia tn dtaoctoon tou
avOpakikoU o&goc:

H,CO, <> H* + HCO,’
k = [H*][HCO] / [H,CO,]



duowkn onuaocia

pH: oykoc avad .ooduvapo Lovtoc =2
AOYaPLOULKO LETPO TOU OYKOU OLAAU LLATOC
niou TepLtexel 1 Eq H*. Na to nAaopa o pH 7.4
0 OYKOC QUTOC €lval 25 ekatoppupla Altpa.

pH = -log[H*] = log(1/[H"])



e Eélowon Henderson — Hasselbalch:
pH = pKa + log,, ([deprotonated form]/[protonated form])

e YrtoAoylopog oéstdoavaywyLtkol SUVOULKOU:

E=Eo + (RT/zF)xIn ([oxidised form]/[reduced form])

(R =8.314472(15) J K1 mol?, T is the temperature in kelvin,
F =9.64853399%10% C mol, z is the number of electrons transferred in
the reaction)

 pH =2 ekdpaleL To ofeldoavaywyiko
Suvapko



HAGMA



XAaopo avioviwyv



XAaouo avioviwy

e HAEKTPLKN OUOETEPOTNTA UOATLKWVY
SLaAU pHATWV



XAaopo avioviwyv

e HAEKTPLKN OUOETEPOTNTA UOATLKWVY
SLaAU pHATWV

e Na*+ un petpovpeva katiovia (UC) = Cl- +
HCO;™ + un petpoupeva aviovta (UA)



XAaopo avioviwyv

e HAEKTPLKN OUOETEPOTNTA UOATLKWVY
SLaAU pHATWV

e Na*+ un petpovpeva katiovia (UC) = Cl- +
HCO;™ + un petpoupeva aviovta (UA)

e Na*-(Cl+HCO,)=UA-UC = Anion Gap=12 mEq/L



* Na*-(Cl+HCO,’)=UA-UC

e H aABoupivn tou opou amoteAEL TO
HEYAAUTEPO MEPOC TWV N LETPOULLEVWV
avIOVIWV. MEelwaon TNG CUYKEVIPWONG
aABoupivne kata 50% 6o odnynoeL o 75%
LELWON TOVU eKTLLWUEVOU AG.



AL0pOwon YAoHOTOC AVIOVIWV

e Expected AG=(2 X albumin)+(0.5 X Pi)

e Adjusted AG= AG + 2.5 x (4.5-albumin)



AAG:A[HCO, ]
Entl petaBoAiknc oé€wonc pe avénon tou AG: =1

Edv cuvumapyet LeTAPOALKN 0EEwON LE GUCLOAOYLKO
AG ) avamvevoTikn aAkaAwon: <1

Edv cuvumapyet LeTaPoAlkn aAkaAwon n
OVOTIVEUOTLKN oé€won: >1



Attta HAGMA

[AAQLKTLKI) OEEWON

Ketoewon
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2 AALKUALKOL



faAaKTiK o€Ewon
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glucose + 2 ADP + 2 P, + 2 NAD" — 2 pyruvate
+2ATP+2NADH +2H,O0+2H"

glycogen, + 3 ADP + 3 P; + 2 NAD ~ — glycogen,_;
+ 2 pyruvate + 3ATP + 2NADH +2H,0 + 1 H”

glucose — 2 lactate + 2 H”

glycogen — 2 lactate + 1 H”



Table 2. The reactions of glycolysis balanced for charge, protons, and water

H" Source
# Reaction Enzyme Ghu Gly
G6P from glycogen
Glycogen-n + Pi*~ — Glycogen-n—1 + Glucose 1-phosphate Phosphorylase
Glucose 1-phosphate — Glucose 6-phosphate Phosphoglucomutase
GO6P from glucose
Glucose + MgATP?*~ — Glucose 6-phosphate® + MgADP~ + H' Hexokinase 1
Glycolysis
1 Glucose 6-phosphate?~ — fructose 6-phosphate?™ Glucose-6-phosphate 1somerase
2 Fructose 6-phosphate®>~ + MgATP>~ — fructose 1.6-bisphosphate*~ + MgADP~ + H* 6-Phosphofructokinase 1 1
3 Fructose 1,6-bisphosphate*~ — Dihydroxyacetone phosphate + Glyceraldehyde 3-phosphate® ™ Aldolase
R Dihydroxyacetone phosphate — Glyceraldehyde 3-phosphate®~ Tniose Phosphate Isomerase
5 2 Glyceraldehyde 3-phosphate*~ + 2NAD™ + 2P~ — 2 1 3-bisphosphoglyerate* ™ + Glyceraldehyde-3-Phosphate 2 2
2NADH + 2 H" dehydrogenase
6 2 1.3-bisphosphoglyerate® ™ + 2 MgADP~ — 2 3-phosphoglycerate®~ + 2 MgATP?~ Phosphoglycerate kinase
7 2 3-phosphoglycerate*” — 2 2-phosphoglycerate® ™ Phosphoglycerate mutase
8 2 2-phosphoglycerate’~ — 2 phosphoenolpyruvate’~ + 2H>0 Phosphopyruvate hydratase
9 2 phosphoenolpyruvate®™ + 2 MgADP~ + 2 H* — 2 pyruvate™ + 2 MgATP?~ Pyruvate kinase —2 -2
Net protons per 2 pyruvate 2 1




Glucose

Pyruvate

2 NAD* 2 ADP
+ 2P,
2ATP
2 ADP
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2 Lactate ﬁ 2 Pyruvate

2 NAD* 2 NADH
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Flow of Electrons During Oxidative Phosphorylation
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Quololoyikn ouvykévtpwon Lac: 1.0£0.5 mmol/L
Noapaywyn: 20 mmol/kg/d

Y€ Bapewc maoyovtec: < 2 mmol/L.

Méetpla avénon Lac 2-5 mmol/L: ZuvnBwc KaAn
apdevon Twv LOTWV. YIEPKATABOALKEC KATAOTACELG
onwc onYn, tpavpa, eykavua (dteyepon yYAUKOAuong,
avénon nupootaduAlkol, HELWHEVN dpaoTikoTNTA
nupootaduAiknc adudpoyovaonc).

Lac:Pyr =10:1

Lac > 5 mmol/L kat oé€won: urtoapdeuon, dapuaKa,

ouyyeveic dlatapaxec LETABOALOHOU TWV
vdatavOpakwv.



e Auénuevn nopaywyn yahoKktikol of€oc: dlatapayn otn oXeon
HetaéL tnC tpododociac Twv LoTWV 0 0ELYOVO KL TLC
LETOBOALKEC QVAYKEC.

e JuVNOWC LELWVETOL, CUCTNUOTLKA N TIEPLOXLKA, N Ttpoodopd
oéuyovou.

e DO,=QxCa0,x10
e Ca0, =1.34 xHb xSa0, +0.003 x PaO,

e Q=V0,/(Ca0,-CvO0,)



e Juotnuatikn dtatapaxn: kukAodpopiko shock (kapdloyeveg,
UTTO-OYKOLLLLKO, ONTITIKO), o€ela avammveVOTLKI) AVETTAPKELQL.

* [MepLo)IKn UTtOAPSELVON: LECEVTEPLA LOXALULO, LOYOLULLOL
OKEAOUC.

e JoBoapn avatupia kat urtoéatpia: cuvnOwc N CUCTNUOTLKN
uetadopd oéuyovou dLatnpeital LLE MTPOCAPUOYVEC TOU
KUKAOdOpLKOU CUCTHUATOC.

AUENoN Tou YAAQKTIKOU O QUTA TNV MEPLITTWON
= OUVUTIAPYXOU OO OVETIAPKELO KApOLAYYELOKOU



e AUENON METOBOALKWV AVAYKWYV OTTO QUENUEVO HUIKO
£pyo0: oTlaopol, kplon acdpatocg, Bapla aoknon.
Y€ QUTAV TNV MEPLMTTWON N ATTOKATAOTAON TWV EMMESWV
TOoU YOoAOKTLKOU gival Tayxeila: xpovoc nuiostac wng 60 min

e To OGO TOU YAAOKTLKOU TTOU TIALPOAYETAL OXETI(ETOL LE TO
OALKO ‘Xp€oc¢’ o€uyavou, To peEyeboc tne umodpdevonc
KoL tn coBapotnta tou shock.

e Au&non tnc Ovnrotntoag otav avéavovtal ta ninmeda tou
yoAakTtikoU oégoc (og kukAodoplko shock peiwon tng
emBiwonc amno 90% oe 10% ylo avtiotowa enineda
yaAaktikoU 2 kat 8 mmol/L).

Circulation 1970; 41:989-1001



MNapaywyn YOAOQKTIKOU

2 KEAETIKOL LUEC
‘Evtepo
EvkepaAoc
EpuBpokuttapa



KukAo¢ yaAdaktikoU f} KUKAoG tou Cori

To yaAoKTIkO o0&V Ttou oxnuatiletol amo tnv oéeldwaon g
YAUKOUNC OTOUC UG KoL oTa EpuBpoKUTTOPA LETAPEPETAL OTO
Ao KOl 0TOUC VEPPOUC OTIOU UETATPETIETAL, LECOW VEO-
YAUKOYEVETLKOU pHnxaviopou, o€ YAukoln, n omnoia pmopei va
xpnotpornotnBet kat maAl we ‘kavopun VAN’

MUSCLE CORICYCLE LIVER
BLOOD
Glucose g Glucose
- awe
2ATP ZNAD+ | B 2 NADH
2 NADH E - BATP
2 Pyruvate i 2 Pyruvate
: | 2 NADH
2NADH : 2 NAD+
2 NAD+
2 Lactate . 2 Lactate



To yaAaKTIKO 0&U w¢ ‘KavoLlpo’

e XPNOLUOTIOLE(TOL WG EVEPYELAKNA TINYN ATTO {WTLKA
Oopyavo OTIwE N KapdLa Kat o eyKEPaAoc.

 HmAnpnc oéeidbwon Twv popiwv yaloktikoU Ttou
rniapayovrtol ano 1 popto yAvukolncg amodidet 652 kcal
(n kavon 1 popiou yAukolnc amodidel 673 kcal).



D-yaAoKTIKA o¢€won
e ExTOMN MEYAAOU TUAUOTOC AETITOU EVTEPOU
e Nnotldo-elAelkO bypass
o AwaBntnc (methylglyoxal/glyoxalase pathway)

A cLycoLysis Glucose D PENTOSE PHOSPHATE PATHWAY
Glucose 6P
Fructose -2,6- Pzi— Fructose -6P NADP DC GSSG
e * s prk ‘\\ NADPH
Ribulose-5P
f Fructose-1,6-P,
LA G ———
GlyceraldehydE-3F:4— DHAP —: Methy'g'yoxa'
t Hemithioacetal
Pyruvate
Glo 11

B OTHER METHYLGLYOXAL PRODUCING PATHWAYS S-Lactoylglutathione

Lipid metabolism Glo-2
GSH-

Protein metabolism D-Lactate

C GLYOXALASE SYSTEM



Table 1. Causes of Lactic Acidosis.*

Cause

Cardiogenic or hypovolemic
shock, advanced heart failure,
or severe trauma

Sepsis

Severe hypoxemia

Carbon monoxide poisoning

Severe anemia

Vigorous exercise, seizures,
or shivering

Diabetes mellitus

Cancer

Liver disease

Pheochromocytoma

Presumed Mechanism or Mechanisms

Decreased O, delivery to tissues; epineph-
rine-induced B,-adrenoceptor stimula-
tion can be a contributory factor

Epinephrine-induced 3,-adrenoceptor stim-
ulation with or without decreased O, de-
livery to tissues; reduced clearance of lac-
tate even in hemodynamically stable
patients

Decreased O, delivery to tissues

Decreased O, delivery to tissues, interfer-
ence with oxidative phosphorylation

Decreased O, delivery to tissues

Increased O, requirements
Mechanism unclear

Increased glycolytic activity of tumor
(Warburg effect), tumor tissue hypoxia,
decreased clearance of lactate with
severe liver metastases

Lactate clearance decreased

Decreased O, delivery to tissues and epi-
nephrine-induced B,-adrenoceptor
stimulation

Comments

With sepsis, these causes account for the majority of cas-
es of lactic acidosis

Evidence of decreased O, delivery can be subtle; even in
the absence of macrocirculatory impairment, dysfunc-
tion of microcirculation can be present

Requires Pao, <30 mm Hg
Hyperbaric O, therapy is reccommended if pH <7.1

Requires hemoglobin level <5 g/dI

The decrease in pH and hyperlactatemia is transient; lactic
acidosis can impair exercise performance

The risk of death in patients with ketoacidosis can be in-
creased by coexisting lactic acidosis

Lactic acidosis can be seen in association with lympho-
mas, leukemias, and solid tumors; HCO;™ administra-
tion may increase lactic acid production; acidic micro-
environment is critical for tumorigenesis, angiogene-
sis, and metastasis

Fulminant liver disease can cause substantial hyperlacta-
temia; hyperlactatemia is usually mild with chronic liv-
er disease alone; lactate clearance can also be decreased
when liver function is normal, in association with sepsis

In rare cases, lactic acidosis is a presenting feature of
pheochromocytoma



Metformin
Nucleoside reverse-transcriptase
inhibitors

Cocaine

Toxic alcohols, methanol, ethyl-
ene glycol, diethylene glycol

Propylene glycol

Salicylates
Cyanide
B, agonists

Propofol

Thiamine deficiency

Interference with oxidative phosphorylation,
suppression of hepatic gluconeogenesis

Interference with oxidative phosphorylation

Decreased O, delivery to tissues and epi-
nephrine-induced B,-adrenoceptor
stimulation

Interference with oxidative phosphorylation

o-Lactate and t-lactate are normal products
of metabolism

Interference with oxidative phosphorylation
Interference with oxidative phosphorylation

Stimulation of aerobic glycolysis

Interference with oxidative phosphorylation

Impairment of pyruvate dehydrogenase
activity

This is usually seen in association with high plasma met-
formin levels; treatment with dialysis is beneficial

Marked hyperlactatemia is uncommon in the absence of
other predisposing factors

Marked hyperlactatemia is seen in some patients having
seizures or being
restrained

The increase in lactate is small; a small increase in the os-
molal gap (usually <20 mOsm/kg H,0) can be seen
in some cases of lactic acidosis without toxic alcohols

Lactic acidosis can occur in the absence of impaired oxida-
tive phosphorylation

Hyperlactatemia is usually minimal
Lactic acidosis is an important manifestation of poisoning

This is most common with treatment of acute asthma;
hypokalemia can result from enhanced cellular uptake
of potassium

Lactic acidosis can be seen with prolonged high-dose infu-
sion

This is most common in children or adults receiving par-
enteral nutrition or those with fulminant beriberi

NEJM 2014, 371:2309-2319



Baowkn Bioxnpeio — MpogAevon npwtoviwv
N To yaAaKTLKO S€v gival aitio oéEwonc



Table 3. The pKa values of the “acid intermediates”

of glycolysis and lactate

Carboxylic Acid Intermediates of Glycolysis pKa
3-Phosphoglycerate 3.42
2-Phosphogycerate 3.42
Phosphoenolpyruvate 3.50
Pyruvate 2.50
Lactate 3.87
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Mapaywyn yoAaKTLKOU
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Table 5. Causes of acidosis and proton buffering
in skeletal muscle

H"* Buffering and Removal

Blood and
Causes of Proton  ventilatory Intracellular H'
Release buffering buffering H* removal
Glycolysis H* + HCO; Proteins Mitochondnal transport
Amino acids
H>COs CrP hydrolysis Lactate /H" Symport
ATP hydrolysis Lactate production Sarcolemmal Na*/H™
exchange
H-O + CO> IMP formation
HCO; HCO; /Cl~ Exchange
P; SID

HCO3, bicarbonate; H>COs, carbonic acid; CrP, creatine phosphate; SID,
strong 1on difference

Am J Physiol Regul Integr Comp Physiol 2004; 287:R502-R516



Strong lon Difference

*SID,pparent = [N@*] + [K*] - [CI'] - [Lac’] - [aAAa toxupa aviovta]
e SID=0 oto dtadAvpua RL
e AvLov yoAaktikoU oto dtdAvpa RL (28 mmol/L)
e luatin xopnynon RL npokaAei aAkaAwon?
(SIDy < SID

PIasma)



Avvoatotnta petaBoAiopov Lac 100 mmol/hour
Auénon SID =2 petaBoAkn) aAkaAwon
Meilwon [Alb]

SIDopt=24 mmol/L



Table 2. Measures for Monitoring and Goals of Therapy in Patients with Lactic Acidosis.*

Measure

Hemodynamic measures
Mean arterial blood pressure
Heart rate
Central venous pressure

Pulmonary wedge pressure

Urine output
Blood measures affecting O, delivery

Hemoglobin level

Arterial O, saturation
Central venous O, saturation

Acid-base measures (arterial and central
venous blood pH, Pco,, and
[HCO5T)

Blood lactate

Assessment of inte grity of microcircula-
tion, near infrared spectroscopy,
and orthogonal polarization spec-
tral imaging of microvasculature

Goal of Therapy

65-70 mm Hg
<100 beats/min
8-12 mm Hg

12-15 mm Hg in patients receiving mechanical
ventilation

>0.5 ml/kg/hr

>7 g/dl, but can vary on the basis of cardiovascular
status of patient; some recommendations are
for approximately 10 g/d|

=92%
=70%

Arterial blood pH, >7.2; Paco, appropriate for
[HCO47; in lung-protective ventilation, Paco,
is maintained at hypercapnic levels

Decrease to the normal range (<1 to 2 mmol/liter)

Substantial improvement of microvascular indexes,
induding proportion of perfused small vessels,
microvascular flow index, and heterogeneity of
perfused small vessels

NEJM 2014; 371:2309-2319



OEPATMEVTLKOL TTOLPAYOVTEC

Bicarbonate (?)

Carbicarb

THAM (tris-hydroxymethyl aminomethane)
Dichloroacetate

Na/H* inhibitors

LDH and MCT Lac inhibitors






