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Laktacidos @

» Resultat av ackumulation av Laktat och protoner i kroppsvatskorna

» Associerat med dalig prognos
» Mortalitet Okat med en faktor 3 om laktacidos vid sepsis eller low flow
» Ju hogre laktat desto samre prognos

» Oftast samband med vavnadshypoxi, finns aven andra utlosande
mekanismer
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Normal Severe Lactic Lactic Acidosis Lactic Acidosis
Acidosis and Metabolic and Non-Anion Gap
Alkalosis Metabolic
Acidosis
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pH 7.40 7.05 147 1.21
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Laktacidos-fall @

* 44 arig man, tidigare frisk. Insjuknat i bild av binjurebarkssvikt for en
vecka sedan ( hypotoni, yrsel, hyponatremi). Insatt pa hydrocortison.

« Soker nu for besvarlig klada och svullnad kring 6gonen.
Allmantillstandet gott, latt tachycard, uppvisar ett flertal artstora
lymfkortlar kring nacke och kakvinklar. CT buk visar ordentligt
forstorade binjurar bilat.

« Urlab: Na 121, K 5,4, krea 109, CRP 17> man okar
cortisonsubstitution och ger NaCl dropp

* Pa medicinavdelning, trott, orkeslos, aptitlos.

» 5 d efter inlaggning- snabbt stigande joniserat Ca- 1,99, varfor flytt till
IMA
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Fall

« Pa IMA

» Vaken och orienterad, ngt somnolent

» Tachycard, perifert kall och 6dematos

« Startad pa Miacalcic och ytterligare NaCl
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Fall EKO =)

* Hyperkinetisk

« Latt nedsatt kontraktilitet & Iatt dilaterad VK utan saker hypertrofi.
« Sammanfallen v cav inf

« >50% andningsvariation

* B-lines lokaliserat ho/va

* VBL + 10 | sedan inkomst
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Ecv-Basoverskott(ak)
P-Standardbik (ak)
P(aB)-Natrium(ak)
P(aB)-Kalium(ak)
P(aB)-Laktat(ak)
Hb(aB)-Oxygenmat(ak)
P-(aB)-pH(ak)
P(aB)-Klorid(ak)
P-(aB)-CO2(ak)
P(aB)-Glukos(ak)
P-(aB)-0O2(ak)

Ovriga

P-Laktat

Project name

mmol/L
mmol/L
mmol/L
mmol/L
mmol/L
%

mmol/L
kPa
mmol/L
kPa

mmol/L

-3 -+3
22-27
137-145
3.5-4.4
0.5-1.6
95-99
7.35-7.45
100-110
4.7-6.0
4.0-6.0
10-14

0.5-2.2

2,2
23
122 *
5,0 *
7,1
98
7,44
96 *
4,2*
3,9*
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Laktacidos

Hyperlaktatemi
Hypercalcemi
Hyponatremi
Binjurebarksvikt

DIFFERNTIALDIAGNOSER
B-vitaminbrist???

e Lymfom

* Tbc

« HIV

* ORSAKER HYPERLAKTATEMIN
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Laktacidos

» Vavnadshypoxi-Typ A laktacidos
-Systemisk DO
-microcirkulatoriska storningar

» Ej vavnadshypoxi-Typ B laktacidos
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Fall @

» Behandlingsrefraktar lactacidos typ B sannolikt pa basen av lymfom /
spridd malignitet. Komplicerad sjukhistoria med explosivt malignt
forlopp. Respiratorvardad och dialyserad sedan igar. Ingen effekt pa
laktacidosen. Man har inledd lymfonbehandling med hogdos
Betapred. Aven haft svarbehandlad hypercalcemi som nu ar under
kontroll med citratdialys.

* PAD visar ALK-1 negativt storcelligt anaplastiskt T-cellslymfom.
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Laktacidos @

 Pyruvat bildas fran glycolysen ( ingen O2 atgang=anaerob)

pyruvate + NADH + H* & lactate + NAD".

Redox reaktion som sker i cytosol
Katalyseras av Laktadehydrogenas (LDH)
2 subenheter--- LDHA, LDHB

LDHA —hogre affinitet for pyruvate—> okar reduktion till laktat- finns ffa i
skelettmuskel

LDHB-ffa i lever njure. Oxidering av laktat till pyruvat. Energikravande

Laktat:pyruvat ratio 10:1 okar vid okad NADH: NAD+ ratio
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Laktat

* Glukos
2 Pyruvat > 2 laktat (+47kcal)
(oxidation) (oxidation) (glukoneogenes)

v
Kreés cykel Coris cykel
673 Kcal 652 Kcal Glukos



Laktacidos @

* Det bildas 20 mmol laktat /kg kroppsvikt/24 h (= 58 mmol/h hos 70 kg)

* Bildas ffa i vavnad dar det ar hog glycolys—rik pa LDHA- ex
skelettmuskel

 Laktat re-konverteras till pyruvat i leverns och njurarnas mitokondrier
och andra vavnader som ar rika pa LDHB

» Pyruvat darifran till Cori cykel ( aterbildande av
glukos=glukoneogenes) eller Krebs cykel (utvinnande av energi)
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Laktacidos @

* Produktion och konsumtion av laktat ar i normalfallet lika—>
stabila koncentrationer av laktat i blod

Laktatproduktion kan 6ka hundrafalt- ex vi maximal traning

Laktatkonsumption kan aven det Oka— ex efter maximal traning-efter
kramper, eller exogentillforsel av laktat

glucose + 2(ADP + inorganic phosphate)
— 2 lactate + 2 H* + 2 ATP.

Produktion av laktat betyder att med glycolysen produceras aven
ekvivalent antal protoner ( vilket ger acidosen)
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Laktacidos @

 Laktatkonsumption tar bort ekvivalent antal protoner- darfor halles
syra-bas balansen konstant
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Laktacidos
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Laktacidos @

* Vid vavnadshypoxi (global eller regional)—=>0verproduktion av laktat
beroende pa forsamrad oxidativ phosforylering i mitokondrien

(O2-brist)
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Laktacidos @

 Acidos bidrar till forsamrat clearance av laktat-> kan tom gora lever till
laktat bildande organ

Hyperlaktatemi kan vara resultat av aerob glycolys ( stimulerad glycolys
som EJ beror pa vavnadshypoxi)

Ex vid stress respons ar detta en snabb vag for generering av ATP
(dock ineffektiv)

Hyperdynamisk sepsis och adrenalinstimulering forstarker denna
glycolytiska flux

(adrenalin per se, sjukdomar som ger okad Adrenalinnivaer som astma+
B2 agonister, pheocromocytom, chock,)
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Laktacidos
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Laktacidos @

» Lakemedel kan forsamra oxidativa phosforyleringen,
Ex antivirala Im och propofol —>laktat

Levern svarar for 70% av laktat clearance i normala fallet

Patienter med sepsis-aven de som ar stabila med normal leverfunktion
kan ha forhojda laktatnivaer-> kan bero pa inhibering av
PDH(pyruvatdehydrogenas-pa vaga in i Krebs cykel)
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Table 1. Causes of Lactic Acidosis.*

Cause

Presumed Mechanism or Mechanisms

Comments

K.a(rdiogenic or hypovolemic

or severe trauma

Sepsis

\_

shock, advanced heart failure,

Decreased O, delivery to tissues; epineph-
rine-induced f3,-adrenoceptor stimula-
tion can be a contributory factor

Epinephrine-induced f3,-adrenoceptor stim-
ulation with or without decreased O, de-
livery to tissues; reduced clearance of lac-
tate even in hemodynamically stable
patients

With sepsis, these causes account for the majority ofca
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

Severe hypoxemia

Carbon monoxide poisoning

Severe anemia

Vigorous exercise, seizures,
or shivering

Diabetes mellitus

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

Requires Pao, <30 mm Hg

Hyperbaric O, therapy is recommended if pH <7.1

Requires hemoglobin level <5 g/d

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

6\ncer Increased glycolytic activity of tumor Lactic acidosis can be seen in association with lympho- )
(Warburg effect), tumor tissue hypoxia, mas, leukemias, and solid tumors; HCO,;™ administra-
decreased clearance of lactate with tion may increase lactic acid production; acidic micro-
severe liver metastases environment is critical for tumorigenesis, angiogene-
\_ sis, and metastasis )
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iver disease

Lactate clearance decreased

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

Pheochromocytoma

Decreased O, delivery to tissues and epi-
nephrine-induced 3,-adrenoceptor
stimulation

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

[M etformin

Interference with oxidative phosphorylation,
suppression of hepatic gluconeogenesis

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

Nucleoside reverse-transcriptase
inhibitors

Cocaine

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

Propylene glycol

Salicylates
Cyanide

Interference with oxidative phosphorylation

Decreased O, delivery to tissues and epi-
nephrine-induced 3,-adrenoceptor
stimulation

Interference with oxidative phosphorylation

p-Lactate and L-lactate are normal products
of metabolism

Interference with oxidative phosphorylation

Interference with oxidative phosphorylation

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,O) 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

B, agonists

Stimulation of aerobic glycolysis

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

Propofol

Interference with oxidative phosphorylation

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

Thiamine deficiency

Impairment of pyruvate dehydrogenase
activity

This is most common in children or adults receiving par-
enteral nutrition or those with fulminant beriberi
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Normal Severe Lactic Lactic Acidosis Lactic Acidosis Lactic Acidosis,
Acidosis and Respiratory and Respiratory Respiratory
Alkalosis Acidosis Alkalosis, and
Metabolic
Alkalosis
Paco, (mm Hg) 40 15 16 42 30
pH 7.40 7.05 7.50 6.90 7.45
Lactate (mmol/liter) 1 18 10 16 17

Figure 2. Changes in Acid-Base and Electrolyte Composition in Patients with Lactic Acidosis with or without Coexisting Respiratory
and Metabolic Acid-Base Disturbances.

From left to right, the bar pairs depict normal acid-base status, severe lactic acidosis induced by hemorrhagic shock, lactic acidosis
and respiratory alkalosis in a patient with sepsis, lactic acidosis and respiratory acidosis in a patient with trauma-associated lactic acido-
sis complicated by pulmonary insufficiency and progressive carbon dioxide retention, and lactic acidosis, respiratory alkalosis, and met-
abolic alkalosis in a patient with sepsis undergoing gastric drainage. The numbers associated with ions are ion concentrations in milli-

moles per liter.



Laktat =)

» Behover monitoreras

* Reduktion av minst 20% i laktatniva varannan timme under 8 forsta
timmarna av resucitation vara associerat med minska morbiditet och

mortalitet 49. Jansen TC, van Bommel J, Schoonder-
beek FJ, et al. Early lactate-guided therapy
In Intensive care unit patients: a multi-
center, open-label, randomized controlled
trial. Am J Respir Crit Care Med 2010;182:
752-61.
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Laktacidos- "take home”

* Anjongap acidos
« Komplex metabolism->
» Bildas ffa i skelettmusklatur LDHA

* Re-konverteras till pyruvat ffa i levern LDHB

* Typ A/ Typ B

« Behover inte vara kopplat till dysoxi
» Betastimulans

 B-vitamin
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