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SUMMARY OF NORMAL LACTATE METABOLISM

• Normal value less than 2 mmol/l
• Released by skeletal muscle, adipose tissue, brain+++ but also lung, heart and gut.

• Daily production : 20 mmol/kg per day

• Lactate clearance : 800-1800 ml/min
• Every 3-4 minutes all of  the blood can be cleared of  lactate

• Lactate released into the bloodstream is transported to the liver and the kidney where it is 
subsequently metabolised

• Oxydation (50% at rest and 75 % during exercise) and neoglucogenesis
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SIMPLIFIED GLYCOLYSIS

Lactate therefore increases when production of  pyruvate exceeds its utilization by the 
mitochondria



REMOVAL : OXIDATION AND CORI CYCLE



CELL-TO-CELL LACTATE SHUTTLE

• Hypothesis : Lactate is not only
produced in muscle and used
within the same myocyte

• Lactate serves as a substrate in 
highly oxidative cells (eg, heart
and brain) or contributes to 
gluconeogenesis (in both the 
liver and kidney)



CORI CYCLE
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• Lactate reaches the liver where it 
enters the Cori cycle and becomes 
glucose

• The energy for such gluconeogenesis 
is supplied by beta-oxidation of  fatty 
acids
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• Conversion of slow energy 
stored as fat into fast energy that 
is readily available as glucose. 

• Energy is used to sustain the 
increased glycolytic flux 
necessary to meet the metabolic 
demands of severe sepsis 
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LACTATE AND SHOCK



THE CLASSICAL PARADIGM

Hyperlactataemia during shock is a marker of tissue 
hypoperfusion or tissue hypoxia, and is indicative of 

the onset of anaerobic glycolysis
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1. Absence of  O2 : stoppage or decrease in ATP production by mitochondrial 
electron transfer



2. Decrease in ATP/ADP ratio and  increase in NADH/NAD ratio

22



3. The decrease in ATP/ADP ratio induces an  increase in  PFK activity
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4. The increase in NADH/NAD ratio decreases in PDH  and increases LDH activity in
favour of  lactate formation
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5. The conversion allows NAD regeneration and ATP production (2 ATP for one glucose)
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ANAEROBIC METABOLISM

•Hyperlactatemia and elevated L/P ratio

•Accelerated aerobic glycolysis

•Low energy production

•Adaptive mechanism in crisis situation



THE NEW PARADIGM

Shock induced hyperlactataemia should no longer be
seen as a biomarker of hypoxia or anaerobic glycolysis, 

but as a major protective component of the stress 
response. 



PROOF AGAINST HYPOXIA INDUCED 
HYPERLACTATEMIA IN SEPTIC SHOCK

•Oxygen delivery after initial resuscitation is generally 
high.
•Increasing oxygen delivery does not decrease lactate level 
in all patients
•Muscular ATP and PO2 level are normal or elevated.
•Splanchnic production is scarce (De Backer et al)
•Lungs produce lactate 



RELATIONSHIP BETWEEN EPINEPHRINE AND 
LACTATE

Mazzeo RS, Marshall P. J Appl Physiol 1989;
67: 1319–22.



GLYCOLYSIS COMPARTMENTALISATION AND NA+-K+ASE ACTIVITY

•Two glycolytic pathways with separate 
sets of  glycolytic pathways enzyme
• The enzyme of  the first pathway has 

been shown to be associated with NaK 
ATPase activity. 
•Accelerated aerobic glycolysis provides 

ATP to sustain Na+K+ ATPase activity 
in cells with intact oxydative activity
•Both compartments are independent.



Aerobic production of  lactate under epinephrine 
stimulation

• Epinephrine binds to muscle adrenergic 
β 2 receptors and raises AMP 
production
– Stimulation of  glycogenolysis and 

ATP production
– ATP is used to fuel the 

sarcolemmal Na+-K+ATPase that 
consumes ATP and increases ADP 
level

– ADP increases PFK activity and 
thus pyruvate production

• Epinephrine increases glycogenolysis 
with a net increase in pyruvate 
production and thus an increase in 
lactate concentration

James et al, Lancet 1999, 354 : 505-
508.



DURANT L’ÉTAT DE CHOC LA PRODUCTION DE 
LACTATE N’EST PAS QU’HYPOXIQUE

Levy al. Lancet 2005

Lactate musculaire > lactatémie

Production indépendante de 
l’hypoxie

Production musculaire bloquée 
par la ouabaïne (inhibiteur NA/K 

ATPase)

Production dépendante de la 
stimulation !2 adrénergique

Prospective, monocentrique,  14 choc septique, micro-dialyse,
mesure du lactate musculaire en présence ou non d’inhibiteurs





LACTATE METABOLISM MODIFICATION 
DURING SHOCK







LACTATE CLEARANCE

Nguyen et al. Crit care med 2004

Observational study, 111 patients with sepsis or septic shock, 
6H clearance , D60 mortality





vTo-T6 hours
Flow dependant part

T6-T24 hours 
Not flow dependant
Metabolic part?

Biphasic response with an initial rapid improvement, followed by a much slower trend thereafter





LACTATE MONITORING YES, BUT NOT ALONE

Hernandez  G et al. Intensive Care Med 2018



ACIDOSE LACTIQUE DE TYPE B



ETIOLOGIES POSSIBLES



LACTATE ET CONVULSION

Lipka et al.  Acta Anaesthesiol Scand 2003

Hyperlactatémie très élevée, clairance en 60 min



LACTATE ET CANCER

Friedenberg et al. Medicine 2007

Lymphome
Au diagnostic

Grosse masse tumorale
Atteinte hépatique



LACTATE ET ACIDOCÉTOSE

Cox et al. J Crit Care. 2012

Rétrospective, monocentrique, 68 acidocétose diabétique, prévalence acidose 
lactique

68%  avec 
lactate > 2.5 mmol/l

Mécanisme inconnu, facteur non pronostic



HYPERLACTATÉMIE D’ORIGINE MÉDICAMENTEUSE OU 
TOXIQUE

Andersen  et al. Mayo Clin Proc. 2013
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TAKE HOME MESSAGE: LACTATE WITH OR WITHOUT HYPOPERFUSION 
VERSUS TISSUE HYPOXIA

• Hyperlactatemia

•Anaerobic glycolysis in hypoperfused territories
• Stress-related adrenergic-induced aerobic glycolysis
• Impaired hepatic lactate clearance
•Mitochondrial dysfunction limiting pyruvate metabolism

• Eliminate or integrate the potential confounders 
• Epinephrine, other drugs, liver dysfunction, cells proliferation..
• Presence of shock?
•Metabolic acidosis or not?
•Adequation of cardiac output (echo, Picco, Swann-Ganz) and/or 
adequation of volemia (dynamic test) : flow dependant
• Lactate clearance plus ScVO2 plus PCO2 gap plus CFT

• Research of local ischemia (mesenteric +++)



Intensive Care Med. 2019 Jan;45(1):82-85.

Lancet Diabetes Endocrinol. 2014 Apr;2(4):339-47

Med Sci Sports Exerc. 2008 Mar;40(3):475-6


