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• Acido lattico: definizione e ruolo metabolico

• Acidosi lattica: definizione e classificazione

• Acidosi lattica associata a metformina

Acidosi lattica: eziopatogenesi e classificazione



Lactic acid

Background

• Lactic acid is an endogenous substrate for glycolysis,
constantly produced by muscle and other tissues.

• Lactic acid is not a toxin, but it is a moderate acid

• The lactate concentration results from a balance between its
production and its elimination.

• Useful marker of ischemia, but also a crucial element in
discriminating metabolic disorders, even in the absence of
an overt disease



L-Lactate – Metabolism

Glycolysis and Krebs’ Cycle: how metabolism handles glucose

Adeva-Andany M. et al. - Mitochondrion 2014

Alanine Glucose
ALT GLYCOLYSIS

Cytosol

Mitochondrion



2 Lactate

2 Pyruvate

Glycolysis

Muscle

Glucose

2 ATP

Glucose

6 ATP

Blood

2 Lactate

2 Lactate

2 Pyruvate

Liver

Gluconeogenesis

Glucose

Cori’s Cycle: how metabolism handles glucose and its costs

Lactic acid

Pyruvate + NADH + H+ = Lactate + NAD+ (1:10)

Adeva-Andany M. et al. - Mitochondrion 2014



Lactic acidosis

 Lactate concentrations >5 mmol/L [0-4.9 mmol/L]
 Metabolic acidosis

Clinical definition

pH H+ (mEq/L) pCO2 (mmHg) HCO3- (mEq/L)

Normal values 7.36-7.42 40 36-42 24-28

Respiratory acidosis ↓ ↑ ↑↑ ↑

Respiratory alkalosis ↑ ↓ ↓↓ ↓

Metabolic acidosis ↓ ↑ ↓ ↓↓

Metabolic alkalosis ↑ ↓ ↑ ↑↑



Lactic acidosis

Differences between similar metabolic patterns - Some examples



Lactic acidosis

Clinical Classification (by Cohen and Woods)

Type A

Tissue 
hypoxia

No tissue 
hypoxia

• Severe anemia
• Heart failure
• Hemorrhagic shock
• Hypotension, severe

Type B

Common disorders Drug/toxins Hereditary defects Various

• Liver disease
• Infections
• Malignancies
• Seizures
• Renal failure

• Biguanides
• Ethanol
• Fructose
• Sorbitol
• Linezolid

• Type I glycogenosis
• Fructose 1,6-

diphosphatase deficiency
• Pyruvate dehydrogenase 

deficiency
• Methylmalonic aciduria
• Pyruvate carboxylase 

deficiency

• D-lactic acidosis



Lactic acidosis – Type A

Hypoxia – Type A lactic acidosis

M. Adeva-Andany et al. / Mitochondrion 17 (2014)
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Lactic acidosis – Type B

Lindinger MI et alii - Am J Physiol. 1992

Increased glycolysis has been
associated with increased
stimulation of the sarcolemmal
Na-K ATPase.

Lactic acidosis is not only
associated with hypoxia but
every stress that induces
elevated epinephrine
concentrations

Epinephrine stimulates lactate
production in well-oxygenated
skeletal muscle by increasing
the activity of the Na-K ATPase

Epinephrine



Lactic acidosis – Type B

Seizures – a model of lactate overload

Orringer C.E. et alii - NEJM 1972



Lactic acidosis – Type B

Intense physical activity – Lactate overload

Osnes J.B. and Hermansen L. – J. Appl. Physiol 1972



Lactic acidosis – Type B

Some examples – Lactate overload – Intense physical activity

Lindinger MI et alii - Am J Physiol. 1992



Lactic acidosis – Type B

Asthma, severe

Lindinger MI et alii - Am J Physiol. 1992



Lactic acidosis – Type B

Neoplasms and ischaemic cells

Dhup S et alii. Curr Pharm Des 2012

Ischaemic cancer cells are 
adapted toward the use of 
glycolysis while Kreb’s cycle
is poorly active due to low O2 
tension in the extracellular
space.

Lactic dehydrogenase helps 
to recycle lactate to pyruvate
in order to oxidate NADH+, 
allowing glycolytic activity 



Lactic acidosis – Type B

Some examples – Other drugs

Velez, J. C. Q. & Janech, M. G. Nat. Rev. Nephrol 2010



Lactic acidosis – Type B

Some examples – Linezolid and septic shock

The mechanism of action of 
linezolid seems to involve 
the prevention of peptide 
bonds in ribosomes
(bacteria).

Velez, J. C. Q. & Janech, M. G. Nat. Rev. Nephrol 2010

Nucleotide similarities
between domain V of the 
bacterial 23S ribosomal RNA 
and human mitochondrial
16S ribosomal RNA enable, to 
some extent, linezolid to bind
to this mitochondrial subunit



Lactic acid

Lactate may exist in the human body as two stereoisomers: L-lactate and D-lactate



D-Lactate

Relevant sources 

Dietary intake: 

• sour milk, yogurt, molasses, apples, tomatoes, pickles, beer, and wines

Bacterial fermentation:

• Undigested carbohydrates in the gastrointestinal tract

Exogenous infusions:

• Sodium lactate and lactated ringer solution

Thiamine deficiency (beriberi)

• lactic acidosis, peripheral edema, and muscle swelling in the absence of cardiac failure due to vasodilatation, 

neurological alterations

Alcohol

• degradation of ethanol, methanol, ethylene glycol, and propylene glycol is catalyzed by the enzyme alcohol 

dehydrogenase and transformed into aldehydes

Not sufficient alone

e.g. short bowel syndrome

Heavy resuscitation volumes with Ringer

Not sufficient alone



D-Lactate

Relevant sources – Diabetic ketoacidosis 

Lu J et alii. Clin Chim Acta 2011

Diabetic ketoacidosis appears
with elevated anion gap, which
according to this experience is
influenced by D-lactate

D-lactate cannot be dosed by 
blood gas analyses and should
be inferred by an elevated
anion gap in absence of other
causes



METFORMIN-ASSOCIATED LACTIC ACIDOSIS



Biguanides



Metformin - Kynetics

Bailey CJ et alii. N Engl J Med. 1996.



Metformin excretion
a) Time course of mean plasma concentrations and mean rate of urinary excretion of metformin following a short
infusion (0.25 g over 15 min). (b) Time course of concentrations of metformin in plasma and in blood, and
rate of urinary excretion of metformin in a healthy subject following an oral dose of 1.5 g. The prolonged
elimination half-life from blood is due to the slow uptake and loss from erythrocytes.

Graham G. G. et alii – Clin. Pharmacokinet. 2011

Peak is achieved in 3 
hours, but its elimination
(renal) is slow

Plasmatic clearance is
influenced by a steady, 
slow release of drug from 
erythrocytes



Metformin transporters

Graham G. G. et alii – Clin. Pharmacokinet. 2011

Major known transporters involved in the absorption, hepatic uptake and urinary excretion of metformin. 
MATE= multidrug and toxin extrusion transporter; OCT= organic cation transporter; PMAT= plasma 
membrane
monoamine transporter.
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Metformin

Graham G. G. et alii – Clin. Pharmacokinet. 2011

Steady state in normal individuals
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Metformin associated lactic acidosis

Duong JK et alii – Drug Safety 2013

Definition

Metformin associated lactic acidosis is defined by a lactic 
acidosis which is associated with a documented, recent, 

intake of metformin

Terms like »metformin-induced lactic
acidosis» are not consistent in our clinical 
practice and can be used only in patients
without comorbidities that intorduced
pathologic doses of metformin (suicide or 
dose errors)

23.4 casi/100.000 pazienti in trattamento 
(2000-2016)
70.1 casi/100.000 pazienti in trattamento 
(2016-2021)

Mortalità del 21.4% (2000-2016)
Mortalità del 17% (2016-2021)

Angioi A. et alii – J Nephrol 2018



Metformin associated lactic acidosis

Duong JK et alii – Drug Safety 2013

Mechanism of disease

Graham G. G. et alii – Clin. Pharmacokinet. 2011



Metformin associated lactic acidosis

Duong JK et alii – Drug Safety 2013

Clinical approach

Hemodialysis

If pH >7.2 Conservative 
therapy

If pH <7.2

Sodium 
bicarbonate

Advanced 
treatment

Unstable hemodynamics

Stable hemodynamics

CRRT

IRT (SLED)

Until lactates and 
acidosis is under 

control

Supportive 
therapy

• Crystalloids
• Inotropes
• Respiratory support

If necessary



Conclusioni

• L’acidosi lattica si associa ad un’incrementata produzione di acido lattico, ad una ridotta

clearance, o entrambi;

• L’acidosi lattica può essere distinta in forme ipossiche e non, ma non mancano forme spurie;

• L’acidosi lattica è una spia di un meccanismo patologico talvolta occulto;

• L’acidosi lattica indotta da metformina è molto rara, mentre le forme associate sono più

frequenti, sensibilmente più di quanto osservato nei trial clinici e descritto nelle metanalisi

• In caso di MALA e MILA, il trattamento emodialitico (SLEDD e CRRT) è risolutivo in poche

sedute e segue la cinetica del farmaco



Grazie per l’attenzione



Metformin

Angioi A. et alii – J Nephrol 2018

Our experience, ARNAS Brotzu, S.C.D.U. Nefrologia, Dialisi e Trapianto



Metformin

Angioi A. et alii – J Nephrol 2018

Our experience, ARNAS Brotzu, S.C.D.U. Nefrologia, Dialisi e Trapianto



Metformin associated lactic acidosis

Duong JK et alii – Drug Safety 2013
Unpublished data

Esperienza monocentro - ARNAS Brotzu



Metformin associated lactic acidosis

Duong JK et alii – Drug Safety 2013

Esperienza monocentro - ARNAS Brotzu

Unpublished data



Metformin associated lactic acidosis

Duong JK et alii – Drug Safety 2013

Esperienza monocentro - ARNAS Brotzu

Unpublished data
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Metformin associated lactic acidosis

Duong JK et alii – Drug Safety 2013

Esperienza monocentro - ARNAS Brotzu

Unpublished data

Mortality rate: 21.4% Mortality rate: 17% 
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