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Overview
Background
In basic terms, lactic acid is essentially a carbohydrate within cellular metabolism and its levels rise with increased
metabolism during exercise and with catecholamine stimulation. Glucose-6-phosphate is converted anaerobically to
pyruvate via the Embden-Meyerhof pathway. Pyruvate is in equilibrium with lactate with a ratio of about 25 lactate to 1
pyruvate molecules. Thus, lactate is the normal endpoint of the anaerobic breakdown of glucose in the tissues. The
lactate exits the cells and is transported to the liver, where it is oxidized back to pyruvate and ultimately converted to
glucose via the Cori cycle. However, all tissues can use lactate as an energy source, as it can be converted quickly back
to pyruvate and enter into the Krebs cycle. In the setting of decreased tissue oxygenation, pyruvate is not readily
metabolized and its intracellular levels rise, causing lactate levels to rise proportionally. With a persistent oxygen debt
and overwhelming of the body's buffering abilities (whether from long-term dysfunction or excessive production),
hyperlacticaemia and metabolic acidosis ensue, commonly referred to as lactic acidosis.[1, 2] (See Etiology.)
Lactic acid exists in two optical isomeric forms, L-lactate and D-lactate.
L-lactate is the most commonly measured level, as it is the only form produced in human metabolism. Its excess
represents increased anaerobic metabolism due to tissue hypoperfusion. (See Workup.)
D-lactate is a byproduct of bacterial metabolism and may accumulate in patients with short-gut syndrome or in those with
a history of gastric bypass or small-bowel resection.[3]
By the turn of the 20th century, many physicians recognized that patients who are critically ill could exhibit metabolic
acidosis unaccompanied by elevation of ketones or other measurable anions. In 1925, Clausen identified the
accumulation of lactic acid in blood as a cause of acid-base disorder. Several decades later, Huckabee's seminal work
firmly established that lactic acidosis frequently accompanies severe illnesses and that tissue hypoperfusion underlies
the pathogenesis. In their classic 1976 monograph, Cohen and Woods classified the causes of lactic acidosis according
to the presence or absence of adequate tissue oxygenation. (See Presentation and Differentials.)
The causes of lactic acidosis are listed in the chart below.
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Pathophysiologic classification of lactic acidosis.
Go to Acute Lactic Acidosis for complete information on this topic.

Hyperlactatemia versus lactic acidosis
The normal blood lactate concentration in unstressed patients is 0.5-1 mmol/L. Patients with critical illness can be
considered to have normal lactate concentrations of less than 2 mmol/L. Hyperlactatemia is defined as a persistent, mild
to moderate (2-4 mmol/L) increase in blood lactate concentration without metabolic acidosis, whereas lactic acidosis is
characterized by persistently increased blood lactate levels (usually >5 mmol/L) in association with metabolic acidosis.
Hyperlactatemia can occur in the setting of adequate tissue perfusion, intact buffering systems, and adequate tissue
oxygenation.
Lactic acidosis, on the other hand, is associated with major metabolic dysregulation, tissue hypoperfusion, the effects of
certain drugs or toxins, and congenital abnormalities in carbohydrate metabolism. It also occurs as a result on markedly
increased transient metabolic demand (eg, postseizure lactic acidosis). Congenital lactic acidosis is secondary to inborn
errors of metabolism, such as defects in gluconeogenesis, pyruvate dehydrogenase, the tricarboxylic acid (TCA) cycle,
or the respiratory chain. These disorders generally reflect situations in which the disposal of pyruvate by biosynthetic or
oxidative routes is impaired.
Lactic acidosis may not necessarily produce acidemia in a patient. The development of lactic acidosis depends on the
magnitude of hyperlactatemia, the buffering capacity of the body, and the coexistence of other conditions that produce
tachypnea and alkalosis (eg, liver disease, sepsis). Thus, hyperlactatemia or lactic acidosis may be associated with
acidemia, a normal pH, or alkalemia.
Numerous etiologies may be responsible for the presence of lactic acidosis, most commonly circulatory failure and
hypoxia. Evidence suggests increased morbidity and mortality for patients with persistently elevated or increasing lactate
levels. Identification and discontinuation of any offending agents and treatment of known pathology should occur
promptly. Although treatment with buffering agents remains controversial, their use should be considered in certain
instances with the assistance of appropriate medical consultation. In addition, there is a growing body of literature
showing the benefit of acute medical management, appropriate intervention (including early goal directed therapy) and
lactate clearance.

Metabolic acidosis
Metabolic acidosis is defined as a state of decreased systemic pH resulting from either a primary increase in hydrogen
ion (H+) or a reduction in bicarbonate (HCO3-) concentrations.[4] In the acute state, respiratory compensation of
acidosis occurs by hyperventilation resulting in a relative reduction in PaCO2. Chronically, renal compensation occurs by
means of reabsorption of HCO3.[5]
Acidosis arises from an increased production of acids, a loss of alkali, or a decreased renal excretion of acids. The
underlying etiology of metabolic acidosis is classically categorized into those that cause an elevated anion gap and
those that do not. Lactic acidosis, identified by a state of acidosis and an elevated plasma lactate concentration, is one
type of anion gap metabolic acidosis and may result from numerous conditions.[6]
Severe metabolic acidosis with arterial pH of less than 7.2 is associated with impaired cardiac contractility and
suboptimal response to exogenous catecholamines. Elevation of serum lactate concentration may have negative
inotropic effects independent of serum pH.
Go to Metabolic Acidosis and Pediatric Metabolic Acidosis for complete information on these topics.

Types of lactic acidosis
Cohen and Woods divided lactic acidosis into 2 categories, type A and type B.[5, 7]
Type A is lactic acidosis occurring in association with clinical evidence of poor tissue perfusion or oxygenation of blood
(eg, hypotension, cyanosis, cool and mottled extremities). It can be caused by the overproduction of lactate or the
underutilization of lactate. In cases of overproduction, circulatory, pulmonary, and hemoglobin transfer disorders are
commonly responsible.
In cases of underutilization of lactate, liver disease, gluconeogenesis inhibition, thiamine deficiency, and uncoupled
oxidative phosphorylation can be responsible.
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Type B is lactic acidosis occurring when no clinical evidence of poor tissue perfusion or oxygenation exists. However, in
many cases of type B lactic acidosis, occult tissue hypoperfusion is now recognized to accompany the primary etiology.
Type B is divided into 3 subtypes based on underlying etiology.
Type B1 occurs in association with systemic disease, such as renal and hepatic failure, diabetes and malignancy.[8]
Type B2 is caused by several classes of drugs and toxins, including biguanides, alcohols, iron, isoniazid, zidovudine,
and salicylates.[9]
Type B3 is due to inborn errors of metabolism.
Within these categories, septic shock may move from type A to type B, as the initial presentation is often associated with
hypoperfusion, and with aggressive fluid resuscitation little evidence of tissue hypoperfusion exists, yet lactic acidosis
often persists because of altered oxidative phosphorylation and leukocyte production of lactate caused by sustained
increased inflammatory stimuli (see below).

Lactate production
The anaerobic metabolic pathway known as glycolysis is the first step of glucose metabolism and occurs in the
cytoplasm of virtually all cells. The end product of this pathway is pyruvate, which can then diffuse into the mitochondria
and be metabolized to carbon dioxide by another, more energy-efficient metabolic pathway, the Krebs cycle. The
metabolism of glucose to pyruvate also results in the chemical reduction of the enzyme cofactor oxidized form nicotinic
acid dehydrogenase (NAD+) to nicotinic acid dehydrogenase (NADH) (reduced form).
Erythrocytes are capable of carrying out glycolysis; however, these cells do not have mitochondria and cannot use
oxygen to produce adenosine triphosphate (ATP). The pyruvate formed during glycolysis is metabolized by the enzyme
lactate dehydrogenase to lactate. The anaerobic pathway is very inefficient, and only 2 moles of ATP are produced for
each molecule of glucose that is converted to lactate. The lactate diffuses out of the cells and is converted to pyruvate
and then is aerobically metabolized to carbon dioxide and ATP. The heart, liver, and kidneys use lactate in this manner.
Alternatively, hepatic and renal tissues can use lactate to produce glucose via another pathway referred to as
gluconeogenesis. The metabolism of glucose to lactate by one tissue, such as red blood cells, and conversion of lactate
to glucose by another tissue, such as the liver, is termed the Cori cycle.
Lactate is cleared from blood, primarily by the liver, with the kidneys (10-20%) and skeletal muscles doing so to a lesser
degree. The ability of the liver to consume lactate is concentration-dependent and progressively decreases as the level
of blood lactate increases. Lactate uptake by the liver also is impaired by several other factors, including acidosis,
hypoperfusion, and hypoxia.
Cardiopulmonary failure, sepsis, trauma, thiamine deficiency, side effects of drugs and toxins, oncologic pathology, and
various acquired and congenital diseases can lead to lactic acidosis.[1, 10, 11, 12]

Metabolic aspects of lactate production
The arterial concentration of lactate depends on the rates of its production and use by various organs. Blood lactate
concentration normally is maintained below 2 mmol/L, although lactate turnover in healthy, resting humans is
approximately 1300 mmol every 24 hours. Lactate producers are skeletal muscle, the brain, the gut, and the
erythrocytes. Lactate metabolizers are the liver, the kidneys, and the heart. When lactate blood levels exceed 4 mmol/L,
the skeletal muscle becomes a net consumer of lactate.
As mentioned above, lactate is a byproduct of glycolysis; it is formed in the cytosol catalyzed by the enzyme lactate
dehydrogenase, as shown below:
Pyruvate + NADH + H+ = lactate + NAD+
This is a reversible reaction that favors lactate synthesis with the lactate-to-pyruvate ratio that is normally at 25:1.
Lactate synthesis increases when the rate of pyruvate formation in the cytosol exceeds its rate of use by the
mitochondria. This occurs when a rapid increase in metabolic rate occurs or when oxygen delivery to the mitochondria
declines, such as in tissue hypoxia. Lactate synthesis also may occur when the rate of glucose metabolism exceeds the
oxidative capacity of the mitochondria, as observed with administration of catecholamines or errors of metabolism.

Cellular energy metabolism and lactate production
Cells require a continuous supply of energy for protein synthesis. This energy is stored in the phosphate bonds of the
ATP molecule. The hydrolysis of ATP results in the following reaction, where ADP is adenosine diphosphate and Pi is
inorganic phosphate:
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ATP = ADP + Pi + H+ + energy
With an adequate supply of oxygen, the cells use ADP, Pi, and H+ in the mitochondria to reconstitute ATP. During
cellular hypoxia, the hydrolysis of ATP leads to accumulation of H and Pi in the cytosol. Therefore, ATP hydrolysis is the
source of cellular acidosis during hypoxia and not the formation of lactate from glucose, which neither consumes nor
generates H+. The glycolytic process may be viewed as the following:
D glucose + 2 ADP + 2 Pi = 2 lactate + 2 ATP
The hydrolysis of 2 ATP molecules formed from the metabolism of glucose produces H+, ADP, and Pi, as follows:
2 ATP = 2 ADP + 2 Pi + 2 H+ + energy
If the oxygen supply is adequate, the metabolites of ATP are recycled in the mitochondria and the cytosolic lactate
concentration rises without acidosis. On the other hand, with cellular hypoxia, the equation of anaerobic glycolysis
becomes the following:
D glucose = 2 lactate + 2 H+ + energy
A second cellular source of anaerobic ATP is the adenylate kinase reaction, also called the myokinase reaction, where 2
molecules of ADP join to form ATP and adenosine monophosphate (AMP).
ADP = AMP + Pi + H+ + energy
This reaction leads to increased intracellular levels of AMP, Pi, and H+. Thus, H+ is able to increase during hypoxemia
without the notable increase in cellular lactate concentration.

Cellular transport of lactate
Intracellular accumulation of lactate creates a concentration gradient favoring its release from the cell. Lactate leaves the
cell in exchange for a hydroxyl anion (OH-), a membrane-associated, pH-dependent, antiport system. The source of
extracellular OH- is the dissociation of water into OH- and H+. Extracellular H+ combines with lactate leaving the cell,
forming lactic acid, while intracellular OH- binds to H+ generated during the hydrolysis of ATP to form water. Therefore,
cellular transport of lactate helps to moderate increases in cytosolic H+ resulting from hydrolysis of anaerobically
generated ATP.

Etiology
Declines in cellular oxygen delivery lead to more oxygen extraction from the capillary blood. This action redistributes the
cardiac output to organs according to their ability to recruit capillaries and also decreases the distance from the
capillaries to the cells. With severe decreases in oxygen transport, compensatory increase in the oxygen extraction ratio
is insufficient to sustain aerobic metabolism. Therefore, the cell must employ anaerobic sources of energy to produce
ATP, resulting in the generation of lactate and H+.
The most frequent cause of lactic acidosis is poor tissue perfusion, which is induced by various shock states causing
tissue hypoxia. In ischemic tissues of the skeletal muscle (and, less significantly, the intestine, erythrocytes, and brain),
production of lactate is accelerated with a concomitant fall in lactate consumption by the liver, kidney, and myocardium.
The accumulation of a normally balanced level of serum lactate overwhelms the body's buffering capacity and results in
acidosis.[13, 14]

Lactate acidosis as a metabolic monitor of shock
Shock currently is conceptualized as a clinical syndrome resulting from an imbalance between tissue oxygen demands
and tissue oxygen supply. Impaired oxygen delivery is the primary problem in hypovolemic, cardiogenic, distributive
(septic), and obstructive (pericardial tamponade, tension pneumothorax) forms of shock. When tissue hypoxia is present,
pyruvate oxidation decreases, lactate production increases, and ATP formation continues via glycolysis. The amount of
lactate produced is believed to correlate with the total oxygen debt, the magnitude of hypoperfusion, and the severity of
shock. Serial lactate determinations may be helpful in patients resuscitated from shock to assess the adequacy of
therapies.

Hyperlactemia and lactic acidosis in sepsis
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Patients who develop severe sepsis or septic shock commonly demonstrate hyperlactemia and lactic acidosis. The
pathophysiology of sepsis associated lactic acidosis has not been well understood. Increased lactate production during
anaerobic and aerobic metabolism and decreased lactate clearance are likely contributors to hyperlactemia. Patients
with septic shock have lactate levels of more than 5 mmol/L, a lactate-to-pyruvate ratio greater than 10-15:1, and arterial
pH of less than 7.35.
Following resuscitation from septic shock, some patients continue to demonstrate hyperlactemia (lactate 2-5 mmol/L),
whereas blood pH is normal or alkalemic. These patients manifest increased oxygen consumption, insulin resistance,
urea nitrogen excretion in urine, and a normal lactate-to-pyruvate ratio. Hyperlactemia likely occurs from increased
production of pyruvate and equilibration with lactate, this has been termed "stress hyperlactemia."[15]
The mechanism of lactic acidosis in septic shock is continuing to be debated. Several studies have shown an elevated
lactate-to-pyruvate ratio in septic shock, suggesting tissue hypoxia as the cause of lactic acidosis. However, other
investigators have documented hyperlactemia in the absence of hypoxia.
The additional possible mechanisms for hyperlactemia include activation of glycolysis and inhibition of pyruvate
dehydrogenase. Some investigators have observed that patients with sepsis have decreased lactate clearance rather
than increased lactate production. Skeletal muscle and lung tissue have been shown to produce lactate during sepsis.
Therefore, hyperlactemia may be secondary to increased lactate production in the gut, liver, lungs, and skeletal muscles;
decreased lactate clearance in the liver; or a combination of both. Still, other investigators have suggested that
hyperlactemia may occur secondary to down-regulating of pyruvate dehydrogenase in skeletal muscles by inflammatory
mediators, rather than tissue hypoxia.[16]
Hyperlactemia in patients with sepsis is a marker of the severity of stress response. Hyperlactemia may possibly develop
as a byproduct of overall acceleration in glycolysis in severe sepsis. This may well be an adaptive host mechanism
designed to provide for efficient generation of energy in response to severe stress.

Limitations of lactic acidosis as a monitor of tissue perfusion
The use of lactate as an index of tissue perfusion has several limitations. The presence of liver disease causes a
decreased ability to clear lactate during periods of increased production. Various causes of type B lactate acidosis may
produce hyperlactemia and lactate acidosis in the absence of inadequate tissue perfusion. For significant increase in
blood lactate to occur, lactate must be released into the systemic circulation and the rate of production must exceed
hepatic, renal, and skeletal muscle uptake. Therefore, regional hypoperfusion of tissues may be present despite normal
blood lactate concentrations.
Lactic acid levels can also lag several hours after the oxygen delivery critical threshold (DO2 crit) has been crossed.
Indeed, patients may be accruing a significant amount of oxygen debt before lactate levels start to increase. It has been
demonstrated that mixed venous saturation can fall below 50% before serum hyperlactatemia is evident.[17]

Lactic acidosis in disease
Lactic acidosis occurring from associated, underlying diseases, known as type B1 lactic acidosis, has been identified
with diabetes mellitus, bowel ischemia, severe iron-deficiency anemia, liver disease, alcoholic ketoacidosis, pancreatitis,
malignancy (leukemia, lymphoma, lung cancer), infection, renal failure, seizures, heat stroke, pheochromocytoma,
thiamine deficiency, short gut syndrome, and other carbohydrate malabsorption syndromes. Type B3 lactic acidosis may
result in persons with inborn errors of metabolism. These include glucose-6-phosphatase deficiency (von Gierke
disease), fructose-1,6-diphosphatase deficiency, pyruvate carboxylase deficiency, pyruvate dehydrogenase deficiency,
oxidative phosphorylation deficiency, and methylmalonic aciduria.
Lactic acidosis rarely may present in the MELAS syndrome (mitochondrial encephalopathy, lactic acidosis, and
strokelike episodes), which appears to be caused by a point mutation in mitochondrial DNA tRNALeu (UUR) gene. This
syndrome is characterized by migrainelike headaches, dementia, hearing loss, ataxia, and episodic vomiting
Aberrant lactate metabolism is frequently encountered among critically ill patients. Those with predisposing underlying
disease states and medications portend an increased occurrence. The overall incidence of lactic acidosis in critically ill
patients is unknown; however, increasing acid-base evaluations of critically ill patients indicate that its persistence
increases associated morbidity and mortality.[1]

Medicines and toxins in lactic acidosis
Medicinal and toxic causes of lactic acidosis, specifically, type B2 lactic acidosis, include the following:
Acetaminophen
Alcohols and glycols (ethanol, ethylene glycol, methanol, propylene glycol)
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Antiretroviral nucleoside analogs (zidovudine, didanosine, lamivudine)
Beta-adrenergic agents (epinephrine, ritodrine, terbutaline)
Biguanides (phenformin, metformin)
Cocaine
Cyanogenic compounds (cyanide, nitroprusside, amygdalin)
Diethyl ether
5-Fluorouracil
Halothane
Iron
Isoniazid
Propofol
Sugars and sugar alcohols (fructose, sorbitol, and xylitol)
Salicylates
Strychnine
Sulfasalazine
Valproic acid
A 2010 study by Salpeter et al found that the oral antihyperglycemic agent metformin, despite concerns to the contrary,
is not associated with an increased risk for lactic acidosis compared with other antihyperglycemic treatments.[18]

Epidemiology
Prevalence of lactic acidosis is not known and is difficult to investigate; however, abnormal lactate metabolism is
frequently encountered in patients who are critically ill.
Symptomatic hyperlactatemia is associated with antiretroviral therapy. In a large cohort of adults infected with the human
immunodeficiency virus (HIV), hyperlactatemia was diagnosed in 64 patients. Incidences were 18.3 per 1000 personyears with antiretroviral therapy and 35.8 per 1000 person-years for stavudine (d4T) regimens.

Prognosis
Although the etiology of shock influences the probability of survival, blood lactate concentration has prognostic value.[19]
Serum lactate levels of greater than 2.5 mmol/L have been associated with an increase in mortality rate.
Antiretroviral-associated hyperlactemia rarely causes death, but generally, the outcome for patients has been favorable
after antiretroviral therapy has been stopped and supportive treatment with vitamins and antioxidants has been initiated.
Early diagnosis, vigilance, and routine measurements of the anion gap are crucial.
The clinical significance of mild hyperlactatemia greater than 3 mmol/L but less than 5 mmol/L is uncertain.

Mortality and morbidity
Patients who have an arterial lactate level of more than 5 mmol/L and a pH of less than 7.35 are critically ill and have a
very poor prognosis. Multicenter trials have shown a mortality rate of 75% in these patients.
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In another study, the median survival for patients with lactic acidosis and shock was 28 hours. Of these patients, 56%
survived 24 hours and only 17% of the patients were discharged from the hospital. Nearly half of these patients showed
evidence of multiorgan failure, and survival also correlated with the level of systolic blood pressure. Patients with a
systolic blood pressure of less than 90 mm Hg had a 12.5% survival rate, while patients with a systolic pressure of more
than 90 mm Hg had a 55% survival rate at 72 hours.
In an observational study of intensive care patients, the mortality rate was highest for patients with lactic acidosis (56%),
compared with anion gap acidosis (39%). A stepwise logistic regression model identified serum lactate, anion gap
acidosis, phosphate, and age as independent predictors of mortality. Overall, patients with metabolic acidosis were
nearly twice as likely to die as patients without metabolic acidosis.[11]
In post–cardiac arrest patients who are comatose after return of spontaneous circulation, a greater percent decrease in
lactate over the first 12 hours is associated with better survival and neurologic outcome. Additionally, those patients who
did not survive or had a poor neurologic outcome had higher lactate levels at 0, 12, and 24 hours post cardiac arrest.[20]
In the context of sepsis, the Surviving Sepsis Campaign guidelines recommend the use of early goal-directed therapy for
patients with a serum lactate level greater than 4.0 mmol/L.[21] Historically, the clinical significance of an intermediately
elevated lactate level was unknown. However, a recent systematic review found that in emergency department patients
with suspected sepsis, lactate levels between 2.0 and 3.9 mmol/L were associated with a moderate-to-high risk of
mortality, even in patients without hypotension.[22]
More recent research has suggested that in patients in the emergency department with sepsis, early lactate
normalization within the first 6 hours of resuscitation was a strong independent predictor of survival.[23] To date, no
randomized, controlled studies have addressed whether early lactate normalization improves outcomes.
Patients exhibiting a disorder of lactate metabolism are typically significantly ill and are at risk for developing multiple
organ failure. Patients suffer a hospital mortality rate that increases nearly linearly with the concentration of serum
lactate. Several studies have shown that vigilant correction of hyperlactemia is associated with decreased morbidity and
mortality. The mortality rate of patients with a serum lactate level greater than 2 mmol/L persisting after 24 hours with an
associated acidemia approaches 70%.[24]

Presentation
History
The onset of acidosis may be rapid (ie, within minutes to hours) or progressive (ie, over a period of several days).
Lactic acidosis frequently occurs during strenuous exercise in healthy people, bearing no consequence. However,
development of lactic acidosis in disease states is ominous, often indicating a critical illness of recent onset. Therefore, a
careful history should be obtained to evaluate the underlying pathophysiologic cause of shock that contributed to lactic
acidosis. Furthermore, a detailed history of ingestion of various prescription drugs or toxins from the patient or a
collateral history from the patient's family should be obtained.
The clinical signs and symptoms associated with lactic acidosis are highly dependent on the underlying etiology. No
distinctive features are specific for hyperlactatemia.
Lactate acidosis is present in patients who are critically ill from hypovolemic, septic, or cardiogenic shock.
Lactate acidosis always should be suspected in the presence of elevated anion gap metabolic acidosis.
Lactic acidosis is a serious complication of antiretroviral therapy. A history of antiretroviral treatment should be obtained.
Children who have a relatively mild form of congenital lactic acidosis may develop firmament metabolic acidosis during
an acute illness such as respiratory infection. These patients have a deficiency in the activity of pyruvate
dehydrogenase, and the stress-induced increases in the glycolytic rate may result in severe metabolic acidosis.
D-lactic acidosis, a unique form of lactic acidosis, can occur in patients with jejunoileal bypass or small bowel resection
causing short bowel syndrome. In these settings, the glucose and carbohydrates are metabolized in the colon into
D-lactic acid, which is absorbed into systemic circulation. The overgrowth of gram-positive anaerobes such as lactobacilli
is able to produce lactate from carbohydrates. These patients develop confusion, ataxia, slurred speech, and altered
mental status.
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Physical Examination
The clinical signs usually indicate tissue hypoperfusion. Severe hypotension, oliguria or aneuria, deteriorating mental
status, and tachypnea always are present when the cause of lactic acidosis is tissue hypoxemia.
Clinical signs of impaired tissue perfusion include the following:
Hypotension
Alteration in sensorium
Peripheral vasoconstriction
Oliguria
Findings that may be late manifestations of shock and that are relatively insensitive indicators of hypoperfusion are as
follows:
Tachypnea
Hypotension
Deteriorating mental status
Kussmaul hyperventilation (deep sighing respiration) may be observed if the severity of the acidosis is sufficient to elicit
a degree of respiratory compensation.
Because sepsis accounts for most cases of lactic acidosis, fever (>38.5°C) or hypothermia (35°C) commonly is present
in addition to symptoms and signs indicating the organ where the sepsis originated.

DDx
Diagnostic Considerations
Conditions to be considered in the diagnosis of lactic acidosis include the following:
Inborn errors of metabolism
Pyruvate dehydrogenase deficiency
Oxidative phosphorylation defects
Cardiogenic shock
Cardiogenic pulmonary edema
Pyruvate carboxylase deficiency
Glucose-6-phosphatase deficiency

Differential Diagnoses
Alcoholic Ketoacidosis
Anemia
Bacterial Sepsis
Distributive Shock
Hemorrhagic Shock
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Metabolic Acidosis
Respiratory Failure
Salicylate Toxicity
Septic Shock
Shock and Pregnancy
Workup

Workup
Approach Considerations
In many cases, the suggestion of lactic acidosis arises because of laboratory evidence of metabolic acidosis without an
obvious etiology. Because the mortality rate of patients who develop lactic acidosis is high, prompt recognition and
treatment of the underlying cause remain the only realistic hope for improving survival.
Biochemical markers of impaired tissue perfusion may be useful, because they are indicative of end-organ failure,
whereas hemodynamic patterns can vary in different patient groups.[13, 14]

Other Tests
Emerging technologies, such as noninvasive near-infrared spectroscopy, that look at the correlation between tissue
perfusion and lactate levels, continue to be studied. At this time, several studies have identified good correlation with
tissue perfusion and lactate clearance as markers of improved resuscitation and outcomes.[25]

Anion Gap
During the workup of a patient with metabolic acidosis, as indicated by low plasma bicarbonate and low pH on arterial
blood gas (ABG) determinations (bicarbonate less than 22 mmol/L and pH less than 7.35), calculation of the serum
anion gap may provide further clues to the etiology. The anion gap is the difference between measured cations and
measured anions and is calculated by the following formula:
Anion gap = sodium - (chloride + bicarbonate)
The normal anion gap may vary depending on the laboratory, but it generally ranges from 8-12 mmol/L. Furthermore, the
normal value for the anion gap must be adjusted in patients with hypoalbuminemia. Reduction in serum albumin by 10
g/L (1 g/dL) reduces the normal value for anion gap by 2.5 mmol/L.
An elevated anion gap can be observed with renal failure and organic acidosis, such as lactic acidosis, ketoacidosis, and
certain poisonings. However, clinically significant hyperlactatemia may occur in the absence of an increased anion gap.
Hypoalbuminemia may falsely normalize the anion gap. Albumin has a strongly negative charge and makes up a
substantial portion of the clinically unmeasured anion concentration. The decrease in anion gap caused by
hypoalbuminemia also may mask coexisting hyperlactatemia.
In many patients, neither the anion gap nor the arterial pH may reflect the presence or severity of lactic acidosis.
Therefore, the most accurate assessment of the severity of lactic acidosis is direct measurement of lactic level.
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Lactate Assay
In the past, lactate assays were difficult and tedious. Newer autoanalyzers can rapidly and accurately measure blood,
serum, or plasma lactate levels within minutes.
Either arterial blood or a mixed venous sample is preferable, because the peripheral venous specimen may reflect
regional, rather than systemic, lactate concentrations. The blood specimen should be immediately transported on ice
and analyzed without delay, because blood cells continue to produce lactate in vitro and falsely elevate the
concentration.
In some instances, the sample can be collected in special tubes containing a glycolytic inhibitor, such as sodium fluoride
or iodoacetic acid.
In patients with circulatory shock, lactate elevation above 2.5 mmol/L is associated with excessive mortality. If circulatory
failure develops, serial lactate values are helpful in following the course of the hypoperfusion state and the response to
therapeutic interventions.

Serum Lactate Level
No significant differences in lactate levels are noted in arterial and venous blood samples. The concentration of serum
lactate must be measured as quickly as possible (within 4 h of collection) in a sample transported on ice. The advent of
bedside point-of-care testing has allowed for more rapid evaluation and management of resuscitation. The normal serum
lactate level is less than 2 mmol/L. Values above 4-5 mmol/L in the setting of acidemia are indicative of lactic acidosis.
In hypoperfused states, persistent lactate elevation is associated with excessive mortality. If circulatory failure develops,
serial lactate values are helpful in following the response to therapeutic interventions. Currently, lactate clearance of at
least 10% at 2 hours after initiation of resuscitation is a proposed method to assess this response.[26] Additionally,
lactate clearance has been shown to be noninferior to ScvO2 as an endpoint in sepsis resuscitation, which is beneficial
to those patients who have no other indication for central venous catheter placement.[24] However, lactate clearance
itself cannot discriminate between oxygen delivery–dependent or oxygen delivery–independent states of hypoperfusion
and therefore specific shock therapies (volume resuscitation, red blood cell transfusion, inotrope, vasopressor) cannot
be determined from lactate alone.

Arterial Blood Gas Analysis
The base deficit, derived from blood gas analysis, gives an approximation of tissue acidosis, an indirect evaluation tissue
perfusion. However, several studies have been conducted finding poor correlation between serum lactate and base
deficit levels. However, the presence of an acidemia is required for the diagnosis.

Strong Ion Gap
In 1981, Canadian chemist Peter Stewart introduced a novel approach to acid-base physiology.[27] He rationalized that
acid-base disturbances were due to more than simply hydrogen ion concentration and identified various independent
and dependent variables in vivo.
Stewart’s independent variables include partial pressure of carbon dioxide (PCO2), total weak nonvolatile acids (ATOT),
and net strong ion difference (SID). The dependent variables are the ions (H+), (OH-), (HCO3-), (CO3--), (HA), and (A-).
This differs from traditional acid-base teaching in that other plasma constituents, such as calcium, magnesium,
phosphate, albumin, and lactate are considered. Although generally well-accepted on a scientific basis, Stewart’s
approach has not been routinely used clinically because of the complexity of calculation and lack of any studies
demonstrating any clinical benefit.
The strong ion gap (SIG) refers to the difference between the SID effective (SIDe) and strong ion difference apparent
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(SIDa), as follows:
SIG = [A- +HCO3-] – [(Na+ +K+ +CA++ +Mg++)–(Cl- +Lactate-)]
where A- includes the buffers albumin and phosphate. Normally, the SIDe and SIDa are equal, and no SIG is present.
Therefore, the presence of a SIG indicates unmeasured ions in the blood but, unlike the anion gap, is not affected by
any derangements in albumin, calcium, magnesium, phosphate, or lactate.
Multiple studies have attempted to predict mortality based on acid-base data, such as pH, anion gap, and standard base
excess, although none has been shown to be accurate or reliable.[28, 29] A 2004 study of patients sustaining vascular
injury found that the presence of SIG was a strong predictor of mortality.[30] A more recent retrospective review by the
same authors of unselected trauma patients at one center also demonstrated that SIG was strongly associated with
hospital mortality.[31] More data are needed to determine if the use of SIG to guide therapeutic interventions improves
patient outcomes.

Treatment
Approach Considerations
Treatment is directed towards correcting the underlying cause of lactic acidosis and optimizing tissue oxygen delivery.
The former is addressed by various therapies, including administration of appropriate antibiotics, surgical drainage and
debridement of a septic focus, chemotherapy of malignant disorders, discontinuation of causative drugs, and dietary
modification in certain types of congenital lactate acidosis.
Cardiovascular collapse secondary to hypovolemia or sepsis should be treated with fluid replacement and vasoactive
drugs, with the goal of rapid restoration of cardiac output. Both crystalloids and colloids can restore intravascular volume,
but hydroxyethyl starch solutions should be avoided owing to increased mortality.[21] Normal saline (0.9N NaCl)
administration can cause a nongap metabolic acidosis due to hyperchloremia, which has been associated with increased
acute kidney injury and increases mortality in both non–critically ill and critically ill patients.[32] Balanced salt solutions
such as Ringer lactate and Plasma-Lyte will not cause a nongap metabolic acidosis and may reduce the need for renal
replacement therapy; however, these can cause a metabolic alkalosis.[33] Step-randomized controlled trials from 2018
have documented an overall 1% increased mortality rate when saline is compared with a balanced salt solution, even if
the total amount of fluid administered is less than 2000 mL, with a number needed to treat of 96 patients to save one
life.[40, 41] Based on these data, the only indication for 0.9N NaCl infusion should be to treat hypochloremic metabolic
alkalosis. If a colloid is indicated, albumin should be used.
Despite appropriate fluid management, vasopressors or inotropes may still be required to augment oxygen delivery.
Acidemia decreases the response to catecholamines, and higher doses may be needed. Conversely, high doses may
exacerbate ischemia in critical tissue beds. Careful dose titration is needed to maximize benefit and reduce harm.
Lactic acidosis causes a compensatory increase in minute ventilation. Patients may be tachypneic initially, but
respiratory muscle fatigue can ensue rapidly and mechanical ventilation may be necessary.
Alkali therapy remains controversial, as no studies have shown improvement in hemodynamic parameters or mortality
with its use. Accordingly, no pH has been established after which base should be administered.
Go to Acute Lactic Acidosis for complete information on this topic.

Sodium Bicarbonate
The amount of NaHCO3 required can be calculated by the following formula:
NaHCO3 = (bicarbonate desired - bicarbonate observed) x 0.4 x body weight (kg)
NaHCO3 breaks down into carbon dioxide and water in the tissues. Rapid administration of intravenous NaHCO3 in a
patient with circulatory failure can thus lead to intracellular acidosis if the accumulated carbon dioxide cannot be
removed from tissues. Additionally, patients must have effective ventilation to eliminate carbon dioxide and should be
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able to handle additional sodium and volume load.
Because of the potential harms of acidemia, some clinicians still advocate for the use of bicarbonate in severe metabolic
acidosis, generally defined as an arterial pH less than 7.15. However, two randomized, controlled trials comparing the
effects of bicarbonate versus normal saline on critically ill patients requiring vasopressors demonstrated no improvement
in hemodynamics with bicarbonate.[34, 35] It has been proposed that any improvement in hemodynamic status when
bicarbonate is administered may be caused by mechanisms other than correction of acidosis (eg, increased preload,
effect of tonicity). Thus, the current evidence is strongly against the routine use of intravenous NaHCO3 in the treatment
of acquired forms of lactic acidosis.

Tromethamine
Tris-hydroxylmethyl aminomethane (tromethamine [THAM]) is a buffering agent that does not generate carbon dioxide,
which confers a theoretical benefit over sodium bicarbonate. It also does not contain sodium, making it an attractive
option in critically ill patients with hypernatremia. However, no rigorous studies have compared tromethamine and
bicarbonate, so the effect on patient outcome is unclear. It should not be given to patients with renal failure and anuria,
as it is renally excreted.

Carbicarb
Carbicarb is a new buffering agent with potential use in metabolic acidosis. It is an equimolecular mixture of sodium
bicarbonate and sodium carbonate. Like THAM, Carbicarb has a buffering capacity similar to sodium bicarbonate but
does not generate carbon dioxide.
In animal models of hypoxic lactic acidosis, Carbicarb reduced circulating lactate and improved tissue and blood acidbase status compared with sodium bicarbonate.
Carbicarb is currently not available for use.

Hemodialysis
Dialysis may be a useful mode of therapy when severe lactic acidosis exists in conjunction with renal failure or
congestive heart failure. Dialysis would allow bicarbonate infusion without precipitating or worsening fluid overload.
Therefore, dialysis would correct acidosis by restoring the buffer pool.[36] However, the overall benefit of such therapy
for a patient's outcome is not known.
Metformin-induced lactic acidosis has been reported to improve after hemodialysis. Although these data primarily come
from case reports, an expert panel recently recommended that extracorporeal removal should be used in severe
metformin toxicity.[37]

Other Therapies
A number of other therapies have been advocated at one time or another for lactate acidosis.
The oxidizing agent methylene blue was proposed as a means of pharmacologically altering intracellular redox potential
but has proved to be ineffective.
Dichloroacetate is the most potent stimulus of pyruvate dehydrogenase, the rate-limiting enzyme for the aerobic
oxidation of glucose, pyruvate, and lactate. Dichloroacetate may inhibit glycolysis and, thereby, lactate production. The
data from animal studies and one placebo-controlled, double-blind clinical trial showed dichloroacetate to be superior to
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placebo in improving the acid-base status of the patients; however, it did not alter hemodynamics or survival.
Theoretical reasons and some clinical evidence exist for thiamine treatment to improve lactic acidosis associated with
thiamine deficiency. Thiamine is indicated in patients with beriberi and generally is indicated in patients hospitalized for
alcoholism because of their increased tendency for developing thiamine deficiency. Similarly, thiamine can be
administered safely to patients with lactic acidosis, particularly in the absence of an obvious alternate etiology. Thiamine
is administered intravenously as 50-100 mg followed by 50 mg/d orally for 1-2 weeks.
The treatment for D-lactic acidosis is NaHCO3 to correct acidemia and antibiotics to decrease the number of organisms
producing D-lactate.
Therapeutic plasma exchange was reported to successfully treat propofol-infusion syndrome in a single adolescent
patient.[38]

Treatment of Critically Ill Patients
Lactic acidosis is observed frequently in patients who are critically ill. Despite a large number of potential etiologies,
tissue hyperfusion is by far the most common etiology.
Aggressive cardiorespiratory resuscitation designed to restore tissue perfusion is the fundamental approach to these
patients.
Titrating therapies to traditional endpoints (eg, blood pressure) may not ensure that the microvascular bed is reperfused.
Monitoring blood lactate concentration not only allows for prognostication but also serves as an indicator of when
supportive therapies are restoring tissue perfusion.
Go to Acute Lactic Acidosis for complete information on this topic.

Consultations
Consultation with a critical care medicine specialist for further diagnostic procedures and supportive therapy is
recommended for patients who are critically ill.
Patients with chronic, mild hyperlactemia should be referred to an endocrinologist for elucidation of the underlying
pathology and appropriate management.

Medication
Medication Summary
Definitive treatment for lactic acidosis is correction of the underlying cause for type A lactic acidosis and the removal of
the offending drug or toxin in type B lactic acidosis. As previously stated, controversy surrounds the use of alkali in
treating lactic acidosis.

Alkalinizing Agents
Class Summary
NaHCO3 may be used as a temporizing measure in very severe acidosis and in patients who become hemodynamically
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unstable because of the acidosis. Tromethamine is a buffering agent that does not generate carbon dioxide.

Sodium bicarbonate
Sodium bicarbonate is commonly used for severe metabolic acidosis with associated hemodynamic instability, although
this practice remains controversial.

Tromethamine (Tham)
Tromethamine confers a theoretical benefit over sodium bicarbonate as it does not generate carbon dioxide. The effects
on patient outcomes are not known.

Vitamins
Class Summary
Vitamins are essential for normal metabolism.

Thiamine
Vitamin B-1 is used for thiamine deficiency, including Wernicke encephalopathy syndrome. It is also used in patients with
lactic acidosis of no established cause. Thiamine deficiency may rarely cause lactic acidosis.

Questions & Answers
Overview
What is the pathogenesis of lactic acidosis?
What is metabolic acidosis?
What are the forms of lactic acid?
What is the historical history of lactic acidosis?
What are the causes of lactic acidosis?
How are hyperlactatemia and lactic acidosis differentiated?
What can cause hyperlactatemia?
Which clinical conditions are associated with lactic acidosis?
What factors contribute to the development of lactic acidosis?
What are the etiologies for lactic acidosis?
What causes metabolic acidosis?
What are the clinical manifestations of metabolic acidosis?
What are the categories of lactic acidosis?
What is type A lactic acidosis?
What causes underutilization of lactate in type A lactic acidosis?
What is type B lactic acidosis?
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How many subtypes of type B lactic acidosis are there?
What is type B1 lactic acidosis?
What is type B2 lactic acidosis?
What is type B3 lactic acidosis?
What is the role of septic shock in the pathogenesis of lactic acidosis?
What is the role of glycolysis in the pathogenesis of lactic acidosis?
What is the role of gluconeogenesis in the etiology of lactic acidosis?
What is the role of the liver in the pathogenesis of lactic acidosis?
What are risk factors for lactic acidosis?
What are the metabolic aspects of the pathophysiology of lactic acidosis?
What is the role of ATP hydrolysis in the pathogenesis of lactic acidosis?
What is the role of cellular hypoxia in the pathogenesis of lactic acidosis?
How is the hydrolysis of 2 ATP molecules formed in the pathogenesis of lactic acidosis?
What is the role of oxygen in the pathogenesis of lactic acidosis?
What is a second cellular source of anaerobic ATP in the pathogenesis of lactic acidosis?
What is the role of cellular transport of lactate in the pathogenesis of lactic acidosis?
What is the role of oxygen transport in the pathogenesis of lactic acidosis?
What is the most frequent cause of lactic acidosis?
What is the etiologic relationship between shock and lactic acidosis?
What is the etiologic relationship between sepsis and lactic acidosis?
How does stress hyperlactemia occur in lactic acidosis?
What is the mechanism of lactic acidosis in septic shock?
What are possible mechanisms for hyperlactemia in lactic acidosis?
What is the significance of hyperlactemia in patients with sepsis?
What are the limitations of lactic acidosis as an index of tissue perfusion?
What disorders are possible underlying causes of lactic acidosis?
What is the incidence of lactic acidosis in critically ill patients?
What are the medicinal and toxic causes of lactic acidosis?
What is the role of metformin in the etiology of lactic acidosis?
What is the prevalence of lactic acidosis?
What is the incidence of lactic acidosis?
What is associated with increased survival in cardiac patients with lactic acidosis?
What is the prognostic value of blood lactate concentration for lactic acidosis?
What is the prognosis of antiretroviral-associated hyperlactemia in lactic acidosis?
Which factors decrease mortality rates for lactic acidosis?
What is the clinical significance of mild hyperlactatemia in lactic acidosis?
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What is the mortality rate for lactic acidosis?
Which factors increase the survival rate for lactic acidosis?
Which factors increase mortality rate for lactic acidosis?
What are the Surviving Sepsis Campaign treatment guidelines regarding serum lactate levels?
What is the benefit of early lactate normalization in patients with sepsis?
What is the prognosis of lactic acidosis caused by a lactate metabolism disorder?
Presentation
What are characteristics of the onset of lactic acidosis?
What should be the focus of history in suspected lactic acidosis?
What forms the basis of signs and symptoms of lactic acidosis?
In which patients is lactic acidosis most likely?
When should lactic acidosis be suspected?
What is the relationship between lactic acidosis and antiretroviral therapy?
What is the relationship between firmament metabolic acidosis and lactic acidosis?
What is D-lactic acidosis?
Which physical findings are characteristic of lactic acidosis?
What are the clinical signs of impaired tissue perfusion in lactic acidosis?
Which findings suggest shock and hypoperfusion in lactic acidosis?
When might hyperventilation be observed in patients with lactic acidosis?
What are the signs and symptoms of sepsis associated with lactic acidosis?
DDX
Which conditions should be considered in the diagnosis of lactic acidosis?
What are the differential diagnoses for Lactic Acidosis?
Workup
What lab finding suggests lactic acidosis?
What is the role of biochemical markers in the diagnosis of lactic acidosis?
What is the role of noninvasive near-infrared spectroscopy in the diagnosis of lactic acidosis?
What is the role of anion gap in the workup of lactic acidosis?
How is the anion gap calculated in the evaluation of lactic acidosis?
When is adjustment of the anion gap needed in the evaluation of lactic acidosis?
What is the significance of the anion gap in the diagnosis of lactic acidosis?
What is the role of lactate assays in the diagnosis of lactic acidosis?
Which type of blood is preferred for lactate assays in the evaluation of lactic acidosis?
How are samples collected for lactate assays in the evaluation of lactic acidosis?
How are lactate assays used in the evaluation of lactic acidosis?
Which serum lactate levels indicate lactic acidosis?
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What is the role of serum lactate measurement in the management of lactic acidosis?
What is the role of arterial blood gas analysis in the diagnosis of lactic acidosis?
What is the role of the strong Ion gap (SIG) in the diagnosis of lactic acidosis?
How is the strong ion gap (SIG) calculated in the evaluation of lactic acidosis?
How is the strong ion gap (SIG) used to predict mortality in lactic acidosis?
Treatment
What are the treatment approaches for lactic acidosis?
How is cardiovascular collapse in lactic acidosis treated?
What is the role of fluid management in lactic acidosis?
What causes respiratory muscle fatigue in lactic acidosis and how is it treated?
What is the role of alkali therapy in the treatment of lactic acidosis?
How is the amount of sodium bicarbonate required for the treatment of lactic acidosis calculated?
How is sodium bicarbonate metabolized in the treatment of lactic acidosis?
Is the role of sodium bicarbonate in the treatment of lactic acidosis?
What is the role of tris-hydroxylmethyl aminomethane (tromethamine [THAM]) in the treatment of lactic acidosis?
What is the role of Carbicarb in the treatment of lactic acidosis?
What is the efficacy of Carbicarb for the treatment of lactic acidosis?
How is hemodialysis used in the treatment of lactic acidosis?
What is the role of methylene blue in the treatment of lactic acidosis?
What is the role of dichloroacetate in the treatment of lactic acidosis?
What is the role of thiamine treatment for lactic acidosis?
What is the treatment for D-lactic acidosis?
What is the role of therapeutic plasma exchange in the treatment of lactic acidosis?
What is the most common etiology for lactic acidosis in patients who are critically ill?
What is the treatment approach for patients with lactic acidosis who are critically ill?
Why is blood lactate concentration monitored during treatment of lactic acidosis in critically ill patients?
Which specialist consultations are needed in the management of lactic acidosis?
Medications
What is the definitive treatment for lactic acidosis?
Which medications in the drug class Vitamins are used in the treatment of Lactic Acidosis?
Which medications in the drug class Alkalinizing Agents are used in the treatment of Lactic Acidosis?
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