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ABSTRACT 
 

 

The definition and approach of hyperlactatemia classically 

has been related to tissue hypoperfusion, hepatic 

insufficiency, and anaerobic metabolism. Nonetheless, 

there are few aetiologies known which could produce it. 

Muscle fatigue in patients with chronic obstructive 

pulmonary disease (COPD) or asthma, as well as the use of 

inhaled B2 agonist, is associated with hepatic noradrenaline 

release, activation of glycolysis (converting glucose to 

pyruvate or lactate), and consequently, an increase in 

lactate.  
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Implications for Practice:  

1. What is known about this subject?  

The case of patient, admitted to intensive care due to 

hyperlactatemia secondary to B2 agonist in a severe asthma 

crisis, is presented hereof. 

  

2. What new information is offered in this case study? 

The definition and approach of hyperlactatemia classically 

has been related to tissue hypoperfusion, hepatic 

insufficiency, and anaerobic metabolism. Nevertheless, 

there are few aetiologies known which could produce it. 

 

3. What are the implications for research, policy, or 

practice?  

Differential diagnosis of hyperlactatemia in ICUs has a wide 

range of possibilities. 

 

Background 

Severe asthma is characterized by respiratory acidosis 

secondary to progressive hypercapnia and severe 

obstruction to airflow. Yet, during an asthma attack, a large 

number of acid base alterations might be presented, 

including metabolic acidosis with elevated anion gap 

secondary to hyperlactatemia. Such alteration has been 

related mainly to tissue hypoperfusion, however, there are 

other alterations, such as the use of B2 agonists and muscle 

fatigue in patients with asthma, which generates alteration 

in the acid-base homeostasis.    

   

Prompt recognition of lactic acidosis, by the use of B2 

agonists, and muscle fatigue is a decisive factor in the 

prognosis and treatment of patients with chronic pulmonary 

obstructive diseases. Metabolic acidosis, on one side, 

represents a respiratory insufficiency, and on the other side, 

reflects the treatment with B2 agonist, which produces 

dynamic hyperinflation, an increase in the positive pressure 

at the end of expiration, and a respiratory failure. For this 
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reason, it is considered vital the knowledge of the 

differential diagnosis and pathophysiology of 

hyperlactatemia in the intensive care unit, emphasizing in 

the muscle fatigue and the use of B2 agonists in patients 

with asthma. So, in this report, it is presented first, a patient 

with severe asthma and hyperlactatemia secondary to the 

last two causes aforementioned, and second, a literature 

review of this association. 

   

Hyperlactatemia, conventionally, has been associated to 

tissue hypoperfusion, hepatic insufficiency, and anaerobic 

metabolism. Nonetheless, other aetiologies, not related to 

tissue hypoperfusion, have been described, which, include 

the use of B2 agonists and muscle fatigue in patients with 

chronic pulmonary diseases such as COPD and asthma. Well 

then, in such pulmonary conditions, it is described an 

increase in the respiratory work which produces muscular 

fatigue, alongside a subsequent increase in metabolic 

demands (predominantly anaerobic) and generation of 

hyperlactatemia. Differential diagnosis in patients with 

hyperlactatemia in critical care units is fundamental; thus, in 

this paper, it is presented the case of a patient with a 

severe asthma crisis, ventilatory failure, and 

hyperlactatemia secondary to B2 agonist administration and 

muscle fatigue. 

 

Case details 
The patient described hereof is a 23-years-old Hispanic 

women, with a relevant previous medical record for 

persistent asthma, and multiples visits to the emergency 

department for severe asthma crisis, dry cough, and 

dyspnoea for the last 12 hours, without any response to 

either inhaled B2 agonist or steroids.  The patient 

progressed to a ventilatory insufficiency and, after her 

admission to the ER, airway intubation and mechanical 

ventilation was rapidly required. In the intensive care unit 

(ICU), metabolic acidosis, hyperlactatemia, hyperglycaemia, 

and an increase in white blood cells, which required insulin 

and potassium drip (Table 1), were reported. The clinical 

picture is interpreted as an acute severe exacerbation of the 

patient's asthma, which led to ventilatory insufficiency type 

I, hyperglycaemia secondary to a stress state, and 

hyperlactatemia type B (secondary to the use of B2 agonist). 

Hence, after an appropriate treatment and resolution of the 

patient's bronchoconstriction, mechanical ventilation was 

retired, and subsequently, blood chemistry demonstrated 

resolution of the hyperlactatemia, hyperglycaemia, and 

electrolyte imbalance. 

 

 

 

Discussion 

Lactic acid is the final product of anaerobic glycolysis in 

tissues.
1
 Biochemically; it corresponds to a 

hydroxycarboxylic acid that has two isomeric forms:  L-

lactate and D-lactate.  L-lactate is the only one formed by 

human metabolism and it is currently measured to 

indirectly evaluate hypoperfusion states.
2
 D-lactate is found 

as a product of bacterial metabolism and bacterial 

fermentation of undigested carbohydrates in the 

gastrointestinal tract.  Physiological sources of lactate are 

found in foods such as wine or preserved food in vinegar 

or brine.
3,4

 

   

From pyruvate, L-lactate is produced by a reversible 

reaction of oxidoreduction catalysed by the enzyme L-

lactate dehydrogenase (LD) located mainly in the cytosol.  A 

cofactor of nicotinamide adenine dinucleotide (NADH) has 

to be oxidize to nicotinamide adenine dinucleotide (NAD 

+).
2,5

  Under aerobic conditions pyruvate is produced by a 

glycolytic pathway to subsequently enter the Krebs 

cycle; however, under anaerobic conditions lactate enters 

the Cori cycle as a substrate for gluconeogenesis from 

tissues in the liver and kidneys.
6
 

 

The causes of hyperlactatemia are variable and depend on 

the clinical status of the patient (Table 2). So, in general 

terms, hyperlactatemia could be secondary to an increased 

production, a decreased clearance, or a combination of 

both.
7
 Cohen and Woods divided the physiopathological 

mechanisms by which hyperlactatemia occurs in two large 

groups: type A hyperlactatemia, which corresponds to 

hypoxia and tissue hypoperfusion states, and 

hyperlactatemia B, which in turn, is subdivided into B1, B2, 

and B3, and corresponds to causes not related to tissue 

hypoxia
8
 (Figure 1). 

  

Lactic acidosis is associated to an increase in serum lactate, 

it usually occurs in critically ill patients and it is correlated to 

hypoxia or tissue hypoperfusion secondary to sepsis or 

cardiovascular collapse.
9
 Nevertheless, differential 

diagnoses of this condition should be made due to the fact 

that medications and other states can contribute to 

hyperlactatemia.  In our patients, we understood the use of 

inhaled / intravenous beta agonists, such as salbutamol and 

albuterol, specifically used in patients with asthma crisis. 

 

Furthermore, lactic acidosis has been registered in patients 

with severe asthma, and it has been suggested that it is 

secondary to an inadequate oxygen supply in respiratory 

muscle when respiratory work is increased. Yet, there is not 

enough evidence since there are reports which have shown 
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that muscle activity does not directly correlates with 

increases in lactate. 

   

To explain the association between hyperlactatemia and B2 

agonist use, there were found theories which propose that 

an exogenous or endogenous adrenergic stimulation might 

be associated with the formation of lactate in the body. The 

mechanism behind it, is  an increase in the metabolic effects 

of fatty acids, glucose concentrations, glycogenolysis, and 

gluconeogenesis by stimulation of beta-adrenergic 

receptors, leading to glycolysis, and increased pyruvate 

levels; in a state of hypoxia, such as an asthma crisis,  it 

could increase free fatty acids which avoid Krebs cycle and 

induce anaerobic metabolism with  subsequent increased  

lactate levels.
10

 

   

Previously, it was suggested that lactic acidosis in asthma 

crisis is secondary to a state of hidden shock or to the 

production of lactate by the respiratory muscles or 

pulmonary parenchyma. Despite this, when analysing the 

cases, it was evident that there were no signs of shock in 

the patient, neither an overuse in the respiratory muscles 

since, the administration of muscle relaxant, was 

administered and clinical or serum evidence of hepatic-

renal organic dysfunction was  not found.
11

  Thanks to the 

aforementioned assumption, it was thought of the 

possibility that the development of this condition was 

secondary to other causes, such an adverse drug effect, 

mainly produced by inhaled beta agonists. 

   

Stimulation of beta 2 adrenergic receptors leads to the 

mobilization of energy reserves, and the adrenergic state, 

increases glycogenolysis, lipolysis, and gluconeogenesis. 

Therefore, the administration of beta 2 agonist results in an 

increase of the concentrations of pyruvate, which, turns to 

lactate and enters the respiratory anaerobic chain.
12-14

 

   

Early stages of asthma attacks lead to respiratory alkalosis 

secondary to hyperventilation.  When hyperventilation 

persists over time; CO2 is retained leading to respiratory 

acidosis. Series of case reports, shown that continuous or 

frequent nebulizations with albuterol led to paradoxical 

metabolic acidosis without the presence of sepsis, 

hypovolemia or hypoxia.  When albuterol administration 

was spaced, progressive decrease in serum levels were seen 

without the need to adjust or add other Treatments.
10

 

   

In a prospective study, nine healthy volunteers received a 

dose of IV salbutamol, demonstrating an increase 

in ventilatory demand by raising metabolic rate and serum 

lactate, which suggests that this treatment can clinically 

worsen patients with asthma crisis and 

reduced ventilatory capacity.
15

   

   

Among other reported cases, Rodrigo et al., carried out a 

prospective and descriptive study to analyse lactate levels 

and the effects of bronchodilators in adults with severe 

asthma, treated with high doses of albuterol. The results 

evidenced that up to 50 per cent of the 

patients analysed had significantly elevated plasma lactate 

levels, and that the increase of hyperlactatemia occurred 

during the first hours of treatment with inhaled beta 

agonist.  It should be kept in mind that a previous 

hyperadrenergic state (respiratory distress during the crisis, 

anxiety) might also predispose to the development of such 

condition.
16

 

 

Well then, Manara et al., present the case of a patient, with 

an intentional overdose of beta agonist, who developed 

lactic acidosis in the absence of respiratory distress or 

metabolic disease.
14

 Furthermore, the study presented by 

Prakash et al., proposed that hyperlactatemia is the result 

of a hyperadrenergic state during asthma crisis, where both 

endogenous and exogenous factors could influence the 

administration of beta agonists in large quantities.
17

 Similar 

cases have been reported, not only in adults, but also in 

children aged from 7 to 16 years old with severe 

asthma crisis and the presence of hyperlactatemia after the 

administration of beta agonist, either inhaled or 

intravenously.
13,18-20

 

  

It is important to recognize the relationship between 

hyperlactatemia and the continuous administration of beta 

agonist, often used in critically ill patients with 

bronchospasm, due to the fact that an elevated lactate 

could lead to misinterpretation of clinical improvement, 

changes in pharmacotherapeutics, or initiation of treatment 

schemes that do not correspond to the pathology itself.
10

 

  

Clinical importance is based on the paradoxical response in 

patients with bronchospasm; even though, after 

administration of beta 2 agonist resolves bronchospasm  in 

the presence of metabolic acidosis, it leads to a 

compensation with tachypnea and persistent dyspnoea; 

symptoms and signs which, on one side, could be confusing, 

 even for an experienced clinician, and on the other side, 

might create a vicious cycle that can result in ventilatory 

failure.
21,22

 Additionally, hyperlactatemia could complicate 

the patient's condition and significantly influence treatment 

protocols. Well then, the fact that our patient, 

notwithstanding the hemodynamic and cardiovascular 

stability, and the low use of inhaled beta agonist doses, 
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progressed to an important elevation in lactate, made us 

believe that more studies are required to determine the 

exact aetiology and the reason why only a small proportion 

of patients develop this condition. In addition, series of 

cases are needed to recognize patterns and characteristics 

that determine the predisposition and probability of 

developing such condition.
22,23

 

 

In the series of studies published between patients with 

normal vs. high lactate concentration with no association 

were found in terms of outcomes, prognosis and relapse 

rate.
24

 Hitherto, there is no evidence of a based 

management for this type of clinical situations; so, 

according to the case reports found, the strategies 

proposed include, reducing dose of inhaled B2 agonist or 

switching to anticholinergics. Thus, future studies are still 

needed to establish the aetiology, epidemiology, and 

management of this paradoxical condition.   

   

Conclusion 
To conclude, differential diagnosis of hyperlactatemia in 

ICUs has a wide range of possibilities.  The most common 

cause is related to states of tissue hypoperfusion, septic 

shock, or hepatic dysfunction; yet, it is necessary to take 

into consideration that there are other aetiologies of 

hyperlactatemia, such as inhaled B2 agonists use, and 

muscle fatigue secondary to ventilatory insufficiency, most 

of the time dismissed during treatment or 

evaluation.   More studies should be performed to evaluate 

pharmacological strategies for bronchodilation, especially in 

patients with ventilatory failure. Therefore, it is proposed, 

like other authors does, a reduction of inhaled B2 agonist 

doses or shift to anticholinergics. 
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Figure 1: Physiopathology of hyperlactatemia 

 

 

Table 1: Laboratory test 

  

Laboratory Test  
Laboratory test 
at admission  

Laboratory test at second 
day  

Lactate (0.5–1.8mmol/L)  9.5 1.7 

Plasma Glucose (70–99mg/dl)  230   

Electrolytes  

Sodium (135–145mEq/L) 142 139 

Potassium (3.5–5.5mEq/L) 3 4 

Ionized Calcium (1.13–1.32mmol/L) 1.15 1.4 

Chloride (96–106 mEq/L) 105 105 

Magnesium (1.5–2 mEq/L) 1.98 2 

Phosphorus (3–4.5 mg/dl) 3.35   

Blood Count  

Haemoglobin (13.5–17.5 gr/dl) 12.2 12 

Haematocrit (40.7–50.3%) 36.4 36.3 

White Blood Cell (4500–11000 cells) 17 13 

Neutrophils (40–60%) 77% 70% 

Platelet count (150.000–450.000 cells) 318 310 

Arterial Blood 
Gases  

pH (7.35–7.45) 7.19 7.37 

pCO2 (38–42mmHg) 39.3 34.5 
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pO2 (75–100mmHg) 234.9 99.3 

HCO3 (22–28mEq/L) 14.8 19.9 

BE (-5–+5mEq/L) -12.6 -4.6 

Fraccion of inspired oxygen  35%  21% 

  

 Table 2: Hyperlactataemia types and the main causes 

   

Type A  Type B  

o    Shock (hypovolemic, cardiogenic, septic)  

B1  

o    Severe liver disease  

o    Arterial embolism  o    Thiamine deficiency  

o    Severe anaemia  o    Renal failure  

o    Severe hypoxemia  o    Malignancy  

o    Excessive increase in oxygen demand 
(seizure, hyperpyrexia, shivering, strenuous exercise)  B2  

o    Drugs (biguanides, iron, isoniazid, zidovudine, and 
salicylates)  

o    Carbon monoxide toxicity  o    Toxins  

o    Respiratory failure  

B3  

o    Mitochondrial disorders  

  o    Hypoglycaemia  

  o    Inborn errors of metabolism  

  

 


