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1. Introduction 

Bicarbonate plays a pivotal role in acid-base balance, CO₂ transport, and renal compensation. In respiratory 

diseases, where gas exchange is impaired, bicarbonate levels in arterial blood gas (ABG) analysis provide 

crucial insights into the patient's acid-base status. Understanding these levels and how to correct imbalances 

is vital for effective management. This review synthesizes current research on bicarbonate in respiratory 

diseases, providing practical guidance on ABG interpretation and correction. 

 

2. Physiological Role of Bicarbonate 

2.1 Acid-Base Homeostasis 

The bicarbonate-carbonic acid buffer system is the primary regulator of acid-base balance in the body. The 

reaction CO₂ + H₂O ↔ H₂CO₃ ↔ H⁺ + HCO₃⁻, catalyzed by carbonic anhydrase, maintains blood pH within 

a narrow range (Eberle et al., 2023). The lungs and kidneys are the primary organs involved in this regulation. 

In ABG analysis, bicarbonate levels reflect the metabolic component of acid-base balance, with normal levels 

ranging from 22 to 28 mEq/L (1). 
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2.2 CO₂ Transport and the Chloride Shift 

Bicarbonate is crucial for transporting CO₂ from tissues to the lungs. In red blood cells, CO₂ is converted to 

carbonic acid, which dissociates into bicarbonate and hydrogen ions. Bicarbonate then diffuses into the 

plasma, while chloride ions move into red blood cells to maintain electrochemical balance (2). This chloride 

shift ensures that CO₂ transport is efficient without causing significant fluctuations in blood pH. 

 

2.3 Renal Compensation in Chronic Respiratory Diseases 

The kidneys compensate for respiratory acidosis by reabsorbing bicarbonate and excreting hydrogen ions. In 

chronic respiratory conditions like COPD, this compensation is critical for maintaining acid-base balance over 

the long term. ABG analysis can reveal the extent of this compensation by showing elevated bicarbonate 

levels, indicative of a chronic compensatory response (3). 

 

3. Arterial Blood Gas (ABG) Analysis and Bicarbonate 

3.1 Understanding Bicarbonate Levels in ABG 

ABG analysis is a fundamental tool for assessing acid-base status in patients with respiratory diseases. 

Bicarbonate levels in ABG reflect the metabolic component of acid-base balance, while pH and PaCO₂ provide 

information about respiratory function. The bicarbonate level on ABG can be compared to the standard 

bicarbonate (HCO₃⁻), calculated from the pH and PaCO₂, to determine whether a primary metabolic disorder 

or a compensatory response is present (4). 

 

3.2 Interpretation of ABG in Respiratory Diseases 

In respiratory acidosis, typically seen in COPD, ABG will show a low pH, elevated PaCO₂, and elevated 

bicarbonate if the condition is chronic and compensation has occurred. In contrast, respiratory alkalosis, 

common in the early stages of ARDS, presents with high pH, low PaCO₂, and potentially normal or slightly 

reduced bicarbonate levels. ABG interpretation helps differentiate between acute and chronic respiratory 

conditions and guides treatment strategies (4). 

 

3.3 Correction of Bicarbonate Imbalances 

Correcting bicarbonate imbalances requires careful consideration of the underlying cause. In cases of 

metabolic acidosis with respiratory compensation, bicarbonate therapy may be necessary if the acidosis is 
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severe and the pH is dangerously low. However, in respiratory acidosis, correcting bicarbonate levels without 

addressing CO₂ retention can worsen the patient's condition. Therefore, bicarbonate therapy is typically 

reserved for severe cases and must be carefully monitored (5). 

 

4. Bicarbonate in Specific Respiratory Diseases 

4.1 Chronic Obstructive Pulmonary Disease (COPD) 

COPD is characterized by chronic airflow limitation, leading to CO₂ retention and respiratory acidosis. The 

kidneys compensate by increasing bicarbonate reabsorption, leading to compensated respiratory acidosis, 

evident in ABG as elevated bicarbonate levels. Understanding and managing these levels is crucial for 

optimizing treatment and improving patient outcomes (3). 

 

4.2 Acute Respiratory Distress Syndrome (ARDS) 

ARDS presents a unique challenge in acid-base management due to mixed respiratory and metabolic 

disturbances. In early hyperventilatory stages, respiratory alkalosis is common, but as the disease progresses, 

respiratory acidosis can develop. ABG analysis is essential for monitoring these changes, and bicarbonate 

therapy may be considered in severe acidosis to stabilize pH (4). 

 

4.3 Metabolic Acidosis in Respiratory Failure 

Metabolic acidosis in respiratory failure can result from the accumulation of non-volatile acids or loss of 

bicarbonate. ABG analysis will show low pH, low bicarbonate, and varying PaCO₂ depending on respiratory 

compensation. In such cases, bicarbonate therapy can be lifesaving, but it must be administered cautiously to 

avoid worsening respiratory function (2). 

 

4.4 Cystic Fibrosis and Bicarbonate Transport 

Cystic fibrosis (CF) affects bicarbonate transport in epithelial cells, leading to thick mucus and chronic lung 

infections. ABG analysis in CF may show a wide range of acid-base disturbances depending on disease 

severity. Recent advancements in CFTR modulators aim to restore bicarbonate transport, improving lung 

function and patient outcomes (7). 
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5. Therapeutic Implications of Bicarbonate Modulation 

5.1 Bicarbonate Therapy in Acute Respiratory Acidosis  

The use of intravenous bicarbonate in severe respiratory acidosis is controversial due to the risk of worsening 

CO₂ retention. However, in cases of life-threatening acidosis, bicarbonate therapy may be necessary. ABG 

analysis should guide therapy, with frequent monitoring to avoid complications such as paradoxical 

intracellular acidosis (4). 

 

5.2 Non-invasive Ventilation and Bicarbonate Balance 

Non-invasive ventilation (NIV) reduces CO₂ retention, influencing bicarbonate levels and improving acid-

base balance in chronic respiratory diseases like COPD. ABG analysis helps monitor the effectiveness of NIV 

and guide adjustments in therapy to maintain appropriate bicarbonate levels (6). 

 

5.3 Emerging Therapies Targeting Bicarbonate Transport 

Novel therapies targeting bicarbonate transporters are under investigation, particularly in CF. ABG analysis 

can help assess the impact of these therapies on acid-base balance, providing insights into their efficacy and 

safety (5). 

 

6. Recent Research and Future Directions 

Recent studies have focused on molecular mechanisms underlying bicarbonate transport and its role in 

respiratory diseases. Advances in genetic research have identified key mutations affecting bicarbonate 

transporters, leading to new therapeutic options. Clinical trials are evaluating the efficacy of bicarbonate-

modulating drugs, with ABG analysis playing a crucial role in assessing their impact on patient outcomes (5). 

 

Conclusion 

Bicarbonate plays a critical role in maintaining acid-base homeostasis, acting as a central buffer in both 

respiratory and renal physiology. In respiratory diseases such as COPD, ARDS, and cystic fibrosis, 

bicarbonate levels help clinicians assess the extent of CO₂ retention and compensation by the kidneys, 

providing a crucial window into disease severity and management. Its regulation is equally important in 

metabolic conditions like acidosis and alkalosis, where bicarbonate imbalance can have life-threatening 

consequences. 
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In respiratory acidosis, which occurs due to hypoventilation and CO₂ retention, renal compensation by 

increasing bicarbonate reabsorption is essential for long-term survival. Conversely, in metabolic acidosis, 

bicarbonate therapy may be life-saving when the body’s buffering capacity is overwhelmed. However, such 

treatment must be carefully administered in respiratory acidosis to prevent exacerbating CO₂ retention. In 

metabolic alkalosis, excess bicarbonate complicates respiratory compensation, as the body's ability to retain 

CO₂ becomes limited, risking hypoxemia. 

 

The intersection of bicarbonate regulation across respiratory and renal systems underscores its importance in 

a wide array of pathophysiological conditions. ABG analysis remains an indispensable tool for diagnosing and 

monitoring these conditions, guiding appropriate therapeutic interventions. As research continues to unravel 

the molecular mechanisms governing bicarbonate transport and buffering, clinicians will have new 

opportunities to refine treatment strategies, improving outcomes for patients with respiratory and metabolic 

disorders. 
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