
 

 

 

 

 

 

 

4.5 Intra-Alveolar and Thoracic pressure measurements 

 

Intra-alveolar Pressure (Palv) 

 Definition: The pressure within the alveoli of the lungs. 

 Normal Range: It fluctuates around atmospheric pressure (760 mmHg or 

0 cmH₂O as a reference) during the respiratory cycle. 

✓ Inspiration: Decreases below atmospheric pressure (e.g., -1 

cmH₂O) to draw air in. 

✓ Expiration: Increases above atmospheric pressure (e.g., +1 

cmH₂O) to push air out. 

 Mechanism: Driven by the changes in lung volume due to diaphragm and 

intercostal muscle contraction/relaxation. 

Intrapleural (Thoracic) Pressure (Pip) 

 Definition: The pressure in the pleural cavity between the visceral and 

parietal pleura. 

 Normal Range: 

✓ At rest: Around -4 to -6 cmH₂O (negative relative to atmospheric 

pressure). 

✓ During inspiration: Becomes more negative (e.g., -6 to -8 cmH₂O). 

✓ During forced expiration: May briefly become less negative or even 

positive, depending on effort. 
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Measurement of Intra-alveolar Pressure: 

 Measuring intra-alveolar pressure directly is rarely practical in clinical settings 

because it involves invasive techniques. Instead, intra-alveolar pressure is usually 

estimated using indirect methods. Here’s how it can be done: 

1. Direct Measurement (Rarely Performed) 

In laboratory or research settings, direct measurement of intra-alveolar pressure 

might involve: 

❖ Insertion of a catheter or micro-pressure transducer into the alveoli. 

This is extremely invasive and impractical for routine use. It's typically 

performed in animal models or specialized experimental setups. 

2. Indirect Measurement Techniques (Common in Clinical Practice) 

a. Measuring Airway Pressure in Mechanical Ventilation 

When a patient is on a ventilator: 

❖ Plateau Pressure (Pplat): During an inspiratory hold maneuver, airflow 

ceases, and the airway pressure equilibrates with alveolar pressure. This 

plateau pressure is considered equivalent to intra-alveolar pressure at the end 

of inspiration. 

❖ Peak Inspiratory Pressure (PIP): While PIP reflects airway resistance and 

lung compliance, it provides some information about intra-alveolar pressure. 

b. Esophageal Balloon Catheter 

❖ An esophageal catheter with a balloon measures esophageal pressure, 

which is used as a surrogate for pleural pressure. 

❖ The intra-alveolar pressure can then be estimated using the relationship:  
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Transpulmonary Pressure=Alveolar Pressure−Pleural Pressure  

❖ Rearranging gives:  

Alveolar Pressure=Transpulmonary Pressure + Pleural Pressure 

c. Spirometry or Plethysmography 

❖ Body Plethysmography: In a sealed chamber, the pressure changes caused 

by thoracic volume shifts can help estimate intra-alveolar pressure indirectly. 

❖ This technique measures airway resistance and lung volumes, which can be 

used to model intra-alveolar pressure during the respiratory cycle. 

3. Dynamic Compliance Measurements 

• In pulmonary function labs, static compliance curves are created by plotting 

airway pressure against lung volume. 

• Alveolar pressure is inferred during these maneuvers when airflow is stopped, 

and pressures in the alveoli and airways are assumed to equilibrate. 

Key Points 

• Direct measurement of intra-alveolar pressure is invasive and impractical in 

humans. 

• Indirect methods using airway pressure (e.g., Pplat) during mechanical 

ventilation or pleural pressure from an esophageal catheter are standard 

practices. 

• Advanced techniques like body plethysmography provide additional insights in 

research or diagnostic contexts. 

Measurement of Intrapleural (Thoracic) Pressure (Pip): 

What is Intrapleural Pressure? 

❖ It's the pressure within the pleural cavity, the space between the lungs and the 

chest wall.    
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❖ It's normally negative, meaning it's lower than atmospheric pressure. This 

negative pressure helps keep the lungs inflated.    

Why Measure Intrapleural Pressure? 

❖ To assess lung function and diagnose respiratory conditions.    

❖ To guide treatment for conditions like pneumothorax (collapsed lung) or 

pleural effusion (fluid buildup in the pleural space).    

❖ To monitor patients during surgery or mechanical ventilation. 

 

  

 

Methods of Measurement: 

There are two main methods: 

1. Esophageal Balloon Technique: 

❖ A small balloon is inserted through the nose or mouth into the 

esophagus.    
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❖ The balloon is inflated with a small amount of air, and a pressure 

transducer is connected to it.    

❖ The pressure measured by the transducer is a good estimate of the 

intrapleural pressure because the esophagus is close to the pleural 

space.    

2. Direct Pleural Pressure Measurement: 

❖ A thin catheter is inserted directly into the pleural space through a 

needle. 

❖ A pressure transducer is connected to the catheter to measure the 

pressure within the pleural cavity.    

❖ This method is more invasive but provides a more accurate 

measurement. 

Normal Values: 

• At rest: -5 to -10 cm H2O (centimeters of water) 

• During inspiration: Becomes more negative (e.g., -8 to -12 cm H2O) 

• During expiration: Returns towards resting levels 

Important Considerations: 

• The measurement can be affected by factors like body position, lung volume, 

and respiratory effort.    

• It's typically performed in a hospital setting by trained medical professionals. 

 

************** 

 

 

  

 


