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Abstract: Background: Breath holding is a voluntary or reflex activity influenced by pulmonary volumes, gas exchange mechanisms, 

and neural regulation of respiration. Objective: To understand the role of Functional Residual Capacity (FRC), oxygen flux, oxygen 

utilization, and carbon dioxide accumulation during breath holding, and how these factors determine the duration and physiological 

limits of apnea. Methods: This is a narrative physiological review discussing established mechanisms based on foundational pulmonary 

physiology and gas exchange dynamics. Results: FRC acts as the principal reservoir of oxygen during apnea. Oxygen continues to diffuse 

into the bloodstream, while tissues utilize it at a steady rate, leading to a gradual decline in PaO₂ and SpO₂. Simultaneously, CO₂ 

accumulates due to ongoing metabolism without ventilation, causing a progressive rise in PaCO₂. The resulting hypercapnia stimulates 

central and peripheral chemoreceptors, producing an intense drive to breathe and terminating the breath-hold. Conclusion: FRC 

significantly determines breath-hold duration by providing initial oxygen reserves. However, it is the rise in PaCO₂ and associated 

respiratory drive that ultimately ends voluntary apnea. Understanding these mechanisms is crucial in clinical scenarios involving 

controlled apnoea, diving, or anaesthetic management.  
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1. Introduction 
 

Breath holding is a common physiological phenomenon 

encountered in various clinical and non-clinical settings such 

as underwater diving, anaesthetic apnoea, and pulmonary 

function testing. The ability to sustain apnea is determined by 

a combination of pulmonary volumes, oxygen availability, 

metabolic consumption, and neural feedback mechanisms. 

Among these, Functional Residual Capacity (FRC) plays a 

critical role by serving as the primary oxygen reservoir.  

 

This article explores the physiological mechanisms that 

determine breath-hold duration, focusing on FRC, oxygen 

flux and utilization, and carbon dioxide accumulation.  

 

Functional Residual Capacity and Oxygen Reserve 

Functional Residual Capacity (FRC) is the volume of air 

remaining in the lungs at the end of a passive expiration, 

typically ranging between 2.5 to 3.5 liters in adults. It 

comprises the sum of the expiratory reserve volume (ERV) 

and residual volume (RV).  

 

During breath holding:  

• No new oxygen enters the lungs.  

• The oxygen within FRC serves as the sole available 

reservoir for gas exchange.  

• A larger FRC extends breath-hold duration by delaying the 

onset of hypoxia.  

 

Posture, lung compliance, obesity, and restrictive lung 

diseases can influence FRC. In clinical practice, maximizing 

FRC through preoxygenation improves safety during apnoea, 

especially during induction of anaesthesia.  

 

Oxygen Flux and Tissue Utilization 

During breath holding:  

• Oxygen flux from alveoli to blood continues due to the 

partial pressure gradient (PAO₂ > PaO₂ > PcapO₂ > 

PtissueO₂).  

• Tissue oxygen consumption (VO₂) remains constant and 

depletes available oxygen over time.  

• Alveolar and arterial PaO₂ gradually fall, while SpO₂ 

remains stable initially due to the flat portion of the 

oxygen-hemoglobin dissociation curve.  

 

When PaO₂ drops below ~60 mmHg:  

• The curve steepens, causing SpO₂ to fall rapidly.  

• Hypoxia symptoms such as dizziness or confusion may 

occur.  

 

Rise in PaCO₂ and the Respiratory Drive 

Unlike oxygen, carbon dioxide continues to be produced and 

cannot be eliminated during apnea. This leads to a progressive 

rise in PaCO₂, which is the dominant factor triggering the urge 

to breathe.  

 

2. Mechanism 

• PaCO₂ increases linearly at ~2–4 mmHg per 15 seconds of 

breath holding.  

• Central chemoreceptors (medulla) and peripheral 

chemoreceptors (carotid bodies) sense the rise in CO₂ and 

the associated fall in pH.  

• When PaCO₂ exceeds ~50 mmHg, an overwhelming drive 

to breathe is triggered, often before critical hypoxia 

develops.  

 

Summary of Gas Exchange During Breath Holding 

1) FRC Constant  

2) PaO₂ Decreases 

3) SpO₂ Decreases after a delay  

4) PaCO₂ Increases steadily  

5) O₂ Flux Decreases (as PAO₂ drops)  

6) O₂ Utilization Constant  

 

3. Clinical Implications 
 

Understanding these mechanisms is essential in:  
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• Anaesthesia: Preoxygenation increases FRC and delays 

desaturation during apnoea.  

• Apnoeic oxygenation: Administering high-flow O₂ can 

maintain alveolar PAO₂.  

• Critical care: Anticipating rapid desaturation in patients 

with reduced FRC (e. g., obese, pregnant, or critically ill).  

• Diving physiology: Training to delay CO₂ rise and 

optimize O₂ use can extend breath-hold capacity.  

 

4. Conclusion 
 

Breath-hold duration is fundamentally limited by oxygen 

availability and carbon dioxide accumulation. FRC serves as 

the crucial initial reservoir of oxygen, while O₂ continues to 

diffuse and be utilized. However, the rise in PaCO₂ is the 

primary driver forcing the resumption of breathing. These 

physiological concepts have important applications in 

anaesthesia, emergency medicine, and respiratory 

physiology.  
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