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1 INTRODUCTION TO AIDA3 

In your AIDA1 and AIDA2 courses, you experienced a detailed introduction to modern freediving. 

These courses focus mainly on safety by learning and applying sound freediving techniques. If you 

have understood and were able to apply these fundamental freedive-skills, the required 

performances for your AIDA1 & 2 certifications were safely in your reach, without extra training, and 

certainly without stretching your personal limits. 

In this AIDA3 course, you will now go one step beyond. You will learn how to train as a freediver and 

bring your freediving to the next level, beyond the basics. Systematically and safely, you will expand 

your capabilities as a freediver, but remember: 

In freediving, performance must follow from a correct approach and proper techniqueτnever 

from pushing beyond your limits. 

CHAPTER 1 
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1.1 Information about this course 

Continuing your AIDA education 
The AIDA3 Advanced Freediver course builds on the foundations developed in AIDA1 and AIDA2, and 

represents the next step of the AIDA Education Program (Figure 2). It marks the transition from 

learning the basic principles of freediving to understanding how to train, progress, and refine your 

skills in a systematic way. 

As freediving continues to evolve, the AIDA Education Program evolves with it. Educational materials 

are regularly revised, adapted, and developed to reflect current knowledge, practical experience, 

competition practice, and relevant medical research. This ongoing process is one of the reasons why 

AIDA has been recognized as a worldwide reference point for freediving education since its inception 

in 1992. 

Prerequisites 

To enroll in the AIDA3 Course you must: 

¶ Be 18 years of age or older (16 years with parent or guardian consent) 

¶ Have completed the AIDA2 Freediver course or passed AIDA Crossover Evaluation 

¶ Have completed the AIDA Medical Statement (in countries where it is applicable)  

¶ Have completed the AIDA Liability Release Form (in countries where it is applicable) 

Course structure 

During this AIDA3 Course, your instructor will conduct: 

¶ Min. 3 theory lessons 

¶ Min. 2 pool sessions 

¶ Min. 4 open water sessions 

The content of this manual covers the 3 above-mentioned theory lessons conducted by your AIDA 

Instructor. The manual does not entirely replace the face-to-face theory lessons: You discuss your 

understanding of freedive theory based on the Knowledge Reviews at the end of every chapter. Also, 

a written exam after the third theory lesson has to be passed. After having finalized the exam, your 

AIDA Instructor will discuss the exam answers with you in order to fill-in every single missing point of 

knowledge. Hence, you will be able to successfully understand all requirements of the AIDA3  

Advanced Freediver course. 

1.2 Paperwork 

In some countries, before starting your course, you will need to provide some important paperwork 

to your instructor: this helps to make sure you are fit for and aware of the risks of freediving. 
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AIDA crossover evaluation 

If you already have a certification from a freediving organization other than AIDA, you might not need 

to start your education with a beginner course when signing up with AIDA for the first time. Your 

AIDA Instructor will evaluate your knowledge of theory and skills in pool and open water which will 

allow for an appropriate identification of your level. 

Also, if you are an experienced freediver, spearfisher or freediving athlete without any previous 

certification, your AIDA Instructor may be able to permit you to skip the beginner level course, once 

your freediving skills and knowledge have undergone an evaluation and have been proven to meet 

the requirements of the respective course. 

To enroll in this AIDA3 Course, you will need to demonstrate the same skills required for the AIDA2 

certification: 

¶ Static (STA): > 2 min 

¶ Dynamic with fins (DYNB): > 40m 

¶ Constant Weight (CWTB): 12-20m 

¶ Free Immersion (FIM) technique demonstration 

¶ Buddying and rescue technique in all disciplines 

These skills must be properly demonstrated through the application of sound technique. For 

ŜȄŀƳǇƭŜΣ ƛǘ ƛǎ ƴƻǘ ǎǳŦŦƛŎƛŜƴǘ ǘƻ ǎƛƳǇƭȅ ǊŜŀŎƘ ҍм2 m; the dive must be performed with an efficient duck 

dive, proper line orientation, streamlined body position, effective finning and equalization, a 

controlled and safe bottom turn, and efficient use of buoyancy during the ascent. 

If necessary, your AIDA Instructor will assess your skills and knowledge during a minimum of: 

¶ 1 Classroom session 

¶ 1 Pool / confined water session 

¶ 1 Open water session 

This evaluation requires a minimum of one day. Once you have sufficiently mastered all required skills 

taught in AIDA2 you are allowed to enroll in the AIDA3 Course. If you are not yet able to comfortably 

pass this evaluation while demonstrating the required skills and knowledge, there is no need to 

worry. Following the evaluation, and prior to the start of the AIDA3 course, your AIDA Instructor will 

be able to offer additional training sessions. Neither the evaluation itself, nor the extra training 

sessions are part of the AIDA3 course. 

If you come from a freediving agency different than AIDA you can refer to the crossover equivalency 

table to find your bearings (Figure 1). 
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Medical statement (where applicable) 

The AIDA Medical Statement outlines potential conditions that may prevent you from safely 

practicing freediving. In countries where this form is required, if ŀƭƭ ǉǳŜǎǘƛƻƴǎ ŀǊŜ ŀƴǎǿŜǊŜŘ άNOέ, 

then ȅƻǳ ŀǊŜ ǊŜŀŘȅ ǘƻ ōŜƎƛƴ ȅƻǳǊ ŦǊŜŜŘƛǾƛƴƎ ƧƻǳǊƴŜȅΦ !ƴȅ ŀƴǎǿŜǊ ƳŀǊƪŜŘ άYESέ automatically requires 

written medical clearance from a qualified physician before the start of your course. For this purpose, 

please ask your doctor to complete the designated section of the form. 

Be honest about your medical condition, including any issues not explicitly listed in the document, 

such as previous minor surgeries or mild cases of asthma. Your examining physician aims to obtain a 

comprehensive overview of your condition in order to support your safe participation in freediving.  

If you are travelling to a remote island to attend your AIDA course, please ensure that you have all 

required documentation with you before departure. When required, the AIDA Medical Statement 

must be completed, signed, and submitted to your AIDA Instructor at the beginning of the course. 

Please note that in some countries, medical self-declarations are not legally valid, and instructors 

may even be prohibited from collecting such information. In some cases, you may be required to 

undergo a medical examination and obtain a sport fitness certificate from a qualified physician before 

the course. 

Liability release (where applicable) 

In many countries, you will have to hand in a signed AIDA Liability Release Form before any in-water 

activity. This form highlights that freediving is a safe activity, provided that all guidelines and 

instructions given by your instructors are properly followed. Over more than 25 years of instruction, 

AIDA courses have maintained an exemplary safety record, and it is our intention to uphold this 

standard. This waiver confirms that you are aware of the potential risks associated with freediving 

and that you understand your personal responsibility as a fundamental component of safe practice. 
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Figure 1 - Cross-agency equivalency table. 
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Figure 2 - AIDA Education Program
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2 PHYSIOLOGY 

Most people can hold their breath for no more than 60ς80 seconds, even under optimal conditions. 

Yet during your AIDA2 course, you have already gone well beyond two minutes. 

What may seem surprising is, in fact, a natural expression of human physiology. By understanding 

how your body responds to breath-hold diving, you will be able to improve both your performance 

and your safety. This chapter will guide you through these fundamental mechanisms. 

2.1 Blood composition 

Approximately 8% of the body weight of an adult person is made up of blood. This results in an 

average of 4-5 liters for females and 5-6 liters for males, depending on body size. Blood has several 

functions in the human body: 

¶ Transportation of gases, nutrients, waste products, hormones and body heat 

¶ Protection from inflammation by providing leukocytes (white blood cells), antibodies and 

platelets 

¶ Regulation of blood acidity (pH) by interacting with acids and bases, and water balance by 

transferring water to and from tissues in the body. 

CHAPTER 2 
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The transportation function of blood includes Oxygen (O2) and Carbon Dioxide (CO2), which are 

exchanged between the lungs and the cells in the body. 

 
Figure 3 - Blood composition 

Composition 
Blood is a mixture of plasma (liquid part), red blood cells (RBC, or erythrocytes), white blood cells 

(WBC, or leukocytes) and platelets. The red blood cells contain an iron-rich protein called hemoglobin, 

which gives RBCs their red color. Hemoglobin carries most of the Oxygen transported by the blood. 

Oxygenated: red 
Oxygenated blood is bright red in color. This is the case in every healthy person, where the Oxygen 

saturation is 96-99% at any given time while breathing. You can test this with a simple oximeter, a 

device you stick to a finger to measure the oxygenation of the blood. The oximeter analyses the color 

of light reflections from the skin as an indicator of your blood oxygenation. If the oxygenation level is 

lower than 96% while breathing, you are either exerting or sick. In both cases, you should not hold 

your breath or freedive. 
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Oxygen depleted: purple 

Oxygen-depleted blood shifts the color towards purple. This allows determining the oxygenation level 

of blood by its color. A pulse oximeter does exactly that. 

Cyanosis 

/ȅŀƴƻǎƛǎ ƛǎ ƻŦǘŜƴ ŀƭǎƻ ŎŀƭƭŜŘ άōƭǳŜ ƭƛǇǎέΦ !ǎ ǘƘŜ ǎƪƛƴ ƛǎ ǘƘƛƴƴŜǎǘ ƻƴ ǘƘŜ ƭƛǇǎΣ ŀ ŎƘŀƴƎŜ ƛƴ ōƭƻƻŘ color can 

easily be spotted there. Cyanosis does not indicate a dangerously low level of oxygen in the freediver, 

but shows the oxygen level has started to decrease. The level will be normalized within a few breaths 

and cyanosis will disappear. As a freediver, you cannot άfeelέ cyanosis, hence, you depend on your 

buddy to tell you if it appears. /ȅŀƴƻǎƛǎ ƛƴ ǊŜŎǊŜŀǘƛƻƴŀƭ ŦǊŜŜŘƛǾƛƴƎ Ŏŀƴ ōŜ ǎŜŜƴ ŀǎ ǘƘŜ άŦƛǊǎǘ ǿŀǊƴƛƴƎ 

ǎƛƎƴέΦ Lǘ ǘŜƭƭǎ ȅƻǳ ǘƘŀǘ ȅƻǳ ŀǊŜ ŀǇǇǊƻŀŎƘƛƴƎ ȅƻǳǊ ǇŜǊǎƻƴŀƭ ƭƛƳƛǘǎ ŀƴŘ ǎƘƻǳƭŘ ƴƻǘ ǇǳǎƘ ŦǳǊǘƘŜǊ ǊŜŎƪƭŜǎǎƭȅΦ 

Note that blue lips can also indicate that the freediver has a slightly lowered body temperature 

(hypothermia). In this case, the color change derives from a constriction of the blood vessels 

(vasoconstriction) in the lips and does not indicate inadequate oxygenation. Still, it is important to 

tell your buddy if you notice blue lips. In case your diving partner feels too cold, you will have to react 

by conducting some warming up exercises such as swimming for a while, taking a break in the sun or, 

if nothing helps, by aborting the dive session. You should not dive when you are feeling cold. 

In case the cyanosis persists over an extended period of time despite warming up, a freediver should 

seek medical attention. 

2.2 Principle of diffusion 

The gas exchange between air and blood happens in the alveoli, the smallest unit of your lungs. Once 

the inhaled air has reached the alveoli, it is separated from the blood in the surrounding capillaries 

only by the alveolus and the capillary walls, both of which are just one cell thick (Figure 4). Due to 

their thin cell walls, gasses are able to travel through these membranes in both directions ς from air 

to blood and vice versa - following the principle of diffusion. 

Definition 

Diffusion is the natural tendency of a gas to move from an area of high concentration to an area of 
low concentration. 

Gradient 

The speed of gas diffusion depends on the steepness of the so-called diffusion gradient, i.e. the 
difference in concentration between two areas. The greater the difference, the steeper the gradient, 
the faster diffusion takes place. 

Oxygen & carbon dioxide 

In the context of freediving, we are mainly looking at two components of the gas exchange in the 

alveoli: Oxygen (O2) diffuses from the inhaled air in the alveoli into the alveolar blood and carbon 

dioxide (CO2) diffuses from the alveolar blood into the air in the alveoli. You will remember from your 
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AIDA2 course that while oxygen is essential for producing energy and sustaining vital functions, 

carbon dioxide is the main responsible of urge to breath and other sensations that appear when we 

hold our breath. 

 
Figure 4 - Alveolus and capillary walls, gas exchange. 

 

2.3 Cardiovascular system 

The cardiovascular system (Figure 5) is the sum of all organs and tissues involved in the circulation 

of blood and lymph throughout the body. It serves as the transport system for oxygenτrequired for 

all cellular activities in the brain, organs, muscles, and other tissuesτand carbon dioxide ό/hіύΣ ŀ 

waste product of cellular metabolism. 

Arteries: Blood vessels carrying blood from the heart to the organs. Usually, this blood is saturated 

with oxygen (O2-enriched) and low on carbon dioxide (low CO2). 

Veins: Blood vessels carrying blood towards the heart. Usually, the blood is de-saturated from oxygen 

(O2 depleted) and saturated with carbon dioxide (CO2 enriched). 

Exceptions: The pulmonary artery is carrying blood low on O2 from the heart to the lungs, while the 

pulmonary vein is carrying oxygenated blood from the lungs to the heart. 
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Figure 5 - The cardiovascular system. 

 

Cardiovascular tour of O2 

We now have all the information needed to understand the whole journey of oxygen and carbon 

dioxide through our body. Imagine a few O2 molecules hovering in front of you, and you are about to 

inhale them. This is where the journey starts. 

1. Inhalation of air, including O2 (see respiratory system in AIDA2) 

2. O2 diffuses into blood (gas exchange) 

3. Most O2 bonds with hemoglobin 

4. Transport of O2 from the lungs to the heart via pulmonary vein 

5. Transport of O2-enriched blood to any tissue (e.g. a muscle in the right hand) via systemic 

circulation 

6. Tissue takes up O2 and produces CO2, which dissolves mostly in blood plasma 

7. Transport of CO2-enriched blood to the heart via systemic circulation 

8. Transport of CO2-enriched (and O2-depleted) blood to the lungs via pulmonary artery 

9. CO2 diffuses into the air in the alveoli 

10. Exhalation of CO2-enriched air 
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2.4 Hyperventilation 

You will remember from AIDA2 that hyperventilation (over breathing) means breathing in a way that 

ƭŜŀŘǎ ǘƻ ƘƛƎƘŜǊ Ǝŀǎ ŜȄŎƘŀƴƎŜǎ ǘƘŀƴ ƴŜŜŘŜŘ ǘƻ Ƴŀƛƴǘŀƛƴ ŀ ƴƻǊƳŀƭ ƭŜǾŜƭ ƻŦ /hі ƛƴ ǘƘŜ ōƭƻƻŘΣ ŦƻǊ ȅƻǳǊ 

current activation state. This typically involves very deep or very rapid breathing (or a combination 

of both), which results in lowered /hі and blood acidity. Since the urge to breathe is primarily 

ǘǊƛƎƎŜǊŜŘ ōȅ ǊƛǎƛƴƎ /hі ƭŜǾŜƭǎ ƛƴ ǘƘŜ ōƭƻƻŘΣ ƭƻǿ /hі ƭŜǾŜƭǎ Ŏŀƴ ǎǳǇǇǊŜǎǎ ǘƘƛǎ ǎƛƎƴŀƭ ŀƴŘ ƭŜŀŘ ǘƻ ƘȅǇƻȄƛŎ 

blackout, often with reduced or absent warning symptoms. 

Reduced blood flow to the brain 

Low CO2 (hypocapnia) can decrease the blood flow to the brain, due to a constriction of blood vessels 

to the brain (cerebral vasoconstriction). This reduces the oxygen supply to the brain. Extreme states 

of cerebral vasoconstriction caused by hypocapnia can lead to a blackout while the freediver is still 

breathing at the surface. 

Hyperventilation decreases breath-hold capability 

Many of the oxygen-conserving mechanisms described in Chapter 3 (mammalian dive response, or 

MDR) are triggered or supported by rising carbon dioxide levels in the blood during apnea. 

Hypocapnia inhibits the MDR and thus the body will not conserve energy (oxygen) to the same extent 

as it would during a breath hold that has started with a normal level of CO2. After hyperventilation, a 

hypoxic state is thus generally reached sooner than in a breath hold prepared by a relaxation exercise 

with the corresponding normal ventilation. 

Bohr effect 

Low CO2 (hypocapnia) renders the blood more alkaline (i.e. less acid, or higher pH). This in turn makes 

the bond between hemoglobin and oxygen stronger. As a result, the bonded O2 in the blood is less 

likely to be released to tissues. This is known as the Bohr effect. 

Summing up:  

 

Hyperventilation ᵼ Ҩ /hі ᵼ ҧ ǇI ᵼ Cerebral vasoconstriction + Bohr effect ᵼ  

Ҩ CŜǊŜōǊŀƭ ōƭƻƻŘ Ŧƭƻǿ Ҍ Ҩ Hindered O2 release ᵼ 

No warning signs + Weaker MDR + Early hypoxia 

 

Effect of hyperventilation on your breathold 

In what follows, a simple model of how hyperventilation can affect your breathold is reported. 
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During a breath hold, oxygen saturation 

in the blood decreases. 

Starting from a normal saturation of 

about 96ς99%, a freediver may black out 

when oxygen saturation falls to roughly 

45%. In normal conditions, this is 

unlikely to happen because the urge to 

breathe caused by rising CO2 usually 

becomes too strong much earlier. This 

gives the freediver enough warning to 

end the breath hold in time. 

 

Hyperventilation does not significantly 

increase oxygen saturation in the blood. 

Instead, it lowers the level of CO2. During 

the next breath hold, this means that the 

warning signs caused by rising CO2 are 

delayed. In this situation, oxygen 

saturation may fall to blackout levels 

before CO2 becomes uncomfortable 

enough to force the freediver to 

breathe. This is why hyperventilation 

can lead to blackouts. 

 

Figure 6 - Hyperventilation can lead to black out (Illustration concept by 
W. Trubridge) 

Lower-than-normal CO2 levels also 

delay the energy-saving effects of the 

mammalian dive response. They also 

strengthen the bond between 

hemoglobin and oxygen, making it 

harder for oxygen to be released to the 

tissues. This is known as the Bohr effect. 

As a result, the freediver uses up the 

available oxygen faster and may black 

out earlier. 
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Chapter 2 - Knowledge review 

What is the function of blood in the human body? 

What is cyanosis and why should you warn your buddy about it? 

Define diffusion. 

Define veins, arteries and the particular case of the lungs circulation 

Hyperventilating does not change the level of Oxygen saturation in the blood, 

but it decreases its content of CO2. True or False? 
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3 THE MAMMALIAN DIVE RESPONSE 

Until relatively recently, it was believed within the medical community that humans could not safely 

dive beyond moderate depths on a single breath. The prevailing assumption was that increasing 

ambient pressure would compress the lungs to a point where injury would be unavoidable. However, 

as freedivers gradually explored greater depths, they not only descended beyond what was once 

considered possible, but also consistently returned to the surface without signs of injury. This 

challenged existing physiological models and raised important questions within the scientific 

community. 

At the same time, it remained unclear how professional breath-hold diversτsuch as the Japanese 

Ama, Greek sponge divers, and other traditional spearfishers around the worldτwere able to 

perform repeated, prolonged breath-holds while physically active. Even more puzzling was the 

observation that these same individuals could not necessarily replicate such performances on land, 

despite being at rest under minimal energy expenditure. 

CHAPTER 3 
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Part of this apparent paradox was clarified with the identification of what is now known as the 

mammalian dive response. This physiological adaptation, well documented in aquatic mammals such 

as whales and dolphins, is also present in terrestrial mammals including humans (albeit in a less 

pronounced form). 

3.1 Definition and macro effects 

The academic debate surrounding the mammalian dive response (MDR) begins with its very name. It 

ƛǎ ǎƻƳŜǘƛƳŜǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ άŘƛǾƛƴƎ ǊŜŦƭŜȄΦέ Lƴ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ǘŜǊƳǎΣ ƘƻǿŜǾŜǊΣ ŀ ǊŜŦƭŜȄ ƛǎ ŘŜŦƛƴŜŘ ŀǎ 

a single stimulus (such as the heat of a flame) leading to a specific response (such as withdrawing the 

hand). As will become clear in this chapter, this definition does not adequately describe the MDR. 

Rather than a reflex, the MDR is better understood as a physiological response: a combination of 

multiple stimuli that trigger multiple physiological reactions, or adaptations. 

The study of the mammalian dive response falls within the broader field of hyperbaric 

science/medicine, a rapidly evolving discipline with new findings published regularly. This chapter 

provides an overview of the current knowledge relevant to freediving. 

Series of triggers 

The inputs (or triggers) to the MDR are the following: 

¶ Apnea (rising CO2) 

¶ Water immersion 

¶ Rising pressure (lung volume below residual volume ς RV, see Chapter 4.1) 

¶ Low temperatures 

Series of adaptations 
The outputs (or adaptations) of the MDR are listed below: 

¶ Peripheral vasoconstriction 

¶ Bradycardia 

¶ Spleen effect 

¶ Blood shift / haemocompensation 

¶ Hypometabolism 

These adaptations will be discussed in greater detail later in this chapter. 

Multiple pathways and interactions 

Triggers and adaptations should be understood as part of a complex, interactive system with multiple 
overlapping pathways. For example, elevated carbon dioxide levels (hypercapnia) can lead to 
peripheral vasoconstriction, promoting a redistribution of blood toward the thoracic cavity 
(centralization of blood volume, see blood shift in section 3.5). The autonomic nervous system 
responds with bradycardia (a reduction in heart rate, see section 3.3), helping to regulate cardiac 
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output. Multiple pathways operate in parallel and interact dynamically, collectively contributing to 
the mammalian dive response. 

Before discussing each adaptation in greater detail, let us consider two broad beneficial effects of the 
MDR. 

Conserve oxygen 

One of the main beneficial effects of the MDR is that it helps conserve oxygen throughout a dive. It 

supports the breath-hold by reducing heart rate (bradycardia) and, more generally, by slowing down 

ƳŜǘŀōƻƭƛŎ ŀŎǘƛǾƛǘȅΣ ǘƘŜǊŜōȅ ƭƻǿŜǊƛƴƎ ǘƘŜ ōƻŘȅΩǎ ƻǾŜǊŀƭƭ oxygen consumption. 

A second beneficial effect is that the MDR helps the body use the available oxygen more efficiently 

during a breath-hold. Blood flow to less vital muscles and organs is reduced, while oxygen delivery is 

prioritized for organs that are more sensitive to hypoxia, such as the brain and heart. 

Prevention of lung barotrauma 

One of the key components of the MDR is the blood shift (section 3.5): without this mechanism, 

mammalsτincluding humansτwould not be able to dive beyond approximately 25ς35 meters 

without a significant risk of injury. 

The following sections describe each adaptation that contributes to the MDR in greater detail. 

3.2 Peripheral vasoconstriction 

Peripheral vasoconstriction (the opposite of vasodilation) means that blood vessels in the extremities 

narrow, reducing blood flow to the outer parts of the body, especially the arms and legs, including 

the hands and feet.  

Less oxygen available in the extremities 

The constriction of peripheral blood vessels reduces blood flow to the extremities: as a consequence, 

less oxygen is delivered to tissues and muscles in these areas. These muscles can continue working 

for a limited time by relying increasingly on anaerobic metabolism, which occurs when their energy 

demand exceeds the oxygen supply available to them. They can continue functioning in this way until 

their local energy reserves are depleted. The underlying mechanisms are discussed in greater detail 

in AIDA4. 

More oxygen available for the brain and vital organs 

By reducing oxygen use in the peripheral muscles, the MDR helps preserve oxygenated blood for the 

thoracic region, where it supports the continued function of the brain and other vital organs during 

a breath-hold. 
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Lactic acid build up 

The blood circulation not only delivers oxygen to muscles, it is also the mean of transport for any 

waste products away from the muscles, such as CO2 or lactic acid. 

Reduced blood flow due to peripheral vasoconstriction inhibits this cleansing process and leads to 

the buildup of lactic acid in the muscles of the legs and arms. This explains why your legs might start 

ǘƻ ŦŜŜƭ άƘŜŀǾȅέ ƛƴ ŀƴ ŜȄǘŜƴŘŜŘ ŘƛǾŜΣ ƻǊ ŜǎǇŜŎƛŀƭƭȅ Řǳring a CO2 table. While the surface intervals of 

your table are long enough to replenish your oxygen level, the breaks are not long enough to dispose 

of all excess lactic acid in your leg muscles before starting the next breath hold. 

Tolerance training 

Training lactate tolerance is an integral part of freediving training in general, and the goal ƻŦ /hі 

tables in particular. This type of tolerance training is also familiar to athletes from many other 

disciplines, and can be developed, for example, with dry interval training. For a more detailed 

discussion of freediving training, please refer to AIDA4. 

Surface intervals 

Since peripheral vasoconstriction slows the clearance of lactate and other metabolic by-products 

from the working muscles, it is important to allow an adequate surface interval before a challenging 

breath-hold dive. Warm-up tables discussed in Chapter 9.1 recommend a minimum interval of four 

minutes before attempting a maximal performance. For general guidelines on calculating surface 

intervals between dives (that also takes into account aspects that relate to decompression illness), 

please refer to Chapter 8.5. 

3.3 Bradycardia 

In general, bradycardia refers to a slow resting heart rate, usually below 60 beats per minute (bpm) 

in adults. From a medical perspective it is classified as a type of cardiac arrhythmia, i.e. an irregular 

heart rhythm. Under normal resting conditions, however, it is not necessarily considered problematic 

unless the heart rate falls significantly, often below 50 bpm. 

CǊŜŜŘƛǾƛƴƎΣ ƛƴ Ƴŀƴȅ ǊŜǎǇŜŎǘǎΣ ŘƻŜǎ ƴƻǘ ǊŜǇǊŜǎŜƴǘ άƴƻǊƳŀƭ ǊŜǎǘƛƴƎ ŎƻƴŘƛǘƛƻƴǎΣέ ŀƴŘ ƘŜŀǊǘ ǊŀǘŜǎ ǿŜƭƭ 

below this value may occur during breath-hold dives. In trained and healthy freedivers, such 

reductions in heart rate are generally considered a normal part of the dive response, rather than a 

negative event. On the contrary, because the heart is a muscle, reducing its activity helps lower 

energy demand and contributes to oxygen conservation during a breath-hold. 

Slowing of the heartbeat 

In untrained humans, bradycardia typically reduces heart rate by about 10ς25%. In trained freedivers, 

a reduction of up to 50% from their normal resting heart rate may be observed. 
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Note that there is a correlation between peripheral vasoconstriction and bradycardia: The stronger 

the peripheral vasoconstriction, the steeper the drop of the heart rate. 

Trigger: Facial immersion 

Facial immersion is one of the triggers of bradycardia, especially when it is done in cold water. Some 

freedivers use brief facial immersion during preparation or warm-up to encourage this response 

before a breath-hold. Cold stimulation of areas such as the forehead and the region around the eyes 

is especially effective, and it has been used in scientific studies to induce or study diving bradycardia 

in a controlled setting by means of ice-water bags or cold packs. 

3.4 Spleen effect 

Spleen: reservoir for red blood cells 
As blood circulates through the spleen, this organ also acts as a reservoir of red blood cells. These red 

blood cells can be stored and released when needed, for example in response to serious bleeding or 

in situations where an increased oxygen-carrying capacity may be beneficial. 

Spleen contraction 
Under certain circumstances, such as during apnea, the body may benefit from an increased oxygen-

carrying capacity. The spleen can respond by contracting and releasing stored red blood cells into the 

bloodstream. 

More oxygen carriers available 
The resulting increase in red blood cell count allows the blood to carry more oxygen, thereby 

ǎǳǇǇƻǊǘƛƴƎ ǘƘŜ ŦǊŜŜŘƛǾŜǊΩǎ ōǊŜŀǘƘ-hold capacity. 

3.5 Blood shift / haemocompensation 

In 1962, the Italian Enzo Maiorca became the first competitive freediver to dive beyond 50 meters 

during an official record. At the time, scientists considered such depths unsafe for humans, as 

increasing water pressure was expected to compress the chest and lungs beyond their physiological 

limits. It was not until 1974 that, by ǎǘǳŘȅƛƴƎ aŀƛƻǊŎŀΩǎ ǎǇƻǊǘƛƴƎ ǊƛǾŀƭ WŀŎǉǳŜǎ aŀȅƻƭ ƻƴ ŘŜŜǇ ōǊŜŀǘƘ-

hold dives, researchers began to understand the mechanism that allows mammals, including humans, 

to tolerate much greater depths: the blood shift, also known as haemocompensation. 

Blood shifts toward the thoracic cavity 

Due to peripheral vasoconstriction, an increased amount of blood is available in the torso to support 

the vital organs and the brain. 



AIDA3 MANUAL 
 

CHAPTER 3 

 

 

23 

The blood vessels of alveoli increase in size 

When a freediver dives below residual volume (RV, see Chapter 4.1), the lungs can continue to 

tolerate compression thanks to the blood shift. As blood is redistributed toward the thoracic cavity, 

the blood vessels around the alveoli fill with more blood and expand, helping compensate for the 

reduction in lung volume. 

Compensation for volume loss due to pressure 

The blood shift leads to an increased filling of the pulmonary blood vessels surrounding the alveoli, a 

process referred to as haemocompensation. As these vessels become more engorged, they help 

compensate for the loss of gas volume in the lungs. In this way, the alveoli can tolerate compression 

beyond what would otherwise be possible, because part of the space that would normally be 

occupied by air at the surface is progressively compensated for by blood. 

A simplified analogy is to imagine an alveolus as an orange. The fruit flesh represents the air volume 

inside the alveolus, while the peel represents the blood vessels surrounding that air space. As the 

ŀƭǾŜƻƭǳǎ ƛǎ ǘŀƪŜƴ ŘŜŜǇŜǊ ǳƴŘŜǊǿŀǘŜǊΣ ǘƘŜ άŦƭŜǎƘέ όŀƛǊ-filled part) becomes smaller and smaller as the 

air compreǎǎŜǎΣ ǿƘƛƭŜ ǘƘŜ άǇŜŜƭέ όǇǳƭƳƻƴŀǊȅ ŎŀǇƛƭƭŀǊƛŜǎύ ǎǿŜƭƭǎ ǘƻ ŎƻƳǇŜƴǎŀǘŜ ŦƻǊ ǇŀǊǘ ƻŦ ǘƘŀǘ ƭƻǎǘ 

volume. As a result, the overall size decreases far less than the air volume alone. At depth, your 

άƻǊŀƴƎŜέ όǘƘŜ ŀƭǾŜƻƭǳǎύ Ŏƻƴǘŀƛƴǎ ƭŜǎǎ ŦƭŜǎƘ ŀƴŘ ǊŜƭŀǘƛǾŜƭȅ ƳƻǊŜ ǇŜŜl. Of course this is just a visual 

example: a real orange would not actually compress in this way, since it is made mostly of liquids and 

solids, but the analogy helps illustrate the principle. 

Preventing negative pressure in the lungs 

 At depth, the air inside the alveoli undergoes significant compression. The blood shift helps 

compensate for the loss of gas volume by increasing the amount of blood within the thoracic cavity 

and pulmonary vessels. Since blood is far less compressible than air, it helps occupy part of the space 

lost by the compressed gas. This reduces mechanical stress on the lungs, because the lung tissues are 

not forced to collapse as much around the shrinking air spaces. It also helps limit the development of 

excessive negative pressure within the lungs: if the lungs are compressed significantly without the 

surrounding structures accommodating this compression, the pressure inside the alveolar air spaces 

may become lower than the pressure in the surrounding pulmonary blood vessels and tissues. This 

creates a pressure gradient across the alveolar walls, which can draw fluidτand in more severe cases 

bloodτtoward or into the alveoli. By reducing this pressure gradient, the blood shift helps protect 

the lungs from pressure-related injury at depth. 

Blood shift reduces the risk of lung barotrauma 

Diving below residual volume is not harmful in itself; however, the risk increases if the diver continues 

descending while the lungs are already under significant negative pressure, especially when the chest 

and diaphragm lack the flexibility to accommodate further compression. By helping compensate for 
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the loss of gas volume, the blood shift delays the development of excessive negative pressure within 

the lungs and allows greater depths to be tolerated. 

Nevertheless, dives below residual volume must be approached gradually, with small and controlled 

depth progressions and repeated exposure over time, allowing the body to adapt. The blood shift is 

ƴƻǘ ŀ άŦǊŜŜ Ǉŀǎǎέ ǘƻ ǇǊƻƎǊŜǎǎ ǊŜŎƪƭŜǎǎƭȅΣ ōǳǘ ŀ ǇƘȅǎƛƻƭƻƎƛŎŀƭ ǊŜǎǇƻƴǎŜ ǘƻ ŀ ŎƘŀƴƎƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘΣ ŀƴŘ 

its effectiveness develops through time, training, and adaptation. Thoracic flexibility, which helps 

reduce residual volume (RV; see Chapter 4.1), works together with the blood shift to make deeper 

dives safer. Both factors require months or years to develop properly. Give yourself time, be patient 

and dive with absolute self-awareness: 

Always be prepared to abort a dive at the first perception of discomfort in your chest. 

Possible side effect: immersion diuresis and risk of dehydration 

A side effect of the blood shift is that the increased central blood volume may be interpreted by the 

body as an excess of fluid. In response, the kidneys increase urine production to help reduce this 

perceived excess. In practical terms, this is why freedivers often feel the need to urinate during or 

after a dive session. 

Because urine production may increase during immersion, fluids can be lost more rapidly, and 

dehydration may develop if they are not replaced. 

It is therefore important to stay well hydrated before, during, and especially after freediving. 

Consider integrating with electrolyte when necessary. 

3.6 Hypometabolism 

Metabolism is the sum of all chemical processes that take place within the cells of a living organism. 

This rather abstract definition includes very concrete bodily functions, such as digestion. Many of 

these processes use oxygen to transform nutrients into energy and body heat. 

Low metabolic rate 

Hypometabolism refers to a state in which biochemical processes in the body slow down below their 

normal resting level. As part of the MDR, this contributes to a reduction in overall oxygen 

consumption, helping preserve oxygen for the brain and other vital organs during a breath-hold. 

One practical example is the effect of freediving on digestion. During a dive, digestive activity may 

slow down significantly or temporarily stop, as the body prioritizes oxygen delivery to more essential 

functions. If food is still present in the stomach, this may cause discomfort and, in some cases, nausea 

or vomiting. 
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Possible side effect: Hypothermia 

All biochemical reactions of the body emit heat and contribute to maintaining body temperature. If 

a freediver remains in a hypometabolic state for an extended period of time, heat production may 

decrease and the diver might feel cold more quickly. In more pronounced cases, this can contribute 

to a drop in body temperature (hypothermia), shivering and reduced ability to relax. This should not 

be ignored, as it can result in tension and increased oxygen consumption, which can reduce the 

ŘƛǾŜǊΩǎ ǎŀŦŜǘȅ ƳŀǊƎƛƴǎ ǿƘƛƭŜ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ Ǌƛǎƪ ƻŦ ƭǳƴƎ ōŀǊƻǘǊŀǳƳŀΦ 

Always wear appropriate thermal protection to avoid hypothermia. 

Note that peripheral vasoconstriction can also play a role in perceiving more cold than normal during 

a dive. 

3.7 Inducing the mammalian dive response 
The MDR is a useful protective reflex. Learning how to safely maximize its effect it will result in more 

enjoyable and efficient dives. Remember, however, to also consider and minimize the potential side 

effects of this physiological response (dehydration, hypothermia, as discussed earlier). 

MDR is naturally weak in humans 
The mammalian dive response is strongly developed in marine mammals, much less pronounced in 

untrained humans. Even so, a splash of cold water on the face can be enough to trigger an immediate 

reduction in heart rate. 

Stronger through training 
For most non-freedivers, the mammalian dive response can be thought of as a mechanism that has 

remained largely unused. Beginning freediving is a bit like rediscovering this forgotten system: finding 

its controls, clearing away the dust, and learning how to activate it. With repetition, this old 

mechanism gradually comes back into gear and begins to run more smoothly. As with almost 

everything in freediving, this requires patience and consistent training. Over time, the mammalian 

dive response can become stronger, faster, and more effective. 

Warm-up before maximum 
Inducing the mammalian dive response is one of the main reasons to do warm-up dives (see Chapter 

9.1) before maximum performance. Each warmup dive helps activating it, and smoothing out the 

sensations associated with it. 

 



AIDA3 MANUAL 
 

CHAPTER 3 

 

 

26 

3.8 Summing up 

Here is a short summary of the beneficial effects of MDR (compare them with the similar scheme 

reported for hyperventilation in Chapter 2.4): 

ҧ /hі ᵼ Ҩ pH ᵼ Peripheral vasoconstriction + cerebral/ pulmonary vasodilation + Bohr effect ᵼ  

Ҩ hі Consumption + ҧ Cerebral blood flow + ҧ Facilitated O2 release + ҧ Pulmonary protection 

 

 

 

Chapter 3 - Knowledge review 

What is the mammalian dive response (MDR)? 

Why is the blood shift vital for deep freediving? 
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4 LUNGS AT DEPTH 

4.1 Lung measurements 

Tidal Volume (TV) 

Tidal volume is the amount of air inhaled and exhaled during relaxed breathing. In a resting adult, a 

single tidal breath is typically around 500 ml and occurs approximately 10ς20 times per minute. 

Ideally, inhalation is driven primarily by the diaphragm, while exhalation is passive: air is not forced 

out of the lungs, but expelled by simply relaxing. 

Inspiratory and Expiratory Reserve Volumes (IRV & ERV) 
The inspiratory reserve volume (IRV) is additional amount of air that can be inhaled after a relaxed 

tidal inhalation. The expiratory reserve volume (ERV) is the maximum amount of air which can be 

exhaled after passive exhalation. 

CHAPTER 4 
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Vital Capacity (VC) 

Vital capacity (VC) is the maximum amount of air that can be inhaled into the lungs after a full 

exhalation. In other words, vital capacity is the sum of inspiratory reserve volume, tidal volume, and 

expiratory reserve volume: 

VC = IRV + TV + ERV 

The vital capacity is thus the maximum volume of air we can access in one breath. Healthy adults 

have a vital capacity of 3-5 liters, depending on sex, body size, and age. 

Note that vital capacity does not represent total lung capacity, as a portion of air remains in the lungs 

and cannot be voluntarily accessed; this is known as residual volume (described next). Training may 

increase vital capacity, partly by improving access to lower lung volumes and thoracic mobility, partly 

by determining a reduction of the functional residual volume. 

Residual Volume (RV) 

Residual volume (RV) is the amount of air remaining in your lungs after a forced exhalation. On 

average it is 25% of the total lung capacity (TLC, see below). 

While other lung measurements are easy to acquire with a spirometer (a device to measure volumes 

of air inhaled or exhaled), the residual volume can only be determined indirectly, as it is not possible 

ǘƻ άŎƻƳǇƭŜǘŜƭȅ ŜƳǇǘȅέ ǘƘŜ ƭǳƴƎǎΦ 

In freediving, the residual volume is very important as it determines how deep you will still be able 

to equalize instinctively (see Chapter 6). 

Functional Residual Capacity (FRC) 

The functional residual capacity (FRC) is the volume of air remaining in our lungs after a relaxed 

exhalation. It can also be described as the sum of expiratory reserve volume and residual volume: 

FRC = ERV + RV 

A passive exhalation ends when the airways are open, the breathing muscles are relaxed, and airflow 

stops. This point can be perceived by producing a gentle sigh: relax completely, especially the 

abdomen, and exhale with a soft άƘŀŀŀΧέ until no more air flows out. The volume of air remaining 

in the lungs at this point corresponds to the functional residual capacity (FRC). 

In your future training with AIDA you will learn about a training method ŎŀƭƭŜŘ άFRC divingέ (see the 

AIDA4 Master Freediver course). It is sometimes incorrectly referred to as άŜƳǇǘȅ-lung divingέ. 

However, in FRC diving lungs are far from empty and are typically around 50% of the total lung 

capacity (TLC, see below). 
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Diving at residual volume (RV) is potentially dangerous and should only be practiced by highly trained 

athletes who fully understand the associated risks. For this reason, in the AIDA Education program, 

there are no dives performed on RV/empty lungs. 

Total Lung Capacity (TLC) 
The total lung capacity (TLC) is the total amount of air the lungs can hold: 

TLC = VC + RV 

Healthy adults typically have a total lung capacity of about 5-7 liters, depending on sex, body size, 

and age. 

 
Figure 7 - Overview of Lung Measurements 

In-depth: Spirometry and lung measurements 

A basic spirometry test is not enough to directly measure the total amount of air your lungs can 

contain (TLC). When you perform a maximal exhalation during a simple spirometry, the value 

obtained is usually your vital capacity: the amount of air that can be moved in and out voluntarily. 

Even after a maximal exhalation, some air remains in the lungs: this is the residual volume. 

Residual volume, and therefore total lung capacity, cannot be directly measured with a basic 

spirometry alone. In a clinical setting, absolute lung volumes such as residual volume and total 

lung capacity can be measured or estimated using specific pulmonary function tests, such as body 

plethysmography, gas dilution or nitrogen washout. 
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Maximizing breathing volume 

There is some confusion about whether total lung capacity (TLC) can be increased. Many methods 

can be found online: some aim to strengthen the breathing muscles, others focus on improving 

ǘƻƭŜǊŀƴŎŜ ǘƻ ƘƛƎƘ /hі ƻǊ ƭƻǿ hіΣ ŀƴŘ ǎƻƳŜ ƘŀǾŜ ƭƛǘǘƭŜ ǇǊŀŎǘƛŎŀƭ Ǿŀƭǳe. However, very few of these 

approaches directly target the maximum volume of air that can be inhaled in a single breath, which 

relates to vital capacity (VC), not total lung capacity (TLC). 

The most efficient way of increasing the vital capacity (VC) is to work on the following two aspects: 

1. Proper one full breath technique as described in AIDA2: Train a slow two-stage inhalation to 

fill your lungs completely. Applying this technique correctly means accessing your maximum 

capability to inhale air into your lungs. 

2. Reducing residual volume (RV) by stretching your respiratory muscles (mainly the diaphragm). 

Lowering your residual volume leads to an increase of your vital capacity VC and thus the 

amount of air that you have available per breath. This will be discussed in further detail later, 

as well as in the AIDA4 Master Freediver course. 

Relaxation phase: Tidal volume 

The relaxation phase is the preparation period before a breath hold. The goal of this phase is to 

achieve a deep state of relaxation, both physically and mentally. As relaxation increases, breathing 

naturally becomes slower and more regular. The more relaxed you are, the less air needs to be moved 

in and out of your lungs. 

The body automatically adjusts breathing to match the current level of activity, and there is generally 

no need to interfere with this process (see Chapter 2.4 and the drawbacks of hyperventilation). 

Breathing at tidal volume is something that should be allowed to occur naturally by relaxing into it. 

4.2 Pressure and RV-Depth 
As described above, your lungs reach residual volume (RV) after a maximum exhalation. This 

represents the smallest volume your lungs can normally reach at the surface.  

.ƻȅƭŜΩǎ [ŀǿ όǎŜŜ !L5!нύ ǎǘŀǘŜǎ ǘƘŀǘ ǘƘŜ ǾƻƭǳƳŜ ƻŦ ŀ Ǝŀǎ ƛǎ ƛƴǾŜǊǎŜƭȅ ǇǊƻǇƻǊǘƛƻƴŀƭ ǘƻ ǘƘŜ ŀōǎƻƭǳǘŜ 

pressure, often illustrated by an air-filled balloon compressed at depth. The structure of the lungs is 

more complex than a simple balloon, due to factors such as tissue elasticity, blood shift (see Chapter 

3), and the mechanics of the chest wall; however, your lungs are still subject to .ƻȅƭŜΩǎ [ŀǿ to some 

extent, and the balloon example remains a usefulτalbeit simplifiedτreference. 
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As depth increases, the volume of the gas decreases. At a certain point, lung volume will approach 

the residual volume (RV) measured at the surface, and may be compressed further due to increasing 

pressure. 

Approaching RV 
Approaching residual volume (RV) can be perceived as increasing pressure on the upper torso or 

chest. As a freediving proverb puts it, άw± ƛǎ ŎƭƻǎŜ ǿƘŜƴ ǘƘŜ ŜƭŜǇƘŀƴǘ ǎǘŜǇǎ ƻƴ ȅƻǳǊ ŎƘŜǎǘΦέ 

You should approach this depth with great care. Avoid jerky movements and control your descent 

speed, for example by using the diving rope if necessary. Give your body time to adapt and progress 

gradually over weeks and months. 

The so-ŎŀƭƭŜŘ άfailure depthέ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ŘŜǇǘƘ ŀǘ ǿƘƛŎƘ ƭǳƴƎ ŎƻƳǇǊŜǎǎƛƻƴ ŀǇǇǊƻŀŎƘŜǎ ƻǊ ŜȄŎŜŜŘǎ 

the residual volume measured at the surface, and instinctive equalization becomes ineffective. It 

should not be understood as a fixed performance ceiling to be overcome by effort alone, but as a 

physiological and mechanical boundary related to the progressive reduction of usable lung air for 

equalization. In the following section, you will learn about potential injuries that may occur if this 

depth is reached too quickly and without proper preparation, and explore initial training concepts 

that will allow you to reach it safely. 

For more advanced training and equalization techniques that allow freedivers to dive considerably 

deeper than the failure depth while staying well within safe limits and clear of potential adverse 

effects, please refer to the AIDA4 Master Freediver course. 

4.3 Lung barotrauma 

Pressure-related Injury 

[ǳƴƎ ōŀǊƻǘǊŀǳƳŀ όƻŦǘŜƴ ǊŜŦŜǊǊŜŘ ǘƻ ōȅ ŦǊŜŜŘƛǾŜǊǎ ŀǎ άƭǳƴƎ ǎǉǳŜŜȊŜέύ ƛǎ ŀ ǇǊŜǎǎǳǊŜ-related injury of 

the lungs, most commonly associated with excessive lung compression at depth.  

Body and mind need time to adapt to depth, and this process can take months, if not years, 

depending on the depth we are considering. Lung barotrauma typically occurs when a diver 

progresses too quickly beyond their current adaptation level. In other words, you go too deep, too 

early. 

Before we delve deeper into this topic, it is important to be very clear about one thing: 

Lung barotrauma is a serious injury that may have severe or even fatal consequences. 

As such, it should never be taken lightly, and every effort should be made to prevent it. 
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Taking lung squeeze too lightly means acting irresponsibly. Every single incident of lung barotrauma 

needs to be properly treated with the support of a specialized medical doctor. 

That being said, even experienced freedivers can suffer lung injury due to factors that go beyond 

adaptation to depth alone.  Lung barotrauma can be triggered by a number of factors, such as 

insufficient relaxation due to stress or cold exposure. Both keep the muscles around the lungs from 

relaxing or stretching sufficiently to adapt to the rising environmental pressure. In any of these 

situations, the freediver should be aware enough to abort the dive before injury occurs, that is, before 

excessive negative pressure develops in the lungs during descent and stresses the delicate lung tissue. 

In SCUBA diving, lung barotrauma is typically associated with breath-holding during ascent, where 

expanding gas in the lungs can exceed total lung capacity (TLC) and lead to overexpansion injury. 

While this mechanism may occur in specific cases in freediving, other mechanisms may also be 

involved. In freediving lung barotrauma can develop during descent due to excessive lung 

compression, or during ascent if prior lung stress or injury has reduced the effective lung volume or 

altered gas distribution. In both cases, the underlying issue is an imbalance between pressure and 

the luƴƎΩǎ ŀōƛƭƛǘȅ ǘƻ ŀŘŀǇǘΦ 

Fluid enters lungs 

Damage to lung tissue can lead to fluid leaking into the airspaces of the lungs as a result of pressure-

related stress. The presence of fluid in the alveoli impairs gas exchange and, in severe cases, may 

make it impossible. 

Signs and symptoms 

There are several symptoms that indicate a lung injury upon surfacing after a dive. You might feel 

tightness in the chest that does not disappear. The airways might be obstructed to a certain degree, 

which creates a wheezing sound while breathing. 

Even after a few breaths at the surface, you may experience a persistent feeling of breathlessness. 

You may feel the urge to cough in an attempt to clear your airways, and in some cases may expel a 

pink, foamy fluid. You may also experience fatigue that does not quickly resolve. If you experience 

one or more of these symptoms, you may have sustained a lung injury and should seek medical 

evaluation. 

Emergency procedure 

If you experience one or more of the symptoms described above, it is important to immediately 

initiate the following emergency procedures: 

¶ Immediately stop diving: do not perform any further dives, including buddying, and avoid any 

physically demanding activities such as pulling up the rope or transporting weights. 
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¶ Avoid forceful coughing, even if you feel a strong urge to do so. If you need to cough, do so 

gently and spit the expelled fluid into your palm. Check the fluid for traces of blood or pink 

foam. Breathe calmly, with slow and shallow breaths, even if this may be difficult due to 

fatigue. 

¶ Control your breathing and focus on relaxation. Inform your buddy about any symptoms you 

are experiencing, and do not try to hide discomfort. Move slowly to help keep your heart rate 

low. Your buddy should assist you and take care of all necessary tasks, such as bringing you 

back to the boat or shore. 

¶ If available, breathe oxygen. Fluid in the lungs interferes with gas exchange; breathing oxygen 

can help improve oxygenation and may reduce fatigue. 

¶ Seek medical assistance after every incident in which you have experienced one or more of 

the symptoms described. 

Stop diving for at least one week, seek medical help 

It is essential to allow sufficient time for the lung tissue to heal completely. Diving should be stopped 

for at least one week, and possibly longer depending on the severity of the injury. Returning to diving 

too early may lead to relapse, chronic injury, or serious complications. 

As it can be difficult to assess recovery on your own, it is important to obtain medical clearance from 

a qualified physician before resuming diving. 

4.4 Avoiding lung squeeze 

Lung barotrauma must be strictly avoided. Too often, lung injuries are downplayed by freedivers as 

a minor setback on the way to greater depths. Some have even compared lung barotrauma to a 

muscle strain in other sportsτthis is misleading. Repeated lung injuries can lead to chronic 

conditions, and returning to freediving before full recovery may result in serious complications or, in 

extreme cases, be fatal. 

Self-awareness is key 
At every level, freediving should be about self-awareness rather than numbers. Some of the greatest 

freedivers of all time, with multiple world records and world championship titles, have never 

experienced a lung squeeze (and some have never even blacked out). This is largely due to their deep 

awareness and respect for their physical and psychological limits, as well as their consistent, gradual 

training over extended periods of time. 

Dive relaxed or do not dive 

The safest way to approach freediving is through relaxation: from your first freediving class you have 

learned how to consciously calm your body and mind using relaxation techniques. At times, relaxation 
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comes easily, while on other days it may take longer to settle into a calm state. To reduce the risk of 

injury, always allow yourself the time you need to reach that state. 

Stop diving if you feel stressed or cold 

Stress is the opposite of relaxation: it creates tension in both mind and body, and increases breathing 

and heart rate. In a pool dive, this will typically reduce your dive time or distance, as energy reserves 

are consumed more quickly. Depth diving, however, is different. Both body and mind need to adapt 

to the sensation of increasing pressure. If you resist this sensationτconsciously or unconsciouslyτ

you increase the risk of injury. Stress reduces self-awareness and can lead to dangerous resistance. 

The solution is simple: be honest with yourself and do not dive if you feel stressed in any way. If you 

do not feel confident about a dive, skip it. Inform your buddy, return to your relaxation routine, and 

allow yourself the time you need. 

If you become cold, your body will start shivering to generate heat. Shivering increases muscular 

activity and tension, which interferes with relaxation. As a result, if shivering begins, you should stop 

diving and exit the water to warm up. 

Stretching of intercostal muscles 

The muscles around the thorax, and especially those involved in breathing, can be trained like any 

other muscle in the body. Training should include both strengthening and improving flexibility; 

neither should be neglected. Strengthening the breathing muscles helps sustain longer dives without 

fatigue, while improved flexibility allows the thoracic structures to accommodate greater 

compression and reach greater depths. 

By reading about freediving or talking to more experienced freedivers you may encounter a technique called 

άǇŀŎƪƛƴƎΦέ !ǘ ǘƘƛǎ ǎǘŀƎŜΣ ƛǘ ƛǎ ƴƻǘ ƴŜŎŜǎǎŀǊȅ ǘƻ ŜȄǇƭƻǊŜ ƛǘ ƛƴ ŘŜǘŀƛƭΦ Lǘǎ ŀǇǇƭƛŎŀǘƛƻƴǎΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ŀǎǎƻŎƛŀǘŜŘ ǊƛǎƪǎΣ 

are covered in the AIDA4 Master Freediver course. 

It is mentioned here only because some freedivers combine it with full-lung stretches in an attempt to increase 

their vital capacity (VC). However, it has been shown that this is a potentially harmful practice associated with 

long-term damage to lung tissue and should thus be avoided. 

Packing is not necessary for deep freediving and may be harmful when combined with stretching. However, you 

may still encounter it in various sources, including books, online material, and coaching practices. Freediving 

encompasses a range of approaches, and as a relatively young and evolving discipline, knowledge continues to 

develop. It is however important to rely on well-established, evidence-informed practices, and to prioritize 

safety in your training. 
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Diaphragm stretching: Uddiyana bandha 

You can train the flexibility of your breathing muscles at the end of the exhalation and thus reduce 

the residual volume (RV) of your lungs with a yogic practice called uddiyana bandha (Figure 8). 

You can learn this technique from your AIDA Instructor or your yoga teacher in more detail. Below 

you can find a short summary of the technique. In broad strokes, uddiyana bandha is done in these 

steps: 

1. Warm up your breathing muscles using your preferred method (e.g. light gymnastics, sun 

salutations, or breathing exercises such as bhastrika or full yogic breathing). 

2. Stand with your feet slightly wider than shoulder-width apart, lean forward, and rest your 

hands on your thighs or knees. 

3. Exhale fully and gently close your airways. 

4. Draw your navel inward toward the spine and then upward toward the thorax. 

5. The chest expands while the diaphragm is drawn upward. 

6. Hold briefly. 

7. Relax all muscles. 

8. Release the airway closure and allow air to flow in gently, resuming normal breathing. 

9. Repeat from step 3. 

As a variation, you can perform this sequence seated instead of standing. 

Apply the correct turn at depth 
In your AIDA2 course you learned how to correctly stop your descent and start your ascent. This is of 

even greater importance when you dive around or beyond your residual volume. Execute your turn 

at depth slowly and gracefully. Avoid aggressive or jerky actions in general, and do not perform 

άƻǇŜƴƛƴƎέ ƳƻǾŜƳŜƴǘǎ ƭƛƪŜ ǘƘŜ so-called άǇŀǊŀŎƘǳǘŜ ǘǳǊƴέΦ 

Slow adaptation and inducing blood shift 

Every great journey starts with a first step, followed by another, and then another. Progress in 

freediving should be gradual: increase your depth in small increments beyond your previous limits. 

Repeat dives at an achievable depth to allow your body and mind to adapt before setting a new goal. 

This goal should be challenging, but not too far from what you have already accomplished. Give 

yourself time, enjoy the process, and stay safe. 

Start your freedive sessions with a series of warm-up dives to allow your body and mind to adapt and 

άǎǿƛǘŎƘ ƛƴǘƻ ŦǊŜŜŘƛǾŜ ƳƻŘŜέΦ /ƘŀǇǘŜǊ 9.1 elaborates in detail how you can design your personal 

warm-up ritual. 
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Giving yourself time during warm-up allows your body to induce the blood shift, which is a part of 

the mammalian dive response (see Chapter 3). 

Note: To ensure gradual progression, it is recommended that you never attempt dives more than 

3 meters deeper than your current personal best. 

 

 

Figure 8 - Uddiyana Bandha to stretch the diaphragm. 
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Chapter 4 - Knowledge review 

What is the residual volume? 

What is the most efficient ways of increasing the vital capacity? 

What is the failure depth? 

There are several symptoms that indicate a lung injury upon surfacing after a 

dive. Name at least two of them. 

Give four or more good advices that help to avoid lung squeeze. 
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5 BUOYANCY 

Buoyancy control is a fundamental skill in freediving, both for safety and energy efficiency. Being too 

heavy is clearly dangerous, as you may sink from the surface or overexert yourself when returning 

from a dive. However, the opposite can also be true: being too light does not necessarily mean being 

safe. Excessive positive buoyancy may force you to work harder during the descent, leading to 

unnecessary effort and fatigue. 

Buoyancy control must therefore be adapted to each specific diver, depending on the setting, 

discipline, and target depth. 

This aspect was already relevant in AIDA2, but it was largely managed by your instructor. In AIDA3, 

freedivers are expected to take responsibility for their own buoyancy control and learn to use it to 

their advantage, for example by introducing and properly managing the free-fall phase in deep dives. 

 

CHAPTER 5 
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5.1 Archimedes Principle 

Definition 

Let us start by recalling the formulation of this famous principle: 

ά An object partially or fully immersed in a fluid experiences an upward buoyant force equal to 

the weight of the displaced fluid.έ 

As a result of the buoyancy force, when you swim or dive, you experience an apparent loss of weight 

equal to the weight of the water displaced by the immersed volume of your body. 

To be more precise, when you are in the water, your body is subject to two opposing forces. The 

downward force is simply your weight, while the upward force is the buoyant force described by 

!ǊŎƘƛƳŜŘŜǎΩ ǇǊƛƴŎƛǇƭŜΦ ¢ƘŜ ƛƴǘŜǊŀŎǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜǎŜ ǘǿƻ ŦƻǊŎŜǎ ŘŜǘŜǊƳƛƴŜǎ ǿƘŜǘƘŜǊ ȅƻǳ sink, float, 

or remain suspended in the water. This has several interesting consequences for freediving, which 

will be described in what follows. 

5.2 Neutral buoyancy 

Remain at same depth effortlessly 
Neutral buoyancy (NB) is established when weight and buoyancy force cancel out: 

Your weight = Buoyant force 

As a freediver, you have reached neutral buoyancy when you can maintain your depth without effortτyou are 

neither floating up nor sinking down. Finding the exact depth where this happens requires patience: here is how 

to do it. 

¶ Descend using free immersion to the depth at which you estimate you will be neutrally buoyant. 

¶ !ǘ ǘƘŀǘ ǇƻƛƴǘΣ ŦƻǊƳ ŀƴ άhYέ ǎƛƎƴ ǿƛǘƘ ȅƻǳǊ ǘƘǳƳō ŀƴŘ ƛƴŘŜȄ ŦƛƴƎŜǊ ŀǊƻǳƴŘ ǘƘŜ ǊƻǇŜΦ [Ŝǘ Ǝƻ ƻŦ ǘƘŜ ǊƻǇŜ 

with your other hand and allow your whole body to relax. 

¶ Do not try to hold your body still; instead, let it move freely, allowing it to drift, twist, or rotate naturally. 

¶ In this relaxed state, slowly count down from ten to one in your mind. 

¶ If you remain at the same depth throughout the entire countdown, you have found your neutral 

buoyancy. 

¶ If you start moving upwards during the countdown, you are too shallow and should pull yourself slightly 

deeper. 

¶ If you sink, you are too deep and should move slightly toward the surface along the line. 

¶ !ŘƧǳǎǘ ȅƻǳǊ Ǉƻǎƛǘƛƻƴ ōȅ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ƻƴŜ ŀǊƳΩǎ ƭŜƴƎǘƘ ŀƴŘ ǊŜǇŜŀǘ ǘƘŜ ŎƻǳƴǘŘƻǿƴΦ 

¶ Continue this process until you either need to surface or successfully identify your neutral buoyancy. 
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In practice, it may take several dives to determine your neutral buoyancy accurately. You can use your warm-up 

dives at the beginning of each open water session to practice this. 

Set neutral buoyancy according to the dive 

You should adjust your neutral buoyancy according to the target depth of your dive session by using 

more or less weight. The goal is to find a good balance between ease of descent and ease of ascent, 

while minimizing overall effort during your planned dives. Setting your neutral buoyancy too shallow 

(e.g. above -10 m) may increase the effort required during ascent, while setting it too deep (e.g. 

beyond -20 m) will make the descent more demanding. As your target depth increases, your neutral 

buoyancy should be set deeper accordingly. 

As a rule of thumb, neutral buoyancy can be set at approximately one-third of your target depth. This 

means that neutral buoyancy becomes particularly relevant for dives deeper than -30 m. For 

shallower dives, it is generally kept at a safe minimum depth of around -10 m. 

Shallow NB should NOT replace lack of technique 

It is important to note that setting your neutral buoyancy too shallow is not a substitute for proper 

freediving technique. If you have difficulty descending from the surface at the beginning of your 

dives, it is essential to improve your duck dive. 

Overweighting to compensate for technical shortcomings is dangerous and should be avoided. 

A simple safety check is to confirm that, at the surface, you remain buoyant and do not start sinking 

after a full exhalation. Passing this check does not necessarily mean that your weighting is correct 

(use the full procedure explained above to verify that), but it does indicate that you are not severely 

overweighted, which would be dangerous. 

5.3 Freefall 

In the AIDA2 Freediver Course, you were diving above your point of neutral buoyancy or only slightly 

below it. It is now time to leave beginner freediving behind. As you go considerably deeper than your 

neutral buoyancy, the air in your lungs and the small gas bubbles in the neoprene of your wetsuit are 

compressed. As a result, your overall volume decreases, which reduces the buoyant force acting on 

your body. With less buoyancy, the balance shifts in favor of your weight, and you begin to sink more 

easily: 

Your weight > Buoyancy force 

When this happens, gǊŀŘǳŀƭƭȅΣ ȅƻǳ ōŜŎƻƳŜ ƴŜƎŀǘƛǾŜƭȅ ōǳƻȅŀƴǘΣ ŀƴŘ ȅƻǳ ŦŜŜƭ ƭƛƪŜ ōŜƛƴƎ άǇǳƭƭŜŘέ 

effortlessly to depth - ȅƻǳ ǎǘŀǊǘ ǘƻ άŦǊŜŜŦŀƭƭέΦ 
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On descent past (deeper than) NB 

On your descent, you build up some speed by finning or pulling yourself down along the line. As you 

get close to your depth of neutral buoyanc you will notice that you are able to maintain that same 

speed with decreasing effort. A few more kicks (or pulls) get you almost effortlessly past neutral 

buoyancy and soon you will be able to keep the same speed without any further propulsion. Your 

free fall has begun and will take you to your target depth. 

Streamlining & relaxation 

The freefall is essentially a passive phase of the dive, similar to a static breath-hold, during which the 

diver focuses on streamlining and equalization. During the freefall, aim to maintain a streamlined, 

vertical body position, with your head aligned with your body axis. This can be achieved with minimal 

effort while keeping your focus on complete relaxation. 

At times, freefall may feel slow, with the rope in front of you seemingly motionless. Learning to 

exploit this phase of the dive can require patience and confidence. If you get distracted in this phase 

of the dive, try to return to your relaxation routine and maintain focus on proper equalization. 

Keep your head aligned with your body axis throughout the freefall. Looking down not only increases 

ŘǊŀƎΣ ōǳǘ ŀƭǎƻ ŀƭǘŜǊǎ ȅƻǳǊ ōƻŘȅ ǇƻǎƛǘƛƻƴΣ ŎǊŜŀǘƛƴƎ ŀ άōŀƴŀƴŀ ǎƘŀǇŜΦέ ¢Ƙƛǎ ƎǊŀŘǳŀƭƭȅ ǎƘƛŦǘǎ ȅƻǳǊ ōƻŘȅ 

away from the vertical line and toward a more horizontal position. Eventually, you may end up in a 

parachute-like posture, with your torso facing downward. Just as a skydiver slows their descent by 

adopting this position in air, it will also slow down your freefall in water. 

 

Workshop: Freefall steering (by J. Sunnex and W. Trubridge) 

During freefall, the body can deviate from a perfectly vertical position in two main planes: the 

sagittal plane and the frontal (or coronal) plane. 

1) Sagittal deviations: The sagittal plane divides the body into left and right halves. Deviations 

in this plane occur when you tip forward toward the line or lean backward away from it. These 

are often caused by improper weight distribution (too much weight on the front or back of the 

body) or by tension in the legs. 

The upper body is generally more buoyant than the lower body. When diving upside down, this 

can create instabilityτsimilar to an arrow with heavy feathers. Positioning weight closer to the 

head (e.g. around the neck) helps stabilize the freefall. 

If you tip forward, you may start brushing against the line. If you lean back, you will drift away 
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Ascend against negative buoyancy 

Upon reaching your target depth, you will grab the rope, make your turn, and begin your ascent. At first, you 

may notice that gaining speed requires effort, as you are swimming against negative buoyancy. Focus on 

maintaining efficient fin kicks or, in free immersion, steady and controlled arm pulls, while keeping a streamlined 

body position. 

As you ascend and approach your neutral buoyancy depth, you will experience the reverse effect of the descent: 

maintaining speed requires progressively less effort. Once you pass this point, only a few more movements are 

needed before the expanding air in your lungs provides enough buoyancy to lift you effortlessly toward the 

surface. At this stage, you can stop moving and allow yourself to float up. 

Save oxygen 

Applying only the amount of effort needed to maintain your speed is a key principle in freediving. At 

the beginning of the dive, you must swim against positive buoyancy. As you descend, the required 

effort gradually decreases until you enter the freefall phase. The transition from active swimming to 

from it, and your lanyard may become taut, creating drag. These deviations can be corrected by 

gently adjusting the position of the head and neck. Avoid excessive movement: the head should 

remain aligned with the body, and your gaze should stay on the rope. 

2) Frontal (coronal) deviations: The frontal plane divides the body into front and back halves. 

Deviations in this plane occur when the body drifts to one side. This is typically caused by uneven 

weighting (e.g. more weight on one side of the belt) or asymmetrical body tension. 

If you consistently drift to one side, identify and correct the underlying cause rather than 

compensating with movement. You can recognize this deviation when the rope shifts toward one 

side of your visual field. It is important to correct it early, before it becomes significant and 

disrupts your streamline. 

In CNF (constant weight no fins) and FIM (free immersion), frontal deviations can be corrected 

using the legs, similar to a rudder. Slightly externally rotating one foot increases drag on that 

side, causing the body to turn in that direction (e.g. rotate the right foot to move right). 

In CWT (constant weight with fins), frontal deviations are less common, as fins help stabilize the 

body. With bi-fins, small corrections can still be made by creating slight asymmetry in drag. With 

a monofin, subtly extending one leg more than the other will cause the body to move toward the 

opposite side. 
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freefall is not abrupt, but smooth and progressive. Once in freefall, you save a significant amount of 

energyτand therefore oxygen. 

This can be illustrated with a simple example: a CWTB dive to -30 m may appear equivalent to a 

horizontal swim of 60 m. However, the actual effort depends on how the dive is distributed. Assuming 

neutral buoyancy is set at -10 m: 

ω Descent 0-10m strong kicks 

ω Descent 10-20m gradually relaxed kicks 

ω Descent 20-30m free fall 

ω Ascent 30-20m strong kicks 

ω Ascent 20-5m gradually relaxed kicks 

ω Ascent 5-0m ascent by buoyancy (meters are approximate) 

In this example, the effective distance along which you are kicking hard is no more than 20 meters, 

another 25m is gradually more relaxed and a total of 15m is actually effortless. This represents the 

dynamic of a well-executed dive. 

Self-awareness: Stop descent immediately in case of discomfort 

As always in freediving, it is important to dive guided by self-awareness rather than by numbers. If 

you feel any discomfort during your freefall, immediately stop your descent, take hold of the line, 

relax, and begin your ascent in a controlled manner. 

How to train free fall 
When training freefall, you are working toward two main goals: identifying the optimal starting point 

of the freefall and developing effective streamlining. 

Chapter 5.2 explained how to find your neutral buoyancy. The point from which freefall begins is 

deeper than that, and you will need to determine it individually. The following example refers to 

CWTB, but the same approach can be applied to FIM: 

1. Count your kicks until you reach neutral buoyancy. 

2. Continue kicking for approximately four more kicks (counting one leg only to stay consistent, 

ŜΦƎΦ άǊƛƎƘǘΧ ǊƛƎƘǘΧ ǊƛƎƘǘΧ ǊƛƎƘǘΧ ǎǘƻǇέύΦ 

3. Stop kicking, maintain a streamlined position, and allow yourself to enter freefall. 

4. Observe your speed. 

During freefall, your descent speed should remain approximately the same as it was while kicking. If 

your speed drops significantly, you likely stopped kicking too early (i.e. at too shallow a depth). 

On your next dive, add a couple of kicks and reassess. Finding the right balance between propulsion 

and freefall requires sensitivity and experimentation, particularly in how you modulate the strength 
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of your kicks. In practice, it is rarely a simple switch between kicking and not kicking, but rather a 

gradual reduction in effort. With repetition, you will develop a precise sense of your speed and learn 

how much energy is needed to maintain it. 

Once in freefall, streamlining becomes essential. Streamlined does not mean rigid, but relaxed and 

aligned, maintaining a straight vertical posture. Excessive tension wastes energy without providing 

meaningful benefit. Stay relaxed, keep your head aligned with your body axis, and either close your 

eyes or maintain a soft focus on the rope. This allows your body to remain stable and aligned, 

supporting a smooth and efficient descent. 

  

 
Figure 9 - Free immersion. 
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In-depth: Wetsuit thickness and buoyancy variation (concept and data by Jun Matsuno) 

Two divers may be neutrally buoyant at the same depth and still experience the dive very 

differently. The same can happen to one diver when changing to a different wetsuit thickness 

and adjusting the weight to keep the same neutral buoyancy depth. 

 
A thicker wetsuit contains more compressible gas in the neoprene and therefore requires more 

weight to reach the same neutral buoyancy depth. Near the surface, before the neoprene is 

compressed, this makes the diver more positively buoyant and the start of the descent more 

demanding. At depth, after compression, the same diver becomes more negatively buoyant, 

which may result in a faster freefall and a more demanding beginning of the ascent. 

A thinner wetsuit creates a smaller buoyancy variation throughout the dive. The start of the 

descent and the first meters of ascent may feel easier, while the freefall may be slower. 

Correct weighting is therefore not only about where the diver becomes neutral, but also about 

how buoyancy changes throughout the whole dive. 
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Chapter 5 - Knowledge review 

.ŜƛƴƎ άǘƻƻ ƘŜŀǾȅέ ƛǎ ƻōǾƛƻǳǎƭȅ ŘŀƴƎŜǊƻǳǎ ōǳǘ ōŜƛƴƎ άǘƻƻ ƭƛƎƘǘέ ŘƻŜǎ ƴƻǘ ŀƭǿŀȅǎ 

means to be safe in freediving. Please comment. 

9ȄǇƭŀƛƴ ŀƴŘ ŎƻƳƳŜƴǘ ƻƴ ǘƘƛǎΥ ά{ŜǘǘƛƴƎ ȅƻǳǊ ƴŜǳǘǊŀƭ ōǳƻȅŀƴŎȅ ǎƘŀƭƭƻǿŜǊ ŘƻŜǎ 

not ǊŜǇƭŀŎŜ ƎƻƻŘ ǘŜŎƘƴƛǉǳŜΦέ 

If you fall off-balance during freefall, what are your main means to correct that? 
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6 EQUALIZATION 

In the AIDA2 Course, you learned the basics of equalizing your ears and your mask. This chapter 

explains in further detail what happens during an equalization maneuver and concludes with an 

introduction to the recommended equalization technique: the Frenzel maneuver. 

6.1 Elements of the ear 

Outer ear 

The outer ear (Figure 10), or outer auditory canal, is the space between the eardrum and the outside 

world. During freediving it should be filled completely with water, as any remaining air in your outer 

ear could make equalization harder, or even result in an injury. 

Depending on the shape of your ear and how tight your hood is, the ear might automatically flood as 

soon as you submerge. This is not always the case however: in some cases a hood can prevent air 

from escaping and your outer ears will not fill up with water. 

CHAPTER 6 
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When freediving with a hood, it is thus important to lift it slightly off your face at your temples to 

allow both your outer ears to fill up with water prior to every dive. Alternatively, you can poke small 

holes in your hood where your outer ears are in order to allow air to escape automatically when 

diving. 

Ear drum 

The eardrum (Figure 10) separates the outer ear from the middle ear. It is slightly flexible and thus 

very sensitive to register changes in environmental pressure. 

As described in AIDA2, there is a difference between the sensation of pressure-change and pain. 

Feeling pressure is essential for an efficient equalization technique, while experiencing pain while 

diving is always an alarm signal upon which you should stop your descent immediately. 

 
Figure 10 - Anatomy of the ear. 

Middle ear: Filled with air 

The middle ear (Figure 10) is the air-filled space between the eardrum and the inner ear. This is the 

part of the ear we must equalize during diving. 

Eustachian tubes 

The Eustachian tube (Figure 10) connects the middle ear with the nasopharynx. The connection with 

the nasal cavity is the reason why ς in normal physiological conditions ς sinuses are automatically 

equalized when we equalize our ears. 

Muscles around Eustachian tubes 

Some parts of the Eustachian tubes are surrounded by muscles which, in their default state, keep the 

tubes closed. These muscles can contract and open the Eustachian tube orifice in certain situations, 

for example during swallowing. 
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You can verify this yourself. In a quiet environment, swallow some saliva while listening closely: you 

should hear a slight clicking sound in both ears, indicating that the tubes are opening. 

Swallowing can, in fact, serve as a basic equalization technique. However, it is relatively slow and 

effective only for small pressure changes, making it suboptimal for freediving. 

 The more relaxed the muscles around your Eustachian tubes are, the smoother your equalization 

ǘŜŎƘƴƛǉǳŜ ǿƻǊƪǎΦ άHands-free equalizationέ ƳŜŀƴǎ ǘƘŀǘ ȅƻǳ Ŏŀƴ ƛƴǘŜƴǘƛƻƴŀƭƭȅ ŎƻƴǘǊŀŎǘ ǘƘŜ ƳǳǎŎƭŜǎ 

around the Eustachian tubes. 

Inner ear 

The organ responsible for hearing is the inner ear, or cochlea (Figure 10). It is located deep within the 

skull, approximately behind the eyes. Being fluid-filled, it does not require equalization in response 

to changes in external pressure. 

 

 
Figure 11 - Overview of the sinuses. 

6.2 Anatomy of sinuses 

Hollow spaces 

Sinuses are a connected system of several hollow cavities in the skull. The largest are roughly 2.5 

centimeters in diameter, while others are much smaller. 
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Air filled 

Sinuses are hollow, air-filled cavities, which makes them compressible and therefore subject to 

pressure changes. As anticipated, under normal physiological conditions they are automatically 

equalized when the ears are balanced. While the general purpose of the sinuses is not exactly clear, 

they certainly reduce the weight of the skull and add resonance to the human voice. 

Mucus 

Sinuses are lined with a soft, pink tissue called mucosa, covered by a thin layer of mucus. The mucus 

helps to humidify the inhaled air and traps irritants before they can enter further into the breathing 

system. 

Importance of proper ventilation 
Each sinus has a narrow spot called transition space or ostium, through which the sinus is constantly 

drained from old mucus, mostly towards the nose. Production of fresh mucus allows old mucus to be 

expelled together with the trapped irritants. 

Proper ventilation of the sinuses is thus vital for a constant replacement of old mucus with freshly 

produced mucus. 

Techniques for proper ventilation 

Apart from blowing your nose a few times per day, the elimination of old mucus can be greatly 

ǎǳǇǇƻǊǘŜŘ ōȅ ŎŜǊǘŀƛƴ ȅƻƎƛŎ ǘŜŎƘƴƛǉǳŜǎΦ ¢ƘŜ ŎƭŜŀƴǎƛƴƎ ŜȄŜǊŎƛǎŜǎ άkapalabhatiέ ŀƴŘ άnetiέ ŀǊŜ ǇǊƻōŀōƭȅ 

the most beneficial ones and can be conducted on a daily basis. Many AIDA Instructors will teach 

these techniques in special workshops complementary to the AIDA Courses. 

 Although relatively common, flushing the sinuses with seawater for cleansing purposes is not 

recommended. While it may occasionally provide short-term relief, it carries a significant risk of 

infection. Seawater is not the clean saline solution one might assume; it may contain pollutants, 

microorganisms, and a wide range of pathogens. Intentionally introducing such substances into the 

body should therefore be avoided. 

That said, incidental exposure does occur. Surfers, for example, are often familiar with seawater 

draining from the nose hours after their last session. As always, it is the dose that makes the 

difference: while small amounts are generally not problematic, deliberate ingestion or infusion 

should be avoided whenever possible. 
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6.3 Improving equalization technique 

AIDA2: Introduction to equalization technique 

During a descent in water pressure increases, compressing the air in the middle ear. As a result, the 

eardrum is pushed inwards, reducing the air space in the middle ear. To equalize this pressure you 

must push air into the middle ear through the Eustachian tubes. See your AIDA2 manual for full 

description of equalization. 

Avoid Valsalva maneuver for freediving beyond beginner level 
The Valsalva maneuver described in AIDA2 is a perfectly valid equalization technique for SCUBA or 

even for shallow dives at beginner level, but it will not work at greater depths (past 8-10m in a head 

down dive, normally). The reason it becomes progressively less efficient with depth is that it relies on 

generating pressure from the lungs and transmitting it to the upper airways while lung volume is 

decreasing and ambient pressure is increasing: our respiratory muscles are not designed for that. 

Starting with the AIDA3 Course (and beyond) you should refrain from using Valsalva and shift to the 

more efficient Frenzel technique. 

Learn and apply Frenzel maneuver 

To develop (or become aware of) the Frenzel maneuver, try the following steps: 

1. Breathe calmly through your nose 

2. Close your throat (glottis), as you would in order to hold your breath 

3. Pinch your nose with your fingers 

4. tǊƻƴƻǳƴŎŜ ŀ ά¢έ ƻǊ ŀ άYέ, gently pushing your tongue against this locking position, gradually 

increasing the pressure. 

If these steps result in successful equalization, you are most likely applying the basic principles of the 

Frenzel technique (also known as MarcanteςOdaglia). However, if you notice tension in your 

abdomen during the process, you may be performing a Valsalva manoeuvre instead, or a combination 

of the two. 

If you are still unsure, ask your buddy to place a hand on your abdomen while you equalize. If any 

movement is detected, even slight, you are not yet applying the Frenzel technique correctly. 

Your AIDA Instructor can help you master the Frenzel maneuver. 

Benefits of the Frenzel technique 
In comparison with Valsalva, the Frenzel technique is much more relaxing and effective, and can be 

used considerably deeper than 8-10m. In fact, it will allow you to gradually reach the depth where 

your lungs approach your residual volume, provided that your technique and relaxation support your 
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dive. To explore beyond this depth, you will need more refined equalization tools, which will be 

explained in the AIDA4 Master Freediver course. 

Equalization stretching and Eustachian tube exercises 

The muscles around the Eustachian tubes are connected with the jaw and (indirectly) with the neck. 

Gentle stretches of your neck and jaw muscles thus facilitate equalization. Below you can find some 

tips and tricks for practicing stretching to support your equalization. 

In-depth: stretching exercises for better equalization 

1. Stretch no. 1: While standing or sitting with a straight spine, allow your right ear to drop 

down to your right shoulder. Stay there, feel the tension on the left side of your neck, and 

let go of any tension you may notice. When you sense no more tension that you can let 

go of, raise your right arm, reach over your head and place your right hand on your left 

ear. Do not pull on your head, just allow the extra weight of your arm to pull your head 

down a bit further. Stay in this position for 5-7 relaxed breaths. Then release the hand 

and let go of the ear first and slowly raise your head back to the center. Repeat on the 

other side by allowing your head to sink to the left. 

2. Stretch no. 2: Allow your right ear to drop back down to your right shoulder in the same 

manner as before. Then slowly roll your head to the middle, until your chin touches your 

collarbone and your crown of the head points forward. Keep an erect spine and avoid 

pulling your head down with your hands ς the weight of the head is just enough. Gently 

keep rolling your head until your left ear has reached the left shoulder. Now reverse the 

direction, allowing your chin to touch your collarbone again, before ending the movement 

on the right side where you started. Repeat a couple of times. 

3. Stretch no. 3 (jaw series): Note: The jaw is very fragile and can easily be hurt. It is 

important to perform the following exercises in a very gentle manner.  Stick your tongue 

out as far as possible without tensing your face, then bring it all the way back, sliding the 

tip of the tongue along the roof of your mouth. Repeat a few times. Then, with the tip of 

your tongue, draw circles on your lips by outlining the lips with your tongue in both 

directions. Repeat a couple of times. Then gently open the mouth as far as you can 

without moving any muscles that are not needed to do so. Close the mouth again and 

repeat a few times. Gently move the jaw from left to right. Keep only a little gap between 

the teeth. Repeat a few times. Then gently move the jaw from front to back. Keep the 

little gap between your teeth while repeating this a few times. Finally, rotate the jaw 

gently clockwise, and then in the opposite direction, this is the so-ŎŀƭƭŜŘ άŎŀƳŜƭ-ŎƘŜǿέΦ 

Repeat it a few times. 
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Ease of equalization 

Regardless of which equalization technique you are using, always aim for perfect application of the 

maneuver by using only the muscles involved in equalization and relaxing all others. Tensing the neck 

or the jaw are common mistakes making it harder for you to equalize. 

In the AIDA3 course your instructor will teach you how to apply the Frenzel technique properly. An 

absolute imperative in this technique is to maintain a completely relaxed abdomen. The pressure 

needed for equalizing must solely come from your tongue (or your cheeks), while the throat is locked. 

At depth, if you can hear a noise coming from your throat while equalizing with the Frenzel technique 

it may indicate that you are trying to support your equalization by tensing the abdomen. The sound 

that this creates, the so-ŎŀƭƭŜŘ άDǊƻǳǇŜǊ ŎŀƭƭέΣ ƛǎ ŀ ŎŜǊǘŀƛƴ ǎƛƎƴ ǘƘŀǘ ȅƻǳ ǎƛƳǇƭȅ ƴŜŜŘ ǘƻ ǊŜƭŀȄ ȅƻǳr 

abdomen. Do this by shifting your focus to your abdomen, allowing it to completely relax and then 

equalize with the Frenzel technique again. This is one of the most important ways to an efficient 

equalization technique at depth. 

 

 

 

 

Chapter 6 - Knowledge review 

There is a difference between the sensation of pressure-change and pain. 

Please comment. 

Why is it not recommended to flush the sinuses with sea water? 

Regardless of what equalization technique you are using, what should be your 

main focus? 
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7 BAROTRAUMA 

Barotrauma is a general term referring to physical damage caused by a pressure difference between 

an air-filled cavity in the body and the surrounding water. In diving, barotrauma most commonly 

occurs during descent; however, certain conditions (such as reverse block) may also cause it during 

ascent. It is important to emphasize from the outset that barotrauma results from improper conduct 

or unfavorable physiological conditions, both of which should be preventable. 

Failure to equalize 

Barotrauma is easy to prevent by eliminating any pressure differences acting on tissues or organs by 
equalizing the changing pressure. If you are not able to equalize, stop your descent! If you still do not 
manage to equalize completely within a reasonable time you will have to abort the dive and 
resurface.  

Injury 

Failure to equalize alone, however, does not lead to injury. Injury will only happen if you fail to 
equalize and still choose to descent (or ascent, in case of a reverse block) in the water column. 

CHAPTER 7 
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Stay dry until fully healed 

Any barotrauma incident should be carefully assessed and appropriately treated. Medical evaluation 
is strongly recommended. It is also advisable to refrain from diving until full recovery, in order to 
reduce the risk of permanent damage.  

7.1 Eardrum perforation or rupture 

Injury to the eardrum is one of the most likely consequences of barotrauma, that is, if you do not 

abort your descent immediately when your equalization fails. 

 
Figure 12 - Illustration of normal, perforated and ruptured eardrum 

Perforated eardrum: Pinhole 

A small pinhole in the eardrum, or perforated eardrum is a form of barotrauma injury. 

Ruptured eardrum: Large tear 

A large tear or a burst eardrum is called a rupture. 

Symptoms 
An eardrum perforation or rupture normally manifests itself with sharp pain. You might also 

experience vertigo and loss of direction. If the eardrum is damaged, there will also be a temporary 

loss of hearing to a certain extent. As a consequence of an eardrum injury, water may enter the 

middle ear, significantly increasing the risk of infection. As symptoms may not always be noticeable, 

another indicator of a ruptured eardrum is the presence of air bubbles escaping from the ear during 

equalization. 

Stay dry, see a doctor 
Seek medical attention to clarify the damage to your eardrum and stay out of the water until it has 

fully healed. An eardrum perforation can heal itself within a couple of weeks, but treatment may be 

necessary to prevent infections and help improve your hearing. A larger rupture or a pinhole that 

does not heal spontaneously might require surgical intervention. 
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7.2 Middle ear barotrauma 

Blood forced into the middle ear 

If you fail to equalize and continue your descent regardless, the increasing pressure difference can 

cause congestion and bleeding within the middle ear, leading to an accumulation of fluids which 

significantly increases the risk of infection. This condition is known as middle ear barotrauma. 

Symptoms 

Middle ear barotrauma can cause sharp, sometimes severe pain that may persist for several days. 

¢ƘŜ ŜŀǊ Ƴŀȅ ŦŜŜƭ άŦǳƭƭέΣ ŀƴŘ ƘŜŀǊƛƴƎ Ƴŀȅ ōŜ ƳǳŦŦƭŜŘ ƻǊ ŜǾŜƴ ǘŜƳǇƻǊŀǊƛƭȅ ƭƻǎǘΦ Lƴ ǎƻƳŜ ŎŀǎŜǎΣ as a 

result of a middle ear barotrauma, divers report a sensation of water in the ear the day after 

freediving. In some other instances, the sensation may be due to water trapped in the outer ear due 

to earwax. In both cases, it is recommended to seek for medical attention. 

See doctor 

If you experience symptoms of middle ear barotrauma, it is essential to stay out of the water and 

avoid any further pressure changes (e.g. flying). You should seek medical evaluation. 

Healing time: One week to months 

With appropriate treatment and time, this injury may resolve within a few days; however, recovery 

can take several months in some cases. It is therefore important to obtain medical clearance before 

returning to diving. 

7.3 Reverse block: failure of automatic equalization during ascent 

In the AIDA2 Course, you learned that there is no need to equalize during ascent. This is because, 

while during descent you need to deliberately introduce ŀŘŘƛǘƛƻƴŀƭ ŀƛǊ ƛƴǘƻ ǘƘŜ ōƻŘȅΩǎ ŀƛǊ-filled 

cavities to counterbalance the increasing environmental pressure, during ascent this air expands and 

is automatically released from the body. However, in rare cases, this automatic outflow may be 

impaired, leading to a reverse block. 

Sinus or Eustachian tubes 

Reverse block occurs when the Eustachian tubes (which connect to the middle ear) or the sinus 

ostia (openings to the sinuses) are partially or completely obstructed, preventing expanding air 

from escaping the affected cavity. As the air keeps expanding in an enclosed space, is it possible to 

experience increasing pain in the middle ear or sinuses during the ascent, which can result in 

lesions. 

Cause and prevention 
A reverse block can be caused by an acute or not fully resolved upper respiratory infection. To reduce 

the risk, never dive while experiencing a cold or nasal congestion. Another possible cause is the 
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improper use of decongestant medication. Do not take any medication before diving unless advised 

by a doctor. Under pressure, these drugs may be metabolized more rapidly than at the surface and 

can wear off sooner than expected, potentially leading to airway congestion during the dive. 

What to do in case of a reverse block 
If the pain gets stronger upon ascent and you are not at great depth, immediately grab the rope to 

stop. This also helps to find orientation in case you suffer from vertigo. 

You might be tempted to equalize, but remember: a reverse block is caused by too much air 

expanding in an enclosed space. By equalizing you would make the situation worse. 

Give yourself as much time as you reasonably can. Try to remain calm and indicate to your buddy 

that there is a problem. 

 

If the issue affects one ear, you can try to relieve it by stretching the neck on the affected side (e.g. if 

the left ear is affected, tilt your head to the right) and gently moving the jaw to promote opening of 

the Eustachian tube. In any event, pinching your nose and either inhaling or swallowing might help 

sucking the air out of the cavity. 

Ascend as slowly as you can, using the rope as a guideline. The trapped air should eventually get 

released. 

Alternobaric vertigo (AV): Unequal pressure release between the ears 

Alternobaric vertigo (AV) is more commonly experienced on ascent, when one ear de-pressurizes 

slower (or incompletely) compared to the other. The difference in middle ear pressure can cause the 

brain to falsely interpret this as bodily movement. Involuntary eye movement, nausea, vomiting, 

tinnitus and muffled hearing can be symptoms of AV. 

Note that symptoms of AV can also be caused by a temperature difference between both middle 

ears, or by a ruptured eardrum allowing water to flow into one middle ear. 

Similar to a reverse block you should stop your ascent by reaching for the rope if you are at a shallow 

depth. However, at greater depths do not stop and rather keep moving slowly instead in order to not 

overextend your diving time. After experiencing AV, you should stop diving and see a doctor. Do not 

freedive before you are medically cleared and fully rested.  

7.4 Hood squeeze 

Well-fitting  hood 
A tailored wetsuit prevents water from flushing between the neoprene and the skin. The same applies 

to the hood: if it fits properly, water does not enter the ear canal. While this is particularly 

comfortable in cold-water freediving, it has a drawbackτair may become trapped in the ear canal. 
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Air trapped in ear canal 

If the hood seals tightly, air trapped in the ear canal between the hood and the eardrum may be 

compressed during descent, potentially causing injury to the eardrum or the ear canal. The sensation 

of a trapped air pocket in the ear canal may resemble a typical equalization failure, although it is a 

different mechanism. 

Fill ears with water 

To avoid having air trapped in the outer ear canal, fill your outer ear completely with water prior to 

every dive. You can also let water into your hood while descending. However, this might break up 

your streamlining and mental focus somewhat, so preferably, you have already taken care of that 

prior to your dive.  

Warning: Do not lift your hood off your ears with a jerky movement while diving. 

If there is an air pocket under pressure trapped in your ear canal, forcefully pulling on the hood can 

lead to ear canal or eardrum barotrauma. Alternatively, you can also pinch small pinholes in your 

hood, exactly at the position of your ears (while you are not wearing your suit, of course). These small 

holes will allow water to enter (and leave) your ear canal according to the changing pressure.  

7.5 Sinus squeeze 

! άǎǉǳŜŜȊŜέ ƛǎ ŀ ŎƻƳƳƻƴƭȅ ǳǎŜŘ ǎȅƴƻƴȅƳ ŦƻǊ ōŀǊƻǘǊŀǳƳŀΣ ǊŜŦŜǊǊƛƴƎ ǘƻ ŀ ǇǊŜǎǎǳǊŜ ƛƳōŀƭŀƴŎŜ ōŜǘǿŜŜƴ 

ƻƴŜ ƻŦ ǘƘŜ ōƻŘȅΩǎ ŀƛǊ-filled spaces and the surrounding environment which can result in pain or even 

lesions. If a partial or complete obstruction occurs in one of the sinuses or in a sinus ostium (the 

channel through which mucus drains from a healthy sinus), it is referred to as a άǎƛƴǳǎ ōƭƻŎƪέΦ ¢ƘŜ 

causes of this condition are described below. 

On descent 
A fully blocked sinus will manifest very quickly during descent. Sharp pain in the forehead, behind the 

cheekbone, or even in the teeth may occur early as pressure increases. The pain is caused by a 

pressure imbalance due to failed equalization, which creates relative negative pressure within the 

affected sinus and prevents proper ventilation. The mucosal tissue is typically inflamed and swollen, 

making it highly sensitive. Diving should not be attempted in such conditions. 

Blocked sinuses caused by congestion 

Sometimes, a spontaneous or partial blockage of a sinus can appear while diving. The pain sets in 

slowly and does not go away upon equalization. This happens when old mucus temporarily blocks an 

ostium from a sinus towards the nose. 
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Stop descent or abort diving 

If you experience a sinus block, stop your descent immediately by holding on to the diving line. Relax 

and try to equalize again: if the pain does not go away you will have to abort the dive and ascend in 

a controlled manner. 

Check for injury 

After surfacing, gently blow your nose into your hand and check the expelled mucus. If you notice 

any fresh blood, you may have injured the tissue in one of your sinuses. This indicates a sinus 

barotrauma, and you should stop diving. The injury typically resolves within a few days. During this 

time, you can also recover from the cold or congestion that likely caused the blockage in the first 

place. 

In other cases, the expelled mucus after blowing your nose may appear dark brownish-red, or even 

almost black. This usually indicates older blood from a previous irritation or minor injury in the 

sinuses. In such cases, diving does not necessarily need to be stopped immediately, but it should only 

be continued with great caution. For example, you may perform a slow free immersion dive, 

remaining very attentive to any discomfort or difficulty during equalization. Regularly and carefully 

check whether the blockage has resolved.  

7.6 Avoid blocked sinuses 

The single best advice to avoid a sinus block is: 

Do not dive with a cold or congestion. 

Preventing common colds relies on maintaining a well-functioning immune system, supported by a 

ƘŜŀƭǘƘȅ ƭƛŦŜǎǘȅƭŜΣ ǊŀǘƘŜǊ ǘƘŀƴ ƻƴ ǉǳƛŎƪ ŦƛȄŜǎ ƻǊ άƳŀƎƛŎέ ǊŜƳŜŘƛŜǎΦ IƻǿŜǾŜǊΣ ƴƻ ƻƴŜ ƛǎ ŎƻƳǇƭŜǘŜƭȅ 

immune, and even highly trained individuals may occasionally develop a cold. A balanced diet and 

reduced stress can support the recovery process. 

How to avoid sinus block 

Dry air, irritants, and allergies are among the most common causes of blocked sinuses. Some of these 

factors can be avoided. Try to minimize exposure to known allergy triggers and maintain adequate 

hydration to support normal mucus function. In some cases, consistent attention to these factors 

may help reduce the frequency or severity of sinus issues over time. 

However, if symptoms persist or the cause cannot be managed, consultation with an ENT specialist 

(a doctor specializing in ear, nose, and throat conditions) is recommended. Short-term medical 

treatment of blocked sinuses may include antihistamines or decongestants. Diving should be avoided 

while taking these medications, as their effects may change under pressure and wear off 

unpredictably. 
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Inhale steam 

Inhaling steam several times a day may help to loosen thick mucus. You can pour hot water into a 

bowl and inhale the steam with a towel over your head (be very cautious to avoid excessive heat on 

the skin), or use a dedicated steam inhaler. Sitting in the bathroom with a hot shower running is less 

efficient and not recommended, as it uses an excessive amount of energy. 

Cleansing pranayama 

Ask a qualified and experienced yoga teacher to introduce you to techniques such as kapalabhati, 

nadi shodhana and bhastrika. When practiced correctly and in appropriate conditions, these 

exercises may help mobilize the respiratory system and keep the nasal passages clear. 

Caution: Some yogic breathing techniques involve fast, deep and/or forceful breathing. 

Kapalabhati and bhastrika, in particular, can create strong air movement through the nose and 

upper airways. For this reason, they should not be practiced during the acute phase of a cold, sinus 

infection, strong nasal congestion, ear pain, ear pressure or blocked Eustachian tubes. They should 

also be stopped immediately if they cause pain, dizziness, unusual pressure in the ears or sinuses, 

or discomfort. These techniques may also result in hyperventilation. They can help train and 

mobilize the respiratory system; however, they must not be practiced immediately before 

freediving. 

Neti pot 

Jala neti is a yogic nasal irrigation technique using a saline solution and a neti pot or similar device. 

Proper technique is important to avoid adverse effects. The water must be sterile, distilled, or 

previously boiled and cooled. It should be lukewarm and have a salinity similar to that of tears. The 

device must be clean, and the irrigation should be performed gently, without applying pressure. 

Caution: Do not perform nasal irrigation if you have an ear infection, strong pressure in the ears, a 

completely blocked nostril, or recent ear or sinus surgery, unless advised by a healthcare 

professional. If symptoms worsen after irrigation, or if you develop fever, headache, nosebleeds or 

unusual pain, stop the practice and seek medical advice. Forcing water through the nostrils under 

pressure, for example using a squeeze bottle too forcefully or a similar device, can cause irritation, 

discomfort, fluid retention in the sinuses or ears, and may increase the risk of complications. Nasal 

irrigation should always be gentle and should never be forced. 

Sleep bad side up 
If you have a blocked sinus or nostril, a simple recommendation is to sleep with the affected side 

elevated. Mucus from an inflamed sinus drains toward the nasopharynx, and keeping the affected 

side higher may help facilitate this process thanks to gravity. 



AIDA3 MANUAL 
 

CHAPTER 7 

 

 

61 

In contrast, if you have an inflammation of the outer ear canal, it is preferable to sleep with the 

affected ear facing downward to allow drainage, while avoiding any occlusion of the auricle. 

Outer ear infections are more common than middle ear or sinus infections, but the symptoms may 

feel similar. Seek medical advice if you are unsure about the nature of the problem. 

Be careful with air conditioning 

Avoid excessive use of air conditioning when possible. Air conditioning systems can lower both 

temperature and humidity, which may dry the airways. If you cannot avoid air-conditioned 

environments, set the temperature to a comfortable level (typically around 26ς27°C).  

Keep well hydrated 

As stated throughout this manual, you lose a lot of fluid while freediving through transpiration, 

breathing through the mouth or immersion diuresis (see Chapter 3.5).  Even mild dehydration can 

make mucus in the sinuses thicker and impair its natural drainage. 

To maintain adequate hydration, drink water regularly before, during, and after freediving. If you are 

freediving from a boat, make sure to have water available and begin rehydrating soon after your 

session, even if you do not feel thirsty. Using refillable bottles instead of disposable ones is 

recommended to reduce environmental impact. 

Bringing a small water bottle to the float and taking small sips between dives can also help maintain 

hydration. Pay special attention to hydration during air travel, which often precedes freediving. 
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Figure 13 - Do not take risks and freedive only if you feel completely healthy

Chapter 7 - Knowledge review 

How do you prevent barotrauma? 

What are the symptoms of an eardrum perforation? 

How does a middle ear barotrauma occur? 

Why is a suspected middle ear barotrauma to be taken seriously and always be 

checked by a doctor? 

Why should you avoid equalizing if you are experiencing a reverse block? 

What is alternobaric vertigo? 

A well fitting hood can be a problem when it comes to hood squeeze. Explain! 

How should you react when experiencing a blocked sinus on descent to avoid a 

sinus squeeze? 

What is the best advice to avoid a sinus block? 
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8 HYPOXIA AND BLACKOUT 

Blackouts are the primary reason why freediving is sometimes perceived negatively by the public. 

However, with proper education and training, a freediver should never approach a hypoxic state 

ƭŜŀŘƛƴƎ ǘƻ ƭƻǎǎ ƻŦ ŎƻƴǎŎƛƻǳǎƴŜǎǎΦ 9ȄǇŜǊƛŜƴŎƛƴƎ ǎȅƳǇǘƻƳǎ ƻŦ ƭƻǿ ƻȄȅƎŜƴΣ ǎǳŎƘ ŀǎ ŀ άǎŀƳōŀέ ό[a/Σ ǎŜŜ 

AIDA2), or a blackout (BO), reflects inadequate technique, awareness, or training, and has no place 

in recreational freediving. 

8.1 Hypoxia 

Definition 

The common medical definition of hypoxia is the following:  

Hypoxia is a condition in which the body or its tissues receive an insufficient supply of oxygen, 

typically due to a reduced partial pressure of this gas in arterial blood (see Chapter 8.3). 

CHAPTER 8 
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In freediving, we commonly refer to the oxygen saturation of the blood, often simply called 

άƻȄȅƎŜƴŀǘƛƻƴΦέ Lƴ ŀ ƘŜŀƭǘƘȅ ǇŜǊǎƻƴ ŀǘ ǊŜǎǘΣ ƻȄȅƎŜƴ ǎŀǘǳǊŀǘƛƻƴ ǿƘƛƭŜ ōǊŜŀǘƘƛƴƎ ƴƻǊƳŀƭƭȅ ƛǎ ǘȅǇƛŎŀƭƭȅ 

between 96ς99%. In a clinical context, values below 90% are considered indicative of hypoxemia, and 

levels below approximately 80% are generally regarded as severe. 

However, during breath-hold diving, oxygen saturation can decrease well below these thresholds 

without immediate symptoms. Loss of consciousness may occur at significantly lower levelsτoften 

around 45ς50%τdepending on individual physiology and dive conditions. 

Cerebral hypoxia 

Cerebral hypoxia refers to a reduction in oxygen supply to the brain despite adequate blood flow. In 

this condition, the circulation to the brain remains sufficient, but the oxygen content of the blood is 

reduced, leading to decreased oxygen delivery to brain tissue. 

Consequences of cerebral hypoxia 

A sustained reduction in oxygen delivery to the brain can have severe consequences, including loss 

of consciousness (blackout, BO; see AIDA2), brain injury, and death. As explained in AIDA2, the effects 

of hypoxia depend on both its severity and duration: ŜǾŜƴ ǊŜǇŜŀǘŜŘ ŜȄǇƻǎǳǊŜ ǘƻ άƳƛƭŘ ƘȅǇƻȄƛŀέ ǿƘƛƭŜ 

remaining conscious may lead to cumulative neurological damage. 

It is important to emphasize that blackout has no training value. The brain does not adapt to low-

oxygen conditions through repeated blackouts; on the contrary, such practices carry significant risk 

and should be strictly avoided. 

Mild hypoxia: Loss of motor control (LMC) 

Early symptoms of cerebral hypoxia include impaired short-term memory, cognitive disturbances, 

and reduced motor control. In freediving, this condition is referred to as loss of motor control (LMC, 

see AIDA2), which typically occurs at the surface following a dive. 

8.2 Ischemia 

Definition 

Ischemia is a shortage of blood supply to a tissue or organ, typically caused by constriction or blockage 

of blood vessels. 

Oxygenation is ok, blood flow is not 

Blood oxygenation may be normal, but the blood flow may be locally constricted, leading to 

insufficient perfusion of specific tissues or organs. As a result, the affected area may develop 

ischemia. 
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Cerebral Ischemia 

wŜŘǳŎŜŘ ōƭƻƻŘ Ŧƭƻǿ ǘƻ ǘƘŜ ōǊŀƛƴ ƛǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ŎŜǊŜōǊŀƭ ƛǎŎƘŜƳƛŀΦ CǊƻƳ ǘƘŜ ōǊŀƛƴΩǎ ǇŜǊǎǇŜŎǘƛǾŜΣ ƛǘ 

makes little difference whether the cause is a lack of oxygen in the blood (hypoxia) or an insufficient 

blood supply (ischemia): in both cases, oxygen delivery to brain tissue will be compromised. Repeated 

or prolonged exposure to such conditions can have severe consequences. 

It is therefore important to understand these two mechanisms, in order to prevent and manage them 

effectively. 

Causes of cerebral ischemia 
An insufficient blood supply to the brain may result from systemic factors, such as low blood 

pressureτfor example when standing up too quickly. It can also be caused by external compression 

of blood vessels. In freediving, the most common cause of cerebral ischemia is Arterial Gas Embolism 

(AGE). 

8.3 Dalton's Law 

Definition 

άThe total pressure of a gas mixture is equal to the sum of the partial pressures of its individual 

components, each behaving as if it alone occupied the entire volumeΦέ 

At the surface, we breathe a gas mixture composed of approximately 79% nitrogen and 21% oxygen, 

corresponding to partial pressures of about 0.79 bar and 0.21 bar, respectively. 

For humans, the safe range of oxygen partial pressure is generally considered to lie between 

approximately 0.16 bar and 1.6 bar. However, as with all physiological limits, the effect depends on 

exposure: our response to extreme oxygen partial pressures is strongly influenced by both their 

magnitude and the duration of exposure. 

8.4 Shallow water blackout 

A shallow water blackout is a form of pressure-related hypoxia occurring during ascent. The term is 

sometimes used inconsistently: some organizations and individuals apply it to any loss of 

consciousness occurring in shallow water, such as in a swimming pool or even a bathtub. In 

freediving, however, the term has a specific and precise meaning, which can be summarized as 

follows: 

1. Loss of consciousness caused by hypoxia occurring towards the end of a dive.  

2. The hypoxic condition is caused or exacerbated by changes in ambient pressure (particularly 

during the ascent). 
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Descent increases partial pressure of oxygen 

Figure 14 shows how a shallow water blackout may develop. During descent, the lungs are 

compressed as ambient pressure increases. This raises the partial pressure of oxygen in the lungs, 

creating a steeper gradient between the lungs, blood, and tissues, thereby facilitating efficient 

oxygen transfer to the tissues (see diffusion in Chapter 2.2). 

Ascent reduces diffusion gradient 

After reaching the target depth and beginning the ascent, however, ambient pressure decreases, 

ƭŜŀŘƛƴƎ ǘƻ ŀ ǊŜŘǳŎǘƛƻƴ ƛƴ ǘƘŜ ǇŀǊǘƛŀƭ ǇǊŜǎǎǳǊŜ ƻŦ ƻȄȅƎŜƴ όhіύ ƛƴ ǘƘŜ ƭǳƴƎǎΦ !ǎ ŀ ǊŜǎǳƭǘΣ ǘƘŜ ƎǊŀŘƛŜƴǘ ƛƴ 

hі ǇŀǊǘƛŀƭ ǇǊŜǎǎǳǊŜ ōŜǘǿŜŜƴ ǘƘŜ ƭǳƴƎǎΣ ōƭƻƻŘΣ ŀƴŘ ǘƛǎǎǳŜǎ ōŜŎƻƳŜǎ ƭŜǎǎ ǎǘŜŜǇΦ Lƴ ŜȄǘǊŜƳŜ ŎŀǎŜǎΣ ǘƘƛǎ 

gradient may even reverse. 

In the final meters of the ascent, oxygen may be redistributed from the tissues back toward the lungs 

ŀǎ ǘƘŜ ōƻŘȅ ŀǘǘŜƳǇǘǎ ǘƻ ŜǉǳƛƭƛōǊŀǘŜ ǘƘŜ ŘŜŎǊŜŀǎƛƴƎ hі ǇŀǊǘƛŀƭ ǇǊŜǎǎǳǊŜΣ ǇƻǘŜƴǘƛŀƭƭȅ ƭŜŀŘƛƴƎ ǘƻ ŀ ŎǊƛǘƛŎŀƭ 

reduction of oxygen available to the brain. 

Unconsciousness at an average of 0.1bar ppO2 

aƻǎǘ ǇŜƻǇƭŜ ƭƻǎŜ ŎƻƴǎŎƛƻǳǎƴŜǎǎ ǿƘŜƴ ǇǇhі Ŧŀƭƭǎ ōŜƭƻǿ ŀǇǇǊƻȄƛƳŀǘŜƭȅ лΦм ōŀǊΦ !ǎ ŀ ǊŜǎǳƭǘΣ ŀ ŘƛǾŜǊ 

who remains above this threshold at depth due to the increased ambient pressure will experience a 

sudden drop below it during ascent, which may lead to a shallow water blackout. A ǇǇhі ƻŦ лΦму ōŀǊ 

at 10 meters can fall below the critical threshold at four meters from the surface, making loss of 

consciousness highly likely. 

The closer to the surface, the greater the relative drop in pressure 

The risk of shallow water blackout is greatest in the final meters of the ascent, where the relative 

change in pressure is most pronounced. From 30 m (4 bar) to 20 m (3 bar), the pressure decreases 

by only 25%, whereas between 10 m (2 bar) and the surface (1 bar), it decreases by 50%. 
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In-depth: Shallow water blackout (conceptual model and data by Francesco Corucci. 

Visualization inspired by Marcell Bago). 

The figure below represents a simplified model of a shallow water blackout (explanation below). 

 
Figure 14 - Simplified model of shallow water blackout. 
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Role of safety divers 

This explains why the final 10 meters of the ascent are the most critical phase of a freedive and 

highlights the importance of safety divers. Most incidents, if any, occur close to the surface. 

Accordingly, standard AIDA procedures require a safety diver to meet the diver at a depth of at least 

10 meters. For deeper dives, it is recommended that the safety diver meets the diver at greater 

depth, accompanying them during approximately the final third of the ascent. 

You can learn more about state-of-the-art safety protocols for freediving competitions (Figure 15) in 

dedicated specialty courses, such as the AIDA Competition Safety Freediver course series. Please find 

more details on these courses on the AIDA website. 

MŜǘŀōƻƭƛŎ hі ŎƻƴǎǳƳǇǘƛƻƴ ƛǎ ǊŜǇǊŜǎŜƴǘŜŘ ŀǎ ŀ ƭƛƴŜŀǊ ŘŜŎǊŜŀǎŜ ƛƴ ǇǇhі όҍлΦлн ŀǘƳ ǇŜǊ ǎǘŜǇύΦ .ŀǊ 

ŎƻƭƻǊǎ ƛƴŘƛŎŀǘŜ ǇǇhі ǘǊŜƴŘǎΣ ǊŜŘ ŘŀǎƘŜŘ ōŀǊǎ ǊŜǇǊŜǎŜƴǘ hі ŎƻƴǎǳƳǇǘƛƻƴ ŘǳǊƛƴƎ ǘƘŜ ŘƛǾŜΣ ǎƻƭƛŘ ōŀǊǎ 

ǊŜǇǊŜǎŜƴǘ ŀ ǊŜŀƭƛǎǘƛŎΣ ƴŜǘ ǇǇhіΦ The risk of blackout is primarily driven by the rapid drop in ambient 

pressure during the final phase of the ascent, which causes a steep reduction in oxygen partial 

ǇǊŜǎǎǳǊŜΦ ¢ƻǇΥ 5ǳǊƛƴƎ ŘŜǎŎŜƴǘΣ ƛƴŎǊŜŀǎƛƴƎ ŀƳōƛŜƴǘ ǇǊŜǎǎǳǊŜ ƭŜŀŘǎ ǘƻ ŀ ǊƛǎŜ ƛƴ ǇǇhі ŘŜǎǇƛǘŜ 

ongoing oxygen consumption. During ascent, ambient pressure decreasesτmost dramatically in 

the last meters (it halves in the final 10 m)τŎŀǳǎƛƴƎ ŀ ǊŀǇƛŘ Ŧŀƭƭ ƛƴ ǇǇhіΦ /ƻƳōƛƴŜŘ ǿƛǘƘ ŎƻƴǘƛƴǳŜŘ 

metabolic consumption towards the end of the performance, this explains the high risk of shallow 

ǿŀǘŜǊ ōƭŀŎƪƻǳǘ ƴŜŀǊ ǘƘŜ ǎǳǊŦŀŎŜΦ .ƻǘǘƻƳΥ ǇǇhі ŘǳǊƛƴƎ ŀƴ ŜǉǳƛǾŀƭŜƴǘ ŘƛǾŜ ǿƛǘƘƻǳǘ ǇǊŜǎǎǳǊŜ 

changes (e.g. static or dynamic apnea). Without the effects of depth, the same oxygen 

consumption would lead to an earlier drop in ppOі ōŜƭƻǿ ŎǊƛǘƛŎŀƭ ƭŜǾŜƭǎ όŀǘ ŀ ǎǘŀƎŜ ƻŦ ǘƘŜ 

performance roughly equivalent to the 20-30m range in the deep dive at the top). 

https://aidainternational.org/
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Figure 15 ς Safety divers in action during a competition. 

8.5 Decompression illness and surface intervals for freediving 

Until recently, decompression illness (DCI) was thought to affect only divers breathing compressed 

ƎŀǎΣ ǎǳŎƘ ŀǎ ƛƴ ǎŎǳōŀ ƻǊ ǘŜŎƘƴƛŎŀƭ ŘƛǾƛƴƎΦ ¢ƘŜǎŜ ŘƛǾŜǊǎ ƛƴƘŀƭŜ ǎƛƎƴƛŦƛŎŀƴǘ ŀƳƻǳƴǘǎ ƻŦ ƴƛǘǊƻƎŜƴ όbіύ 

under increased pressure. If ascent is too rapid, the dissolved nitrogen may come out of solution and 

form bubbles in the blood and tissues. These bubbles can impair circulation and lead to tissue 

damage.  

However, the evolution of freediving has provided evidence that DCI can also affect breath-hold 

divers. As freediving is still a relatively young scientific field, our understanding continues to evolve. 

It is not yet fully established how much nitrogen a freediver absorbs at different depths and 

durations. Observations over the past decades suggest that both nitrogen uptake and susceptibility 

to DCI can vary significantly between individuals, depending on multiple factors. 

Note: DCI encompasses two different action mechanisms, known as decompression sickness (DCS), 

and arterial gas embolism (AGE). These will be described in greater detail in the AIDA4 Master 

Freediver course. 

Signs and symptoms of DCI 

Below you can find a list of symptoms that may indicate DCI: 
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ω Prolonged fatigue 

ω Pain in arms, legs or torso 

ω Dizziness or vertigo 

ω Shortness of breath or painful breathing 

ω Local numbness, tingling or paralysis 

As a buddy, you can observe the following signs in the diver, potentially indicating DCI: 

ω Blotchy skin rash 

ω Rubbing joints 

ω Staggering 

ω Coughing spasms 

ω Collapse 

ω Unconsciousness 

If you experience any or several of these symptoms or signs, immediately stop freediving and seek 

medical assistance. If available, breathe pure oxygen until you reach the closest medical facility. 

Rules of thumb 

In your AIDA3 course, you are allowed to dive as deep as -30m. To calculate a safe surface interval 

for these depths you can use a simple rule of thumb: 

¶ Freediving up to 30m: surface time = 3 * dive time 

[ŜǘΩǎ ǎŀȅ ȅƻǳ ŘƻǾŜ ǘƻ нрƳ ƛƴ мΥмл, you should then rest at the surface for at least 3*1:10=3:30, before 

your next dive. 

For dives deeper than -30m, two different rules apply. These rules are discussed in detail in the AIDA4 

course, but are reported below for completeness: 

ω Freediving to 30-55m: surface time = 6 * dive time 

ω Freediving deeper than 55m: one dive in 24h 

These rules of thumb are intended to provide a substantial safety margin and help reduce the risk of 

developing symptoms of decompression illness. However, nitrogen accumulation is also influenced 

by factors such as the number of dives performed, as well as individual characteristics including 

fitness, overall health, and other variables. 

Divers should therefore remain vigilant and respond promptly to any unusual signs or symptoms. 
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Chapter 8 - Knowledge review 

Why is there no benefit in intentionally inducing a blackout?  

Provide examples of how cerebral ischemia can occur.  

²Ƙŀǘ ƛǎ ǘƘŜ ƳŜŀƴƛƴƎ ƻŦ ǘƘŜ ǘŜǊƳ άǎƘŀƭƭƻǿ ǿŀǘŜǊ ōƭŀŎƪƻǳǘέ ƛƴ ŦǊŜŜŘƛǾƛƴƎΚ  

Decompression illness occurs only in divers who breathe compressed gas, such 

as in scuba diving. True or false? Explain your answer. 
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9 TRAINING CONCEPTS 

At first glance, freediving training exercisesτstructured sequences of breath-holds often referred to 

ŀǎ άtablesέτmay all appear similar: dynamic laps with varying distances and recovery times, or a 

series of static breath-holds. Yet, similar combinations of effort and recovery can serve very different 

training objectives. 

In practice, three main types can be distinguished: 

1. Warm-up tables: Designed to prepare the diver for a single maximum-performance attempt.  

2. COϜ tolerance tables: Designed to improve tolerance to elevated carbon dioxide levels.  

3. OϜ training tables: Designed to improve the ability to function under low oxygen conditions 

(not used in recreational freediving).  

9ŀŎƘ ǘŀōƭŜ ǎƘƻǳƭŘ ƘŀǾŜ ƻƴŜ Ƴŀƛƴ ǘǊŀƛƴƛƴƎ Ǝƻŀƭ ŀƴŘ ǎƘƻǳƭŘ ƴƻǘ ŘŜƭƛōŜǊŀǘŜƭȅ ŎƻƳōƛƴŜ ƘƛƎƘ /hі ǎǘǊŜǎǎ 

with low-hі ŜȄǇƻǎǳǊŜ ƛƴ ǘƘŜ ǎŀƳŜ ǊŜŎǊŜŀǘƛƻƴŀƭ ŜȄŜǊŎƛǎŜΦ 

In this course, you will learn how to apply the first two concepts and adapt them to your individual 

needs. As these vary depending on experience level and personal characteristics, it is rarely effective 

to simply copy a table designed by someone else. Instead, you should develop your own. 

CHAPTER 9 
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By applying these principles, performance can improve rapidly, requiring regular adjustments to 

maintain an appropriate level of challenge and ensure continued training effectiveness. 

9.1 Warm-up to max performance 

!ƭƭƻǿ ǘƛƳŜ ŦƻǊ ǘƘŜ ōƻŘȅ ǘƻ ŜƴǘŜǊ άŦǊŜŜŘƛǾŜ ƳƻŘŜέ 

Before a maximum-performance attempt, the body and mind need time to transition into a state of 

ǊŜƭŀȄŀǘƛƻƴ ŀƴŘ ǊŜŀŘƛƴŜǎǎ ƻŦǘŜƴ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άŦǊŜŜŘƛǾŜ ƳƻŘŜΦέ ¢Ƙƛǎ ǎǘŀǘŜ ƛǎ ŀŎƘƛŜǾŜŘ ōȅ ŀƭƭƻǿƛƴƎ ǘƘŜ 

muscles to relax, the heart rate to settle, and the breathing pattern to become calm and controlled. 

The extent of the warm-up required depends on several factors, including experience level, prior 

physical activity, stress, and individual characteristics. In open water, warm-ups typically consist of a 

series of slow, shallow, and relatively short dives. In the pool, they usually involve a sequence of short 

breath-holds. 

Throughout the warm-up, the diver remains focused on relaxation and the upcoming dive, minimizing 

external distractions. 

Physical and mental relaxation 

The primary purpose of warm-up is to induce both physical and mental relaxation. These two aspects 

are closely linked and reinforce each other: a calmer mind promotes physical relaxation, which in 

turn further quiets the mind. 

As discussed in AIDA2, focusing on physical stillness through a structured relaxation technique is an 

effective way to achieve this state. Maintaining attention on the relaxation process itself helps 

prevent the mind from wandering. 

During warm-up dives, awareness remains anchored in the present moment. In the final relaxation 

phase before the maximum attempt, visualizing each phase of the dive can further enhance mental 

preparation (see below). 

Inducing the mammalian dive response 

In addition to mental preparation, warm-up dives help trigger the MDR (see Chapter 3) making the 

sensations associated with the activation of this physiological response feel smoother and more 

gradual. 

Visualization as part of preparation 

Visualization is a powerful tool and can be used as a complement to physical warm-up. Entire dives 

can be mentally rehearsed in detail: from the duck dive, to body position and equalization, to 

propulsion and ascent, finishing with proper recovery breathing and signaling. Visualization is so 

powerful that competitive athletes may use very little or no physical warm-up before a maximum 
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attempt. This approach requires lots of experience, flexibility, and confidence, both in terms of 

equalization and mental attitude. It is not a skill taught or practiced during AIDA3 courses, and it 

should not be considered a recommended method for recreational freediving. 

For AIDA3 students, especially in open water and depth training, every dive should be approached 

progressively, using appropriate warm-up dives, adequate surface intervals, and direct instructor 

supervision. 

 
Figure 16 - Warm-up dives are often done in free immersion (FIM) 
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ά{ŀǾŜ ǘƘŜ ƭŜƎǎέ ŀǇǇǊƻŀŎƘ 

One of the limiting factors in constant weight freediving is the tolerance of the active muscles, 

primarily the legs, to lactic acid accumulation toward the end of a dive. Once this tolerance is 

exceeded, muscle performance may be significantly impaired, ŀƴŘ ƭŜƎǎ Ƴŀȅ ŦŜŜƭ άƘŜŀǾȅέΦ 

For this reason, warm-up dives should be performed with minimal physical effort to avoid 

unnecessary lactate accumulation. Free immersion (FIM) is therefore the preferred technique for 

warm-up, as it allows the diver to move along the line in a slow and controlled manner while 

maintaining overall relaxation. This approach enables longer dive times with minimal muscular strain 

and reduced lactate production. 

Examples of warm-up tables 

The table below shows a typical example of a warm-up table for a maximum attempt in static apnea 

(STA). Using time references as a guide for warm-ǳǇ Ƴŀȅ ƴƻǘ ŀƭǿŀȅǎ ƳŀǘŎƘ ǘƘŜ ōƻŘȅΩǎ ƴŜŜŘǎ ƻƴ ŀ 

given day. For example, a three-minute breath-hold may feel easy on one day, while on another it 

may already push your limits. 

For this reason, it can be more effective to use the onset of the first contraction as a reference point. 

/ƻƴǘǊŀŎǘƛƻƴǎ ŀǊŜ ǘǊƛƎƎŜǊŜŘ ŀǘ ŀ ǊŜƭŀǘƛǾŜƭȅ ŎƻƴǎƛǎǘŜƴǘ ƭŜǾŜƭ ƻŦ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ό/hіύ ƛƴ ǘƘŜ ōƭƻƻŘ ŀƴŘ 

therefore provide a more individualized indicator of effort, helping to prevent excessive strain during 

the warm-up phase. 

Relaxation Breath hold 

3 min First contraction 

3 min First contraction 

3 min First contraction 

6 min Maximum performance 

Figure 17 - Example for a warm-up table in static apnea (STA) 

 
However, it is important to note that the timing of the first contraction is not entirely fixed. Factors 

such as stress or insufficient relaxation may cause contractions to occur earlier than usual. This does 

not diminish the usefulness of this method; rather, such variability can provide valuable insight into 

ǘƘŜ ŘƛǾŜǊΩǎ ŎǳǊǊŜƴǘ ǎǘŀǘŜΦ 

Once your warm-up table has been prepared, it should be shared and discussed with your buddy. 

The buddy then guides you through the entire warm-up sequence, providing time cues (e.g. during 

static breath-holds) and reminders about the structure of the next repetition. 
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With experience, you will learn which warm-up sequence works best for you. Some freedivers prefer 
several short and easy warm-up dives, while others use fewer repetitions. Some top-level athletes 
may perform their dive with no warm-up at all.  

¢ƘŜǊŜ ƛǎ ƴƻ ǎƛƴƎƭŜ άōŜǎǘέ ǿŀǊƳ-up table, but every warm-up plan must prioritize relaxation, gradual 

progression, adequate recovery, and safety. At AIDA3 level, warm-up routines should remain 

conservative and should be adapted under the guidance of your instructor. 

The warm-up as shown in below is a commonly used table in competitive DYNB freediving. Most of 

the relaxation is performed outside the water, before the table begins. Once the athlete enters the 

water, only about 10 minutes remain before the maximum attempt is performed. 

Reducing time spent in the water allows the freediver to use the thinnest possible wetsuit (or none 

at all) without getting cold. 

Relaxation STA/DYNB 

3 min Dry STA to first contraction 

3 min Dry STA to first contraction + 20s 

3 min DYNB 25m 

5 min Maximum performance 

Figure 18 - Warm-up table for DYNB 

Another choice is that of mixing static and dynamic during warmup. In this approach, the diver 

performs a static breath-hold for a set duration (timed by a coach or buddy), followed immediatelyτ

without breathing/recoveryτby a DYNB dive over an easy distance. After this sequence, sufficient 

recovery time is essential before the maximum attempt. 

Relaxation STA/DYNB 

3 min 
1min STA + 25m DYNB 

(no breathing in between) 

5 min Maximum performance 

Figure 19 - Warm-up table including STA-DYNB 

ExampleΥ ά¦Ǉ ƴŜȄǘ ƛǎ ȅƻǳǊ fourth static, during which you will go to first contraction and then try 

to go on holding your breath while I count down one minute for you. You have two and a half 

more minutes to relax, enjoy your time. My next announcement will be at the 2-Ƴƛƴ ƳŀǊƪΦέ 
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As in dynamic apnea, it is equally important to conserve energy in the legs before a maximum attempt 

in constant weight (with fins). For this reason, warm-up dives are typically performed using free 

immersion (FIM), pulling along the dive line. 

This approach minimizes physical effort, as movement is limited to the pulling action while the rest 

of the body remains fully relaxed. 

Relaxation Pull downs (FIM) 

3 min 
Slow FIM to -10m, (or neutral buoyancy), 

then pull up slowly 

3 min 
Slow FIM to neutral buoyancy depth, 

hang to first contraction, pull up slowly 

3 min 

Slow FIM to neutral buoyancy depth, 

hang to first contraction+20s, pull up 

slowly 

5 min Maximum performance 

Figure 20 - Warm-up table for a max- attempt in constant weight. 

For this type of warm-up, the freediver may need to use a watch to time the second phase, which is 

not always ideal. As in static apnea (STA), the onset of the first contraction can instead be used as a 

ǊŜŦŜǊŜƴŎŜ ǘƻ ƎŀǳƎŜ ǘƘŜ ŘǳǊŀǘƛƻƴ ƻŦ ǘƘŜ άƘŀƴƎέ ŀǘ ŘŜǇǘh. From that point onward, a simple mental 

countdown is sufficient. 

Counting mentally is generally accurate enough, as warm-up tables do not require high precision but 

should prioritize relaxation. It is important to adjust the table to individual needs, preferences, and 

training goals. 

As with training tables (see section 9.2), warm-up tables are highly individual and often develop into 

a routineτor even a ritualτthrough repeated practice. However, it is important not to become 

overly dependent on this routine. A successful maximum attempt does not rely on a perfect warm-

up sequence: relaxation ultimately comes from within the diver, not from the table itself. 
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Figure 21 - CǊŜŜŘƛǾŜ ŎƻƳǇŜǘƛǘƛƻƴǎ ŀǊŜ ǘƘŜ ǳƭǘƛƳŀǘŜ ǘŜǎǘ ŦƻǊ άƳŀȄƛƳǳƳ ŀǘǘŜƳǇǘǎέ 

 

9.2 CO2 training tables 

¢ƻƭŜǊŀƴŎŜ ǘƻ /hі 

! /hі ǘŀōƭŜ ƛǎ ǎǘǊǳŎǘǳǊŜŘ ǎƻ ǘƘŀǘ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ƭŜǾŜƭǎ ƛƴ ǘƘŜ ōƻŘȅ ǇǊƻƎǊŜǎǎƛǾŜƭȅ ƛƴŎǊŜŀǎŜ ǿƛǘƘ ŜŀŎƘ 

breath-hold, despite the recovery period in between. The purpose of this type of training is to 

ƛƳǇǊƻǾŜ ǘƻƭŜǊŀƴŎŜ ǘƻ ŜƭŜǾŀǘŜŘ /hі ƭŜǾŜƭǎΣ ōƻǘƘ ǇƘȅǎƛŎŀƭƭȅ ŀƴŘ ƳŜƴǘŀƭƭȅΦ 

Static or dynamic 

/hі ǘŀōƭŜǎ Ŏŀƴ ōŜ ǇŜǊŦƻǊƳŜŘ ƛƴ ŎƻƳǇƭŜǘŜ ǊŜƭŀȄŀǘƛƻƴ όǎǘŀǘƛŎύ ƻǊ ǿƘƛƭŜ ōŜƛƴƎ ǇƘȅǎƛŎŀƭƭȅ ŀŎǘƛǾŜ όŘȅƴŀƳƛŎΣ 

swimming or even jogging ς see AIDA4 for more training concepts). When performed dynamically, 

this type of training also contributes to improving muscular tolerance to lactate. 

Wet or dry 
/hі ǘǊŀƛƴƛƴƎ Ŏŀƴ ōŜ ŎƻƴŘǳŎǘŜŘ ƛƴ ŘǊȅ ŎƻƴŘƛǘƛƻƴǎτfor example while lying relaxed on a bed (static) or 

walking (dynamic). It can also be performed in a pool or confined water. However, remember that 

any breath-hold training in water must always be conducted under proper supervision. 
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A qualified buddy must be present and actively monitoring the diver at all times (Figure 22). Training 

side by side is not sufficient as a safety procedure: one diver performs the breath-hold while the other 

remains fully attentive and ready to assist, then roles are switched. 

 
Figure 22 - Buddy team in static apnea (STA) 

 

No hypoxia 

A well-ŘŜǎƛƎƴŜŘ /hі ǘŀōƭŜ ƛǎ ŎƘŀƭƭŜƴƎƛƴƎ ŘǳŜ ǘƻ ǘƘŜ ǇǊƻƎǊŜǎǎƛǾŜƭȅ ƛƴŎǊŜŀǎƛƴƎ ƭŜǾŜƭǎ ƻŦ ŎŀǊōƻƴ ŘƛƻȄƛŘŜ 

in the body. Recovery periods between breath-holds are long enough to restore adequate oxygen 

ƭŜǾŜƭǎΣ ōǳǘ ƴƻǘ ǎǳŦŦƛŎƛŜƴǘ ǘƻ Ŧǳƭƭȅ ŜƭƛƳƛƴŀǘŜ ŜȄŎŜǎǎ /hіΦ 

!ǎ ŀ ǊŜǎǳƭǘΣ /hі ŀŎŎǳƳǳƭŀǘŜǎ ƻǾŜǊ ǘƘŜ ŎƻǳǊǎŜ ƻŦ ǘƘŜ ǘŀōƭŜΣ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ƭŜǾŜƭ ƻŦ ŘƛǎŎƻƳŦƻǊǘΣ ǿƘƛƭŜ 

oxygen levels remain sufficient to avoid hypoxic conditions. 

Design Principle 1: Constant breath-hold duration 

Each diver has an individual breath-ƘƻƭŘ ŎŀǇŀŎƛǘȅ ŀƴŘ /hі ǘƻƭŜǊŀƴŎŜΣ ǿƘƛŎƘ ƳŜŀƴǎ ǘǊŀƛƴƛƴƎ ǘŀōƭŜǎ ŀǊŜ 

most effective when tailored to personal needs. 








































































