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Introduction

Recreational diving has excellent safety statistics. The level of knowledge 
expected from recreational divers and the available equipment make it pos-
sible to avoid injury and illness. However, training and equipment cannot 
eliminate all the risk. Being a recreational diver means that you accept a 
reasonable level of risk related to the activity.

If something goes “wrong”, it is very likely that the ill or injured diver has 
hypoxia. Decompression sickness (DCS), lung overexpansion injuries, near 
drowning, carbon monoxide poisoning are examples of potential conse-
quences of being underwater. Being subjected to changing pressures affects
the respiratory and circulatory system and can lead to hypoxia – either af-
fecting a part of the body or all body tissues.

There is only one “cure” for hypoxia, which is oxygen. 
In some cases the oxygen in the air could be enough; 
in others as high a concentration as possible should 
be given. This requires that the person who is giving 
basic life support and first aid can recognize a need 
for additional oxygen has a thorough understanding 
of what the oxygen does in the body of the patient 
and knows how to use oxygen equipment to provide 
as high a concentration as possible.

This book covers both the medical and technical con-
siderations for the administration of oxygen.
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Medical Considera-
tions
In virtually all diving courses, the recognition of medical emergencies is 
addressed. This information often consists of lists of signs and symptoms. 
Just reading such a list (and memorising it) does not develop understanding 
of what is actually going on in the body of the diver. 

Some diving emergencies can be recognised by only few factors out of a 
wide range of possible symptoms. These are emergencies in which the oxy-
gen supply to only a part of the body is affected (embolism, decompression 
sickness and other). The range of possible symptoms is simply too big to 
learn by heart. Understanding of the underlying mechanisms that provoke 
the symptoms allows a rescuer to explain what is happening. That level of 
understanding is the goal of this chapter.
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Hypoxia is a lack of oxygen. The cells in 
the human body need oxygen to func-
tion and to stay alive. Nerve cells are 
very sensitive to a lack of oxygen. Dam-

age could result after as little as 4 
to 6 minutes without oxygen. 
Anoxia is similar to hypoxia, but 
means “no oxygen“, rather than 
“too little oxygen”.

If you have too little oxygen, the 
only functioning medication is 
oxygen. Administration of oxygen 
does not take priority over artifi-
cial respiration and CPR. If con-
fronted with a non-responsive 
diver, you should initially take 
care of basic life support. Admin-

istration of oxygen takes more or less the same priority as shock manage-
ment.

Almost any diving related medical 
problem involves hypoxia to a certain 
extent. The extent to which the body is 
lacking oxygen depends on the type 
problem and can be either local or involve the entire body. If there is a lack 
of oxygen for the entire body, the skin is also affected. This will result in 
signs which are easily recognized, such as a grey/blue skin. Somebody with 
hypoxia affecting the entire body looks as if he is not doing well and needs 
first aid. Such a situation could be caused by a near drowning or cardiac 
arrest.

Recognition of a local hypoxia is more difficult. The affected person might 
look perfectly healthy on first sight. The skin is not affected, so the person 
does not immediately appear to have a medical problem. A closer look might 
reveal things such as limping, local pain, problems focusing and others. 
Many of these are not signs, but symptoms. This means that you have to rely 
on the information the patient is giving you. If you know what to look for, 

Describe the meaning of hypoxia 
and anoxia.

Describe the signs and symptoms 
of hypoxia.
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you might notice mild signs of hypoxia and can then react by interviewing 
the diver to confirm what you have seen. To do this, it is necessary to under-
stand what hypoxia is doing and what you achieve when you give oxygen. 
We‘ll explore these issues in detail.

This drawing is a simplified illustration 
of some tissue with two capillaries. 
Normally you find more cells between 
two capillaries, but to illustrate what 
happens in hypoxia, 4 cell-rows serve 
all purposes. You have an 
enormous amount of capil-
laries. How great would you 
estimate the chance to stick a 
needle through the skin and 
have no blood coming out of 
the wound? There are more 
than 4 rows of cells between 
two capillaries, but the dis-
tance between the two is 
small.

There are 3 things you need to know about capillaries:

· You have just enough of them. If you were to go in an environment with less 
oxygen (mountains) you would get more capillaries. If you move to an area with 
more oxygen you would lose capillaries. If you gain weight, you not only become
fatter, but also acquire the additional capillaries needed to supply the fat with 
blood.

· Capillaries are semi-permeable, 
meaning that they let through 
oxygen, nitrogen, salt, sugar, 
liquid, etc. They are meant to
exchange molecules between 
the blood and the tissues.

· The walls of capillaries are
made out of living cells. Also the 
capillary itself needs oxygen to 
live.

List three key features of capillar-
ies and describe how capillaries 
deliver oxygen to cells.
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When breathing air, you inhale 21% of oxygen. You live in an air environ-
ment, so your body (and thus the amount of capillaries) is adapted to that. In
this drawing each capillary supplies the two rows of cells next to it with 
oxygen.

If the capacity of a capillary were adequate to provide three rows of cells
with oxygen, the next capillary would be further away. There is no mem-
brane between the rows of cells, but if one capillary stopped functioning, the 
next capillary would not have enough oxygen available to supply all the cells 
– a local hypoxia could develop.

Most of the mass of the human body is 
water (liquid). The biggest part of this 
liquid is in the cells. Cells maintain their 
stability by assuring that they are com-
pletely filled with water and are under tension. This tension is achieved by 
having a higher salinity within the cell than in the surrounding liquid. Liquid 
is continuously attempting to enter the cell in order to achieve equilibrium
in salinity. Because of the limits in flexibility of the wall of the cell this equi-
librium will never be achieved, but the attempt to enter liquid keeps the cell 
under sufficient tension (osmotic pressure) to maintain stability.

Cells release fluid when 
they are dying of unnat-
ural causes (such as 
hypoxia). The released 
fluid has a higher salinity 
than the salinity of the 
free liquid in the body. 
Now, there is no more 
cell-wall available to 
limit the liquid in an 
attempt to reach equilib-
rium in salinity. An un-
natural amount of liquid will accumulate in the affected area. An oedema (or 
swelling) is the result. This swelling can irritate nerves which can develop 
symptoms: pain, fatigue, etc. If the capillary was supplying a nerve with 
oxygen, the nerve can die – neurological damage – leading to symptoms 

Explain the risks related to a 
blockage in the circulation.
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such as paralysis, losing the ability to walk, remember, speak or see, numb-
ness, etc.

The swelling can exert pressure on the next capillary. As a result that capil-
lary is also going to be blocked (capillaries have a diameter which is just 
large enough to allow red blood cells to pass through. If they are flattened by 
the oedema, red blood cells will block the capillary). This then creates a 
snowball-effect – the oedema expands.

Four medical conditions provoke the same symptoms. The cause is different, 
but the further development of the oedema is the same.
· Nitrogen bubbles from DCS Type II block the bloodstream.
· Air bubbles from an Arterial Gas Embolism block the bloodstream.
· Solid material blocks the bloodstream in thrombosis.
· A stroke starts with a ruptured blood vessel (or thrombosis in an arterial vessel 

supplying the brain).
The distance between capillaries is 
based on a supply with 21% oxygen. 
When we now give the patient 100% 
oxygen, each capillary is transporting 
more (not 5 times as much, because of haemoglobin limitations) oxygen and 
can supply more tissue – a neighbouring capillary can take over the duties of 
a blocked capillary. This will bring oxygen to the isolated cells and, if they 
haven’t already died, this oxygen can help them to survive.

Oedema results from 
dead cells. For these 
cells the oxygen comes 
too late, but cells that 
are still alive can stay 
alive because of the 
oxygen that is now 
available. The oedema
will not develop any 
further. The snowball-
effect is stopped.

List the first two beneficial effects 
of oxygen.
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This explains the first two benefits of the administration of oxygen. Hypoxia 
is cured and oedema is stopped at the level to which it has developed.

With decompression sickness, bubbles 
may also develop in the tissue itself –
not in the bloodstream (and cause me-
chanical damage). In this case the 
bloodstream is not blocked, so there is 
oxygen flowing to the tissue. The cells will not die due to lack of oxygen. This 
is called Type I decompression sickness.

The symptoms are caused by irritation of nerves, which results from the 
pressure exerted by the bubble.
Once the bubble is gone, the symp-
toms are gone. There is no neurolog-
ical damage, so chances of healing 
are rather good.

The symptoms can include pain in 
the limbs, irritation, itching and 
other manifestations, but there is 
normally no neurological damage 
and thus no neurological symptoms 
such as paralysis, problems with seeing, talking, walking, etc. Normally, the 
patient does not lose consciousness and is alert. However, there are excep-
tions.

If a bubble forms in the liquid of 
the inner ear, the sense of bal-
ance is irritated; leading to verti-
go and the patient may vomit 
following each movement of the 
head. In this case there is no 

Explain what decompression 
sickness Type I is and describe 
related symptoms.

Explain what happens if a bubble 
is located in the inner ear or in 
the spinal cord.
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neurological damage, but the symptoms appear to be neurological and 
might be misinterpreted.

A bubble in the inner ear occurs frequently. Because the sense of balance is 
affected, the diver will have extreme vertigo and will throw up at short in-
tervals. This type of decompression sickness can be healed completely, but 
the treatment will take long. Probably it will take at least a week with multi-
ple treatments in a recompression chamber each day. The reason for this
slow process is the lack of living cells in the liquid in the inner ear. This 
mechanism will become clear when we cover the next two benefits of oxy-
gen on the following pages.

Another exception is a bubble in 
the spinal cord. If a bubble 
forms in the spinal cord, but not 
in the bloodstream, it can still 
block the flow of blood. In the 
spinal cord the capillaries and 
nerves are surrounded by bone. 
There is no room available for a 
bubble. If a bubble forms, it will 
push away the capillaries and 

nerves, but these cannot move out of the way. The pressure from the bubble 
will flatten them, restricting the blood flow. In this case we do risk neurolog-
ical damage. Symptoms are initially comparable to a hernia, but can develop 
into paralysis from the affected area down. The diver may limp or complete-
ly lose control of the legs. The diver may have problems with urination, or 
may feel tingling in a leg.

For this type of decompression sickness recompression can be urgent. Dur-
ing recompression the size of the bubble is reduced immediately, which will 
allow blood flow in the affected area and, in turn prevent neurological dam-
age.

The bubbles resulting out of decom-
pression sickness are nitrogen bubbles 
and the bubbles resulting from embo-

List two further beneficial effects 
of oxygen by means of explaining 
the law of Henry.
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lism are air bubbles. In both cases, most of the gas in the bubble is nitrogen.

Nitrogen is an inert gas and when breathing air, the bubble is surrounded by 
approximately 80% of nitrogen. Nitrogen is not used in the body and the 
bubble will not reduce in size.

When breathing 100% oxygen, the 
bubble will, after a while, be sur-
rounded by pure oxygen. Due to Hen-
ry‘s law, the bubble will give off nitro-
gen and take up oxygen in an attempt 
to achieve an equilibrium with its new 
environment. The nitrogen bubble 
will become an oxygen bubble.

Oxygen is a consumable gas. The liv-
ing cells surrounding the bubble will 

consume oxygen constantly. As a result there is always a lack of oxygen in 
the tissue surrounding the bubble. The bubble will supply this missing oxy-
gen to the surrounding tissue and will reduce in size. Eventually the bubble 
will disappear completely. How long this takes depends on the size of the 
bubble and the speed of the metabolism in the surrounding cells. If there is 
no neurological damage, the symptoms can disappear with the bubble.

If there is a difference in tension, salinity, pressure or other factor, it will 
reduce to half of its previous value periodically. How long a period takes 
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depends on the characteristics of the tissue. How much the variation within 
a period is, depends on the difference in tension. We can hardly alter the 
characteristics of a tissue, but we can change the difference in pressure.

We will want to eliminate as much nitrogen as possible in the body of the 
diver to prevent existing bubbles becoming bigger and new bubbles form-
ing. With less nitrogen in the tissues the chance of bubbles becoming bigger
or new bubbles developing is reduced or eliminated.

Let’s assume that a certain tissue after a dive has a nitrogen partial pressure 
of 1.6 bars and that the characteristics of the tissue allow the difference in 
pressure to reduce to half of its previous value in 5 minutes. If this diver is 
breathing air, the nitrogen partial pressure in the lungs and the arterial 
blood is approximately 0.8 bars. The difference in nitrogen pressure be-
tween the tissue and the blood is now from 1.6 bars to 0.8 bars = 0.8 bars. 
This difference will, in this case, reduce to half of its previous value in 5 
minutes. After 5 minutes the nitrogen partial pressure in the tissue will be 
0.4 bars less, which is 1.2 bars.

The new gradient in nitrogen partial pressure is 1.2 bars to 0.8 bars (we are 
still breathing air) = 0.4 bars. After 10 minutes the nitrogen partial pressure 
in the tissue will be 1 bar. Following the same calculation, the partial pres-
sure in this tissue after 15 minutes will be 0.9 bars.

If the same diver 
were to breathe
pure oxygen, the 
initial difference in 
the nitrogen partial 
pressure would be 
1.6 bars to 0 bar = 
1.6 bar (if we are 
breathing pure 
oxygen, the nitro-
gen in the lungs and 
arterial blood-

stream is reduced to virtually zero). This means that in the first 5 minutes 
the nitrogen partial pressure in the tissue will drop to 0.8 bars (already less 
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than after 3 periods breathing air). After 10 minutes we are at 0.4 bars and 
after 15 minutes at 0.2 bars. How long a period is for a certain tissue de-
pends on the density of the tissue and the distance between capillaries in 
that tissue. 

When giving oxygen to an ill or injured 
diver, the diver can feel better. There 
are two benefits which are directly 
related to the increased oxygen content 
in the breathing gas. You are fighting 
hypoxia and the oedema is stopped.

What makes diving somewhat special, compared to other medical problems, 
are the elevated nitrogen levels in the body of the diver at the end of a dive. 
This condition is rare and is only seen in people who have been exposed to 
pressure (or at least elevated nitrogen partial pressure), such as divers. As a 
consequence, the diver does not only benefit from breathing more oxygen, 
but also from not breathing nitrogen. The absence of nitrogen brings two 
additional benefits. Nitrogen bubbles become oxygen bubbles and are then 
consumed (disappear) and the accumulated nitrogen in the tissues is elimi-
nated quicker.

The absence of nitrogen in the breathing gas is thus important for a diver, 
but is not so important for people with “normal” medical problems. We 
want to opt for equipment that gives the highest possible oxygen percentage 
reaching the lungs. “Normal” oxygen equipment design does not necessarily 
take divers into consideration – it will give the advantages of an increased 
oxygen percentage, but will not do the maximum with respect to the ab-
sence of nitrogen because it may not bring 100% oxygen to the lungs.

For this reason we will concentrate on the percentage of oxygen that differ-
ent units can provide to the diver. Not all oxygen units that are good in 
“normal” situations are adequate for first aid for divers. 

A diver suffering from a lung overex-
pansion injury must receive oxygen. We 
distinguish between four types of lung 
overexpansion injuries. In three types, 

Summarize the beneficial effects 
of oxygen for the ill or injured 
diver.

Describe the four different lung 
overexpansion injuries.

http://www.scuba-publications.com


Oxygen First Aid ...

Page 11
www.scuba-publications.com

the air leaves the airspace of the lung and is trapped between tissues. The 
name of the injury indicates where the escaped air has accumulated.

The lung is a passive organ. It cannot move by itself. The lung is “packed” in 
a vacuum. Movement of tissue around the lung is transferred into lung 
(breathing) movement. Between breaths the lung reduces to its natural 
volume (exhaled). When we inhale, the lung is expanded. The lung also ex-
pands when we ascend without exhaling. If the lung is expanded too much, a 
lung overexpansion injury can result. If both the lung and the “lining” rup-
ture, emphysema develops. If only the lung or only the “lining” is affected, 
this will cause a pneumothorax.

· Subcutaneous emphysema – the air leaves the lung and accumulates around the 
collar bone and at the base of the neck.

· Mediastinal emphysema – the air leaves the lung and accumulates between the 
lungs and around the heart.

· Pneumothorax – the air accumulates between the tissue of the lung and the 
membrane around the lung. In this condition the trapped air pushes the lung to
the side, leading to a loss of volume.

In the fourth type, the air does 
not accumulate between organs 
or tissues. In this case, the air is 
entering the bloodstream. This 
can happen because of the pres-
sure differences between the 
bloodstream and the surround-
ing tissue. The arteries have a 
high pressure (this is why they 
are far inside the body with 
enough tissue surrounding 
them). In the veins (many very 
close to the skin) the pressure 
drops to just above ambient 
pressure. The key to the devel-
opment of an embolism is that 
the heart sucks blood from the 

lung after having pumped blood at high pressure into the arteries.

http://www.scuba-publications.com


... for Divers

www.scuba-publications.com
Page 12

If the blood pressure is higher than the ambient pressure, blood will flow
out of the blood vessel. If the blood pressure is less than the ambient pres-
sure, air will enter the blood vessel. The moment the heart sucks, the blood 
pressure between the lung and the heart falls below ambient pressure. If a 
capillary (surrounding alveoli) were to be damaged due to an overexpan-
sion injury, air is sucked into the bloodstream (at all other locations blood 
would flow out) and via the heart introduced into the arteries.

As air is lighter than blood, it tends to travel to the highest possible point,
the brain. That is the worst place you can imagine for an AGE (Arterial Gas 
Embolism).

Decompression sickness is another 
reason to provide oxygen as a first aid 
measure. It is not always easy to tell if 
you are dealing with an overexpansion 
injury or decompression sickness. That is the reason why (for the purpose 
of first aid) we address both under the same names – decompression illness 
or decompression incident.

There are three main types of decompression sickness. For first aid this 
does not really matter, because we provide the same care in all decompres-
sion incidents and some patients are affected by more than one type at a 
time.

Type I DCS normally results from long exposures to pressure. It is also re-
ferred to as “mechanical decompression sickness”. In this case the bubbles 
have formed in the tissue itself and exert pressure on nerves. The bubbles 
do however not block the oxygen supply to the tissue. There is no hypoxia 
and thus no neurological damage. Symptoms include pain, itching and the 
like.

In DCS type II, we are dealing with nitrogen bubbles in the bloodstream. 
This is a more serious problem because, just as in stroke, AGE and throm-
bosis, hypoxia can develop with neurological damage as a result. Nerves can 
die due to lack of oxygen. Neurological symptoms can include a local numb 
feeling, problems seeing, hearing or speaking, paralysis, etc. Where patients 
with DCS I have good chances of a full recovery after treatment, victims of 

List the three main types of de-
compression sickness.
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type II in many cases have irreversible damage and will have to deal with a 
reduction in quality of life after treatment is completed.

Damage resulting from decompression sickness which does not cause im-
mediate symptoms is sometimes referred to as DCS Type III. In this case 
there are bubbles in the body, but they do not block the supply of blood and 
do not irritate nerves. There is no immediate medical indication of a prob-
lem. Type III can have a negative effect on long term. A typical example is 
necrosis. The spinal cord and joints degrade over time.

From a theoretical standpoint, type II 
could not happen. The nitrogen comes 
from the tissues, so it enters the veins 
to be transported to the lungs. The 
veins have small diameter where the 

nitrogen enters, but the diameter in-
creases on the way to the heart. Bub-
bles could pass without problems and 
would not block the bloodstream. It is 
believed that the main cause for bub-
bles entering the arteries (the arteries 
decrease in diameter on the way from 
the heart to the tissues) is the foramen 
ovale. This opening between the two 
sides of the heart can allow bubbles to 
pass from the veins to the arteries ra-
ther than following their normal path 
to the lungs where they are filtered out 
of the blood.

Before you are born, your foramen ovale is open to allow an even distribu-
tion of blood throughout the body. The foramen ovale is kept open by the 
relation in blood pressure (higher pressure in the small circulation than in 
the big circulation). Shortly after birth, the relation in blood pressure chang-
es. The expansion of the lungs reduces the blood pressure in the small circu-
lation, while the big circulation increases blood pressure to fight gravity. 
The now greater blood pressure in the big circulation closes the foramen 
ovale and the distribution of blood is adapted to the new situation (using the 

Explain why the foramen oval 
plays a role in the development of 
decompression sickness Type II. 
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lungs for the oxygen supply). If the 
blood pressure in the small circulation 
becomes higher than the pressure in 
the big circulation, the foramen ovale
could be forced open again. This can 
happen when many of the blood pas-
sages in the lungs are blocked with 
bubbles, when coughing, when holding 
breath with maximum inhalation, when 
lifting heavy loads while holding 
breath, etc. In some people the foramen 
ovale is never completely closed.

When the blood with bubbles from the 
veins passes into the arteries, the con-
sequences are the same as with an arte-
rial gas embolism (AGE). A part of the 
body will not be supplied with oxygen and nerve tissue can die, leading to 
neurological damage.

Carbon monoxide (CO) binds with 
haemoglobin. The haemoglobin which 
carries CO is no longer available for the 
transport of oxygen. The reduced 
transport capacity will cause hypoxia, affecting the entire body. When 
breathing oxygen, we increase the transport capacity of the blood plasma. 
This can partly or completely compensate for the loss of transport capacity 
of the haemoglobin and thus reduce or eliminate the hypoxia. Carbon mon-
oxide poisoning can be recognized by an unnatural red colour of the lips and 
the tissue under the fingernails. It also causes symptoms of hypoxia, such as 
headache, dizziness, loss of coordination, tunnel vision and (in extreme 

cases) unconsciousness.

In near drowning, the exchange of gases between 
the lung and the bloodstream is impaired. Also a 
diver who has inhaled water, but was able to cough 
and solve the problem himself, should be consid-
ered near drowning. When giving oxygen, you make 

List other situation in which oxy-
gen can have a beneficial effect.
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better use of the exchange capacity that is still available. Whenever water 
enters the lungs, surfactant is affected and the exchange capacity is reduced. 
Medical attention is required

Aquatic live injury by itself does not require oxygen, but if the symptoms 
include respiratory or circulatory problems, oxygen can be beneficial. The 
same goes for “normal” medical problems that affect the respiration or cir-
culation, especially stroke and heart problems. Any time the supply of oxy-
gen to the tissues is impaired, the patient will benefit from the additional 
oxygen you administer as a first aid measure.

Sometimes divers wonder if it is a problem to administer oxygen to a patient 
who has been exposed to high oxygen partial pressures during a dive, such 
as a dive on Nitrox or with a rebreather. The answer is that these divers 
must also receive oxygen during first aid. A patient suffering from a diving 
related injury or illness is likely to develop hypoxia and in that case the only 
remedy is oxygen.

In cases where the entire body is af-
fected by hypoxia, it is not difficult to 
recognize that the patient is not doing 
well and needs oxygen. The colour of 
the skin will reflect the lack of oxygen and can be grey or blue. It is more 
difficult when the hypoxia is local, as we see in decompression sickness type 
II and Arterial Gas Embolism (AGE). In these cases the patient may on first 
sight look perfectly healthy.

Signs and symptoms of decompression sickness and AGE can initially be 
mild. Feeling weak, tired or feeling as if flu is coming on are typical. The 
diver can simply not feel entirely well, might limp a bit, be dizzy, feel some 
mild pain or find it hard to concentrate.

“Good divers respect the no-decompression limit” is something most have 
heard in their beginner course. The consequence of this is that many trans-
late having decompression sickness as “not being a good diver”. Because of
this idea, the diver may deny the possibility of decompression sickness and 
think the symptoms come from other problems and will disappear with time 
(“I hurt my elbow on the ladder, climbing back on the boat” or “I think I am 

Explain how to recognize poten-
tial problems.
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going to be seasick” or “I did not have 
breakfast”). This would cause a delay in 
the diver stepping forward to indicate 
that he might have a problem. Statistical-
ly for more than 60 per cent of all divers 
needing treatment in a recompression 
chamber, this comes as a complete sur-
prise. They were of the opinion that they 
did all correctly according to their train-
ing.

Delay means that damage can increase 
and an oedema and neurological symp-
toms might develop further. The sooner 
oxygen is given, the better the chances of 
full recovery and the shorter and easier 

the treatment in a hospital or recompression chamber may be. It happens 
rather often that divers who received oxygen immediately after an incident 
do not need any additional treatment. This means that divers should ob-
serve their buddies and peers after a dive. If you observe unexpected behav-
iour or body language, start asking questions.

If you are not sure pains are caused by bumping the elbow at the ladder or if 
you really just feel bad because of an upcoming flu, just assume you are 
dealing with decompression sickness.

By now it should be clear that a diver has the most benefit from 100% oxy-
gen (a complete absence of nitrogen in the breathing gas). If you are of the
opinion that a diver should breathe oxygen, then give the highest possible 
concentration you can. Do not reduce the concentration. It is better to 
breathe pure oxygen as long as the supply lasts than to breathe a lower per-
centage for a longer time. How to achieve this will be covered in the tech-
nical part of this booklet.
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Technical Considera-
tions
On first sight, some equipment for first aid with oxygen looks very similar to 
the regulators scuba divers are used to. This may give the impression that 
they are used in exactly the same way. This is not the case. Equipment for 
first aid with oxygen is constructed in such a way that the patient is always 
able to breath, even when you have forgotten to open the cylinder. This 
feature requires additional considerations.

In order to use the equipment in an appropriate manner, you must be able 
to identify with which type you are dealing. You must then be aware of the 
correct procedure for use. This is the subject of this chapter.
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Oxygen in high percentages in-
creases the risk of fire and explo-
sion. Oxygen itself does not burn, 
but matter that can burn will do 
so faster and more intensely in 
the presence of elevated oxygen 
partial pressure. This means that 
certain contaminations in or on 
the oxygen equipment could au-
to-ignite. Think of a gasoline en-
gine that does not need sparks to 

initiate combustion in the cylinders of the engine. It is enough when the 
cylinder is warm and the pressure rises during compression.

There is no reason for irrational fear. People are handling oxygen and work-
ing with oxygen every day. A few simple precautions will keep the risk with-
in acceptable levels.

Oxygen can also be dangerous when it is inhaled under pressure. Starting at 
a partial pressure of 1.6 bars, oxygen could become toxic. To make sure that 
a diver doesn’t take an oxygen cylinder by mistake and goes diving with it;
oxygen cylinders have a different connection for the first stage than diving 
cylinders do.

To avoid fire or explosion, you should not use grease or silicone on oxygen 
equipment. There are special lubricants that can be used with oxygen 
equipment, but this applies to the annual service only. As the user you do 
not need to lubricate the equipment at all. 

A fire can be started and will burn when there is sufficient oxygen, fuel and 
heat. Removing any of these three will prevent a fire from starting or will 
extinguish it. We are dealing with 100% oxygen, so it becomes important to 
ensure the absence of the other two factors – fuel and heat.

Describe how to administer oxy-
gen in a safe manner.
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Heat cannot be completely controlled as we have to work in a given envi-
ronment. Within the equipment oxygen-cleaning prevents the presence of 
traces of fuel. You should handle the equipment in a way that reduces the 
risk of contamination to a minimum. You should also handle the equipment 
in a way that prevents rising temperatures.

Your patient will not use all the oxygen you give. Some of the oxygen will 
escape from the mask and the patient will exhale most of the oxygen in-
haled. This results in an accumulation of oxygen around the patient. A near-
by fire would start burning more intensely, which could cause other things 
around it to catch fire. Make sure you don’t use oxygen near open fire.

Both for safety and for the comfort of the patient it is best to use oxygen in a 
well-ventilated area. If you are inside, opening a window will do, in most 
cases. Open the cylinder valve slowly to avoid an abrupt burst of high pres-
sure into the first stage. Some units constructed in the nineties had alumini-
um parts in the first stage. In some cases an abrupt opening of the cylinder 
caused the first stage to catch fire.

To make sure that no grease, dirt, or other material that can burn, gets on 
the high pressure connections, it is best to keep the unit assembled (this 
also assures that the unit is immediately ready for use in an emergency). 
Keep the cylinder closed during storage.

Equipment for diving makes use of O-rings and the first stage is lubricated 
with silicone. It may be tempting to modify an old regulator to be used as an 
oxygen unit, but you should not. Just cleaning and removing all silicone and 
rubber parts is not enough. Regulators for oxygen have a different design 
from diving regulators.

Oxygen doesn’t go bad with time. The only time-limit for storing oxygen is 
the interval of hydrostatic testing for the cylinder (in many cases 10 years). 
If there is corrosion on the inside of the cylinder, you would lose some pres-
sure, but the oxygen in the cylinder will not change its quality and it can still 
be used for first aid.

There are many brands and models of oxygen equipment. Not all of these 
were made with diving emergencies in mind. There are several reasons to 
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give oxygen and not all of them make it necessary that the patient receives 
100%. In many cases it is enough if the patient only receives some addition-
al oxygen. The same would apply to people who use oxygen to compensate
for the lack of oxygen at high altitude.

There are three basic types of first 
stages for oxygen equipment. As divers 
we must pay attention to the type and 
the performance of a first stage to make 
sure that we can provide 100% oxygen 
to a patient.

Fixed flow units have a free-flow exit to which we can attach a thin oxygen 
hose. We cannot change the flow as it is set by the manufacturer (the model 
in the middle in the illustration).

Most of these units are designed to add oxygen to the breathing gas. You’ll 
find these for example in airplanes for use by the cabin staff in case a plane 
loses cabin pressure. Many are set for a relatively small flow of oxygen (as 
little as 2, 4 or 6 litres per minute). The average breathing gas consumption 
of a human is 15 litres per minute. Hence, a first stage with lower flow can-
not cover the breathing demand of a patient and will only add some oxygen 
to the air he is breathing. To cover the demand of the diver the unit must 
give 15 litres per minute at least.

Units with adjustable flow (at the right in the picture) typically allow you to 
set for flows up to 25 litres per minute. This makes this type of unit more 
useful than the ones with fixed flow, because you can adapt to the breathing 

List three types of first stages for 
first aid with oxygen and their 
differences.
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needs of the patient. Like the fixed flow units they have a connection for a 
thin oxygen hose. In first aid the flow is initially set for 15 litres per minute. 
If this is the maximum flow the unit can provide, then the knob for adjust-
ment is useless (you would set it on the maximum and not touch it again).

First stages with intermediate pressure (MP) outlet (at the left in the pic-
ture) allow you to connect intermediate pressure hoses to the first stage, 
which are meant to supply demand valve regulators for oxygen. It is the 
simple first stage – intermediate pressure hose – second stage assembly that 
divers are used to. This is the preferred type of equipment for oxygen ad-
ministration. The outlets have one-way valves which open upon connection 
of the intermediate pressure hose. This assures that no oxygen flows from
the outlets when a second stage is not attached.

Some models combine more than 
one option in a single first stage. 
The first stage in the picture 
(left) has two intermediate pres-
sure outlets and a barbed adjust-
able flow outlet. The knob on the 

side allows you to set the flow from “off” up to 25 litres per minute. The 
knob has no influence on the MP outlets; it only sets the flow for the barbed 
outlet. 

If you have a first stage with intermedi-
ate pressure connections, you can use a 
demand valve (or second stage) to pro-
vide oxygen. This is your best option, as 
it allows delivering oxygen at a concen-
tration of almost 100%. A demand 
valve can only work with intermediate pressure. It has the advantage that 
no oxygen is wasted as would be the case with all constant flow options.

List the different functions that 
can be fulfilled by a single first 
stage.

List the different face masks that 
can be used and indicate what the 
best option is for a breathing 
patient.
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Dead airspace is limited and with a good seal-
ing mask and a first stage that delivers enough 
oxygen at intermediate pressure, no air from 
outside the mask would enter the lungs. Pay 
attention though! As a safety precaution, the 
mask is equipped with a valve that allows the 
patient to breathe a supplement of air when 
too little oxygen arrives at the second stage. 
Even if the cylinder is closed or empty, the 
patient would still be able to breathe (air). The 
moment air enters the demand valve via its 
safety features; the patient is no longer
breathing pure oxygen. This means that the 
user needs to monitor the equipment closely 
for proper functioning.

Fittings for oxygen equipment are stand-
ardized. You can fit almost any facemask 
to the demand valve. A pocket mask, the
mask from an AMBU and many others 
can be used. At least one of these masks 
should allow you to have an adequate 
seal on the patients face. For a patient 
with an extremely big nose, you could 
consider fitting a mouthpiece from a 
diving regulator. In that case the nose of 
the patient needs to be closed.

If a first stage only has a con-
stant flow connection (ad-
justable or fixed flow) you 
cannot use a demand valve. In 
that case a mask with a reser-
voir bag is your second-best 
option. Masks of this type are 
also an alternative when the 
patient cannot tolerate a de-
mand valve or if the patient is 
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breathing too weakly to activate the demand valve. If you must give oxygen 
to more divers at once and only have one demand valve, then the mask with 
reservoir bag will allow you to do this (provided your first stage has multi-
ple connections).

People inhale approximately 15 litres of oxygen per minute. This is done in 
about 12 inhalations, each lasting about a second. During the other 48 sec-
onds (in a minute), the patient is either exhaling or not breathing. If the 
patient were to breathe directly from the oxygen hose, the flow would need 
to be at least 75 litres per minute to cover the demand during inhalation. 
This is the function of the reservoir bag. It fills itself with oxygen during the 
time the patient exhales and has a breathing pause. The moment the patient 
inhales, not only the 15 litres per minute from the oxygen hose are available, 
but also a completely filled reservoir bag. A valve prevents the patient from 
exhaling into the reservoir bag. The exhaled gas escapes the mask via the 
valves on the side (this is why they are sometimes called non-rebreather 
masks).

The construction and the seal (you cannot fit different facemasks as you can 
with a demand valve) of these masks will allow a certain amount of air to 
enter the mask, leading to a mix of pure oxygen and air. The continuous flow 
option on your first stage must provide at least 15 litres per minute; other-
wise this type of mask is useless. If the reservoir bag does not completely fill 
itself before the patient inhales, the flow needs to be adjusted above 15 li-
tres per minute.

Whenever you have the choice between a demand valve and a mask with a 
reservoir bag, you should choose the demand valve.

Rebreather type masks are not very common in diving and there is a good 
reason for that. If you breathe pure oxygen, you exhale oxygen, CO2 and 
nitrogen. Based on Henry’s law, your body seeks equilibrium with the envi-
ronment. Off-gassing nitrogen is one of the reasons why we administer oxy-
gen. A diver would exhale much more nitrogen after a dive than a person 
who has not been diving.

In rebreather type masks, the patient exhales into a reservoir bag. When the 
patient inhales, the exhaled breathing gas from the diver passes from the 
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reservoir bag through a canister with soda lime, where exhaled CO2 is taken 
out of the system. Only enough oxygen is added to the system to replace the 
consumed oxygen, which may be as little as 0.5 up to 1.5 litres per minute. 
At the highest consumption (1.5 l/min) your oxygen supply would still last 
10 times longer than with a non-rebreather mask (15 l/min)

The problem is the nitrogen (which is 
not taken out by the soda lime). The 
oxygen percentage in the system 
drops rapidly with each time the diver 
exhales due to the exhaled nitrogen
that keeps circulating in the system. 
To solve this problem the system 
needs to be purged completely and 
then filled with oxygen again. The 
frequent purging brings the use of 
oxygen close to the quantity used with 
a normal mask. This leaves you with 
all the inconveniences of a rebreather 
system, but not the benefits. The ob-

jective is that the patient breaths as close as possible to 100% oxygen.

In remote areas these systems might be useful in any case. If a diver has 
used about half of the oxygen supply with a demand valve, the off-gassing of 
nitrogen is rather advanced. If the diver then switches to a rebreather sys-
tem, the exhaled gas would hardly contain any nitrogen anymore and the 
rebreather system would work appropriately. This method could allow first 
aid with oxygen for several hours with only a limited oxygen supply.

You may find other mask systems that could be used for a breathing diver, 
but when they are not a demand valve or a mask with a reservoir bag, they 
are normally not designed to achieve the goal of breathing close to 100% 
oxygen.

Masks without a reservoir bag (such as a Pocket Mask with oxygen connec-
tion) will let the patient breath more air than oxygen. In many cases a diver 
would be better off breathing the remaining Enriched Air that is still in a 
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cylinder after a dive than breathing from an oxygen mask other than a de-
mand valve or a mask with reservoir bag.

A mask with a reservoir bag without a one way valve would cause an accu-
mulation of CO2, provoking a feeling of suffocation for the patient.

Masks with holes, made to let air enter the system are not much use. The 
patient is breathing more air than oxygen. You mostly find these masks con-
nected to first stages providing very limited flow. Do not use these types of 
masks if any of the options discussed before are available. Most will not 
harm the patient, but for first aid for a diver they don’t do much of good 
either.

All masks we discussed require the 
patient to breathe independently. For a 
non-breathing diver your first concern 
is artificial respiration and likely CPR. 
Oxygen is secondary to that. It is rather 
seldom that oxygen is used on a non-
breathing diver as a first aid procedure. 
Don’t waste time on preparing equip-
ment, but start with artificial respira-
tion, CPR and defibrillation without 
delay.

If you have the chance to switch to oxy-
gen once basic life support is complet-
ed, it will do your patent good. Also in 
that case you want to get as close to 
100% as possible. An easy and good 
way is to inhale oxygen yourself and 
then give artificial breaths to the pa-
tient.

If you do the procedure of inhaling oxy-
gen yourself and then give breaths to the patient, you need one hand to hold 
the oxygen mask or demand valve. This makes mouth-to-mouth impractical 
as you would need one hand to position the head of the patient and another 

Describe how to administer oxy-
gen to a non-breathing patient 
and when to do that.
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to pinch the nose. You will find that mouth-to-nose or mouth-to-pocket 
mask is easier when you have one hand occupied.

Emergency medical professionals could consider connecting a demand valve 
or a reservoir bag to the inlet of an AMBU. It is not always easy to make the 
facemask of an AMBU seal on the face of the patient and if you are not 
trained to do so and do not have recent practice, an emergency is not the 
moment to start experimenting. For those who are trained, the method is 
ideal, because you get very close to 100% oxygen.

Most regulators with positive pressure to do artificial respiration with pure 
oxygen are meant to be used by trained medical staff. Some models are also 
available for the general public, but the overpressure relief valve of such 
units is often set so sensitively that it is hard to get oxygen into the patient’s 
lungs. For a heavy build diver, or a diver wearing a tight wetsuit, chances are 
that the oxygen will escape via the overpressure relief valve rather than 
entering the lungs of the patient.

If you are not sure if breathing gas is entering the lungs of the patient, you 
can observe the mask to see if the patient exhales. Whenever the patient 
exhales moisture will fog the inside of the mask. You can also look or feel to 
see if the chest of the diver rises and falls with breathing.

You need to adapt the supply of oxygen 
to the circumstances of the dive site 
you are visiting. Assume that you need 
to help two patients at a time and calcu-
late at least 15 minutes on top of the 
time you would need to reach the nearest hospital or the time an ambulance 
would need to reach you.

For your calculation you can assume that every litre cylinder volume at a 
pressure of 200 bars allows you to give 12 minutes oxygen to a diver. This 
means that a 5 litre cylinder at 200 bar would last one hour for a single div-
er and half an hour for two divers.

The cylinder needs to be hydrostatically tested and needs to meet local re-
quirements. In most countries oxygen cylinders need to be hydrostatically 

Calculate the size of cylinder 
needed and explain the different 
connections.
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tested every 10 years. In some countries there are requirements for the 
transport of oxygen cylinders. For smaller cylinders these rules are normal-
ly flexible, because there are many people that need oxygen for medical 
problems.

Oxygen cylinders have special valves to insure 
that a regulator that is not oxygen compatible 
is fitted to an oxygen cylinder. In different 
countries and for different sizes of cylinders, 
you can find different fittings.

The PIN and inverted DIN connections shown 
in the pictures are the most common for small 
cylinders. When traveling from one country to 
another you may need an adapter to fit your 
oxygen regulator or to have your oxygen cylin-
der filled.
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General Aspects & 
Preview for the Prac-
tical Part
The knowledge presented in the medical and technical chapters is rather 
abstract. First aid with oxygen is done in context, which is the reason for this 
last chapter. Throughout the years there has been some misunderstanding 
amongst divers with respect to the possibilities and limitations for using 
oxygen to help an ill or injured diver. We will first address some of these 
concerns. This booklet is then completed with two lists of questions that can 
guide you during the practical part of your training.
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General Aspects

Some people wonder if giving oxygen 
can harm a diver. Theoretically this 
could be possible, but it is very unlikely, 
even if you intended to do so. We will 
take a look at some common concerns.

What about convulsions due to oxygen poisoning (CNS)? This cannot hap-
pen on land at an ambient pressure of 1 bar. The minimum pressure at 
which this could happen is an oxygen partial pressure of 1.6 bars. Since the 
total atmospheric pressure is 1 bar, this is not possible. Convulsions on land 
rather indicate a need for oxygen.

What about full-body oxygen-poisoning and oxygen poisoning of the lungs? 
These are little else than the body adapting to a new environment. You could 
lose capillaries. The production of haemoglobin could also stop or be re-
duced. This could be a concern, but looking at the NOAA tables for oxygen 
exposure, it is not realistic to assume that you could get into these condi-
tions giving first aid. At 100% of oxygen at 1 bar, you would have to give 5 
hrs of oxygen before starting to consider these concerns. At 90% of oxygen 
at 1 bar (which is more likely with the available equipment) it would be 6 ½ 
hrs and even passing these limits would not immediately provoke medical 
complications.

What about suppressing respiration? This would apply mostly to people 
with severe illnesses, involving their breathing impulses based on the level 
of CO2. People with these conditions are very ill and normally hospitalized. 
They would not pass a medical to be fit for diving.

What about irritation of the lungs and damaging surfactant? Again this is not 
something that would apply to a diver. This can happen to children in the 
first days after they are born and to people with diseases to the lungs like 
asthma. In both cases, diving is out of the question.

When you limit yourself to providing oxygen to divers, the chance of doing 
harm to the patient is theoretical.

Explain why oxygen is not dan-
gerous for divers.

http://www.scuba-publications.com


... for Divers

www.scuba-publications.com
Page 30

It would be logical to give medical oxy-
gen to a patient in a medical emergen-
cy, but this is not always possible. Some 
people need oxygen for a medical prob-
lem and to make sure that these people 
are reimbursed, oxygen was made a medicament. In many countries this 
means that a prescription is required and using medical oxygen for first aid 
purposes is not allowed.

In most countries it is no problem to buy oxygen at the same quality as med-
ical oxygen (at least 99.5% oxygen and tested for the absence of CO). This is 
not a medication and giving it to a diver who expressed his consent is basi-
cally the legal equivalent of giving a glass of water. This is the oxygen used 
to blend Nitrox or the oxygen used in planes.

In many countries industrial oxygen for welding is of the same quality as 
medical oxygen, but in others it is not. It is not advised to use industrial 
oxygen for first aid purposes if you are not sure of the quality. But, the bot-
tom line is – O2 = O2

The Practical 
Part of Your 
Training

There are many recom-
mendations for the ad-
ministration of oxygen,
which you learn in the
practical sessions. The 
checklist on the inside 
cover in the back of this 
booklet can help you 
during such practical 
sessions.

List the different types of oxygen 
and which of those can be used 
for first aid.
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For demand valve

· Did the rescuer ask enough questions to get a clear picture of the situation?
· Did the rescuer also ask about a possible buddy?
· Did the rescuer ask the patient to lie down?
· Was the cylinder opened slowly?
· Did the rescuer breathe from (not exhale) the unit before presenting it?
· Did the rescuer ask for the patient’s consent?
· Did the rescuer ask the patient to hold the mask?
· Did the rescuer relax the patient?
· Did the rescuer start to prepare other available equipment?
· Was the cylinder placed appropriately and was the pressure verified?
· Did the mask have a correct seal and, if not, what action was taken?
· Did the rescuer verify breathing?

For a mask with reservoir bag

· Did the rescuer ask enough questions to get a clear picture of the situation?
· Did the rescuer also ask about a possible buddy?
· Did the rescuer ask the patient to lie down?
· Was the cylinder opened slowly?
· Was the first stage set for 15 litres per minute?
· Was the reservoir bag inflated before giving the mask to the patient?
· Did the rescuer ask for the patient’s consent?
· Was the mask adapted to the face of the patient correctly?
· Did the rescuer relax the patient?
· Did the rescuer adjust the flow to adapt to patient’s breathing rate?
· Was the cylinder placed appropriately and was the pressure verified?
· Did the mask have a correct seal and, if not, what action was taken?
· Did the rescuer verify breathing?

http://www.scuba-publications.com

