
 

 

 

OXYGEN THERAPY 

 

“An Experiment on a Bird in the Air Pump”, 1768, Joseph Wright of Derby, Oil on Canvas, The 

Tate Gallery, London. 

 

“Chemistry, which arose from the ruins of alchemy, to be bound with the fetters of phlogiston, has 

been liberated, and adorned, with a beautiful philosophic theory. The numerous discoveries of 

Priestley, Black, Lavoisier and other European philosophers in this branch of science, afford 

splendid proofs of the increasing energies of the human mind”.   

 

Humphry Davy, 1797 

 

The late Eighteenth century saw the sudden and spectacular rise of modern chemistry. It 

shattered the age old world of alchemy, the conceived archaic wisdom from the classical and 

mediaeval ages. The first dogma to fall was that of the notion of the four elements, earth, fire, 



water and air. This first step was just as radical in the world of chemistry as was the Copernican 

notion of a heliocentric solar system in the world of Astronomy in the mid-Sixteenth century. The 

hard sciences of precise measurement and weighing, were sweeping away old notions of 

mysticism and magic. On the 28th of February 1785, Antoine Laurent Lavoisier publicly 

demonstrated in his laboratory in the Paris Arsenal that water was actually a compound 

composed of two fundamental elements, hydrogen and oxygen, which Lavoisier himself named. 

Fire was long supposed by Priestly and many others to depend on a mysterious substance, termed 

“phlogiston”, which was liberated during the process of combustion. Lavoisier showed, that 

despite all appearances, phlogiston had no substance, and indeed did not even exist. He proposed 

that fire was simply the rapid combination of carbon with oxygen, by which things actually grew 

heavier than before, rather than lighter (due to its supposed loss of “phlogiston”). The supposed 

element of “earth”, that made up all the natural solid compounds in one way or another could 

not be isolated in itself, it did not seem to exist. Perhaps however the most spectacular finding of 

all was that the element of “air”, was not an element at all, but rather a combination of two 

principal gases, and a number of others as well. One of the principal gases was none other than 

oxygen, previously isolated from the supposed “element” water. Priestly was in agreement with 

Lavoisier, that oxygen was a very special substance indeed. It appeared that this was the 

component of air that was essential for life, and that in some way it was chemically converted into 

carbon dioxide (then termed “fixed air”), by a process of biological combustion within living 

animals. The revelations on oxygen electrified the scientific world, and were not lost on many of 

the medical profession, who immediately wondered whether pure oxygen could be beneficial as a 

therapeutic agent, over and above its obvious life sustaining properties.  

 

The new scientific breakthroughs of the Eighteenth century were being brilliantly conveyed to the 

wider public at large by the great Romantic Artist, Joseph Wright of Derby. His work “A 

Philosopher giving a Lecture on the Orrery” created the public image of Sir Isaac Newton’s work 

of the previous century. Brilliant as this work was, however, Wright eclipsed it with his immortal 

“An Experiment on a Bird in the Air Pump”. A learned philosopher in a candle lit room 

demonstrates to an aristocratic family the principles of the “pneumatic air pump” and the gas 

laws that had been developed by Robert Boyle, Robert Hooke and others. The strong chiaroscuro 

effect creates a sense of tension and drama. He demonstrates, that a vacuum has been created by 

the struggling or death of a small bird, much to the distress of the young girls, whom their father, 

with the best of intentions, is trying to educate in the noble spirit of the new scientific age. 

Wright’s work took on an even greater significance in light of Priestley’s and Lavoisier’s 

discoveries a generation later. They had discovered, and for the first time could produce, and 

isolate the vital life giving substance that was contained within air. Jenny Uglow wrote of 

Wright’s masterpiece, “The painting is crammed with allusions: to the bird as an emblem of love 

and to the arrogance and potential cruelty of experiment itself in the figure of the boy at the back, 

which echoes a boy pointing to a skeleton in Hogarth’s violent scene of dissection, the last of his 

“Four Stages of Cruelty”. This vision of the active force of nature, the perilous, precious breath 

of life, is in dramatic contrast to the serene heavens of the Orrery, gestured at by the sailing 

moon, glimpsed through the window”. History has designated the latter half of the Sixteenth and 

first half of the Seventeenth centuries as the age of the scientific Enlightenment, but to those who 

lived during those times it was more than simply a time of revelation, it was in the words of the 

magisterial Richard Holmes, truly the “Age of Wonder”.   

 

 In the 21st century oxygen therapy is now the most widely prescribed therapeutic intervention in 

our Emergency and Critical Care settings.     



OXYGEN THERAPY 
 

Introduction 

 

If oxygen is regarded as a “prescribed drug”, then it is the most commonly used drug in all of 

Emergency Medicine. 

 

Oxygen delivery systems can be classified as:   

 

1. Variable oxygen delivery systems.  

 

2. Fixed oxygen delivery systems. 

 

 ● Including systems set to deliver 100 % oxygen. 

 

Fixed performance systems are necessary when precise titration of oxygen delivery is required. 

 

With regard to 100 % oxygen delivery: 

 

● Free flowing circuits are the least efficient in attempting to deliver 100 % oxygen 

 therapy. 

 

● A reservoir, or demand system greatly improves the delivery of 100 % oxygen. 

 

● Closed circuit delivery systems are the most efficient systems for delivering 100 % 

 oxygen.  

 

See also separate documents on: 

 

● The Laerdal Bag-Valve-Mask (in Critical Care folder) 

 

● Assessment of Tissue Oxygenation (in Critical Care folder) 

 

● Hyperbaric Oxygen Therapy (in Environmental folder) 

 

● NIV - CPAP (in Respiratory folder) 

 

● NIV - BIPAP (in Respiratory folder) 

 

● Ventilator Settings (in Critical Care folder) 

 

History 

 

Joseph Priestley first isolated oxygen in 1772. 

 

Antoine Laurent Lavoisier was the first to correctly understand the chemistry of oxygen and 

recognized it as an element as well as naming it in 1777 and so by rights should be considered the 



true “discoverer” of oxygen. He also understood its vital life sustaining biological importance in 

animal respiration. 

 

Thomas Beddoes was the first physician to attempt to use oxygen as a medical therapy in 1799.     

 

Physiology 

 

There are two critically important physiological concepts in oxygen therapy: 

 

1. The Effect of the Inspiratory Flow rate: 

 

This has the effect of diluting the inspired oxygen concentration. 

 

The “peak” inspiratory flow rate (PIFR), in adults is 30 L / min at rest. 

 

In the resting adult, the tidal volume is 500 mls and the respiratory rate is 15 / min.  

 

Therefore the resting minute volume (500 x 15) in an adult is about 7.5 L / min. 

 

The resting minute volume in a child is 70 mls / kg. 

 

Each breath takes about 4 seconds, usually as 1 second in inspiration and 3 seconds in 

expiration. Therefore each inspiration of 500 mls that takes 1 second will be equal to an 

inspiratory flow rate of 500 x 60 = 30 L / min. 

 

Therefore it is impossible to supply a quietly breathing adult with 100 % oxygen using a 

Hudson mask if the source is 15 L / min of 100 % oxygen, (the usual maximum flow 

meter rate in most Emergency Departments) 

 

Therefore, using a Hudson mask with side air vents the patient will receive 15 L / min of 

100 % oxygen and 15 L / min (total of 30 L / min) of 21 % entrained air. In consequence 

the patient receives 30 L / /min of 60 % oxygen. 

 

In very dyspnoeic patients the PIFR will be greater than 30 L / min (up to 80 L / min 

or even more) and more atmospheric air will be entrained and the overall inspired 

oxygen concentration will be further reduced.   
 

2. The Effect of the Respiratory Minute Volume: 

  

A reservoir bag enables storage of oxygen during the expiratory phase of ventilation, 

which may then be used for the subsequent inspiratory phase. 

 

It is therefore more economical with oxygen than a free flowing system, such as “wall” 

oxygen and a Hudson mask. 

 

Here concentrations of up to 100 % can be delivered provided the patient’s minute 

volume does not exceed the source oxygen flow rate of 15 L / min. 

 



If the patient’s overall minute volume does exceed the source flow rate then 2 problems 

will arise depending on the apparatus used: 

 

● A system with unidirectional valves in the circuit and no safety valve will cause 

 the patient to suffocate unless a leak develops around the mask. 

 

Or 

 

● A circuit with a safety valve that allows entrainment of air into the system will 

 result in a reduction of the FiO2. 

 

These problems may be overcome by the use of “Y” connectors with multiple hoses from 

several oxygen sources to increase the delivered oxygen flow rates. 

 

Oxygen Delivery Systems 

 

Oxygen delivery systems fall into three groups: 

 

1. Variable performance Systems: 

 

These circuits deliver a variable percentage of oxygen (FiO2) which is dependent on:  

 

● The inspiratory flow rate 

 

● The minute volume of the patient 

 

● Physical characteristics of the oxygen delivery system itself.   

 

 Examples include: 

  

 ● Nasal cannulae. 

 

 ● Hudson face masks with air inlets (with or without reservoirs). 

 

2. Fixed Performance: 

 

These systems deliver a specified concentration of oxygen (FiO2) to the patient that is not 

altered by patient factors (such as rate, volume and pattern of patient’s respiration). 

 

 Examples include: 

 

 ● Venturi masks. 

 

 ● Oxygen blenders such as CPAP units with oxygen reservoirs. 

 

3. 100 % Oxygen delivery: 

 



 These systems deliver a fixed 100 % oxygen, again independent of the patient’s own 

 ventilation pattern. 

 

 There are three types of these circuits: 

 

 ● Non-rebreathing circuits: 

 

♥ Free flowing circuit oxygen blenders. 

 

♥ Systems with soft reservoir bags. 

 

♥ Self-refilling resuscitator devices such as the Laerdal bag. 

 

♥ Oxygen powered resuscitators such as the Oxylog. 

 

 ● Partial rebreathing circuits: 

 

  ♥ An example of this type of circuit is the “Mapleson” circuit used in  

   paediatrics. 

 

 ● Rebreathing closed circuit systems: 

 

  These are closed circuits with CO2 absorbers. 

 

 Examples include: 

 

 ♥ Komesaroff circuits, used by the Ambulance service. 

 

 ♥ Boyle’s anaesthetic machine. 

 

The Variable Performance Systems 

 

The principle characteristic of variable performance systems is that the FIO2 is reduced as the rate 

and depth of the patient’s ventilation increases.  

 

The very dyspnoeic patient therefore will receive less oxygen than a quietly breathing patient.  

 

Examples of these delivery systems include the Hudson mask and the nasal cannulae. 

 

Nasal Cannulae: 

 

Flow rates of between 2 - 4 L / min are used.  

 

Flow rates of > 4 L / min are less likely to be tolerated for long periods due to painful drying of 

the nasal mucosa. 

 

These will deliver oxygen in the range of 24 – 40 % depending on: 

 



1. The source oxygen flow rate 

 

2. The patient’s ventilation 

 

3. The volume of the patient’s nasopharynx (with higher flow rates a small reservoir effect 

 may develop) 

 

4. Nose breathers will attain higher oxygen levels. 

 

Advantages of this system include: 

 

1. Cheap and easy to use 

 

2. Patients are able to eat and drink 

 

3. No CO2 rebreathing 

 

4. Are more efficient in paediatric patients: 

 

● As the oxygen delivery rate corresponds more closely to the patient’s PIFR.  

 

● Further a greater percentage of the inspiratory breath is via the nose rather than the 

 mouth, as in adults. 

 

Disadvantages of this system include: 

 

1. There are significant fluctuations in the delivered oxygen concentration and is therefore 

 not ideal for COPD patients. 

 

2. Not suitable for dyspnoeic adults. 

 

3. Prolonged flow rates of > 4 L / min will cause painful mucosal drying. 

 

Hudson Mask: 

 

Expired gas and excess gas from the oxygen source is vented through lateral perforations in the 

mask and during inspiration air can also be entrained through these perforations. 

 

A minimum of 6 L/ min oxygen flow rate should be delivered in order to prevent the rebreathing 

of CO2.  

 

The FiO2 will depend on: 

 

1. The source flow rate of 100 % oxygen. 

 

2. The patient’s ventilation. 

 

 



100 % wall oxygen Flow Rate Maximum O2 (in a “quietly” 

breathing patient) 

4 L/min 35 % 

6 L/min 40 % 

8 L/min 45 % 

10 L/min 50% 

12 L/min 55% 

15 L/min 60% 

 

 

 

Note that 15 L/min is the maximum flow rate delivered from the “wall oxygen” port in the ED. 

 

If a double oxygen supply is used, (giving a total flow rate of 30 L / min), then a Hudson mask 

may deliver up to 80 % in a normally breathing patient. 

 

If a reservoir bag is added, and 15 L/min is delivered to a quietly breathing patient, then up to 90 

% oxygen delivery may be achieved.  Some rebreathing of CO2 may occur however, and so a 

minimum flow rate or 12 L/ min should be used. 

 

In children, an FiO2 of 80 % may be achieved with flow rates of as little as 8 L / min. 

 

The Fixed Performance Systems 

 

These systems deliver a specified concentration of oxygen (FiO2) to the patient that is not altered 

by patient factors (such as rate, volume and pattern of patient’s respiration). 

 

Examples include: 

 

● Venturi masks. 

 

● Oxygen blenders, i.e NIV CPAP/BIPAP units with oxygen reservoirs. 

 

Venturi Masks: 

 

These systems allow for  

 

1. A relatively accurate percentage of oxygen to be delivered. 

 

2. Higher total flow rates due to the entrainment of room air. 

 

These high total flow rates will allow for: 

 

1. A constant FiO2 over a wide range of patient ventilation rates. 

 

2. The elimination of rebreathing. 

 



Oxygen flow through a Venturi system results in atmospheric (i.e 21 %) air entrainment.  

 

This results in high flow rates of a fixed % of oxygen. 

 

Masks conventionally deliver FiO2 of  0.24, 0.28, 0.35, 0.40 0.50 and 0.60 using different colour 

coded adaptors, or via several “dial up” adaptors, (see Appendix 1 below).  

 

The higher the wall oxygen rate is set, the more air is entrained, thus increasing the total gas flow, 

(but keeping the % of oxygen the same). 

 

 

Note however that the patient receives the stated FiO2 only provided that the total flow exceeds 

60 L/min or is 30 % above the patient’s PIFR. 

 

As the patient’s PIFR increases, (and so entrains additional atmospheric oxygen), the system’s 

performance becomes variable rather than fixed.  

 

For example: 

 

When delivering 24 % oxygen with a Venturi with 6 L / min of 100 % oxygen and entrained room 

air (approximately 20 % oxygen): 

 

24 f = 100 x 6 + 20 (f – 6) 

 

f = 120 L / min. 

 

Therefore the system is actually delivering a total flow rate of 120 L / min of 24 % oxygen. Of 

this 6 L / min is 100 % oxygen and 114 L / min is entrained room air. This is an ample inspiratory 

flow rate even for the most dyspnoeic patient (with very high a PIFR) 

 

Further Example: 

 

When delivering 60 % oxygen with a Venturi using a 15 L / min 100 % oxygen source: 

 

60 f = 100 x 15 + 20 (f-15)  

 

f = 30 L / min 

 

The Venturi attachment is designed such that the smaller its aperture the more air is entrained and 

the less oxygen will be delivered. (The flow rate from the source oxygen is the same regardless of 

aperture size, it just entrains more air with it the smaller the aperture is)  

 

Therefore at 24 % the device allows for large air entrainment (with total flow rates of 120 L / 

min), an ample rate even for a severely dyspnoeic patient who has a high PIFR.  

 

However at 60 % there is less air entrainment and therefore total flows work out to be much less 

at about 30 L / min. Hence the very dyspnoeic patient (whose PIFR may be 50 – 60 L / min) will 



be getting less than the desired 60 % oxygen concentration (because of further dilution by extra 

entrained oxygen) 

 

Venturis are therefore best suited to the accurate delivery of the lower oxygen concentrations over 

a wide range of patient ventilation rates. As the required FiO2 increases the performance of the 

Venturi will be lessened (it becomes more of a “variable” performance system). Increasing the 

100 % oxygen source flow rate will help only to an extent, (additionally turbulence will begin to 

reduce the performance of the system). 

 

The following is the recommended settings for the Adult Hudson Multi-Vent Air Entrainment 

Mask device: 

 

 

 

 

Recommended wall O2 flow 

Rate L/min 

 

 

Total gas Flow 

Rate L/min 

 

24 % 

 
3 79 

26 % 

 
3 47 

28% 

 
6 68 

30% 

 
6 53 

35% 

 
9 50 

40% 

 
12 50 

50% 

 
15 41 

  

Venturi masks provide the best means of managing a patient with COPD in the ED because they 

provide a predictable FiO2 and the air entrained is more humidified than fresh oxygen.  

 

The entrained gas mixture can however be even further humidified (as well as heated) with the 

addition of a high humidity adaptor.  This is important in assisting with sputum clearance and to 

reduce mucosal drying. 

 

 

 

Oxygen Blenders: 

 

These provide for a fixed FiO2 delivery by mixing air with 100 % oxygen from 2 different ports, 

as in NIV - CPAP - BIPAP  systems.  

 

They have a tight fitting facemask and can deliver up to 100 % oxygen. 

 



They are high flow systems 

 

Additional advantages are that these devices can provide for:  

 

● Continuous positive airway pressure   

 

● Pressure support 

 

● Humidification attachments 

 

● Nebulizer attachments.  

 

These devices are expensive, not easily portable, require special training and are used in Critical 

Care and Resuscitation areas.  

 

See also separate documents on: 

 

● NIV - CPAP (in Respiratory folder) 

 

● NIV - BIPAP (in Respiratory folder) 

 

The 100% Oxygen Delivery Systems 

 

100 % oxygen delivery systems can be: 

 

1. Free flowing circuits: 

 

 ● These are the least efficient in attempting to deliver 100 % oxygen therapy. 

 

2. A reservoir, or demand system:  

 

● This provides for greatly improved efficiency in the delivery of 100 % oxygen. 

 

3. Closed circuit delivery systems:  

 

 ● These are the most efficient systems for delivering 100 % oxygen.  

 

Free Flowing Systems: 

 

A “free flowing” system is the least economical, as excess oxygen is continuously vented to the 

atmosphere.  

 

Very large flow rates (in excess of the patient’s PIFR) are therefore required to deliver 100 % 

oxygen to the patient.  

 

Further oxygen is lost during the expiatory phase of respiration. 

 

Soft Reservoir bag non -rebreathing Systems: 



 

A “reservoir” bag incorporated into the system helps overcome the requirement for the very large 

flow rates of a “free flowing” system.  

 

A reservoir enables delivered 100 % oxygen to be stored during expiration for subsequent use 

during the next inspiration.  

 

Delivery of 100 % oxygen is then possible with much lower oxygen flow rates, as the reservoir 

will cover any increase required due to a patient’s high PIFR. 

 

This will all work so long as: 

 

1. The reservoir exceeds the patient’s tidal volume (ideally reservoir should be large: it is 

 about 2.6 litres in the Laerdal bag and about 2 litres, plus tubing, in a Boyle’s machine) 

 

2. The 100 % oxygen flow rate should equal or exceed the patient’s minute volume. 

 

3. There are no leaks in the system. 

 

Reservoir systems can be non-rebreathing as in the Laerdal system or face masks with reservoirs 

and valves or partial rebreathing systems such as the various Mapleson circuits. 

 

Fresh gas flow must be at least double the patient’s minute volume to avoid CO2 buildup. 

Mapleson circuits are no longer used in most Emergency Departments.  

 

The Laerdal 100 % Non -rebreathing system: 

 

In non-rebreathing systems, a series of valves prevent rebreathing of gas and hence ensures CO2 

excretion. These circuits can be further subdivided into those with a self-refilling bag and those 

relying on a higher pressure gas source of oxygen to fill the bag. 

 

Even though these systems have a reservoir present in the circuit, the valve system mandates that 

a high flow of oxygen (greater than the patient’s minute volume) is used to prevent asphyxia.  

 

Laerdal bags have a safety valve allowing air to be entrained into the circuit, if the minute volume 

exceeds the oxygen supply, however, with a consequent reduction in the FiO2. 

 

Oxygen powered resuscitators do not have reservoirs but deliver high flow oxygen on demand (ie 

for the duration of the inspiration) to the patient and rebreathing is prevented by expiratory 

valves. 

 

See also separate document on the Laerdal bag Valve Mask System (in Critical Care folder). 

 

The advantages of the Laerdal bag system include: 

 

1. It is self-inflating, therefore if the oxygen supply runs out, the patient can still be 

 ventilated on 21 % (room air) 

 



2. It can be used to ventilate a patient or be used for a patient who is spontaneously 

 ventilating by being strapped or held on to the patient’s face. 

 

3. It is a low pressure, low resistance system. 

 

4. There is no CO2 build up or rebreathing. 

 

5. Without the reservoir delivers up to 60 % O2  but with the reservoir allows delivery of 100 

%, (provided the flow rates exceed the patient’s minute volume, there are no leaks in the 

system and the reservoir exceeds the tidal volume). 

 

6. The bag comes in 3 sizes, infants, children and adults. 

 

7. Excess reservoir filling is prevented by a relief valve, opposite the air entrainment valve. 

The infant and children bags have an additional pressure relief valve (45 cm H20), on top 

of the non-rebreathing valve. 

 

8. PEEP valves can be added to the expiratory valve. 

 

Disadvantages: 

 

1. Being an “open” system, it relies on higher oxygen flow rates to deliver the higher 

 concentrations of oxygen. As the patient’s minute volume increases more air is entrained 

 into the circuit thus reducing the FiO2. 

 

2. The stomach can be inflated with manual ventilation, especially in patients with airways 

 obstruction and reduced pulmonary compliance. 

 

3. The overall unit is bulky and disconnections can occur. 

 

Closed Circuit Systems: 

 

The most economical system is a closed circuit fitted with a CO2 absorber.  

 

Here the patient rebreathes oxygen from the circuit and the exhaled CO2 is removed using SODA 

lime canisters.  

 

Low flow oxygen is then all that is required to replace the amount which is converted to CO2 by 

metabolism.  

 

The basal oxygen consumption in a resting adult is only 250 mls / min, (or up to 2L/min in 

disease states) much less than the respiratory minute volume!  

 

Therefore there are considerable advantages in terms of oxygen cylinder endurance and is 

especially useful for prolonged transport of patients requiring 100 % oxygen. 

 

Examples include: 

 



1. Komesaroff oxy-resuscitators (used by paramedics). 

 

2. Boyle’s anaesthetic machine (used in operating theatres). 

 

These systems use low flow oxygen with rebreathing of exhaled gases within a closed circuit, the 

CO2 being removed via soda lime canisters. 

 

They are very efficient in spontaneously breathing patients, using flow rates of only 0.5 – 2.0 L / 

min of oxygen.  

 

The Komesaroff unit has low volume (< 5 litres), with the potential for exhaled nitrogen from the 

initial breath to enter the system and hence dilute the 100 % oxygen, with subsequent breaths. 

This can be overcome by: 

 

1. If possible, getting the patient to maximally exhale before breathing from the circuit. 

 

2. Intermittent emptying or “venting” of the circuit to the atmosphere during use.  

 

Problems may arise with these circuits with buildup of pathological gases such as: 

 

1. Patients exposed to poison gases, such as carbon monoxide and phosphine. 

 

2. Patients with “bends”, where excess nitrogen is coming out of the blood and being 

 exhaled. 

 

Therefore in the case of the Komesaroff unit, continuous venting to the atmosphere will be 

needed, whilst if using the Boyle’s machine, the soda canisters will need to be turned off and a 

“scavenger” system used in the case of a poisonous gas. 

 

Oxygen Humidification 

 

Humidification is inspired gases is useful, especially when delivery is prolonged (> 6 hours). 

   

Medically delivered oxygen is totally dry, having no water vapour content at all. 

 

Humidification is of particular benefit in cases of:  

 

1. COPD patients: 

 

 ● To help clear secretions 

 

2. Intubated patients: 

 

 ● As the ETT bypasses the natural humidification that occurs in the nose, mouth and 

  nasopharynx.  

 

Ideally humidifiers should:  

 



1. Simple to use 

 

2. Be able to warm the inspired oxygen, (32-36 
O
 C) 

 

3. Maintain humidity > 90 % 

 

4. Be able to maintain both humidity and temperature at variable gas flow rates and FiO2 

 values. 

 

5. Be low resistance systems. 

 

Oxygen Toxicity 

 

Even though oxygen is essential for life, excessive amounts delivered at high concentrations for 

prolonged periods of time can have adverse effects. 

 

Damage is thought to be due to the development of free radicals and toxic lipid peroxides, with 

damage to lungs, eyes, and occasionally the CNS. 

 

Adverse oxygen reactions include: 

 

1. Removal of the hypoxic stimulus to ventilation in patients with COPD. 

 

2. Premature infants can develop retrolental fibroplasia. 

 

3. Pulmonary toxicity (Lorrain Smith effect): 

 

● Exposure to > 60 % for > 24 hours may result in lung injury with a non-

 cardiogenic pulmonary edema type picture.   

 

   ● With more prolonged exposures pulmonary fibrosis can develop.  

 

4. CNS toxicity: 

 

 This may occur in hyperbaric situations.  

 

 CNS oxygen toxicity is manifested by: 

 

 ● Neuromuscular irritability. 

  

● Seizures  

 

Note however that oxygen therapy must never be withheld to acutely unwell patients who 

require it because of fear of toxicity.   

 

 

 

 



 

Appendix 1 

 

Oxygen Delivery Systems 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Above left: Nasal Cannulae 

 

Above right: Hudson face mask 

 

Left: Hudson, non-rebreather mask with valves and 

reservoir bag. 

 

 

 

 

 



 

 

 

 

 

Above left: Components of a Venturi system. Above right: 

Assembled Venturi system.  Below left: Nebulizer attachment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Oxygen (from Life Science Library, “Matter”, 1963). 

 

The name Oxygen derives from the Greek, oxys and gen, meaning “acid forming”. The “great 

oxygenation event” was the biologically driven oxygenation of the earth’s atmosphere, around 2.5 

billion years ago, which paved the way for the evolution of aerobic organisms and later again of 

of metazoan life.    

 

Elemental symbol:  O 

 

Atomic number  8 

 

Atomic weight :  15.999 

 

Melting point:    - 218.79 ° Celsius 

 

Boiling point:   - 182.962 ° Celsius 

 

Classification:   Gas 

 

Physical Appearance:  Oxygen is a colourless gas.   

 

 

 

 

 

 

 



Appendix 3 

 

The oxygenation of the Earth’s atmosphere: 

 

History of the oxygenation of the Earth’s atmosphere. The red and green lines represent the 

range of the estimates among experts, while time is measured in billions of years ago (Ga). 

 

 

Stage 1 (3.85 - 2.45 billion year ago):  

 

● Practically no O2 in the atmosphere. 

 

Stage 2 (2.45- 1.85 billion year ago):  

 

● O2 produced, but is being absorbed into the oceans and seabed rock. 

 

Stage 3 (1.85 - 0.85 billion year ago ):  

 

● O2 starts to gas out of the oceans, but is then absorbed by land surfaces. 

 

Stages 4 - 5 (0.85 - billion year ago):  

 

● O2 sinks filled and the gas accumulates 

 

(From; Holland, Heinrich D. The oxygenation of the atmosphere and oceans. Philosophical 

Transactions of the Royal Society: Biological Sciences. Vol. 361. 2006. p. 903 - 915). 
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