
 

 

 

 

HYPERBARIC OXYGEN THERAPY 

 

Robert Boyle, line engraving, 1664, William Faithorne, National Portrait Gallery 
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The usefulnes of naturall Philosophie 

 

1. To satisfie mens Curiositie of understandinge 

 

2. To excite & entertaine Devotion 

 

The Pracicall use of it 

 

1. As to Physick 

 

2. As to those Mechanicall Trades which serve for necessitie of life, as Husbandrie 

 Navigation & c. 

 

3. As to those trades which serve for Accomodation of life. 

 

Robert Boyle, “The Usefulness of Natural Philosophy”, c. 1650  

 

Among the early scientists of the Enlightenment, the aristocrat Robert Boyle ranks as one 

of the greatest. Contemporary with Newton and Hooke he was a man of his age, brilliant 

pioneering scientist, yet at the same time deeply religious, and interested in alchemy, 

even “magic”. As strange as these diverse interests appear to modern sensibilities, in the 

late Seventeenth and early Eighteenth century science and theology were seen as simply 

different levels of one overarching truth of nature. Observational or experimental science 

was a means to more fully understand ultimate “revealed” religion. Indeed Boyle saw 

science as means by which to “excite & entertaine Devotion”, in other words as a means 

to, in the words of Stephen Hawking “know the mind of God”. 

 

Boyle was one of the pioneers of the scientific method, and nowhere else was this better 

demonstrated than in his ground breaking experiments with air pumps. The nature of air 

itself in the late Seventeenth century was obscure, and debate about it raged passionate 

and intense. In August of 1661 Francis Linus, an English Jesuit published his 

interpretation of the latest air pump experiments - including Boyles’- in his “Treatise on 

the Inseparable Nature of Bodies” - with its following elaborately flowery subtitle, 

typical of the day, - “the vacuum experiments of Torricelli, von Guericke and Boyle are 

examined, their true explanations given, and consequently it is shown that a vacuum 

cannot be produced naturally, and so Aristotle’s teaching on rarefaction is upheld”.  

 

Linus had described his own attempts to replicate a famous experiment of Florin Perier 

at the behest of Blaise Pascal in 1648, by taking a barometer up a mountain to observe 

its readings at high altitude. He noted the rise in mercury level that occurred but 

described the phenomenon in ancient Aristotelian terms, adding in own contribution of a 

mysterious force the “funiculus” -  a kind of invisible thread which occupied the space 

above the mercury column which pulled it upwards, at high altitudes. But Boyle would 

have none of Linus’ archaic interpretations. He responded with a further publication of 

his own, “A Defence of the Doctrine Touching the Spring and Weight of the Air...Against 

the Objections of Fanciscus Linus, Wherewith the Objector’s Funicular Hypothesis is 

also Examin’d”. He rejected Linus’ funicular hypothesis and put forward his own purely 

“mechanistic” one. He described using a J-shaped tube in conjunction with a long 

pipette to illustrate the correlation between the compression and rarefaction of air and 



its volume, thus demonstrating - in his own words - that “the pressures and expansions 

(are) in reciprocal proportion” - in other words that pressure X volume is always a 

constant. This was the first published description of the behaviour of a volume of gas at 

variable pressures, that would later come to be known as “Boyle’s Law”.              

            

Unknown to Boyle at the time his law would form the basis of our modern scientific 

understanding of the nature of gases and how they behaved in the physical world. In the 

following century, other brilliant minds, such as Priestly and Lavoisier would determine 

the very nature and composition of air itself. As with many new insights and discoveries 

immediate benefits are not usually seen or appreciated. Indeed they are often met with 

derision and scepticism - one famous retort to this ignorant closed-mindedness came 

from Benjamin Franklin who, whilst attending a spectacular demonstration of one of the 

first manned balloon flights, turned in exasperation to an unimpressed spectator beside 

who had just exclaimed - “yes, yes - but of what practical use could this trick possibly 

be”- responded “my dear Sir - of what “use” is a new-born babe?!” 

 

Boyle himself would have greatly enjoyed Franklin’s famous retort. In the mid 1650s he 

had listed out what he thought the benefits of “naturall Philosophie” were in response to 

the ignorant masses of his own time. He pointed out that it is simply in humanity’s nature 

to want to know: “To satisfie mens Curiositie of understanding”, and by so doing would 

be closer to knowing the “mind of God”..... “To excite & entertaine Devotion”. This 

should have been enough to intelligent and noble people, but failing this he went on to 

list the possible practical benefits the pursuit of knowledge could bring - even though 

these may not be immediately apparent. Perhaps some benefit could someday be found in 

medical, or “Physick”, applications or to improve the quality of  human life; “As to those 

Mechanicall Trades which serve for necessitie of life, as Husbandrie Navigation & c”. 

Perhaps applications could be found to even save a human life; “As to those trades 

which serve for Accomodation of life” 

 

Robert Boyle was prescient indeed, far ahead of his age. Just as Volta’s discovery of the 

harnessing of electrical energy transformed the world in ways that could never have even 

been imagined by his contemporaries, so also did Boyle transform it by laying the 

foundation for our understanding in many areas of engineering, chemistry and physics. 

One could imagine Volta travelling in time machine to our present day and asking - “Tell 

me Sir - did anything become of electricity!”. We would wave our hand out towards the 

city skyline of our mega-Metropolises at night. “Behold good Sir!”. If Sir Robert Boyle 

came to us and asked “Tell me Sir - did any good use come of my laws on gases?”. We 

could respond, “Indeed Sir Robert - behold this wondrous device - a hyperbaric chamber 

we call it - a marvellous Physick for the accommodation of the preservation of life for 

those with various nautical afflictions! - a most noble invention, Sir to “excite & 

entertaine Devotion!”. 

           

 

             

 

 

 

 

 



HYPERBARIC OXYGEN THERAPY 

 

Introduction 

 

Hyperbaric oxygen (HBO) therapy serves as either first line or adjunctive therapy for a 

wide range of medical and surgical conditions. 

 

Most of the therapeutic benefits of HBO are explained by the physics of Henry’s Law 

and Boyle’s Law.  

 

Chemistry 

 

Boyle’s Law:   

 

● Formulated by Robert Boyle in 1662 

 

● The absolute pressure exerted by a given mass of an ideal gas is inversely 

 proportional to the volume it occupies if the temperature and amount of gas 

 remain unchanged within a closed system 

 

● Pressure x Volume = k 

 

Henry’s Law: 

 

● Formulated by William Henry in 1803 

 

● At a constant temperature, the amount of a given gas that dissolves in a given type 

 and volume of liquid is directly proportional to the partial pressure of that gas in 

 equilibrium with that liquid 

 

● P = k. Concentration 

 

Physiology 

 

HBO provides useful therapeutic effect by the following mechanisms: 

 

1. Increased dissolved oxygen delivery:  

 

Henry’s Law states that the amount of an ideal gas dissolved in solution is 

directly proportional to its partial pressure. 

 

Under normal circumstances the amount of dissolved oxygen in the blood 

contributes only a minor degree to tissue oxygenation. Haemoglobin carries by far 

most of the oxygen in the blood. The goal of oxygen therapy is to ensure maximal 

haemoglobin saturation. 

 

In disease processes where Hb function is severely limited such as anaemia or 

carbon monoxide poisoning the component of dissolved oxygen can be life 

saving.  



 

Dissolved oxygen content can be greatly enhanced by the use of hyperbaric 

pressurization.  

 

In fact 100 % oxygen delivered at 3 atmospheres of pressure can provide about 6 

mls of oxygen per 100 mls of blood, the body’s total oxygen requirement at rest. 

 

100 % O2 at 3 ATM 

 

1 ATM of 100 % O2  = 760- 47 (water vapour) = 713 mmHg 

 

3 ATM = 3 x 713 = 2139 mmHg 

 

Dissolved O2  = 0.003 mls / 100 mls / mmHg 

 

= 0.003 x 2139 

 

= 6 mls O2 / 100 mls blood. 

 

The ability of HBO to augment oxygen content and independently meet resting 

tissue oxygen requirements has led to its use in conditions of compromised 

oxygen delivery, such as profound anaemia, carbon monoxide (CO) poisoning, 

and both acute and chronic ischaemia. 

 

2. Reduction of gas bubble size:  

 

Boyle’s Law dictates that the volume of nitrogen bubbles will be inversely related 

to the pressure exerted upon it.  

 

At 3.0 atmospheres, bubble volume decreases by approximately two-thirds. 

Further bubble dissolution is accomplished by the replacement of inert nitrogen 

within the bubbles with oxygen.   

 

3. Antagonism of carbon monoxide:  

 

Carbon monoxide (CO) binds to haemoglobin with an affinity 200 to 250 times as 

great as that of oxygen. 

 

The presence of carboxyhaemoglobin (COHb) results in a leftward shift and 

hyperbolic shape of the oxyhaemoglobin dissociation curve, corresponding to a 

marked decrease in oxygen-carrying capacity and in tissue oxygen release  

 

The four to six hour half-life of COHb at ambient air decreases to 40 to 80 

minutes with 100 percent normobaric oxygen (NBO). With HBO therapy, the 

half-life of COHb decreases further to 15 to 30 minutes  

 

4. Improved wound healing: 

 



HBO modulates both local and systemic effects found in both acute and chronic 

injury, ischemia, and inflammation.  

 

Local hyperoxia induces vasoconstriction and reduces vasogenic oedema 

following acute trauma  

 

HBO ameliorates ischemia-reperfusion-induced leukocyte influx.  

 

HBO facilitates fibroblast proliferation, angiogenesis, and wound healing.  

 

HBO augments neutrophil bactericidal activity, limits clostridial exotoxin and 

spore production, kills anaerobes such as Clostridium perfringens, and inhibits the 

growth of several other bacterial pathogens 

 

Indications 

 

Acute: 

 

1. Decompression Illness: 

 

● Divers breathing compressed air who return to the surface too rapidly, and 

 aviators ascending over 5500 meters are at risk for decompression 

 sickness and arterial gas embolism. 

 

Those with a patent foramen ovale are at increased risk 

 

Bubble formation in tissues or in blood occurs as the partial pressure of 

inert gas (mostly nitrogen) exceeds that of ambient air. The obstruction of 

vessels and lymphatics by bubbles is accompanied by the activation of 

leukocytes, endothelial damage, and resultant alterations in capillary 

permeability. 

 

HBO is the primary treatment for decompression sickness and arterial gas 

embolism. It is unclear whether the efficacy of HBO is due primarily to 

decreased bubble size and relief of local hypoxia, or to modulation of the 

pathologic effects mediated by bubbles in tissue and in vessels. 

 

2. Arterial Gas Embolism, including: 

 

 ● Divers and aviators  

 

 ● Iatrogenic  

 

● Traumatic cases and cases of major venous gas embolism where 

 arterialisation is suspected 

 

3. Necrotizing soft tissue infections including: 

 

 ● Necrotizing fasciitis  



 

 ● Clostridial myonecrosis 

 

 ● Fournier’s disease 

 

4. Some acute ischaemic conditions, including: 

 

 ● Compromised Skin Grafts or Flaps (traumatic or surgical)  

 

 ● Crush Injury. 

 

 ● Compartment Syndrome (subclinical / impending or post fasciotomy  

  where muscle is compromised)  

 

 ● Medical ischaemias, e.g. vasospastic, drug side effect. 

 

5. Carbon Monoxide poisoning  

 

Treatment for CO poisoning is controversial. 

 

In the State of Victoria it is not routinely done, unless in cases of: 

 

● Detoxification in pregnancy (as prophylaxis for the foetus)  

 

● Consideration in children with CO poisoning 

 

Non Emergency: 

 

1. Selected ischaemic wound problems: 

 

 ● Diabetic microvascular ulcers or amputation wounds 

 

 ● Post radiation 

 

 ● Others, e.g. scleroderma, rheumatoid vasculitis, calciphylaxis, pyoderma  

  gangrenosum 

 

2. Radiation injury: 

 

● HBO has been used for osteoradionecrosis and peri-operative prophylaxis 

 against radiation necrosis, though efficacy is somewhat uncertain. 

 

4. Osteomyelitis/Septic arthritis  

 

 ● For chronic refractory or more acute problematic cases. 

 

5 Non-healing ulcers, skin grafts, and protracted wound healing  

 

 



Contraindications 

 

Absolute: 

 

The only absolute medical contraindication to HBO therapy is untreated 

pneumothorax. 

 

Relative: 

 

Relative contraindications include: 

 

● COPD 

 

● Asymptomatic pulmonary blebs or bullae on chest radiograph 

 

● Upper respiratory or sinus infections 

 

● Recent ear or thoracic surgery 

 

● Uncontrolled fever 

 

● Claustrophobia. 

 

Note however that relative contraindications, however should not deter clinicians from 

using HBO to treat patients with severe or life threatening conditions that may benefit 

form HBO therapy. 

 

Complications 

 

Hyperbaric therapy is generally safe and well tolerated.  

 

Most side effects are mild and reversible, although more severe consequences can 

occasionally occur. 

 

1.  Myopia: 

 

● Reversible myopia due to direct oxygen toxicity to the lens is the most 

 common side effect of HBO.  

 

● It occurs in up to 20 percent of patients 

 

● Weeks to months may be required for complete resolution. 

 

2. Otic barotrauma: 

 

● Symptomatic otic barotrauma occurs in 3 to 20 percent of patients  

 

● It is more common in patients undergoing multiple treatments 

 



● Middle ear effusions (which may be haemorrhagic) and tympanic 

 membrane rupture occur infrequently. Middle ear symptoms preclude 

 repeat therapy in less than 1 percent of patients; they may be alleviated by 

 the placement of tympanostomy tubes 

 

3. Pulmonary barotrauma:  

 

● This is unusual, provided any pneumothoraces have been identified and 

 decompressed before initiating HBO. 

 

4.  Pulmonary oxygen toxicity: 

 

● This is manifested by chest tightness, cough, and a reversible decline of 

 pulmonary function, occurs most commonly in patients receiving multiple 

 treatments or previously exposed to high oxygen levels 

 

5. Seizures: 

 

● Seizures due to central nervous system oxygen toxicity are a rare but 

 dramatic consequence of HBO treatment. 

 

● The risk is increased by HBO exposure greater than 90 to 120 minutes and 

 by pressures greater than 2.8 to 3.0 atm.  

 

● Patients receiving glucocorticoids, insulin, thyroid replacement, and 

 sympathomimetic medications may also be at higher risk of central 

 nervous system oxygen toxicity.  

 

● HBO has been associated with hypoglycaemia in some patients with 

 diabetes, and hypoglycaemia should therefore be considered in the 

 differential diagnosis of HBO-associated seizures.  

 

● Seizures due to oxygen toxicity do not typically result in any permanent 

 structural brain damage 

 

● Seizures should be managed acutely by reducing the inspired oxygen 

 concentration to that of air (FIO2 = 0.21), administering anticonvulsant 

 therapy, and, if necessary, terminating hyperbaric treatment.  

 

● Oxygen toxicity may be prevented by alternating between short (five 

 minute) intervals of air and longer intervals (30 minutes) of 100 percent 

 oxygen, to limit oxygen free radical formation.  

 

● Patients in monoplace chambers should have therapy terminated, as 

 airway management and monitoring are compromised.  

 

 The need for further treatment with lower FIO2 should be addressed. 

 

 



Management 

 

Multiplace chambers allow closer monitoring of critically ill patients, while single 

occupancy chambers are most appropriate for the treatment of chronic medical conditions 

in stable patients.  

 

Chamber pressure is usually maintained between 2.5 and 3.0 atmospheres.  

 

Treatment last 45 to 300 minutes depending upon the indication.  

 

Acute therapy may require only one or two treatments, while chronic medical conditions 

may warrant up to 30 or more sessions.  

 

Typically, hyperbaric therapy is administered with pressurized oxygen or air.  

 

Pressures exceeding 2.8 to 3.0 atmospheres, particularly over prolonged exposure 

periods, dramatically increase the risk of both neurologic and pulmonary oxygen toxicity, 

but Helium/oxygen (heliox) or nitrogen/oxygen (nitrox) mixtures are indicated only in 

certain instances of decompression illness.  

 

Disposition 

 

In the state of Victoria referrals for HBO therapy can be made to: 

 

Adults: 

 

● Alfred Hospital Hyperbaric Service:  1800 253 733 

 

Children: 

 

● The Royal Children’s Hospital   

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Birch’s 1744 edition of the Works of the honourable Robert Boyle was the first complete 

collection of his published writings. In his crucial experiment No. 17 in Spring of the air 

(1660) Boyle describes how he inserted the Torricellian apparatus (a mercury filled glass 

tube inserted into a cup of mercury) into his air pump. As he extracted the air from the 

receiver he noticed that the column of mercury descended. As he readmitted the air, the 



column ascended. Boyle accounted for this phenomenon by appealing to a quality he 

called spring, but what he was really exploring was air pressure. The fold-out plate is a 

picture of the air pump he used in this and other experiments. 

 

Rare Book Library, University of Sydney 
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