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Abstract 

Hyperbaric oxygen therapy (HBOT) is defined as a treatment in which a patient intermittently breathes 100% oxygen while the 

treatment chamber is pressurized to a pressure greater than sea level (1.0 atmosphere absolute). HBO2 treatment is carried out by 

using a mono- (single person) or multi-place (typically 2 to 14 patients) chamber. Pressures applied while in the chamber are 

usually 2 to 3 atmospheres absolute (ATA), the sum of the atmospheric pressure (1 ATA) plus additional hydrostatic pressure 

equivalent to one or two atmospheres (1 atmosphere = a pressure of 14.7 pounds per square inch or 101 kPa. Hyperbaric oxygen 

therapy is a new treatment method with a number of different indications. It is managed by different specialities depending up on 

the need, but most of the hyperbaric facilities are driven by departments of anaesthesiology, and some of the patients are critically 

ill. Research using a stricter design that includes, random trials, blind experimentation, multiple centers, and large samples are 

needed for further confirmation. The mechanism of HBOT in the human body is not fully understood still. Further HBOT study 

using advanced non-invasive techniques, such as Positron Emission Tomography Computed Tomography (PET-CT) and 

functional Magnetic Resonance Imaging (fMRI) may help to discover additional mechanisms. HBO-PC helps in the reduction of 

injury to the body in some cases, and its prospects for clinical application as well as the in-depth study of its mechanism will be of 

broad interest. 
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Introduction 

Hyperbaric oxygen therapy (HBOT) can be defined as a 

treatment in which a patient intermittently breathes 100% 

oxygen while the treatment chamber is pressurized to a 

pressure greater than sea level (1 atmospheric pressure) [1]. 

Hyperbaric oxygen (HBO2) therapy has been used to treat 

decompression sickness, but more recently has been used as a 

primary or adjunctive therapy in number of injuries and 

medical conditions, many of which commonly affect the aging 

adult population. It also has potential benefit in conditions 

such as acute traumatic ischemia, necrotizing soft tissue 

injuries, nonhealing ulcers, and osteoradionecrosis [2]. 

HBOT is a treatment that has arised from 1600s. The first 

oxygen chamber was built and run by a British clergyman 

named Henshaw. He built a chamber called 

the domicilium that was used to treat a multitude of 

diseases. The chamber was pressurized with air and 

unpressurized using bellows. The idea of treating patients 

under increased pressure was proposed by the French surgeon 

Fontaine; he built a pressurized, mobile operating room in 

1879. Dr. Orville Cunningham, a professor of anesthesia, ran a 

hospital known as the "Steel Ball Hospital." The structure, 

erected in 1928, which are 6 stories high and 64 feet in 

diameter. The hospital could reach 3 atmospheres of pressure. 

But unfortunately, the hospital was closed in 1930 because of 

the lack of scientific evidence indicating that such treatment 

alleviated disease. It was deconstructed during World War II 

for scrap. 

The military continued work with hyperbaric oxygen. The 

work of Paul Bert, who demonstrated the toxic effects of 

oxygen (producing generalized seizures), and also the work of 

J. Lorrain-Smith, who demonstrated pulmonary oxygen 

toxicity, were used with Navy divers. These were quantified 

and tested by measuring the exposure times to oxygen at 

different depths of water (and, hence, different levels of 

pressure) based on time to convulsions.  

The United States have an inadequate number of HBOT 

treatment facilities. Of the 361 chambers identified 

nationwide, only 43 were equipped to handle high-acuity 

patients. HBOT is instrumental in treating decompression 

sickness, arterial gas embolisms, and acute carbon monoxide 

poisoning.  

 

Oxygen chambers 

When a patient is given 100% oxygen under pressure, 

hemoglobin is get saturated, but blood can be hyper 

oxygenated by dissolving oxygen within the plasma. The 

patient can be administered systemic oxygen via two basic 

chambers: Type A, multiplace; and Type B, Monoplace. Both 

these types can be used for routine wound care, treatment of 

patients who are in ventilator or critical care unit and also in 

most dive injuries [3]. 

 

Discussion 

Hyperbaric Oxygen Therapy an Overview 

The term hyperbaric literally means higher pressure (hyper 



International Journal of Research in Pharmacy and Pharmaceutical Sciences 

41 

means over; baric means which is concerned with 

weight). According to Undersea and Hyperbaric Medical 

Society (UHMS), HBO2 therapy involves breathing 100% 

oxygen within a chamber that has been pressurized to a 

pressure higher than sea level (ie, >1.0 atmosphere absolute 

[ATA]). The mechanisms of action, is that increases the 

partial pressure of oxygen in the tissues of the body to a 

degree several times greater than that which can be achieved 

by breathing pure oxygen at a normal atmospheric 

pressure. The increased atmospheric pressure also increases 

the amount of oxygen in blood plasma that has greater 

bioavailability to the tissues than of oxygen in hemoglobin.  

HBO2 therapy can be delivered in one of the three chamber 

types: high-pressure multiplace, high-pressure Monoplace, or 

low-pressure Monoplace. The most commonly used one in 

medical settings are high-pressure chambers, which are 

designed to hold either one person (ie, Monoplace) or more 

than one (ie, multiplace) at a time. Most chambers are 

designed to operate at a pressure in the range of 2.0 to 2.5 

ATA [4].  

 

History of Hyperbaric Oxygen Therapy  

HBO2 therapy has been described as a new application of an 

older, more established technology. The history says that, A 

British physician Nathaniel Henshaw was the first person to 

use compressed air in a chamber called a domicilium for an 

HBO2 environment. Around this time, Robert Boyle, an Irish 

chemist, physicist, and inventor, stated that when temperature 

is held constant, the pressure and volume of a gas have an 

inverse relationship. Boyle’s law is a basis for many aspects of 

HBO2 therapy, including a slight increase in ambient 

temperature within the chamber during treatment sessions. 

 By 1877 hyperbaric chambers had been used for a wide range 

of conditions, despite a general lack of scientific 

understanding or evidence about their mechanism of action or 

efficacy. It was not until 1917 that German inventors 

Bernhard and Heinrich Dragger applied pressurized oxygen to 

successfully treat decompression illness from diving 

accidents. 

The first hyperbaric chamber in the United States was built in 

New York in 1861 by neurologist James Leonard Corning. 

Corning’s interest in HBO2 therapy arised from witnessing 

severe decompression illness among the Hudson Tunnel site 

workers, they often experience severe muscle pain and 

paralysis after working below water level every day. He used 

his chamber to treat such cases and mostly nondecompression-

related nervous system disorders. Subsequently, the use of 

these chambers to treat conditions other than decompression 

illness was largely discontinued until 1921, when Kansas-

based physician Orval J. Cunningham built a hyperbaric 

chamber in Kansas City. Cunningham built the chamber after 

observing that morbidity and mortality rates from the 

“Spanish influenza” pandemic which was greater in higher 

elevations than in coastal areas. He observed certain success 

with this therapy. One night, a mechanical failure in his 

chamber’s air compressor which causes the pressure to rapidly 

decrease to normal atmospheric levels, killing of all its 

occupants. Not understanding the true mechanism behind his 

patients’ deaths, Cunningham concluded that the 

HBO2 therapy had kept them alive and that they could not live 

in an environment without it. He went on to open the world’s 

largest HBO2chamber along the shores of Lake Erie in 

Cleveland, Ohio, in 1928. This million-dollar, 900-ton sphere 

measured 64 feet in diameter, was 5 stories tall, and was 

equipped with 12 bedrooms on each floor. The structure was 

known as the Cunningham Sanitarium and was considered the 

first “attempt in human history to house people in such a 

unique structure.” Cunningham believed that many illnesses, 

including diabetes and cancer, are caused by anaerobic 

organisms that can be killed by exposure to oxygen; 

subsequently, the chamber was in use for only a short period 

and dismantled in 1937 for scrap metal. That same year, 

Albert Behnke and Louis Shaw built on the Draggers’ work 

for decompression illness Shaw built on the Draggers’ work 

for decompression illness and used oxygen in place of 

compressed air. Their work led to use of the first nitrogen-

oxygen mixtures and hyperbaric treatment being used for 

certain severity of injuries. 

The mainstream interest in HBO2 to treat medical conditions 

beyond decompression illness was not renewed until 1956, 

when Dutch cardiac surgeon Ite Boerema reported on the use 

of HBO2 as an aid in cardiopulmonary surgery. Thereafter, 

more promising reports on the use of HBO2 surfaced, 

including one by Boerema’s colleague, Willem 

Brummelkamp, who reported in 1961 that anaerobic 

infections were inhibited by HBO2 therapy. Since then, 

HBO2 has been used in the treatment of numerous medical 

conditions, including carbon monoxide poisoning, infections, 

wound healing, and trauma [5].  

 

Mechanism of Action of Hyperbaric Oxygen Therapy 

Oxygen is importantly necessary to provide energy and to 

support cellular respiration. An injury or any disease 

diminishes the body’s ability to transport oxygen to the 

tissues, so that make increase the process of healing. 

Conditions such as, exposure to toxins, haemolytic anemia 

and hemorrhage can affect the body’s ability to transport 

oxygen, whereas in case of edema, decreased perfusion, and 

micro thrombosis which can affect the distance that oxygen 

must travel from the capillaries to the cells. 

The majority of the oxygen transported in the blood is carried 

by hemoglobin; however, some oxygen is carried by the 

plasma. Henry’s Law states that the relationship between the 

volume of gas dissolved in a liquid or tissue and the partial 

pressure of that gas is proportional or in a reverse relationship. 

Therefore, based on this law, by increasing atmospheric 

pressure which will cause more oxygen to dissolve in the 

plasma, therefore maximizing tissue oxygenation. 

By, increasing the concentration of a gas within a fluid which 

increases its partial pressure within the fluid. The increased 

partial pressure increases the driving force which is for 

diffusion and thereby Inca divers [4].  

 

Oxygen chambers 

When a patient is given 100% oxygen under pressure, 

hemoglobin is get saturated, but blood can be 

hyperoxygenated by dissolving oxygen within the plasma. The 

patient can be administered systemic oxygen via two basic 

chambers: Type A, multiplace; and Type B, Monoplace. Both 

these types can be used for routine wound care, treatment of 
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patients who are in ventilator or critical care unit and also in 

most dive injuries. 

 

Multiplace chamber 

Multiplace chambers treat multiple patients at the same time, 

generally with a nurse or an observer who monitors the 

patients and also assists with equipment manipulation or 

emergencies. Patients in a multiplace chamber breathe 100% 

oxygen through a mask or close-fitting plastic hood. 

Multiplace chambers can usually be pressurized to an 

equivalent of about six atmospheric pressure. If a different 

mixture of gas (nitrogen or helium mixture) is needed, the 

mixture can be given, via the mask, only to the patient, not to 

the employee. All equipment used by patients, such as 

ventilators and intravenous lines, is put into the chamber with 

the patient. Since the employee is breathing air during the 

treatment without mask, his or her nitrogen intake must be 

monitored, as this arise a risk similar to those sometimes 

developed by scuba divers (eg, decompression 

sickness [DCS]). 

 

Monoplace chamber 

A Monoplace chamber compresses a single patient at a time, 

usually in a reclining position. The gas used to pressurize the 

vessel is usually 100% oxygen. Some chambers have masks 

which are used to provide an alternate breathing gas (such as 

air). Employee’s contanct to the patient from outside of the 

chamber and equipment remains outside the chamber. Only 

certain ventilation ducts and intravenous lines penetrate 

through the hull. Newer Duoplace chambers can occupy two 

patients. Their operation is similar to that of a Monoplace 

chamber. 

 

Other chambers 

Two other types of chambers are worth mentioning, although 

they are not considered HBOT. 

Topical oxygen, or Topox, is administered through a small 

chamber that is placed over an extremity and pressurized with 

oxygen. The patient does not breathe the oxygen, nor is the 

remainder of the body pressurized. Therefore, the patient 

cannot benefit from most of the positive effects of HBOT, 

which are systemic or occur at a level deeper than topical 

oxygen can penetrate. Topox is based on the concept that 

oxygen diffuses through tissue at a depth of 30-50 microns.  

Another problem with Topox is the design of the unit. A 

pressure differential must be created between the machine and 

open atmosphere to compress the machine. In order to keep 

the extremity from being pushed out of the pressurized 

machine, the cuff of the box must fit very tightly around the 

extremity, thereby creating a tourniquet like effect.  

The other type of chamber is the portable "mild" hyperbaric 

chamber. These soft vessels can be pressurized to 1.5-1.7 

atmospheres absolute (ATA). They are only approved by FDA 

for altitude illness [3]. 

 

Hbot in the Treatment of Various Diseases  

HBOT in the treatment of periodontitis 

HBOT increases oxygen distribution at the pocket base which 

is deleterious to periodontal pathogens, particularly to the 

anaerobic microorganisms [33]. Cultivation of plaque 

microorganisms from sites of chronic periodontitis reveals 

high percentages of anaerobic (90%) bacterial species.[34] 

HBO2 increases generation of oxygen free radicals, which 

oxidize proteins and membrane lipids, damage 

deoxyribonucleic acid and inhibit bacterial metabolic 

functions. It also facilitates the oxygen-dependent peroxidase 

system by which leukocytes kill bacteria. HBO2 also helps in 

the improvement of the oxygen-dependent transport of certain 

antibiotics across bacterial cell walls [34]. Therefore HBOT 

results in inhibition of bacterial growth [35]. 

 

Wound healing 

HBO2 is used to treat delayed radiation injuries and refractory 

diabetic lower extremity wounds. Clearly, the 

pathophysiology of these disorders differs but they share 

several elements include depletion of epithelial and stromal 

cells, chronic inflammation, fibrosis, an imbalance or 

abnormalities in extracellular matrix components and 

remodeling processes, and impaired keratinocyte functions [6]-

[8]. Diabetic wound healing is also impaired by decreased 

growth factor production, while in post-radiation tissues there 

appears to be an imbalance between factors mediating fibrosis 

versus normal tissue healing [9]-[12].  

 

The reduction of inflammation 

HBOT can reduce inflammation by reducing the release of 

inflammatory mediators. Such inflammatory mediators 

include the lymphokine (IL) family and tumor necrosis factor 

(TNF). For example, HBOT attenuated inflammation via the 

reduction ofIL-1, IL-6, IL-8, and IL-10expression in rat 

models of ischemia or injury [19]-[21]. Additionally, HBOT 

reduced TNF-α in a model of testicular ischemia-reperfusion 

injury in rats [22]. Besides, HBOT can also reduce 

inflammation by reducing the incidence of membrane cofactor 

protein-1(MCP-1), keratinocyte-derived chemokine (KC), and 

IFN-gamma-inducible protein 10(IP-10) [23]. In addition, the 

anti-inflammatory effect of HBOT may be related to the 

inhibition of specific signaling pathways. HBOT may mitigate 

secondary injury to the spinal cord(SC) by inhibiting 

inflammatory responses induced by the TLR2/NF-кB and the 

iNOS mRNA-iNOS-NO signaling pathways, thereby 

promoting functional recovery in spinal cord injury in rats [24]-

[25]. 

 

The inhibition of cell apoptosis 

HBOT inhibits cell apoptosis by regulating apoptosis-related 

proteins in a variety of pathological models.[14] HBOT can 

reduce the secretion of caspase-3, which is critical for 

apoptosis induced by proteases in different rat models of 

ischemia [13]. These models include brain ischemia-hypoxia in 

neonatal rats and cerebral ischemia-reperfusion injury in adult 

rats [15]. In addition, similar anti-apoptotic effects have been 

reported in models of myocardial infarction [16]. B-cell 

lymphoma 2 (Bcl-2) is an inhibitor of the apoptosis protein, 

Bax, which is a Bcl-2-related protein that pro-apoptotic. The 

ratio of Bcl-2/Bax is up regulated by HBOT and inhibits cell 

apoptosis in a rat model of myocardial infarction. In addition, 

Thioredoxin Reductase (TrxR), an antioxidant, also has an 

antiapoptotic effect that can involve HBOT [17]. For example, 

HBOT is beneficial for the improvement of anxiety-like 
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behavior and cognitive impairments in stressed rats; this effect 

might be associated with the inhibition of neuronal apoptosis 

via up regulation of TrxR [18]. 

 

The balance of oxygen free radicals 

Oxygen free radicals are a product of metabolic processes of 

the body. Because oxygen free radicals generally exist in the 

body, their production and scavenging are normally in a 

dynamic equilibrium. The appropriate levels of oxygen free 

radicals can facilitate tissue metabolism and cell 

detoxification, but excessive oxygen free radicals will damage 

the body [28]. In theory, HBO can increase oxygen free 

radicals. HBOT initiated soon after acute transient cerebral 

ischemia in rats increases mitochondrial free radical levels but 

also increases the activity of superoxide dismutase (SOD), 

which is important for scavenging free radicals. Thus, the net 

effect is an increase in oxygen and a reduction in oxygen free 

radicals, which then protects the body [26, 27]. 

 

Brain injury or stroke 

When the brain cells die, either due to trauma or lack of 

oxygen, blood plasma leaks out into surrounding brain tissue 

results in swelling and reducing the blood flow. These 

otherwise normal cells go dormant because they are not able 

to function without the appropriate amount of oxygen. 

[32] HBOT increases the oxygen carried in the blood plasma, 

making oxygen available to heal damaged capillary walls, 

preventing plasma leakage and thereby reducing swelling. As 

the swelling decreases, blood flow can be restored to the 

dormant tissue (neovascularization) and those cells then have 

the potential to function again [33]. 

 

Child with cerebral palsy (CP) or traumatic brain injury 

(TBI) 

In CP and TBI patients, some of the injured brain tissues may 

become "dormant" and non-functioning. HBOT can stimulate 

these "dormant" tissues and return them to their normal 

function. In young children, cognitive function and spasticity 

can also be improved. Hyperbaric oxygen therapy, used in 

combination with other therapies, ensures the best recovery 

possible for children with cerebral palsy and traumatic brain 

injury [33]. 

 

Conclusion 

This brief review has highlighted some of the beneficial 

actions of HBO2 and the data that indicate oxidative stress 

brought about by hyperoxia can have therapeutic effects. The 

above study provides a summary of mechanisms, all of which 

appear to stem from elevations in reactive species. While there 

has been substantial advancement of the field in recent years, 

more work is required to establish the place of HBO2 in 21st 

century medicine. Investigations of fundamental mechanisms 

are still needed, and better patient selection criteria would 

improve cost-efficacy [29-31].  
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