
2021.10.21

YONSEI UNIVERSITY WONJU HEALTH SYSTEM

연세원주의대 응급의학과 차용성

대한고압의학회 총무이사

-제2회고압의학전공의기초교육과정연수강좌-

Physics and Mechanism of Hyperbaric Medicine



HBOT를하는이유?
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<Mechanisms of hyperbaric oxygen>



The beneficial 

and 

toxic manifestation

High-pressure oxygen 

Not supported by cellular “respiratory effects”alone

Progressive improvement of non-healing wound

“Pharmacological effect”of oxygen 

Dr. Kindwall





In the past decades

 Oxygen and nitrogen radicals ⇒ Highly toxic within biological cells and 

in the environment

 Their action is also vital in eliciting protective responses, mediating 

intracellular signaling, and affecting immune defenses, inflammatory 

reactions, and gene expression.

The majority of patients who undergo HBO2 are not treated for bubble-induced injuries; 

hence, therapeutic mechanisms are related to an elevated oxygen partial pressure!!!



Mechanisms (Primary vs Secondary)

Primary 

Direct effect of increased 

oxygen partial pressure

Direct effects of pressure

Secondary 

Effects of enriched oxygen 

environment have on cellular 

functions.

Dose, frequency, 

duration, effects

Accumulative 

effects





Primary mechanism



Hyperoxygenation!!!!



Hyperoxygenation

- Most important… mostly what HBO is all about

- Strongly physics (how) and physiologic (why) basis

- Immediate & directly observable effects

O2 is physically forced into the plasma & tissue fluids by 

pressure!!!



Blood oxygen content
(calculation)



Normal Blood O2 Content

Hemoglobin carried 19.5 Vol%

Physically dissolved 0.5 Vol%

Total 20.0 Vol% 100%

97.5%

2.5%

Vol% = blood 100ml에 녹아있는 oxygen의 양(ml)



Henry’s law

Fundamental to HBOT & Decompression science



Blood oxygen content
(calculation)

Physically dissolved



Effects of hyperoxygenation
(O2 content of blood)

Hemoglobin carried O2

(Vol%)

Plasma dissolved O2

(Vol%)

Total O2

content
(Vol%)

1 ATA air 19.5 0.5 20.0

2 ATA 

HBO
19.5

3 ATA 

HBO
19.5 7.5%

24.5%5.0%

27.0%



Hyperoxygenation physiology

Boerema confirmed in pig study.





Clinical applications of hyperoxygenation



Mass effect of hyperoxygenation



Mitigation of sluggish perfusion in the microcirculation 
with hyperbaric oxygen 

If there is no blood flow, HBO will prevent tissue death. 

However, in situations where demarcation 
between viable and nonviable tissue is not clear, 

it can assist in the demarcation process.



In acute low-flow states, HBO can be important “bridge therapy” that maintain tissue viability 

until the circulation is improved.

-CRAO, PAOD-



Properties of hyperoxygenation

 Immediate onset

 Transient

- However, the transient effects appear to be sufficient to activate factors 

instrumented for wound healing and infection control.

- The ”pulses” of HBO given once or twice a day for these Ix appear to be 

sufficient to maintain the healing process.

 Propotional to inhaled O2 pressure

 Depend on plasma transport

- Blood flow



Topical oxygen (Topox)

- Not HBO!!!!

- Limited diffusion (~1mm) through surface of an open wound

- Elastic “tie” to maintain seal

- Restricts venous return

- Lowers transcutaneous oxygen tensions

- HBO provides 33 1/3 times more O2 than Topox



Pressure effect!!!



 Bubble reduction

- Arterial gas embolism & decompression sickness

- Double the pressure, reduce the bubble volume by one half, etc.

- A direct effect of pressure (Boyle’s law)

 Forces O2 in plasma

- The pressure effect “drives” O2 into tissues (the gradient effect of Henrys law)



Secondary mechanism



Expanding biological observations

 Both the beneficial and toxic manifestations of high-pressure oxygen 

were not readily by cellular “respiratory effects” alone.

- Progressive improvement of a non-healing wound over several weeks

- “pharmacological effect” of oxygen, concept heralded by Kindwall

Kindwall EP. Hyperbaric medicine practice. 1994. p.1-16





Vasoconstriction

- Reduction of blood flow reduces vasogenic edema 

(crushing injury, compartment syndrome, burns, and reimplantations)

- It also reduces cytotoxic edema

(brain, spinal cord, and radiation-induced ischemia)





Harmful effects of edema!!





Host cellular functions

All energy production for cell activities

-If oxygen tensions are low in the tissue fluids, HBO can improve them.

-Mitochondria will continue to generate energy for all the cell’s metabolic process.

-There are three oxygen-dependent host cells associated with wound healing 

and infection control on which HBO can direct effects.

1) Fibroblast with associated with angiogenesis

2) Neutrophils

3) Osteoclasts



Fibroblast 





-Angiogenesis is delayed effect of HBO (granulation tissue: 10 days ~ 2 weeks)

-”Pulses”of HBO rather than sustained hyperoxygenated tissue oxygen tensions.

: Rationale for only once or twice a day for wound healing and infection control 

-To achieve an angiogenesis effect, 14 to 21 HBO Tx are recommended.

-Once granulation tissue is well established, it indicate adequate oxygenation of the wound base, and HBO Tx are

no longer needed for angiogenesis to continue.

-The termination point for HBO is justified by the clinical appearance of the wound.



Thom SR. J Appl Physiol 106:988-995, 2009



Neutrophil 



Osteoclast 



Microbiological applications of HBO

 Bacteriostatic and bacteriocidal effects

- Clostridial organisms (no killed but stop multiplying)

- Anaerobic Streptococcus and Peptostreptococcus are killed by hyperoxic condition.

- Bacteroids species killed by hyperoxia.

- Fungal infection by Actinomyces species

 Cessation of the endotoxin formation produced by clostridial organisms

 Toxin inactivation has been best appreciated with the theta toxin produced by clostridial

organisms.

 Additive effect with certain antibiotics

- Aminoglycosides

- Amphotericin

- Possibly vancomycin





Mitigation of the reperfusion injury

 All tissues can survive and resume function after transient periods of 

ischemia

- 3~4 minutes in the brain

- 4~6 hours in muscles

- 12~24 hours in bone

- More longer in connective tissue and skin

 However, during the period of ischemia, the endothelium appears to 

become “sensitized” due to the hypoxic insult.

- Leads to attachment of neutrophils to the sensitized endothelium.

- Susceptible to critical tissue such as brain, heart, and skeletal muscle .



-Once attached, the neutrophil becomes activated.

-Release of superoxides and peroxides that this cell ordinarily 
uses for killing bacteria.

-This ROS then attack the surrounding tissues (similar to 
bacterial killing in the phagocytic vesicle) 

-Intrinsic substances in the tissues such as nitric oxide also 
combine with the ROS to form even more toxic substances 
such as peroxynitrite (ONOO-), imparing mitochondrial 
function, the most toxic ROS in the human body.

-The consequences are an intense vasoconstriction, the so 
called “no-reflow phenomenon” of the reperfusion injury

-Irreversible tissue damage due to hypoxia from the 
vasoconstriction coupled with the destructive effects of the 
oxygen radicals.

-HBO interferes with the cascades of events.

-Thom reported that HBO exposures interrupt the neutrophil adherence 

to the endothelium through inactivating the beta-integrin attachment mechanism.

-Another potential benefit of HBO is that it helps generate 

oxygen free radical scavengers such as superoxide dismutase and peroxidase.

-Scavnger generation is an oxygen-dependent process.





 Recommend starting HBO as soon as possible after an extended period 

of ischemia in critical tissue such as the brain and heart as well as 

skeletal muscles and perhaps in other organs such as the liver, kidney, 

pancreas, etc.

 HBO should be considered after revascularization surgeries associated 

with long ischemia times

- Re-implantations

- Threatened flaps

- Other situations where there is a possibility that reperfusion injury will 

contribute to more morbidity. 



Reason for HBOT in acute CO poisoning (25 days after discharge)



Gas washout

Toxic gas
Decompression sickness



Mechanism 강의는…



Oxidative stress is not synonymous with oxygen toxicity!!!



Thom SR. J Appl Physiol 106:988-995, 20092 ATA 100% oxygen 2.5 - 2.8 ATA 100% oxygen



Dr. Thom









제3회 WISH



참고자료들…













Thank you for your attention!!!


