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Oxygen and Diving

Oxygen is very useful during 

diving and recompression

• The only metabolized breathing gas

• Reduces decompression obligation

• Promotes inert gas washout



Oxygen Toxicity

Breathing oxygen concentrations beyond a pO2 of 0.5 ATA puts subjects at risk 

for oxygen toxicity

Rate of symptom onset and severity is variable

• Depth

• pO2

• Time

• Environment

Two types of oxygen toxicity

• CNS

• Pulmonary



CNS Oxygen Toxicity

Primary Manifestation is Seizure

• Substantial variance in onset both between 

individuals and from exposure to exposure

Prodromal symptoms are variable 

• Vision

• Ears

• Nausea

• Twitching

• Irritability

• Dizziness

• Convulsions
DONALD KW. Oxygen poisoning in man. Br Med J. 1947 May 

17;1(4506):667 Use license obtained by journal.



Pulmonary Oxygen Toxicity

Tracheobronchitis Exudative Phase
Proliferative 

Phase



Tracheobrochitis
Most commonly encountered during diving and 

recompression.

Diagnosis is based on symptoms.

• Cough

• Dyspnea

• Inspiratory burning

Symptom severity is intolerable prior to 

progression to exudative phase.

Reductions in pulmonary function observed. 
Lambertsen CJ. Final Report Definition of Oxygen 

Tolerance in Man (Predictive Studies V) . 31DEC1987 

Accession number: ADA239247 



Prevention 
Centered around limiting O2 

exposure.

• Oxygen exposure limits

• Unit Pulmonary Toxic Dose (UPTD)

– 1 UPTD unit corresponds to the 

pulmonary toxicity produced by 

breathing a pO2 of 1 ATA for 1 minute.

– Vital Capacity sole index of pulmonary 

toxicity

– Early model

• Newer models have been developed U.S. Navy Dive Manual Rev 7 CHANGE A



Research –So What's new?

CNS Oxygen Toxicity

• Major developments: 

– Nitric oxide is a key player in the pathophysiology of CNS oxygen toxicity5.

– Human CNS oxygen toxicity studies are being conducted at Duke University (Dr. Bruce 

Derrick).



CNS Oxygen Toxicity

• Prevention: Probabilistic modeling significantly hampered by intra-subject variance 

(known since Donald WW2).

– A source of persistent worry for divers breathing enriched oxygen gas mixtures.

– Ki Chon at University of Connecticut in conjunction with manned studies at Duke investigating 

electrodermal Activity (EDA) as a potential signal for an impending seizure (1-5 min prior 

notice)6.

– Xavier Vrijdag at the University of Aukland using quantitative EEG to determine whether EEG 

can predict seizure.



Can biomarkers predict CNS oxygen toxicity risk for a given 

dive on a given day?



Treatment/Prophylaxis

Animal Research

• Traditional anti-epileptics can prevent seizure

– GABA enhancers7, ion channel blockers8, magnesium supplementation9 all effective.

– Testing in conjunction with relevant inert gas (i.e., Nitrogen) warranted.

– Exercise performance impacts unknown.

– Ketones show significant efficacy in extending seizure latency10



Treatment/Prophylaxis

Human Research 

• Nutritional ketosis showed modest efficacy. 

• Planned study using exogenous ketone esters to 

reduce variance. 

Dr. Bruce Derrick “Ketogenic diet for CNS oxygen toxicity” Control Diet vs 

Ketogenic Diet Kaplan Meier Survival, ITT analysis: Log-rank p-value 0.09. 

Used with permission.



Pulmonary Oxygen Toxicity

• Major developments: 

– Nitric oxide is a key player in the pathophysiology of pulmonary oxygen toxicity11.

– Creation of operational risk models for pulmonary oxygen toxicity symptoms12.



Pulmonary Oxygen Toxicity

• Prevention: 

– Exhaled breath condensate and volatile organic 

compounds13,14

• Naval Medical Research Command/Naval Submarine 

Medical Research Laboratory/Navy Experimental Diving Unit 

• NATO allies - Royal Netherlands Navy

– Exhaled NO15

• Predictive but difficult to measure in an operational setting.

Cronin WA, Forbes AS, Wagner KL, Kaplan P, Cataneo R, 

Phillips M, Mahon R, Hall A. Exhaled Volatile Organic 

Compounds Precedes Pulmonary Injury in a Swine 

Pulmonary Oxygen Toxicity Model. Front Physiol. 2019 

Dec 3;10:1297.



Treatment/Prophylaxis

Animal Research

• Parasympathetic nervous system involved in pulmonary oxygen toxicity.

– Long-Acting Muscarinic Antagonists (LAMAs) reduce pulmonary function decrements in swine 

exposed to hyperbaric oxygen.

• Spiriva (Tiotropium Bromide)

• Concern about transition to humans due to symptom masking and increased of exudative phase

– Exudative phase countermeasures exist

• Focus on modulating the immune system 

• IL-1116, GM-CSF17, IL-618, IL-1019, Endotoxin20

Human Research 

• None transitioned 
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