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Physiologic Definition of HBOT

A dual-component drug
treatment that uses increased 

pressure and increased 
pressure of oxygen to treat 

disease pathophysiology

HBOT in Global Ischemia, Anoxia, and Coma.  Chapter 18. 

Textbook of Hyperbaric Med., K.K. Jain (Ed.), 1999

Paul G. Harch, M.D. all rights reserved, copyright 10/2021

Functional Definition of Hyperbaric Oxygen Therapy



HBOT in the U.S.
1.  Air or Gas Embolism                                                                  Acute Wd

2.  CO Poisoning/Smoke Inhalation                                             Acute Wd

3.  Crush Injury, Compartment Syndrome, and other

acute Traumatic Ischemias Acute Wd

4.  Decompression Sickness                                                           Acute Wd

5.  Selected Problem Wounds (diabetic, arterial

insufficiency, venous stasis, etc.)                                        Chronic Wd

6.  Exceptional Blood Loss (Anemia) Acute Wd

7.  Radiation Tissue Damage (Osteoradionecrosis and

Soft Tissue)                                                                              Chronic Wd

UHMS HBOT Committee Report, 2014



HBOT in the U.S.
8.    Skin Grafts and Flaps (Compromised)                            Acute Wd

9.    Thermal Burns                                                                     Acute Wd

10.  Central Retinal Artery Occlusion Acute Wd

11.   ISSHL (Sudden hearing loss)                               Acute/Subacute Wd

12.  Clostridial Myonecrosis (gas gangrene) Acute Wd

13.  Necrotizing Soft Tissue Infections (Flesh-eating

Bacteria) Acute Wd

14.  Osteomyelitis (Refractory) or (Acute) in

Compromised Hosts (Bone Infections) Chronic, Acute Wd

15.  Intracranial Abscess  (Brain) Acute Wd

UHMS HBOT Committee Report, 2014



HBOT internationally

Russia:  70 diseases1

China:  49 diseases1

Japan:  33 diseases1

U.S:  15 diseases1

Gabb/Robin article:  132 diseases2

• Vast majority are wounding and 

inflammatory conditions

• My experience:  90-100 different conditions, 80% of which are 

neurological.

1.  Textbook of Hyperbaric Medicine, 5th and 6th Editions, K.K. Jain, editor. Springer, Switzerland, 2009, 2017.

2.  Gabb G. Chest. 1987;92(6):1074-82.



Clinical Applications of HBOT

The pathophysiology in Wounding conditions.

HBOT is a treatment for wounds in any 
location and of any duration

Paul G. Harch, M.D. all rights reserved, copyright 10/2021



What is the Mechanism of Action in Wounding 

Conditions?

• Primarily, 

Gene 

Signaling



http://www.genengnews.com/gen-articles/awaken-dormant-dna-epigenetically/5818


HBOT

DNA coil with histone protein interior.

Paul G. Harch, M.D. all rights reserved, copyright 2020

HBOT and Epigenetic Effects



https://www.facebook.com/108014754067239/

photos/a.110468583821856/111089703759744/

https://www.facebook.com/108014754067239/


HBOT 



HBOT and Gene Effects in Normal Human Cells
Godman CA.   Cell Stress and Chaperones, DOI 10.1007/s12192-009-0159-0  (Courtesy Dr. Philip James)

Human microvascular endothelial cells, in vitro

1st HBOT:  2.4 ATA/60 mins.
Continuous mass gene analysis for 48h

2nd HBOT at 24h

Results:

1. At 24h 8,101 of >19,000 protein-coding genes up or down regulated compared to control

2. Genes upregulated:  anti-inflammatory and growth/repair hormones

3. Genes downregulated:  pro-inflammatory and cell death.

At 48h:
1. Cells formed microtubules (blood vessels) in a petri dish

These effects are in normal non-diseased tissue:  

demonstrates normal human sensitivity to changes in

environmental pressure and oxygen levels



What about the effects of increased barometric pressure?

Since the 1940s there are dozens of articles on the 
physiologic/biologic effects of pressure, including micropressure, 

on normal cells across the entire phylogenetic spectrum.

Micropressures of 1.0015-1.3 ATA



HBOT-HBA-pressure,oxygen,genes:  Normal cells

Chen, Y.  Neurochem Res, 2009;34:1047-1056

Normal rat cortical neurons: different pressure

conditions for 1h, followed by 2h incubation



HBOT-HBA-pressure,oxygen,genes

Pressure downregulates (>80% of genes),
oxygen upregulates (>64% of genes)

Chen, Y.  Neurochem Res, 2009;34:1047-1056



Primary mechanism of action of 

HBOT?

Modulation of gene expression 

and suppression in both normal 

cells and disease states.

(A 360 year old epigenetic 

therapy)



• Ischemia

• Hypoxia

• Inflammation

What are the most common wound 

pathophysiologies in disease states?



HBOT Evidence for treatment of  

disease pathophysiology (inflammation)

Literature Reviews

1.

2.

3.

5.

4.

Med Gas Res. 2021;11(2):66-71. doi: 10.4103/2045-9912.311497.



HBOT Evidence for treatment of  inflammation

“HBOT has been shown to possess potent anti-inflammatory properties in both 

animal (55,67,68) and human (10,11,20,46,69) studies and has been reported to 

decrease the production of pro-inflammatory cytokines….in both animal (66,70) 

and human (20,49) studies as well as increase IL-10 levels (71).”

6.



HBOT Evidence for treatment of  inflammation

“HBO2 has important effects on the biology of cytokines and other

mediators of inflammation.  HBO2 causes cytokine down-regulation and 

growth factor upregulation, transiently suppresses stimulus-induced 

proinflammatory cytokine production, affects the liberation of endothelins, 

and reduces  TNF alpha, PGE2, and COX-2 mRNA

7.



HBOT Evidence for treatment of  ARDS

Literature Reviews

1.

2.

RCT:  Severely burned patients, HBOT vs. no HBOT.  Subset of Vent/ARDS patients:

Results:  20 HBOT/10 on vent with ARDS

8 Control/5 on vent with ARDS

No deleterious effect of HBOT, even in those on continuous high levels of inspired 

O2.

More rapid weaning from mechanical ventilation in HBOT group:         

5.3d vs. 26d (p<0.05).1

1. Ray CS. Undersea Biomed Res, 1991;18(Suppl):77.  2.  Bessereau J. Int Marit Health, 2017;68(1):46-51.

Prospective case series, all HBOT patients on mechanical ventilation (150) at a single HBOT 

site:  35 with ARDS (Berlin Definition).

Results:  23% mortality in ARDS patients vs. 11-87% in ARDS literature review 

(all causes ARDS).



HBOT Evidence for treatment of  ARDS

Literature Reviews

3.

3. Rogatsky GG. ARDS in Patients after blunt thoracic trauma:  the influence of hyperbaric oxygen therapy, Chapter 12, 

Adv Exp Med Biol, Oxygen Transport to Tissue XXV, ed. Thorniley, Harrison, James.Kluwer Academic/Plenum Publishers, 2003.  

Retrospective controlled series blunt thoracic trauma

45 patients:  26 developed ARDS w/i 48-72h of trauma 

PaO2/FiO2  < 250.  

8/26 received HBOT within 24-48h of trauma,

18/26 standard supportive care. 

HBOT:  1.6-2.0 ATA/40-60 mins. for 4-15 treatments.

Results:  

Mortality:  HBOT:      0%

Control:  77%.



Science of COVID-19 Infection and 

Application of Hyperbaric Oxygen

1.  Acute COVID Pathology/Pathophysiology: Autopsies1,2,3

a.  Inflammation and exudate in the lungs.

b. Systemic inflammation.

C. thrombogenesis.

D.  Oxygen Debt

2.  Long Hauler’s Syndrome:  :

A.  Inflammation

3.  COVID Vaccine Injury

A.  Inflammation
1. Xu Z, et al. www.thelancet.com/respiratory Published online February 17, 2020 https://doi.org/10.1016/S2213-2600(20)30076-X 1

2. Hanley B, et al. J Clin Pathol 2020;0:1–4. doi:10.1136/jclinpath-2020-206522

3. Tian S, et al. Modern Pathology. https://doi.org/10.1038/s41379-020-0536-x



Hyperbaric oxygen therapy (HBOT) for acute COVID-19 

infection

• “History bears remembering”

• Internet posting on HBOT.com, 

• March 10, 2020



HBOT: COVID-19

Spanish Flu 

Pandemic 1918:

1/3rd of world 

population 

Infected, 2.5% 

mortality

rate, ~50 mill.

deaths world-

wide.

https://www.theguardian.com/world/2020/mar/01/gunnison-colorado-the-town-that-dodged-the-1918-spanish-flu-

pandemic



• ”The youth’s lips were blue-black and he was deeply 

unconscious.  Cunningham let the pressure build up…and held 

it there…Of a sudden the patient stirred.  The lad’s eyes were 

open, he was turning pink; he was out of his 

coma…Cunningham continued that treatment for little over an 

hour.  Then intermittently during the next three days he gave 

the patient additional dives…the pneumonia victim starting to 

recover…a few days later another moribund pneumonia 

patient…and Cunningham saved a life.” 
Trimble VH.  The Uncertain Miracle, Hyperbaric Oxygenation,

Doubleday and Company, Inc., Garden City, NY, 1974, p. 57 

HBOT: COVID-19

Dr. Cunningham’s Spanish Flu Treatment: 

Kansas City, Kansas

Hyperbaric Air Treatment



HBOT: COVID-19

Dr. Orval Cunningham’s Spanish Flu Treatment: 

Kansas City, Kansas

Hyperbaric Air Treatment



HBOT: COVID-19

http://midtownkcpost.com/why-was-there-a-huge-steel-tank-at-33rd-and-harrison-in-the-1920s/ Cleveland, Ohio



HBOT: COVID-19

• 1.68 ATA air (.35 ATA 

oxygen)/1 hour, ~5 daily 

treatments

• 1 ATA = sealevel pressure

Dr. Cunningham’s Dose of HBOT:



HBOT: COVID-19

“Measuring Mortality In The Pandemics Of 1918–

19 And 2020–21,

" Health Affairs Blog,April 1, 2021.DOI: 

10.1377/hblog20210329.51293

Mortality in Spanish Flu 1918 and 1919: due to 

the flu itself and secondary bacterial pneumonia

Flu Deaths

Bacterial pneumonia

deaths



HBOT: COVID-19

• Similarity between Spanish flu and Covid-19:

both are RNA respiratory viruses  

• Mortality primarily due to lung infection:  

• ARDS and bacterial pneumonia in Spanish Flu 

and ARDS in COVID.

1.  Liang ST, et al. COVID-19: a comparison to the 1918 influenza and how we can defeat it. 

Postgrad Med J. 2021;0:1-3. doi:10.1136/postgradmedj-2020-139070

ARDS in Spanish Flu:  100% mortality

ARDS in COVID-19:  53.4% mortality.1

Since antibiotics were not discovered until 1928 (Fleming) and HBOT has no antibiotic

effect except on anaerobic bacteria at high oxygen pressures,

HBOT was not treating the bacterial pneumonia

Cunningham had to be treating ARDS in Spanish Flu patients



HBOT: COVID-19

• January-March, 2020:  Numerous discussions with hyperbaric nurse/wife regarding HBOT potential in COVID-

19 infection.

• March 10, 2020:  Post “History bears remembering.”

• March 11, 2020:  Juliette Harch finds Chinese article from Wuhan, China on the internet:  report on 5 COVID 

patients treated with HBOT.

• March 19, 2020:  Phone call with Dr. Xiaoling Zhong thru a translator.

– 35 patients treated, no further infectious cases, no further treatment of COVID 

w/HBOT.

– Excited communication about the effects of “pressure.”  Related what happened 

when mask came off during compression or while at depth.

• March 19-28, 2020:  Worked with Chinese authors to assist in publication of their paper.  Had been rejected 

by two journals and soon a third.  Disagreements over pressure and importance of Cunningham experience.

• Chinese authors submit to Chinese journals.



HBOT Covid-19 protocols :

• Formal announcement of Wuhan COVID-19 and Spanish Flu HBOT experience:

•

Effects of HBOT (pressure and oxygen)

on ARDS and inflammation

Hyperbaric oxygen treatment of novel coronavirus (COVID-19) 

respiratory failure

p. 

61

Paul G Harch

DOI:10.4103/2045-9912.282177 PMID:32541128



Literature Review:  Hbot in Covid-19

1. Review article: 

• a.  Zhong, X-L:  case report, vent patient (above). 1.6 ATA/100, qd x 4.

• b.  Chen R:  5 case series (above). 2.0 ATA/90 then 2.0/60, qd 1st patient; 1.6 ATA/90 then

• 1.6/60 qd for 2nd-5th patients.

• c.  Liang Y. Case Report. ≥ 2.0 ATA/95 mins daily x ?. Contradictory conclusions.
• d.  Guo D. 2 case reports. (see below).  1.5 ATA (95% O2)/60 x 7

• E.  Thibodeaux K.  Retrospective case series (See below).  2.0 ATA/90 at depth, avg. 5 HBOTs

• F.  Levina oA.  32 patients, ”moderately severe” and ”Serious” (below).  1.4 ATA/30, then

• 1.6/40-60 ATA/90, total 4-6 HBOTs.

• g. Gorenstein SA.  Treated cases vs. matched controls. (below). 2.0 ATA/90, qd, upto 5 HBOTs.

• H. Petrikov SS.  Controlled study, 87 pts., 1.4-1.6 ATA/40 mins, “HBOT Increases the

• effectiveness of treatment, decrease malondialdehyde.”  Can’t retrieve.

2. Samoilov SS.  34 patients, 5 severities based on CT lung damage.  ? Dose, # treatments. Findings:  
significant improvement in pulse ox after HBOT in the 3 more severe groups.

3. Cannellotto M.  40 patients, RCT, 1.45/90 qd, x ≥ 5 HBOTs.  Trial stopped at interim analysis
• due to benefit in HBOT group (spO2 normalization 3d vs. 9d control group).

1.  Oliaei S.  Eur J Med Res, 2021;26:96.  2-12.



HBOT in COVID-19 Infection-Summary

Varying designs and quality of studies

Varying doses of hyperbaric oxygen therapy,

however, consistent positive results

HBOT has no known anti-viral COVID effect.

Therefore, HBOT is likely treating the 

inflammatory component of acute COVID-19



What about Long-Haulers’ Syndrome 

Post-acute COVID-19 syndrome (Long-Haulers’ 

Syndrome):  a syndrome characterized by 

persistent symptoms and/or delayed or long-term 

complications beyond 4 weeks from the onset of 

symptoms.



Long-Haulers’ Syndrome 



Long-

Haulers’ 

Syndrome 

• Symptoms:  80% infected with 
COVID develop 1 or more of 55 LT 
Sx:

– Fatigue:  58%

– Headache:  44%

– Attention Disorder:  27%

– Hair Loss: 25%

– Dyspnea:  24%

– Memory Loss:  16%

More Than 50 Long-Term Effects of COVID-19: A Systematic Review and Meta-Analysis.Lopez-Leon S, Wegman-

Ostrosky T, Perelman C, Sepulveda R, Rebolledo P, Cuapio A, Villapol S.Res Sq. 2021 Mar 1:rs.3.rs-266574. 

doi: 10.21203/rs.3.rs-266574/v1. Preprint.

https://pubmed-ncbi-nlm-nih-gov.ezproxy.lsuhsc.edu/33688642/


Long-

Haulers’ 

Syndrome 

• Pathophysiology:

– Virus-specific pathophysiologic 

changes

– Immunologic and inflammatory 

damage

– Post-intensive care syndrome:  

microvascular ischemia/injury, 

immobility, metabolic alterations



HBOT in Long-

Haulers’ Syndrome 

and COVID Vaccine 

Injury:  Case Report 

• 50 y.o. female, COVID-19 infection/Sx x 10d:  

HA, chills, fatigue, myalgias, LBP, sweats, 

brain fog.

• Since infection:  continuous brain fog, 

confusion, memory loss, HA, vision 

impairment, CP, irritability.

• Post infection:  viral tests negative x 2, 

positive COVID antibodies.

• Sx worse with any physical or cognitive 

activity.

• HBOT 27d post infection:  1.5 ATA O2/45 

mins. TDT, once daily x 13

• “90% back to normal, can’t believe it.”



HBOT in Long-

Haulers’ Syndrome 

and COVID Vaccine 

Injury:  Case Report 

• 2 more HBOTs, stressful incidents x 2, 
deterioration.

• Further improvement, gets COVID vaccine, 
marked deterioration 2d later:  all COVID Sx
return.

• Flies out of town, further deterioration.

• Valtrex-oral herpes expression, decadron, IV 
infusions, ER visit.

• 14d post 15th HBOT:  HBOT at 1.4 ATA/90 
mins. 50% O2-Florida

• 15d post 15th HBOT:  HBOT at 1.5 ATA/60 
mins. O2-Florida.  Not improved.

• Returns New Orleans, HBOT 1.5 ATA/45 x 6:  
improved.



HBOT-Long-Haulers-Case Series

10 patient with post-COVID fatigue of at least 12 weeks duration (avg. > 3 mos.)

2.4 ATA/105 mins., once/day, 5d/week x 10

Chalder fatigue scale pre/post and NeuroTrax cognitive testing

p values, Cohen’s d (small .2, med .5, large .8, v. large 1.2), Bayes Factor:  probability of 

alternate vs. null hypothesis:  anec. (1-3), mod (3-10), strong (10-30), v. strong (30-100), 

extreme (>100).



HBOT-Long-Haulers-Case Series

RESULTS:



HBOT-Long-Haulers-Case Series
RESULTS:



HBOT in Long-

Haulers’ 

Syndrome:Case

Report

• 55 y.o. man 3 months post COVID 

with:

• Decreased memory, multi-tasking, 

energy, breathing, physical fitness

• Perfusion MRI, DTI, cognitive tests, 

cardiopulmonary tests

• 60 HBOTs @ 2.0 ATA/90 (20 mins. O2

w 5 min. Abs), qd, 5d/week

Bhaiyat et al. Journal of Medical Case Reports (2022) 16:80

https://doi.org/10.1186/s13256-022-03287-w



HBOT in Long-Haulers’ Syndrome:Case

Report



HBOT in Long-Haulers’ Syndrome:  Case 

Report



HBOT-Long-Haulers-RCT



HBOT-Long-Haulers-RCT

RCT:  37 HBOT, 36 control patients with cognitive Sx at least 3 mos. post COVID.

HBOT:  2.0 ATA/90 mins. with q20 min. air breaks, qd, 5d/week, 8 weeks, 40 Rx’s.

Control:  1.2 ATA air/5 mins, 1.03 ATA air/85 mins., qd, 5d/week, 8 weeks, 40 Rx’s.

Outcomes:  Mindstreams computer testing, MRI, MRI diffusion, and DTI, various Sx

questionnaires, and PFT’s pre and 1-3 weeks post treatment.



HBOT-Long-Haulers-RCT

RESULTS:



HBOT-Long-Haulers-RCT

RESULTS:



HBOT-Long-Haulers-RCT
RESULTS:

Significant increases/improvements:

1. Global cognitive, attention, and executive 

function.

2. Energy, sleep, psychiatric symptoms, pain 

interference

3. Brain MRI perfusion and microstructural changes 

in multiple areas associated with clinical 

outcomes.



What About HBOT for COVID Vaccine Injury? 

Randomized Controlled Trial

N Engl J Med

. 2021 Nov 4;385(19):1761-1773.

doi: 10.1056/NEJMoa2110345. Epub 2021 Sep 15.



Pfizer-BNT-COVID Vaccine Injury 

withdrawal

Randomized Controlled Trial

N Engl J Med

. 2021 Nov 4;385(19):1761-1773.

doi: 10.1056/NEJMoa2110345. Epub 2021 Sep 15.



Pfizer-BNT-COVID Vaccine Injury 

Serious adverse events:  vaccine vs. saline placebo



Pfizer-BNT-COVID Vaccine Injury 
Serious adverse events:  vaccine vs. saline placebo



All COVID Vaccines Injury 



All COVID Vaccines Injury 



All COVID Vaccines Injury 

Immunologic



All COVID Vaccines Injury 



What About HBOT for COVID Vaccine Injury? 

Immunologic

What is the pathology/

pathophysiology?



HBOT Evidence for Treatment of COVID Vaccine Injury? 

No data yet, no experience except 

for the case above

But, what about HBOT 

for other vaccine injury, 

autism?



Practical Guide to Dosing of HBOT in COVID Disorders

For Acute COVID:

All data and experience appears 

to be at ≥1.4 ATA/30-100 mins. 
pressure w/ or w/o supplemental 

oxygen**, once/day for ~5+ 

HBOTs



Practical Guide to Dosing of HBOT in COVID Disorders

For Long Hauler’s Syndrome:  a 

broad range of doses:

Published experience is at 2.0 
ATA/90 mins. with air breaks x 40 
Rx’s in 8 weeks or 2.4/105 mins. 
(no air breaks?) x 10 Rx’s in 10d.



Practical Guide to Dosing of HBOT in COVID Disorders

For Long Hauler’s Syndrome:

Additional experience with 

compressed air at 1.2 and 1.3 
ATA/60 mins., 1.15 ATA/45 mins. 

oxygen, and 1.5 ATA/45 mins. 
oxygen x 15-40 treatments.



Practical Guide to Dosing of HBOT in COVID Disorders

For COVID Vaccine Reaction:

Unknown, but likely similar to 
COVID Long-Hauler’s



Practical Guide to Dosing of HBOT in COVID Disorders

For any spike protein disease where 
cognitive Sx are dominant:

Three methods of dosing:

1. SPECT

2. qEEG

3. Empiric:  practice of medicine



Practical Guide to Dosing of HBOT in COVID Disorders

Recommended approach in Long-

Hauler’s and Vaccine Reaction:

Start with compressed air at 1.3 
ATA and practice medicine (if after 

10-15 Rx’s no effect, change 
dosage).



Conclusions
1. HBOT is a dual-component drug composed of increased pressure 

and increased pressure of breathing gases.

2. HBOT has effects on gene expression/suppression in normal cells 

and disease pathophysiology that are dependent on the dose of 

pressure and hyperoxia for a given patient with a given condition 

at the time of intervention in the disease process.

3. HBOT has primary effects on inflammation and immune 

dysregulation.

4. HBOT is showing benefit in acute COVID and in Long-Hauler’s 

Syndrome likely based on #3.

5. The experience of HBOT in COVID vaccine reaction is limited to one 

known case (author’s experience).

6. Dosing of HBOT in all COVID-related disorders is uncertain, but 

responsiveness appears across a broad range of doses.



Thank You



THANK YOU
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