Paul G. Harch, MD 1 June 2023

HBOT RESEARCH AND SCIENCE

MOST RECENT RESEARCH

[1] Harch, P.G. (2022). Systematic Review and Dosage Analysis: hyperbaric oxygen therapy
efficacy in mild traumatic brain injury persistent postconcussion syndrome. Front.
Neurol. 13:815056. doi: 10.3389/fneur.2022.815056

[2] Hadanny, A., Hachmo, Y., Rozali, D. et al. Effects of Hyperbaric Oxygen Therapy on
Mitochondrial Respiration and Physical Performance in Middle-Aged Athletes: A Blinded,
Randomized Controlled Trial. Sports Med - Open 8, 22 (2022). https://doi.org/10.1186/s40798-
021-00403-w

[3] Doenyas-Barak K, Catalogna M, Kutz I, Levi G, Hadanny A, Tal S, et al. (2022) Hyperbaric
oxygen therapy improves symptoms, brain’s microstructure and functionality in veterans with
treatment resistant post-traumatic stress disorder: A prospective, randomized, controlled trial.
PLoS ONE 17(2): e0264161. https://doi.org/10.1371/journal.pone.0264161

[4] Yafit Hachmo, Amir Hadanny, Ramzia Abu Hamed, Malka Daniel-Kotovsky, et al. Hyperbaric
oxygen therapy increases telomere length and decreases immunosenescence in isolated blood
cells: a prospective trial. Aging, 2020; DOI: 10.18632/aging.202188

[5] Hadanny A, Daniel-Kotovsky M, Suzin G, Boussi-Gross R, Catalogna M, Dagan K, Hachmo Y,
Abu Hamed R, Sasson E, Fishlev G, Lang E, Polak N, Doenyas K, et al. Cognitive enhancement of
healthy older adults using hyperbaric oxygen: a randomized controlled trial. Aging (Albany NY).
2020; 12:13740-13761. https://doi.org/10.18632/aging.103571

[6] Harch PG, Andrews SR, Rowe CJ, Lischka JR, Townsend MH, Yu Q, Mercante DE. Hyperbaric
oxygen therapy for mild traumatic brain injury persistent postconcussion syndrome: a
randomized controlled trial. Med Gas Res. 2020;10(1):8-20.

[7] Douglas Shytle R, Eve DJ, Kim SH, Spiegel A, Sanberg PR, Borlongan CV. Retrospective Case
Series of Traumatic Brain Injury and Post-Traumatic Stress Disorder Treated

with Hyperbaric Oxygen Therapy. Cell Transplant. 2019 May 28:963689719853232. [Epub
ahead of print].

[8] Mozayeni BR, Duncan W, Zant E, Love TL, Beckman RL, Stoller KP. The National Brain Injury,
Rescue and Rehabilitation Study — a multicenter observational study of hyperbaric oxygen for
mild traumatic brain injury with post-concussive symptoms. Med Gas Res. 2019;9(1):1-12.
https://bit.ly/2YGMvJ6

[9] Hart BB, Wilson SH, Churchill S, Deru K, Weaver LK, Minnakanti M, Lindblad AS. Extended
follow-up in a randomized trial of hyperbaric oxygen for persistent postconcussive symptoms.
Undersea Hyperb Med. 2019;46(3):313-327.

Page 1 of 48


https://doi.org/10.1371/journal.pone.0264161
https://bit.ly/2YGMvJ6
https://www.ncbi.nlm.nih.gov/pubmed/31134828
https://www.ncbi.nlm.nih.gov/pubmed/?term=Borlongan%20CV%5BAuthor%5D&cauthor=true&cauthor_uid=31134828
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sanberg%20PR%5BAuthor%5D&cauthor=true&cauthor_uid=31134828
https://www.ncbi.nlm.nih.gov/pubmed/?term=Spiegel%20A%5BAuthor%5D&cauthor=true&cauthor_uid=31134828
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=31134828
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eve%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=31134828
https://www.ncbi.nlm.nih.gov/pubmed/?term=Douglas%20Shytle%20R%5BAuthor%5D&cauthor=true&cauthor_uid=31134828
https://doi.org/10.18632/aging.103571

Paul G. Harch, MD 1 June 2023

[10] Hart BB, Weaver LK, Gupta A, Wilson SH, Vijayarangan A, Deru K, Hebert D. Hyperbaric
oxygen for mTBl-associated PCS and PTSD: Pooled analysis of results from Department of
Defense and other published studies. Undersea Hyperb Med. 2019;46(3):353-383.

[11] Harch PG, Fogarty EF. Hyperbaric oxygen therapy for Alzheimer’s dementia with positron
emission tomography imaging: a case report. Med Gas Res. 2018;8(4):181-184.

[12] Emily R. Rosario, Stephanie E. Kaplan, Sepehr Khonsari, et al., “The Effect of Hyperbaric
Oxygen Therapy on Functional Impairments Caused by Ischemic Stroke,” Neurology Research
International, vol. 2018, Article ID 3172679, 12 pages,

2018. https://doi.org/10.1155/2018/3172679.

[13] Hadanny A, Abbott S, Suzin G, et al. Effect of hyperbaric oxygen therapy on chronic
neurocognitive deficits of post-traumatic brain injury patients: retrospective analysis. BMJ Open
2018;8:€023387. https://bit.ly/2RBOQSd

[14] Deng Z, Chen W, Jin J, Zhao J, Xu H. The neuroprotection effect of oxygen therapy: A
systematic review and meta-analysis. Niger J Clin Pract. 2018 Apr;21(4):401-416.

[15] Peterson, et. Al. Department of Veteran Affairs. Evidence-based Synthesis Program (ESP).
Quality Enhancement Research Institute/QUERI. Evidence Brief: Hyperbaric Oxygen Therapy
(HBOT) for Traumatic Brain Injury and/or Post-traumatic Stress Disorder, Supplemental
Materials, February 2018.

[16] Harch PG, Andrews SR, Fogarty EF, Lucarini J, Van Meter KW. Case control study:
hyperbaric oxygen treatment of mild traumatic brain injury persistent post-concussion
syndrome and post-traumatic stress disorder. Med Gas Res. 2017;7(3):156-174.
http://bit.ly/2zyFrAr

[17] Tal S, Hadanny A, Sasson E, Suzin G and Efrati S (2017) Hyperbaric Oxygen Therapy Can
Induce Angiogenesis and Regeneration of Nerve Fibers in Traumatic Brain Injury Patients. Front.
Hum. Neurosci. 11:508. doi: 10.3389/fnhum.2017.00508 http://bit.ly/21834LT

[18] HBOT2017, 11*" International Symposium. TBI: No Need to Die! A review of HBOT in Acute
Severe Traumatic Brain Injury with an Extension to Acute Concussion, and an Update on Chronic
Mild TBI. Paul G. Harch, M.D. http://bit.ly/2x4tWUf

[19] HBOT2017, 11™ International Symposium. Acute Concussion Diagnostics and Treatment:
HBOT for Subacute Traumatic Encephalitis Untied with Transcranial Doppler Vascular Lab of the
Brain. Daphne W Denham, M.D. https://tinyurl.com/ybldktgn

[20] A randomized trial of hyperbaric oxygen in U.S. Service Members with post-concussive
symptoms [BIMA]. Weaver et al. 2017. http://bit.ly/2x6d2EN

Page 2 of 48


http://bit.ly/2x6d2EN
https://tinyurl.com/ybldktqn
http://bit.ly/2zyFrAr
https://www.ncbi.nlm.nih.gov/pubmed/29607850
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=29607850
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29607850
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jin%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29607850
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20W%5BAuthor%5D&cauthor=true&cauthor_uid=29607850
https://www.ncbi.nlm.nih.gov/pubmed/?term=Deng%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=29607850
https://bit.ly/2RBOQSd
https://doi.org/10.1155/2018/3172679

Paul G. Harch, MD 1 June 2023

[21] E.G. Wolf, Traumatic Brain Injury and Hyperbaric Oxygen Therapy: Dawn of a New Day.
Presented at APWCA 16™ Annual National Clinical Conference, 7-9 Sep 17.
http://bit.ly/2x8WDiT

[22] Harch PG, Fogarty EF. Subacute normobaric oxygen and hyperbaric oxygen therapy in
drowning, reversal of brain volume loss: a case report. Med Gas Res 2017,7:144-9
http://bit.ly/2yCfZdq

[23] Xavier A. Figueroa, PhD and James K. Wright, MD (Col Ret), USAF Hyperbaric Oxygen: B-
Level Evidence in Mild Traumatic Brain Injury Clinical Trials. Neurology® 2016;87:1-7 "There is
sufficient evidence for the safety and preliminary efficacy data from clinical studies to support
the use of HBOT in mild traumatic brain injury/ persistent post concussive syndrome
(mTBI/PPCS). The reported positive outcomes and the durability of those outcomes has been
demonstrated at 6 months post HBOT treatment. Given the current policy by Tricare and the
VA to allow physicians to prescribe drugs or therapies in an off-label manner for mTBI/PPCS
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syndrome caused by mild traumatic brain injury has become a major cause of morbidity and
poor quality of life. Unlike the acute care of concussion, there is no consensus for treatment of
chronic symptoms. Moreover, most of the pharmacologic and non-pharmacologic treatments
have failed to demonstrate significant efficacy on both the clinical symptoms as well as the
pathophysiologic cascade responsible for the permanent brain injury. This article reviews the
pathophysiology of PCS, the diagnostic tools and criteria, the current available treatments
including pharmacotherapy and different cognitive rehabilitation programs, and promising new
treatment directions. A most promising new direction is the use of hyperbaric oxygen therapy,
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suggests the advantage of hyperbaric oxygen therapy (HBOT) in traumatic brain injury.
...Patients undergoing hyperbaric therapy achieved significant improvement....with a lower
overall mortality, suggesting its utility as a standard intensive care regimen in traumatic brain
injury."

[27] E.G. Wolf, L.M. Baugh, C.M.S. Kabban, et al. Cognitive function in a traumatic brain injury
hyperbaric oxygen randomized trial. UHM 2015, Vol. 42, No. 4, 2015. Dr. Wolf is a principal co-
author of the first Army study. This recent USAF paper reanalyzing the data in the cornerstone
DOD/VA/Army study concludes: "This pilot study demonstrated no obvious harm [and] both
groups showed improvement in scores and thus a benefit. Subgroup analysis of cognitive
changes and PCL-M results regarding PTSD demonstrated a relative risk of improvement. . ..
There is a potential gain and no potential loss. The VA/Clinical Practice Guidelines define a “B
evidence rating” as “a recommendation that clinicians provide (the service) to eligible patients.
At least fair evidence was found that the intervention improves health outcomes and concludes
that benefits outweigh harm. . . .[emphasis added] Hyperbaric oxygen therapy for mild
traumatic brain injury and PTSD should be considered a legitimate adjunct therapy if future
studies demonstrate similar findings or show comparable improvement to standard-of-care or
research-related treatment modalities."” [NOTE: subsequent worldwide studies already
published and those underway show comparable improvements.] http://bit.ly/2faBIdN

[28] Leila H Eadie (editorial). New technology and potential for telemedicine in battlefield brain
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bleeding and inflammation, having several different effects: contact with blood causes brain
tissue to swell (cerebral edema), and pooled blood within the confines of the skull also puts
pressure on nearby tissue, constricting blood flow and depriving the brain of oxygen, killing
neurons and leading to a chemical cascade that reinforces the injury. . . . People suffering from
TBI can deteriorate suddenly and die, and in some cases swift treatment can help reduce
mortality. Others will have minor initial symptoms, yet untreated brain hemorrhage can have
insidious long-term effects. The etiology of postconcussive syndrome is debated, but may be
caused by diffuse axonal injury or persistent metabolic alterations resulting in neuronal
dysfunction and develops in 38—80% of patients with TBI...."

[29] Christine L. Mac Donald, Jason Barber, Mary Jordan, Ann M. Johnson, Sureyya Dikmen,
Jesse R. Fann, Nancy Temkin. Early Clinical Predictors of 5-Year Outcome After Concussive Blast
Traumatic Brain Injury. JAMA Neurology, 2017; DOI: 10.1001/jamaneurol.2017.0143 "Together
these findings indicate progression of symptom severity beyond one year after injury . ... We
believe that by being informed from longitudinal studies such as this one, the medical
community can be proactive in combating the potentially negative and extremely costly effect
of these wartime injuries."

[30] Daniel Nicoara, Raymond M. Quock et al. Hyperbaric oxygen treatment suppresses
withdrawal signs in morphine-dependent mice. Brain Research, 2016; 1648:434
DOI:10.1016/j.brainres.2016.08.017 Groundbreaking research from Washington State
University found that hyperbaric oxygen treatment (HBOT) can halve the pain and symptoms of
opiate withdrawal/detox.
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[n] Lei Huang and Andre Obenaus. Hyperbaric oxygen therapy for traumatic brain injury
Medical Gas Research, September 6, 2011.

2. Peer-reviewed Israeli research on stroke and TBI, neurogenesis and angiogenesis

[1] Hyperbaric Oxygen Therapy Can Improve Post Concussion Syndrome Years after Mild
Traumatic Brain Injury - Randomized Prospective Trial
http://www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0079995

[2] Hyperbaric Oxygen Induces Late Neuroplasticity in Post Stroke Patients - Randomized,
Prospective Trial http://www.plosone.org/article/info%3Adoi
%2F10.1371%2Fjournal.pone.0053716

[3] Hyperbaric oxygen may induce angiogenesis in patients suffering from prolonged post-
concussion syndrome due to traumatic brain injury. Restor Neurol Neurosci. 2015 Oct 7.
http://www.ncbi.nlm.nih.gov/pubmed/26484702

[4] Hyperbaric oxygen can induce neuroplasticity and improve cognitive functions of patients
suffering from anoxic brain damage. Restorative Neurology and Neuroscience 33 (2015) 471-
486 http://www.ncbi.nlm.nih.gov/pubmed/26409406

[5] Reflections on the neurotherapeutic effects of hyperbaric oxygen
http://informahealthcare.com/doi/pdf/10.1586/14737175.2014.884928

3. Animal studies showing positive effects of HBOT on brain injury

[a] Kent MacLaughlin, et al. The Effect of Intermittent Normobaric Hyperoxia on Stem Cell
Mobilization and Cytokine Expression. Report of research conducted at University of Wisconsin
and reported at HBOT2018, Denver, CO, August 2018. Together these findings support the
likelihood of biologic activity, consubstantial with HBOT, being activated at much lower dose of
hyperoxia than previously postulated. The results demonstrate that the Army’s and UHMS’s
claims that hyperbaric medicine only occurs at pressures higher than 1.4ata are fallacious. Any
increase in oxygen concentration and/or pressure is a medical intervention.
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Traumatic Brain Injury. Gregory A. Elder, Nathan P. Dorr, Rita De Gasperi, Miguel A. Gama Sosa,
Michael C. Shaughness, Eric Maudlin-Jeronimo, Aaron A. Hall, Richard M. McCarron, and
Stephen T. Ahlers. Journal of Neurotrauma.
http://online.liebertpub.com/doi/abs/10.1089/neu.2012.2510

[c] Research Report: Hyperbaric oxygen therapy improves spatial learning and memory in a rat
model of chronic traumatic brain injury. Paul G. Harch, Christopher Kriedt, Keith W. Van Meter,
Robert James Sutherland, BRAIN RESEARCH 1174 (2007) 120-129.
http://www.researchgate.net/publication/5971941_ Hyperbaric_oxygen_therapy _improves_sp
atial_learning_and_memory_in_a_rat_model_of chronic_traumatic_brain_injury

[d] The effect of hyperbaric oxygen on intracephalic angiogenesis in rats with intracerebral
hemorrhage. Peng ZR, Yang AL, Yang QD. J Neurol Sci. 2014 May?2.
http://www.ncbi.nlm.nih.gov/pubmed/24836574

[e] Kraitsy K, Uecal M, Grossauer S, Bruckmann L, Pfleger F, et al. (2014) Repetitive Long-Term
Hyperbaric Oxygen Treatment (HBOT) Administered after Experimental Traumatic Brain Injury
in Rats Induces Significant Remyelination and a Recovery of Sensorimotor Function. PLoS ONE
9(5): e97750. http://www.plosone.org/article/info%3Adoi
%2F10.1371%2Fjournal.pone.0097750

[f] Calvert, Zhou, Nanda, and Zhang. Effect of hyperbaric oxygen on apoptosis in neonatal
hypoxia-ischemia rat model. J Appl Physiol 95: 2072-2080, July 21, 2003.

4. Expert Opinion

[a] Richard A. Neubauer, M.D. and William S. Maxfield, M.D. The Polemics of Hyperbaric
Medicine. Journal of American Physicians and Surgeons, Vol. 10 Number 1 Spring 2005, 15-17
www.jpands.org

[b] Treatment for Posttraumatic Stress Disorder in Military and Veteran Populations: Final
Assessment. The National Academies. The Institute of Medicine. Washington DC: The National
Academies Press, 2014. https://bit.ly/20YJ17I Significant finding: “DoD and VA are spending
substantial time, money, and effort on the management of PTSD in service members and
veterans [$9.3Billion+ through 2014]. Those efforts have resulted in a variety of programs and
services for the prevention and diagnosis of, treatment for, rehabilitation of, and research on
PTSD and its comorbidities. Nevertheless, neither department knows with certainty whether
those many programs and services are actually successful in reducing the prevalence of PTSD in
service members or veterans and in improving their lives.”

[c] "What the *Bleep* is going on with Hyperbaric Oxygen Therapy? Brain Health and Healing
Foundation. Xavier Figueroa. PhD has been performing neurological clinical research since
1995 in the field of Alzheimer’s research, as well as basic research in neuron biology, cancer
research, bioengineering and the biophysics of water in cells. He has a long history of
involvement with research using hyperbaric oxygen therapy for brain injury.
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studies/
**http://brainjury.org/blog/2014/11/23/what-the-is-going-on-with-hyperbaric-oxygen-
therapy-part-3/

[d] UHM 2012, Vol. 39, No. 4 — How many deaths will it take? AN EDITORIAL PERSPECTIVE.
Undersea & Hyperbaric Medical Society, Inc. How many deaths will it take till they know?
Monkeys, madmen and the standard of evidence. George Mychaskiw I, DO, FAAP, FACOP,
Editor-in-Chief Chair, Department of Anesthesiology, Nemours Children’s Hospital, Orlando,
Florida USA. The Journal of Hyperbaric Medicine is the most prestigious journal on Hyperbaric
Medicine in the world. . .. ... "Hyperbaric oxygen is a safe, easily used treatment that, in many
cases, has resulted in a dramatic improvement in the symptoms of patients with [TBI]. Every
day we are.... gathering more data validating its efficacy.... | feel, as do many of my colleagues,
that there is sufficient clinical and research evidence to justify the use of [HBOT] as a standard-
of-care treatment for [TBI] that should be reimbursed by CMS and Tricare.... | have no doubt
that, over the next several years, [HBOT] will be proven beyond a reasonable doubt to be one
of the most effective treatments for [TBI].... There is a preponderance of evidence now to justify
the use and funding for the treatment....”
http://www.therapiehyperbare.com/images/hyperbare/2012-06_uhms_editorial.pdf

[e] Chamber of Hopes for Brain Repair. Eshel Ben-Jacob , PhD. January, 27, 2013.
http://www.assafh.org/sites/en/Documents/Chamber%200f%20Hopes%20for%20Brain

%20Repair.pdf

[f] Hyperbaric oxygen in chronic traumatic brain injury: oxygen, pressure, and gene therapy.
Paul G. Harch. Medical Gas Research (2015) 5:9 DOI 10.1186/s13618-015-0030-6

[g] Hyperbaric Oxygen Therapy for Brain Injury, Cerebral Palsy, and Stroke. Summary, Evidence
Report/Technology Assessment: Number 85. AHRQ Publication Number 03-E049, September
2003. Agency for Healthcare Research and Quality, Rockville, MD.
http://www.ahrg.gov/clinic/epcsums/hypoxsum.htm

[h] Samueli Institute. "Is Hyperbaric Oxygen Therapy Effective for Traumatic Brain Injury?
Preliminary Report.” Prepared for the Hyperbaric Oxygen Research Program, USAMRMC,
USAMMDA. February 18, 2015.

"Results showed that both the HBO and sham procedures were associated with significant
improvements in post-concussion symptoms and secondary outcomes, including PTSD (which
most participants had), depression, sleep quality, satisfaction with life, and physical, cognitive,
and mental health functioning. . .. these results are consistent with 2 other sham-controlled
clinical trials among service members and veterans involving a range of HBOT doses. .. “ The
most remarkable lesson of this study was the difference in clinical outcomes between the 2
chamber procedures (HBO 1.5 ATA and ‘sham’ air 1.3 ATA) and routine post-concussion
care....These findings reinforce the argument that effective interventions [i.e., the current
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standard of care practiced by military medicine] do not yet exist within the present structure of
care or that routine post-concussion interventions within the [DOD or VHA] may even have
iatrogenic effects that contribute to symptom persistence, the equivalent of a negative placebo
(nocebo) effect.”

[i] Hoge CW, Jonas WB. The ritual of hyperbaric oxygen and lessons for the treatment of
persistent postconcussion v symptoms in military personnel. JAMA Intern Med 2014; 175:53-54.

[i] Muhkerjee A, Raison M, Sahani T, et al. Intensive rehabilitation combined with HBO2 therapy
in children with cerebral palsy: A longitudinal study. Undersea Hyperb Med 2014;41:77-83. ]
but the most dramatic confirmation of the importance of a modest increase of air pressure
comes from experience at high altitude. All high altitude climbers know that both pulmonary
and neurological symptoms are improved, indeed usually resolved, by the increase in air
pressure produced by a descent. During WW?2 a pressure bag was used to great effect in
treating altitude sickness in experiments conducted in a B24 Liberator - the forerunner of the
portable hyperbaric chambers now used by high altitude climbers and the US Army Special
Operations Command. As a small increase in air pressure can resolve a mountaineer’s life-
threatening pulmonary and cerebral oedema, the subtle residual problems that follow
concussion will surely benefit from hyperbaric air treatment. The pressure needed can easily be
achieved by pressurising a commercial aircraft on the ground: a Boeing 747 would allow
hundreds of service men to be treated at a time at minimal cost. Few medical professionals
outside of aviation, space and underwater medicine understand the importance of barometric
pressure. The use of hyperbaric oxygen treatment must be included in the curricula of our
medical schools: we have no substitute for the gas. Philip B James MB ChB DIH PhD FFOM,
Emeritus Professor of Medicine, University of Dundee, Nethergate, Dundee DD1 4HN

5. Data from DoD/Army studies, with responses

Summary of positive findings in Army Studies: Army medicine has run trials investigating the
use of Hyperbaric Oxygen to treat and help heal Traumatic Brain Injury. They have shown that
HBOT is both safe and effective: "Randomization to the chamber . . . . offered statistical and in
some measures clinically significant improvement over local routine TBI care." Also: ".... total
scores for [both] groups revealed significant improvement over the course of the study for both
the sham-control group .... and the HBO2 group....." Expert outside consultants to DOD declared
that "[HBOT] is a healing environment." The Army’s premier researcher, Dr. Scott Miller, says on
the Veterans Affairs web site: "People did get better and we can't ignore those results.”
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Page 9 of 48


http://bit.ly/2x8WDiT

Paul G. Harch, MD 1 June 2023

[4] Wolf G, Cifu D, Baugh L, Carne W, Profenna L. The effect of hyperbaric oxygen on symptoms
after mild traumatic brain injury. J Neurotrauma. 2012;29(17):2606-12. (DoD) (USA)
http://biawa.org/docs/pdf/MTBI%20PCS%20)%20Neurotrauma%202012.pdf

[5] Paul G. Harch, MD. Letters to the Editor. Journal of Neurotrauma. Hyperbaric Oxygen
Therapy for Post-Concussion Syndrome: Contradictory Conclusions From a Study
Mischaracterized as Sham-Controlled. 2014
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3837504/

[6] Cifu DX, Hart BB, West SL, Walker W, Carne W. The Effect of Hyperbaric Oxygen on
Persistent Postconcussion Symptoms. J Head Trauma Rehabil. 2013. (DoD) (USA)
http://journals.lww.com/headtraumarehab/Fulltext/2014/01000/The_Effect_of Hyperbaric_O
xygen_on_Persistent.2.aspx

[7] Weaver LK, Cifu D, Hart B, Wolf G, Miller RS. Hyperbaric oxygen for post-concussion
syndrome: Design of Department of defense clinical trials. Undersea Hyperb Med 2012; 39(4);
807-814.

[8] Paul G. Harch, MD. Letters to the editors, UHM 2013, Vol. 40, No. 5 — LETTERS. Department
of Defense trials for hyperbaric oxygen and TBI: Issues of study design and questionable
conclusions. http://www.ncbi.nlm.nih.gov/pubmed/24224289

[9] Walker WC, Franke LM, Cifu DX, Hart BB. Randomized, Sham-Controlled, Feasibility Trial of
Hyperbaric Oxygen for Service Members With Postconcussion Syndrome: Cognitive and
Psychomotor Outcomes 1 Week Postintervention. Neurorehabil Neural Repair. 2013. DoD/USA
http://nnr.sagepub.com/content/28/5/420

[10] Cifu DX, Walker WC, West SL, Hart BB, Franke LM, Sima A, et al. Hyperbaric oxygen for
blast-related postconcussion syndrome: Three-month outcomes. Ann Neurol. 2014;75(2):277-
86. (DoD) (USA). Available upon request.

[11] Army Trials Report from UHMS Conference, June 2013. Press Release: " DoD announces
results of first three DoD-Sponsored trials using hyperbaric oxygen for mild traumatic brain
injury." Available upon request.

[12] R. Scott Miller, M.D., COL, US Army, Director, Hyperbaric Oxygen Research Program, US
Army Medical Materiel Development Activity, Ft. Detrick, MD. Effects of Hyperbaric Oxygen on
Symptoms and Quality of Life Among Service Members With Persistent Postconcussion
Symptoms. JAMA Intern Med. doi:10.1001/jamainternmed.2014.5479. Published online
November 17, 2014.

[13] Biggs, A.T.; Littlejohn, L.F., MD*; Dainer, H.M., PhD, MD, "Alternative Uses of Hyperbaric
Oxygen Therapy in Military Medicine: Current Positions and Future Directions," MILITARY
MEDICINE, 187, 1/2:e40, 2022.

Page 10 of 48


http://nnr.sagepub.com/content/28/5/420
http://www.ncbi.nlm.nih.gov/pubmed/24224289
http://journals.lww.com/headtraumarehab/Fulltext/2014/01000/The_Effect_of_Hyperbaric_Oxygen_on_Persistent.2.aspx
http://journals.lww.com/headtraumarehab/Fulltext/2014/01000/The_Effect_of_Hyperbaric_Oxygen_on_Persistent.2.aspx
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3837504/
http://biawa.org/docs/pdf/MTBI%20PCS%20J%20Neurotrauma%202012.pdf

Paul G. Harch, MD 1 June 2023
6. Validating SPECT Scans to diagnose HBOT treatment before-and-after brain states

Raji CA, Tarzwell R, Pavel D, Schneider H, Uszler M, et al. (2014) Clinical Utility of SPECT
Neuroimaging in the Diagnosis and Treatment of Traumatic Brain Injury: A Systematic Review.
PLoS ONE 9(3): €91088. doi:10.1371/journal.pone.0091088
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ADDENDA to Extended Bibliography

This iz a page out of the Textbook of Military Medicine, updated in 2006; this same algorithm is
in the textbook in the 1980=. The "definitive therapy” then and is HBOT treatment for TBI.
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Figure 1: Schematic diagram of the mechanisms of blast-related traumatic brain injury

Figure shows local effects (1-7) and systemic effects (8, 9) of primary blast injury, secondary blast injury (10-132),
tertiary blast injury (13), guaternary blast injury (14), and portals for blast wave transmission to the brain (15, 16).
(1) Acoustic impedance mismatch causes spallation. (2) Shock-bubble interaction. (3) Shear stress causing diffuse
axonal injury. (4) Cavitation. (5) Skull deformationwith elastic rebound. (6) Reflection of the blast wave within the
skull. (7) Bobblehead effect of accelerationdeceleration. (8) Blood surge from the torso damages the
microvasculature. (9) Air embolism from blast lung injury.(10) Penetrating fragments. (11) Compound fractured

skull. {12} Intracerebral haemorrhage. (13) Contrecoup contusion. (14) Burns. (15) Blastwave transmitted through
the orbits. (16) Blastwave transmitted through the nasal sinuses.
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