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Executive Summary
A wound is damaged tissue that may not heal on its own when it is not getting enough oxygen. Doctors already accept that hyperbaric oxygen therapy (HBOT) — breathing 100 percent oxygen inside a pressurized chamber — helps these wounds heal. HBOT is an accepted, on-label treatment for five conditions that are similar to a brain wound: carbon monoxide poisoning, decompression sickness (“the bends”), arterial gas embolism, thermal burns, and diabetic foot ulcers.
This paper asks one simple question: Is an injured brain a different kind of wound? The science says the injuries to the brain are similar, perhaps identical, just hidden.
The brain wound is real. After a blast, a blow to the head, a stroke, or poisoning, parts of the brain are left alive but starved — not dead, but not working. Without more oxygen, this tissue cannot repair itself.
HBOT gets the oxygen there. Under pressure, oxygen dissolves straight into the liquid part of the blood, so it can reach tissue that red blood cells cannot. In patients with severe brain injury, HBOT raised oxygen in the brain from about 30 to several hundred (mm Hg). Ordinary oxygen from a mask does not reliably do this.
The repair is the same. Once oxygen reaches the damaged area, the brain goes through the same healing steps as a burn or a foot ulcer: the cells’ power plants (mitochondria) restart, swelling and inflammation go down, new blood vessels grow, and the body’s repair signals switch on.
The results can be measured. Brain scans show better blood flow and repaired nerve pathways. Patients show better thinking, memory, and mood — even years after injury. In a trial of severe brain injury, HBOT reduced deaths by 26 percentage points. In veterans with blast injuries, 40 sessions raised IQ scores by nearly 15 points.
Bottom line: A brain wound is a physiologic wound to the body, frequently with neurocognitive complications. HBOT for a brain wound is little different from HBOT for a visible wound, and is therefore arguably already on-label due to similarities to the five indications that are already approved. The open question is not whether HBOT works on the brain: that is settled science. Open questions center on the correct dosages — the optimum pressure, number of sessions, and timing. Thirty peer-reviewed clinical studies demonstrate safety and efficacy. Politics, not medicine, prevent recognition and approval of HBOT as a healing modality for TBI/PTSD/Blast/Concussion.
Part I. Mechanisms Briefing
Hyperbaric Oxygen Therapy as a Wound-Healing Intervention for the Injured Brain: Physiologic and Pharmacokinetic Basis
1. Regulatory Frame
Hyperbaric oxygen therapy is already an accepted treatment for several conditions whose pathology is a wound of brain or of tissue with an identical molecular program: carbon monoxide poisoning, decompression sickness, arterial gas embolism, thermal burns, and diabetic foot ulcers. The question before regulators is not whether HBOT can heal wounds. It is whether the brain, when injured by trauma, ischemia, hypobaric hypoxia, or mitochondrial poisoning, is a wound of a different biologic class. The pharmacokinetic and molecular evidence says it is not.
A brain wound is defined here as a region of viable but metabolically compromised neural and microvascular tissue in which oxygen delivery, mitochondrial ATP production, endothelial integrity, and the capacity for angiogenesis and synaptogenesis are insufficient for spontaneous repair. Carbon monoxide poisoning, Type II decompression sickness, high-altitude cerebral edema, and the pericontusional and “stunned” compartments of traumatic brain injury and stroke all meet that definition.
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2. Primary Pharmacokinetic Event
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Under Henry’s law, the amount of oxygen dissolved in plasma rises in linear proportion to inspired PO2. At 1 ATA air, dissolved plasma oxygen is approximately 0.3 volumes percent. At 2.0 to 2.5 ATA of 100 percent oxygen it increases ten- to fifteen-fold. Hemoglobin is already fully saturated at modest FiO2; the incremental oxygen is physically dissolved and therefore available for diffusion into tissue whose red-cell flow is impaired.
Rockswold and colleagues measured that increment in the wounded human brain with Licox probes. Baseline brain-tissue PO2 in severe TBI was approximately 30 mm Hg. During 1.5 ATA HBO2, pericontusional and relatively uninjured tissue PO2 rose into the hundreds of mm Hg—on the order of 600 percent of control in the combined HBO2/normobaric-hyperoxia protocol. The metabolic consequence was not confined to the session. Cerebral metabolic rate of oxygen and cerebral blood flow remained elevated for approximately six hours; microdialysate lactate and the lactate/pyruvate ratio fell; intracranial pressure declined. Combined treatment produced an absolute 26 percent reduction in mortality and a 36 percent improvement in favorable sliding-dichotomized Glasgow Outcome Scale in a Phase II randomized trial (Rockswold 2010; Rockswold 2013).
Two pharmacokinetic facts follow. First, the relevant drug is dissolved oxygen delivered to a tissue PO2 threshold of approximately 200 mm Hg, not “more oxygen on hemoglobin.” Second, normobaric 100 percent oxygen does not reliably reach that threshold in injured brain and does not reproduce the post-treatment metabolic effect. Treating HBOT and normobaric oxygen as interchangeable exposures is a category error.
3. Immediate Physiologic Rescue
3.1 Restoration of aerobic metabolism
Hypoxic-ischemic brain switches to inefficient glycolysis, depletes ATP, fails Na/K-ATPase, and proceeds to cytotoxic edema and apoptosis. Elevation of tissue PO2 converts the compartment back to oxidative phosphorylation. Human microdialysis and CMRO2 data, and preclinical measurements of synaptosomal mitochondrial activity, document this conversion (Rockswold 2010; Huang 2011). More than 90 percent of cerebral oxygen consumption is mitochondrial; a rise in CMRO2 after HBO2 is therefore a direct readout of mitochondrial rescue.
3.2 Intracranial pressure and edema
Hyperoxia produces cerebral arteriolar vasoconstriction while increasing net oxygen delivery—the hyperoxic paradox. The net effect is lower cerebral blood volume and lower intracranial pressure, first quantified in head-injured patients and confirmed in the Rockswold trials. The same vasoconstriction-plus-oxygenation logic applies to the vasogenic component of high-altitude cerebral edema.
3.3 Blood-brain barrier and leukocyte adhesion
At doses of 2.0 ATA and above, HBOT transiently inhibits neutrophil β2-integrin function through impaired cGMP synthesis and S-nitrosylation of C-terminal actin cysteines (Thom 1997; Thom 2008). The result is reduced endothelial sticking, reduced lipid peroxidation, and interruption of the leukocyte-driven secondary injury cascade that produces delayed neurologic syndrome after carbon monoxide poisoning and that is equally documented after decompression-bubble endothelial injury and traumatic neuroinflammation. This is a pharmacologic action of pressure-dose oxygen, not a nonspecific “anti-inflammatory” claim.
4. Mitochondrial Pharmacology
Carbon monoxide, Type II decompression sickness, acute mountain sickness, and traumatic brain injury share mitochondrial failure as a final common pathway. Carbon monoxide binds the heme a3 site of cytochrome-c oxidase. Brown and Piantadosi demonstrated in vivo that 3 ATA oxygen dissociates that ligand and restores electron-transport-chain function while carboxyhemoglobin is still elevated. The same dissolved-oxygen increment shortens COHb half-life from approximately 5.5 hours on air to approximately 20 to 30 minutes at 2.5–3.0 ATA (Weaver 2002; Sethuraman 2023).
In TBI models and in human microdialysis, repeated HBOT increases ATP, raises Bcl-2 relative to Bax, inhibits mitochondrial permeability-transition pores, and promotes transfer of mitochondria from astrocytes to injured neurons (Gottfried 2021; Bin-Alamer 2024). Protocol matters. Short exposures can transiently increase reactive oxygen species; multi-week protocols improve mitochondrial quality and quantity and upregulate antioxidant defenses (Schottlender 2021). That is why 40- to 60-session regimens outperform single dives in chronic injury, and why mountain sickness is correctly described as a neuro-mitochondrial deficiency rather than a simple hypoxemia.
5. Delayed, Gene-Level Wound Healing
Once the tissue is no longer in energy failure, intermittent hyperoxia functions as a gene-expression therapy (Harch 2015). Return from 100 percent oxygen at pressure to 21 percent oxygen at 1 ATA is interpreted by the cell as a relative hypoxic signal even though absolute PO2 remains high—the hyperoxic-hypoxic paradox. HIF-1α is stabilized; Nrf2 is activated by the hyperoxic limb. Downstream consequences, documented in both rodent brain-injury models and human imaging, include:
1. Angiogenesis via VEGF, VEGFR-2, and ERK/MEK/Raf, with human corroboration as increased CBF and CBV on DSC-MRI and more homogeneous perfusion on SPECT (Tal 2017; Efrati 2013; Harch 2012).
1. Neurogenesis via Wnt-3, nestin, doublecortin, and progenitor migration from the subventricular zone and dentate gyrus, with a demonstrated ROS/HIF-1α/β-catenin requirement (Hu 2014; Gottfried 2021).
1. Synaptogenesis and axonal repair via GAP-43 and synaptophysin, with DTI increases in fractional anisotropy and decreases in mean diffusivity in chronic TBI (Tal 2017; Bin-Alamer 2024).
1. Anti-apoptosis and anti-inflammation: lower TNF-α, IL-1β, IL-6, NF-κB, and caspase-3; higher IL-10 and BDNF. Nitric-oxide-dependent mobilization of endothelial progenitor cells and neural stem cells—the same stem-cell signal accepted for chronic non-healing somatic wounds (Thom 2011).
Efrati’s group translated this cascade into humans with SPECT, DTI, and DSC-MRI. In chronic stroke and chronic mild TBI with persistent post-concussion syndrome, 40 sessions increased perfusion and improved white-matter microstructure in regions that were anatomically intact but metabolically silent—the idling-neuron or stunned-tissue compartment. Clinical gains tracked the imaging changes (Efrati 2013; Boussi-Gross 2013; Tal 2017). Harch’s SPECT series in blast mTBI showed the same pattern: heterogeneous white-matter hypoperfusion became more homogeneous after 40 sessions at 1.5 ATA, with corresponding cognitive and PTSD-scale improvements (Harch 2012).
6. Senolytic (fighting aging) Contribution in Chronic Wounds
Senescent cells in the neurovascular unit secrete a senescence-associated secretory phenotype that perpetuates inflammation and blocks repair. Hachmo, Hadanny, and Efrati administered 60 HBOT sessions to healthy adults aged 64 and older and measured peripheral-blood mononuclear cells. Telomere length increased more than 20 percent (B cells 38 percent). Senescent T-helper cells decreased 37 percent; senescent T-cytotoxic cells decreased 11 percent (Hachmo 2020). Clearance of senescent cells is a plausible additional mechanism for multi-week protocols in chronic TBI, stroke, and age-related cognitive decline. It is the same biology that would be uncontroversial if the wound were on the foot.
7. Mapping onto Accepted Indications
Carbon monoxide poisoning is dual: carboxyhemoglobin plus left-shifted oxyhemoglobin dissociation, and direct mitochondrial poisoning plus neutrophil-mediated delayed demyelination. HBOT accelerates CO off-loading, restores cytochrome oxidase, and blocks β2-integrin-dependent lipid peroxidation. That triad is why UHMS treats CO as an approved indication while the identical triad is discounted when the initiating insult is blast, impact, or hypobaric hypoxia.
Type II decompression sickness is a multifocal microvascular brain wound. Inert-gas bubbles produce transient ischemia, endothelial injury, barrier leak, and leukocyte activation. HBOT compresses and dissolves the bubbles (Boyle’s law plus an increased inert-gas gradient) and then applies the same anti-inflammatory and oxygenation program used for carbon monoxide and crush injury.
Acute mountain sickness and high-altitude cerebral edema begin as Na/K-ATPase failure and mitochondrial ROS, then proceed to cytotoxic and vasogenic edema and HIF-1α/VEGF barrier leak. Raising tissue PO2 immediately reverses the energy-failure step. Preconditioning studies add HSP70 induction and tight-junction protection.
Diabetic foot ulcers and thermal burns—the approved somatic analogs—share VEGF angiogenesis, stem-cell mobilization, reduced neutrophil adhesion, restored mitochondrial function, and lower            TNF-α/IL-6. The brain has a tighter barrier and a higher metabolic rate. The wound-healing program is the same.

8. Statement of the Scientific Position
The pharmacokinetic event is simple: dissolve enough oxygen to raise brain-tissue PO2 from approximately 30 mm Hg into the hundreds. From that single physical change, delivered intermittently at a defined pressure and session number, follow mitochondrial restart, intracranial-pressure reduction, leukocyte shutdown, HIF/VEGF/Wnt signaling, angiogenesis, neurogenesis, and telomere/senescence effects. That is why the same modality is already on-label for carbon monoxide poisoning, decompression sickness, burns, and diabetic ulcers, and why the physiologic data for other brain wounds are not a different class of evidence. They are the same class applied to a different organ.
What remains a regulatory rather than a biologic question is dose: pressure, oxygen fraction, session number, and timing. Harch’s gene-dose analysis and the Rockswold threshold of brain-tissue PO2 ≥ 200 mm Hg are the appropriate starting points for that discussion. Equating all “oxygen therapy” and all chamber pressures is inconsistent with the pharmacokinetic data already in the neurosurgical literature.
Conclusion: A Wound Is a Wound
HBOT is already approved for five conditions. In every one of them, the problem is the same: tissue that is damaged and starved of oxygen. And in every one, HBOT does the same things: it floods the tissue with oxygen, restarts the cells’ energy, calms harmful inflammation, and grows new blood vessels.
The table below lines up those five approved uses against a brain wound.
	Approved use
	What is wounded
	What HBOT does
	Same in a brain wound?

	Carbon monoxide poisoning
	Brain and heart cells are poisoned and their energy system shuts down
	Clears the poison faster, restarts cell energy, and stops damaging inflammation
	Yes — the same energy failure and inflammation

	Decompression sickness
	Gas bubbles block small blood vessels, including in the brain and spinal cord
	Shrinks the bubbles, floods starved tissue with oxygen, and reduces vessel damage
	Yes — the same starved, leaky small vessels

	Arterial gas embolism
	An air bubble blocks blood flow, often to the brain
	Shrinks the bubble and restores oxygen to the tissue
	Yes — it is a brain wound by definition

	Thermal burns
	Skin and deeper tissue are damaged and lose their blood supply
	Grows new blood vessels and reduces swelling and inflammation
	Yes — the same blood-vessel regrowth

	Diabetic foot ulcers
	A wound that will not close because blood supply is poor
	Grows new blood vessels, calls in repair (stem) cells, and lowers inflammation
	Yes — the same stem-cell and vessel repair



Three of these five conditions already injure the brain directly, and HBOT is approved to treat them. The other two are visible wounds, and the healing steps HBOT triggers in them are the same steps scientists have measured in injured brain tissue.
So what changes when the brain injury comes from a blast, a blow to the head, or a stroke? Only the cause. The damaged tissue is starved of oxygen in the same way, and it responds to HBOT in the same way. The brain has a tighter protective barrier and uses more energy than other organs, but the repair process is the same.
The conclusion follows directly. HBOT for a brain wound is little different from HBOT for a visible wound. Because the tissue problem, the treatment, and the healing response all match five indications already on label, HBOT for brain wounds is likely already on-label by association with them. Treating it as an unproven, off-label use holds the brain to a standard that no other wound is held to.
What remains to be settled is the dose, not whether HBOT works: the pressure, the oxygen level, the number of sessions, and the timing. The research already gives the starting points — raising brain oxygen to at least about 200 mm Hg (Rockswold) and giving 40 to 60 sessions for long-standing injuries (Harch; Efrati).
Veterans, first responders, survivors of domestic violence, victims of assault, stroke, or falls who carry brain wounds should have the same access to HBOT as a patient with a burn or a diabetic foot ulcer.
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References are grouped by the level of evidence they supply: dissolved-oxygen pharmacokinetics and human cerebral metabolism; mitochondrial rescue; leukocyte and vascular wound biology; regenerative and gene-level repair with imaging corroboration; senolytic effects; and condition-specific analogs already on the UHMS-accepted indication list.
A. Pharmacokinetics and Tissue Oxygenation
1.  Rockswold SB, Rockswold GL, Zaun DA, Liu X. A prospective, randomized clinical trial to compare the effect of hyperbaric to normobaric hyperoxia on cerebral metabolism, intracranial pressure, and oxygen toxicity in severe traumatic brain injury. J Neurosurg. 2010;112(5):1080-94. PMID: 19852540. DOI: 10.3171/2009.7.JNS09363.
Human Licox and microdialysis trial. HBO2 at 1.5 ATA raised brain-tissue PO2 well above 200 mm Hg, increased CBF and CMRO2 for six hours after the session, and lowered microdialysate lactate and the lactate/pyruvate ratio. Normobaric 100% oxygen did not reproduce this post-treatment metabolic effect. Establishes the pharmacokinetic threshold for oxidative-metabolic rescue in the wounded human brain.
2.  Rockswold SB, Rockswold GL, Zaun DA, Liu J. A prospective, randomized Phase II clinical trial to evaluate the effect of combined hyperbaric and normobaric hyperoxia on cerebral metabolism, intracranial pressure, oxygen toxicity, and clinical outcome in severe traumatic brain injury. J Neurosurg. 2013;118(6):1317-28. PMID: 23510092. DOI: 10.3171/2013.2.JNS121468.
Combined 1.5 ATA HBO2 plus subsequent normobaric hyperoxia. Pericontusional and relatively uninjured brain PO2 rose to approximately 600% of control. Intracranial hypertension fell. Absolute mortality reduction 26%; favorable sliding-dichotomized GOS improved 36%. The strongest available human pharmacokinetic-plus-outcome dataset in acute brain wound.
3.  Huang L, Obenaus A. Hyperbaric oxygen therapy for traumatic brain injury. Med Gas Res. 2011;1:21. PMID: 22146562. DOI: 10.1186/2045-9912-1-21.
Mechanism review integrating dissolved-oxygen delivery, ICP reduction, anti-apoptosis, anti-inflammation, angiogenesis, and neurogenesis as complementary rather than competing actions.
4.  Daly S, Thorpe M, Rockswold S, et al. Hyperbaric oxygen therapy in the treatment of acute severe traumatic brain injury: a systematic review. J Neurotrauma. 2018;35(4):623-9. PMID: 29132229. PMCID: PMC6909681.
Collects the Rockswold physiologic endpoints (PbtO2, CMRO2, CBF, ICP, lactate/pyruvate) across the acute severe-TBI literature.
B. Mitochondrial Rescue
5.  Brown SD, Piantadosi CA. Reversal of carbon monoxide-cytochrome c oxidase binding by hyperbaric oxygen in vivo. Adv Exp Med Biol. 1989;248:747-54. PMID: 2551142. DOI: 10.1007/978-1-4684-5643-1_84.
In vivo cortical spectrophotometry. Carbon monoxide binds reduced cytochrome a3 in circulating rat cortex; 3 ATA oxygen reoxidizes the oxidase while carboxyhemoglobin remains elevated. Direct proof that HBOT is not merely a COHb-clearance intervention.
6.  Schottlender N, Gottfried I, Ashery U. Hyperbaric oxygen treatment: effects on mitochondrial function and oxidative stress. Biomolecules. 2021;11(12):1827. PMID: 34944469. DOI: 10.3390/biom11121827.
Protocol-dependent mitochondrial pharmacology. Brief exposure can transiently raise ROS; repeated sessions increase ATP production, mitochondrial biogenesis, and antioxidant defenses and lower net oxidative stress. Central reference for the neuro-mitochondrial-deficiency framing of AMS, CO, and chronic TBI.
7.  Gottfried I, Schottlender N, Ashery U. Hyperbaric oxygen treatment—from mechanisms to cognitive improvement. Biomolecules. 2021;11(10):1520. PMID: 34680155. DOI: 10.3390/biom11101520.
Maps the hyperoxic-hypoxic paradox (HIF-1α plus Nrf2), SIRT1, Wnt-3, VEGF/ERK, astrocyte-to-neuron mitochondrial transfer, and humanin onto cognitive recovery. Best single review linking molecules to function.
8.  Bin-Alamer O, Abou-Al-Shaar H, Efrati S, Hadanny A, Beckman RL, Elamir M, Sussman E, Maroon JC. Hyperbaric oxygen therapy as a neuromodulatory technique: a review of the recent evidence. Front Neurol. 2024;15:1450134. PMID: 39445195. DOI: 10.3389/fneur.2024.1450134.
Current molecular inventory: Bcl-2 up, Bax down, ATP up, mitochondrial transfer, Wnt-3, VEGF/ERK, GAP-43, synaptophysin, TNF-α/IL-6 down, telomere elongation, BDNF.
9.  Fischer I, Barak B. Molecular and therapeutic aspects of hyperbaric oxygen therapy in neurological conditions. Biomolecules. 2020;10(9):1247. PMID: 32872504. DOI: 10.3390/biom10091247.
Integrates mitochondrial membrane integrity, white-matter change, neuroinflammation, oxidative stress, and cerebral blood flow into one neurobiological framework.
C. Leukocyte and Vascular Wound Biology
10.  Thom SR, Mendiguren I, Hardy K, Bolotin T, Fisher D, Nebolon M, Kilpatrick L. Inhibition of human neutrophil beta2-integrin-dependent adherence by hyperbaric O2. Am J Physiol. 1997;272(3 Pt 1):C770-7. PMID: 9124510. DOI: 10.1152/ajpcell.1997.272.3.C770.
Human volunteer exposure at 2.8–3.0 ATA for 45 minutes inhibits β2-integrin-dependent neutrophil adherence via impaired cGMP synthesis, without reducing surface CD18. The molecular basis for HBOT interruption of leukocyte-mediated secondary brain injury.
11.  Thom SR, Bhopale VM, Mancini DJ, Milovanova TN. Actin S-nitrosylation inhibits neutrophil beta2 integrin function. J Biol Chem. 2008;283(16):10822-34. PMID: 18285335. DOI: 10.1074/jbc.M709044200.
Follow-on mechanism: hyperoxia drives NOS/MPO-dependent S-nitrosylation of C-terminal actin cysteines, short filament formation, and failed integrin clustering.
12.  Weaver LK, Hopkins RO, Chan KJ, Churchill S, Elliott CG, Clemmer TP, Orme JF Jr, Thomas FO, Morris AH. Hyperbaric oxygen for acute carbon monoxide poisoning. N Engl J Med. 2002;347(14):1057-67. PMID: 12362006. DOI: 10.1056/NEJMoa013121.
Double-blind RCT. Three HBO2 sessions within 24 hours reduced six-week cognitive sequelae from 46.1% to 25.0% (adjusted OR 0.45). The on-label clinical counterpart of the Thom and Brown-Piantadosi mechanisms. Primary regulatory analog for other brain wounds.
13.  Sethuraman K, Thom SR. Hyperbaric oxygen should be used for carbon monoxide poisoning. Br J Clin Pharmacol. 2023;89(4):1316-21. PMID: 36464919. DOI: 10.1111/bcp.15605.
Modern synthesis: HBOT simultaneously accelerates CO off-loading from heme proteins, restores cytochrome oxidase, and arrests β2-integrin-dependent neuroinflammation at doses above 2.0 ATA. Makes the dose argument that normobaric oxygen is not a pharmacologic equivalent.
D. Regenerative and Gene-Level Repair, with Imaging
14.  Harch PG. Hyperbaric oxygen in chronic traumatic brain injury: oxygen, pressure, and gene therapy. Med Gas Res. 2015;5:9. PMID: 26171141. DOI: 10.1186/s13618-015-0030-6.
Defines HBOT as a combined-pressure-and-oxygen, dose-dependent gene therapy for wounds of any age and location. Dominant actions: upregulation of trophic and anti-inflammatory genes; downregulation of apoptotic and pro-inflammatory genes. Explains conflicting TBI trial results as different doses rather than contradictory biology.
15.  Efrati S, Fishlev G, Bechor Y, Volkov O, Bergan J, Kliakhandler K, et al. Hyperbaric oxygen induces late neuroplasticity in post stroke patients—randomized, prospective trial. PLoS One. 2013;8(1):e53716. PMID: 23335971. DOI: 10.1371/journal.pone.0053716.
Forty sessions at 2 ATA. SPECT activity rose in CT-intact, metabolically silent cortex (anatomy/physiology mismatch). Clinical gains tracked the mismatch. Foundational human demonstration that chronically stunned brain tissue remains a treatable wound.
16.  Boussi-Gross R, Golan H, Fishlev G, Bechor Y, Volkov O, Bergan J, et al. Hyperbaric oxygen therapy can improve post concussion syndrome years after mild traumatic brain injury—randomized prospective trial. PLoS One. 2013;8(11):e79995. PMID: 24260334. DOI: 10.1371/journal.pone.0079995.
Chronic mTBI/PCS one to five years after injury. Cognitive and quality-of-life gains occurred after HBOT, not after the control interval. SPECT improvements co-localized with the cognitive map.
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AMS and HACE as sequential cytotoxic then vasogenic edema driven by Na/K-ATPase failure, HIF-1α/VEGF barrier leak, and mitochondrial ROS. Immediate elevation of tissue PO2 reverses the energy-failure step that initiates the cascade.
25.  Thom SR. Hyperbaric oxygen: its mechanisms and efficacy. Plast Reconstr Surg. 2011;127 Suppl 1:131S-141S. PMID: 21200283. DOI: 10.1097/PRS.0b013e3181fbe2bf.
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In Plain Terms: How Does a Wound Heal?

Whether a wound is on the skin or inside the brain, the body heals it in the same four overlapping
stages. Every stage runs on oxygen.

1. Stop the damage — the body seals off the injured area so the harm does not spread.

2. Clean up (inflammation) — white blood cells rush in to clear away dead and damaged cells. This
helps at first, but if it goes on too long it causes swelling and more damage.

3. Rebuild — new blood vessels grow into the area, and repair cells, including stem cells, build new
tissue. In the brain, this includes new connections between nerve cells.

4. Strengthen — over weeks to months, the new tissue matures and gets stronger. In the brain, new
connections that get used are kept and reinforced.

Why oxygen matters: Cells need oxygen to make the energy that powers every stage. When an
injury damages the blood supply, the wound runs short of oxygen and healing stalls. The wound gets
“stuck,” often in the inflammation stage. That is a chronic, non-healing wound.

How HBOT helps: HBOT supplies the missing oxygen. It calms runaway inflammation, powers the
cells doing the repair, and switches on the signals that grow new blood vessels and call in stem cells.
These effects are the same whether the wound is a diabetic foot ulcer or an injured brain.
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In Plain Terms: What Does “Pharmacokinetic” Mean?

Pharmacokinetic describes what the body does to a drug after it is taken. It covers four steps, often
remembered as ADME:

1. Absorption — how the drug gets into the bloodstream.

2. Distribution — where it travels in the body, and how much reaches the target tissue, such as the
brain.

3. Metabolism — how the body breaks it down, mostly in the liver.

4. Excretion — how the body gets rid of it, usually through urine or breath.

The flip side is pharmacodynamics: what the drug does to the body — its effects.

Why it matters for HBOT: In HBOT, oxygen is the drug. The pharmacokinetic questions are how
much extra oxygen dissolves into the blood under pressure, how far it reaches into injured brain
tissue, and how quickly those levels return to normal after a session.





