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DAAMAX T E?
(HBOT: hyperbaric oxygen therapy)
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Topical Oxygen Therapy

— 100% O,
— 1 atmosphere of pressure




Soft vs hard chamber
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Coronary Stent

Macrocirculation

Megan French



Major contributions (legacy)



Dr. Ilte Boerema

« 1902-1978, professor of surgery at the university of Amsterdam
« Surgeon and engineer with a double-Dutch legacy to medical technology
« (Gas gangrene: sudden decline in mortality rate (from 66% to 23%)
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L_ife without blood

I. Boerema 1960: «Iife Without b100G
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Oxygen delivery/uptake
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HBOT: primary mechanism (AGE)
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HBOT: primary mechanism (DCS)




HBOT: primary mechanism (CO)
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HBOT: primary mechanism

« Emergent condition (time dependent)
 Direct bubble size reduction: AGE, DCS
« Hyperoxygenation: CO, cyanide, toxic gases
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O, content (CaO,)

Ca0,=[1.34 x Hb x Sa02| +|0.003 x PaO2

NL CaO,=1.34 x 15 x 0.98 (19.7) + 0.003 x 100 (0.3)
= 20.0 ml/200 ml ( or 200 ml/L)

Solubility of O,: 0.028 ml O,/L/mm Hg
Hb can bind 1.34 ml O,/g when fully saturated
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Solubility of O, & CO, In plasma

Temp ml O,/L/mm Hg ml CO,/L/mm Hg
25 0.033 0.892
30 0.031 0.802
35 0.028 0.713
37 0.028 0.686
40 0.027 0.624

Christoforites C et al. J Appl Physiol 1969;26:56
Severinghaus JW et al. J Appl Physiol 1956;9:189



Different scenarios

PaO, %0, Sat Dissolved Hg- bound CaO,
oxygen

Normal 19.6 19.9
Low Hg 100 100 @ 21 0.3 9.8 10.1
Low PaO, (25) 50 14 42 0.1 9.8 9.9
MetHg (50%) 100 14 42 0.3 9.8 10.1
Very low Hg 100 100 2 6 0.3 2.8 3.1

3 ATA 100 3 6 2.8
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Plasma dissolved O2

Total O2 content

(Vol%)
(Vol%) (Vol%)
1 ATA air 19.7 0.3 20.0
2 ATAHBOT 19.7 3.0 22.7
3SATAHBOT 19.7 4.5 24.2




Oxygen diffusion area

Air breathing at 1 ATA Oxygen breathing at 3 ATA

Ischemia

|
Capillary

Oxygen diffusion area _
Londahl et al, Curr Diab Res 2011
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Mechanisms of HBOT
(Primary & Secondary)

Primary Secondary

« Hyperoxygenation (Oz tensions) « Hyperoxygenation
(enriched O, -> cellular functions)

 Direct effects of pressure

Edema reduction

: Anti-inflammation:cytokine (leukocyte
Oxygen delivery/uptake y ( yte)

Neovascularization
Fibroblast GF

Accumulative effects

Bubble size reduction




CRCION

CICICION

Indications

Emergency
Decompression Sickness, air or gas embolism (AGE)
CO, severe anemia

Arterial Insufficiencies, CRAQO, ISNHL

Non — emergency: elective: 4 categories (wounds)
Chronic: refractory diabetic wounds, arterial insufficiency ulcers
Radiation-induced: delayed radiation injury, radionecrosis
Infected: gas gangrene, osteomyelitis, necrotizing soft tissue infection, brain abscess
Traumatic: crush injury, compromised skin grafts and flaps, thermal burn



Hypoxic

Capillary
Arepde)

O, Diffusion Through Normal Tissue

O, Diffusion Through Edematous Tissue Fluid
Fluid (Capillary to Cell)

(Capillary to Cell)
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HBO effect in Edema

Vasoconstriction: defense
mechanism against
hyperoxia

Edemas 24 ->
Edemali| 2| ot =424~

HBO paradox

Normal permeability of capillary Small amount of fid

\l

Capillary wall Monocyte

Increased permeability of capillary .
during inflammation More fluid and
anfimicrobal chemicals

Villanuci, S., Di Marzio, G. et al. Cardiovascular changes
induced by hyperbaric oxygen
therapy. Undersea Biomed. Res. (Suppl.);17:117, 1990

Dooley, J., Mehm, W. Noninvasive assessment of the
vasoconstrictive effects of

hyperoxygenation. J. Hyperbaric Med. 4(4):177-187,
1990

Interstitial Monocyte squeezing
spaces through interstitial space



HBO, also inhibits leukocyte pro-
Inflammatory cytokine production

Human, Mouse, Rat

Macrophage: PMN: Microglia &

BBRC 179: 886,91 Dig Dis Sci 51: 1426, 2006 AAStrocytes

Clin Exp Immunol 102: 665,°95 J Appl Physiol Feb. 2019 Brain Res 1627: 21, 2015
J Clin Immunol 17: 154,97 Molecular Pain 14: 1, 20!
Clin Exp Immunol. 134: 57,703 Oncotarget 9: 7513, 2018

Decreases IL-18, IL-6, TNFa, NF- kB

Dig Dis Sci 51: 1426, 2006

Eur Surg Res. 42: 130, 2009 Brain Res 1627: 21, 2015
Anesth Analg 113: 626, 2011 Med Sci Monitor 22:284, 2016
Urology 82: €9, 2013 Oncotarget 8: 111522, 2017
Int J Clin Exp Pathol. 7:1911, 2014 Molecular Pain 14: 1, 2018

J Enzyme Inhib. Medicinal Chem. 29:297, 2014 Oncotarget 9: 7513, 2018



HBO effect in Neovascularization
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Both hypoxia & O,: VEGF
release

Li, J., Brown,L. et al. VEGF, Flk-1 and Flt-1 expression in rat myocardial infarction
model of angiogenesis. Am. J. Physiol. ;210:1803-1811, 1996.

Sheikh, A., Gibson, J. et al. Effect of hyperoxia on VEGF levels in a wound model.
Arch.Surg. ;135:1293-1297, 2000.

Lin, S. et al. Hyperbaric oxygen selectively induces angiopoietin-2 in human umbilical
vein endothelial cells. Biochem. Biophys. Res. Comm.;296:710-715, 2002.
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Mechanisms of action of hyperbaric oxygen therapy.
Camporesi, E M. Undersea And Hyperbaric Medicine (2014). May—Jun;41(3):247-52.
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Kim YS, Youn YJ, Cha YS. Successful use of hyperbaric oxygen therapy for limb salvage of acute limb ischemia as a complication of acute carbon
monoxide poisoning. Undersea Hyperb Med. 2020;47(2):235-240.
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ITrauma center
PS, OS
CS, Endo

Infection

Primary

Wounds Treatment

IOncoIogy
Urology
Gyn
Dental

Oncology

* Neurorehabilitation ( CP,
head injury, stroke ete.)
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