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IHMF: Definitions of Oxygen Saturation Technology, Hyperbaric
Medicine, and Hyperbaric Oxygen Therapy

e Oxygen Saturation Technology is increasing the oxygen saturation in the
fluids of the body to a level greater than ambient pressure. No wound will
heal without oxygen! [1]

¢ Hyperbaric Medicine is the medical administration of gasses at greater than
ambient barometric pressure at a targeted dose of pressure/time to a patient
in a pressure vessel for a specific medical condition, thereby increasing the
saturation of bodily fluids.

e Hyperbaric Oxygen Therapy is the administration of USP oxygen at a partial
pressure and barometric pressure greater than ambient in a pressure vessel,
thereby increasing Oxygen Saturation of bodily fluids

Although the same breathing gasses have been utilized in every breath inhaled since the
first human walked the Earth, both diving and hyperbaric medicine take advantage of the
physics and physiological chemistries of changing the partial pressure and barometric
pressure of breathing gasses over time to effectuate desired outcomes. The purpose and
desired outcomes are very different for diving vs hyperbaric medicine.

Hyperbaric Medicine uses specific breathing gasses, either mixed gasses or a purified
single gas, using specific partial pressures of each gas and delivered at specific
barometric pressures over time at a specific dose to a patient in a pressure vessel to treat
a specific medical condition in order to effectuate a desired outcome. [2-10]

Recreational diving and technical diving use the same gasses in precise blends, utilizing
specific partial pressures of each gas at specific barometric pressures over time delivered
to the diver, either in the water or in a pressure vessel, to provide for the safety and
performance of the diver at depth. Although the gasses are used and delivered in a
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similar fashion, the purposes are quite different. Diving is not medical treatment, though
diving has led to medical recoveries.

Three highly pertinent cases that illustrate medical recovery from recreational and
commercial diving come to mind:

1) A medical school student with cerebral palsy had a massive recovery from diving
frequently while at St. Eustatius Medical School in the Caribbean.

2) Over a 180 day period of time, six commercial oilfield divers working in the Gulf
of Mexico made a full recovery from HIV/AIDS. They had been diving on
compressed air @ 160’ seawater, after which all six divers tested negative to HIV,
to everyone’s shock and amazement. This case was studied extensively at Duke
University. The recovery was attributed to excess nitrogen, potentially leading to a
cure for HIV/AIDS.

3) The prison program in California with the lowest recidivism rate in their system is
the commercial diving training program at Chico State Prison.

Each of the above referenced and well researched cases involves known mechanisms of
action for hyperbaric medicine crossing over from sports diving. [11]

All aircraft flying above certain altitudes are required to carry supplemental oxygen, and
all jet aircraft are required to maintain both a minimum cabin pressure as well as sup-
plementing the cabin air with oxygen in order to maintain a minimum O2 level, but these
are neither Hyperbaric Medicine nor Hyperbaric Oxygen Therapy, nor are all the body
fluids saturated at a greater rate than at sea level. Therefore, aerospace applications of
compressed atmospheric air and supplemental oxygen are not a component of Hyperbar-
ic Medicine, in and of themselves, but Aerospace Medicine is. The US Air Force was
placed in charge of Hyperbaric Medicine Research in 1983, while the US Navy was
placed in charge of deployment in theatre.

Both Diving Medicine and Aerospace Medicine are branches of Hyperbaric Medicine
used to treat an injured diver or aerospace passenger, respectively. The research in both
fields is applicable to Hyperbaric Oxygen Therapy. [5]

Oxygen Saturation Technology: Mechanism of Action

Oxygen Physiology

Air Force physiology research shows oxygen is used in more than 5,769 cellular pro-

cesses. No wound will heal without oxygen. Since no wound will heal without oxygen,
there is much greater internal and external wound healing potential when Oxygen Satu-
ration Technology (OST) is used in a pressure vessel with oxygen mixtures appropriate
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for the pressure and treatment times. The pressure and timed dosage drive these higher
levels of oxygen into tissues that are more dense and are also driven past blockages in
the body’s circulatory systems. [12]

Oxygen Saturation Effects on the Krebs Cycle

ATP is the unit of energy produced by the human body by the mitochondria. As oxygen
enters cells that have experienced oxygen debt, and which may not have restarted their
aerobic (with oxygen) Krebs Cycle after a brain insult, the anaerobic (without oxygen)
(Ketone) glycolysis cycle, which makes 2 molecules of ATP for every 1 molecule of
glucose input, ceases and the mitochondria begin making the normal 36 ATP per mole-
cule of glucose input. The sudden burst of energy restarts normal cellular metabolic
processes. This accounts for the fact that we see a 50% increase in brain blood flow and
metabolism at 40 hyperbaric treatments, using imaging with contrast that is able to
measure metabolism. (SPECT and 3T Functional MRI, with contrast, are able to meas-
ure these changes). [13, 14]

Oxygen Saturation Therapy Pulse Dosing

Further, the pulsed dosing of the treatments creates an on and off cycle that stimulate tis-
sue revascularization. The intermittent signals requesting oxygen as the oxygen dose
diminishes in these injured tissues allows the body to know which tissues have achieved
sufficient oxygen vs those which still lack an oxygen supply. These known metabolic
and vascular changes demonstrate why all of the testing and evaluation instruments used
to determine neurological function show improvement in virtually every measure, from
memory processing speed to reaction speed to executive function. Ketone body metabo-
lism uses fat as the fuel instead of oxygen. Brain death is determined by the fact that the
body has stopped requesting oxygen. [15, 16]

Oxygen Mechanisms of Action

The result of ending oxygen debt and reestablishing normal oxygen availability to these
cells is the activation of 8,101 genes, many of which are directly involved with inflam-
mation, wound healing and revascularization. In addition, the patient’s own stem cells
are activated up to 8 times the normal rate, thus supplying fresh cells to fill gaps where
cellular death can be reversed. Thus, these healing processes that have been recorded
scientifically explain the results that have been seen in the clinical setting for as long as
pressure vessels have been used to treat humans, which is about 300 years! It is time to
deploy 300 years of scientific discoveries. In few therapies do we have as much under-
standing of the mechanism of action as we do with Oxygen Saturation using pressure
vessels. [17-20]
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One of the challenges of hyperbaric medicine is that we had to invent both molecular bi-
ology and biophysics and map the human genome before we could explain the mecha-
nisms of action of Hyperbaric Oxygen. These scientific disciplines are now mature and
the mechanisms of action of Oxygen Saturation are some of the most studied of any
therapy.

Oxygen Plasma Saturation

With all of the different methods of measuring pressure (ata, psig and mmhg), it is help-
ful to look at a single standard. Oxygen saturation does not significantly increase red
blood cell function. Once fully saturated, the red blood cells cannot accept more oxy-
gen. Instead, with Oxygen Saturation, the oxygen bypasses the red blood cells, as
shown in the 1959 Dutch study by Boerema, “Life without Blood.” The pigs used in the
study survived after all of their red blood cells had been removed, living purely on the
oxygen saturated in their plasma and other body fluids. Bypassing the red blood cell
respiration process and saturating the plasma with oxygen with increased pressure forces
oxygen into many areas of the body that are normally deficient in oxygen. Thus, the
clinical reports on spinal cord injury recovery, both acutely and after some time has
passed, make sense. Sufficient oxygen prevents scar tissue formation (which is why this
treatment is also used extensively by plastic surgeons.) The plasma, and all of the lig-
uids in the body, even those which have a distinctly different circulation system, such as
the lymphatic system and the cerebrospinal fluid, become saturated with oxygen in simi-
lar percentages as the plasma. [21]

So, what difference does the pressure make? Starting at sea level, by adding pressure
and oxygen purity, the oxygen saturation into the plasma is:

Medical Oxygen at 1 ata (0 psig) inhaled through a mask or cannula results in about 5%
dissolved oxygen on blood plasma. Oxygen at room pressure does have a therapeutic
effect, but not nearly as great as hyperbaric oxygen therapy.

e HBAT 1.3ata: Hyperbaric Air Therapy is FDA-approved for mountain sickness,
resulting in about 50% increase in plasma oxygen. Consider that the US military
and NIH and private research went to great lengths to find treatments that would
increase oxygen by just 25% in wounded individuals, the 50% increase already
available to military medicine, but not utilized, demonstrates a loss of recovery
with equipment already in use. Military medicine encouraged the development of
a fluorocarbon IV solution, which fortunately carried 25% more oxygen than hu-
man plasma, but when used, destroyed red blood cells in human patients. Hyper-
baric oxygen therapy would have mitigated this unfortunate side effect, and po-
tentially would have made the I'V solution more viable.
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“The Gamow Bag was field tested on Mount Everest during the 1988 Wy-
oming Centennial Everest Expedition (WCEE). We report six cases of acute
mountain sickness which were managed in part with the Gamow Bag. All
of the patients presented with dyspnea, weakness, and headache...After
treatment, three of the patients had complete resolution of their symptoms
and later ascended to or above the altitude where they first became ill. The
other three patients were able to continue descent without incident.” [22]

e HBOT 1.3 ata was reported by RAND Corporation. The SOCOM teams at high
altitude in Afghanistan all had 1.3 ata capable chambers. SOCOM did NOT have
air compressors at high altitude, but they had unlimited supplies of oxygen. The
service members used Oxygen cylinders, taking appropriate precautions, to inflate
their 1.3 ata chambers. The result was their mountain sickness was immediately
resolved, and they were able to continue the mission instead of following the
normal air protocol, which required them to recuperate at lower altitudes for a
week.

e HBOT 1.5 or 1.55 ata: 700% or 7x more oxygen in plasma at sea level

e HBOT 2.4: 1200% or 12x more oxygen than normal. The brain negatively re-
sponds to these higher pressures, and vasoconstriction prevents this much oxygen
getting to the brain.

The Holbach-Wasserman research in the 1970’s demonstrated the following results
related to the amount of oxygen saturating the brain:

e HBOT 1.5: maximum oxygen saturation in the brain. Maximized glucose metab-
olism

e HBOT 2.0. Same amount of oxygen as at normobaric pressure, glucose metabo-
lism not at maximum rate

e HBOT 2.4. Less oxygen in the brain, less glucose metabolism than the other two
methods. This lowered oxygen level is what makes patients prone to induced sei-
zures. Seizures are now known to be caused by decreased oxygen in a section of
the brain which causes it to, “short out.”

Idling Neurons

One of the more recent findings in medicine is that cells become dormant before they
die. This turns out to be true in virtually every organ system. Idling heart cells, lung
cells, liver cells, and kidney cells have all been found to exist. The concept of “Idling
Neurons” by Neubauer was published by The Lancet in 1990, followed by “Enhancing
Idling Neurons,” also published in The Lancet. These cells that are idling have been
stunned as the result of oxygen deprivation or toxic overload. These cells can remain
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stunned for decades. Hyperbaric oxygen therapy almost instantly resolves the oxygen
debt issues and causes those cells to recover and begin to function normally. [23-26]

Reperfusion Injury

The reperfusion injury cascade is caused when an area is deprived of oxygen, develop-
ing Oxygen Debt, and then oxygen is permitted to go back into those tissues. This
swelling process occurs 100% of the time in these tissues when there is a hypoxic event,
and explains the phenomenon of pump head, which is highly significant, occurring in
about 40% of all heart interventions where the heart-lung machine is used. This reperfu-
sion reaction is suppressed on a 24-hour exponential curve. Thus, pretreating surgery
patients with HBOT results in much less swelling and scarring, including bruising
caused by patient position manipulation during surgery. HBOT pretreatment is also ef-
fective for SOCOM personnel, athletes, MMA fighters, and for other first responders
who can be expected to experience bruising in upcoming events. An HBOT pretreatment
before the known event is shown to improve both outcomes, critical performance, and
decision making. [27]

Oxygen Debt

Oxygen Debt is altered cellular processes and potential damage that occurs as a result of
a lack of oxygen in given tissues. The Van Meter research on resuscitation demonstrates
that Oxygen Debt relief occurs on a known time table:

“The study, published in the August issue of Resuscitation, tested the theory that
high-dose hyperbaric oxygen therapy would increase the window of survival and
improve the return of sustained spontaneous circulation in test subjects, compared
with normobaric oxygen or standard-dose hyperbaric oxygen following
cardiopulmonary arrest. Previous studies showed no evidence that porcine or
human subjects could be resuscitated beyond a 15-min window following cardiac
arrest. The researchers found however that they were able to successfully
resuscitate a group of laboratory swine using high doses of hyperbaric oxygen, 25
min after cardiac arrest. Current statistics of the American Heart Association,
however, show that a patient’s heart must be restarted within 16 min or a patient
will die without any exception.

Lead author of the study, Keith Van Meter stated that, “To resuscitate any living
organism after 25 min of heart stoppage at room temperature has never been
reported and suggests that the time to successful resuscitation in humans may be
extended beyond the stubborn figure of 16 min that has stood for 50 years.”
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The study involved 18 male laboratory pigs, in whom researchers induced cardiac
arrest, sustaining them in normothermic conditions for 25 mins without any form
of cardiac intervention such as resuscitation, artificial breathing support or drug
therapy. The subjects were then randomly separated into three groups, each
comprising six animals: One group receiving normobaric oxygen, the second
group standard-dose hyperbaric oxygen and the third group receiving high-dose
hyperbaric oxygen. All animals were then subsequently placed on an advanced
cardiac life support (ACLS) system for 2 h periods in an attempt to resuscitate
them. The results were highly significant: none of the animals from the first two
groups survived, however four out of six subjects in the high-dose hyperbaric
oxygen group were successfully resuscitated.

“The present study shows that short-term high-dose hyperbaric oxygen is an
effective resuscitation tool and is safe in a small multiplace hyperbaric chamber,”
states Van Meter. “A rehearsed team can easily load a patient in cardiopulmonary
arrest into a small multiplace chamber in the prehospital or hospital setting
without interrupting CPR or advanced cardiac life support. Successful
resuscitation at 25 mins suggests that if high-dose hyperbaric oxygen is used at the
current ACLS limit of 16 mins, a greater survival may be achieved in humans and
allow application of more definitive treatment, such as clot-dissolving drugs.”

This study thus offers the possibility of developing a hyperbaric resuscitation
system that could potentially be used in a widespread clinical setting. [9]

Normobaric (room level and room pressure) oxygen takes 71.3 minutes to resolve
Oxygen Debt (when circulation or other processes like reperfusion injury or the
glutamate cascade does not interfere in oxygen debt resolution). Standard HBOT
pressures (1.5 to 2.4 ata) resolve Oxygen Debt in 12.8 minutes and High Dose HBOT
(4.0 ata) resolves Oxygen Debt in 5.2 minutes. Keep in mind the study subjects in the
Van Meter research had experienced cardiac arrest for 20 minutes, so the normal blood
brain barrier restrictions were not functioning.

The longer periods of oxygen debt can result in cellular death or idling cells in numerous
organs in the body, including idling neuron. [28] [29]

The Gas Laws
It is important to acknowledge that Hyperbaric Medicine and Aerospace Medicine are

governed by the laws of physics. Unfortunately, only a few medical professionals em-
ploy physics as part of their medical practice. Anesthesiologists and Radiologists are
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classic examples. They readily understand hyperbaric medicine, but they do not have, as
a rule, individual patients. So, what we have been discussing is grounded in physics.

The following is from: https://byjus.com/jee/gas-laws/ [Yes, it is British English.]

The gas laws are a group of laws that govern the behaviour of gases by providing rela-
tionships between the following:

o The volume occupied by a gas.

o The pressure exerted by a gas on the walls of its container.

o The absolute temperature of the gas.

o The amount of gaseous substance (or) the number of moles of gas.

The gas laws were developed towards the end of the 18" century by numerous scientists
(after whom, the individual laws are named). The five gas laws are:

« Boyle’s Law, which provides a relationship between the pressure and the volume
of a gas.

o Charles’s Law, which provides a relationship between the volume occupied by a
gas and the absolute temperature.

o Gay-Lussac’s Law, which provides a relationship between the pressure exerted by
a gas on the walls of its container and the absolute temperature associated with the
gas.

o Avogadro’s Law, which provides a relationship between the volume occupied by
a gas and the amount of gaseous substance.

o The Combined Gas Law (or the Ideal Gas Law), which can be obtained by com-
bining the four laws listed above.

Under standard conditions, all gasses exhibit similar behaviour. The variations in their
behaviours arise when the physical parameters associated with the gas

(such as temperature, pressure, and volume) are altered. The gas laws basically describe
the behaviour of gases and have been named after the scientists who discovered them.
[30]
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Note: Normobaric oxygen takes 71.3 minutes to resolve oxygen debt (when circulation or
other processes like reperfusion injury or the glutamate cascade does not interfere in oxygen
debt resolution). Standard HBOT pressures (1.5 to 2.4 ata) resolve OD in 12.8 minutes and
High Dose HBOT (4.0 ata) resolves OD in 5.2 minutes. Keep in mind these study subjects had
experienced cardiac arrest for 20 minutes, so the normal blood brain barrier restrictions were
not functioning.
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